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Strategy: <latexit sha1_base64="ra+FUA67A3G9/eaw7KZa83JdpbU=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRS+9gV3XRZ0T6gDWUynbRDJ5MwMxFK6Ce4caGIW7/InX/jtI2gogcuHM65l3vv8WPOlHacDyu3tr6xuZXfLuzs7u0fFA+POipKJKFtEvFI9nysKGeCtjXTnPZiSXHoc9r1p9cLv3tPpWKRuNOzmHohHgsWMIK1kW6bQ2dYLDl23XHrl1W0IrVyRip15NrOEiXI0BoW3wejiCQhFZpwrFTfdWLtpVhqRjidFwaJojEmUzymfUMFDqny0uWpc3RmlBEKImlKaLRUv0+kOFRqFvqmM8R6on57C/Evr5/ooOalTMSJpoKsFgUJRzpCi7/RiElKNJ8Zgolk5lZEJlhiok06BRPC16fof9K5sN2KXbkplxpXWRx5OIFTOAcXqtCAJrSgDQTG8ABP8Gxx69F6sV5XrTkrmzmGH7DePgFPXI3a</latexit>

H0

SNe 

CMB 
new 

physics 

 A post-BBN phase transition is highly constrained scenario for new dark sector physics. 
 It can be realized in terms of simple microphysics.
 Provides theoretically consistent approach to address the Hubble tension.
 Often echoed sentiment: Since there is no compelling/simple solution, the Hubble 
tension cannot be real. But: No one said that solution would be trivial to find — we only 
got started!

model-independent

<latexit sha1_base64="LiakgEgPPxYQ0IJXEnydb51qxis=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmZEorkFvXiMaBZIhtDTqUma9PQM3T1CCPkELx4U8eoXefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTv3mHSrNE3lrRikGMe1LHnFGjZVuVFd3iyXPrXh+peyT38R3vRlKsECtW3zr9BKWxSgNE1Trtu+lJhhTZTgTOCl0Mo0pZUPax7alksaog/Hs1Ak5skqPRImyJQ2ZqV8nxjTWehSHtjOmZqB/elPxL6+dmeg8GHOZZgYlmy+KMkFMQqZ/kx5XyIwYWUKZ4vZWwgZUUWZsOgUbwuen5H/SOHH9snt6fVqqXiziyMMBHMIx+HAGVbiCGtSBQR/u4RGeHOE8OM/Oy7w15yxm9uEbnNcP2nqOMw==</latexit>rs<latexit sha1_base64="wF8RI4wgJ5MJgAlSL/tVCT49/4g=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4GmZEorkFvXiMYBZIhtDT6Uma9PSM3TVCCPkJLx4U8ervePNv7CyC64OCx3tVVNULUykMet67k1taXlldy68XNja3tneKu3sNk2Sa8TpLZKJbITVcCsXrKFDyVqo5jUPJm+Hwcuo377g2IlE3OEp5ENO+EpFgFK3U6uCAI+2abrHkuRXPr5R98pv4rjdDCRaodYtvnV7CspgrZJIa0/a9FIMx1SiY5JNCJzM8pWxI+7xtqaIxN8F4du+EHFmlR6JE21JIZurXiTGNjRnFoe2MKQ7MT28q/uW1M4zOg7FQaYZcsfmiKJMEEzJ9nvSE5gzlyBLKtLC3EjagmjK0ERVsCJ+fkv9J48T1y+7p9WmperGIIw8HcAjH4MMZVOEKalAHBhLu4RGenFvnwXl2XuatOWcxsw/f4Lx+AKVkkGU=</latexit>

✓s

Observed 

<latexit sha1_base64="S68JKd73NerrGy19GqAffe3y6KM=">AAAB+nicdVDLSgMxFM3UV62vqS7dBIvgapyRUu2uqIsuK9gHtMOQSTNtaCYTkoxSxn6KGxeKuPVL3Pk3pg/B54ELh3Pu5d57QsGo0q77buWWlldW1/LrhY3Nre0du7jbUkkqMWnihCWyEyJFGOWkqalmpCMkQXHISDscXUz99g2Riib8Wo8F8WM04DSiGGkjBXbxMkCwJ2QidAK943rgBnbJdaquV6148DfxHHeGEligEdhvvX6C05hwjRlSquu5QvsZkppiRiaFXqqIQHiEBqRrKEcxUX42O30CD43Sh1EiTXENZ+rXiQzFSo3j0HTGSA/VT28q/uV1Ux2d+RnlItWE4/miKGXQvDnNAfapJFizsSEIS2puhXiIJMLapFUwIXx+Cv8nrRPHqzjlq3Kpdr6IIw/2wQE4Ah44BTVQBw3QBBjcgnvwCJ6sO+vBerZe5q05azGzB77Bev0A6NOTJw==</latexit>

Da / 1/H0

New physics but how?

  CMB



Why a new phase transition?

 Resolving the tension requires lowering the sound horizon by ~ 5-6 %.

 BAO and Supernovae:

H0rs ' const
<latexit sha1_base64="JDk1L8NgCWfqJMB6PeHFVe6VAxw=">AAAB/XicdVDLSgMxFM34rPU1PnZugkVwNWRE1O6KbrqsYB/QDkMmzbShmWRMMkIdir/ixoUibv0Pd/6N6UPweeDC4Zx7ufeeKOVMG4Tenbn5hcWl5cJKcXVtfWPT3dpuaJkpQutEcqlaEdaUM0HrhhlOW6miOIk4bUaDi7HfvKFKMymuzDClQYJ7gsWMYGOl0N2thgiqUMOOZgm9hkQKbUK3hLwy8ssnPvxNfA9NUAIz1EL3rdOVJEuoMIRjrds+Sk2QY2UY4XRU7GSappgMcI+2LRU4oTrIJ9eP4IFVujCWypYwcKJ+nchxovUwiWxngk1f//TG4l9eOzPxWZAzkWaGCjJdFGccGgnHUcAuU5QYPrQEE8XsrZD0scLE2MCKNoTPT+H/pHHk+cjzL49LlfNZHAWwB/bBIfDBKaiAKqiBOiDgFtyDR/Dk3DkPzrPzMm2dc2YzO+AbnNcP3tKU3g==</latexit><latexit sha1_base64="JDk1L8NgCWfqJMB6PeHFVe6VAxw=">AAAB/XicdVDLSgMxFM34rPU1PnZugkVwNWRE1O6KbrqsYB/QDkMmzbShmWRMMkIdir/ixoUibv0Pd/6N6UPweeDC4Zx7ufeeKOVMG4Tenbn5hcWl5cJKcXVtfWPT3dpuaJkpQutEcqlaEdaUM0HrhhlOW6miOIk4bUaDi7HfvKFKMymuzDClQYJ7gsWMYGOl0N2thgiqUMOOZgm9hkQKbUK3hLwy8ssnPvxNfA9NUAIz1EL3rdOVJEuoMIRjrds+Sk2QY2UY4XRU7GSappgMcI+2LRU4oTrIJ9eP4IFVujCWypYwcKJ+nchxovUwiWxngk1f//TG4l9eOzPxWZAzkWaGCjJdFGccGgnHUcAuU5QYPrQEE8XsrZD0scLE2MCKNoTPT+H/pHHk+cjzL49LlfNZHAWwB/bBIfDBKaiAKqiBOiDgFtyDR/Dk3DkPzrPzMm2dc2YzO+AbnNcP3tKU3g==</latexit><latexit sha1_base64="JDk1L8NgCWfqJMB6PeHFVe6VAxw=">AAAB/XicdVDLSgMxFM34rPU1PnZugkVwNWRE1O6KbrqsYB/QDkMmzbShmWRMMkIdir/ixoUibv0Pd/6N6UPweeDC4Zx7ufeeKOVMG4Tenbn5hcWl5cJKcXVtfWPT3dpuaJkpQutEcqlaEdaUM0HrhhlOW6miOIk4bUaDi7HfvKFKMymuzDClQYJ7gsWMYGOl0N2thgiqUMOOZgm9hkQKbUK3hLwy8ssnPvxNfA9NUAIz1EL3rdOVJEuoMIRjrds+Sk2QY2UY4XRU7GSappgMcI+2LRU4oTrIJ9eP4IFVujCWypYwcKJ+nchxovUwiWxngk1f//TG4l9eOzPxWZAzkWaGCjJdFGccGgnHUcAuU5QYPrQEE8XsrZD0scLE2MCKNoTPT+H/pHHk+cjzL49LlfNZHAWwB/bBIfDBKaiAKqiBOiDgFtyDR/Dk3DkPzrPzMm2dc2YzO+AbnNcP3tKU3g==</latexit><latexit sha1_base64="JDk1L8NgCWfqJMB6PeHFVe6VAxw=">AAAB/XicdVDLSgMxFM34rPU1PnZugkVwNWRE1O6KbrqsYB/QDkMmzbShmWRMMkIdir/ixoUibv0Pd/6N6UPweeDC4Zx7ufeeKOVMG4Tenbn5hcWl5cJKcXVtfWPT3dpuaJkpQutEcqlaEdaUM0HrhhlOW6miOIk4bUaDi7HfvKFKMymuzDClQYJ7gsWMYGOl0N2thgiqUMOOZgm9hkQKbUK3hLwy8ssnPvxNfA9NUAIz1EL3rdOVJEuoMIRjrds+Sk2QY2UY4XRU7GSappgMcI+2LRU4oTrIJ9eP4IFVujCWypYwcKJ+nchxovUwiWxngk1f//TG4l9eOzPxWZAzkWaGCjJdFGccGgnHUcAuU5QYPrQEE8XsrZD0scLE2MCKNoTPT+H/pHHk+cjzL49LlfNZHAWwB/bBIfDBKaiAKqiBOiDgFtyDR/Dk3DkPzrPzMm2dc2YzO+AbnNcP3tKU3g==</latexit>

Strategy: <latexit sha1_base64="ra+FUA67A3G9/eaw7KZa83JdpbU=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRS+9gV3XRZ0T6gDWUynbRDJ5MwMxFK6Ce4caGIW7/InX/jtI2gogcuHM65l3vv8WPOlHacDyu3tr6xuZXfLuzs7u0fFA+POipKJKFtEvFI9nysKGeCtjXTnPZiSXHoc9r1p9cLv3tPpWKRuNOzmHohHgsWMIK1kW6bQ2dYLDl23XHrl1W0IrVyRip15NrOEiXI0BoW3wejiCQhFZpwrFTfdWLtpVhqRjidFwaJojEmUzymfUMFDqny0uWpc3RmlBEKImlKaLRUv0+kOFRqFvqmM8R6on57C/Evr5/ooOalTMSJpoKsFgUJRzpCi7/RiElKNJ8Zgolk5lZEJlhiok06BRPC16fof9K5sN2KXbkplxpXWRx5OIFTOAcXqtCAJrSgDQTG8ABP8Gxx69F6sV5XrTkrmzmGH7DePgFPXI3a</latexit>

H0

SNe 

CMB 
new 

physics 

 A post-BBN phase transition is highly constrained scenario for new dark sector physics. 
 It can be realized in terms of simple microphysics.
 Provides theoretically consistent approach to address the Hubble tension.
 Often echoed sentiment: Since there is no compelling/simple solution, the Hubble 
tension cannot be real. But: No one said that solution would be trivial to find — we only 
got started!

model-independent

<latexit sha1_base64="LiakgEgPPxYQ0IJXEnydb51qxis=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmZEorkFvXiMaBZIhtDTqUma9PQM3T1CCPkELx4U8eoXefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTv3mHSrNE3lrRikGMe1LHnFGjZVuVFd3iyXPrXh+peyT38R3vRlKsECtW3zr9BKWxSgNE1Trtu+lJhhTZTgTOCl0Mo0pZUPax7alksaog/Hs1Ak5skqPRImyJQ2ZqV8nxjTWehSHtjOmZqB/elPxL6+dmeg8GHOZZgYlmy+KMkFMQqZ/kx5XyIwYWUKZ4vZWwgZUUWZsOgUbwuen5H/SOHH9snt6fVqqXiziyMMBHMIx+HAGVbiCGtSBQR/u4RGeHOE8OM/Oy7w15yxm9uEbnNcP2nqOMw==</latexit>rs<latexit sha1_base64="wF8RI4wgJ5MJgAlSL/tVCT49/4g=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4GmZEorkFvXiMYBZIhtDT6Uma9PSM3TVCCPkJLx4U8ervePNv7CyC64OCx3tVVNULUykMet67k1taXlldy68XNja3tneKu3sNk2Sa8TpLZKJbITVcCsXrKFDyVqo5jUPJm+Hwcuo377g2IlE3OEp5ENO+EpFgFK3U6uCAI+2abrHkuRXPr5R98pv4rjdDCRaodYtvnV7CspgrZJIa0/a9FIMx1SiY5JNCJzM8pWxI+7xtqaIxN8F4du+EHFmlR6JE21JIZurXiTGNjRnFoe2MKQ7MT28q/uW1M4zOg7FQaYZcsfmiKJMEEzJ9nvSE5gzlyBLKtLC3EjagmjK0ERVsCJ+fkv9J48T1y+7p9WmperGIIw8HcAjH4MMZVOEKalAHBhLu4RGenFvnwXl2XuatOWcxsw/f4Lx+AKVkkGU=</latexit>

✓s

Observed 

<latexit sha1_base64="S68JKd73NerrGy19GqAffe3y6KM=">AAAB+nicdVDLSgMxFM3UV62vqS7dBIvgapyRUu2uqIsuK9gHtMOQSTNtaCYTkoxSxn6KGxeKuPVL3Pk3pg/B54ELh3Pu5d57QsGo0q77buWWlldW1/LrhY3Nre0du7jbUkkqMWnihCWyEyJFGOWkqalmpCMkQXHISDscXUz99g2Riib8Wo8F8WM04DSiGGkjBXbxMkCwJ2QidAK943rgBnbJdaquV6148DfxHHeGEligEdhvvX6C05hwjRlSquu5QvsZkppiRiaFXqqIQHiEBqRrKEcxUX42O30CD43Sh1EiTXENZ+rXiQzFSo3j0HTGSA/VT28q/uV1Ux2d+RnlItWE4/miKGXQvDnNAfapJFizsSEIS2puhXiIJMLapFUwIXx+Cv8nrRPHqzjlq3Kpdr6IIw/2wQE4Ah44BTVQBw3QBBjcgnvwCJ6sO+vBerZe5q05azGzB77Bev0A6NOTJw==</latexit>

Da / 1/H0

(early) 
LCDM  

New physics but how?

  CMB



Why a new phase transition?

 Resolving the tension requires lowering the sound horizon by ~ 5-6 %.

 BAO and Supernovae:

H0rs ' const
<latexit sha1_base64="JDk1L8NgCWfqJMB6PeHFVe6VAxw=">AAAB/XicdVDLSgMxFM34rPU1PnZugkVwNWRE1O6KbrqsYB/QDkMmzbShmWRMMkIdir/ixoUibv0Pd/6N6UPweeDC4Zx7ufeeKOVMG4Tenbn5hcWl5cJKcXVtfWPT3dpuaJkpQutEcqlaEdaUM0HrhhlOW6miOIk4bUaDi7HfvKFKMymuzDClQYJ7gsWMYGOl0N2thgiqUMOOZgm9hkQKbUK3hLwy8ssnPvxNfA9NUAIz1EL3rdOVJEuoMIRjrds+Sk2QY2UY4XRU7GSappgMcI+2LRU4oTrIJ9eP4IFVujCWypYwcKJ+nchxovUwiWxngk1f//TG4l9eOzPxWZAzkWaGCjJdFGccGgnHUcAuU5QYPrQEE8XsrZD0scLE2MCKNoTPT+H/pHHk+cjzL49LlfNZHAWwB/bBIfDBKaiAKqiBOiDgFtyDR/Dk3DkPzrPzMm2dc2YzO+AbnNcP3tKU3g==</latexit><latexit sha1_base64="JDk1L8NgCWfqJMB6PeHFVe6VAxw=">AAAB/XicdVDLSgMxFM34rPU1PnZugkVwNWRE1O6KbrqsYB/QDkMmzbShmWRMMkIdir/ixoUibv0Pd/6N6UPweeDC4Zx7ufeeKOVMG4Tenbn5hcWl5cJKcXVtfWPT3dpuaJkpQutEcqlaEdaUM0HrhhlOW6miOIk4bUaDi7HfvKFKMymuzDClQYJ7gsWMYGOl0N2thgiqUMOOZgm9hkQKbUK3hLwy8ssnPvxNfA9NUAIz1EL3rdOVJEuoMIRjrds+Sk2QY2UY4XRU7GSappgMcI+2LRU4oTrIJ9eP4IFVujCWypYwcKJ+nchxovUwiWxngk1f//TG4l9eOzPxWZAzkWaGCjJdFGccGgnHUcAuU5QYPrQEE8XsrZD0scLE2MCKNoTPT+H/pHHk+cjzL49LlfNZHAWwB/bBIfDBKaiAKqiBOiDgFtyDR/Dk3DkPzrPzMm2dc2YzO+AbnNcP3tKU3g==</latexit><latexit sha1_base64="JDk1L8NgCWfqJMB6PeHFVe6VAxw=">AAAB/XicdVDLSgMxFM34rPU1PnZugkVwNWRE1O6KbrqsYB/QDkMmzbShmWRMMkIdir/ixoUibv0Pd/6N6UPweeDC4Zx7ufeeKOVMG4Tenbn5hcWl5cJKcXVtfWPT3dpuaJkpQutEcqlaEdaUM0HrhhlOW6miOIk4bUaDi7HfvKFKMymuzDClQYJ7gsWMYGOl0N2thgiqUMOOZgm9hkQKbUK3hLwy8ssnPvxNfA9NUAIz1EL3rdOVJEuoMIRjrds+Sk2QY2UY4XRU7GSappgMcI+2LRU4oTrIJ9eP4IFVujCWypYwcKJ+nchxovUwiWxngk1f//TG4l9eOzPxWZAzkWaGCjJdFGccGgnHUcAuU5QYPrQEE8XsrZD0scLE2MCKNoTPT+H/pHHk+cjzL49LlfNZHAWwB/bBIfDBKaiAKqiBOiDgFtyDR/Dk3DkPzrPzMm2dc2YzO+AbnNcP3tKU3g==</latexit><latexit sha1_base64="JDk1L8NgCWfqJMB6PeHFVe6VAxw=">AAAB/XicdVDLSgMxFM34rPU1PnZugkVwNWRE1O6KbrqsYB/QDkMmzbShmWRMMkIdir/ixoUibv0Pd/6N6UPweeDC4Zx7ufeeKOVMG4Tenbn5hcWl5cJKcXVtfWPT3dpuaJkpQutEcqlaEdaUM0HrhhlOW6miOIk4bUaDi7HfvKFKMymuzDClQYJ7gsWMYGOl0N2thgiqUMOOZgm9hkQKbUK3hLwy8ssnPvxNfA9NUAIz1EL3rdOVJEuoMIRjrds+Sk2QY2UY4XRU7GSappgMcI+2LRU4oTrIJ9eP4IFVujCWypYwcKJ+nchxovUwiWxngk1f//TG4l9eOzPxWZAzkWaGCjJdFGccGgnHUcAuU5QYPrQEE8XsrZD0scLE2MCKNoTPT+H/pHHk+cjzL49LlfNZHAWwB/bBIfDBKaiAKqiBOiDgFtyDR/Dk3DkPzrPzMm2dc2YzO+AbnNcP3tKU3g==</latexit>

Strategy: <latexit sha1_base64="ra+FUA67A3G9/eaw7KZa83JdpbU=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRS+9gV3XRZ0T6gDWUynbRDJ5MwMxFK6Ce4caGIW7/InX/jtI2gogcuHM65l3vv8WPOlHacDyu3tr6xuZXfLuzs7u0fFA+POipKJKFtEvFI9nysKGeCtjXTnPZiSXHoc9r1p9cLv3tPpWKRuNOzmHohHgsWMIK1kW6bQ2dYLDl23XHrl1W0IrVyRip15NrOEiXI0BoW3wejiCQhFZpwrFTfdWLtpVhqRjidFwaJojEmUzymfUMFDqny0uWpc3RmlBEKImlKaLRUv0+kOFRqFvqmM8R6on57C/Evr5/ooOalTMSJpoKsFgUJRzpCi7/RiElKNJ8Zgolk5lZEJlhiok06BRPC16fof9K5sN2KXbkplxpXWRx5OIFTOAcXqtCAJrSgDQTG8ABP8Gxx69F6sV5XrTkrmzmGH7DePgFPXI3a</latexit>

H0

SNe 

CMB 
new 

physics 

 A post-BBN phase transition is highly constrained scenario for new dark sector physics. 
 It can be realized in terms of simple microphysics.
 Provides theoretically consistent approach to address the Hubble tension.
 Often echoed sentiment: Since there is no compelling/simple solution, the Hubble 
tension cannot be real. But: No one said that solution would be trivial to find — we only 
got started!

model-independent

  shorten  

+ increase Hubble

<latexit sha1_base64="LiakgEgPPxYQ0IJXEnydb51qxis=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmZEorkFvXiMaBZIhtDTqUma9PQM3T1CCPkELx4U8eoXefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTv3mHSrNE3lrRikGMe1LHnFGjZVuVFd3iyXPrXh+peyT38R3vRlKsECtW3zr9BKWxSgNE1Trtu+lJhhTZTgTOCl0Mo0pZUPax7alksaog/Hs1Ak5skqPRImyJQ2ZqV8nxjTWehSHtjOmZqB/elPxL6+dmeg8GHOZZgYlmy+KMkFMQqZ/kx5XyIwYWUKZ4vZWwgZUUWZsOgUbwuen5H/SOHH9snt6fVqqXiziyMMBHMIx+HAGVbiCGtSBQR/u4RGeHOE8OM/Oy7w15yxm9uEbnNcP2nqOMw==</latexit>rs
<latexit sha1_base64="LiakgEgPPxYQ0IJXEnydb51qxis=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmZEorkFvXiMaBZIhtDTqUma9PQM3T1CCPkELx4U8eoXefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTv3mHSrNE3lrRikGMe1LHnFGjZVuVFd3iyXPrXh+peyT38R3vRlKsECtW3zr9BKWxSgNE1Trtu+lJhhTZTgTOCl0Mo0pZUPax7alksaog/Hs1Ak5skqPRImyJQ2ZqV8nxjTWehSHtjOmZqB/elPxL6+dmeg8GHOZZgYlmy+KMkFMQqZ/kx5XyIwYWUKZ4vZWwgZUUWZsOgUbwuen5H/SOHH9snt6fVqqXiziyMMBHMIx+HAGVbiCGtSBQR/u4RGeHOE8OM/Oy7w15yxm9uEbnNcP2nqOMw==</latexit>rs<latexit sha1_base64="wF8RI4wgJ5MJgAlSL/tVCT49/4g=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4GmZEorkFvXiMYBZIhtDT6Uma9PSM3TVCCPkJLx4U8ervePNv7CyC64OCx3tVVNULUykMet67k1taXlldy68XNja3tneKu3sNk2Sa8TpLZKJbITVcCsXrKFDyVqo5jUPJm+Hwcuo377g2IlE3OEp5ENO+EpFgFK3U6uCAI+2abrHkuRXPr5R98pv4rjdDCRaodYtvnV7CspgrZJIa0/a9FIMx1SiY5JNCJzM8pWxI+7xtqaIxN8F4du+EHFmlR6JE21JIZurXiTGNjRnFoe2MKQ7MT28q/uW1M4zOg7FQaYZcsfmiKJMEEzJ9nvSE5gzlyBLKtLC3EjagmjK0ERVsCJ+fkv9J48T1y+7p9WmperGIIw8HcAjH4MMZVOEKalAHBhLu4RGenFvnwXl2XuatOWcxsw/f4Lx+AKVkkGU=</latexit>

✓s

Observed 

<latexit sha1_base64="S68JKd73NerrGy19GqAffe3y6KM=">AAAB+nicdVDLSgMxFM3UV62vqS7dBIvgapyRUu2uqIsuK9gHtMOQSTNtaCYTkoxSxn6KGxeKuPVL3Pk3pg/B54ELh3Pu5d57QsGo0q77buWWlldW1/LrhY3Nre0du7jbUkkqMWnihCWyEyJFGOWkqalmpCMkQXHISDscXUz99g2Riib8Wo8F8WM04DSiGGkjBXbxMkCwJ2QidAK943rgBnbJdaquV6148DfxHHeGEligEdhvvX6C05hwjRlSquu5QvsZkppiRiaFXqqIQHiEBqRrKEcxUX42O30CD43Sh1EiTXENZ+rXiQzFSo3j0HTGSA/VT28q/uV1Ux2d+RnlItWE4/miKGXQvDnNAfapJFizsSEIS2puhXiIJMLapFUwIXx+Cv8nrRPHqzjlq3Kpdr6IIw/2wQE4Ah44BTVQBw3QBBjcgnvwCJ6sO+vBerZe5q05azGzB77Bev0A6NOTJw==</latexit>

Da / 1/H0

(early) 
LCDM  

New physics but how?

  CMB



Why a new phase transition?

 Resolving the tension requires lowering the sound horizon by ~ 5-6 %.

 BAO and Supernovae:

H0rs ' const
<latexit sha1_base64="JDk1L8NgCWfqJMB6PeHFVe6VAxw=">AAAB/XicdVDLSgMxFM34rPU1PnZugkVwNWRE1O6KbrqsYB/QDkMmzbShmWRMMkIdir/ixoUibv0Pd/6N6UPweeDC4Zx7ufeeKOVMG4Tenbn5hcWl5cJKcXVtfWPT3dpuaJkpQutEcqlaEdaUM0HrhhlOW6miOIk4bUaDi7HfvKFKMymuzDClQYJ7gsWMYGOl0N2thgiqUMOOZgm9hkQKbUK3hLwy8ssnPvxNfA9NUAIz1EL3rdOVJEuoMIRjrds+Sk2QY2UY4XRU7GSappgMcI+2LRU4oTrIJ9eP4IFVujCWypYwcKJ+nchxovUwiWxngk1f//TG4l9eOzPxWZAzkWaGCjJdFGccGgnHUcAuU5QYPrQEE8XsrZD0scLE2MCKNoTPT+H/pHHk+cjzL49LlfNZHAWwB/bBIfDBKaiAKqiBOiDgFtyDR/Dk3DkPzrPzMm2dc2YzO+AbnNcP3tKU3g==</latexit><latexit sha1_base64="JDk1L8NgCWfqJMB6PeHFVe6VAxw=">AAAB/XicdVDLSgMxFM34rPU1PnZugkVwNWRE1O6KbrqsYB/QDkMmzbShmWRMMkIdir/ixoUibv0Pd/6N6UPweeDC4Zx7ufeeKOVMG4Tenbn5hcWl5cJKcXVtfWPT3dpuaJkpQutEcqlaEdaUM0HrhhlOW6miOIk4bUaDi7HfvKFKMymuzDClQYJ7gsWMYGOl0N2thgiqUMOOZgm9hkQKbUK3hLwy8ssnPvxNfA9NUAIz1EL3rdOVJEuoMIRjrds+Sk2QY2UY4XRU7GSappgMcI+2LRU4oTrIJ9eP4IFVujCWypYwcKJ+nchxovUwiWxngk1f//TG4l9eOzPxWZAzkWaGCjJdFGccGgnHUcAuU5QYPrQEE8XsrZD0scLE2MCKNoTPT+H/pHHk+cjzL49LlfNZHAWwB/bBIfDBKaiAKqiBOiDgFtyDR/Dk3DkPzrPzMm2dc2YzO+AbnNcP3tKU3g==</latexit><latexit sha1_base64="JDk1L8NgCWfqJMB6PeHFVe6VAxw=">AAAB/XicdVDLSgMxFM34rPU1PnZugkVwNWRE1O6KbrqsYB/QDkMmzbShmWRMMkIdir/ixoUibv0Pd/6N6UPweeDC4Zx7ufeeKOVMG4Tenbn5hcWl5cJKcXVtfWPT3dpuaJkpQutEcqlaEdaUM0HrhhlOW6miOIk4bUaDi7HfvKFKMymuzDClQYJ7gsWMYGOl0N2thgiqUMOOZgm9hkQKbUK3hLwy8ssnPvxNfA9NUAIz1EL3rdOVJEuoMIRjrds+Sk2QY2UY4XRU7GSappgMcI+2LRU4oTrIJ9eP4IFVujCWypYwcKJ+nchxovUwiWxngk1f//TG4l9eOzPxWZAzkWaGCjJdFGccGgnHUcAuU5QYPrQEE8XsrZD0scLE2MCKNoTPT+H/pHHk+cjzL49LlfNZHAWwB/bBIfDBKaiAKqiBOiDgFtyDR/Dk3DkPzrPzMm2dc2YzO+AbnNcP3tKU3g==</latexit><latexit sha1_base64="JDk1L8NgCWfqJMB6PeHFVe6VAxw=">AAAB/XicdVDLSgMxFM34rPU1PnZugkVwNWRE1O6KbrqsYB/QDkMmzbShmWRMMkIdir/ixoUibv0Pd/6N6UPweeDC4Zx7ufeeKOVMG4Tenbn5hcWl5cJKcXVtfWPT3dpuaJkpQutEcqlaEdaUM0HrhhlOW6miOIk4bUaDi7HfvKFKMymuzDClQYJ7gsWMYGOl0N2thgiqUMOOZgm9hkQKbUK3hLwy8ssnPvxNfA9NUAIz1EL3rdOVJEuoMIRjrds+Sk2QY2UY4XRU7GSappgMcI+2LRU4oTrIJ9eP4IFVujCWypYwcKJ+nchxovUwiWxngk1f//TG4l9eOzPxWZAzkWaGCjJdFGccGgnHUcAuU5QYPrQEE8XsrZD0scLE2MCKNoTPT+H/pHHk+cjzL49LlfNZHAWwB/bBIfDBKaiAKqiBOiDgFtyDR/Dk3DkPzrPzMm2dc2YzO+AbnNcP3tKU3g==</latexit>

Strategy: <latexit sha1_base64="ra+FUA67A3G9/eaw7KZa83JdpbU=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRS+9gV3XRZ0T6gDWUynbRDJ5MwMxFK6Ce4caGIW7/InX/jtI2gogcuHM65l3vv8WPOlHacDyu3tr6xuZXfLuzs7u0fFA+POipKJKFtEvFI9nysKGeCtjXTnPZiSXHoc9r1p9cLv3tPpWKRuNOzmHohHgsWMIK1kW6bQ2dYLDl23XHrl1W0IrVyRip15NrOEiXI0BoW3wejiCQhFZpwrFTfdWLtpVhqRjidFwaJojEmUzymfUMFDqny0uWpc3RmlBEKImlKaLRUv0+kOFRqFvqmM8R6on57C/Evr5/ooOalTMSJpoKsFgUJRzpCi7/RiElKNJ8Zgolk5lZEJlhiok06BRPC16fof9K5sN2KXbkplxpXWRx5OIFTOAcXqtCAJrSgDQTG8ABP8Gxx69F6sV5XrTkrmzmGH7DePgFPXI3a</latexit>

H0

SNe 

CMB 
new 

physics 

 A post-BBN phase transition is highly constrained scenario for new dark sector physics. 
 It can be realized in terms of simple microphysics.
 Provides theoretically consistent approach to address the Hubble tension.
 Often echoed sentiment: Since there is no compelling/simple solution, the Hubble 
tension cannot be real. But: No one said that solution would be trivial to find — we only 
got started!

model-independent

<latexit sha1_base64="wF8RI4wgJ5MJgAlSL/tVCT49/4g=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4GmZEorkFvXiMYBZIhtDT6Uma9PSM3TVCCPkJLx4U8ervePNv7CyC64OCx3tVVNULUykMet67k1taXlldy68XNja3tneKu3sNk2Sa8TpLZKJbITVcCsXrKFDyVqo5jUPJm+Hwcuo377g2IlE3OEp5ENO+EpFgFK3U6uCAI+2abrHkuRXPr5R98pv4rjdDCRaodYtvnV7CspgrZJIa0/a9FIMx1SiY5JNCJzM8pWxI+7xtqaIxN8F4du+EHFmlR6JE21JIZurXiTGNjRnFoe2MKQ7MT28q/uW1M4zOg7FQaYZcsfmiKJMEEzJ9nvSE5gzlyBLKtLC3EjagmjK0ERVsCJ+fkv9J48T1y+7p9WmperGIIw8HcAjH4MMZVOEKalAHBhLu4RGenFvnwXl2XuatOWcxsw/f4Lx+AKVkkGU=</latexit>

✓s
<latexit sha1_base64="pL7Y/czodGQ1Pqx4Zpb8/UQZJA4=">AAAB+XicdVDLSsNAFJ3UV62vqEs3g0VwFRIp1YKLohuXFewD2hAmk5t26OTBzKRQQv/EjQtF3Pon7vwbJ20Fnwfu5XDOvcyd46ecSWXb70ZpZXVtfaO8Wdna3tndM/cPOjLJBIU2TXgiej6RwFkMbcUUh14qgEQ+h64/vi787gSEZEl8p6YpuBEZxixklCgteaY5UIwHgIUn8WXRPbNqWw3badQd/Js4lj1HFS3R8sy3QZDQLIJYUU6k7Dt2qtycCMUoh1llkElICR2TIfQ1jUkE0s3nl8/wiVYCHCZCV6zwXP26kZNIymnk68mIqJH86RXiX14/U+GFm7M4zRTEdPFQmHGsElzEgAMmgCo+1YRQwfStmI6IIFTpsCo6hM+f4v9J58xy6lbttlZtXi3jKKMjdIxOkYPOURPdoBZqI4om6B49oicjNx6MZ+NlMVoyljuH6BuM1w/ju5M0</latexit>

r̃s < rs

<latexit sha1_base64="zk7RxI3St0H8lC7C+fcDhpNIrQs=">AAAB8XicdVDJSgNBEK2JW4xb1KOXxiB4CjMSorkF9eAxglkwCaGnpyZp0tMzdPcIIeQvvHhQxKt/482/sbMIrg8KHu9VUVXPTwTXxnXfnczS8srqWnY9t7G5tb2T391r6DhVDOssFrFq+VSj4BLrhhuBrUQhjXyBTX94MfWbd6g0j+WNGSXYjWhf8pAzaqx02zFcBEgue7SXL7jFiutVyh75TbyiO0MBFqj18m+dIGZphNIwQbVue25iumOqDGcCJ7lOqjGhbEj72LZU0gh1dzy7eEKOrBKQMFa2pCEz9evEmEZajyLfdkbUDPRPbyr+5bVTE551x1wmqUHJ5ovCVBATk+n7JOAKmREjSyhT3N5K2IAqyowNKWdD+PyU/E8aJ0WvXCxdlwrV80UcWTiAQzgGD06hCldQgzowkHAPj/DkaOfBeXZe5q0ZZzGzD9/gvH4Aa06Qxw==</latexit>

D̃a

unchanged! 

  shorten  

+ increase Hubble

<latexit sha1_base64="LiakgEgPPxYQ0IJXEnydb51qxis=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmZEorkFvXiMaBZIhtDTqUma9PQM3T1CCPkELx4U8eoXefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTv3mHSrNE3lrRikGMe1LHnFGjZVuVFd3iyXPrXh+peyT38R3vRlKsECtW3zr9BKWxSgNE1Trtu+lJhhTZTgTOCl0Mo0pZUPax7alksaog/Hs1Ak5skqPRImyJQ2ZqV8nxjTWehSHtjOmZqB/elPxL6+dmeg8GHOZZgYlmy+KMkFMQqZ/kx5XyIwYWUKZ4vZWwgZUUWZsOgUbwuen5H/SOHH9snt6fVqqXiziyMMBHMIx+HAGVbiCGtSBQR/u4RGeHOE8OM/Oy7w15yxm9uEbnNcP2nqOMw==</latexit>rs
<latexit sha1_base64="LiakgEgPPxYQ0IJXEnydb51qxis=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GmZEorkFvXiMaBZIhtDTqUma9PQM3T1CCPkELx4U8eoXefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTv3mHSrNE3lrRikGMe1LHnFGjZVuVFd3iyXPrXh+peyT38R3vRlKsECtW3zr9BKWxSgNE1Trtu+lJhhTZTgTOCl0Mo0pZUPax7alksaog/Hs1Ak5skqPRImyJQ2ZqV8nxjTWehSHtjOmZqB/elPxL6+dmeg8GHOZZgYlmy+KMkFMQqZ/kx5XyIwYWUKZ4vZWwgZUUWZsOgUbwuen5H/SOHH9snt6fVqqXiziyMMBHMIx+HAGVbiCGtSBQR/u4RGeHOE8OM/Oy7w15yxm9uEbnNcP2nqOMw==</latexit>rs<latexit sha1_base64="wF8RI4wgJ5MJgAlSL/tVCT49/4g=">AAAB73icdVDJSgNBEK2JW4xb1KOXxiB4GmZEorkFvXiMYBZIhtDT6Uma9PSM3TVCCPkJLx4U8ervePNv7CyC64OCx3tVVNULUykMet67k1taXlldy68XNja3tneKu3sNk2Sa8TpLZKJbITVcCsXrKFDyVqo5jUPJm+Hwcuo377g2IlE3OEp5ENO+EpFgFK3U6uCAI+2abrHkuRXPr5R98pv4rjdDCRaodYtvnV7CspgrZJIa0/a9FIMx1SiY5JNCJzM8pWxI+7xtqaIxN8F4du+EHFmlR6JE21JIZurXiTGNjRnFoe2MKQ7MT28q/uW1M4zOg7FQaYZcsfmiKJMEEzJ9nvSE5gzlyBLKtLC3EjagmjK0ERVsCJ+fkv9J48T1y+7p9WmperGIIw8HcAjH4MMZVOEKalAHBhLu4RGenFvnwXl2XuatOWcxsw/f4Lx+AKVkkGU=</latexit>

✓s

Observed 

<latexit sha1_base64="S68JKd73NerrGy19GqAffe3y6KM=">AAAB+nicdVDLSgMxFM3UV62vqS7dBIvgapyRUu2uqIsuK9gHtMOQSTNtaCYTkoxSxn6KGxeKuPVL3Pk3pg/B54ELh3Pu5d57QsGo0q77buWWlldW1/LrhY3Nre0du7jbUkkqMWnihCWyEyJFGOWkqalmpCMkQXHISDscXUz99g2Riib8Wo8F8WM04DSiGGkjBXbxMkCwJ2QidAK943rgBnbJdaquV6148DfxHHeGEligEdhvvX6C05hwjRlSquu5QvsZkppiRiaFXqqIQHiEBqRrKEcxUX42O30CD43Sh1EiTXENZ+rXiQzFSo3j0HTGSA/VT28q/uV1Ux2d+RnlItWE4/miKGXQvDnNAfapJFizsSEIS2puhXiIJMLapFUwIXx+Cv8nrRPHqzjlq3Kpdr6IIw/2wQE4Ah44BTVQBw3QBBjcgnvwCJ6sO+vBerZe5q05azGzB77Bev0A6NOTJw==</latexit>

Da / 1/H0

(early) 
LCDM  

New physics but how?

  CMB



How to reduce the sound horizon?



How to reduce the sound horizon?
rs =

Z 1

z⇤

cs(z)

H(z)
<latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="hBF4SDzYYQVB3Ol1Juopq+WM1YE=">AAACC3icbZBLSwMxFIXv1FetVatbN0ERVLDMuNGNILjpsoJ9QFuHTJqpwUxmSO4I7TC/wo1/xY0LRdy789+YPhbaeiDh45yE5J4gkcKg6347haXlldW14nppo7y5tV3ZKTdNnGrGGyyWsW4H1HApFG+gQMnbieY0CiRvBQ/X47z1yLURsbrFYcJ7ER0oEQpG0Vp+5VT7hlySrlDoZyP/JL/LLIc4zEk31JRlzDdHo+M8q413v3LgVt2JyCJ4MziAmep+5avbj1kacYVMUmM6nptgL6MaBZM8L3VTwxPKHuiAdywqGnHTyyZj5eTQOn0SxtouhWTi/r6R0ciYYRTYkxHFezOfjc3/sk6K4UUvEypJkSs2fShMJcGYjDsifaE5Qzm0QJkW9q+E3VPbBtomS7YEb37kRWieVT236t24UIQ92Icj8OAcrqAGdWgAgyd4gTd4d56dV+djWlfBmfW2C3/kfP4AAH2dpQ==</latexit><latexit sha1_base64="9LEYRy4dLWITeNnJQoMWk2PAij4=">AAACC3icdZBLSwMxFIXv+Kz1Vd26CYqggmXGhdqFILjpsoK1hbYOmTSjwUxmSO4I7TC/wo1/xY0LRdy789+YaRV8Hkg4nJOQ3C9IpDDoum/OxOTU9Mxsaa48v7C4tFxZWTg3caoZb7JYxrodUMOlULyJAiVvJ5rTKJC8FVyfFH3rhmsjYnWGg4T3InqpRCgYRRv5lV3tG3JEukKhnw39nfwisz7EQU66oaYsY77ZGm7nWb3Y/cqGW625Xm3fI7+NV3VH2oAPNfzKa7cfszTiCpmkxnQ8N8FeRjUKJnle7qaGJ5Rd00vesVbRiJteNhorJ5s26ZMw1nYpJKP0642MRsYMosCejChemZ9dEf7VdVIMD3uZUEmKXLHxQ2EqCcakYET6QnOGcmANZVrYvxJ2RS0NtCTLFsLnpOR/c75X9dyqd+pCCdZgHbbAgwM4hjo0oAkMbuEeHuHJuXMenOcxrgnng9sqfJPz8g5uG53z</latexit><latexit sha1_base64="MoqSLHyw1+gECfIpPURxEZhX70Q=">AAACFnicdVDLSsNAFJ3Ud31VXboZLEIVLIkLtQtBdONSwVqhqWEyndihk0mYuRHSkK9w46+4caGIW3Hn3zipFXweuJfDOfcyc48fC67Btt+s0tj4xOTU9Ex5dm5+YbGytHyuo0RR1qSRiNSFTzQTXLImcBDsIlaMhL5gLb9/VPita6Y0j+QZpDHrhORK8oBTAkbyKlvK03gfu1yClw28zfwyMzyANMduoAjNqKdrg408Oy66V6na9YbtNHYc/Js4dXuIKhrhxKu8ut2IJiGTQAXRuu3YMXQyooBTwfKym2gWE9onV6xtqCQh051seFaO143SxUGkTEnAQ/XrRkZCrdPQN5MhgZ7+6RXiX147gWCvk3EZJ8Ak/XgoSASGCBcZ4S5XjIJIDSFUcfNXTHvEpAEmybIJ4fNS/D853647dt05tasHh6M4ptEqWkM15KBddICO0QlqIopu0B16QI/WrXVvPVnPH6Mla7Szgr7BenkHRHSfcA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit>



How to reduce the sound horizon?
increases       prior to recombinationH(z)

<latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit><latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit><latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit><latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit>

rs =

Z 1

z⇤

cs(z)

H(z)
<latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="hBF4SDzYYQVB3Ol1Juopq+WM1YE=">AAACC3icbZBLSwMxFIXv1FetVatbN0ERVLDMuNGNILjpsoJ9QFuHTJqpwUxmSO4I7TC/wo1/xY0LRdy789+YPhbaeiDh45yE5J4gkcKg6347haXlldW14nppo7y5tV3ZKTdNnGrGGyyWsW4H1HApFG+gQMnbieY0CiRvBQ/X47z1yLURsbrFYcJ7ER0oEQpG0Vp+5VT7hlySrlDoZyP/JL/LLIc4zEk31JRlzDdHo+M8q413v3LgVt2JyCJ4MziAmep+5avbj1kacYVMUmM6nptgL6MaBZM8L3VTwxPKHuiAdywqGnHTyyZj5eTQOn0SxtouhWTi/r6R0ciYYRTYkxHFezOfjc3/sk6K4UUvEypJkSs2fShMJcGYjDsifaE5Qzm0QJkW9q+E3VPbBtomS7YEb37kRWieVT236t24UIQ92Icj8OAcrqAGdWgAgyd4gTd4d56dV+djWlfBmfW2C3/kfP4AAH2dpQ==</latexit><latexit sha1_base64="9LEYRy4dLWITeNnJQoMWk2PAij4=">AAACC3icdZBLSwMxFIXv+Kz1Vd26CYqggmXGhdqFILjpsoK1hbYOmTSjwUxmSO4I7TC/wo1/xY0LRdy789+YaRV8Hkg4nJOQ3C9IpDDoum/OxOTU9Mxsaa48v7C4tFxZWTg3caoZb7JYxrodUMOlULyJAiVvJ5rTKJC8FVyfFH3rhmsjYnWGg4T3InqpRCgYRRv5lV3tG3JEukKhnw39nfwisz7EQU66oaYsY77ZGm7nWb3Y/cqGW625Xm3fI7+NV3VH2oAPNfzKa7cfszTiCpmkxnQ8N8FeRjUKJnle7qaGJ5Rd00vesVbRiJteNhorJ5s26ZMw1nYpJKP0642MRsYMosCejChemZ9dEf7VdVIMD3uZUEmKXLHxQ2EqCcakYET6QnOGcmANZVrYvxJ2RS0NtCTLFsLnpOR/c75X9dyqd+pCCdZgHbbAgwM4hjo0oAkMbuEeHuHJuXMenOcxrgnng9sqfJPz8g5uG53z</latexit><latexit sha1_base64="MoqSLHyw1+gECfIpPURxEZhX70Q=">AAACFnicdVDLSsNAFJ3Ud31VXboZLEIVLIkLtQtBdONSwVqhqWEyndihk0mYuRHSkK9w46+4caGIW3Hn3zipFXweuJfDOfcyc48fC67Btt+s0tj4xOTU9Ex5dm5+YbGytHyuo0RR1qSRiNSFTzQTXLImcBDsIlaMhL5gLb9/VPita6Y0j+QZpDHrhORK8oBTAkbyKlvK03gfu1yClw28zfwyMzyANMduoAjNqKdrg408Oy66V6na9YbtNHYc/Js4dXuIKhrhxKu8ut2IJiGTQAXRuu3YMXQyooBTwfKym2gWE9onV6xtqCQh051seFaO143SxUGkTEnAQ/XrRkZCrdPQN5MhgZ7+6RXiX147gWCvk3EZJ8Ak/XgoSASGCBcZ4S5XjIJIDSFUcfNXTHvEpAEmybIJ4fNS/D853647dt05tasHh6M4ptEqWkM15KBddICO0QlqIopu0B16QI/WrXVvPVnPH6Mla7Szgr7BenkHRHSfcA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit>



How to reduce the sound horizon?

 Idea: Energy injection before recombination.

increases       prior to recombinationH(z)
<latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit><latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit><latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit><latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit>

<latexit sha1_base64="CSy9uXvojpe4sKREarmWoftgDSk="></latexit>
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<latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="hBF4SDzYYQVB3Ol1Juopq+WM1YE=">AAACC3icbZBLSwMxFIXv1FetVatbN0ERVLDMuNGNILjpsoJ9QFuHTJqpwUxmSO4I7TC/wo1/xY0LRdy789+YPhbaeiDh45yE5J4gkcKg6347haXlldW14nppo7y5tV3ZKTdNnGrGGyyWsW4H1HApFG+gQMnbieY0CiRvBQ/X47z1yLURsbrFYcJ7ER0oEQpG0Vp+5VT7hlySrlDoZyP/JL/LLIc4zEk31JRlzDdHo+M8q413v3LgVt2JyCJ4MziAmep+5avbj1kacYVMUmM6nptgL6MaBZM8L3VTwxPKHuiAdywqGnHTyyZj5eTQOn0SxtouhWTi/r6R0ciYYRTYkxHFezOfjc3/sk6K4UUvEypJkSs2fShMJcGYjDsifaE5Qzm0QJkW9q+E3VPbBtomS7YEb37kRWieVT236t24UIQ92Icj8OAcrqAGdWgAgyd4gTd4d56dV+djWlfBmfW2C3/kfP4AAH2dpQ==</latexit><latexit sha1_base64="9LEYRy4dLWITeNnJQoMWk2PAij4=">AAACC3icdZBLSwMxFIXv+Kz1Vd26CYqggmXGhdqFILjpsoK1hbYOmTSjwUxmSO4I7TC/wo1/xY0LRdy789+YaRV8Hkg4nJOQ3C9IpDDoum/OxOTU9Mxsaa48v7C4tFxZWTg3caoZb7JYxrodUMOlULyJAiVvJ5rTKJC8FVyfFH3rhmsjYnWGg4T3InqpRCgYRRv5lV3tG3JEukKhnw39nfwisz7EQU66oaYsY77ZGm7nWb3Y/cqGW625Xm3fI7+NV3VH2oAPNfzKa7cfszTiCpmkxnQ8N8FeRjUKJnle7qaGJ5Rd00vesVbRiJteNhorJ5s26ZMw1nYpJKP0642MRsYMosCejChemZ9dEf7VdVIMD3uZUEmKXLHxQ2EqCcakYET6QnOGcmANZVrYvxJ2RS0NtCTLFsLnpOR/c75X9dyqd+pCCdZgHbbAgwM4hjo0oAkMbuEeHuHJuXMenOcxrgnng9sqfJPz8g5uG53z</latexit><latexit sha1_base64="MoqSLHyw1+gECfIpPURxEZhX70Q=">AAACFnicdVDLSsNAFJ3Ud31VXboZLEIVLIkLtQtBdONSwVqhqWEyndihk0mYuRHSkK9w46+4caGIW3Hn3zipFXweuJfDOfcyc48fC67Btt+s0tj4xOTU9Ex5dm5+YbGytHyuo0RR1qSRiNSFTzQTXLImcBDsIlaMhL5gLb9/VPita6Y0j+QZpDHrhORK8oBTAkbyKlvK03gfu1yClw28zfwyMzyANMduoAjNqKdrg408Oy66V6na9YbtNHYc/Js4dXuIKhrhxKu8ut2IJiGTQAXRuu3YMXQyooBTwfKym2gWE9onV6xtqCQh051seFaO143SxUGkTEnAQ/XrRkZCrdPQN5MhgZ7+6RXiX147gWCvk3EZJ8Ak/XgoSASGCBcZ4S5XjIJIDSFUcfNXTHvEpAEmybIJ4fNS/D853647dt05tasHh6M4ptEqWkM15KBddICO0QlqIopu0B16QI/WrXVvPVnPH6Mla7Szgr7BenkHRHSfcA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit>

new component (>10%)



How to reduce the sound horizon?

 Idea: Energy injection before recombination.

increases       prior to recombinationH(z)
<latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit><latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit><latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit><latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit>

<latexit sha1_base64="CSy9uXvojpe4sKREarmWoftgDSk="></latexit>

H
2(z) =

1

3M2
pl

[⇢⇤ + ⇢matter(z) + ⇢r(z) + ⇢X(z)]

rs =

Z 1

z⇤

cs(z)

H(z)
<latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="hBF4SDzYYQVB3Ol1Juopq+WM1YE=">AAACC3icbZBLSwMxFIXv1FetVatbN0ERVLDMuNGNILjpsoJ9QFuHTJqpwUxmSO4I7TC/wo1/xY0LRdy789+YPhbaeiDh45yE5J4gkcKg6347haXlldW14nppo7y5tV3ZKTdNnGrGGyyWsW4H1HApFG+gQMnbieY0CiRvBQ/X47z1yLURsbrFYcJ7ER0oEQpG0Vp+5VT7hlySrlDoZyP/JL/LLIc4zEk31JRlzDdHo+M8q413v3LgVt2JyCJ4MziAmep+5avbj1kacYVMUmM6nptgL6MaBZM8L3VTwxPKHuiAdywqGnHTyyZj5eTQOn0SxtouhWTi/r6R0ciYYRTYkxHFezOfjc3/sk6K4UUvEypJkSs2fShMJcGYjDsifaE5Qzm0QJkW9q+E3VPbBtomS7YEb37kRWieVT236t24UIQ92Icj8OAcrqAGdWgAgyd4gTd4d56dV+djWlfBmfW2C3/kfP4AAH2dpQ==</latexit><latexit sha1_base64="9LEYRy4dLWITeNnJQoMWk2PAij4=">AAACC3icdZBLSwMxFIXv+Kz1Vd26CYqggmXGhdqFILjpsoK1hbYOmTSjwUxmSO4I7TC/wo1/xY0LRdy789+YaRV8Hkg4nJOQ3C9IpDDoum/OxOTU9Mxsaa48v7C4tFxZWTg3caoZb7JYxrodUMOlULyJAiVvJ5rTKJC8FVyfFH3rhmsjYnWGg4T3InqpRCgYRRv5lV3tG3JEukKhnw39nfwisz7EQU66oaYsY77ZGm7nWb3Y/cqGW625Xm3fI7+NV3VH2oAPNfzKa7cfszTiCpmkxnQ8N8FeRjUKJnle7qaGJ5Rd00vesVbRiJteNhorJ5s26ZMw1nYpJKP0642MRsYMosCejChemZ9dEf7VdVIMD3uZUEmKXLHxQ2EqCcakYET6QnOGcmANZVrYvxJ2RS0NtCTLFsLnpOR/c75X9dyqd+pCCdZgHbbAgwM4hjo0oAkMbuEeHuHJuXMenOcxrgnng9sqfJPz8g5uG53z</latexit><latexit sha1_base64="MoqSLHyw1+gECfIpPURxEZhX70Q=">AAACFnicdVDLSsNAFJ3Ud31VXboZLEIVLIkLtQtBdONSwVqhqWEyndihk0mYuRHSkK9w46+4caGIW3Hn3zipFXweuJfDOfcyc48fC67Btt+s0tj4xOTU9Ex5dm5+YbGytHyuo0RR1qSRiNSFTzQTXLImcBDsIlaMhL5gLb9/VPita6Y0j+QZpDHrhORK8oBTAkbyKlvK03gfu1yClw28zfwyMzyANMduoAjNqKdrg408Oy66V6na9YbtNHYc/Js4dXuIKhrhxKu8ut2IJiGTQAXRuu3YMXQyooBTwfKym2gWE9onV6xtqCQh051seFaO143SxUGkTEnAQ/XrRkZCrdPQN5MhgZ7+6RXiX147gWCvk3EZJ8Ak/XgoSASGCBcZ4S5XjIJIDSFUcfNXTHvEpAEmybIJ4fNS/D853647dt05tasHh6M4ptEqWkM15KBddICO0QlqIopu0B16QI/WrXVvPVnPH6Mla7Szgr7BenkHRHSfcA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit>

 This suggests new physics pre recombination in redshift  window:

Modify history of universe when highly constrained! 

<latexit sha1_base64="pwdnkqd9cOBanPuxJBMwXLZWOA4=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwNWRKn+Ci6MZlBWsL7VAyaaYNzWSGJFOoQ//EjQtF3Pon7vwb03YEFT1w4XDOvdx7jx9zpjRCH1ZubX1jcyu/XdjZ3ds/sA+P7lSUSELbJOKR7PpYUc4EbWumOe3GkuLQ57TjT64WfmdKpWKRuNWzmHohHgkWMIK1kQa27boIwQt4b6pUQQgN7CJyGshtVGpwRerljFQb0HXQEkWQoTWw3/vDiCQhFZpwrFTPRbH2Uiw1I5zOC/1E0RiTCR7RnqECh1R56fLyOTwzyhAGkTQlNFyq3ydSHCo1C33TGWI9Vr+9hfiX10t0UPdSJuJEU0FWi4KEQx3BRQxwyCQlms8MwUQycyskYywx0Sasggnh61P4P7krOW7VKd+Ui83LLI48OAGn4By4oAaa4Bq0QBsQMAUP4Ak8W6n1aL1Yr6vWnJXNHIMfsN4+AUVvkN8=</latexit>

1100 < z < 25000

new component (>10%)



time 

<latexit sha1_base64="gIp+trd+lu/jP8bRO/4P8wQMG4o=">AAACCXicdVDLSgMxFM3UV62vUZdugkVwVWak9rErunFZwdZCp5RMmmlDM5MhuSOWYbZu/BU3LhRx6x+4829MH4KKHgg5nHMv997jx4JrcJwPK7e0vLK6ll8vbGxube/Yu3ttLRNFWYtKIVXHJ5oJHrEWcBCsEytGQl+wa398PvWvb5jSXEZXMIlZLyTDiAecEjBS38ZeoAhNPTWS/dts/nshgZEKU5CQZX276JTqjls/reI5qZUXpFLHbsmZoYgWaPbtd28gaRKyCKggWnddJ4ZeShRwKlhW8BLNYkLHZMi6hkYkZLqXzi7J8JFRBjiQyrwI8Ez93pGSUOtJ6JvK6ZL6tzcV//K6CQS1XsqjOAEW0fmgIBEYJJ7GggdcMQpiYgihiptdMR0REw2Y8AomhK9L8f+kfVJyK6XKZbnYOFvEkUcH6BAdIxdVUQNdoCZqIYru0AN6Qs/WvfVovViv89KctejZRz9gvX0CI86b8g==</latexit> ⇢x
⇢tot

<latexit sha1_base64="9z5WHuIQLlf0tqb8I89zLWTpVl0=">AAAB7HicdVBNS8NAEJ3Ur1q/qh69LJaCp5CI9uNW9OKxgmkLbSib7aZdutmE3Y1QQn+DFw+KePUHefPfuG0jqOiDgcd7M8zMCxLOlHacD6uwtr6xuVXcLu3s7u0flA+POipOJaEeiXksewFWlDNBPc00p71EUhwFnHaD6fXC795TqVgs7vQsoX6Ex4KFjGBtJM910KA6LFccu+m4zcs6WpHGRU5qTeTazhIVyNEelt8Ho5ikERWacKxU33US7WdYakY4nZcGqaIJJlM8pn1DBY6o8rPlsXNUNcoIhbE0JTRaqt8nMhwpNYsC0xlhPVG/vYX4l9dPddjwMyaSVFNBVovClCMdo8XnaMQkJZrPDMFEMnMrIhMsMdEmn5IJ4etT9D/pnNtuza7dXlRaV3kcRTiBUzgDF+rQghtogwcEGDzAEzxbwnq0XqzXVWvBymeO4Qest0/bW44Z</latexit>

10%

<latexit sha1_base64="QFBMFo3APUkILdhQeDrsN3iitBs=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4GmZE+9gV3bisYB/QDiWT3rahmcw0yRTK0O9w40IRt36MO//GTDuCih4IHM65l3ty/IgzpR3nw8qtrW9sbuW3Czu7e/sHxcOjlgpjSaFJQx7Kjk8UcCagqZnm0IkkkMDn0PYnN6nfnoFULBT3eh6BF5CRYENGiTaSR/q9gOixDBKYLvrFkmPXHLd2VcErUr3MSLmGXdtZooQyNPrF994gpHEAQlNOlOq6TqS9hEjNKIdFoRcriAidkBF0DRUkAOUly9ALfGaUAR6G0jyh8VL9vpGQQKl54JvJNKL67aXiX1431sOqlzARxRoEXR0axhzrEKcN4AGTQDWfG0KoZCYrpmMiCdWmp4Ip4eun+H/SurDdsl2+uyzVr7M68ugEnaJz5KIKqqNb1EBNRNEUPaAn9GzNrEfrxXpdjeasbOcY/YD19gncC5La</latexit>aeq
<latexit sha1_base64="kXChWruybX78Tqy57KDrjSiM+W0=">AAAB9XicdVDLSgMxFL1TX7W+qi7dBIvgapiR2seu6MZlBfuAdiyZNNOGZjJDklHK0P9w40IRt/6LO//GtB1BRQ8EDufcS849fsyZ0o7zYeVWVtfWN/Kbha3tnd294v5BW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv+5HLud+6oVCwSN3oaUy/EI8ECRrA20i0e9EOsxzJMJSWzQbHk2HXHrZ9X0ZLUyhmp1JFrOwuUIENzUHzvDyOShFRowrFSPdeJtZdiqRnhdFboJ4rGmEzwiPYMFTikyksXqWfoxChDFETSPKHRQv2+keJQqWnom8l5RvXbm4t/eb1EBzUvZSJONBVk+VGQcKQjNK8ADZk5VvOpIZhIZrIiMsYSE22KKpgSvi5F/5P2me1W7Mp1udS4yOrIwxEcwym4UIUGXEETWkBAwgM8wbN1bz1aL9brcjRnZTuH8APW2yeeDpNI</latexit>arec

How to reduce the sound horizon?

 Idea: Energy injection before recombination.

increases       prior to recombinationH(z)
<latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit><latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit><latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit><latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit>

<latexit sha1_base64="CSy9uXvojpe4sKREarmWoftgDSk="></latexit>

H
2(z) =

1

3M2
pl

[⇢⇤ + ⇢matter(z) + ⇢r(z) + ⇢X(z)]

rs =

Z 1

z⇤

cs(z)

H(z)
<latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="hBF4SDzYYQVB3Ol1Juopq+WM1YE=">AAACC3icbZBLSwMxFIXv1FetVatbN0ERVLDMuNGNILjpsoJ9QFuHTJqpwUxmSO4I7TC/wo1/xY0LRdy789+YPhbaeiDh45yE5J4gkcKg6347haXlldW14nppo7y5tV3ZKTdNnGrGGyyWsW4H1HApFG+gQMnbieY0CiRvBQ/X47z1yLURsbrFYcJ7ER0oEQpG0Vp+5VT7hlySrlDoZyP/JL/LLIc4zEk31JRlzDdHo+M8q413v3LgVt2JyCJ4MziAmep+5avbj1kacYVMUmM6nptgL6MaBZM8L3VTwxPKHuiAdywqGnHTyyZj5eTQOn0SxtouhWTi/r6R0ciYYRTYkxHFezOfjc3/sk6K4UUvEypJkSs2fShMJcGYjDsifaE5Qzm0QJkW9q+E3VPbBtomS7YEb37kRWieVT236t24UIQ92Icj8OAcrqAGdWgAgyd4gTd4d56dV+djWlfBmfW2C3/kfP4AAH2dpQ==</latexit><latexit sha1_base64="9LEYRy4dLWITeNnJQoMWk2PAij4=">AAACC3icdZBLSwMxFIXv+Kz1Vd26CYqggmXGhdqFILjpsoK1hbYOmTSjwUxmSO4I7TC/wo1/xY0LRdy789+YaRV8Hkg4nJOQ3C9IpDDoum/OxOTU9Mxsaa48v7C4tFxZWTg3caoZb7JYxrodUMOlULyJAiVvJ5rTKJC8FVyfFH3rhmsjYnWGg4T3InqpRCgYRRv5lV3tG3JEukKhnw39nfwisz7EQU66oaYsY77ZGm7nWb3Y/cqGW625Xm3fI7+NV3VH2oAPNfzKa7cfszTiCpmkxnQ8N8FeRjUKJnle7qaGJ5Rd00vesVbRiJteNhorJ5s26ZMw1nYpJKP0642MRsYMosCejChemZ9dEf7VdVIMD3uZUEmKXLHxQ2EqCcakYET6QnOGcmANZVrYvxJ2RS0NtCTLFsLnpOR/c75X9dyqd+pCCdZgHbbAgwM4hjo0oAkMbuEeHuHJuXMenOcxrgnng9sqfJPz8g5uG53z</latexit><latexit sha1_base64="MoqSLHyw1+gECfIpPURxEZhX70Q=">AAACFnicdVDLSsNAFJ3Ud31VXboZLEIVLIkLtQtBdONSwVqhqWEyndihk0mYuRHSkK9w46+4caGIW3Hn3zipFXweuJfDOfcyc48fC67Btt+s0tj4xOTU9Ex5dm5+YbGytHyuo0RR1qSRiNSFTzQTXLImcBDsIlaMhL5gLb9/VPita6Y0j+QZpDHrhORK8oBTAkbyKlvK03gfu1yClw28zfwyMzyANMduoAjNqKdrg408Oy66V6na9YbtNHYc/Js4dXuIKhrhxKu8ut2IJiGTQAXRuu3YMXQyooBTwfKym2gWE9onV6xtqCQh051seFaO143SxUGkTEnAQ/XrRkZCrdPQN5MhgZ7+6RXiX147gWCvk3EZJ8Ak/XgoSASGCBcZ4S5XjIJIDSFUcfNXTHvEpAEmybIJ4fNS/D853647dt05tasHh6M4ptEqWkM15KBddICO0QlqIopu0B16QI/WrXVvPVnPH6Mla7Szgr7BenkHRHSfcA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit>

 This suggests new physics pre recombination in redshift  window:

Modify history of universe when highly constrained! 

<latexit sha1_base64="pwdnkqd9cOBanPuxJBMwXLZWOA4=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwNWRKn+Ci6MZlBWsL7VAyaaYNzWSGJFOoQ//EjQtF3Pon7vwb03YEFT1w4XDOvdx7jx9zpjRCH1ZubX1jcyu/XdjZ3ds/sA+P7lSUSELbJOKR7PpYUc4EbWumOe3GkuLQ57TjT64WfmdKpWKRuNWzmHohHgkWMIK1kQa27boIwQt4b6pUQQgN7CJyGshtVGpwRerljFQb0HXQEkWQoTWw3/vDiCQhFZpwrFTPRbH2Uiw1I5zOC/1E0RiTCR7RnqECh1R56fLyOTwzyhAGkTQlNFyq3ydSHCo1C33TGWI9Vr+9hfiX10t0UPdSJuJEU0FWi4KEQx3BRQxwyCQlms8MwUQycyskYywx0Sasggnh61P4P7krOW7VKd+Ui83LLI48OAGn4By4oAaa4Bq0QBsQMAUP4Ak8W6n1aL1Yr6vWnJXNHIMfsN4+AUVvkN8=</latexit>

1100 < z < 25000

Energy injection 

new component (>10%)



time 

<latexit sha1_base64="gIp+trd+lu/jP8bRO/4P8wQMG4o=">AAACCXicdVDLSgMxFM3UV62vUZdugkVwVWak9rErunFZwdZCp5RMmmlDM5MhuSOWYbZu/BU3LhRx6x+4829MH4KKHgg5nHMv997jx4JrcJwPK7e0vLK6ll8vbGxube/Yu3ttLRNFWYtKIVXHJ5oJHrEWcBCsEytGQl+wa398PvWvb5jSXEZXMIlZLyTDiAecEjBS38ZeoAhNPTWS/dts/nshgZEKU5CQZX276JTqjls/reI5qZUXpFLHbsmZoYgWaPbtd28gaRKyCKggWnddJ4ZeShRwKlhW8BLNYkLHZMi6hkYkZLqXzi7J8JFRBjiQyrwI8Ez93pGSUOtJ6JvK6ZL6tzcV//K6CQS1XsqjOAEW0fmgIBEYJJ7GggdcMQpiYgihiptdMR0REw2Y8AomhK9L8f+kfVJyK6XKZbnYOFvEkUcH6BAdIxdVUQNdoCZqIYru0AN6Qs/WvfVovViv89KctejZRz9gvX0CI86b8g==</latexit> ⇢x
⇢tot

<latexit sha1_base64="9z5WHuIQLlf0tqb8I89zLWTpVl0=">AAAB7HicdVBNS8NAEJ3Ur1q/qh69LJaCp5CI9uNW9OKxgmkLbSib7aZdutmE3Y1QQn+DFw+KePUHefPfuG0jqOiDgcd7M8zMCxLOlHacD6uwtr6xuVXcLu3s7u0flA+POipOJaEeiXksewFWlDNBPc00p71EUhwFnHaD6fXC795TqVgs7vQsoX6Ex4KFjGBtJM910KA6LFccu+m4zcs6WpHGRU5qTeTazhIVyNEelt8Ho5ikERWacKxU33US7WdYakY4nZcGqaIJJlM8pn1DBY6o8rPlsXNUNcoIhbE0JTRaqt8nMhwpNYsC0xlhPVG/vYX4l9dPddjwMyaSVFNBVovClCMdo8XnaMQkJZrPDMFEMnMrIhMsMdEmn5IJ4etT9D/pnNtuza7dXlRaV3kcRTiBUzgDF+rQghtogwcEGDzAEzxbwnq0XqzXVWvBymeO4Qest0/bW44Z</latexit>

10%

<latexit sha1_base64="QFBMFo3APUkILdhQeDrsN3iitBs=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4GmZE+9gV3bisYB/QDiWT3rahmcw0yRTK0O9w40IRt36MO//GTDuCih4IHM65l3ty/IgzpR3nw8qtrW9sbuW3Czu7e/sHxcOjlgpjSaFJQx7Kjk8UcCagqZnm0IkkkMDn0PYnN6nfnoFULBT3eh6BF5CRYENGiTaSR/q9gOixDBKYLvrFkmPXHLd2VcErUr3MSLmGXdtZooQyNPrF994gpHEAQlNOlOq6TqS9hEjNKIdFoRcriAidkBF0DRUkAOUly9ALfGaUAR6G0jyh8VL9vpGQQKl54JvJNKL67aXiX1431sOqlzARxRoEXR0axhzrEKcN4AGTQDWfG0KoZCYrpmMiCdWmp4Ip4eun+H/SurDdsl2+uyzVr7M68ugEnaJz5KIKqqNb1EBNRNEUPaAn9GzNrEfrxXpdjeasbOcY/YD19gncC5La</latexit>aeq
<latexit sha1_base64="kXChWruybX78Tqy57KDrjSiM+W0=">AAAB9XicdVDLSgMxFL1TX7W+qi7dBIvgapiR2seu6MZlBfuAdiyZNNOGZjJDklHK0P9w40IRt/6LO//GtB1BRQ8EDufcS849fsyZ0o7zYeVWVtfWN/Kbha3tnd294v5BW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv+5HLud+6oVCwSN3oaUy/EI8ECRrA20i0e9EOsxzJMJSWzQbHk2HXHrZ9X0ZLUyhmp1JFrOwuUIENzUHzvDyOShFRowrFSPdeJtZdiqRnhdFboJ4rGmEzwiPYMFTikyksXqWfoxChDFETSPKHRQv2+keJQqWnom8l5RvXbm4t/eb1EBzUvZSJONBVk+VGQcKQjNK8ADZk5VvOpIZhIZrIiMsYSE22KKpgSvi5F/5P2me1W7Mp1udS4yOrIwxEcwym4UIUGXEETWkBAwgM8wbN1bz1aL9brcjRnZTuH8APW2yeeDpNI</latexit>arec

How to reduce the sound horizon?

 Idea: Energy injection before recombination.

increases       prior to recombinationH(z)
<latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit><latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit><latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit><latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit>

<latexit sha1_base64="CSy9uXvojpe4sKREarmWoftgDSk="></latexit>

H
2(z) =

1

3M2
pl

[⇢⇤ + ⇢matter(z) + ⇢r(z) + ⇢X(z)]

rs =

Z 1

z⇤

cs(z)

H(z)
<latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="hBF4SDzYYQVB3Ol1Juopq+WM1YE=">AAACC3icbZBLSwMxFIXv1FetVatbN0ERVLDMuNGNILjpsoJ9QFuHTJqpwUxmSO4I7TC/wo1/xY0LRdy789+YPhbaeiDh45yE5J4gkcKg6347haXlldW14nppo7y5tV3ZKTdNnGrGGyyWsW4H1HApFG+gQMnbieY0CiRvBQ/X47z1yLURsbrFYcJ7ER0oEQpG0Vp+5VT7hlySrlDoZyP/JL/LLIc4zEk31JRlzDdHo+M8q413v3LgVt2JyCJ4MziAmep+5avbj1kacYVMUmM6nptgL6MaBZM8L3VTwxPKHuiAdywqGnHTyyZj5eTQOn0SxtouhWTi/r6R0ciYYRTYkxHFezOfjc3/sk6K4UUvEypJkSs2fShMJcGYjDsifaE5Qzm0QJkW9q+E3VPbBtomS7YEb37kRWieVT236t24UIQ92Icj8OAcrqAGdWgAgyd4gTd4d56dV+djWlfBmfW2C3/kfP4AAH2dpQ==</latexit><latexit sha1_base64="9LEYRy4dLWITeNnJQoMWk2PAij4=">AAACC3icdZBLSwMxFIXv+Kz1Vd26CYqggmXGhdqFILjpsoK1hbYOmTSjwUxmSO4I7TC/wo1/xY0LRdy789+YaRV8Hkg4nJOQ3C9IpDDoum/OxOTU9Mxsaa48v7C4tFxZWTg3caoZb7JYxrodUMOlULyJAiVvJ5rTKJC8FVyfFH3rhmsjYnWGg4T3InqpRCgYRRv5lV3tG3JEukKhnw39nfwisz7EQU66oaYsY77ZGm7nWb3Y/cqGW625Xm3fI7+NV3VH2oAPNfzKa7cfszTiCpmkxnQ8N8FeRjUKJnle7qaGJ5Rd00vesVbRiJteNhorJ5s26ZMw1nYpJKP0642MRsYMosCejChemZ9dEf7VdVIMD3uZUEmKXLHxQ2EqCcakYET6QnOGcmANZVrYvxJ2RS0NtCTLFsLnpOR/c75X9dyqd+pCCdZgHbbAgwM4hjo0oAkMbuEeHuHJuXMenOcxrgnng9sqfJPz8g5uG53z</latexit><latexit sha1_base64="MoqSLHyw1+gECfIpPURxEZhX70Q=">AAACFnicdVDLSsNAFJ3Ud31VXboZLEIVLIkLtQtBdONSwVqhqWEyndihk0mYuRHSkK9w46+4caGIW3Hn3zipFXweuJfDOfcyc48fC67Btt+s0tj4xOTU9Ex5dm5+YbGytHyuo0RR1qSRiNSFTzQTXLImcBDsIlaMhL5gLb9/VPita6Y0j+QZpDHrhORK8oBTAkbyKlvK03gfu1yClw28zfwyMzyANMduoAjNqKdrg408Oy66V6na9YbtNHYc/Js4dXuIKhrhxKu8ut2IJiGTQAXRuu3YMXQyooBTwfKym2gWE9onV6xtqCQh051seFaO143SxUGkTEnAQ/XrRkZCrdPQN5MhgZ7+6RXiX147gWCvk3EZJ8Ak/XgoSASGCBcZ4S5XjIJIDSFUcfNXTHvEpAEmybIJ4fNS/D853647dt05tasHh6M4ptEqWkM15KBddICO0QlqIopu0B16QI/WrXVvPVnPH6Mla7Szgr7BenkHRHSfcA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit>

 EDE: Provides sharp injection before matter-radiation equality — Cold NEDE.

<latexit sha1_base64="d/GzUNll1DFiylIrLy/JLEX6j4Q="></latexit>

⇢EDE /
(
const for a < a⇤
a�3(1+wEDE) for a � a⇤

  early dark energy 
 

<latexit sha1_base64="Ep79/P5OX2IUoaiXjj883gQ8KbQ=">AAAB6nicdVDLSsNAFL2pr1pfVZduBosgLkIitY9d0Y3LivYBbSiT6aQdOpmEmYlQQj/BjQtF3PpF7vwbp20EFT1w4XDOvdx7jx9zprTjfFi5ldW19Y38ZmFre2d3r7h/0FZRIgltkYhHsutjRTkTtKWZ5rQbS4pDn9OOP7ma+517KhWLxJ2extQL8UiwgBGsjXSLB2eDYsmx645bv6iiJamVM1KpI9d2FihBhuag+N4fRiQJqdCEY6V6rhNrL8VSM8LprNBPFI0xmeAR7RkqcEiVly5OnaETowxREElTQqOF+n0ixaFS09A3nSHWY/Xbm4t/eb1EBzUvZSJONBVkuShIONIRmv+NhkxSovnUEEwkM7ciMsYSE23SKZgQvj5F/5P2ue1W7MpNudS4zOLIwxEcwym4UIUGXEMTWkBgBA/wBM8Wtx6tF+t12ZqzsplD+AHr7RNsWo3t</latexit>a⇤

 This suggests new physics pre recombination in redshift  window:

Modify history of universe when highly constrained! 

<latexit sha1_base64="pwdnkqd9cOBanPuxJBMwXLZWOA4=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwNWRKn+Ci6MZlBWsL7VAyaaYNzWSGJFOoQ//EjQtF3Pon7vwb03YEFT1w4XDOvdx7jx9zpjRCH1ZubX1jcyu/XdjZ3ds/sA+P7lSUSELbJOKR7PpYUc4EbWumOe3GkuLQ57TjT64WfmdKpWKRuNWzmHohHgkWMIK1kQa27boIwQt4b6pUQQgN7CJyGshtVGpwRerljFQb0HXQEkWQoTWw3/vDiCQhFZpwrFTPRbH2Uiw1I5zOC/1E0RiTCR7RnqECh1R56fLyOTwzyhAGkTQlNFyq3ydSHCo1C33TGWI9Vr+9hfiX10t0UPdSJuJEU0FWi4KEQx3BRQxwyCQlms8MwUQycyskYywx0Sasggnh61P4P7krOW7VKd+Ui83LLI48OAGn4By4oAaa4Bq0QBsQMAUP4Ak8W6n1aL1Yr6vWnJXNHIMfsN4+AUVvkN8=</latexit>

1100 < z < 25000

Energy injection 

new component (>10%)

first model: AxiEDE (Poulin, 
Smith, Karwal, Kamionkowski) 



time 

<latexit sha1_base64="gIp+trd+lu/jP8bRO/4P8wQMG4o=">AAACCXicdVDLSgMxFM3UV62vUZdugkVwVWak9rErunFZwdZCp5RMmmlDM5MhuSOWYbZu/BU3LhRx6x+4829MH4KKHgg5nHMv997jx4JrcJwPK7e0vLK6ll8vbGxube/Yu3ttLRNFWYtKIVXHJ5oJHrEWcBCsEytGQl+wa398PvWvb5jSXEZXMIlZLyTDiAecEjBS38ZeoAhNPTWS/dts/nshgZEKU5CQZX276JTqjls/reI5qZUXpFLHbsmZoYgWaPbtd28gaRKyCKggWnddJ4ZeShRwKlhW8BLNYkLHZMi6hkYkZLqXzi7J8JFRBjiQyrwI8Ez93pGSUOtJ6JvK6ZL6tzcV//K6CQS1XsqjOAEW0fmgIBEYJJ7GggdcMQpiYgihiptdMR0REw2Y8AomhK9L8f+kfVJyK6XKZbnYOFvEkUcH6BAdIxdVUQNdoCZqIYru0AN6Qs/WvfVovViv89KctejZRz9gvX0CI86b8g==</latexit> ⇢x
⇢tot

<latexit sha1_base64="9z5WHuIQLlf0tqb8I89zLWTpVl0=">AAAB7HicdVBNS8NAEJ3Ur1q/qh69LJaCp5CI9uNW9OKxgmkLbSib7aZdutmE3Y1QQn+DFw+KePUHefPfuG0jqOiDgcd7M8zMCxLOlHacD6uwtr6xuVXcLu3s7u0flA+POipOJaEeiXksewFWlDNBPc00p71EUhwFnHaD6fXC795TqVgs7vQsoX6Ex4KFjGBtJM910KA6LFccu+m4zcs6WpHGRU5qTeTazhIVyNEelt8Ho5ikERWacKxU33US7WdYakY4nZcGqaIJJlM8pn1DBY6o8rPlsXNUNcoIhbE0JTRaqt8nMhwpNYsC0xlhPVG/vYX4l9dPddjwMyaSVFNBVovClCMdo8XnaMQkJZrPDMFEMnMrIhMsMdEmn5IJ4etT9D/pnNtuza7dXlRaV3kcRTiBUzgDF+rQghtogwcEGDzAEzxbwnq0XqzXVWvBymeO4Qest0/bW44Z</latexit>

10%

<latexit sha1_base64="QFBMFo3APUkILdhQeDrsN3iitBs=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4GmZE+9gV3bisYB/QDiWT3rahmcw0yRTK0O9w40IRt36MO//GTDuCih4IHM65l3ty/IgzpR3nw8qtrW9sbuW3Czu7e/sHxcOjlgpjSaFJQx7Kjk8UcCagqZnm0IkkkMDn0PYnN6nfnoFULBT3eh6BF5CRYENGiTaSR/q9gOixDBKYLvrFkmPXHLd2VcErUr3MSLmGXdtZooQyNPrF994gpHEAQlNOlOq6TqS9hEjNKIdFoRcriAidkBF0DRUkAOUly9ALfGaUAR6G0jyh8VL9vpGQQKl54JvJNKL67aXiX1431sOqlzARxRoEXR0axhzrEKcN4AGTQDWfG0KoZCYrpmMiCdWmp4Ip4eun+H/SurDdsl2+uyzVr7M68ugEnaJz5KIKqqNb1EBNRNEUPaAn9GzNrEfrxXpdjeasbOcY/YD19gncC5La</latexit>aeq
<latexit sha1_base64="kXChWruybX78Tqy57KDrjSiM+W0=">AAAB9XicdVDLSgMxFL1TX7W+qi7dBIvgapiR2seu6MZlBfuAdiyZNNOGZjJDklHK0P9w40IRt/6LO//GtB1BRQ8EDufcS849fsyZ0o7zYeVWVtfWN/Kbha3tnd294v5BW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv+5HLud+6oVCwSN3oaUy/EI8ECRrA20i0e9EOsxzJMJSWzQbHk2HXHrZ9X0ZLUyhmp1JFrOwuUIENzUHzvDyOShFRowrFSPdeJtZdiqRnhdFboJ4rGmEzwiPYMFTikyksXqWfoxChDFETSPKHRQv2+keJQqWnom8l5RvXbm4t/eb1EBzUvZSJONBVk+VGQcKQjNK8ADZk5VvOpIZhIZrIiMsYSE22KKpgSvi5F/5P2me1W7Mp1udS4yOrIwxEcwym4UIUGXEETWkBAwgM8wbN1bz1aL9brcjRnZTuH8APW2yeeDpNI</latexit>arec

How to reduce the sound horizon?

 Idea: Energy injection before recombination.

increases       prior to recombinationH(z)
<latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit><latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit><latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit><latexit sha1_base64="PAQHYYCR0usEKOvqiEYzCuSUNoM=">AAAB63icdVDLSgNBEOyNrxhfUY9eBoMQL8uuiJpb0EuOEcwDkiXMTmaTITOzy8ysEEN+wYsHRbz6Q978G2eTCD4LGoqqbrq7woQzbTzv3cktLa+sruXXCxubW9s7xd29po5TRWiDxDxW7RBrypmkDcMMp+1EUSxCTlvh6CrzW7dUaRbLGzNOaCDwQLKIEWwyqVa+O+4VS55b8fzKmY9+E9/1ZijBAvVe8a3bj0kqqDSEY607vpeYYIKVYYTTaaGbappgMsID2rFUYkF1MJndOkVHVumjKFa2pEEz9evEBAutxyK0nQKbof7pZeJfXic10UUwYTJJDZVkvihKOTIxyh5HfaYoMXxsCSaK2VsRGWKFibHxFGwIn5+i/0nzxPU9178+LVUvF3Hk4QAOoQw+nEMValCHBhAYwj08wpMjnAfn2XmZt+acxcw+fIPz+gGyj44D</latexit>

<latexit sha1_base64="CSy9uXvojpe4sKREarmWoftgDSk="></latexit>

H
2(z) =

1

3M2
pl

[⇢⇤ + ⇢matter(z) + ⇢r(z) + ⇢X(z)]

rs =

Z 1

z⇤

cs(z)

H(z)
<latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="hBF4SDzYYQVB3Ol1Juopq+WM1YE=">AAACC3icbZBLSwMxFIXv1FetVatbN0ERVLDMuNGNILjpsoJ9QFuHTJqpwUxmSO4I7TC/wo1/xY0LRdy789+YPhbaeiDh45yE5J4gkcKg6347haXlldW14nppo7y5tV3ZKTdNnGrGGyyWsW4H1HApFG+gQMnbieY0CiRvBQ/X47z1yLURsbrFYcJ7ER0oEQpG0Vp+5VT7hlySrlDoZyP/JL/LLIc4zEk31JRlzDdHo+M8q413v3LgVt2JyCJ4MziAmep+5avbj1kacYVMUmM6nptgL6MaBZM8L3VTwxPKHuiAdywqGnHTyyZj5eTQOn0SxtouhWTi/r6R0ciYYRTYkxHFezOfjc3/sk6K4UUvEypJkSs2fShMJcGYjDsifaE5Qzm0QJkW9q+E3VPbBtomS7YEb37kRWieVT236t24UIQ92Icj8OAcrqAGdWgAgyd4gTd4d56dV+djWlfBmfW2C3/kfP4AAH2dpQ==</latexit><latexit sha1_base64="9LEYRy4dLWITeNnJQoMWk2PAij4=">AAACC3icdZBLSwMxFIXv+Kz1Vd26CYqggmXGhdqFILjpsoK1hbYOmTSjwUxmSO4I7TC/wo1/xY0LRdy789+YaRV8Hkg4nJOQ3C9IpDDoum/OxOTU9Mxsaa48v7C4tFxZWTg3caoZb7JYxrodUMOlULyJAiVvJ5rTKJC8FVyfFH3rhmsjYnWGg4T3InqpRCgYRRv5lV3tG3JEukKhnw39nfwisz7EQU66oaYsY77ZGm7nWb3Y/cqGW625Xm3fI7+NV3VH2oAPNfzKa7cfszTiCpmkxnQ8N8FeRjUKJnle7qaGJ5Rd00vesVbRiJteNhorJ5s26ZMw1nYpJKP0642MRsYMosCejChemZ9dEf7VdVIMD3uZUEmKXLHxQ2EqCcakYET6QnOGcmANZVrYvxJ2RS0NtCTLFsLnpOR/c75X9dyqd+pCCdZgHbbAgwM4hjo0oAkMbuEeHuHJuXMenOcxrgnng9sqfJPz8g5uG53z</latexit><latexit sha1_base64="MoqSLHyw1+gECfIpPURxEZhX70Q=">AAACFnicdVDLSsNAFJ3Ud31VXboZLEIVLIkLtQtBdONSwVqhqWEyndihk0mYuRHSkK9w46+4caGIW3Hn3zipFXweuJfDOfcyc48fC67Btt+s0tj4xOTU9Ex5dm5+YbGytHyuo0RR1qSRiNSFTzQTXLImcBDsIlaMhL5gLb9/VPita6Y0j+QZpDHrhORK8oBTAkbyKlvK03gfu1yClw28zfwyMzyANMduoAjNqKdrg408Oy66V6na9YbtNHYc/Js4dXuIKhrhxKu8ut2IJiGTQAXRuu3YMXQyooBTwfKym2gWE9onV6xtqCQh051seFaO143SxUGkTEnAQ/XrRkZCrdPQN5MhgZ7+6RXiX147gWCvk3EZJ8Ak/XgoSASGCBcZ4S5XjIJIDSFUcfNXTHvEpAEmybIJ4fNS/D853647dt05tasHh6M4ptEqWkM15KBddICO0QlqIopu0B16QI/WrXVvPVnPH6Mla7Szgr7BenkHRHSfcA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit><latexit sha1_base64="BiMBvpNfM9B7hBVAS0YedaiceD4=">AAACFnicdVDLSsNAFJ34tr6iLt0MFkEFSyLiYyGIblxWsK3Q1jCZTnToZBJmboQ05Cvc+CtuXCjiVtz5N07aCj4P3MvhnHuZucePBdfgOO/WyOjY+MTk1HRpZnZufsFeXKrrKFGU1WgkInXhE80El6wGHAS7iBUjoS9Yw++eFH7jhinNI3kOaczaIbmSPOCUgJE8e0t5Gh/iFpfgZT1vM7/MDA8gzXErUIRm1NPrvY08Oy26Z5edyoHjHuy6+DdxK04fZTRE1bPfWp2IJiGTQAXRuuk6MbQzooBTwfJSK9EsJrRLrljTUElCpttZ/6wcrxmlg4NImZKA++rXjYyEWqehbyZDAtf6p1eIf3nNBIL9dsZlnACTdPBQkAgMES4ywh2uGAWRGkKo4uavmF4TkwaYJEsmhM9L8f+kvl1xnYp7tlM+Oh7GMYVW0CpaRy7aQ0foFFVRDVF0i+7RI3qy7qwH69l6GYyOWMOdZfQN1usHRbSfdA==</latexit>

<latexit sha1_base64="xa+q5aAruf185m0biiKeFm6IlEQ="></latexit>

⇢DR / 1/a4 / (1 + z)4dark radiation 

 EDE: Provides sharp injection before matter-radiation equality — Cold NEDE.
 DR: Provides continuous injection before matter-radiation equality — Hot NEDE.

<latexit sha1_base64="d/GzUNll1DFiylIrLy/JLEX6j4Q="></latexit>

⇢EDE /
(
const for a < a⇤
a�3(1+wEDE) for a � a⇤

  early dark energy 
 

<latexit sha1_base64="Ep79/P5OX2IUoaiXjj883gQ8KbQ=">AAAB6nicdVDLSsNAFL2pr1pfVZduBosgLkIitY9d0Y3LivYBbSiT6aQdOpmEmYlQQj/BjQtF3PpF7vwbp20EFT1w4XDOvdx7jx9zprTjfFi5ldW19Y38ZmFre2d3r7h/0FZRIgltkYhHsutjRTkTtKWZ5rQbS4pDn9OOP7ma+517KhWLxJ2extQL8UiwgBGsjXSLB2eDYsmx645bv6iiJamVM1KpI9d2FihBhuag+N4fRiQJqdCEY6V6rhNrL8VSM8LprNBPFI0xmeAR7RkqcEiVly5OnaETowxREElTQqOF+n0ixaFS09A3nSHWY/Xbm4t/eb1EBzUvZSJONBVkuShIONIRmv+NhkxSovnUEEwkM7ciMsYSE23SKZgQvj5F/5P2ue1W7MpNudS4zOLIwxEcwym4UIUGXEMTWkBgBA/wBM8Wtx6tF+t12ZqzsplD+AHr7RNsWo3t</latexit>a⇤

 This suggests new physics pre recombination in redshift  window:

Modify history of universe when highly constrained! 

<latexit sha1_base64="pwdnkqd9cOBanPuxJBMwXLZWOA4=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwNWRKn+Ci6MZlBWsL7VAyaaYNzWSGJFOoQ//EjQtF3Pon7vwb03YEFT1w4XDOvdx7jx9zpjRCH1ZubX1jcyu/XdjZ3ds/sA+P7lSUSELbJOKR7PpYUc4EbWumOe3GkuLQ57TjT64WfmdKpWKRuNWzmHohHgkWMIK1kQa27boIwQt4b6pUQQgN7CJyGshtVGpwRerljFQb0HXQEkWQoTWw3/vDiCQhFZpwrFTPRbH2Uiw1I5zOC/1E0RiTCR7RnqECh1R56fLyOTwzyhAGkTQlNFyq3ydSHCo1C33TGWI9Vr+9hfiX10t0UPdSJuJEU0FWi4KEQx3BRQxwyCQlms8MwUQycyskYywx0Sasggnh61P4P7krOW7VKd+Ui83LLI48OAGn4By4oAaa4Bq0QBsQMAUP4Ak8W6n1aL1Yr6vWnJXNHIMfsN4+AUVvkN8=</latexit>

1100 < z < 25000

Energy injection 

new component (>10%)

first model: AxiEDE (Poulin, 
Smith, Karwal, Kamionkowski) 
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Secondary effect I - matter density
 Primary effect of lowering sound horizon is to increase H0.
 What about potentially harmful secondary effects?

Non-relativistic matter: 

<latexit sha1_base64="zCHfSWGqJX1mbNLOsQC1lZeW/j0="></latexit>
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Secondary effect I - matter density
 Primary effect of lowering sound horizon is to increase H0.
 What about potentially harmful secondary effects?

Non-relativistic matter: 

<latexit sha1_base64="zCHfSWGqJX1mbNLOsQC1lZeW/j0="></latexit>

✓
�1
s =

Da(zrec)

rs
'

Z zrec

0
dz

1

rsH0

1p
⌦m(1 + z)3 + (1� ⌦m)

CMB (<0.04%) 



Secondary effect I - matter density
 Primary effect of lowering sound horizon is to increase H0.
 What about potentially harmful secondary effects?

Non-relativistic matter: 

<latexit sha1_base64="zCHfSWGqJX1mbNLOsQC1lZeW/j0="></latexit>
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<latexit sha1_base64="ANMAsbwckokMEVJYqPnj7OPJGys="></latexit>

⌦m =
!m
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/ !mr2s

<latexit sha1_base64="WHVTy3ft2W8YkHSqtH300SGWm90="></latexit>

H0 ⌘ 100h kmsec�1Mpc�1

<latexit sha1_base64="YtC6kawpCMvev5WePT98B7Ba1s0=">AAACBnicdVDLSsNAFJ34rPUVdSnCYBFclURqHwuh6MZlBfuANoTJZNIOnTyYmYg1ZOXGX3HjQhG3foM7/8ZJm4KKHhg4c8693HuPEzEqpGF8aguLS8srq4W14vrG5ta2vrPbEWHMMWnjkIW85yBBGA1IW1LJSC/iBPkOI11nfJH53RvCBQ2DazmJiOWjYUA9ipFUkq0f3NkDH8kR9xNOcHo2/3j0lriprZeMcsMwG6c1OCP1Sk6qDWiWjSlKIEfL1j8GbohjnwQSMyRE3zQiaSWIS4oZSYuDWJAI4TEakr6iAfKJsJLpGSk8UooLvZCrF0g4Vb93JMgXYuI7qjLbUvz2MvEvrx9Lr24lNIhiSQI8G+TFDMoQZplAl6rbJZsogjCnaleIR4gjLFVyRRXC/FL4P+mclM1quXpVKTXP8zgKYB8cgmNgghpogkvQAm2AwT14BM/gRXvQnrRX7W1WuqDlPXvgB7T3L0TrmlI=</latexit>

zrec = fixed



Secondary effect I - matter density
 Primary effect of lowering sound horizon is to increase H0.
 What about potentially harmful secondary effects?

Non-relativistic matter: 

<latexit sha1_base64="zCHfSWGqJX1mbNLOsQC1lZeW/j0="></latexit>
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<latexit sha1_base64="WHVTy3ft2W8YkHSqtH300SGWm90="></latexit>

H0 ⌘ 100h kmsec�1Mpc�1

<latexit sha1_base64="ij2LPExkjMzd0/Sjb8aRYY40tu0=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiTS567oxmVF+4A2lMl00g6dTMLMRCihn+DGhSJu/SJ3/o3TNoKKHrhwOOde7r3HjzlT2nE+rNza+sbmVn67sLO7t39QPDzqqCiRhLZJxCPZ87GinAna1kxz2oslxaHPadefXi387j2VikXiTs9i6oV4LFjACNZGupVDNSyWHLvhuI1KDa1IvZyRagO5trNECTK0hsX3wSgiSUiFJhwr1XedWHsplpoRTueFQaJojMkUj2nfUIFDqrx0eeocnRllhIJImhIaLdXvEykOlZqFvukMsZ6o395C/MvrJzqoeykTcaKpIKtFQcKRjtDibzRikhLNZ4ZgIpm5FZEJlphok07BhPD1KfqfdC5st2pXb8ql5mUWRx5O4BTOwYUaNOEaWtAGAmN4gCd4trj1aL1Yr6vWnJXNHMMPWG+f9OSORw==</latexit>rs 10% <latexit sha1_base64="dEXRDfyOLBWATIGfxl8+El2A+Nc=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgadkVzeMW9OIxgnlAsoTZyWwyZGZ2nZkVQshPePGgiFd/x5t/4yRZQUULGoqqbrq7woQzbTzvw8mtrK6tb+Q3C1vbO7t7xf2Dlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+Grut++p0iyWt2aS0EDgoWQRI9hYqdOLBR3ivugXS55b8/zaRQUtSfU8I+Ua8l1vgRJkaPSL771BTFJBpSEca931vcQEU6wMI5zOCr1U0wSTMR7SrqUSC6qD6eLeGTqxygBFsbIlDVqo3yemWGg9EaHtFNiM9G9vLv7ldVMTVYMpk0lqqCTLRVHKkYnR/Hk0YIoSwyeWYKKYvRWREVaYGBtRwYbw9Sn6n7TOXL/slm/OS/XLLI48HMExnIIPFajDNTSgCQQ4PMATPDt3zqPz4rwuW3NONnMIP+C8fQKi1pBm</latexit>!m 20% 

<latexit sha1_base64="YtC6kawpCMvev5WePT98B7Ba1s0=">AAACBnicdVDLSsNAFJ34rPUVdSnCYBFclURqHwuh6MZlBfuANoTJZNIOnTyYmYg1ZOXGX3HjQhG3foM7/8ZJm4KKHhg4c8693HuPEzEqpGF8aguLS8srq4W14vrG5ta2vrPbEWHMMWnjkIW85yBBGA1IW1LJSC/iBPkOI11nfJH53RvCBQ2DazmJiOWjYUA9ipFUkq0f3NkDH8kR9xNOcHo2/3j0lriprZeMcsMwG6c1OCP1Sk6qDWiWjSlKIEfL1j8GbohjnwQSMyRE3zQiaSWIS4oZSYuDWJAI4TEakr6iAfKJsJLpGSk8UooLvZCrF0g4Vb93JMgXYuI7qjLbUvz2MvEvrx9Lr24lNIhiSQI8G+TFDMoQZplAl6rbJZsogjCnaleIR4gjLFVyRRXC/FL4P+mclM1quXpVKTXP8zgKYB8cgmNgghpogkvQAm2AwT14BM/gRXvQnrRX7W1WuqDlPXvgB7T3L0TrmlI=</latexit>

zrec = fixed



Secondary effect I - matter density
 Primary effect of lowering sound horizon is to increase H0.
 What about potentially harmful secondary effects?

Non-relativistic matter: 

 Such an increase in the physical matter density has consequences:

<latexit sha1_base64="zCHfSWGqJX1mbNLOsQC1lZeW/j0="></latexit>
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<latexit sha1_base64="WHVTy3ft2W8YkHSqtH300SGWm90="></latexit>

H0 ⌘ 100h kmsec�1Mpc�1

<latexit sha1_base64="ij2LPExkjMzd0/Sjb8aRYY40tu0=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiTS567oxmVF+4A2lMl00g6dTMLMRCihn+DGhSJu/SJ3/o3TNoKKHrhwOOde7r3HjzlT2nE+rNza+sbmVn67sLO7t39QPDzqqCiRhLZJxCPZ87GinAna1kxz2oslxaHPadefXi387j2VikXiTs9i6oV4LFjACNZGupVDNSyWHLvhuI1KDa1IvZyRagO5trNECTK0hsX3wSgiSUiFJhwr1XedWHsplpoRTueFQaJojMkUj2nfUIFDqrx0eeocnRllhIJImhIaLdXvEykOlZqFvukMsZ6o395C/MvrJzqoeykTcaKpIKtFQcKRjtDibzRikhLNZ4ZgIpm5FZEJlphok07BhPD1KfqfdC5st2pXb8ql5mUWRx5O4BTOwYUaNOEaWtAGAmN4gCd4trj1aL1Yr6vWnJXNHMMPWG+f9OSORw==</latexit>rs 10% <latexit sha1_base64="dEXRDfyOLBWATIGfxl8+El2A+Nc=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgadkVzeMW9OIxgnlAsoTZyWwyZGZ2nZkVQshPePGgiFd/x5t/4yRZQUULGoqqbrq7woQzbTzvw8mtrK6tb+Q3C1vbO7t7xf2Dlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+Grut++p0iyWt2aS0EDgoWQRI9hYqdOLBR3ivugXS55b8/zaRQUtSfU8I+Ua8l1vgRJkaPSL771BTFJBpSEca931vcQEU6wMI5zOCr1U0wSTMR7SrqUSC6qD6eLeGTqxygBFsbIlDVqo3yemWGg9EaHtFNiM9G9vLv7ldVMTVYMpk0lqqCTLRVHKkYnR/Hk0YIoSwyeWYKKYvRWREVaYGBtRwYbw9Sn6n7TOXL/slm/OS/XLLI48HMExnIIPFajDNTSgCQQ4PMATPDt3zqPz4rwuW3NONnMIP+C8fQKi1pBm</latexit>!m 20% 

<latexit sha1_base64="YtC6kawpCMvev5WePT98B7Ba1s0=">AAACBnicdVDLSsNAFJ34rPUVdSnCYBFclURqHwuh6MZlBfuANoTJZNIOnTyYmYg1ZOXGX3HjQhG3foM7/8ZJm4KKHhg4c8693HuPEzEqpGF8aguLS8srq4W14vrG5ta2vrPbEWHMMWnjkIW85yBBGA1IW1LJSC/iBPkOI11nfJH53RvCBQ2DazmJiOWjYUA9ipFUkq0f3NkDH8kR9xNOcHo2/3j0lriprZeMcsMwG6c1OCP1Sk6qDWiWjSlKIEfL1j8GbohjnwQSMyRE3zQiaSWIS4oZSYuDWJAI4TEakr6iAfKJsJLpGSk8UooLvZCrF0g4Vb93JMgXYuI7qjLbUvz2MvEvrx9Lr24lNIhiSQI8G+TFDMoQZplAl6rbJZsogjCnaleIR4gjLFVyRRXC/FL4P+mclM1quXpVKTXP8zgKYB8cgmNgghpogkvQAm2AwT14BM/gRXvQnrRX7W1WuqDlPXvgB7T3L0TrmlI=</latexit>

zrec = fixed



Secondary effect I - matter density
 Primary effect of lowering sound horizon is to increase H0.
 What about potentially harmful secondary effects?

Non-relativistic matter: 

 Such an increase in the physical matter density has consequences:

<latexit sha1_base64="zCHfSWGqJX1mbNLOsQC1lZeW/j0="></latexit>
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<latexit sha1_base64="ij2LPExkjMzd0/Sjb8aRYY40tu0=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiTS567oxmVF+4A2lMl00g6dTMLMRCihn+DGhSJu/SJ3/o3TNoKKHrhwOOde7r3HjzlT2nE+rNza+sbmVn67sLO7t39QPDzqqCiRhLZJxCPZ87GinAna1kxz2oslxaHPadefXi387j2VikXiTs9i6oV4LFjACNZGupVDNSyWHLvhuI1KDa1IvZyRagO5trNECTK0hsX3wSgiSUiFJhwr1XedWHsplpoRTueFQaJojMkUj2nfUIFDqrx0eeocnRllhIJImhIaLdXvEykOlZqFvukMsZ6o395C/MvrJzqoeykTcaKpIKtFQcKRjtDibzRikhLNZ4ZgIpm5FZEJlphok07BhPD1KfqfdC5st2pXb8ql5mUWRx5O4BTOwYUaNOEaWtAGAmN4gCd4trj1aL1Yr6vWnJXNHMMPWG+f9OSORw==</latexit>rs 10% <latexit sha1_base64="dEXRDfyOLBWATIGfxl8+El2A+Nc=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgadkVzeMW9OIxgnlAsoTZyWwyZGZ2nZkVQshPePGgiFd/x5t/4yRZQUULGoqqbrq7woQzbTzvw8mtrK6tb+Q3C1vbO7t7xf2Dlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+Grut++p0iyWt2aS0EDgoWQRI9hYqdOLBR3ivugXS55b8/zaRQUtSfU8I+Ua8l1vgRJkaPSL771BTFJBpSEca931vcQEU6wMI5zOCr1U0wSTMR7SrqUSC6qD6eLeGTqxygBFsbIlDVqo3yemWGg9EaHtFNiM9G9vLv7ldVMTVYMpk0lqqCTLRVHKkYnR/Hk0YIoSwyeWYKKYvRWREVaYGBtRwYbw9Sn6n7TOXL/slm/OS/XLLI48HMExnIIPFajDNTSgCQQ4PMATPDt3zqPz4rwuW3NONnMIP+C8fQKi1pBm</latexit>!m 20% 

<latexit sha1_base64="YtC6kawpCMvev5WePT98B7Ba1s0=">AAACBnicdVDLSsNAFJ34rPUVdSnCYBFclURqHwuh6MZlBfuANoTJZNIOnTyYmYg1ZOXGX3HjQhG3foM7/8ZJm4KKHhg4c8693HuPEzEqpGF8aguLS8srq4W14vrG5ta2vrPbEWHMMWnjkIW85yBBGA1IW1LJSC/iBPkOI11nfJH53RvCBQ2DazmJiOWjYUA9ipFUkq0f3NkDH8kR9xNOcHo2/3j0lriprZeMcsMwG6c1OCP1Sk6qDWiWjSlKIEfL1j8GbohjnwQSMyRE3zQiaSWIS4oZSYuDWJAI4TEakr6iAfKJsJLpGSk8UooLvZCrF0g4Vb93JMgXYuI7qjLbUvz2MvEvrx9Lr24lNIhiSQI8G+TFDMoQZplAl6rbJZsogjCnaleIR4gjLFVyRRXC/FL4P+mclM1quXpVKTXP8zgKYB8cgmNgghpogkvQAm2AwT14BM/gRXvQnrRX7W1WuqDlPXvgB7T3L0TrmlI=</latexit>

zrec = fixed



Secondary effect I - matter density
 Primary effect of lowering sound horizon is to increase H0.
 What about potentially harmful secondary effects?

Non-relativistic matter: 

 Such an increase in the physical matter density has consequences:

<latexit sha1_base64="zCHfSWGqJX1mbNLOsQC1lZeW/j0="></latexit>

✓
�1
s =

Da(zrec)

rs
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Z zrec
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1

rsH0

1p
⌦m(1 + z)3 + (1� ⌦m)

BAO (<1%) 

CMB (<0.04%) 

constrain 
<latexit sha1_base64="ANMAsbwckokMEVJYqPnj7OPJGys="></latexit>

⌦m =
!m

h2
/ !mr2s

<latexit sha1_base64="WHVTy3ft2W8YkHSqtH300SGWm90="></latexit>

H0 ⌘ 100h kmsec�1Mpc�1

<latexit sha1_base64="ij2LPExkjMzd0/Sjb8aRYY40tu0=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiTS567oxmVF+4A2lMl00g6dTMLMRCihn+DGhSJu/SJ3/o3TNoKKHrhwOOde7r3HjzlT2nE+rNza+sbmVn67sLO7t39QPDzqqCiRhLZJxCPZ87GinAna1kxz2oslxaHPadefXi387j2VikXiTs9i6oV4LFjACNZGupVDNSyWHLvhuI1KDa1IvZyRagO5trNECTK0hsX3wSgiSUiFJhwr1XedWHsplpoRTueFQaJojMkUj2nfUIFDqrx0eeocnRllhIJImhIaLdXvEykOlZqFvukMsZ6o395C/MvrJzqoeykTcaKpIKtFQcKRjtDibzRikhLNZ4ZgIpm5FZEJlphok07BhPD1KfqfdC5st2pXb8ql5mUWRx5O4BTOwYUaNOEaWtAGAmN4gCd4trj1aL1Yr6vWnJXNHMMPWG+f9OSORw==</latexit>rs 10% <latexit sha1_base64="dEXRDfyOLBWATIGfxl8+El2A+Nc=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgadkVzeMW9OIxgnlAsoTZyWwyZGZ2nZkVQshPePGgiFd/x5t/4yRZQUULGoqqbrq7woQzbTzvw8mtrK6tb+Q3C1vbO7t7xf2Dlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+Grut++p0iyWt2aS0EDgoWQRI9hYqdOLBR3ivugXS55b8/zaRQUtSfU8I+Ua8l1vgRJkaPSL771BTFJBpSEca931vcQEU6wMI5zOCr1U0wSTMR7SrqUSC6qD6eLeGTqxygBFsbIlDVqo3yemWGg9EaHtFNiM9G9vLv7ldVMTVYMpk0lqqCTLRVHKkYnR/Hk0YIoSwyeWYKKYvRWREVaYGBtRwYbw9Sn6n7TOXL/slm/OS/XLLI48HMExnIIPFajDNTSgCQQ4PMATPDt3zqPz4rwuW3NONnMIP+C8fQKi1pBm</latexit>!m 20% 

<latexit sha1_base64="VCHBOY+cqx+m28wMo5E0FJ3ptrs=">AAAB9HicdVDLSgMxFM34rPVVdekmWARBGGak9rErunFZwT6gM5RMmmlDM5mYZApl2u9w40IRt36MO//GtB1BRQ9cOJxzL/feEwhGlXacD2tldW19YzO3ld/e2d3bLxwctlScSEyaOGax7ARIEUY5aWqqGekISVAUMNIORtdzvz0mUtGY3+mJIH6EBpyGFCNtJH/qiSGF59ATik57haJj1xy3dlmBS1ItZaRcg67tLFAEGRq9wrvXj3ESEa4xQ0p1XUdoP0VSU8zILO8ligiER2hAuoZyFBHlp4ujZ/DUKH0YxtIU13Chfp9IUaTUJApMZ4T0UP325uJfXjfRYdVPKReJJhwvF4UJgzqG8wRgn0qCNZsYgrCk5laIh0girE1OeRPC16fwf9K6sN2yXb4tFetXWRw5cAxOwBlwQQXUwQ1ogCbA4B48gCfwbI2tR+vFel22rljZzBH4AevtE6Spkg8=</latexit>

|�+  |

time 
<latexit sha1_base64="GxaehWq/IfyfMnkpK8r2dsZJbDM=">AAAB83icdVDLSsNAFL2pr1pfVZduBovgKiRS+9gV3bisYB/QhDKZTtuhM0mYmQgl9DfcuFDErT/jzr9x0kZQ0QMDh3Pu5Z45QcyZ0o7zYRXW1jc2t4rbpZ3dvf2D8uFRV0WJJLRDIh7JfoAV5SykHc00p/1YUiwCTnvB7Drze/dUKhaFd3oeU1/gScjGjGBtJA8PPYH1VIpULIblimM3Hbd5WUcr0qjmpNZEru0sUYEc7WH53RtFJBE01IRjpQauE2s/xVIzwumi5CWKxpjM8IQODA2xoMpPl5kX6MwoIzSOpHmhRkv1+0aKhVJzEZjJLKH67WXiX94g0eOGn7IwTjQNyerQOOFIRygrAI2YpETzuSGYSGayIjLFEhNtaiqZEr5+iv4n3Qvbrdm122qldZXXUYQTOIVzcKEOLbiBNnSAQAwP8ATPVmI9Wi/W62q0YOU7x/AD1tsnEv+SZw==</latexit>am <latexit sha1_base64="kXChWruybX78Tqy57KDrjSiM+W0=">AAAB9XicdVDLSgMxFL1TX7W+qi7dBIvgapiR2seu6MZlBfuAdiyZNNOGZjJDklHK0P9w40IRt/6LO//GtB1BRQ8EDufcS849fsyZ0o7zYeVWVtfWN/Kbha3tnd294v5BW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv+5HLud+6oVCwSN3oaUy/EI8ECRrA20i0e9EOsxzJMJSWzQbHk2HXHrZ9X0ZLUyhmp1JFrOwuUIENzUHzvDyOShFRowrFSPdeJtZdiqRnhdFboJ4rGmEzwiPYMFTikyksXqWfoxChDFETSPKHRQv2+keJQqWnom8l5RvXbm4t/eb1EBzUvZSJONBVk+VGQcKQjNK8ADZk5VvOpIZhIZrIiMsYSE22KKpgSvi5F/5P2me1W7Mp1udS4yOrIwxEcwym4UIUGXEETWkBAwgM8wbN1bz1aL9brcjRnZTuH8APW2yeeDpNI</latexit>arec

<latexit sha1_base64="YtC6kawpCMvev5WePT98B7Ba1s0=">AAACBnicdVDLSsNAFJ34rPUVdSnCYBFclURqHwuh6MZlBfuANoTJZNIOnTyYmYg1ZOXGX3HjQhG3foM7/8ZJm4KKHhg4c8693HuPEzEqpGF8aguLS8srq4W14vrG5ta2vrPbEWHMMWnjkIW85yBBGA1IW1LJSC/iBPkOI11nfJH53RvCBQ2DazmJiOWjYUA9ipFUkq0f3NkDH8kR9xNOcHo2/3j0lriprZeMcsMwG6c1OCP1Sk6qDWiWjSlKIEfL1j8GbohjnwQSMyRE3zQiaSWIS4oZSYuDWJAI4TEakr6iAfKJsJLpGSk8UooLvZCrF0g4Vb93JMgXYuI7qjLbUvz2MvEvrx9Lr24lNIhiSQI8G+TFDMoQZplAl6rbJZsogjCnaleIR4gjLFVyRRXC/FL4P+mclM1quXpVKTXP8zgKYB8cgmNgghpogkvQAm2AwT14BM/gRXvQnrRX7W1WuqDlPXvgB7T3L0TrmlI=</latexit>

zrec = fixed



Secondary effect I - matter density
 Primary effect of lowering sound horizon is to increase H0.
 What about potentially harmful secondary effects?

Non-relativistic matter: 

 Such an increase in the physical matter density has consequences:

<latexit sha1_base64="zCHfSWGqJX1mbNLOsQC1lZeW/j0="></latexit>

✓
�1
s =

Da(zrec)

rs
'

Z zrec

0
dz

1

rsH0

1p
⌦m(1 + z)3 + (1� ⌦m)

BAO (<1%) 

CMB (<0.04%) 

constrain 
<latexit sha1_base64="ANMAsbwckokMEVJYqPnj7OPJGys="></latexit>

⌦m =
!m

h2
/ !mr2s

<latexit sha1_base64="WHVTy3ft2W8YkHSqtH300SGWm90="></latexit>

H0 ⌘ 100h kmsec�1Mpc�1

<latexit sha1_base64="ij2LPExkjMzd0/Sjb8aRYY40tu0=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiTS567oxmVF+4A2lMl00g6dTMLMRCihn+DGhSJu/SJ3/o3TNoKKHrhwOOde7r3HjzlT2nE+rNza+sbmVn67sLO7t39QPDzqqCiRhLZJxCPZ87GinAna1kxz2oslxaHPadefXi387j2VikXiTs9i6oV4LFjACNZGupVDNSyWHLvhuI1KDa1IvZyRagO5trNECTK0hsX3wSgiSUiFJhwr1XedWHsplpoRTueFQaJojMkUj2nfUIFDqrx0eeocnRllhIJImhIaLdXvEykOlZqFvukMsZ6o395C/MvrJzqoeykTcaKpIKtFQcKRjtDibzRikhLNZ4ZgIpm5FZEJlphok07BhPD1KfqfdC5st2pXb8ql5mUWRx5O4BTOwYUaNOEaWtAGAmN4gCd4trj1aL1Yr6vWnJXNHMMPWG+f9OSORw==</latexit>rs 10% <latexit sha1_base64="dEXRDfyOLBWATIGfxl8+El2A+Nc=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgadkVzeMW9OIxgnlAsoTZyWwyZGZ2nZkVQshPePGgiFd/x5t/4yRZQUULGoqqbrq7woQzbTzvw8mtrK6tb+Q3C1vbO7t7xf2Dlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+Grut++p0iyWt2aS0EDgoWQRI9hYqdOLBR3ivugXS55b8/zaRQUtSfU8I+Ua8l1vgRJkaPSL771BTFJBpSEca931vcQEU6wMI5zOCr1U0wSTMR7SrqUSC6qD6eLeGTqxygBFsbIlDVqo3yemWGg9EaHtFNiM9G9vLv7ldVMTVYMpk0lqqCTLRVHKkYnR/Hk0YIoSwyeWYKKYvRWREVaYGBtRwYbw9Sn6n7TOXL/slm/OS/XLLI48HMExnIIPFajDNTSgCQQ4PMATPDt3zqPz4rwuW3NONnMIP+C8fQKi1pBm</latexit>!m 20% 

Horizon entry 

<latexit sha1_base64="VCHBOY+cqx+m28wMo5E0FJ3ptrs=">AAAB9HicdVDLSgMxFM34rPVVdekmWARBGGak9rErunFZwT6gM5RMmmlDM5mYZApl2u9w40IRt36MO//GtB1BRQ9cOJxzL/feEwhGlXacD2tldW19YzO3ld/e2d3bLxwctlScSEyaOGax7ARIEUY5aWqqGekISVAUMNIORtdzvz0mUtGY3+mJIH6EBpyGFCNtJH/qiSGF59ATik57haJj1xy3dlmBS1ItZaRcg67tLFAEGRq9wrvXj3ESEa4xQ0p1XUdoP0VSU8zILO8ligiER2hAuoZyFBHlp4ujZ/DUKH0YxtIU13Chfp9IUaTUJApMZ4T0UP325uJfXjfRYdVPKReJJhwvF4UJgzqG8wRgn0qCNZsYgrCk5laIh0girE1OeRPC16fwf9K6sN2yXb4tFetXWRw5cAxOwBlwQQXUwQ1ogCbA4B48gCfwbI2tR+vFel22rljZzBH4AevtE6Spkg8=</latexit>

|�+  |

time 
<latexit sha1_base64="GxaehWq/IfyfMnkpK8r2dsZJbDM=">AAAB83icdVDLSsNAFL2pr1pfVZduBovgKiRS+9gV3bisYB/QhDKZTtuhM0mYmQgl9DfcuFDErT/jzr9x0kZQ0QMDh3Pu5Z45QcyZ0o7zYRXW1jc2t4rbpZ3dvf2D8uFRV0WJJLRDIh7JfoAV5SykHc00p/1YUiwCTnvB7Drze/dUKhaFd3oeU1/gScjGjGBtJA8PPYH1VIpULIblimM3Hbd5WUcr0qjmpNZEru0sUYEc7WH53RtFJBE01IRjpQauE2s/xVIzwumi5CWKxpjM8IQODA2xoMpPl5kX6MwoIzSOpHmhRkv1+0aKhVJzEZjJLKH67WXiX94g0eOGn7IwTjQNyerQOOFIRygrAI2YpETzuSGYSGayIjLFEhNtaiqZEr5+iv4n3Qvbrdm122qldZXXUYQTOIVzcKEOLbiBNnSAQAwP8ATPVmI9Wi/W62q0YOU7x/AD1tsnEv+SZw==</latexit>am <latexit sha1_base64="kXChWruybX78Tqy57KDrjSiM+W0=">AAAB9XicdVDLSgMxFL1TX7W+qi7dBIvgapiR2seu6MZlBfuAdiyZNNOGZjJDklHK0P9w40IRt/6LO//GtB1BRQ8EDufcS849fsyZ0o7zYeVWVtfWN/Kbha3tnd294v5BW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv+5HLud+6oVCwSN3oaUy/EI8ECRrA20i0e9EOsxzJMJSWzQbHk2HXHrZ9X0ZLUyhmp1JFrOwuUIENzUHzvDyOShFRowrFSPdeJtZdiqRnhdFboJ4rGmEzwiPYMFTikyksXqWfoxChDFETSPKHRQv2+keJQqWnom8l5RvXbm4t/eb1EBzUvZSJONBVk+VGQcKQjNK8ADZk5VvOpIZhIZrIiMsYSE22KKpgSvi5F/5P2me1W7Mp1udS4yOrIwxEcwym4UIUGXEETWkBAwgM8wbN1bz1aL9brcjRnZTuH8APW2yeeDpNI</latexit>arec

<latexit sha1_base64="YtC6kawpCMvev5WePT98B7Ba1s0=">AAACBnicdVDLSsNAFJ34rPUVdSnCYBFclURqHwuh6MZlBfuANoTJZNIOnTyYmYg1ZOXGX3HjQhG3foM7/8ZJm4KKHhg4c8693HuPEzEqpGF8aguLS8srq4W14vrG5ta2vrPbEWHMMWnjkIW85yBBGA1IW1LJSC/iBPkOI11nfJH53RvCBQ2DazmJiOWjYUA9ipFUkq0f3NkDH8kR9xNOcHo2/3j0lriprZeMcsMwG6c1OCP1Sk6qDWiWjSlKIEfL1j8GbohjnwQSMyRE3zQiaSWIS4oZSYuDWJAI4TEakr6iAfKJsJLpGSk8UooLvZCrF0g4Vb93JMgXYuI7qjLbUvz2MvEvrx9Lr24lNIhiSQI8G+TFDMoQZplAl6rbJZsogjCnaleIR4gjLFVyRRXC/FL4P+mclM1quXpVKTXP8zgKYB8cgmNgghpogkvQAm2AwT14BM/gRXvQnrRX7W1WuqDlPXvgB7T3L0TrmlI=</latexit>

zrec = fixed



Secondary effect I - matter density
 Primary effect of lowering sound horizon is to increase H0.
 What about potentially harmful secondary effects?

Non-relativistic matter: 

 Such an increase in the physical matter density has consequences:

<latexit sha1_base64="zCHfSWGqJX1mbNLOsQC1lZeW/j0="></latexit>

✓
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s =
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rs
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rsH0
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⌦m(1 + z)3 + (1� ⌦m)

BAO (<1%) 

CMB (<0.04%) 

constrain 
<latexit sha1_base64="ANMAsbwckokMEVJYqPnj7OPJGys="></latexit>

⌦m =
!m

h2
/ !mr2s

<latexit sha1_base64="WHVTy3ft2W8YkHSqtH300SGWm90="></latexit>

H0 ⌘ 100h kmsec�1Mpc�1

<latexit sha1_base64="ij2LPExkjMzd0/Sjb8aRYY40tu0=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiTS567oxmVF+4A2lMl00g6dTMLMRCihn+DGhSJu/SJ3/o3TNoKKHrhwOOde7r3HjzlT2nE+rNza+sbmVn67sLO7t39QPDzqqCiRhLZJxCPZ87GinAna1kxz2oslxaHPadefXi387j2VikXiTs9i6oV4LFjACNZGupVDNSyWHLvhuI1KDa1IvZyRagO5trNECTK0hsX3wSgiSUiFJhwr1XedWHsplpoRTueFQaJojMkUj2nfUIFDqrx0eeocnRllhIJImhIaLdXvEykOlZqFvukMsZ6o395C/MvrJzqoeykTcaKpIKtFQcKRjtDibzRikhLNZ4ZgIpm5FZEJlphok07BhPD1KfqfdC5st2pXb8ql5mUWRx5O4BTOwYUaNOEaWtAGAmN4gCd4trj1aL1Yr6vWnJXNHMMPWG+f9OSORw==</latexit>rs 10% <latexit sha1_base64="dEXRDfyOLBWATIGfxl8+El2A+Nc=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgadkVzeMW9OIxgnlAsoTZyWwyZGZ2nZkVQshPePGgiFd/x5t/4yRZQUULGoqqbrq7woQzbTzvw8mtrK6tb+Q3C1vbO7t7xf2Dlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+Grut++p0iyWt2aS0EDgoWQRI9hYqdOLBR3ivugXS55b8/zaRQUtSfU8I+Ua8l1vgRJkaPSL771BTFJBpSEca931vcQEU6wMI5zOCr1U0wSTMR7SrqUSC6qD6eLeGTqxygBFsbIlDVqo3yemWGg9EaHtFNiM9G9vLv7ldVMTVYMpk0lqqCTLRVHKkYnR/Hk0YIoSwyeWYKKYvRWREVaYGBtRwYbw9Sn6n7TOXL/slm/OS/XLLI48HMExnIIPFajDNTSgCQQ4PMATPDt3zqPz4rwuW3NONnMIP+C8fQKi1pBm</latexit>!m 20% 

Horizon entry 

<latexit sha1_base64="VCHBOY+cqx+m28wMo5E0FJ3ptrs=">AAAB9HicdVDLSgMxFM34rPVVdekmWARBGGak9rErunFZwT6gM5RMmmlDM5mYZApl2u9w40IRt36MO//GtB1BRQ9cOJxzL/feEwhGlXacD2tldW19YzO3ld/e2d3bLxwctlScSEyaOGax7ARIEUY5aWqqGekISVAUMNIORtdzvz0mUtGY3+mJIH6EBpyGFCNtJH/qiSGF59ATik57haJj1xy3dlmBS1ItZaRcg67tLFAEGRq9wrvXj3ESEa4xQ0p1XUdoP0VSU8zILO8ligiER2hAuoZyFBHlp4ujZ/DUKH0YxtIU13Chfp9IUaTUJApMZ4T0UP325uJfXjfRYdVPKReJJhwvF4UJgzqG8wRgn0qCNZsYgrCk5laIh0girE1OeRPC16fwf9K6sN2yXb4tFetXWRw5cAxOwBlwQQXUwQ1ogCbA4B48gCfwbI2tR+vFel22rljZzBH4AevtE6Spkg8=</latexit>

|�+  |

time 
<latexit sha1_base64="GxaehWq/IfyfMnkpK8r2dsZJbDM=">AAAB83icdVDLSsNAFL2pr1pfVZduBovgKiRS+9gV3bisYB/QhDKZTtuhM0mYmQgl9DfcuFDErT/jzr9x0kZQ0QMDh3Pu5Z45QcyZ0o7zYRXW1jc2t4rbpZ3dvf2D8uFRV0WJJLRDIh7JfoAV5SykHc00p/1YUiwCTnvB7Drze/dUKhaFd3oeU1/gScjGjGBtJA8PPYH1VIpULIblimM3Hbd5WUcr0qjmpNZEru0sUYEc7WH53RtFJBE01IRjpQauE2s/xVIzwumi5CWKxpjM8IQODA2xoMpPl5kX6MwoIzSOpHmhRkv1+0aKhVJzEZjJLKH67WXiX94g0eOGn7IwTjQNyerQOOFIRygrAI2YpETzuSGYSGayIjLFEhNtaiqZEr5+iv4n3Qvbrdm122qldZXXUYQTOIVzcKEOLbiBNnSAQAwP8ATPVmI9Wi/W62q0YOU7x/AD1tsnEv+SZw==</latexit>am <latexit sha1_base64="kXChWruybX78Tqy57KDrjSiM+W0=">AAAB9XicdVDLSgMxFL1TX7W+qi7dBIvgapiR2seu6MZlBfuAdiyZNNOGZjJDklHK0P9w40IRt/6LO//GtB1BRQ8EDufcS849fsyZ0o7zYeVWVtfWN/Kbha3tnd294v5BW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv+5HLud+6oVCwSN3oaUy/EI8ECRrA20i0e9EOsxzJMJSWzQbHk2HXHrZ9X0ZLUyhmp1JFrOwuUIENzUHzvDyOShFRowrFSPdeJtZdiqRnhdFboJ4rGmEzwiPYMFTikyksXqWfoxChDFETSPKHRQv2+keJQqWnom8l5RvXbm4t/eb1EBzUvZSJONBVk+VGQcKQjNK8ADZk5VvOpIZhIZrIiMsYSE22KKpgSvi5F/5P2me1W7Mp1udS4yOrIwxEcwym4UIUGXEETWkBAwgM8wbN1bz1aL9brcjRnZTuH8APW2yeeDpNI</latexit>arec

<latexit sha1_base64="dEXRDfyOLBWATIGfxl8+El2A+Nc=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgadkVzeMW9OIxgnlAsoTZyWwyZGZ2nZkVQshPePGgiFd/x5t/4yRZQUULGoqqbrq7woQzbTzvw8mtrK6tb+Q3C1vbO7t7xf2Dlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+Grut++p0iyWt2aS0EDgoWQRI9hYqdOLBR3ivugXS55b8/zaRQUtSfU8I+Ua8l1vgRJkaPSL771BTFJBpSEca931vcQEU6wMI5zOCr1U0wSTMR7SrqUSC6qD6eLeGTqxygBFsbIlDVqo3yemWGg9EaHtFNiM9G9vLv7ldVMTVYMpk0lqqCTLRVHKkYnR/Hk0YIoSwyeWYKKYvRWREVaYGBtRwYbw9Sn6n7TOXL/slm/OS/XLLI48HMExnIIPFajDNTSgCQQ4PMATPDt3zqPz4rwuW3NONnMIP+C8fQKi1pBm</latexit>!m

<latexit sha1_base64="YtC6kawpCMvev5WePT98B7Ba1s0=">AAACBnicdVDLSsNAFJ34rPUVdSnCYBFclURqHwuh6MZlBfuANoTJZNIOnTyYmYg1ZOXGX3HjQhG3foM7/8ZJm4KKHhg4c8693HuPEzEqpGF8aguLS8srq4W14vrG5ta2vrPbEWHMMWnjkIW85yBBGA1IW1LJSC/iBPkOI11nfJH53RvCBQ2DazmJiOWjYUA9ipFUkq0f3NkDH8kR9xNOcHo2/3j0lriprZeMcsMwG6c1OCP1Sk6qDWiWjSlKIEfL1j8GbohjnwQSMyRE3zQiaSWIS4oZSYuDWJAI4TEakr6iAfKJsJLpGSk8UooLvZCrF0g4Vb93JMgXYuI7qjLbUvz2MvEvrx9Lr24lNIhiSQI8G+TFDMoQZplAl6rbJZsogjCnaleIR4gjLFVyRRXC/FL4P+mclM1quXpVKTXP8zgKYB8cgmNgghpogkvQAm2AwT14BM/gRXvQnrRX7W1WuqDlPXvgB7T3L0TrmlI=</latexit>

zrec = fixed



Secondary effect I - matter density
 Primary effect of lowering sound horizon is to increase H0.
 What about potentially harmful secondary effects?

Non-relativistic matter: 

 Such an increase in the physical matter density has consequences:

<latexit sha1_base64="zCHfSWGqJX1mbNLOsQC1lZeW/j0="></latexit>

✓
�1
s =

Da(zrec)

rs
'

Z zrec

0
dz

1

rsH0

1p
⌦m(1 + z)3 + (1� ⌦m)

BAO (<1%) 

CMB (<0.04%) 

constrain 
<latexit sha1_base64="ANMAsbwckokMEVJYqPnj7OPJGys="></latexit>

⌦m =
!m

h2
/ !mr2s

<latexit sha1_base64="WHVTy3ft2W8YkHSqtH300SGWm90="></latexit>

H0 ⌘ 100h kmsec�1Mpc�1

<latexit sha1_base64="ij2LPExkjMzd0/Sjb8aRYY40tu0=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiTS567oxmVF+4A2lMl00g6dTMLMRCihn+DGhSJu/SJ3/o3TNoKKHrhwOOde7r3HjzlT2nE+rNza+sbmVn67sLO7t39QPDzqqCiRhLZJxCPZ87GinAna1kxz2oslxaHPadefXi387j2VikXiTs9i6oV4LFjACNZGupVDNSyWHLvhuI1KDa1IvZyRagO5trNECTK0hsX3wSgiSUiFJhwr1XedWHsplpoRTueFQaJojMkUj2nfUIFDqrx0eeocnRllhIJImhIaLdXvEykOlZqFvukMsZ6o395C/MvrJzqoeykTcaKpIKtFQcKRjtDibzRikhLNZ4ZgIpm5FZEJlphok07BhPD1KfqfdC5st2pXb8ql5mUWRx5O4BTOwYUaNOEaWtAGAmN4gCd4trj1aL1Yr6vWnJXNHMMPWG+f9OSORw==</latexit>rs 10% <latexit sha1_base64="dEXRDfyOLBWATIGfxl8+El2A+Nc=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgadkVzeMW9OIxgnlAsoTZyWwyZGZ2nZkVQshPePGgiFd/x5t/4yRZQUULGoqqbrq7woQzbTzvw8mtrK6tb+Q3C1vbO7t7xf2Dlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+Grut++p0iyWt2aS0EDgoWQRI9hYqdOLBR3ivugXS55b8/zaRQUtSfU8I+Ua8l1vgRJkaPSL771BTFJBpSEca931vcQEU6wMI5zOCr1U0wSTMR7SrqUSC6qD6eLeGTqxygBFsbIlDVqo3yemWGg9EaHtFNiM9G9vLv7ldVMTVYMpk0lqqCTLRVHKkYnR/Hk0YIoSwyeWYKKYvRWREVaYGBtRwYbw9Sn6n7TOXL/slm/OS/XLLI48HMExnIIPFajDNTSgCQQ4PMATPDt3zqPz4rwuW3NONnMIP+C8fQKi1pBm</latexit>!m 20% 

Horizon entry 

<latexit sha1_base64="VCHBOY+cqx+m28wMo5E0FJ3ptrs=">AAAB9HicdVDLSgMxFM34rPVVdekmWARBGGak9rErunFZwT6gM5RMmmlDM5mYZApl2u9w40IRt36MO//GtB1BRQ9cOJxzL/feEwhGlXacD2tldW19YzO3ld/e2d3bLxwctlScSEyaOGax7ARIEUY5aWqqGekISVAUMNIORtdzvz0mUtGY3+mJIH6EBpyGFCNtJH/qiSGF59ATik57haJj1xy3dlmBS1ItZaRcg67tLFAEGRq9wrvXj3ESEa4xQ0p1XUdoP0VSU8zILO8ligiER2hAuoZyFBHlp4ujZ/DUKH0YxtIU13Chfp9IUaTUJApMZ4T0UP325uJfXjfRYdVPKReJJhwvF4UJgzqG8wRgn0qCNZsYgrCk5laIh0girE1OeRPC16fwf9K6sN2yXb4tFetXWRw5cAxOwBlwQQXUwQ1ogCbA4B48gCfwbI2tR+vFel22rljZzBH4AevtE6Spkg8=</latexit>

|�+  |

time 
<latexit sha1_base64="GxaehWq/IfyfMnkpK8r2dsZJbDM=">AAAB83icdVDLSsNAFL2pr1pfVZduBovgKiRS+9gV3bisYB/QhDKZTtuhM0mYmQgl9DfcuFDErT/jzr9x0kZQ0QMDh3Pu5Z45QcyZ0o7zYRXW1jc2t4rbpZ3dvf2D8uFRV0WJJLRDIh7JfoAV5SykHc00p/1YUiwCTnvB7Drze/dUKhaFd3oeU1/gScjGjGBtJA8PPYH1VIpULIblimM3Hbd5WUcr0qjmpNZEru0sUYEc7WH53RtFJBE01IRjpQauE2s/xVIzwumi5CWKxpjM8IQODA2xoMpPl5kX6MwoIzSOpHmhRkv1+0aKhVJzEZjJLKH67WXiX94g0eOGn7IwTjQNyerQOOFIRygrAI2YpETzuSGYSGayIjLFEhNtaiqZEr5+iv4n3Qvbrdm122qldZXXUYQTOIVzcKEOLbiBNnSAQAwP8ATPVmI9Wi/W62q0YOU7x/AD1tsnEv+SZw==</latexit>am <latexit sha1_base64="kXChWruybX78Tqy57KDrjSiM+W0=">AAAB9XicdVDLSgMxFL1TX7W+qi7dBIvgapiR2seu6MZlBfuAdiyZNNOGZjJDklHK0P9w40IRt/6LO//GtB1BRQ8EDufcS849fsyZ0o7zYeVWVtfWN/Kbha3tnd294v5BW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv+5HLud+6oVCwSN3oaUy/EI8ECRrA20i0e9EOsxzJMJSWzQbHk2HXHrZ9X0ZLUyhmp1JFrOwuUIENzUHzvDyOShFRowrFSPdeJtZdiqRnhdFboJ4rGmEzwiPYMFTikyksXqWfoxChDFETSPKHRQv2+keJQqWnom8l5RvXbm4t/eb1EBzUvZSJONBVk+VGQcKQjNK8ADZk5VvOpIZhIZrIiMsYSE22KKpgSvi5F/5P2me1W7Mp1udS4yOrIwxEcwym4UIUGXEETWkBAwgM8wbN1bz1aL9brcjRnZTuH8APW2yeeDpNI</latexit>arec

<latexit sha1_base64="dEXRDfyOLBWATIGfxl8+El2A+Nc=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgadkVzeMW9OIxgnlAsoTZyWwyZGZ2nZkVQshPePGgiFd/x5t/4yRZQUULGoqqbrq7woQzbTzvw8mtrK6tb+Q3C1vbO7t7xf2Dlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+Grut++p0iyWt2aS0EDgoWQRI9hYqdOLBR3ivugXS55b8/zaRQUtSfU8I+Ua8l1vgRJkaPSL771BTFJBpSEca931vcQEU6wMI5zOCr1U0wSTMR7SrqUSC6qD6eLeGTqxygBFsbIlDVqo3yemWGg9EaHtFNiM9G9vLv7ldVMTVYMpk0lqqCTLRVHKkYnR/Hk0YIoSwyeWYKKYvRWREVaYGBtRwYbw9Sn6n7TOXL/slm/OS/XLLI48HMExnIIPFajDNTSgCQQ4PMATPDt3zqPz4rwuW3NONnMIP+C8fQKi1pBm</latexit>!m

consequence, e.g.: 
<latexit sha1_base64="m+heZL7bSvzCyAqqFJTJkypgu3Y="></latexit>
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ISW

=

Z ⌘0
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d⌘ (�0 +  0)

lowers first CMB peak 

<latexit sha1_base64="YtC6kawpCMvev5WePT98B7Ba1s0=">AAACBnicdVDLSsNAFJ34rPUVdSnCYBFclURqHwuh6MZlBfuANoTJZNIOnTyYmYg1ZOXGX3HjQhG3foM7/8ZJm4KKHhg4c8693HuPEzEqpGF8aguLS8srq4W14vrG5ta2vrPbEWHMMWnjkIW85yBBGA1IW1LJSC/iBPkOI11nfJH53RvCBQ2DazmJiOWjYUA9ipFUkq0f3NkDH8kR9xNOcHo2/3j0lriprZeMcsMwG6c1OCP1Sk6qDWiWjSlKIEfL1j8GbohjnwQSMyRE3zQiaSWIS4oZSYuDWJAI4TEakr6iAfKJsJLpGSk8UooLvZCrF0g4Vb93JMgXYuI7qjLbUvz2MvEvrx9Lr24lNIhiSQI8G+TFDMoQZplAl6rbJZsogjCnaleIR4gjLFVyRRXC/FL4P+mclM1quXpVKTXP8zgKYB8cgmNgghpogkvQAm2AwT14BM/gRXvQnrRX7W1WuqDlPXvgB7T3L0TrmlI=</latexit>

zrec = fixed



Secondary effect I - matter density
 Primary effect of lowering sound horizon is to increase H0.
 What about potentially harmful secondary effects?

Non-relativistic matter: 

 Such an increase in the physical matter density has consequences:

<latexit sha1_base64="zCHfSWGqJX1mbNLOsQC1lZeW/j0="></latexit>

✓
�1
s =

Da(zrec)

rs
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Z zrec
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dz
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rsH0

1p
⌦m(1 + z)3 + (1� ⌦m)

BAO (<1%) 

CMB (<0.04%) 

constrain 
<latexit sha1_base64="ANMAsbwckokMEVJYqPnj7OPJGys="></latexit>

⌦m =
!m

h2
/ !mr2s

<latexit sha1_base64="WHVTy3ft2W8YkHSqtH300SGWm90="></latexit>

H0 ⌘ 100h kmsec�1Mpc�1

<latexit sha1_base64="ij2LPExkjMzd0/Sjb8aRYY40tu0=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiTS567oxmVF+4A2lMl00g6dTMLMRCihn+DGhSJu/SJ3/o3TNoKKHrhwOOde7r3HjzlT2nE+rNza+sbmVn67sLO7t39QPDzqqCiRhLZJxCPZ87GinAna1kxz2oslxaHPadefXi387j2VikXiTs9i6oV4LFjACNZGupVDNSyWHLvhuI1KDa1IvZyRagO5trNECTK0hsX3wSgiSUiFJhwr1XedWHsplpoRTueFQaJojMkUj2nfUIFDqrx0eeocnRllhIJImhIaLdXvEykOlZqFvukMsZ6o395C/MvrJzqoeykTcaKpIKtFQcKRjtDibzRikhLNZ4ZgIpm5FZEJlphok07BhPD1KfqfdC5st2pXb8ql5mUWRx5O4BTOwYUaNOEaWtAGAmN4gCd4trj1aL1Yr6vWnJXNHMMPWG+f9OSORw==</latexit>rs 10% <latexit sha1_base64="dEXRDfyOLBWATIGfxl8+El2A+Nc=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgadkVzeMW9OIxgnlAsoTZyWwyZGZ2nZkVQshPePGgiFd/x5t/4yRZQUULGoqqbrq7woQzbTzvw8mtrK6tb+Q3C1vbO7t7xf2Dlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+Grut++p0iyWt2aS0EDgoWQRI9hYqdOLBR3ivugXS55b8/zaRQUtSfU8I+Ua8l1vgRJkaPSL771BTFJBpSEca931vcQEU6wMI5zOCr1U0wSTMR7SrqUSC6qD6eLeGTqxygBFsbIlDVqo3yemWGg9EaHtFNiM9G9vLv7ldVMTVYMpk0lqqCTLRVHKkYnR/Hk0YIoSwyeWYKKYvRWREVaYGBtRwYbw9Sn6n7TOXL/slm/OS/XLLI48HMExnIIPFajDNTSgCQQ4PMATPDt3zqPz4rwuW3NONnMIP+C8fQKi1pBm</latexit>!m 20% 

Horizon entry 

<latexit sha1_base64="VCHBOY+cqx+m28wMo5E0FJ3ptrs=">AAAB9HicdVDLSgMxFM34rPVVdekmWARBGGak9rErunFZwT6gM5RMmmlDM5mYZApl2u9w40IRt36MO//GtB1BRQ9cOJxzL/feEwhGlXacD2tldW19YzO3ld/e2d3bLxwctlScSEyaOGax7ARIEUY5aWqqGekISVAUMNIORtdzvz0mUtGY3+mJIH6EBpyGFCNtJH/qiSGF59ATik57haJj1xy3dlmBS1ItZaRcg67tLFAEGRq9wrvXj3ESEa4xQ0p1XUdoP0VSU8zILO8ligiER2hAuoZyFBHlp4ujZ/DUKH0YxtIU13Chfp9IUaTUJApMZ4T0UP325uJfXjfRYdVPKReJJhwvF4UJgzqG8wRgn0qCNZsYgrCk5laIh0girE1OeRPC16fwf9K6sN2yXb4tFetXWRw5cAxOwBlwQQXUwQ1ogCbA4B48gCfwbI2tR+vFel22rljZzBH4AevtE6Spkg8=</latexit>

|�+  |

time 
<latexit sha1_base64="GxaehWq/IfyfMnkpK8r2dsZJbDM=">AAAB83icdVDLSsNAFL2pr1pfVZduBovgKiRS+9gV3bisYB/QhDKZTtuhM0mYmQgl9DfcuFDErT/jzr9x0kZQ0QMDh3Pu5Z45QcyZ0o7zYRXW1jc2t4rbpZ3dvf2D8uFRV0WJJLRDIh7JfoAV5SykHc00p/1YUiwCTnvB7Drze/dUKhaFd3oeU1/gScjGjGBtJA8PPYH1VIpULIblimM3Hbd5WUcr0qjmpNZEru0sUYEc7WH53RtFJBE01IRjpQauE2s/xVIzwumi5CWKxpjM8IQODA2xoMpPl5kX6MwoIzSOpHmhRkv1+0aKhVJzEZjJLKH67WXiX94g0eOGn7IwTjQNyerQOOFIRygrAI2YpETzuSGYSGayIjLFEhNtaiqZEr5+iv4n3Qvbrdm122qldZXXUYQTOIVzcKEOLbiBNnSAQAwP8ATPVmI9Wi/W62q0YOU7x/AD1tsnEv+SZw==</latexit>am <latexit sha1_base64="kXChWruybX78Tqy57KDrjSiM+W0=">AAAB9XicdVDLSgMxFL1TX7W+qi7dBIvgapiR2seu6MZlBfuAdiyZNNOGZjJDklHK0P9w40IRt/6LO//GtB1BRQ8EDufcS849fsyZ0o7zYeVWVtfWN/Kbha3tnd294v5BW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv+5HLud+6oVCwSN3oaUy/EI8ECRrA20i0e9EOsxzJMJSWzQbHk2HXHrZ9X0ZLUyhmp1JFrOwuUIENzUHzvDyOShFRowrFSPdeJtZdiqRnhdFboJ4rGmEzwiPYMFTikyksXqWfoxChDFETSPKHRQv2+keJQqWnom8l5RvXbm4t/eb1EBzUvZSJONBVk+VGQcKQjNK8ADZk5VvOpIZhIZrIiMsYSE22KKpgSvi5F/5P2me1W7Mp1udS4yOrIwxEcwym4UIUGXEETWkBAwgM8wbN1bz1aL9brcjRnZTuH8APW2yeeDpNI</latexit>arec

<latexit sha1_base64="dEXRDfyOLBWATIGfxl8+El2A+Nc=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgadkVzeMW9OIxgnlAsoTZyWwyZGZ2nZkVQshPePGgiFd/x5t/4yRZQUULGoqqbrq7woQzbTzvw8mtrK6tb+Q3C1vbO7t7xf2Dlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+Grut++p0iyWt2aS0EDgoWQRI9hYqdOLBR3ivugXS55b8/zaRQUtSfU8I+Ua8l1vgRJkaPSL771BTFJBpSEca931vcQEU6wMI5zOCr1U0wSTMR7SrqUSC6qD6eLeGTqxygBFsbIlDVqo3yemWGg9EaHtFNiM9G9vLv7ldVMTVYMpk0lqqCTLRVHKkYnR/Hk0YIoSwyeWYKKYvRWREVaYGBtRwYbw9Sn6n7TOXL/slm/OS/XLLI48HMExnIIPFajDNTSgCQQ4PMATPDt3zqPz4rwuW3NONnMIP+C8fQKi1pBm</latexit>!m

consequence, e.g.: 
<latexit sha1_base64="m+heZL7bSvzCyAqqFJTJkypgu3Y="></latexit>
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d⌘ (�0 +  0)

lowers first CMB peak 

In addition: more matter clumping 
<latexit sha1_base64="xnh7HOnr+QXozHs4R2OWzCEOwlQ=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRS+9gV3bis1D6gDWUynbRDJ5MwMxFK6Ce4caGIW7/InX/jtI2gogcuHM65l3vv8WPOlHacDyu3tr6xuZXfLuzs7u0fFA+POipKJKFtEvFI9nysKGeCtjXTnPZiSXHoc9r1p9cLv3tPpWKRuNOzmHohHgsWMIK1kVqtYW1YLDl23XHrl1W0IrVyRip15NrOEiXI0BwW3wejiCQhFZpwrFTfdWLtpVhqRjidFwaJojEmUzymfUMFDqny0uWpc3RmlBEKImlKaLRUv0+kOFRqFvqmM8R6on57C/Evr5/ooOalTMSJpoKsFgUJRzpCi7/RiElKNJ8Zgolk5lZEJlhiok06BRPC16fof9K5sN2KXbktlxpXWRx5OIFTOAcXqtCAG2hCGwiM4QGe4Nni1qP1Yr2uWnNWNnMMP2C9fQJsPo3t</latexit>

S8

<latexit sha1_base64="YtC6kawpCMvev5WePT98B7Ba1s0=">AAACBnicdVDLSsNAFJ34rPUVdSnCYBFclURqHwuh6MZlBfuANoTJZNIOnTyYmYg1ZOXGX3HjQhG3foM7/8ZJm4KKHhg4c8693HuPEzEqpGF8aguLS8srq4W14vrG5ta2vrPbEWHMMWnjkIW85yBBGA1IW1LJSC/iBPkOI11nfJH53RvCBQ2DazmJiOWjYUA9ipFUkq0f3NkDH8kR9xNOcHo2/3j0lriprZeMcsMwG6c1OCP1Sk6qDWiWjSlKIEfL1j8GbohjnwQSMyRE3zQiaSWIS4oZSYuDWJAI4TEakr6iAfKJsJLpGSk8UooLvZCrF0g4Vb93JMgXYuI7qjLbUvz2MvEvrx9Lr24lNIhiSQI8G+TFDMoQZplAl6rbJZsogjCnaleIR4gjLFVyRRXC/FL4P+mclM1quXpVKTXP8zgKYB8cgmNgghpogkvQAm2AwT14BM/gRXvQnrRX7W1WuqDlPXvgB7T3L0TrmlI=</latexit>

zrec = fixed



Secondary effect I - matter density
 Primary effect of lowering sound horizon is to increase H0.
 What about potentially harmful secondary effects?

Non-relativistic matter: 

 Such an increase in the physical matter density has consequences:

<latexit sha1_base64="zCHfSWGqJX1mbNLOsQC1lZeW/j0="></latexit>

✓
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⌦m(1 + z)3 + (1� ⌦m)
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CMB (<0.04%) 

constrain 
<latexit sha1_base64="ANMAsbwckokMEVJYqPnj7OPJGys="></latexit>

⌦m =
!m

h2
/ !mr2s

<latexit sha1_base64="WHVTy3ft2W8YkHSqtH300SGWm90="></latexit>

H0 ⌘ 100h kmsec�1Mpc�1

<latexit sha1_base64="ij2LPExkjMzd0/Sjb8aRYY40tu0=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiTS567oxmVF+4A2lMl00g6dTMLMRCihn+DGhSJu/SJ3/o3TNoKKHrhwOOde7r3HjzlT2nE+rNza+sbmVn67sLO7t39QPDzqqCiRhLZJxCPZ87GinAna1kxz2oslxaHPadefXi387j2VikXiTs9i6oV4LFjACNZGupVDNSyWHLvhuI1KDa1IvZyRagO5trNECTK0hsX3wSgiSUiFJhwr1XedWHsplpoRTueFQaJojMkUj2nfUIFDqrx0eeocnRllhIJImhIaLdXvEykOlZqFvukMsZ6o395C/MvrJzqoeykTcaKpIKtFQcKRjtDibzRikhLNZ4ZgIpm5FZEJlphok07BhPD1KfqfdC5st2pXb8ql5mUWRx5O4BTOwYUaNOEaWtAGAmN4gCd4trj1aL1Yr6vWnJXNHMMPWG+f9OSORw==</latexit>rs 10% <latexit sha1_base64="dEXRDfyOLBWATIGfxl8+El2A+Nc=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgadkVzeMW9OIxgnlAsoTZyWwyZGZ2nZkVQshPePGgiFd/x5t/4yRZQUULGoqqbrq7woQzbTzvw8mtrK6tb+Q3C1vbO7t7xf2Dlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+Grut++p0iyWt2aS0EDgoWQRI9hYqdOLBR3ivugXS55b8/zaRQUtSfU8I+Ua8l1vgRJkaPSL771BTFJBpSEca931vcQEU6wMI5zOCr1U0wSTMR7SrqUSC6qD6eLeGTqxygBFsbIlDVqo3yemWGg9EaHtFNiM9G9vLv7ldVMTVYMpk0lqqCTLRVHKkYnR/Hk0YIoSwyeWYKKYvRWREVaYGBtRwYbw9Sn6n7TOXL/slm/OS/XLLI48HMExnIIPFajDNTSgCQQ4PMATPDt3zqPz4rwuW3NONnMIP+C8fQKi1pBm</latexit>!m 20% 

Horizon entry 

<latexit sha1_base64="VCHBOY+cqx+m28wMo5E0FJ3ptrs=">AAAB9HicdVDLSgMxFM34rPVVdekmWARBGGak9rErunFZwT6gM5RMmmlDM5mYZApl2u9w40IRt36MO//GtB1BRQ9cOJxzL/feEwhGlXacD2tldW19YzO3ld/e2d3bLxwctlScSEyaOGax7ARIEUY5aWqqGekISVAUMNIORtdzvz0mUtGY3+mJIH6EBpyGFCNtJH/qiSGF59ATik57haJj1xy3dlmBS1ItZaRcg67tLFAEGRq9wrvXj3ESEa4xQ0p1XUdoP0VSU8zILO8ligiER2hAuoZyFBHlp4ujZ/DUKH0YxtIU13Chfp9IUaTUJApMZ4T0UP325uJfXjfRYdVPKReJJhwvF4UJgzqG8wRgn0qCNZsYgrCk5laIh0girE1OeRPC16fwf9K6sN2yXb4tFetXWRw5cAxOwBlwQQXUwQ1ogCbA4B48gCfwbI2tR+vFel22rljZzBH4AevtE6Spkg8=</latexit>

|�+  |

time 
<latexit sha1_base64="GxaehWq/IfyfMnkpK8r2dsZJbDM=">AAAB83icdVDLSsNAFL2pr1pfVZduBovgKiRS+9gV3bisYB/QhDKZTtuhM0mYmQgl9DfcuFDErT/jzr9x0kZQ0QMDh3Pu5Z45QcyZ0o7zYRXW1jc2t4rbpZ3dvf2D8uFRV0WJJLRDIh7JfoAV5SykHc00p/1YUiwCTnvB7Drze/dUKhaFd3oeU1/gScjGjGBtJA8PPYH1VIpULIblimM3Hbd5WUcr0qjmpNZEru0sUYEc7WH53RtFJBE01IRjpQauE2s/xVIzwumi5CWKxpjM8IQODA2xoMpPl5kX6MwoIzSOpHmhRkv1+0aKhVJzEZjJLKH67WXiX94g0eOGn7IwTjQNyerQOOFIRygrAI2YpETzuSGYSGayIjLFEhNtaiqZEr5+iv4n3Qvbrdm122qldZXXUYQTOIVzcKEOLbiBNnSAQAwP8ATPVmI9Wi/W62q0YOU7x/AD1tsnEv+SZw==</latexit>am <latexit sha1_base64="kXChWruybX78Tqy57KDrjSiM+W0=">AAAB9XicdVDLSgMxFL1TX7W+qi7dBIvgapiR2seu6MZlBfuAdiyZNNOGZjJDklHK0P9w40IRt/6LO//GtB1BRQ8EDufcS849fsyZ0o7zYeVWVtfWN/Kbha3tnd294v5BW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv+5HLud+6oVCwSN3oaUy/EI8ECRrA20i0e9EOsxzJMJSWzQbHk2HXHrZ9X0ZLUyhmp1JFrOwuUIENzUHzvDyOShFRowrFSPdeJtZdiqRnhdFboJ4rGmEzwiPYMFTikyksXqWfoxChDFETSPKHRQv2+keJQqWnom8l5RvXbm4t/eb1EBzUvZSJONBVk+VGQcKQjNK8ADZk5VvOpIZhIZrIiMsYSE22KKpgSvi5F/5P2me1W7Mp1udS4yOrIwxEcwym4UIUGXEETWkBAwgM8wbN1bz1aL9brcjRnZTuH8APW2yeeDpNI</latexit>arec

<latexit sha1_base64="dEXRDfyOLBWATIGfxl8+El2A+Nc=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoPgadkVzeMW9OIxgnlAsoTZyWwyZGZ2nZkVQshPePGgiFd/x5t/4yRZQUULGoqqbrq7woQzbTzvw8mtrK6tb+Q3C1vbO7t7xf2Dlo5TRWiTxDxWnRBrypmkTcMMp51EUSxCTtvh+Grut++p0iyWt2aS0EDgoWQRI9hYqdOLBR3ivugXS55b8/zaRQUtSfU8I+Ua8l1vgRJkaPSL771BTFJBpSEca931vcQEU6wMI5zOCr1U0wSTMR7SrqUSC6qD6eLeGTqxygBFsbIlDVqo3yemWGg9EaHtFNiM9G9vLv7ldVMTVYMpk0lqqCTLRVHKkYnR/Hk0YIoSwyeWYKKYvRWREVaYGBtRwYbw9Sn6n7TOXL/slm/OS/XLLI48HMExnIIPFajDNTSgCQQ4PMATPDt3zqPz4rwuW3NONnMIP+C8fQKi1pBm</latexit>!m

consequence, e.g.: 
<latexit sha1_base64="m+heZL7bSvzCyAqqFJTJkypgu3Y="></latexit>
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d⌘ (�0 +  0)

lowers first CMB peak 

 Any early-time model needs to come with compensation mechanism, examples:  
(i) delay matter domination, (ii) dark sector acoustic oscillations, (iii) fuzzy dark matter
 Important lesson: The detailed compensation mechanism requires a specific model!

In addition: more matter clumping 
<latexit sha1_base64="xnh7HOnr+QXozHs4R2OWzCEOwlQ=">AAAB6nicdVDLSsNAFL2pr1pfVZduBovgKiRS+9gV3bis1D6gDWUynbRDJ5MwMxFK6Ce4caGIW7/InX/jtI2gogcuHM65l3vv8WPOlHacDyu3tr6xuZXfLuzs7u0fFA+POipKJKFtEvFI9nysKGeCtjXTnPZiSXHoc9r1p9cLv3tPpWKRuNOzmHohHgsWMIK1kVqtYW1YLDl23XHrl1W0IrVyRip15NrOEiXI0BwW3wejiCQhFZpwrFTfdWLtpVhqRjidFwaJojEmUzymfUMFDqny0uWpc3RmlBEKImlKaLRUv0+kOFRqFvqmM8R6on57C/Evr5/ooOalTMSJpoKsFgUJRzpCi7/RiElKNJ8Zgolk5lZEJlhiok06BRPC16fof9K5sN2KXbktlxpXWRx5OIFTOAcXqtCAG2hCGwiM4QGe4Nni1qP1Yr2uWnNWNnMMP2C9fQJsPo3t</latexit>

S8

<latexit sha1_base64="YtC6kawpCMvev5WePT98B7Ba1s0=">AAACBnicdVDLSsNAFJ34rPUVdSnCYBFclURqHwuh6MZlBfuANoTJZNIOnTyYmYg1ZOXGX3HjQhG3foM7/8ZJm4KKHhg4c8693HuPEzEqpGF8aguLS8srq4W14vrG5ta2vrPbEWHMMWnjkIW85yBBGA1IW1LJSC/iBPkOI11nfJH53RvCBQ2DazmJiOWjYUA9ipFUkq0f3NkDH8kR9xNOcHo2/3j0lriprZeMcsMwG6c1OCP1Sk6qDWiWjSlKIEfL1j8GbohjnwQSMyRE3zQiaSWIS4oZSYuDWJAI4TEakr6iAfKJsJLpGSk8UooLvZCrF0g4Vb93JMgXYuI7qjLbUvz2MvEvrx9Lr24lNIhiSQI8G+TFDMoQZplAl6rbJZsogjCnaleIR4gjLFVyRRXC/FL4P+mclM1quXpVKTXP8zgKYB8cgmNgghpogkvQAm2AwT14BM/gRXvQnrRX7W1WuqDlPXvgB7T3L0TrmlI=</latexit>

zrec = fixed
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Secondary effect II - primordial spectrum

Increased          to compensate 
enhanced diffusion damping in CMB 
Primordial spectrum one-sigma 
compatible with scale invariance.

0.96 0.98 1.00

ns

68

70

72

74

H
0
[k

m
s°

1
M

p
c°

1
]

NEDE (w/ SH0ES) §CDM NEDE (w/o SH0ES, m fixed)
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Secondary effect II - primordial spectrum
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enhanced diffusion damping in CMB 
Primordial spectrum one-sigma 
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 Cosmic history:
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<latexit sha1_base64="sIRS4htwI0x2FAQAAlumvMsXS2o=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXinoRil48VrAf0C4lm2bb0CS7JFmlLP0LXjwo4tU/5M1/Y7bdg7Y+GHi8N8PMvCDmTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKWjRBHaJBGPVCfAmnImadMww2knVhSLgNN2ML7N/PYjVZpF8sFMYuoLPJQsZASbTHq6PvP65YpbdWdAy8TLSQVyNPrlr94gIomg0hCOte56bmz8FCvDCKfTUi/RNMZkjIe0a6nEgmo/nd06RSdWGaAwUrakQTP190SKhdYTEdhOgc1IL3qZ+J/XTUx45adMxomhkswXhQlHJkLZ42jAFCWGTyzBRDF7KyIjrDAxNp6SDcFbfHmZtM6r3kW1dl+r1G/yOIpwBMdwCh5cQh3uoAFNIDCCZ3iFN0c4L8678zFvLTj5zCH8gfP5A0Nrjb0=</latexit>

w = �1

 Cosmic history:

<latexit sha1_base64="dSpTkOBO9HRLYIggik7ZLckR720=">AAAB8HicdVDLTgIxFO3gC/GFunTTSExwMxkGBNwR3bjERB4GJqRTOtDQdiZtxwQnfIUbFxrj1s9x59/YAUzU6ElucnLOvbn3Hj9iVGnH+bAyK6tr6xvZzdzW9s7uXn7/oK3CWGLSwiELZddHijAqSEtTzUg3kgRxn5GOP7lM/c4dkYqG4kZPI+JxNBI0oBhpI9325TgcdIv3p4N8wbHP61X3zIWO7Tg1t1xNiVuruGVYMkqKAliiOci/94chjjkRGjOkVK/kRNpLkNQUMzLL9WNFIoQnaER6hgrEifKS+cEzeGKUIQxCaUpoOFe/TySIKzXlvunkSI/Vby8V//J6sQ7qXkJFFGsi8GJREDOoQ5h+D4dUEqzZ1BCEJTW3QjxGEmFtMsqZEL4+hf+TtmuXqnblulJoXCzjyIIjcAyKoARqoAGuQBO0AAYcPIAn8GxJ69F6sV4XrRlrOXMIfsB6+wSS5ZBI</latexit>

⇢X(z)

<latexit sha1_base64="PQbKoNkhGew319ejenR6u3tpx5g=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU91VqZ6k6MVjBfsB7VKyabaNzSZLklXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWl5ZXcuvFzY2t7Z3irt7DS0TRWidSC5VK8CaciZo3TDDaStWFEcBp81geDPxm49UaSbFvRnF1I9wX7CQEWys1Hi6Qt7JWbdYcsvuFGiReBkpQYZat/jV6UmSRFQYwrHWbc+NjZ9iZRjhdFzoJJrGmAxxn7YtFTii2k+n147RkVV6KJTKljBoqv6eSHGk9SgKbGeEzUDPexPxP6+dmPDST5mIE0MFmS0KE46MRJPXUY8pSgwfWYKJYvZWRAZYYWJsQAUbgjf/8iJpnJa9Srlyd16qXmdx5OEADuEYPLiAKtxCDepA4AGe4RXeHOm8OO/Ox6w152Qz+/AHzucPEnyOKQ==</latexit>

w > 1/3
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 First model in 2018: AxiEDE - Poulin, Smith, Karwal, Kamionkowski 
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<latexit sha1_base64="sIRS4htwI0x2FAQAAlumvMsXS2o=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXinoRil48VrAf0C4lm2bb0CS7JFmlLP0LXjwo4tU/5M1/Y7bdg7Y+GHi8N8PMvCDmTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKWjRBHaJBGPVCfAmnImadMww2knVhSLgNN2ML7N/PYjVZpF8sFMYuoLPJQsZASbTHq6PvP65YpbdWdAy8TLSQVyNPrlr94gIomg0hCOte56bmz8FCvDCKfTUi/RNMZkjIe0a6nEgmo/nd06RSdWGaAwUrakQTP190SKhdYTEdhOgc1IL3qZ+J/XTUx45adMxomhkswXhQlHJkLZ42jAFCWGTyzBRDF7KyIjrDAxNp6SDcFbfHmZtM6r3kW1dl+r1G/yOIpwBMdwCh5cQh3uoAFNIDCCZ3iFN0c4L8678zFvLTj5zCH8gfP5A0Nrjb0=</latexit>

w = �1

 Cosmic history:

<latexit sha1_base64="dSpTkOBO9HRLYIggik7ZLckR720=">AAAB8HicdVDLTgIxFO3gC/GFunTTSExwMxkGBNwR3bjERB4GJqRTOtDQdiZtxwQnfIUbFxrj1s9x59/YAUzU6ElucnLOvbn3Hj9iVGnH+bAyK6tr6xvZzdzW9s7uXn7/oK3CWGLSwiELZddHijAqSEtTzUg3kgRxn5GOP7lM/c4dkYqG4kZPI+JxNBI0oBhpI9325TgcdIv3p4N8wbHP61X3zIWO7Tg1t1xNiVuruGVYMkqKAliiOci/94chjjkRGjOkVK/kRNpLkNQUMzLL9WNFIoQnaER6hgrEifKS+cEzeGKUIQxCaUpoOFe/TySIKzXlvunkSI/Vby8V//J6sQ7qXkJFFGsi8GJREDOoQ5h+D4dUEqzZ1BCEJTW3QjxGEmFtMsqZEL4+hf+TtmuXqnblulJoXCzjyIIjcAyKoARqoAGuQBO0AAYcPIAn8GxJ69F6sV4XrRlrOXMIfsB6+wSS5ZBI</latexit>

⇢X(z)

<latexit sha1_base64="PQbKoNkhGew319ejenR6u3tpx5g=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU91VqZ6k6MVjBfsB7VKyabaNzSZLklXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWl5ZXcuvFzY2t7Z3irt7DS0TRWidSC5VK8CaciZo3TDDaStWFEcBp81geDPxm49UaSbFvRnF1I9wX7CQEWys1Hi6Qt7JWbdYcsvuFGiReBkpQYZat/jV6UmSRFQYwrHWbc+NjZ9iZRjhdFzoJJrGmAxxn7YtFTii2k+n147RkVV6KJTKljBoqv6eSHGk9SgKbGeEzUDPexPxP6+dmPDST5mIE0MFmS0KE46MRJPXUY8pSgwfWYKJYvZWRAZYYWJsQAUbgjf/8iJpnJa9Srlyd16qXmdx5OEADuEYPLiAKtxCDepA4AGe4RXeHOm8OO/Ox6w152Qz+/AHzucPEnyOKQ==</latexit>

w > 1/3
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 First model in 2018: AxiEDE - Poulin, Smith, Karwal, Kamionkowski 
 Insight with Martin S. Sloth 2019: Looks like a vacuum phase transition!
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<latexit sha1_base64="sIRS4htwI0x2FAQAAlumvMsXS2o=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBi2VXinoRil48VrAf0C4lm2bb0CS7JFmlLP0LXjwo4tU/5M1/Y7bdg7Y+GHi8N8PMvCDmTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKWjRBHaJBGPVCfAmnImadMww2knVhSLgNN2ML7N/PYjVZpF8sFMYuoLPJQsZASbTHq6PvP65YpbdWdAy8TLSQVyNPrlr94gIomg0hCOte56bmz8FCvDCKfTUi/RNMZkjIe0a6nEgmo/nd06RSdWGaAwUrakQTP190SKhdYTEdhOgc1IL3qZ+J/XTUx45adMxomhkswXhQlHJkLZ42jAFCWGTyzBRDF7KyIjrDAxNp6SDcFbfHmZtM6r3kW1dl+r1G/yOIpwBMdwCh5cQh3uoAFNIDCCZ3iFN0c4L8678zFvLTj5zCH8gfP5A0Nrjb0=</latexit>

w = �1

 Cosmic history:

<latexit sha1_base64="dSpTkOBO9HRLYIggik7ZLckR720=">AAAB8HicdVDLTgIxFO3gC/GFunTTSExwMxkGBNwR3bjERB4GJqRTOtDQdiZtxwQnfIUbFxrj1s9x59/YAUzU6ElucnLOvbn3Hj9iVGnH+bAyK6tr6xvZzdzW9s7uXn7/oK3CWGLSwiELZddHijAqSEtTzUg3kgRxn5GOP7lM/c4dkYqG4kZPI+JxNBI0oBhpI9325TgcdIv3p4N8wbHP61X3zIWO7Tg1t1xNiVuruGVYMkqKAliiOci/94chjjkRGjOkVK/kRNpLkNQUMzLL9WNFIoQnaER6hgrEifKS+cEzeGKUIQxCaUpoOFe/TySIKzXlvunkSI/Vby8V//J6sQ7qXkJFFGsi8GJREDOoQ5h+D4dUEqzZ1BCEJTW3QjxGEmFtMsqZEL4+hf+TtmuXqnblulJoXCzjyIIjcAyKoARqoAGuQBO0AAYcPIAn8GxJ69F6sV4XrRlrOXMIfsB6+wSS5ZBI</latexit>

⇢X(z)

<latexit sha1_base64="PQbKoNkhGew319ejenR6u3tpx5g=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU91VqZ6k6MVjBfsB7VKyabaNzSZLklXK0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWl5ZXcuvFzY2t7Z3irt7DS0TRWidSC5VK8CaciZo3TDDaStWFEcBp81geDPxm49UaSbFvRnF1I9wX7CQEWys1Hi6Qt7JWbdYcsvuFGiReBkpQYZat/jV6UmSRFQYwrHWbc+NjZ9iZRjhdFzoJJrGmAxxn7YtFTii2k+n147RkVV6KJTKljBoqv6eSHGk9SgKbGeEzUDPexPxP6+dmPDST5mIE0MFmS0KE46MRJPXUY8pSgwfWYKJYvZWRAZYYWJsQAUbgjf/8iJpnJa9Srlyd16qXmdx5OEADuEYPLiAKtxCDepA4AGe4RXeHOm8OO/Ox6w152Qz+/AHzucPEnyOKQ==</latexit>

w > 1/3



Vacuum phase transition



Vacuum phase transition
single field case

vacuum bubbles 

tunnelling

(eV)4
<latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit><latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit><latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit><latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit>

(meV)4
<latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit><latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit><latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit><latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit>  

<latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit>

V ( )
<latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit>

0
<latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit><latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit><latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit><latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit>

NEDE 

<latexit sha1_base64="5ZPcDl/KcdlPd74Ujvgrb3iJG3I=">AAAB8nicdVDJSgNBEK1xjXGLevTSGARPw0xwyy3oxWMEs8DMGHo6PUmT7umhu0cIIZ/hxYMiXv0ab/6NnUVwfVDweK+Kqnpxxpk2nvfuLCwuLa+sFtaK6xubW9ulnd2mlrkitEEkl6odY005S2nDMMNpO1MUi5jTVjy4nPitO6o0k+mNGWY0EriXsoQRbKwUhJoJFGaa3VY6pbLnVj2/euqj38R3vSnKMEe9U3oLu5LkgqaGcKx14HuZiUZYGUY4HRfDXNMMkwHu0cDSFAuqo9H05DE6tEoXJVLZSg2aql8nRlhoPRSx7RTY9PVPbyL+5QW5Sc6jEUuz3NCUzBYlOUdGosn/qMsUJYYPLcFEMXsrIn2sMDE2paIN4fNT9D9pVlz/xPWuj8u1i3kcBdiHAzgCH86gBldQhwYQkHAPj/DkGOfBeXZeZq0LznxmD77Bef0ANIyRNw==</latexit>

⇠  2

<latexit sha1_base64="b4vlPhACRJi7pom2FdKCWEv1138=">AAAB9XicdVDJSgNBEO2JW4xb1KOXxiB4GmYkRHMQgh70GMEskIyhptNJmnT3DN09ShjyH148KOLVf/Hm39hZBNcHBY/3qqiqF8acaeN5705mYXFpeSW7mltb39jcym/v1HWUKEJrJOKRaoagKWeS1gwznDZjRUGEnDbC4fnEb9xSpVkkr80opoGAvmQ9RsBY6aZ9AUIAPsUkktp08gXPLXt+ueTj38R3vSkKaI5qJ//W7kYkEVQawkHrlu/FJkhBGUY4HefaiaYxkCH0actSCYLqIJ1ePcYHVuniXqRsSYOn6teJFITWIxHaTgFmoH96E/Evr5WY3kmQMhknhkoyW9RLODYRnkSAu0xRYvjIEiCK2VsxGYACYmxQORvC56f4f1I/cv2SW7wqFipn8ziyaA/to0Pko2NUQZeoimqIIIXu0SN6cu6cB+fZeZm1Zpz5zC76Buf1AwtxkkA=</latexit>

� = const

rate



Vacuum phase transition
single field case

vacuum bubbles 

tunnelling

(eV)4
<latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit><latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit><latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit><latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit>

(meV)4
<latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit><latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit><latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit><latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit>  

<latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit>

V ( )
<latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit>

0
<latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit><latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit><latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit><latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit>

NEDE 

<latexit sha1_base64="5ZPcDl/KcdlPd74Ujvgrb3iJG3I=">AAAB8nicdVDJSgNBEK1xjXGLevTSGARPw0xwyy3oxWMEs8DMGHo6PUmT7umhu0cIIZ/hxYMiXv0ab/6NnUVwfVDweK+Kqnpxxpk2nvfuLCwuLa+sFtaK6xubW9ulnd2mlrkitEEkl6odY005S2nDMMNpO1MUi5jTVjy4nPitO6o0k+mNGWY0EriXsoQRbKwUhJoJFGaa3VY6pbLnVj2/euqj38R3vSnKMEe9U3oLu5LkgqaGcKx14HuZiUZYGUY4HRfDXNMMkwHu0cDSFAuqo9H05DE6tEoXJVLZSg2aql8nRlhoPRSx7RTY9PVPbyL+5QW5Sc6jEUuz3NCUzBYlOUdGosn/qMsUJYYPLcFEMXsrIn2sMDE2paIN4fNT9D9pVlz/xPWuj8u1i3kcBdiHAzgCH86gBldQhwYQkHAPj/DkGOfBeXZeZq0LznxmD77Bef0ANIyRNw==</latexit>

⇠  2

 Hubble tension: EDE provided by (decaying) false vacuum energy / latent heat.  
 
 
 
 
 
 

<latexit sha1_base64="b4vlPhACRJi7pom2FdKCWEv1138=">AAAB9XicdVDJSgNBEO2JW4xb1KOXxiB4GmYkRHMQgh70GMEskIyhptNJmnT3DN09ShjyH148KOLVf/Hm39hZBNcHBY/3qqiqF8acaeN5705mYXFpeSW7mltb39jcym/v1HWUKEJrJOKRaoagKWeS1gwznDZjRUGEnDbC4fnEb9xSpVkkr80opoGAvmQ9RsBY6aZ9AUIAPsUkktp08gXPLXt+ueTj38R3vSkKaI5qJ//W7kYkEVQawkHrlu/FJkhBGUY4HefaiaYxkCH0actSCYLqIJ1ePcYHVuniXqRsSYOn6teJFITWIxHaTgFmoH96E/Evr5WY3kmQMhknhkoyW9RLODYRnkSAu0xRYvjIEiCK2VsxGYACYmxQORvC56f4f1I/cv2SW7wqFipn8ziyaA/to0Pko2NUQZeoimqIIIXu0SN6cu6cB+fZeZm1Zpz5zC76Buf1AwtxkkA=</latexit>

� = const

rate



Vacuum phase transition
single field case

vacuum bubbles 

tunnelling

(eV)4
<latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit><latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit><latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit><latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit>

(meV)4
<latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit><latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit><latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit><latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit>  

<latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit>

V ( )
<latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit>

0
<latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit><latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit><latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit><latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit>

NEDE 

<latexit sha1_base64="5ZPcDl/KcdlPd74Ujvgrb3iJG3I=">AAAB8nicdVDJSgNBEK1xjXGLevTSGARPw0xwyy3oxWMEs8DMGHo6PUmT7umhu0cIIZ/hxYMiXv0ab/6NnUVwfVDweK+Kqnpxxpk2nvfuLCwuLa+sFtaK6xubW9ulnd2mlrkitEEkl6odY005S2nDMMNpO1MUi5jTVjy4nPitO6o0k+mNGWY0EriXsoQRbKwUhJoJFGaa3VY6pbLnVj2/euqj38R3vSnKMEe9U3oLu5LkgqaGcKx14HuZiUZYGUY4HRfDXNMMkwHu0cDSFAuqo9H05DE6tEoXJVLZSg2aql8nRlhoPRSx7RTY9PVPbyL+5QW5Sc6jEUuz3NCUzBYlOUdGosn/qMsUJYYPLcFEMXsrIn2sMDE2paIN4fNT9D9pVlz/xPWuj8u1i3kcBdiHAzgCH86gBldQhwYQkHAPj/DkGOfBeXZeZq0LznxmD77Bef0ANIyRNw==</latexit>

⇠  2

 Hubble tension: EDE provided by (decaying) false vacuum energy / latent heat.  
 
 
 
 
 
 

However:

<latexit sha1_base64="b4vlPhACRJi7pom2FdKCWEv1138=">AAAB9XicdVDJSgNBEO2JW4xb1KOXxiB4GmYkRHMQgh70GMEskIyhptNJmnT3DN09ShjyH148KOLVf/Hm39hZBNcHBY/3qqiqF8acaeN5705mYXFpeSW7mltb39jcym/v1HWUKEJrJOKRaoagKWeS1gwznDZjRUGEnDbC4fnEb9xSpVkkr80opoGAvmQ9RsBY6aZ9AUIAPsUkktp08gXPLXt+ueTj38R3vSkKaI5qJ//W7kYkEVQawkHrlu/FJkhBGUY4HefaiaYxkCH0actSCYLqIJ1ePcYHVuniXqRsSYOn6teJFITWIxHaTgFmoH96E/Evr5WY3kmQMhknhkoyW9RLODYRnkSAu0xRYvjIEiCK2VsxGYACYmxQORvC56f4f1I/cv2SW7wqFipn8ziyaA/to0Pko2NUQZeoimqIIIXu0SN6cu6cB+fZeZm1Zpz5zC76Buf1AwtxkkA=</latexit>

� = const

rate



Vacuum phase transition
single field case

vacuum bubbles 

tunnelling

(eV)4
<latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit><latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit><latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit><latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit>

(meV)4
<latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit><latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit><latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit><latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit>  

<latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit>

V ( )
<latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit>

0
<latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit><latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit><latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit><latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit>

NEDE 

<latexit sha1_base64="5ZPcDl/KcdlPd74Ujvgrb3iJG3I=">AAAB8nicdVDJSgNBEK1xjXGLevTSGARPw0xwyy3oxWMEs8DMGHo6PUmT7umhu0cIIZ/hxYMiXv0ab/6NnUVwfVDweK+Kqnpxxpk2nvfuLCwuLa+sFtaK6xubW9ulnd2mlrkitEEkl6odY005S2nDMMNpO1MUi5jTVjy4nPitO6o0k+mNGWY0EriXsoQRbKwUhJoJFGaa3VY6pbLnVj2/euqj38R3vSnKMEe9U3oLu5LkgqaGcKx14HuZiUZYGUY4HRfDXNMMkwHu0cDSFAuqo9H05DE6tEoXJVLZSg2aql8nRlhoPRSx7RTY9PVPbyL+5QW5Sc6jEUuz3NCUzBYlOUdGosn/qMsUJYYPLcFEMXsrIn2sMDE2paIN4fNT9D9pVlz/xPWuj8u1i3kcBdiHAzgCH86gBldQhwYQkHAPj/DkGOfBeXZeZq0LznxmD77Bef0ANIyRNw==</latexit>

⇠  2

 Hubble tension: EDE provided by (decaying) false vacuum energy / latent heat.  
 
 
 
 
 
 

However:
<latexit sha1_base64="b4vlPhACRJi7pom2FdKCWEv1138=">AAAB9XicdVDJSgNBEO2JW4xb1KOXxiB4GmYkRHMQgh70GMEskIyhptNJmnT3DN09ShjyH148KOLVf/Hm39hZBNcHBY/3qqiqF8acaeN5705mYXFpeSW7mltb39jcym/v1HWUKEJrJOKRaoagKWeS1gwznDZjRUGEnDbC4fnEb9xSpVkkr80opoGAvmQ9RsBY6aZ9AUIAPsUkktp08gXPLXt+ueTj38R3vSkKaI5qJ//W7kYkEVQawkHrlu/FJkhBGUY4HefaiaYxkCH0actSCYLqIJ1ePcYHVuniXqRsSYOn6teJFITWIxHaTgFmoH96E/Evr5WY3kmQMhknhkoyW9RLODYRnkSAu0xRYvjIEiCK2VsxGYACYmxQORvC56f4f1I/cv2SW7wqFipn8ziyaA/to0Pko2NUQZeoimqIIIXu0SN6cu6cB+fZeZm1Zpz5zC76Buf1AwtxkkA=</latexit>

� = const tunneling turns on when
<latexit sha1_base64="l+LEkYoRzkqa/YY3/NJohkmUdmk=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCq5BIqXZXdGGXFewDmlhuppN2cCYJMxOhln6JGxeKuPVT3Pk3Th+CzwMXDufcy733hClnSrvuu5VbWl5ZXcuvFzY2t7aL9s5uSyWZJLRJEp7ITgiKchbTpmaa004qKYiQ03Z4cz7127dUKpbEV3qU0kDAIGYRI6CN1LOL/gUIAdhXTOD6dblnl1yn6nrViod/E89xZyihBRo9+83vJyQTNNaEg1Jdz011MAapGeF0UvAzRVMgNzCgXUNjEFQF49nhE3xolD6OEmkq1nimfp0Yg1BqJELTKUAP1U9vKv7ldTMdnQZjFqeZpjGZL4oyjnWCpyngPpOUaD4yBIhk5lZMhiCBaJNVwYTw+Sn+n7SOHa/ilC/LpdrZIo482kcH6Ah56ATVUB01UBMRlKF79IierDvrwXq2XuatOWsxs4e+wXr9ANd+kpY=</latexit>

� ⇠ H
4

<latexit sha1_base64="b4vlPhACRJi7pom2FdKCWEv1138=">AAAB9XicdVDJSgNBEO2JW4xb1KOXxiB4GmYkRHMQgh70GMEskIyhptNJmnT3DN09ShjyH148KOLVf/Hm39hZBNcHBY/3qqiqF8acaeN5705mYXFpeSW7mltb39jcym/v1HWUKEJrJOKRaoagKWeS1gwznDZjRUGEnDbC4fnEb9xSpVkkr80opoGAvmQ9RsBY6aZ9AUIAPsUkktp08gXPLXt+ueTj38R3vSkKaI5qJ//W7kYkEVQawkHrlu/FJkhBGUY4HefaiaYxkCH0actSCYLqIJ1ePcYHVuniXqRsSYOn6teJFITWIxHaTgFmoH96E/Evr5WY3kmQMhknhkoyW9RLODYRnkSAu0xRYvjIEiCK2VsxGYACYmxQORvC56f4f1I/cv2SW7wqFipn8ziyaA/to0Pko2NUQZeoimqIIIXu0SN6cu6cB+fZeZm1Zpz5zC76Buf1AwtxkkA=</latexit>

� = const

rate



Vacuum phase transition
single field case

vacuum bubbles 

tunnelling

(eV)4
<latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit><latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit><latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit><latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit>

(meV)4
<latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit><latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit><latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit><latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit>  

<latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit>

V ( )
<latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit>

0
<latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit><latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit><latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit><latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit>

NEDE 

<latexit sha1_base64="5ZPcDl/KcdlPd74Ujvgrb3iJG3I=">AAAB8nicdVDJSgNBEK1xjXGLevTSGARPw0xwyy3oxWMEs8DMGHo6PUmT7umhu0cIIZ/hxYMiXv0ab/6NnUVwfVDweK+Kqnpxxpk2nvfuLCwuLa+sFtaK6xubW9ulnd2mlrkitEEkl6odY005S2nDMMNpO1MUi5jTVjy4nPitO6o0k+mNGWY0EriXsoQRbKwUhJoJFGaa3VY6pbLnVj2/euqj38R3vSnKMEe9U3oLu5LkgqaGcKx14HuZiUZYGUY4HRfDXNMMkwHu0cDSFAuqo9H05DE6tEoXJVLZSg2aql8nRlhoPRSx7RTY9PVPbyL+5QW5Sc6jEUuz3NCUzBYlOUdGosn/qMsUJYYPLcFEMXsrIn2sMDE2paIN4fNT9D9pVlz/xPWuj8u1i3kcBdiHAzgCH86gBldQhwYQkHAPj/DkGOfBeXZeZq0LznxmD77Bef0ANIyRNw==</latexit>

⇠  2

 Hubble tension: EDE provided by (decaying) false vacuum energy / latent heat.  
 
 
 
 
 
 

However:
<latexit sha1_base64="b4vlPhACRJi7pom2FdKCWEv1138=">AAAB9XicdVDJSgNBEO2JW4xb1KOXxiB4GmYkRHMQgh70GMEskIyhptNJmnT3DN09ShjyH148KOLVf/Hm39hZBNcHBY/3qqiqF8acaeN5705mYXFpeSW7mltb39jcym/v1HWUKEJrJOKRaoagKWeS1gwznDZjRUGEnDbC4fnEb9xSpVkkr80opoGAvmQ9RsBY6aZ9AUIAPsUkktp08gXPLXt+ueTj38R3vSkKaI5qJ//W7kYkEVQawkHrlu/FJkhBGUY4HefaiaYxkCH0actSCYLqIJ1ePcYHVuniXqRsSYOn6teJFITWIxHaTgFmoH96E/Evr5WY3kmQMhknhkoyW9RLODYRnkSAu0xRYvjIEiCK2VsxGYACYmxQORvC56f4f1I/cv2SW7wqFipn8ziyaA/to0Pko2NUQZeoimqIIIXu0SN6cu6cB+fZeZm1Zpz5zC76Buf1AwtxkkA=</latexit>

� = const tunneling turns on when
<latexit sha1_base64="l+LEkYoRzkqa/YY3/NJohkmUdmk=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCq5BIqXZXdGGXFewDmlhuppN2cCYJMxOhln6JGxeKuPVT3Pk3Th+CzwMXDufcy733hClnSrvuu5VbWl5ZXcuvFzY2t7aL9s5uSyWZJLRJEp7ITgiKchbTpmaa004qKYiQ03Z4cz7127dUKpbEV3qU0kDAIGYRI6CN1LOL/gUIAdhXTOD6dblnl1yn6nrViod/E89xZyihBRo9+83vJyQTNNaEg1Jdz011MAapGeF0UvAzRVMgNzCgXUNjEFQF49nhE3xolD6OEmkq1nimfp0Yg1BqJELTKUAP1U9vKv7ldTMdnQZjFqeZpjGZL4oyjnWCpyngPpOUaD4yBIhk5lZMhiCBaJNVwYTw+Sn+n7SOHa/ilC/LpdrZIo482kcH6Ah56ATVUB01UBMRlKF79IierDvrwXq2XuatOWsxs4e+wXr9ANd+kpY=</latexit>

� ⇠ H
4

<latexit sha1_base64="b4vlPhACRJi7pom2FdKCWEv1138=">AAAB9XicdVDJSgNBEO2JW4xb1KOXxiB4GmYkRHMQgh70GMEskIyhptNJmnT3DN09ShjyH148KOLVf/Hm39hZBNcHBY/3qqiqF8acaeN5705mYXFpeSW7mltb39jcym/v1HWUKEJrJOKRaoagKWeS1gwznDZjRUGEnDbC4fnEb9xSpVkkr80opoGAvmQ9RsBY6aZ9AUIAPsUkktp08gXPLXt+ueTj38R3vSkKaI5qJ//W7kYkEVQawkHrlu/FJkhBGUY4HefaiaYxkCH0actSCYLqIJ1ePcYHVuniXqRsSYOn6teJFITWIxHaTgFmoH96E/Evr5WY3kmQMhknhkoyW9RLODYRnkSAu0xRYvjIEiCK2VsxGYACYmxQORvC56f4f1I/cv2SW7wqFipn8ziyaA/to0Pko2NUQZeoimqIIIXu0SN6cu6cB+fZeZm1Zpz5zC76Buf1AwtxkkA=</latexit>

� = const

rate

space

<latexit sha1_base64="nfC7ylGENKKlVIz3q6jhn5qLjAA=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFRKpfeyKblxWsA9oQ5lMb9qhk0mYmQgl9BfcuFDErT/kzr9x0kZQ0QMXDufcy733+DFnSjvOh1VYW9/Y3Cpul3Z29/YPyodHXRUlkkKHRjySfZ8o4ExARzPNoR9LIKHPoefPrjO/dw9SsUjc6XkMXkgmggWMEp1JQ9BkVK44dtNxm5d1vCKNak5qTezazhIVlKM9Kr8PxxFNQhCacqLUwHVi7aVEakY5LErDREFM6IxMYGCoICEoL13eusBnRhnjIJKmhMZL9ftESkKl5qFvOkOip+q3l4l/eYNEBw0vZSJONAi6WhQkHOsIZ4/jMZNANZ8bQqhk5lZMp0QSqk08JRPC16f4f9K9sN2aXbutVlpXeRxFdIJO0TlyUR210A1qow6iaIoe0BN6tkLr0XqxXletBSufOUY/YL19ApcyjqM=</latexit>⌘

<latexit sha1_base64="4W/MJTX06M4Xzto0Kd3uca/ATR0=">AAAB7XicdVDLSsNAFL2pr1pfVZduBosgLkIitY9d0Y3LCvYBbSiT6aQdO8mEmYlQQv/BjQtF3Po/7vwbp20EFT1w4XDOvdx7jx9zprTjfFi5ldW19Y38ZmFre2d3r7h/0FYikYS2iOBCdn2sKGcRbWmmOe3GkuLQ57TjT67mfueeSsVEdKunMfVCPIpYwAjWRmr3qcaDs0Gx5Nh1x61fVNGS1MoZqdSRazsLlCBDc1B87w8FSUIaacKxUj3XibWXYqkZ4XRW6CeKxphM8Ij2DI1wSJWXLq6doROjDFEgpKlIo4X6fSLFoVLT0DedIdZj9dubi395vUQHNS9lUZxoGpHloiDhSAs0fx0NmaRE86khmEhmbkVkjCUm2gRUMCF8fYr+J+1z263YlZtyqXGZxZGHIziGU3ChCg24hia0gMAdPMATPFvCerRerNdla87KZg7hB6y3T7RGj0A=</latexit>⌘⇤



Vacuum phase transition
single field case

vacuum bubbles 

tunnelling

(eV)4
<latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit><latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit><latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit><latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit>

(meV)4
<latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit><latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit><latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit><latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit>  

<latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit>

V ( )
<latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit>

0
<latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit><latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit><latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit><latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit>

NEDE 

<latexit sha1_base64="5ZPcDl/KcdlPd74Ujvgrb3iJG3I=">AAAB8nicdVDJSgNBEK1xjXGLevTSGARPw0xwyy3oxWMEs8DMGHo6PUmT7umhu0cIIZ/hxYMiXv0ab/6NnUVwfVDweK+Kqnpxxpk2nvfuLCwuLa+sFtaK6xubW9ulnd2mlrkitEEkl6odY005S2nDMMNpO1MUi5jTVjy4nPitO6o0k+mNGWY0EriXsoQRbKwUhJoJFGaa3VY6pbLnVj2/euqj38R3vSnKMEe9U3oLu5LkgqaGcKx14HuZiUZYGUY4HRfDXNMMkwHu0cDSFAuqo9H05DE6tEoXJVLZSg2aql8nRlhoPRSx7RTY9PVPbyL+5QW5Sc6jEUuz3NCUzBYlOUdGosn/qMsUJYYPLcFEMXsrIn2sMDE2paIN4fNT9D9pVlz/xPWuj8u1i3kcBdiHAzgCH86gBldQhwYQkHAPj/DkGOfBeXZeZq0LznxmD77Bef0ANIyRNw==</latexit>

⇠  2

 Hubble tension: EDE provided by (decaying) false vacuum energy / latent heat.  
 
 
 
 
 
 

However:
<latexit sha1_base64="b4vlPhACRJi7pom2FdKCWEv1138=">AAAB9XicdVDJSgNBEO2JW4xb1KOXxiB4GmYkRHMQgh70GMEskIyhptNJmnT3DN09ShjyH148KOLVf/Hm39hZBNcHBY/3qqiqF8acaeN5705mYXFpeSW7mltb39jcym/v1HWUKEJrJOKRaoagKWeS1gwznDZjRUGEnDbC4fnEb9xSpVkkr80opoGAvmQ9RsBY6aZ9AUIAPsUkktp08gXPLXt+ueTj38R3vSkKaI5qJ//W7kYkEVQawkHrlu/FJkhBGUY4HefaiaYxkCH0actSCYLqIJ1ePcYHVuniXqRsSYOn6teJFITWIxHaTgFmoH96E/Evr5WY3kmQMhknhkoyW9RLODYRnkSAu0xRYvjIEiCK2VsxGYACYmxQORvC56f4f1I/cv2SW7wqFipn8ziyaA/to0Pko2NUQZeoimqIIIXu0SN6cu6cB+fZeZm1Zpz5zC76Buf1AwtxkkA=</latexit>

� = const tunneling turns on when
<latexit sha1_base64="l+LEkYoRzkqa/YY3/NJohkmUdmk=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCq5BIqXZXdGGXFewDmlhuppN2cCYJMxOhln6JGxeKuPVT3Pk3Th+CzwMXDufcy733hClnSrvuu5VbWl5ZXcuvFzY2t7aL9s5uSyWZJLRJEp7ITgiKchbTpmaa004qKYiQ03Z4cz7127dUKpbEV3qU0kDAIGYRI6CN1LOL/gUIAdhXTOD6dblnl1yn6nrViod/E89xZyihBRo9+83vJyQTNNaEg1Jdz011MAapGeF0UvAzRVMgNzCgXUNjEFQF49nhE3xolD6OEmkq1nimfp0Yg1BqJELTKUAP1U9vKv7ldTMdnQZjFqeZpjGZL4oyjnWCpyngPpOUaD4yBIhk5lZMhiCBaJNVwYTw+Sn+n7SOHa/ilC/LpdrZIo482kcH6Ah56ATVUB01UBMRlKF79IierDvrwXq2XuatOWsxs4e+wXr9ANd+kpY=</latexit>

� ⇠ H
4

<latexit sha1_base64="b4vlPhACRJi7pom2FdKCWEv1138=">AAAB9XicdVDJSgNBEO2JW4xb1KOXxiB4GmYkRHMQgh70GMEskIyhptNJmnT3DN09ShjyH148KOLVf/Hm39hZBNcHBY/3qqiqF8acaeN5705mYXFpeSW7mltb39jcym/v1HWUKEJrJOKRaoagKWeS1gwznDZjRUGEnDbC4fnEb9xSpVkkr80opoGAvmQ9RsBY6aZ9AUIAPsUkktp08gXPLXt+ueTj38R3vSkKaI5qJ//W7kYkEVQawkHrlu/FJkhBGUY4HefaiaYxkCH0actSCYLqIJ1ePcYHVuniXqRsSYOn6teJFITWIxHaTgFmoH96E/Evr5WY3kmQMhknhkoyW9RLODYRnkSAu0xRYvjIEiCK2VsxGYACYmxQORvC56f4f1I/cv2SW7wqFipn8ziyaA/to0Pko2NUQZeoimqIIIXu0SN6cu6cB+fZeZm1Zpz5zC76Buf1AwtxkkA=</latexit>

� = const

rate

<latexit sha1_base64="GG/Zryza2dtIq65RAYJI4yK6dO4=">AAAB8HicdVDJSgNBEK1xjXGLevTSGARP44yEaG5BLzlGMIskQ+jp9CRNunuG7h4hDPkKLx4U8ernePNv7CyC64OCx3tVVNULE8608bx3Z2l5ZXVtPbeR39za3tkt7O03dZwqQhsk5rFqh1hTziRtGGY4bSeKYhFy2gpHV1O/dUeVZrG8MeOEBgIPJIsYwcZKt6irmUD+aa1XKHpuxfMrZR/9Jr7rzVCEBeq9wlu3H5NUUGkIx1p3fC8xQYaVYYTTSb6bappgMsID2rFUYkF1kM0OnqBjq/RRFCtb0qCZ+nUiw0LrsQhtp8BmqH96U/Evr5Oa6CLImExSQyWZL4pSjkyMpt+jPlOUGD62BBPF7K2IDLHCxNiM8jaEz0/R/6R55vplt3RdKlYvF3Hk4BCO4AR8OIcq1KAODSAg4B4e4clRzoPz7LzMW5ecxcwBfIPz+gG0fo+4</latexit>

⇠ 1/H(i) percolation time 

space

<latexit sha1_base64="nfC7ylGENKKlVIz3q6jhn5qLjAA=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFRKpfeyKblxWsA9oQ5lMb9qhk0mYmQgl9BfcuFDErT/kzr9x0kZQ0QMXDufcy733+DFnSjvOh1VYW9/Y3Cpul3Z29/YPyodHXRUlkkKHRjySfZ8o4ExARzPNoR9LIKHPoefPrjO/dw9SsUjc6XkMXkgmggWMEp1JQ9BkVK44dtNxm5d1vCKNak5qTezazhIVlKM9Kr8PxxFNQhCacqLUwHVi7aVEakY5LErDREFM6IxMYGCoICEoL13eusBnRhnjIJKmhMZL9ftESkKl5qFvOkOip+q3l4l/eYNEBw0vZSJONAi6WhQkHOsIZ4/jMZNANZ8bQqhk5lZMp0QSqk08JRPC16f4f9K9sN2aXbutVlpXeRxFdIJO0TlyUR210A1qow6iaIoe0BN6tkLr0XqxXletBSufOUY/YL19ApcyjqM=</latexit>⌘

<latexit sha1_base64="4W/MJTX06M4Xzto0Kd3uca/ATR0=">AAAB7XicdVDLSsNAFL2pr1pfVZduBosgLkIitY9d0Y3LCvYBbSiT6aQdO8mEmYlQQv/BjQtF3Po/7vwbp20EFT1w4XDOvdx7jx9zprTjfFi5ldW19Y38ZmFre2d3r7h/0FYikYS2iOBCdn2sKGcRbWmmOe3GkuLQ57TjT67mfueeSsVEdKunMfVCPIpYwAjWRmr3qcaDs0Gx5Nh1x61fVNGS1MoZqdSRazsLlCBDc1B87w8FSUIaacKxUj3XibWXYqkZ4XRW6CeKxphM8Ij2DI1wSJWXLq6doROjDFEgpKlIo4X6fSLFoVLT0DedIdZj9dubi395vUQHNS9lUZxoGpHloiDhSAs0fx0NmaRE86khmEhmbkVkjCUm2gRUMCF8fYr+J+1z263YlZtyqXGZxZGHIziGU3ChCg24hia0gMAdPMATPFvCerRerNdla87KZg7hB6y3T7RGj0A=</latexit>⌘⇤



Vacuum phase transition
single field case

vacuum bubbles 

tunnelling

(eV)4
<latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit><latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit><latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit><latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit>

(meV)4
<latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit><latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit><latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit><latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit>  

<latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit>

V ( )
<latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit>

0
<latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit><latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit><latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit><latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit>

NEDE 

<latexit sha1_base64="5ZPcDl/KcdlPd74Ujvgrb3iJG3I=">AAAB8nicdVDJSgNBEK1xjXGLevTSGARPw0xwyy3oxWMEs8DMGHo6PUmT7umhu0cIIZ/hxYMiXv0ab/6NnUVwfVDweK+Kqnpxxpk2nvfuLCwuLa+sFtaK6xubW9ulnd2mlrkitEEkl6odY005S2nDMMNpO1MUi5jTVjy4nPitO6o0k+mNGWY0EriXsoQRbKwUhJoJFGaa3VY6pbLnVj2/euqj38R3vSnKMEe9U3oLu5LkgqaGcKx14HuZiUZYGUY4HRfDXNMMkwHu0cDSFAuqo9H05DE6tEoXJVLZSg2aql8nRlhoPRSx7RTY9PVPbyL+5QW5Sc6jEUuz3NCUzBYlOUdGosn/qMsUJYYPLcFEMXsrIn2sMDE2paIN4fNT9D9pVlz/xPWuj8u1i3kcBdiHAzgCH86gBldQhwYQkHAPj/DkGOfBeXZeZq0LznxmD77Bef0ANIyRNw==</latexit>

⇠  2

 Hubble tension: EDE provided by (decaying) false vacuum energy / latent heat.  
 
 
 
 
 
 

However:
<latexit sha1_base64="b4vlPhACRJi7pom2FdKCWEv1138=">AAAB9XicdVDJSgNBEO2JW4xb1KOXxiB4GmYkRHMQgh70GMEskIyhptNJmnT3DN09ShjyH148KOLVf/Hm39hZBNcHBY/3qqiqF8acaeN5705mYXFpeSW7mltb39jcym/v1HWUKEJrJOKRaoagKWeS1gwznDZjRUGEnDbC4fnEb9xSpVkkr80opoGAvmQ9RsBY6aZ9AUIAPsUkktp08gXPLXt+ueTj38R3vSkKaI5qJ//W7kYkEVQawkHrlu/FJkhBGUY4HefaiaYxkCH0actSCYLqIJ1ePcYHVuniXqRsSYOn6teJFITWIxHaTgFmoH96E/Evr5WY3kmQMhknhkoyW9RLODYRnkSAu0xRYvjIEiCK2VsxGYACYmxQORvC56f4f1I/cv2SW7wqFipn8ziyaA/to0Pko2NUQZeoimqIIIXu0SN6cu6cB+fZeZm1Zpz5zC76Buf1AwtxkkA=</latexit>

� = const tunneling turns on when
<latexit sha1_base64="l+LEkYoRzkqa/YY3/NJohkmUdmk=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCq5BIqXZXdGGXFewDmlhuppN2cCYJMxOhln6JGxeKuPVT3Pk3Th+CzwMXDufcy733hClnSrvuu5VbWl5ZXcuvFzY2t7aL9s5uSyWZJLRJEp7ITgiKchbTpmaa004qKYiQ03Z4cz7127dUKpbEV3qU0kDAIGYRI6CN1LOL/gUIAdhXTOD6dblnl1yn6nrViod/E89xZyihBRo9+83vJyQTNNaEg1Jdz011MAapGeF0UvAzRVMgNzCgXUNjEFQF49nhE3xolD6OEmkq1nimfp0Yg1BqJELTKUAP1U9vKv7ldTMdnQZjFqeZpjGZL4oyjnWCpyngPpOUaD4yBIhk5lZMhiCBaJNVwYTw+Sn+n7SOHa/ilC/LpdrZIo482kcH6Ah56ATVUB01UBMRlKF79IierDvrwXq2XuatOWsxs4e+wXr9ANd+kpY=</latexit>

� ⇠ H
4

<latexit sha1_base64="b4vlPhACRJi7pom2FdKCWEv1138=">AAAB9XicdVDJSgNBEO2JW4xb1KOXxiB4GmYkRHMQgh70GMEskIyhptNJmnT3DN09ShjyH148KOLVf/Hm39hZBNcHBY/3qqiqF8acaeN5705mYXFpeSW7mltb39jcym/v1HWUKEJrJOKRaoagKWeS1gwznDZjRUGEnDbC4fnEb9xSpVkkr80opoGAvmQ9RsBY6aZ9AUIAPsUkktp08gXPLXt+ueTj38R3vSkKaI5qJ//W7kYkEVQawkHrlu/FJkhBGUY4HefaiaYxkCH0actSCYLqIJ1ePcYHVuniXqRsSYOn6teJFITWIxHaTgFmoH96E/Evr5WY3kmQMhknhkoyW9RLODYRnkSAu0xRYvjIEiCK2VsxGYACYmxQORvC56f4f1I/cv2SW7wqFipn8ziyaA/to0Pko2NUQZeoimqIIIXu0SN6cu6cB+fZeZm1Zpz5zC76Buf1AwtxkkA=</latexit>

� = const

rate

<latexit sha1_base64="GG/Zryza2dtIq65RAYJI4yK6dO4=">AAAB8HicdVDJSgNBEK1xjXGLevTSGARP44yEaG5BLzlGMIskQ+jp9CRNunuG7h4hDPkKLx4U8ernePNv7CyC64OCx3tVVNULE8608bx3Z2l5ZXVtPbeR39za3tkt7O03dZwqQhsk5rFqh1hTziRtGGY4bSeKYhFy2gpHV1O/dUeVZrG8MeOEBgIPJIsYwcZKt6irmUD+aa1XKHpuxfMrZR/9Jr7rzVCEBeq9wlu3H5NUUGkIx1p3fC8xQYaVYYTTSb6bappgMsID2rFUYkF1kM0OnqBjq/RRFCtb0qCZ+nUiw0LrsQhtp8BmqH96U/Evr5Oa6CLImExSQyWZL4pSjkyMpt+jPlOUGD62BBPF7K2IDLHCxNiM8jaEz0/R/6R55vplt3RdKlYvF3Hk4BCO4AR8OIcq1KAODSAg4B4e4clRzoPz7LzMW5ecxcwBfIPz+gG0fo+4</latexit>

⇠ 1/H(i) percolation time 

(ii) typical bubble size 
<latexit sha1_base64="GG/Zryza2dtIq65RAYJI4yK6dO4=">AAAB8HicdVDJSgNBEK1xjXGLevTSGARP44yEaG5BLzlGMIskQ+jp9CRNunuG7h4hDPkKLx4U8ernePNv7CyC64OCx3tVVNULE8608bx3Z2l5ZXVtPbeR39za3tkt7O03dZwqQhsk5rFqh1hTziRtGGY4bSeKYhFy2gpHV1O/dUeVZrG8MeOEBgIPJIsYwcZKt6irmUD+aa1XKHpuxfMrZR/9Jr7rzVCEBeq9wlu3H5NUUGkIx1p3fC8xQYaVYYTTSb6bappgMsID2rFUYkF1kM0OnqBjq/RRFCtb0qCZ+nUiw0LrsQhtp8BmqH96U/Evr5Oa6CLImExSQyWZL4pSjkyMpt+jPlOUGD62BBPF7K2IDLHCxNiM8jaEz0/R/6R55vplt3RdKlYvF3Hk4BCO4AR8OIcq1KAODSAg4B4e4clRzoPz7LzMW5ecxcwBfIPz+gG0fo+4</latexit>

⇠ 1/H
space

<latexit sha1_base64="nfC7ylGENKKlVIz3q6jhn5qLjAA=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFRKpfeyKblxWsA9oQ5lMb9qhk0mYmQgl9BfcuFDErT/kzr9x0kZQ0QMXDufcy733+DFnSjvOh1VYW9/Y3Cpul3Z29/YPyodHXRUlkkKHRjySfZ8o4ExARzPNoR9LIKHPoefPrjO/dw9SsUjc6XkMXkgmggWMEp1JQ9BkVK44dtNxm5d1vCKNak5qTezazhIVlKM9Kr8PxxFNQhCacqLUwHVi7aVEakY5LErDREFM6IxMYGCoICEoL13eusBnRhnjIJKmhMZL9ftESkKl5qFvOkOip+q3l4l/eYNEBw0vZSJONAi6WhQkHOsIZ4/jMZNANZ8bQqhk5lZMp0QSqk08JRPC16f4f9K9sN2aXbutVlpXeRxFdIJO0TlyUR210A1qow6iaIoe0BN6tkLr0XqxXletBSufOUY/YL19ApcyjqM=</latexit>⌘

<latexit sha1_base64="4W/MJTX06M4Xzto0Kd3uca/ATR0=">AAAB7XicdVDLSsNAFL2pr1pfVZduBosgLkIitY9d0Y3LCvYBbSiT6aQdO8mEmYlQQv/BjQtF3Po/7vwbp20EFT1w4XDOvdx7jx9zprTjfFi5ldW19Y38ZmFre2d3r7h/0FYikYS2iOBCdn2sKGcRbWmmOe3GkuLQ57TjT67mfueeSsVEdKunMfVCPIpYwAjWRmr3qcaDs0Gx5Nh1x61fVNGS1MoZqdSRazsLlCBDc1B87w8FSUIaacKxUj3XibWXYqkZ4XRW6CeKxphM8Ij2DI1wSJWXLq6doROjDFEgpKlIo4X6fSLFoVLT0DedIdZj9dubi395vUQHNS9lUZxoGpHloiDhSAs0fx0NmaRE86khmEhmbkVkjCUm2gRUMCF8fYr+J+1z263YlZtyqXGZxZGHIziGU3ChCg24hia0gMAdPMATPFvCerRerNdla87KZg7hB6y3T7RGj0A=</latexit>⌘⇤



Vacuum phase transition
single field case

vacuum bubbles 

tunnelling

(eV)4
<latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit><latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit><latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit><latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit>

(meV)4
<latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit><latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit><latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit><latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit>  

<latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit>

V ( )
<latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit>

0
<latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit><latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit><latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit><latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit>

NEDE 

<latexit sha1_base64="5ZPcDl/KcdlPd74Ujvgrb3iJG3I=">AAAB8nicdVDJSgNBEK1xjXGLevTSGARPw0xwyy3oxWMEs8DMGHo6PUmT7umhu0cIIZ/hxYMiXv0ab/6NnUVwfVDweK+Kqnpxxpk2nvfuLCwuLa+sFtaK6xubW9ulnd2mlrkitEEkl6odY005S2nDMMNpO1MUi5jTVjy4nPitO6o0k+mNGWY0EriXsoQRbKwUhJoJFGaa3VY6pbLnVj2/euqj38R3vSnKMEe9U3oLu5LkgqaGcKx14HuZiUZYGUY4HRfDXNMMkwHu0cDSFAuqo9H05DE6tEoXJVLZSg2aql8nRlhoPRSx7RTY9PVPbyL+5QW5Sc6jEUuz3NCUzBYlOUdGosn/qMsUJYYPLcFEMXsrIn2sMDE2paIN4fNT9D9pVlz/xPWuj8u1i3kcBdiHAzgCH86gBldQhwYQkHAPj/DkGOfBeXZeZq0LznxmD77Bef0ANIyRNw==</latexit>

⇠  2

 Hubble tension: EDE provided by (decaying) false vacuum energy / latent heat.  
 
 
 
 
 
 

 Challenge: How to avoid anisotropies in CMB arising from large bubbles?

However:
<latexit sha1_base64="b4vlPhACRJi7pom2FdKCWEv1138=">AAAB9XicdVDJSgNBEO2JW4xb1KOXxiB4GmYkRHMQgh70GMEskIyhptNJmnT3DN09ShjyH148KOLVf/Hm39hZBNcHBY/3qqiqF8acaeN5705mYXFpeSW7mltb39jcym/v1HWUKEJrJOKRaoagKWeS1gwznDZjRUGEnDbC4fnEb9xSpVkkr80opoGAvmQ9RsBY6aZ9AUIAPsUkktp08gXPLXt+ueTj38R3vSkKaI5qJ//W7kYkEVQawkHrlu/FJkhBGUY4HefaiaYxkCH0actSCYLqIJ1ePcYHVuniXqRsSYOn6teJFITWIxHaTgFmoH96E/Evr5WY3kmQMhknhkoyW9RLODYRnkSAu0xRYvjIEiCK2VsxGYACYmxQORvC56f4f1I/cv2SW7wqFipn8ziyaA/to0Pko2NUQZeoimqIIIXu0SN6cu6cB+fZeZm1Zpz5zC76Buf1AwtxkkA=</latexit>

� = const tunneling turns on when
<latexit sha1_base64="l+LEkYoRzkqa/YY3/NJohkmUdmk=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCq5BIqXZXdGGXFewDmlhuppN2cCYJMxOhln6JGxeKuPVT3Pk3Th+CzwMXDufcy733hClnSrvuu5VbWl5ZXcuvFzY2t7aL9s5uSyWZJLRJEp7ITgiKchbTpmaa004qKYiQ03Z4cz7127dUKpbEV3qU0kDAIGYRI6CN1LOL/gUIAdhXTOD6dblnl1yn6nrViod/E89xZyihBRo9+83vJyQTNNaEg1Jdz011MAapGeF0UvAzRVMgNzCgXUNjEFQF49nhE3xolD6OEmkq1nimfp0Yg1BqJELTKUAP1U9vKv7ldTMdnQZjFqeZpjGZL4oyjnWCpyngPpOUaD4yBIhk5lZMhiCBaJNVwYTw+Sn+n7SOHa/ilC/LpdrZIo482kcH6Ah56ATVUB01UBMRlKF79IierDvrwXq2XuatOWsxs4e+wXr9ANd+kpY=</latexit>

� ⇠ H
4

<latexit sha1_base64="b4vlPhACRJi7pom2FdKCWEv1138=">AAAB9XicdVDJSgNBEO2JW4xb1KOXxiB4GmYkRHMQgh70GMEskIyhptNJmnT3DN09ShjyH148KOLVf/Hm39hZBNcHBY/3qqiqF8acaeN5705mYXFpeSW7mltb39jcym/v1HWUKEJrJOKRaoagKWeS1gwznDZjRUGEnDbC4fnEb9xSpVkkr80opoGAvmQ9RsBY6aZ9AUIAPsUkktp08gXPLXt+ueTj38R3vSkKaI5qJ//W7kYkEVQawkHrlu/FJkhBGUY4HefaiaYxkCH0actSCYLqIJ1ePcYHVuniXqRsSYOn6teJFITWIxHaTgFmoH96E/Evr5WY3kmQMhknhkoyW9RLODYRnkSAu0xRYvjIEiCK2VsxGYACYmxQORvC56f4f1I/cv2SW7wqFipn8ziyaA/to0Pko2NUQZeoimqIIIXu0SN6cu6cB+fZeZm1Zpz5zC76Buf1AwtxkkA=</latexit>

� = const

rate

<latexit sha1_base64="GG/Zryza2dtIq65RAYJI4yK6dO4=">AAAB8HicdVDJSgNBEK1xjXGLevTSGARP44yEaG5BLzlGMIskQ+jp9CRNunuG7h4hDPkKLx4U8ernePNv7CyC64OCx3tVVNULE8608bx3Z2l5ZXVtPbeR39za3tkt7O03dZwqQhsk5rFqh1hTziRtGGY4bSeKYhFy2gpHV1O/dUeVZrG8MeOEBgIPJIsYwcZKt6irmUD+aa1XKHpuxfMrZR/9Jr7rzVCEBeq9wlu3H5NUUGkIx1p3fC8xQYaVYYTTSb6bappgMsID2rFUYkF1kM0OnqBjq/RRFCtb0qCZ+nUiw0LrsQhtp8BmqH96U/Evr5Oa6CLImExSQyWZL4pSjkyMpt+jPlOUGD62BBPF7K2IDLHCxNiM8jaEz0/R/6R55vplt3RdKlYvF3Hk4BCO4AR8OIcq1KAODSAg4B4e4clRzoPz7LzMW5ecxcwBfIPz+gG0fo+4</latexit>

⇠ 1/H(i) percolation time 

(ii) typical bubble size 
<latexit sha1_base64="GG/Zryza2dtIq65RAYJI4yK6dO4=">AAAB8HicdVDJSgNBEK1xjXGLevTSGARP44yEaG5BLzlGMIskQ+jp9CRNunuG7h4hDPkKLx4U8ernePNv7CyC64OCx3tVVNULE8608bx3Z2l5ZXVtPbeR39za3tkt7O03dZwqQhsk5rFqh1hTziRtGGY4bSeKYhFy2gpHV1O/dUeVZrG8MeOEBgIPJIsYwcZKt6irmUD+aa1XKHpuxfMrZR/9Jr7rzVCEBeq9wlu3H5NUUGkIx1p3fC8xQYaVYYTTSb6bappgMsID2rFUYkF1kM0OnqBjq/RRFCtb0qCZ+nUiw0LrsQhtp8BmqH96U/Evr5Oa6CLImExSQyWZL4pSjkyMpt+jPlOUGD62BBPF7K2IDLHCxNiM8jaEz0/R/6R55vplt3RdKlYvF3Hk4BCO4AR8OIcq1KAODSAg4B4e4clRzoPz7LzMW5ecxcwBfIPz+gG0fo+4</latexit>

⇠ 1/H
space

<latexit sha1_base64="nfC7ylGENKKlVIz3q6jhn5qLjAA=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFRKpfeyKblxWsA9oQ5lMb9qhk0mYmQgl9BfcuFDErT/kzr9x0kZQ0QMXDufcy733+DFnSjvOh1VYW9/Y3Cpul3Z29/YPyodHXRUlkkKHRjySfZ8o4ExARzPNoR9LIKHPoefPrjO/dw9SsUjc6XkMXkgmggWMEp1JQ9BkVK44dtNxm5d1vCKNak5qTezazhIVlKM9Kr8PxxFNQhCacqLUwHVi7aVEakY5LErDREFM6IxMYGCoICEoL13eusBnRhnjIJKmhMZL9ftESkKl5qFvOkOip+q3l4l/eYNEBw0vZSJONAi6WhQkHOsIZ4/jMZNANZ8bQqhk5lZMp0QSqk08JRPC16f4f9K9sN2aXbutVlpXeRxFdIJO0TlyUR210A1qow6iaIoe0BN6tkLr0XqxXletBSufOUY/YL19ApcyjqM=</latexit>⌘

<latexit sha1_base64="4W/MJTX06M4Xzto0Kd3uca/ATR0=">AAAB7XicdVDLSsNAFL2pr1pfVZduBosgLkIitY9d0Y3LCvYBbSiT6aQdO8mEmYlQQv/BjQtF3Po/7vwbp20EFT1w4XDOvdx7jx9zprTjfFi5ldW19Y38ZmFre2d3r7h/0FYikYS2iOBCdn2sKGcRbWmmOe3GkuLQ57TjT67mfueeSsVEdKunMfVCPIpYwAjWRmr3qcaDs0Gx5Nh1x61fVNGS1MoZqdSRazsLlCBDc1B87w8FSUIaacKxUj3XibWXYqkZ4XRW6CeKxphM8Ij2DI1wSJWXLq6doROjDFEgpKlIo4X6fSLFoVLT0DedIdZj9dubi395vUQHNS9lUZxoGpHloiDhSAs0fx0NmaRE86khmEhmbkVkjCUm2gRUMCF8fYr+J+1z263YlZtyqXGZxZGHIziGU3ChCg24hia0gMAdPMATPFvCerRerNdla87KZg7hB6y3T7RGj0A=</latexit>⌘⇤



Vacuum phase transition
single field case

vacuum bubbles 

tunnelling

(eV)4
<latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit><latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit><latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit><latexit sha1_base64="qdHig2CMCVJB+PFygIWi6b3Xn/w=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiDEyzAjQc0t6MVjBBMDyRh6OpWkSc9id00wDPkOLx4U8erHePNv7CyC64OCx3tVVNXzYyk0Os67lVlYXFpeya7m1tY3Nrfy2zt1HSWKQ41HMlINn2mQIoQaCpTQiBWwwJdw7Q/OJ/71EJQWUXiFoxi8gPVC0RWcoZG8YgvhDlOojw9vSu18wbHLjls+dulv4trOFAUyR7Wdf2t1Ip4EECKXTOum68TopUyh4BLGuVaiIWZ8wHrQNDRkAWgvnR49pgdG6dBupEyFSKfq14mUBVqPAt90Bgz7+qc3Ef/ymgl2T71UhHGCEPLZom4iKUZ0kgDtCAUc5cgQxpUwt1LeZ4pxNDnlTAifn9L/Sf3Idh3bvSwVKmfzOLJkj+yTInHJCamQC1IlNcLJLbknj+TJGloP1rP1MmvNWPOZXfIN1usHn5eSAQ==</latexit>

(meV)4
<latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit><latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit><latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit><latexit sha1_base64="SJiuoe9B4EfezIR2gddr0/0mEp8=">AAAB9XicdVDJSgNBEO1xjXGLevTSGIR4CTMS1NyCXjxGMAskk9DTqUma9Cx016hhyH948aCIV//Fm39jZxFcHxQ83quiqp4XS6HRtt+thcWl5ZXVzFp2fWNzazu3s1vXUaI41HgkI9X0mAYpQqihQAnNWAELPAkNb3gx8Rs3oLSIwmscxeAGrB8KX3CGRuoU2gh3mAZQHx91St1c3i6Wbad84tDfxCnaU+TJHNVu7q3di3gSQIhcMq1bjh2jmzKFgksYZ9uJhpjxIetDy9CQBaDddHr1mB4apUf9SJkKkU7VrxMpC7QeBZ7pDBgO9E9vIv7ltRL0z9xUhHGCEPLZIj+RFCM6iYD2hAKOcmQI40qYWykfMMU4mqCyJoTPT+n/pH5cdOyic1XKV87ncWTIPjkgBeKQU1Ihl6RKaoQTRe7JI3mybq0H69l6mbUuWPOZPfIN1usHbyiSeA==</latexit>  

<latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit>

V ( )
<latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit>

0
<latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit><latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit><latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit><latexit sha1_base64="0Pmnu6byJp4lbbekhAcyAkjyIHA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GnpE1NyCXjwmYBZIhtDTqUna9Cx09wgh5Au8eFDEq5/kzb+xswiuDwoe71VRVS9IpdCG0ncnt7S8srqWXy9sbG5t7xR39xo6yRTHOk9koloB0yhFjHUjjMRWqpBFgcRmMLya+s07VFok8Y0ZpehHrB+LUHBmrFSj3WKJumXqlc888pt4Lp2hBAtUu8W3Ti/hWYSx4ZJp3fZoavwxU0ZwiZNCJ9OYMj5kfWxbGrMItT+eHTohR1bpkTBRtmJDZurXiTGLtB5Fge2MmBnon95U/MtrZya88MciTjODMZ8vCjNJTEKmX5OeUMiNHFnCuBL2VsIHTDFubDYFG8Lnp+R/0jhxPep6tdNS5XIRRx4O4BCOwYNzqMA1VKEOHBDu4RGenFvnwXl2XuatOWcxsw/f4Lx+AOoRjQI=</latexit>

NEDE 

<latexit sha1_base64="5ZPcDl/KcdlPd74Ujvgrb3iJG3I=">AAAB8nicdVDJSgNBEK1xjXGLevTSGARPw0xwyy3oxWMEs8DMGHo6PUmT7umhu0cIIZ/hxYMiXv0ab/6NnUVwfVDweK+Kqnpxxpk2nvfuLCwuLa+sFtaK6xubW9ulnd2mlrkitEEkl6odY005S2nDMMNpO1MUi5jTVjy4nPitO6o0k+mNGWY0EriXsoQRbKwUhJoJFGaa3VY6pbLnVj2/euqj38R3vSnKMEe9U3oLu5LkgqaGcKx14HuZiUZYGUY4HRfDXNMMkwHu0cDSFAuqo9H05DE6tEoXJVLZSg2aql8nRlhoPRSx7RTY9PVPbyL+5QW5Sc6jEUuz3NCUzBYlOUdGosn/qMsUJYYPLcFEMXsrIn2sMDE2paIN4fNT9D9pVlz/xPWuj8u1i3kcBdiHAzgCH86gBldQhwYQkHAPj/DkGOfBeXZeZq0LznxmD77Bef0ANIyRNw==</latexit>

⇠  2

 Hubble tension: EDE provided by (decaying) false vacuum energy / latent heat.  
 
 
 
 
 
 

 Challenge: How to avoid anisotropies in CMB arising from large bubbles?

 Idea: Make tunneling rate time dependent: Two models Cold and Hot NEDE.

However:
<latexit sha1_base64="b4vlPhACRJi7pom2FdKCWEv1138=">AAAB9XicdVDJSgNBEO2JW4xb1KOXxiB4GmYkRHMQgh70GMEskIyhptNJmnT3DN09ShjyH148KOLVf/Hm39hZBNcHBY/3qqiqF8acaeN5705mYXFpeSW7mltb39jcym/v1HWUKEJrJOKRaoagKWeS1gwznDZjRUGEnDbC4fnEb9xSpVkkr80opoGAvmQ9RsBY6aZ9AUIAPsUkktp08gXPLXt+ueTj38R3vSkKaI5qJ//W7kYkEVQawkHrlu/FJkhBGUY4HefaiaYxkCH0actSCYLqIJ1ePcYHVuniXqRsSYOn6teJFITWIxHaTgFmoH96E/Evr5WY3kmQMhknhkoyW9RLODYRnkSAu0xRYvjIEiCK2VsxGYACYmxQORvC56f4f1I/cv2SW7wqFipn8ziyaA/to0Pko2NUQZeoimqIIIXu0SN6cu6cB+fZeZm1Zpz5zC76Buf1AwtxkkA=</latexit>

� = const tunneling turns on when
<latexit sha1_base64="l+LEkYoRzkqa/YY3/NJohkmUdmk=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCq5BIqXZXdGGXFewDmlhuppN2cCYJMxOhln6JGxeKuPVT3Pk3Th+CzwMXDufcy733hClnSrvuu5VbWl5ZXcuvFzY2t7aL9s5uSyWZJLRJEp7ITgiKchbTpmaa004qKYiQ03Z4cz7127dUKpbEV3qU0kDAIGYRI6CN1LOL/gUIAdhXTOD6dblnl1yn6nrViod/E89xZyihBRo9+83vJyQTNNaEg1Jdz011MAapGeF0UvAzRVMgNzCgXUNjEFQF49nhE3xolD6OEmkq1nimfp0Yg1BqJELTKUAP1U9vKv7ldTMdnQZjFqeZpjGZL4oyjnWCpyngPpOUaD4yBIhk5lZMhiCBaJNVwYTw+Sn+n7SOHa/ilC/LpdrZIo482kcH6Ah56ATVUB01UBMRlKF79IierDvrwXq2XuatOWsxs4e+wXr9ANd+kpY=</latexit>

� ⇠ H
4

<latexit sha1_base64="b4vlPhACRJi7pom2FdKCWEv1138=">AAAB9XicdVDJSgNBEO2JW4xb1KOXxiB4GmYkRHMQgh70GMEskIyhptNJmnT3DN09ShjyH148KOLVf/Hm39hZBNcHBY/3qqiqF8acaeN5705mYXFpeSW7mltb39jcym/v1HWUKEJrJOKRaoagKWeS1gwznDZjRUGEnDbC4fnEb9xSpVkkr80opoGAvmQ9RsBY6aZ9AUIAPsUkktp08gXPLXt+ueTj38R3vSkKaI5qJ//W7kYkEVQawkHrlu/FJkhBGUY4HefaiaYxkCH0actSCYLqIJ1ePcYHVuniXqRsSYOn6teJFITWIxHaTgFmoH96E/Evr5WY3kmQMhknhkoyW9RLODYRnkSAu0xRYvjIEiCK2VsxGYACYmxQORvC56f4f1I/cv2SW7wqFipn8ziyaA/to0Pko2NUQZeoimqIIIXu0SN6cu6cB+fZeZm1Zpz5zC76Buf1AwtxkkA=</latexit>

� = const

rate

<latexit sha1_base64="GG/Zryza2dtIq65RAYJI4yK6dO4=">AAAB8HicdVDJSgNBEK1xjXGLevTSGARP44yEaG5BLzlGMIskQ+jp9CRNunuG7h4hDPkKLx4U8ernePNv7CyC64OCx3tVVNULE8608bx3Z2l5ZXVtPbeR39za3tkt7O03dZwqQhsk5rFqh1hTziRtGGY4bSeKYhFy2gpHV1O/dUeVZrG8MeOEBgIPJIsYwcZKt6irmUD+aa1XKHpuxfMrZR/9Jr7rzVCEBeq9wlu3H5NUUGkIx1p3fC8xQYaVYYTTSb6bappgMsID2rFUYkF1kM0OnqBjq/RRFCtb0qCZ+nUiw0LrsQhtp8BmqH96U/Evr5Oa6CLImExSQyWZL4pSjkyMpt+jPlOUGD62BBPF7K2IDLHCxNiM8jaEz0/R/6R55vplt3RdKlYvF3Hk4BCO4AR8OIcq1KAODSAg4B4e4clRzoPz7LzMW5ecxcwBfIPz+gG0fo+4</latexit>

⇠ 1/H(i) percolation time 

(ii) typical bubble size 
<latexit sha1_base64="GG/Zryza2dtIq65RAYJI4yK6dO4=">AAAB8HicdVDJSgNBEK1xjXGLevTSGARP44yEaG5BLzlGMIskQ+jp9CRNunuG7h4hDPkKLx4U8ernePNv7CyC64OCx3tVVNULE8608bx3Z2l5ZXVtPbeR39za3tkt7O03dZwqQhsk5rFqh1hTziRtGGY4bSeKYhFy2gpHV1O/dUeVZrG8MeOEBgIPJIsYwcZKt6irmUD+aa1XKHpuxfMrZR/9Jr7rzVCEBeq9wlu3H5NUUGkIx1p3fC8xQYaVYYTTSb6bappgMsID2rFUYkF1kM0OnqBjq/RRFCtb0qCZ+nUiw0LrsQhtp8BmqH96U/Evr5Oa6CLImExSQyWZL4pSjkyMpt+jPlOUGD62BBPF7K2IDLHCxNiM8jaEz0/R/6R55vplt3RdKlYvF3Hk4BCO4AR8OIcq1KAODSAg4B4e4clRzoPz7LzMW5ecxcwBfIPz+gG0fo+4</latexit>

⇠ 1/H
space

<latexit sha1_base64="nfC7ylGENKKlVIz3q6jhn5qLjAA=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFRKpfeyKblxWsA9oQ5lMb9qhk0mYmQgl9BfcuFDErT/kzr9x0kZQ0QMXDufcy733+DFnSjvOh1VYW9/Y3Cpul3Z29/YPyodHXRUlkkKHRjySfZ8o4ExARzPNoR9LIKHPoefPrjO/dw9SsUjc6XkMXkgmggWMEp1JQ9BkVK44dtNxm5d1vCKNak5qTezazhIVlKM9Kr8PxxFNQhCacqLUwHVi7aVEakY5LErDREFM6IxMYGCoICEoL13eusBnRhnjIJKmhMZL9ftESkKl5qFvOkOip+q3l4l/eYNEBw0vZSJONAi6WhQkHOsIZ4/jMZNANZ8bQqhk5lZMp0QSqk08JRPC16f4f9K9sN2aXbutVlpXeRxFdIJO0TlyUR210A1qow6iaIoe0BN6tkLr0XqxXletBSufOUY/YL19ApcyjqM=</latexit>⌘

<latexit sha1_base64="4W/MJTX06M4Xzto0Kd3uca/ATR0=">AAAB7XicdVDLSsNAFL2pr1pfVZduBosgLkIitY9d0Y3LCvYBbSiT6aQdO8mEmYlQQv/BjQtF3Po/7vwbp20EFT1w4XDOvdx7jx9zprTjfFi5ldW19Y38ZmFre2d3r7h/0FYikYS2iOBCdn2sKGcRbWmmOe3GkuLQ57TjT67mfueeSsVEdKunMfVCPIpYwAjWRmr3qcaDs0Gx5Nh1x61fVNGS1MoZqdSRazsLlCBDc1B87w8FSUIaacKxUj3XibWXYqkZ4XRW6CeKxphM8Ij2DI1wSJWXLq6doROjDFEgpKlIo4X6fSLFoVLT0DedIdZj9dubi395vUQHNS9lUZxoGpHloiDhSAs0fx0NmaRE86khmEhmbkVkjCUm2gRUMCF8fYr+J+1z263YlZtyqXGZxZGHIziGU3ChCg24hia0gMAdPMATPFvCerRerNdla87KZg7hB6y3T7RGj0A=</latexit>⌘⇤



Cold New Early Dark Energy



Cold New Early Dark Energy
 Introduce a trigger field       to synchronise decay.

<latexit sha1_base64="3WZkLIXFqKRY7ARLTlvc3MP1J0A=">AAACFnicbZDLSsNAFIZP6q3WW9Slm8EiuNCSSFGXRTcuK9gLNKFMppN26OTCzEQoIU/hxldx40IRt+LOt3GaRtDWAwMf/3/OzJnfizmTyrK+jNLS8srqWnm9srG5tb1j7u61ZZQIQlsk4pHoelhSzkLaUkxx2o0FxYHHaccbX0/9zj0VkkXhnZrE1A3wMGQ+I1hpqW+epk5+SU8MPTe1alZeJwuQOfGIZX2z+iOgRbALqEJRzb756QwikgQ0VIRjKXu2FSs3xUIxwmlWcRJJY0zGeEh7GkMcUOmm+UYZOtLKAPmR0CdUKFd/T6Q4kHISeLozwGok572p+J/XS5R/6aYsjBNFQzJ7yE84UhGaZoQGTFCi+EQDJoLpXREZYYGJ0klWdAj2/JcXoX1Ws89r9dt6tXFVxFGGAziEY7DhAhpwA01oAYEHeIIXeDUejWfjzXiftZaMYmYf/pTx8Q2h+ptD</latexit>

�



Cold New Early Dark Energy
 Introduce a trigger field       to synchronise decay.
 eV scale adaption of first-order inflationary model

[Linde,1990][Adams,Freese,1990]

<latexit sha1_base64="3WZkLIXFqKRY7ARLTlvc3MP1J0A=">AAACFnicbZDLSsNAFIZP6q3WW9Slm8EiuNCSSFGXRTcuK9gLNKFMppN26OTCzEQoIU/hxldx40IRt+LOt3GaRtDWAwMf/3/OzJnfizmTyrK+jNLS8srqWnm9srG5tb1j7u61ZZQIQlsk4pHoelhSzkLaUkxx2o0FxYHHaccbX0/9zj0VkkXhnZrE1A3wMGQ+I1hpqW+epk5+SU8MPTe1alZeJwuQOfGIZX2z+iOgRbALqEJRzb756QwikgQ0VIRjKXu2FSs3xUIxwmlWcRJJY0zGeEh7GkMcUOmm+UYZOtLKAPmR0CdUKFd/T6Q4kHISeLozwGok572p+J/XS5R/6aYsjBNFQzJ7yE84UhGaZoQGTFCi+EQDJoLpXREZYYGJ0klWdAj2/JcXoX1Ws89r9dt6tXFVxFGGAziEY7DhAhpwA01oAYEHeIIXeDUejWfjzXiftZaMYmYf/pTx8Q2h+ptD</latexit>

�



Cold New Early Dark Energy

 
<latexit sha1_base64="JlJCEkmBZCR9zkXXaN1C7LNM7w0=">AAAB63icbVBNSwMxEJ31s9avqkcvwSJ4KrtV0GPRi8cK9gPapWTTbBuaZEOSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMyLFGfG+v63t7a+sbm1Xdop7+7tHxxWjo7bJkk1oS2S8ER3I2woZ5K2LLOcdpWmWEScdqLJXe53nqg2LJGPdqpoKPBIspgRbHOprwwbVKp+zZ8DrZKgIFUo0BxUvvrDhKSCSks4NqYX+MqGGdaWEU5n5X5qqMJkgke056jEgpowm986Q+dOGaI40a6kRXP190SGhTFTEblOge3YLHu5+J/XS218E2ZMqtRSSRaL4pQjm6D8cTRkmhLLp45gopm7FZEx1phYF0/ZhRAsv7xK2vVacFmrP1xVG7dFHCU4hTO4gACuoQH30IQWEBjDM7zCmye8F+/d+1i0rnnFzAn8gff5AyWNjk4=</latexit>

 Introduce a trigger field       to synchronise decay.
 eV scale adaption of first-order inflationary model

[Linde,1990][Adams,Freese,1990]

<latexit sha1_base64="3WZkLIXFqKRY7ARLTlvc3MP1J0A=">AAACFnicbZDLSsNAFIZP6q3WW9Slm8EiuNCSSFGXRTcuK9gLNKFMppN26OTCzEQoIU/hxldx40IRt+LOt3GaRtDWAwMf/3/OzJnfizmTyrK+jNLS8srqWnm9srG5tb1j7u61ZZQIQlsk4pHoelhSzkLaUkxx2o0FxYHHaccbX0/9zj0VkkXhnZrE1A3wMGQ+I1hpqW+epk5+SU8MPTe1alZeJwuQOfGIZX2z+iOgRbALqEJRzb756QwikgQ0VIRjKXu2FSs3xUIxwmlWcRJJY0zGeEh7GkMcUOmm+UYZOtLKAPmR0CdUKFd/T6Q4kHISeLozwGok572p+J/XS5R/6aYsjBNFQzJ7yE84UhGaZoQGTFCi+EQDJoLpXREZYYGJ0klWdAj2/JcXoX1Ws89r9dt6tXFVxFGGAziEY7DhAhpwA01oAYEHeIIXeDUejWfjzXiftZaMYmYf/pTx8Q2h+ptD</latexit>

�



Cold New Early Dark Energy

 
<latexit sha1_base64="JlJCEkmBZCR9zkXXaN1C7LNM7w0=">AAAB63icbVBNSwMxEJ31s9avqkcvwSJ4KrtV0GPRi8cK9gPapWTTbBuaZEOSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMyLFGfG+v63t7a+sbm1Xdop7+7tHxxWjo7bJkk1oS2S8ER3I2woZ5K2LLOcdpWmWEScdqLJXe53nqg2LJGPdqpoKPBIspgRbHOprwwbVKp+zZ8DrZKgIFUo0BxUvvrDhKSCSks4NqYX+MqGGdaWEU5n5X5qqMJkgke056jEgpowm986Q+dOGaI40a6kRXP190SGhTFTEblOge3YLHu5+J/XS218E2ZMqtRSSRaL4pQjm6D8cTRkmhLLp45gopm7FZEx1phYF0/ZhRAsv7xK2vVacFmrP1xVG7dFHCU4hTO4gACuoQH30IQWEBjDM7zCmye8F+/d+1i0rnnFzAn8gff5AyWNjk4=</latexit>

(i) 
� ' �ini

<latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit><latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit><latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit><latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit>

�/H4 ⌧ 1
<latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit><latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit><latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit><latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit>

field stuck initially:

tunnelling rate:

and

(i)

 Introduce a trigger field       to synchronise decay.
 eV scale adaption of first-order inflationary model

[Linde,1990][Adams,Freese,1990]

<latexit sha1_base64="V9Ajb6k473Oij8D79LC/gL2ipcA="></latexit>

�(�) / exp [�SE(�)]

<latexit sha1_base64="3WZkLIXFqKRY7ARLTlvc3MP1J0A=">AAACFnicbZDLSsNAFIZP6q3WW9Slm8EiuNCSSFGXRTcuK9gLNKFMppN26OTCzEQoIU/hxldx40IRt+LOt3GaRtDWAwMf/3/OzJnfizmTyrK+jNLS8srqWnm9srG5tb1j7u61ZZQIQlsk4pHoelhSzkLaUkxx2o0FxYHHaccbX0/9zj0VkkXhnZrE1A3wMGQ+I1hpqW+epk5+SU8MPTe1alZeJwuQOfGIZX2z+iOgRbALqEJRzb756QwikgQ0VIRjKXu2FSs3xUIxwmlWcRJJY0zGeEh7GkMcUOmm+UYZOtLKAPmR0CdUKFd/T6Q4kHISeLozwGok572p+J/XS5R/6aYsjBNFQzJ7yE84UhGaZoQGTFCi+EQDJoLpXREZYYGJ0klWdAj2/JcXoX1Ws89r9dt6tXFVxFGGAziEY7DhAhpwA01oAYEHeIIXeDUejWfjzXiftZaMYmYf/pTx8Q2h+ptD</latexit>

�



Cold New Early Dark Energy

 
<latexit sha1_base64="JlJCEkmBZCR9zkXXaN1C7LNM7w0=">AAAB63icbVBNSwMxEJ31s9avqkcvwSJ4KrtV0GPRi8cK9gPapWTTbBuaZEOSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMyLFGfG+v63t7a+sbm1Xdop7+7tHxxWjo7bJkk1oS2S8ER3I2woZ5K2LLOcdpWmWEScdqLJXe53nqg2LJGPdqpoKPBIspgRbHOprwwbVKp+zZ8DrZKgIFUo0BxUvvrDhKSCSks4NqYX+MqGGdaWEU5n5X5qqMJkgke056jEgpowm986Q+dOGaI40a6kRXP190SGhTFTEblOge3YLHu5+J/XS218E2ZMqtRSSRaL4pQjm6D8cTRkmhLLp45gopm7FZEx1phYF0/ZhRAsv7xK2vVacFmrP1xVG7dFHCU4hTO4gACuoQH30IQWEBjDM7zCmye8F+/d+1i0rnnFzAn8gff5AyWNjk4=</latexit>

(i) 
� ' �ini

<latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit><latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit><latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit><latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit>

�/H4 ⌧ 1
<latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit><latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit><latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit><latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit>

field stuck initially:

tunnelling rate:

and

(i)

�
<latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit><latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit><latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit><latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit>

bubble nucleation turns on

(ii)  starts evolving
eventually:  �/H4 & 1

<latexit sha1_base64="97f3ef2wGIn5AGD2Q6Z0nwInkWk=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXI0TKWp3RRd2WcE+oDOWTJppQ5OZIckIZezCX3HjQhG3/oY7/8b0Ifg8EDiccy735gQJZ0q77ruVm5tfWFzKLxdWVtfWN+zNrYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g8H52G/eUKlYHF3pYUJ9gXsRCxnB2kgde8e7wEJgeAir1yXo9bSJCog6dtF1yi4qHyP4myDHnaAIZqh17DevG5NU0EgTjpVqIzfRfoalZoTTUcFLFU0wGeAebRsaYUGVn03uH8F9o3RhGEvzIg0n6teJDAulhiIwSYF1X/30xuJfXjvV4amfsShJNY3IdFGYcqhjOC4DdpmkRPOhIZhIZm6FpI8lJtpUVjAlfP4U/k8aRw5yHXRZKlbOZnXkwS7YAwcAgRNQAVVQA3VAwC24B4/gybqzHqxn62UazVmzmW3wDdbrB+e/lMA=</latexit><latexit sha1_base64="97f3ef2wGIn5AGD2Q6Z0nwInkWk=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXI0TKWp3RRd2WcE+oDOWTJppQ5OZIckIZezCX3HjQhG3/oY7/8b0Ifg8EDiccy735gQJZ0q77ruVm5tfWFzKLxdWVtfWN+zNrYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g8H52G/eUKlYHF3pYUJ9gXsRCxnB2kgde8e7wEJgeAir1yXo9bSJCog6dtF1yi4qHyP4myDHnaAIZqh17DevG5NU0EgTjpVqIzfRfoalZoTTUcFLFU0wGeAebRsaYUGVn03uH8F9o3RhGEvzIg0n6teJDAulhiIwSYF1X/30xuJfXjvV4amfsShJNY3IdFGYcqhjOC4DdpmkRPOhIZhIZm6FpI8lJtpUVjAlfP4U/k8aRw5yHXRZKlbOZnXkwS7YAwcAgRNQAVVQA3VAwC24B4/gybqzHqxn62UazVmzmW3wDdbrB+e/lMA=</latexit><latexit sha1_base64="97f3ef2wGIn5AGD2Q6Z0nwInkWk=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXI0TKWp3RRd2WcE+oDOWTJppQ5OZIckIZezCX3HjQhG3/oY7/8b0Ifg8EDiccy735gQJZ0q77ruVm5tfWFzKLxdWVtfWN+zNrYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g8H52G/eUKlYHF3pYUJ9gXsRCxnB2kgde8e7wEJgeAir1yXo9bSJCog6dtF1yi4qHyP4myDHnaAIZqh17DevG5NU0EgTjpVqIzfRfoalZoTTUcFLFU0wGeAebRsaYUGVn03uH8F9o3RhGEvzIg0n6teJDAulhiIwSYF1X/30xuJfXjvV4amfsShJNY3IdFGYcqhjOC4DdpmkRPOhIZhIZm6FpI8lJtpUVjAlfP4U/k8aRw5yHXRZKlbOZnXkwS7YAwcAgRNQAVVQA3VAwC24B4/gybqzHqxn62UazVmzmW3wDdbrB+e/lMA=</latexit><latexit sha1_base64="97f3ef2wGIn5AGD2Q6Z0nwInkWk=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXI0TKWp3RRd2WcE+oDOWTJppQ5OZIckIZezCX3HjQhG3/oY7/8b0Ifg8EDiccy735gQJZ0q77ruVm5tfWFzKLxdWVtfWN+zNrYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g8H52G/eUKlYHF3pYUJ9gXsRCxnB2kgde8e7wEJgeAir1yXo9bSJCog6dtF1yi4qHyP4myDHnaAIZqh17DevG5NU0EgTjpVqIzfRfoalZoTTUcFLFU0wGeAebRsaYUGVn03uH8F9o3RhGEvzIg0n6teJDAulhiIwSYF1X/30xuJfXjvV4amfsShJNY3IdFGYcqhjOC4DdpmkRPOhIZhIZm6FpI8lJtpUVjAlfP4U/k8aRw5yHXRZKlbOZnXkwS7YAwcAgRNQAVVQA3VAwC24B4/gybqzHqxn62UazVmzmW3wDdbrB+e/lMA=</latexit>

quick percolation (bubbles remain small)

(ii)

 Introduce a trigger field       to synchronise decay.
 eV scale adaption of first-order inflationary model

[Linde,1990][Adams,Freese,1990]

<latexit sha1_base64="V9Ajb6k473Oij8D79LC/gL2ipcA="></latexit>

�(�) / exp [�SE(�)]

<latexit sha1_base64="3WZkLIXFqKRY7ARLTlvc3MP1J0A=">AAACFnicbZDLSsNAFIZP6q3WW9Slm8EiuNCSSFGXRTcuK9gLNKFMppN26OTCzEQoIU/hxldx40IRt+LOt3GaRtDWAwMf/3/OzJnfizmTyrK+jNLS8srqWnm9srG5tb1j7u61ZZQIQlsk4pHoelhSzkLaUkxx2o0FxYHHaccbX0/9zj0VkkXhnZrE1A3wMGQ+I1hpqW+epk5+SU8MPTe1alZeJwuQOfGIZX2z+iOgRbALqEJRzb756QwikgQ0VIRjKXu2FSs3xUIxwmlWcRJJY0zGeEh7GkMcUOmm+UYZOtLKAPmR0CdUKFd/T6Q4kHISeLozwGok572p+J/XS5R/6aYsjBNFQzJ7yE84UhGaZoQGTFCi+EQDJoLpXREZYYGJ0klWdAj2/JcXoX1Ws89r9dt6tXFVxFGGAziEY7DhAhpwA01oAYEHeIIXeDUejWfjzXiftZaMYmYf/pTx8Q2h+ptD</latexit>

�

recent bound:
<latexit sha1_base64="dOgLqpKCxSkgr0u+7Zpawoy2ogs=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCuAhJrX1spOimywq2FtoQJtNJO3QyCTMToYZ+iRsXirj1U9z5N07bCCp64MLhnHu59x4/ZlQq2/4wciura+sb+c3C1vbObtHc2+/KKBGYdHDEItHzkSSMctJRVDHSiwVBoc/IrT+5mvu3d0RIGvEbNY2JG6IRpwHFSGnJM4sDnygEL+BZ2YYt79QzS7bVsJ3GeQ0uSb2SkWoDOpa9QAlkaHvm+2AY4SQkXGGGpOw7dqzcFAlFMSOzwiCRJEZ4gkakrylHIZFuujh8Bo+1MoRBJHRxBRfq94kUhVJOQ193hkiN5W9vLv7l9RMV1N2U8jhRhOPloiBhUEVwngIcUkGwYlNNEBZU3wrxGAmElc6qoEP4+hT+T7ply6la1etKqXmZxZEHh+AInAAH1EATtEAbdAAGCXgAT+DZuDcejRfjddmaM7KZA/ADxtsnZbKRqA==</latexit>

� > 320H⇤
[G.Elor++,2311.16222]



Cold New Early Dark Energy

 
<latexit sha1_base64="JlJCEkmBZCR9zkXXaN1C7LNM7w0=">AAAB63icbVBNSwMxEJ31s9avqkcvwSJ4KrtV0GPRi8cK9gPapWTTbBuaZEOSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMyLFGfG+v63t7a+sbm1Xdop7+7tHxxWjo7bJkk1oS2S8ER3I2woZ5K2LLOcdpWmWEScdqLJXe53nqg2LJGPdqpoKPBIspgRbHOprwwbVKp+zZ8DrZKgIFUo0BxUvvrDhKSCSks4NqYX+MqGGdaWEU5n5X5qqMJkgke056jEgpowm986Q+dOGaI40a6kRXP190SGhTFTEblOge3YLHu5+J/XS218E2ZMqtRSSRaL4pQjm6D8cTRkmhLLp45gopm7FZEx1phYF0/ZhRAsv7xK2vVacFmrP1xVG7dFHCU4hTO4gACuoQH30IQWEBjDM7zCmye8F+/d+1i0rnnFzAn8gff5AyWNjk4=</latexit>

(i) 
� ' �ini

<latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit><latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit><latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit><latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit>

�/H4 ⌧ 1
<latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit><latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit><latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit><latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit>

field stuck initially:

tunnelling rate:

and

(i)

�
<latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit><latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit><latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit><latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit>

bubble nucleation turns on

(ii)  starts evolving
eventually:  �/H4 & 1

<latexit sha1_base64="97f3ef2wGIn5AGD2Q6Z0nwInkWk=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXI0TKWp3RRd2WcE+oDOWTJppQ5OZIckIZezCX3HjQhG3/oY7/8b0Ifg8EDiccy735gQJZ0q77ruVm5tfWFzKLxdWVtfWN+zNrYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g8H52G/eUKlYHF3pYUJ9gXsRCxnB2kgde8e7wEJgeAir1yXo9bSJCog6dtF1yi4qHyP4myDHnaAIZqh17DevG5NU0EgTjpVqIzfRfoalZoTTUcFLFU0wGeAebRsaYUGVn03uH8F9o3RhGEvzIg0n6teJDAulhiIwSYF1X/30xuJfXjvV4amfsShJNY3IdFGYcqhjOC4DdpmkRPOhIZhIZm6FpI8lJtpUVjAlfP4U/k8aRw5yHXRZKlbOZnXkwS7YAwcAgRNQAVVQA3VAwC24B4/gybqzHqxn62UazVmzmW3wDdbrB+e/lMA=</latexit><latexit sha1_base64="97f3ef2wGIn5AGD2Q6Z0nwInkWk=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXI0TKWp3RRd2WcE+oDOWTJppQ5OZIckIZezCX3HjQhG3/oY7/8b0Ifg8EDiccy735gQJZ0q77ruVm5tfWFzKLxdWVtfWN+zNrYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g8H52G/eUKlYHF3pYUJ9gXsRCxnB2kgde8e7wEJgeAir1yXo9bSJCog6dtF1yi4qHyP4myDHnaAIZqh17DevG5NU0EgTjpVqIzfRfoalZoTTUcFLFU0wGeAebRsaYUGVn03uH8F9o3RhGEvzIg0n6teJDAulhiIwSYF1X/30xuJfXjvV4amfsShJNY3IdFGYcqhjOC4DdpmkRPOhIZhIZm6FpI8lJtpUVjAlfP4U/k8aRw5yHXRZKlbOZnXkwS7YAwcAgRNQAVVQA3VAwC24B4/gybqzHqxn62UazVmzmW3wDdbrB+e/lMA=</latexit><latexit sha1_base64="97f3ef2wGIn5AGD2Q6Z0nwInkWk=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXI0TKWp3RRd2WcE+oDOWTJppQ5OZIckIZezCX3HjQhG3/oY7/8b0Ifg8EDiccy735gQJZ0q77ruVm5tfWFzKLxdWVtfWN+zNrYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g8H52G/eUKlYHF3pYUJ9gXsRCxnB2kgde8e7wEJgeAir1yXo9bSJCog6dtF1yi4qHyP4myDHnaAIZqh17DevG5NU0EgTjpVqIzfRfoalZoTTUcFLFU0wGeAebRsaYUGVn03uH8F9o3RhGEvzIg0n6teJDAulhiIwSYF1X/30xuJfXjvV4amfsShJNY3IdFGYcqhjOC4DdpmkRPOhIZhIZm6FpI8lJtpUVjAlfP4U/k8aRw5yHXRZKlbOZnXkwS7YAwcAgRNQAVVQA3VAwC24B4/gybqzHqxn62UazVmzmW3wDdbrB+e/lMA=</latexit><latexit sha1_base64="97f3ef2wGIn5AGD2Q6Z0nwInkWk=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXI0TKWp3RRd2WcE+oDOWTJppQ5OZIckIZezCX3HjQhG3/oY7/8b0Ifg8EDiccy735gQJZ0q77ruVm5tfWFzKLxdWVtfWN+zNrYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g8H52G/eUKlYHF3pYUJ9gXsRCxnB2kgde8e7wEJgeAir1yXo9bSJCog6dtF1yi4qHyP4myDHnaAIZqh17DevG5NU0EgTjpVqIzfRfoalZoTTUcFLFU0wGeAebRsaYUGVn03uH8F9o3RhGEvzIg0n6teJDAulhiIwSYF1X/30xuJfXjvV4amfsShJNY3IdFGYcqhjOC4DdpmkRPOhIZhIZm6FpI8lJtpUVjAlfP4U/k8aRw5yHXRZKlbOZnXkwS7YAwcAgRNQAVVQA3VAwC24B4/gybqzHqxn62UazVmzmW3wDdbrB+e/lMA=</latexit>

quick percolation (bubbles remain small)

(ii)

 Introduce a trigger field       to synchronise decay.
 eV scale adaption of first-order inflationary model

[Linde,1990][Adams,Freese,1990]

<latexit sha1_base64="V9Ajb6k473Oij8D79LC/gL2ipcA="></latexit>

�(�) / exp [�SE(�)]

<latexit sha1_base64="3WZkLIXFqKRY7ARLTlvc3MP1J0A=">AAACFnicbZDLSsNAFIZP6q3WW9Slm8EiuNCSSFGXRTcuK9gLNKFMppN26OTCzEQoIU/hxldx40IRt+LOt3GaRtDWAwMf/3/OzJnfizmTyrK+jNLS8srqWnm9srG5tb1j7u61ZZQIQlsk4pHoelhSzkLaUkxx2o0FxYHHaccbX0/9zj0VkkXhnZrE1A3wMGQ+I1hpqW+epk5+SU8MPTe1alZeJwuQOfGIZX2z+iOgRbALqEJRzb756QwikgQ0VIRjKXu2FSs3xUIxwmlWcRJJY0zGeEh7GkMcUOmm+UYZOtLKAPmR0CdUKFd/T6Q4kHISeLozwGok572p+J/XS5R/6aYsjBNFQzJ7yE84UhGaZoQGTFCi+EQDJoLpXREZYYGJ0klWdAj2/JcXoX1Ws89r9dt6tXFVxFGGAziEY7DhAhpwA01oAYEHeIIXeDUejWfjzXiftZaMYmYf/pTx8Q2h+ptD</latexit>

�

t
<latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit><latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit><latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit><latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit>

x
<latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit><latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit><latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit><latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit>

t⇤<latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit><latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit><latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit><latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit>

cosmological model

recent bound:
<latexit sha1_base64="dOgLqpKCxSkgr0u+7Zpawoy2ogs=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCuAhJrX1spOimywq2FtoQJtNJO3QyCTMToYZ+iRsXirj1U9z5N07bCCp64MLhnHu59x4/ZlQq2/4wciura+sb+c3C1vbObtHc2+/KKBGYdHDEItHzkSSMctJRVDHSiwVBoc/IrT+5mvu3d0RIGvEbNY2JG6IRpwHFSGnJM4sDnygEL+BZ2YYt79QzS7bVsJ3GeQ0uSb2SkWoDOpa9QAlkaHvm+2AY4SQkXGGGpOw7dqzcFAlFMSOzwiCRJEZ4gkakrylHIZFuujh8Bo+1MoRBJHRxBRfq94kUhVJOQ193hkiN5W9vLv7l9RMV1N2U8jhRhOPloiBhUEVwngIcUkGwYlNNEBZU3wrxGAmElc6qoEP4+hT+T7ply6la1etKqXmZxZEHh+AInAAH1EATtEAbdAAGCXgAT+DZuDcejRfjddmaM7KZA/ADxtsnZbKRqA==</latexit>

� > 320H⇤
[G.Elor++,2311.16222]



Cold New Early Dark Energy

 
<latexit sha1_base64="JlJCEkmBZCR9zkXXaN1C7LNM7w0=">AAAB63icbVBNSwMxEJ31s9avqkcvwSJ4KrtV0GPRi8cK9gPapWTTbBuaZEOSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMyLFGfG+v63t7a+sbm1Xdop7+7tHxxWjo7bJkk1oS2S8ER3I2woZ5K2LLOcdpWmWEScdqLJXe53nqg2LJGPdqpoKPBIspgRbHOprwwbVKp+zZ8DrZKgIFUo0BxUvvrDhKSCSks4NqYX+MqGGdaWEU5n5X5qqMJkgke056jEgpowm986Q+dOGaI40a6kRXP190SGhTFTEblOge3YLHu5+J/XS218E2ZMqtRSSRaL4pQjm6D8cTRkmhLLp45gopm7FZEx1phYF0/ZhRAsv7xK2vVacFmrP1xVG7dFHCU4hTO4gACuoQH30IQWEBjDM7zCmye8F+/d+1i0rnnFzAn8gff5AyWNjk4=</latexit>

(i) 
� ' �ini

<latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit><latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit><latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit><latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit>

�/H4 ⌧ 1
<latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit><latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit><latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit><latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit>

field stuck initially:

tunnelling rate:

and

(i)

�
<latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit><latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit><latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit><latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit>

bubble nucleation turns on

(ii)  starts evolving
eventually:  �/H4 & 1

<latexit sha1_base64="97f3ef2wGIn5AGD2Q6Z0nwInkWk=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXI0TKWp3RRd2WcE+oDOWTJppQ5OZIckIZezCX3HjQhG3/oY7/8b0Ifg8EDiccy735gQJZ0q77ruVm5tfWFzKLxdWVtfWN+zNrYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g8H52G/eUKlYHF3pYUJ9gXsRCxnB2kgde8e7wEJgeAir1yXo9bSJCog6dtF1yi4qHyP4myDHnaAIZqh17DevG5NU0EgTjpVqIzfRfoalZoTTUcFLFU0wGeAebRsaYUGVn03uH8F9o3RhGEvzIg0n6teJDAulhiIwSYF1X/30xuJfXjvV4amfsShJNY3IdFGYcqhjOC4DdpmkRPOhIZhIZm6FpI8lJtpUVjAlfP4U/k8aRw5yHXRZKlbOZnXkwS7YAwcAgRNQAVVQA3VAwC24B4/gybqzHqxn62UazVmzmW3wDdbrB+e/lMA=</latexit><latexit sha1_base64="97f3ef2wGIn5AGD2Q6Z0nwInkWk=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXI0TKWp3RRd2WcE+oDOWTJppQ5OZIckIZezCX3HjQhG3/oY7/8b0Ifg8EDiccy735gQJZ0q77ruVm5tfWFzKLxdWVtfWN+zNrYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g8H52G/eUKlYHF3pYUJ9gXsRCxnB2kgde8e7wEJgeAir1yXo9bSJCog6dtF1yi4qHyP4myDHnaAIZqh17DevG5NU0EgTjpVqIzfRfoalZoTTUcFLFU0wGeAebRsaYUGVn03uH8F9o3RhGEvzIg0n6teJDAulhiIwSYF1X/30xuJfXjvV4amfsShJNY3IdFGYcqhjOC4DdpmkRPOhIZhIZm6FpI8lJtpUVjAlfP4U/k8aRw5yHXRZKlbOZnXkwS7YAwcAgRNQAVVQA3VAwC24B4/gybqzHqxn62UazVmzmW3wDdbrB+e/lMA=</latexit><latexit sha1_base64="97f3ef2wGIn5AGD2Q6Z0nwInkWk=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXI0TKWp3RRd2WcE+oDOWTJppQ5OZIckIZezCX3HjQhG3/oY7/8b0Ifg8EDiccy735gQJZ0q77ruVm5tfWFzKLxdWVtfWN+zNrYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g8H52G/eUKlYHF3pYUJ9gXsRCxnB2kgde8e7wEJgeAir1yXo9bSJCog6dtF1yi4qHyP4myDHnaAIZqh17DevG5NU0EgTjpVqIzfRfoalZoTTUcFLFU0wGeAebRsaYUGVn03uH8F9o3RhGEvzIg0n6teJDAulhiIwSYF1X/30xuJfXjvV4amfsShJNY3IdFGYcqhjOC4DdpmkRPOhIZhIZm6FpI8lJtpUVjAlfP4U/k8aRw5yHXRZKlbOZnXkwS7YAwcAgRNQAVVQA3VAwC24B4/gybqzHqxn62UazVmzmW3wDdbrB+e/lMA=</latexit><latexit sha1_base64="97f3ef2wGIn5AGD2Q6Z0nwInkWk=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXI0TKWp3RRd2WcE+oDOWTJppQ5OZIckIZezCX3HjQhG3/oY7/8b0Ifg8EDiccy735gQJZ0q77ruVm5tfWFzKLxdWVtfWN+zNrYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g8H52G/eUKlYHF3pYUJ9gXsRCxnB2kgde8e7wEJgeAir1yXo9bSJCog6dtF1yi4qHyP4myDHnaAIZqh17DevG5NU0EgTjpVqIzfRfoalZoTTUcFLFU0wGeAebRsaYUGVn03uH8F9o3RhGEvzIg0n6teJDAulhiIwSYF1X/30xuJfXjvV4amfsShJNY3IdFGYcqhjOC4DdpmkRPOhIZhIZm6FpI8lJtpUVjAlfP4U/k8aRw5yHXRZKlbOZnXkwS7YAwcAgRNQAVVQA3VAwC24B4/gybqzHqxn62UazVmzmW3wDdbrB+e/lMA=</latexit>

quick percolation (bubbles remain small)

(ii)

 Introduce a trigger field       to synchronise decay.
 eV scale adaption of first-order inflationary model

[Linde,1990][Adams,Freese,1990]

<latexit sha1_base64="V9Ajb6k473Oij8D79LC/gL2ipcA="></latexit>

�(�) / exp [�SE(�)]

<latexit sha1_base64="3WZkLIXFqKRY7ARLTlvc3MP1J0A=">AAACFnicbZDLSsNAFIZP6q3WW9Slm8EiuNCSSFGXRTcuK9gLNKFMppN26OTCzEQoIU/hxldx40IRt+LOt3GaRtDWAwMf/3/OzJnfizmTyrK+jNLS8srqWnm9srG5tb1j7u61ZZQIQlsk4pHoelhSzkLaUkxx2o0FxYHHaccbX0/9zj0VkkXhnZrE1A3wMGQ+I1hpqW+epk5+SU8MPTe1alZeJwuQOfGIZX2z+iOgRbALqEJRzb756QwikgQ0VIRjKXu2FSs3xUIxwmlWcRJJY0zGeEh7GkMcUOmm+UYZOtLKAPmR0CdUKFd/T6Q4kHISeLozwGok572p+J/XS5R/6aYsjBNFQzJ7yE84UhGaZoQGTFCi+EQDJoLpXREZYYGJ0klWdAj2/JcXoX1Ws89r9dt6tXFVxFGGAziEY7DhAhpwA01oAYEHeIIXeDUejWfjzXiftZaMYmYf/pTx8Q2h+ptD</latexit>

�

t
<latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit><latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit><latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit><latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit>

x
<latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit><latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit><latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit><latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit>

t⇤<latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit><latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit><latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit><latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit>

�(t⇤,x)|⌃ = const .
<latexit sha1_base64="4tTA/oOyj8egNrZufZ1F7hDQrLU=">AAACE3icdVDLSsNAFJ3Ud31VXboZLEItEhIRtYggunGpaB/QlDCZTtqhk0mYuRFL7D+48VfcuFDErRt3/o1JreDzwIXDOfdy7z1eJLgGy3ozcmPjE5NT0zP52bn5hcXC0nJNh7GirEpDEaqGRzQTXLIqcBCsESlGAk+wutc7zvz6JVOah/IC+hFrBaQjuc8pgVRyC2Un6vISuOVN7AQEup6fXA02rl3nnHcCgg8wDaUG7OybebdQtMyKZVd2bPyb2KY1RBGNcOoWXp12SOOASaCCaN20rQhaCVHAqWCDvBNrFhHaIx3WTKkkAdOtZPjTAK+nShv7oUpLAh6qXycSEmjdD7y0M7tb//Qy8S+vGYO/10q4jGJgkn4s8mOBIcRZQLjNFaMg+ikhVPH0Vky7RBEKaYxZCJ+f4v9Jbcu0LdM+2y4eHo3imEaraA2VkI120SE6Qaeoiii6QXfoAT0at8a98WQ8f7TmjNHMCvoG4+UdvUOczQ==</latexit><latexit sha1_base64="4tTA/oOyj8egNrZufZ1F7hDQrLU=">AAACE3icdVDLSsNAFJ3Ud31VXboZLEItEhIRtYggunGpaB/QlDCZTtqhk0mYuRFL7D+48VfcuFDErRt3/o1JreDzwIXDOfdy7z1eJLgGy3ozcmPjE5NT0zP52bn5hcXC0nJNh7GirEpDEaqGRzQTXLIqcBCsESlGAk+wutc7zvz6JVOah/IC+hFrBaQjuc8pgVRyC2Un6vISuOVN7AQEup6fXA02rl3nnHcCgg8wDaUG7OybebdQtMyKZVd2bPyb2KY1RBGNcOoWXp12SOOASaCCaN20rQhaCVHAqWCDvBNrFhHaIx3WTKkkAdOtZPjTAK+nShv7oUpLAh6qXycSEmjdD7y0M7tb//Qy8S+vGYO/10q4jGJgkn4s8mOBIcRZQLjNFaMg+ikhVPH0Vky7RBEKaYxZCJ+f4v9Jbcu0LdM+2y4eHo3imEaraA2VkI120SE6Qaeoiii6QXfoAT0at8a98WQ8f7TmjNHMCvoG4+UdvUOczQ==</latexit><latexit sha1_base64="4tTA/oOyj8egNrZufZ1F7hDQrLU=">AAACE3icdVDLSsNAFJ3Ud31VXboZLEItEhIRtYggunGpaB/QlDCZTtqhk0mYuRFL7D+48VfcuFDErRt3/o1JreDzwIXDOfdy7z1eJLgGy3ozcmPjE5NT0zP52bn5hcXC0nJNh7GirEpDEaqGRzQTXLIqcBCsESlGAk+wutc7zvz6JVOah/IC+hFrBaQjuc8pgVRyC2Un6vISuOVN7AQEup6fXA02rl3nnHcCgg8wDaUG7OybebdQtMyKZVd2bPyb2KY1RBGNcOoWXp12SOOASaCCaN20rQhaCVHAqWCDvBNrFhHaIx3WTKkkAdOtZPjTAK+nShv7oUpLAh6qXycSEmjdD7y0M7tb//Qy8S+vGYO/10q4jGJgkn4s8mOBIcRZQLjNFaMg+ikhVPH0Vky7RBEKaYxZCJ+f4v9Jbcu0LdM+2y4eHo3imEaraA2VkI120SE6Qaeoiii6QXfoAT0at8a98WQ8f7TmjNHMCvoG4+UdvUOczQ==</latexit><latexit sha1_base64="4tTA/oOyj8egNrZufZ1F7hDQrLU=">AAACE3icdVDLSsNAFJ3Ud31VXboZLEItEhIRtYggunGpaB/QlDCZTtqhk0mYuRFL7D+48VfcuFDErRt3/o1JreDzwIXDOfdy7z1eJLgGy3ozcmPjE5NT0zP52bn5hcXC0nJNh7GirEpDEaqGRzQTXLIqcBCsESlGAk+wutc7zvz6JVOah/IC+hFrBaQjuc8pgVRyC2Un6vISuOVN7AQEup6fXA02rl3nnHcCgg8wDaUG7OybebdQtMyKZVd2bPyb2KY1RBGNcOoWXp12SOOASaCCaN20rQhaCVHAqWCDvBNrFhHaIx3WTKkkAdOtZPjTAK+nShv7oUpLAh6qXycSEmjdD7y0M7tb//Qy8S+vGYO/10q4jGJgkn4s8mOBIcRZQLjNFaMg+ikhVPH0Vky7RBEKaYxZCJ+f4v9Jbcu0LdM+2y4eHo3imEaraA2VkI120SE6Qaeoiii6QXfoAT0at8a98WQ8f7TmjNHMCvoG4+UdvUOczQ==</latexit>

cosmological model

early dark energy

recent bound:
<latexit sha1_base64="dOgLqpKCxSkgr0u+7Zpawoy2ogs=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCuAhJrX1spOimywq2FtoQJtNJO3QyCTMToYZ+iRsXirj1U9z5N07bCCp64MLhnHu59x4/ZlQq2/4wciura+sb+c3C1vbObtHc2+/KKBGYdHDEItHzkSSMctJRVDHSiwVBoc/IrT+5mvu3d0RIGvEbNY2JG6IRpwHFSGnJM4sDnygEL+BZ2YYt79QzS7bVsJ3GeQ0uSb2SkWoDOpa9QAlkaHvm+2AY4SQkXGGGpOw7dqzcFAlFMSOzwiCRJEZ4gkakrylHIZFuujh8Bo+1MoRBJHRxBRfq94kUhVJOQ193hkiN5W9vLv7l9RMV1N2U8jhRhOPloiBhUEVwngIcUkGwYlNNEBZU3wrxGAmElc6qoEP4+hT+T7ply6la1etKqXmZxZEHh+AInAAH1EATtEAbdAAGCXgAT+DZuDcejRfjddmaM7KZA/ADxtsnZbKRqA==</latexit>

� > 320H⇤
[G.Elor++,2311.16222]



Cold New Early Dark Energy

 
<latexit sha1_base64="JlJCEkmBZCR9zkXXaN1C7LNM7w0=">AAAB63icbVBNSwMxEJ31s9avqkcvwSJ4KrtV0GPRi8cK9gPapWTTbBuaZEOSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMyLFGfG+v63t7a+sbm1Xdop7+7tHxxWjo7bJkk1oS2S8ER3I2woZ5K2LLOcdpWmWEScdqLJXe53nqg2LJGPdqpoKPBIspgRbHOprwwbVKp+zZ8DrZKgIFUo0BxUvvrDhKSCSks4NqYX+MqGGdaWEU5n5X5qqMJkgke056jEgpowm986Q+dOGaI40a6kRXP190SGhTFTEblOge3YLHu5+J/XS218E2ZMqtRSSRaL4pQjm6D8cTRkmhLLp45gopm7FZEx1phYF0/ZhRAsv7xK2vVacFmrP1xVG7dFHCU4hTO4gACuoQH30IQWEBjDM7zCmye8F+/d+1i0rnnFzAn8gff5AyWNjk4=</latexit>

(i) 
� ' �ini

<latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit><latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit><latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit><latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit>

�/H4 ⌧ 1
<latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit><latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit><latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit><latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit>

field stuck initially:

tunnelling rate:

and

(i)

�
<latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit><latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit><latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit><latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit>

bubble nucleation turns on

(ii)  starts evolving
eventually:  �/H4 & 1

<latexit sha1_base64="97f3ef2wGIn5AGD2Q6Z0nwInkWk=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXI0TKWp3RRd2WcE+oDOWTJppQ5OZIckIZezCX3HjQhG3/oY7/8b0Ifg8EDiccy735gQJZ0q77ruVm5tfWFzKLxdWVtfWN+zNrYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g8H52G/eUKlYHF3pYUJ9gXsRCxnB2kgde8e7wEJgeAir1yXo9bSJCog6dtF1yi4qHyP4myDHnaAIZqh17DevG5NU0EgTjpVqIzfRfoalZoTTUcFLFU0wGeAebRsaYUGVn03uH8F9o3RhGEvzIg0n6teJDAulhiIwSYF1X/30xuJfXjvV4amfsShJNY3IdFGYcqhjOC4DdpmkRPOhIZhIZm6FpI8lJtpUVjAlfP4U/k8aRw5yHXRZKlbOZnXkwS7YAwcAgRNQAVVQA3VAwC24B4/gybqzHqxn62UazVmzmW3wDdbrB+e/lMA=</latexit><latexit sha1_base64="97f3ef2wGIn5AGD2Q6Z0nwInkWk=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXI0TKWp3RRd2WcE+oDOWTJppQ5OZIckIZezCX3HjQhG3/oY7/8b0Ifg8EDiccy735gQJZ0q77ruVm5tfWFzKLxdWVtfWN+zNrYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g8H52G/eUKlYHF3pYUJ9gXsRCxnB2kgde8e7wEJgeAir1yXo9bSJCog6dtF1yi4qHyP4myDHnaAIZqh17DevG5NU0EgTjpVqIzfRfoalZoTTUcFLFU0wGeAebRsaYUGVn03uH8F9o3RhGEvzIg0n6teJDAulhiIwSYF1X/30xuJfXjvV4amfsShJNY3IdFGYcqhjOC4DdpmkRPOhIZhIZm6FpI8lJtpUVjAlfP4U/k8aRw5yHXRZKlbOZnXkwS7YAwcAgRNQAVVQA3VAwC24B4/gybqzHqxn62UazVmzmW3wDdbrB+e/lMA=</latexit><latexit sha1_base64="97f3ef2wGIn5AGD2Q6Z0nwInkWk=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXI0TKWp3RRd2WcE+oDOWTJppQ5OZIckIZezCX3HjQhG3/oY7/8b0Ifg8EDiccy735gQJZ0q77ruVm5tfWFzKLxdWVtfWN+zNrYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g8H52G/eUKlYHF3pYUJ9gXsRCxnB2kgde8e7wEJgeAir1yXo9bSJCog6dtF1yi4qHyP4myDHnaAIZqh17DevG5NU0EgTjpVqIzfRfoalZoTTUcFLFU0wGeAebRsaYUGVn03uH8F9o3RhGEvzIg0n6teJDAulhiIwSYF1X/30xuJfXjvV4amfsShJNY3IdFGYcqhjOC4DdpmkRPOhIZhIZm6FpI8lJtpUVjAlfP4U/k8aRw5yHXRZKlbOZnXkwS7YAwcAgRNQAVVQA3VAwC24B4/gybqzHqxn62UazVmzmW3wDdbrB+e/lMA=</latexit><latexit sha1_base64="97f3ef2wGIn5AGD2Q6Z0nwInkWk=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXI0TKWp3RRd2WcE+oDOWTJppQ5OZIckIZezCX3HjQhG3/oY7/8b0Ifg8EDiccy735gQJZ0q77ruVm5tfWFzKLxdWVtfWN+zNrYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g8H52G/eUKlYHF3pYUJ9gXsRCxnB2kgde8e7wEJgeAir1yXo9bSJCog6dtF1yi4qHyP4myDHnaAIZqh17DevG5NU0EgTjpVqIzfRfoalZoTTUcFLFU0wGeAebRsaYUGVn03uH8F9o3RhGEvzIg0n6teJDAulhiIwSYF1X/30xuJfXjvV4amfsShJNY3IdFGYcqhjOC4DdpmkRPOhIZhIZm6FpI8lJtpUVjAlfP4U/k8aRw5yHXRZKlbOZnXkwS7YAwcAgRNQAVVQA3VAwC24B4/gybqzHqxn62UazVmzmW3wDdbrB+e/lMA=</latexit>

quick percolation (bubbles remain small)

(ii)

 Introduce a trigger field       to synchronise decay.
 eV scale adaption of first-order inflationary model

[Linde,1990][Adams,Freese,1990]

<latexit sha1_base64="V9Ajb6k473Oij8D79LC/gL2ipcA="></latexit>

�(�) / exp [�SE(�)]

<latexit sha1_base64="3WZkLIXFqKRY7ARLTlvc3MP1J0A=">AAACFnicbZDLSsNAFIZP6q3WW9Slm8EiuNCSSFGXRTcuK9gLNKFMppN26OTCzEQoIU/hxldx40IRt+LOt3GaRtDWAwMf/3/OzJnfizmTyrK+jNLS8srqWnm9srG5tb1j7u61ZZQIQlsk4pHoelhSzkLaUkxx2o0FxYHHaccbX0/9zj0VkkXhnZrE1A3wMGQ+I1hpqW+epk5+SU8MPTe1alZeJwuQOfGIZX2z+iOgRbALqEJRzb756QwikgQ0VIRjKXu2FSs3xUIxwmlWcRJJY0zGeEh7GkMcUOmm+UYZOtLKAPmR0CdUKFd/T6Q4kHISeLozwGok572p+J/XS5R/6aYsjBNFQzJ7yE84UhGaZoQGTFCi+EQDJoLpXREZYYGJ0klWdAj2/JcXoX1Ws89r9dt6tXFVxFGGAziEY7DhAhpwA01oAYEHeIIXeDUejWfjzXiftZaMYmYf/pTx8Q2h+ptD</latexit>

�

t
<latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit><latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit><latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit><latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit>

x
<latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit><latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit><latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit><latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit>

t⇤<latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit><latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit><latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit><latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit>

�(t⇤,x)|⌃ = const .
<latexit sha1_base64="4tTA/oOyj8egNrZufZ1F7hDQrLU=">AAACE3icdVDLSsNAFJ3Ud31VXboZLEItEhIRtYggunGpaB/QlDCZTtqhk0mYuRFL7D+48VfcuFDErRt3/o1JreDzwIXDOfdy7z1eJLgGy3ozcmPjE5NT0zP52bn5hcXC0nJNh7GirEpDEaqGRzQTXLIqcBCsESlGAk+wutc7zvz6JVOah/IC+hFrBaQjuc8pgVRyC2Un6vISuOVN7AQEup6fXA02rl3nnHcCgg8wDaUG7OybebdQtMyKZVd2bPyb2KY1RBGNcOoWXp12SOOASaCCaN20rQhaCVHAqWCDvBNrFhHaIx3WTKkkAdOtZPjTAK+nShv7oUpLAh6qXycSEmjdD7y0M7tb//Qy8S+vGYO/10q4jGJgkn4s8mOBIcRZQLjNFaMg+ikhVPH0Vky7RBEKaYxZCJ+f4v9Jbcu0LdM+2y4eHo3imEaraA2VkI120SE6Qaeoiii6QXfoAT0at8a98WQ8f7TmjNHMCvoG4+UdvUOczQ==</latexit><latexit sha1_base64="4tTA/oOyj8egNrZufZ1F7hDQrLU=">AAACE3icdVDLSsNAFJ3Ud31VXboZLEItEhIRtYggunGpaB/QlDCZTtqhk0mYuRFL7D+48VfcuFDErRt3/o1JreDzwIXDOfdy7z1eJLgGy3ozcmPjE5NT0zP52bn5hcXC0nJNh7GirEpDEaqGRzQTXLIqcBCsESlGAk+wutc7zvz6JVOah/IC+hFrBaQjuc8pgVRyC2Un6vISuOVN7AQEup6fXA02rl3nnHcCgg8wDaUG7OybebdQtMyKZVd2bPyb2KY1RBGNcOoWXp12SOOASaCCaN20rQhaCVHAqWCDvBNrFhHaIx3WTKkkAdOtZPjTAK+nShv7oUpLAh6qXycSEmjdD7y0M7tb//Qy8S+vGYO/10q4jGJgkn4s8mOBIcRZQLjNFaMg+ikhVPH0Vky7RBEKaYxZCJ+f4v9Jbcu0LdM+2y4eHo3imEaraA2VkI120SE6Qaeoiii6QXfoAT0at8a98WQ8f7TmjNHMCvoG4+UdvUOczQ==</latexit><latexit sha1_base64="4tTA/oOyj8egNrZufZ1F7hDQrLU=">AAACE3icdVDLSsNAFJ3Ud31VXboZLEItEhIRtYggunGpaB/QlDCZTtqhk0mYuRFL7D+48VfcuFDErRt3/o1JreDzwIXDOfdy7z1eJLgGy3ozcmPjE5NT0zP52bn5hcXC0nJNh7GirEpDEaqGRzQTXLIqcBCsESlGAk+wutc7zvz6JVOah/IC+hFrBaQjuc8pgVRyC2Un6vISuOVN7AQEup6fXA02rl3nnHcCgg8wDaUG7OybebdQtMyKZVd2bPyb2KY1RBGNcOoWXp12SOOASaCCaN20rQhaCVHAqWCDvBNrFhHaIx3WTKkkAdOtZPjTAK+nShv7oUpLAh6qXycSEmjdD7y0M7tb//Qy8S+vGYO/10q4jGJgkn4s8mOBIcRZQLjNFaMg+ikhVPH0Vky7RBEKaYxZCJ+f4v9Jbcu0LdM+2y4eHo3imEaraA2VkI120SE6Qaeoiii6QXfoAT0at8a98WQ8f7TmjNHMCvoG4+UdvUOczQ==</latexit><latexit sha1_base64="4tTA/oOyj8egNrZufZ1F7hDQrLU=">AAACE3icdVDLSsNAFJ3Ud31VXboZLEItEhIRtYggunGpaB/QlDCZTtqhk0mYuRFL7D+48VfcuFDErRt3/o1JreDzwIXDOfdy7z1eJLgGy3ozcmPjE5NT0zP52bn5hcXC0nJNh7GirEpDEaqGRzQTXLIqcBCsESlGAk+wutc7zvz6JVOah/IC+hFrBaQjuc8pgVRyC2Un6vISuOVN7AQEup6fXA02rl3nnHcCgg8wDaUG7OybebdQtMyKZVd2bPyb2KY1RBGNcOoWXp12SOOASaCCaN20rQhaCVHAqWCDvBNrFhHaIx3WTKkkAdOtZPjTAK+nShv7oUpLAh6qXycSEmjdD7y0M7tb//Qy8S+vGYO/10q4jGJgkn4s8mOBIcRZQLjNFaMg+ikhVPH0Vky7RBEKaYxZCJ+f4v9Jbcu0LdM+2y4eHo3imEaraA2VkI120SE6Qaeoiii6QXfoAT0at8a98WQ8f7TmjNHMCvoG4+UdvUOczQ==</latexit>

• Transition is triggered at different 
places at different times due to 
fluctuations in trigger field, seeding 
perturbations in decaying fluid.

cosmological model

early dark energy

recent bound:
<latexit sha1_base64="dOgLqpKCxSkgr0u+7Zpawoy2ogs=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCuAhJrX1spOimywq2FtoQJtNJO3QyCTMToYZ+iRsXirj1U9z5N07bCCp64MLhnHu59x4/ZlQq2/4wciura+sb+c3C1vbObtHc2+/KKBGYdHDEItHzkSSMctJRVDHSiwVBoc/IrT+5mvu3d0RIGvEbNY2JG6IRpwHFSGnJM4sDnygEL+BZ2YYt79QzS7bVsJ3GeQ0uSb2SkWoDOpa9QAlkaHvm+2AY4SQkXGGGpOw7dqzcFAlFMSOzwiCRJEZ4gkakrylHIZFuujh8Bo+1MoRBJHRxBRfq94kUhVJOQ193hkiN5W9vLv7l9RMV1N2U8jhRhOPloiBhUEVwngIcUkGwYlNNEBZU3wrxGAmElc6qoEP4+hT+T7ply6la1etKqXmZxZEHh+AInAAH1EATtEAbdAAGCXgAT+DZuDcejRfjddmaM7KZA/ADxtsnZbKRqA==</latexit>

� > 320H⇤
[G.Elor++,2311.16222]



Cold New Early Dark Energy

 
<latexit sha1_base64="JlJCEkmBZCR9zkXXaN1C7LNM7w0=">AAAB63icbVBNSwMxEJ31s9avqkcvwSJ4KrtV0GPRi8cK9gPapWTTbBuaZEOSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMyLFGfG+v63t7a+sbm1Xdop7+7tHxxWjo7bJkk1oS2S8ER3I2woZ5K2LLOcdpWmWEScdqLJXe53nqg2LJGPdqpoKPBIspgRbHOprwwbVKp+zZ8DrZKgIFUo0BxUvvrDhKSCSks4NqYX+MqGGdaWEU5n5X5qqMJkgke056jEgpowm986Q+dOGaI40a6kRXP190SGhTFTEblOge3YLHu5+J/XS218E2ZMqtRSSRaL4pQjm6D8cTRkmhLLp45gopm7FZEx1phYF0/ZhRAsv7xK2vVacFmrP1xVG7dFHCU4hTO4gACuoQH30IQWEBjDM7zCmye8F+/d+1i0rnnFzAn8gff5AyWNjk4=</latexit>

(i) 
� ' �ini

<latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit><latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit><latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit><latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit>

�/H4 ⌧ 1
<latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit><latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit><latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit><latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit>

field stuck initially:

tunnelling rate:

and

(i)

�
<latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit><latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit><latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit><latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit>

bubble nucleation turns on

(ii)  starts evolving
eventually:  �/H4 & 1

<latexit sha1_base64="97f3ef2wGIn5AGD2Q6Z0nwInkWk=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXI0TKWp3RRd2WcE+oDOWTJppQ5OZIckIZezCX3HjQhG3/oY7/8b0Ifg8EDiccy735gQJZ0q77ruVm5tfWFzKLxdWVtfWN+zNrYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g8H52G/eUKlYHF3pYUJ9gXsRCxnB2kgde8e7wEJgeAir1yXo9bSJCog6dtF1yi4qHyP4myDHnaAIZqh17DevG5NU0EgTjpVqIzfRfoalZoTTUcFLFU0wGeAebRsaYUGVn03uH8F9o3RhGEvzIg0n6teJDAulhiIwSYF1X/30xuJfXjvV4amfsShJNY3IdFGYcqhjOC4DdpmkRPOhIZhIZm6FpI8lJtpUVjAlfP4U/k8aRw5yHXRZKlbOZnXkwS7YAwcAgRNQAVVQA3VAwC24B4/gybqzHqxn62UazVmzmW3wDdbrB+e/lMA=</latexit><latexit sha1_base64="97f3ef2wGIn5AGD2Q6Z0nwInkWk=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXI0TKWp3RRd2WcE+oDOWTJppQ5OZIckIZezCX3HjQhG3/oY7/8b0Ifg8EDiccy735gQJZ0q77ruVm5tfWFzKLxdWVtfWN+zNrYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g8H52G/eUKlYHF3pYUJ9gXsRCxnB2kgde8e7wEJgeAir1yXo9bSJCog6dtF1yi4qHyP4myDHnaAIZqh17DevG5NU0EgTjpVqIzfRfoalZoTTUcFLFU0wGeAebRsaYUGVn03uH8F9o3RhGEvzIg0n6teJDAulhiIwSYF1X/30xuJfXjvV4amfsShJNY3IdFGYcqhjOC4DdpmkRPOhIZhIZm6FpI8lJtpUVjAlfP4U/k8aRw5yHXRZKlbOZnXkwS7YAwcAgRNQAVVQA3VAwC24B4/gybqzHqxn62UazVmzmW3wDdbrB+e/lMA=</latexit><latexit sha1_base64="97f3ef2wGIn5AGD2Q6Z0nwInkWk=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXI0TKWp3RRd2WcE+oDOWTJppQ5OZIckIZezCX3HjQhG3/oY7/8b0Ifg8EDiccy735gQJZ0q77ruVm5tfWFzKLxdWVtfWN+zNrYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g8H52G/eUKlYHF3pYUJ9gXsRCxnB2kgde8e7wEJgeAir1yXo9bSJCog6dtF1yi4qHyP4myDHnaAIZqh17DevG5NU0EgTjpVqIzfRfoalZoTTUcFLFU0wGeAebRsaYUGVn03uH8F9o3RhGEvzIg0n6teJDAulhiIwSYF1X/30xuJfXjvV4amfsShJNY3IdFGYcqhjOC4DdpmkRPOhIZhIZm6FpI8lJtpUVjAlfP4U/k8aRw5yHXRZKlbOZnXkwS7YAwcAgRNQAVVQA3VAwC24B4/gybqzHqxn62UazVmzmW3wDdbrB+e/lMA=</latexit><latexit sha1_base64="97f3ef2wGIn5AGD2Q6Z0nwInkWk=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXI0TKWp3RRd2WcE+oDOWTJppQ5OZIckIZezCX3HjQhG3/oY7/8b0Ifg8EDiccy735gQJZ0q77ruVm5tfWFzKLxdWVtfWN+zNrYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g8H52G/eUKlYHF3pYUJ9gXsRCxnB2kgde8e7wEJgeAir1yXo9bSJCog6dtF1yi4qHyP4myDHnaAIZqh17DevG5NU0EgTjpVqIzfRfoalZoTTUcFLFU0wGeAebRsaYUGVn03uH8F9o3RhGEvzIg0n6teJDAulhiIwSYF1X/30xuJfXjvV4amfsShJNY3IdFGYcqhjOC4DdpmkRPOhIZhIZm6FpI8lJtpUVjAlfP4U/k8aRw5yHXRZKlbOZnXkwS7YAwcAgRNQAVVQA3VAwC24B4/gybqzHqxn62UazVmzmW3wDdbrB+e/lMA=</latexit>

quick percolation (bubbles remain small)

(ii)

 Introduce a trigger field       to synchronise decay.
 eV scale adaption of first-order inflationary model

[Linde,1990][Adams,Freese,1990]

<latexit sha1_base64="V9Ajb6k473Oij8D79LC/gL2ipcA="></latexit>

�(�) / exp [�SE(�)]

<latexit sha1_base64="3WZkLIXFqKRY7ARLTlvc3MP1J0A=">AAACFnicbZDLSsNAFIZP6q3WW9Slm8EiuNCSSFGXRTcuK9gLNKFMppN26OTCzEQoIU/hxldx40IRt+LOt3GaRtDWAwMf/3/OzJnfizmTyrK+jNLS8srqWnm9srG5tb1j7u61ZZQIQlsk4pHoelhSzkLaUkxx2o0FxYHHaccbX0/9zj0VkkXhnZrE1A3wMGQ+I1hpqW+epk5+SU8MPTe1alZeJwuQOfGIZX2z+iOgRbALqEJRzb756QwikgQ0VIRjKXu2FSs3xUIxwmlWcRJJY0zGeEh7GkMcUOmm+UYZOtLKAPmR0CdUKFd/T6Q4kHISeLozwGok572p+J/XS5R/6aYsjBNFQzJ7yE84UhGaZoQGTFCi+EQDJoLpXREZYYGJ0klWdAj2/JcXoX1Ws89r9dt6tXFVxFGGAziEY7DhAhpwA01oAYEHeIIXeDUejWfjzXiftZaMYmYf/pTx8Q2h+ptD</latexit>

�

t
<latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit><latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit><latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit><latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit>

x
<latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit><latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit><latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit><latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit>

t⇤<latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit><latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit><latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit><latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit>

�(t⇤,x)|⌃ = const .
<latexit sha1_base64="4tTA/oOyj8egNrZufZ1F7hDQrLU=">AAACE3icdVDLSsNAFJ3Ud31VXboZLEItEhIRtYggunGpaB/QlDCZTtqhk0mYuRFL7D+48VfcuFDErRt3/o1JreDzwIXDOfdy7z1eJLgGy3ozcmPjE5NT0zP52bn5hcXC0nJNh7GirEpDEaqGRzQTXLIqcBCsESlGAk+wutc7zvz6JVOah/IC+hFrBaQjuc8pgVRyC2Un6vISuOVN7AQEup6fXA02rl3nnHcCgg8wDaUG7OybebdQtMyKZVd2bPyb2KY1RBGNcOoWXp12SOOASaCCaN20rQhaCVHAqWCDvBNrFhHaIx3WTKkkAdOtZPjTAK+nShv7oUpLAh6qXycSEmjdD7y0M7tb//Qy8S+vGYO/10q4jGJgkn4s8mOBIcRZQLjNFaMg+ikhVPH0Vky7RBEKaYxZCJ+f4v9Jbcu0LdM+2y4eHo3imEaraA2VkI120SE6Qaeoiii6QXfoAT0at8a98WQ8f7TmjNHMCvoG4+UdvUOczQ==</latexit><latexit sha1_base64="4tTA/oOyj8egNrZufZ1F7hDQrLU=">AAACE3icdVDLSsNAFJ3Ud31VXboZLEItEhIRtYggunGpaB/QlDCZTtqhk0mYuRFL7D+48VfcuFDErRt3/o1JreDzwIXDOfdy7z1eJLgGy3ozcmPjE5NT0zP52bn5hcXC0nJNh7GirEpDEaqGRzQTXLIqcBCsESlGAk+wutc7zvz6JVOah/IC+hFrBaQjuc8pgVRyC2Un6vISuOVN7AQEup6fXA02rl3nnHcCgg8wDaUG7OybebdQtMyKZVd2bPyb2KY1RBGNcOoWXp12SOOASaCCaN20rQhaCVHAqWCDvBNrFhHaIx3WTKkkAdOtZPjTAK+nShv7oUpLAh6qXycSEmjdD7y0M7tb//Qy8S+vGYO/10q4jGJgkn4s8mOBIcRZQLjNFaMg+ikhVPH0Vky7RBEKaYxZCJ+f4v9Jbcu0LdM+2y4eHo3imEaraA2VkI120SE6Qaeoiii6QXfoAT0at8a98WQ8f7TmjNHMCvoG4+UdvUOczQ==</latexit><latexit sha1_base64="4tTA/oOyj8egNrZufZ1F7hDQrLU=">AAACE3icdVDLSsNAFJ3Ud31VXboZLEItEhIRtYggunGpaB/QlDCZTtqhk0mYuRFL7D+48VfcuFDErRt3/o1JreDzwIXDOfdy7z1eJLgGy3ozcmPjE5NT0zP52bn5hcXC0nJNh7GirEpDEaqGRzQTXLIqcBCsESlGAk+wutc7zvz6JVOah/IC+hFrBaQjuc8pgVRyC2Un6vISuOVN7AQEup6fXA02rl3nnHcCgg8wDaUG7OybebdQtMyKZVd2bPyb2KY1RBGNcOoWXp12SOOASaCCaN20rQhaCVHAqWCDvBNrFhHaIx3WTKkkAdOtZPjTAK+nShv7oUpLAh6qXycSEmjdD7y0M7tb//Qy8S+vGYO/10q4jGJgkn4s8mOBIcRZQLjNFaMg+ikhVPH0Vky7RBEKaYxZCJ+f4v9Jbcu0LdM+2y4eHo3imEaraA2VkI120SE6Qaeoiii6QXfoAT0at8a98WQ8f7TmjNHMCvoG4+UdvUOczQ==</latexit><latexit sha1_base64="4tTA/oOyj8egNrZufZ1F7hDQrLU=">AAACE3icdVDLSsNAFJ3Ud31VXboZLEItEhIRtYggunGpaB/QlDCZTtqhk0mYuRFL7D+48VfcuFDErRt3/o1JreDzwIXDOfdy7z1eJLgGy3ozcmPjE5NT0zP52bn5hcXC0nJNh7GirEpDEaqGRzQTXLIqcBCsESlGAk+wutc7zvz6JVOah/IC+hFrBaQjuc8pgVRyC2Un6vISuOVN7AQEup6fXA02rl3nnHcCgg8wDaUG7OybebdQtMyKZVd2bPyb2KY1RBGNcOoWXp12SOOASaCCaN20rQhaCVHAqWCDvBNrFhHaIx3WTKkkAdOtZPjTAK+nShv7oUpLAh6qXycSEmjdD7y0M7tb//Qy8S+vGYO/10q4jGJgkn4s8mOBIcRZQLjNFaMg+ikhVPH0Vky7RBEKaYxZCJ+f4v9Jbcu0LdM+2y4eHo3imEaraA2VkI120SE6Qaeoiii6QXfoAT0at8a98WQ8f7TmjNHMCvoG4+UdvUOczQ==</latexit>

• Transition is triggered at different 
places at different times due to 
fluctuations in trigger field, seeding 
perturbations in decaying fluid.

cosmological model

early dark energy

post p.t. fluid

recent bound:
<latexit sha1_base64="dOgLqpKCxSkgr0u+7Zpawoy2ogs=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCuAhJrX1spOimywq2FtoQJtNJO3QyCTMToYZ+iRsXirj1U9z5N07bCCp64MLhnHu59x4/ZlQq2/4wciura+sb+c3C1vbObtHc2+/KKBGYdHDEItHzkSSMctJRVDHSiwVBoc/IrT+5mvu3d0RIGvEbNY2JG6IRpwHFSGnJM4sDnygEL+BZ2YYt79QzS7bVsJ3GeQ0uSb2SkWoDOpa9QAlkaHvm+2AY4SQkXGGGpOw7dqzcFAlFMSOzwiCRJEZ4gkakrylHIZFuujh8Bo+1MoRBJHRxBRfq94kUhVJOQ193hkiN5W9vLv7l9RMV1N2U8jhRhOPloiBhUEVwngIcUkGwYlNNEBZU3wrxGAmElc6qoEP4+hT+T7ply6la1etKqXmZxZEHh+AInAAH1EATtEAbdAAGCXgAT+DZuDcejRfjddmaM7KZA/ADxtsnZbKRqA==</latexit>

� > 320H⇤
[G.Elor++,2311.16222]



Cold New Early Dark Energy

 
<latexit sha1_base64="JlJCEkmBZCR9zkXXaN1C7LNM7w0=">AAAB63icbVBNSwMxEJ31s9avqkcvwSJ4KrtV0GPRi8cK9gPapWTTbBuaZEOSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMyLFGfG+v63t7a+sbm1Xdop7+7tHxxWjo7bJkk1oS2S8ER3I2woZ5K2LLOcdpWmWEScdqLJXe53nqg2LJGPdqpoKPBIspgRbHOprwwbVKp+zZ8DrZKgIFUo0BxUvvrDhKSCSks4NqYX+MqGGdaWEU5n5X5qqMJkgke056jEgpowm986Q+dOGaI40a6kRXP190SGhTFTEblOge3YLHu5+J/XS218E2ZMqtRSSRaL4pQjm6D8cTRkmhLLp45gopm7FZEx1phYF0/ZhRAsv7xK2vVacFmrP1xVG7dFHCU4hTO4gACuoQH30IQWEBjDM7zCmye8F+/d+1i0rnnFzAn8gff5AyWNjk4=</latexit>

(i) 
� ' �ini

<latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit><latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit><latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit><latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit>

�/H4 ⌧ 1
<latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit><latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit><latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit><latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit>

field stuck initially:

tunnelling rate:

and

(i)

�
<latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit><latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit><latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit><latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit>

bubble nucleation turns on

(ii)  starts evolving
eventually:  �/H4 & 1

<latexit sha1_base64="97f3ef2wGIn5AGD2Q6Z0nwInkWk=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXI0TKWp3RRd2WcE+oDOWTJppQ5OZIckIZezCX3HjQhG3/oY7/8b0Ifg8EDiccy735gQJZ0q77ruVm5tfWFzKLxdWVtfWN+zNrYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g8H52G/eUKlYHF3pYUJ9gXsRCxnB2kgde8e7wEJgeAir1yXo9bSJCog6dtF1yi4qHyP4myDHnaAIZqh17DevG5NU0EgTjpVqIzfRfoalZoTTUcFLFU0wGeAebRsaYUGVn03uH8F9o3RhGEvzIg0n6teJDAulhiIwSYF1X/30xuJfXjvV4amfsShJNY3IdFGYcqhjOC4DdpmkRPOhIZhIZm6FpI8lJtpUVjAlfP4U/k8aRw5yHXRZKlbOZnXkwS7YAwcAgRNQAVVQA3VAwC24B4/gybqzHqxn62UazVmzmW3wDdbrB+e/lMA=</latexit><latexit sha1_base64="97f3ef2wGIn5AGD2Q6Z0nwInkWk=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXI0TKWp3RRd2WcE+oDOWTJppQ5OZIckIZezCX3HjQhG3/oY7/8b0Ifg8EDiccy735gQJZ0q77ruVm5tfWFzKLxdWVtfWN+zNrYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g8H52G/eUKlYHF3pYUJ9gXsRCxnB2kgde8e7wEJgeAir1yXo9bSJCog6dtF1yi4qHyP4myDHnaAIZqh17DevG5NU0EgTjpVqIzfRfoalZoTTUcFLFU0wGeAebRsaYUGVn03uH8F9o3RhGEvzIg0n6teJDAulhiIwSYF1X/30xuJfXjvV4amfsShJNY3IdFGYcqhjOC4DdpmkRPOhIZhIZm6FpI8lJtpUVjAlfP4U/k8aRw5yHXRZKlbOZnXkwS7YAwcAgRNQAVVQA3VAwC24B4/gybqzHqxn62UazVmzmW3wDdbrB+e/lMA=</latexit><latexit sha1_base64="97f3ef2wGIn5AGD2Q6Z0nwInkWk=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXI0TKWp3RRd2WcE+oDOWTJppQ5OZIckIZezCX3HjQhG3/oY7/8b0Ifg8EDiccy735gQJZ0q77ruVm5tfWFzKLxdWVtfWN+zNrYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g8H52G/eUKlYHF3pYUJ9gXsRCxnB2kgde8e7wEJgeAir1yXo9bSJCog6dtF1yi4qHyP4myDHnaAIZqh17DevG5NU0EgTjpVqIzfRfoalZoTTUcFLFU0wGeAebRsaYUGVn03uH8F9o3RhGEvzIg0n6teJDAulhiIwSYF1X/30xuJfXjvV4amfsShJNY3IdFGYcqhjOC4DdpmkRPOhIZhIZm6FpI8lJtpUVjAlfP4U/k8aRw5yHXRZKlbOZnXkwS7YAwcAgRNQAVVQA3VAwC24B4/gybqzHqxn62UazVmzmW3wDdbrB+e/lMA=</latexit><latexit sha1_base64="97f3ef2wGIn5AGD2Q6Z0nwInkWk=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXI0TKWp3RRd2WcE+oDOWTJppQ5OZIckIZezCX3HjQhG3/oY7/8b0Ifg8EDiccy735gQJZ0q77ruVm5tfWFzKLxdWVtfWN+zNrYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g8H52G/eUKlYHF3pYUJ9gXsRCxnB2kgde8e7wEJgeAir1yXo9bSJCog6dtF1yi4qHyP4myDHnaAIZqh17DevG5NU0EgTjpVqIzfRfoalZoTTUcFLFU0wGeAebRsaYUGVn03uH8F9o3RhGEvzIg0n6teJDAulhiIwSYF1X/30xuJfXjvV4amfsShJNY3IdFGYcqhjOC4DdpmkRPOhIZhIZm6FpI8lJtpUVjAlfP4U/k8aRw5yHXRZKlbOZnXkwS7YAwcAgRNQAVVQA3VAwC24B4/gybqzHqxn62UazVmzmW3wDdbrB+e/lMA=</latexit>

quick percolation (bubbles remain small)

(ii)

 Introduce a trigger field       to synchronise decay.
 eV scale adaption of first-order inflationary model

[Linde,1990][Adams,Freese,1990]

<latexit sha1_base64="V9Ajb6k473Oij8D79LC/gL2ipcA="></latexit>

�(�) / exp [�SE(�)]

<latexit sha1_base64="3WZkLIXFqKRY7ARLTlvc3MP1J0A=">AAACFnicbZDLSsNAFIZP6q3WW9Slm8EiuNCSSFGXRTcuK9gLNKFMppN26OTCzEQoIU/hxldx40IRt+LOt3GaRtDWAwMf/3/OzJnfizmTyrK+jNLS8srqWnm9srG5tb1j7u61ZZQIQlsk4pHoelhSzkLaUkxx2o0FxYHHaccbX0/9zj0VkkXhnZrE1A3wMGQ+I1hpqW+epk5+SU8MPTe1alZeJwuQOfGIZX2z+iOgRbALqEJRzb756QwikgQ0VIRjKXu2FSs3xUIxwmlWcRJJY0zGeEh7GkMcUOmm+UYZOtLKAPmR0CdUKFd/T6Q4kHISeLozwGok572p+J/XS5R/6aYsjBNFQzJ7yE84UhGaZoQGTFCi+EQDJoLpXREZYYGJ0klWdAj2/JcXoX1Ws89r9dt6tXFVxFGGAziEY7DhAhpwA01oAYEHeIIXeDUejWfjzXiftZaMYmYf/pTx8Q2h+ptD</latexit>

�

t
<latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit><latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit><latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit><latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit>

x
<latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit><latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit><latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit><latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit>

t⇤<latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit><latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit><latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit><latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit>

�(t⇤,x)|⌃ = const .
<latexit sha1_base64="4tTA/oOyj8egNrZufZ1F7hDQrLU=">AAACE3icdVDLSsNAFJ3Ud31VXboZLEItEhIRtYggunGpaB/QlDCZTtqhk0mYuRFL7D+48VfcuFDErRt3/o1JreDzwIXDOfdy7z1eJLgGy3ozcmPjE5NT0zP52bn5hcXC0nJNh7GirEpDEaqGRzQTXLIqcBCsESlGAk+wutc7zvz6JVOah/IC+hFrBaQjuc8pgVRyC2Un6vISuOVN7AQEup6fXA02rl3nnHcCgg8wDaUG7OybebdQtMyKZVd2bPyb2KY1RBGNcOoWXp12SOOASaCCaN20rQhaCVHAqWCDvBNrFhHaIx3WTKkkAdOtZPjTAK+nShv7oUpLAh6qXycSEmjdD7y0M7tb//Qy8S+vGYO/10q4jGJgkn4s8mOBIcRZQLjNFaMg+ikhVPH0Vky7RBEKaYxZCJ+f4v9Jbcu0LdM+2y4eHo3imEaraA2VkI120SE6Qaeoiii6QXfoAT0at8a98WQ8f7TmjNHMCvoG4+UdvUOczQ==</latexit><latexit sha1_base64="4tTA/oOyj8egNrZufZ1F7hDQrLU=">AAACE3icdVDLSsNAFJ3Ud31VXboZLEItEhIRtYggunGpaB/QlDCZTtqhk0mYuRFL7D+48VfcuFDErRt3/o1JreDzwIXDOfdy7z1eJLgGy3ozcmPjE5NT0zP52bn5hcXC0nJNh7GirEpDEaqGRzQTXLIqcBCsESlGAk+wutc7zvz6JVOah/IC+hFrBaQjuc8pgVRyC2Un6vISuOVN7AQEup6fXA02rl3nnHcCgg8wDaUG7OybebdQtMyKZVd2bPyb2KY1RBGNcOoWXp12SOOASaCCaN20rQhaCVHAqWCDvBNrFhHaIx3WTKkkAdOtZPjTAK+nShv7oUpLAh6qXycSEmjdD7y0M7tb//Qy8S+vGYO/10q4jGJgkn4s8mOBIcRZQLjNFaMg+ikhVPH0Vky7RBEKaYxZCJ+f4v9Jbcu0LdM+2y4eHo3imEaraA2VkI120SE6Qaeoiii6QXfoAT0at8a98WQ8f7TmjNHMCvoG4+UdvUOczQ==</latexit><latexit sha1_base64="4tTA/oOyj8egNrZufZ1F7hDQrLU=">AAACE3icdVDLSsNAFJ3Ud31VXboZLEItEhIRtYggunGpaB/QlDCZTtqhk0mYuRFL7D+48VfcuFDErRt3/o1JreDzwIXDOfdy7z1eJLgGy3ozcmPjE5NT0zP52bn5hcXC0nJNh7GirEpDEaqGRzQTXLIqcBCsESlGAk+wutc7zvz6JVOah/IC+hFrBaQjuc8pgVRyC2Un6vISuOVN7AQEup6fXA02rl3nnHcCgg8wDaUG7OybebdQtMyKZVd2bPyb2KY1RBGNcOoWXp12SOOASaCCaN20rQhaCVHAqWCDvBNrFhHaIx3WTKkkAdOtZPjTAK+nShv7oUpLAh6qXycSEmjdD7y0M7tb//Qy8S+vGYO/10q4jGJgkn4s8mOBIcRZQLjNFaMg+ikhVPH0Vky7RBEKaYxZCJ+f4v9Jbcu0LdM+2y4eHo3imEaraA2VkI120SE6Qaeoiii6QXfoAT0at8a98WQ8f7TmjNHMCvoG4+UdvUOczQ==</latexit><latexit sha1_base64="4tTA/oOyj8egNrZufZ1F7hDQrLU=">AAACE3icdVDLSsNAFJ3Ud31VXboZLEItEhIRtYggunGpaB/QlDCZTtqhk0mYuRFL7D+48VfcuFDErRt3/o1JreDzwIXDOfdy7z1eJLgGy3ozcmPjE5NT0zP52bn5hcXC0nJNh7GirEpDEaqGRzQTXLIqcBCsESlGAk+wutc7zvz6JVOah/IC+hFrBaQjuc8pgVRyC2Un6vISuOVN7AQEup6fXA02rl3nnHcCgg8wDaUG7OybebdQtMyKZVd2bPyb2KY1RBGNcOoWXp12SOOASaCCaN20rQhaCVHAqWCDvBNrFhHaIx3WTKkkAdOtZPjTAK+nShv7oUpLAh6qXycSEmjdD7y0M7tb//Qy8S+vGYO/10q4jGJgkn4s8mOBIcRZQLjNFaMg+ikhVPH0Vky7RBEKaYxZCJ+f4v9Jbcu0LdM+2y4eHo3imEaraA2VkI120SE6Qaeoiii6QXfoAT0at8a98WQ8f7TmjNHMCvoG4+UdvUOczQ==</latexit>

<latexit sha1_base64="A1ffwEA7JVSEKlrPzzuuuDwH2ZA="></latexit>

�⇢NEDE(t⇤,x)

• Transition is triggered at different 
places at different times due to 
fluctuations in trigger field, seeding 
perturbations in decaying fluid.

cosmological model

early dark energy

post p.t. fluid

recent bound:
<latexit sha1_base64="dOgLqpKCxSkgr0u+7Zpawoy2ogs=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCuAhJrX1spOimywq2FtoQJtNJO3QyCTMToYZ+iRsXirj1U9z5N07bCCp64MLhnHu59x4/ZlQq2/4wciura+sb+c3C1vbObtHc2+/KKBGYdHDEItHzkSSMctJRVDHSiwVBoc/IrT+5mvu3d0RIGvEbNY2JG6IRpwHFSGnJM4sDnygEL+BZ2YYt79QzS7bVsJ3GeQ0uSb2SkWoDOpa9QAlkaHvm+2AY4SQkXGGGpOw7dqzcFAlFMSOzwiCRJEZ4gkakrylHIZFuujh8Bo+1MoRBJHRxBRfq94kUhVJOQ193hkiN5W9vLv7l9RMV1N2U8jhRhOPloiBhUEVwngIcUkGwYlNNEBZU3wrxGAmElc6qoEP4+hT+T7ply6la1etKqXmZxZEHh+AInAAH1EATtEAbdAAGCXgAT+DZuDcejRfjddmaM7KZA/ADxtsnZbKRqA==</latexit>

� > 320H⇤
[G.Elor++,2311.16222]



Cold New Early Dark Energy

 
<latexit sha1_base64="JlJCEkmBZCR9zkXXaN1C7LNM7w0=">AAAB63icbVBNSwMxEJ31s9avqkcvwSJ4KrtV0GPRi8cK9gPapWTTbBuaZEOSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMyLFGfG+v63t7a+sbm1Xdop7+7tHxxWjo7bJkk1oS2S8ER3I2woZ5K2LLOcdpWmWEScdqLJXe53nqg2LJGPdqpoKPBIspgRbHOprwwbVKp+zZ8DrZKgIFUo0BxUvvrDhKSCSks4NqYX+MqGGdaWEU5n5X5qqMJkgke056jEgpowm986Q+dOGaI40a6kRXP190SGhTFTEblOge3YLHu5+J/XS218E2ZMqtRSSRaL4pQjm6D8cTRkmhLLp45gopm7FZEx1phYF0/ZhRAsv7xK2vVacFmrP1xVG7dFHCU4hTO4gACuoQH30IQWEBjDM7zCmye8F+/d+1i0rnnFzAn8gff5AyWNjk4=</latexit>

(i) 
� ' �ini

<latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit><latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit><latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit><latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit>

�/H4 ⌧ 1
<latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit><latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit><latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit><latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit>

field stuck initially:

tunnelling rate:

and

(i)

�
<latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit><latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit><latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit><latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit>

bubble nucleation turns on

(ii)  starts evolving
eventually:  �/H4 & 1

<latexit sha1_base64="97f3ef2wGIn5AGD2Q6Z0nwInkWk=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXI0TKWp3RRd2WcE+oDOWTJppQ5OZIckIZezCX3HjQhG3/oY7/8b0Ifg8EDiccy735gQJZ0q77ruVm5tfWFzKLxdWVtfWN+zNrYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g8H52G/eUKlYHF3pYUJ9gXsRCxnB2kgde8e7wEJgeAir1yXo9bSJCog6dtF1yi4qHyP4myDHnaAIZqh17DevG5NU0EgTjpVqIzfRfoalZoTTUcFLFU0wGeAebRsaYUGVn03uH8F9o3RhGEvzIg0n6teJDAulhiIwSYF1X/30xuJfXjvV4amfsShJNY3IdFGYcqhjOC4DdpmkRPOhIZhIZm6FpI8lJtpUVjAlfP4U/k8aRw5yHXRZKlbOZnXkwS7YAwcAgRNQAVVQA3VAwC24B4/gybqzHqxn62UazVmzmW3wDdbrB+e/lMA=</latexit><latexit sha1_base64="97f3ef2wGIn5AGD2Q6Z0nwInkWk=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXI0TKWp3RRd2WcE+oDOWTJppQ5OZIckIZezCX3HjQhG3/oY7/8b0Ifg8EDiccy735gQJZ0q77ruVm5tfWFzKLxdWVtfWN+zNrYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g8H52G/eUKlYHF3pYUJ9gXsRCxnB2kgde8e7wEJgeAir1yXo9bSJCog6dtF1yi4qHyP4myDHnaAIZqh17DevG5NU0EgTjpVqIzfRfoalZoTTUcFLFU0wGeAebRsaYUGVn03uH8F9o3RhGEvzIg0n6teJDAulhiIwSYF1X/30xuJfXjvV4amfsShJNY3IdFGYcqhjOC4DdpmkRPOhIZhIZm6FpI8lJtpUVjAlfP4U/k8aRw5yHXRZKlbOZnXkwS7YAwcAgRNQAVVQA3VAwC24B4/gybqzHqxn62UazVmzmW3wDdbrB+e/lMA=</latexit><latexit sha1_base64="97f3ef2wGIn5AGD2Q6Z0nwInkWk=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXI0TKWp3RRd2WcE+oDOWTJppQ5OZIckIZezCX3HjQhG3/oY7/8b0Ifg8EDiccy735gQJZ0q77ruVm5tfWFzKLxdWVtfWN+zNrYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g8H52G/eUKlYHF3pYUJ9gXsRCxnB2kgde8e7wEJgeAir1yXo9bSJCog6dtF1yi4qHyP4myDHnaAIZqh17DevG5NU0EgTjpVqIzfRfoalZoTTUcFLFU0wGeAebRsaYUGVn03uH8F9o3RhGEvzIg0n6teJDAulhiIwSYF1X/30xuJfXjvV4amfsShJNY3IdFGYcqhjOC4DdpmkRPOhIZhIZm6FpI8lJtpUVjAlfP4U/k8aRw5yHXRZKlbOZnXkwS7YAwcAgRNQAVVQA3VAwC24B4/gybqzHqxn62UazVmzmW3wDdbrB+e/lMA=</latexit><latexit sha1_base64="97f3ef2wGIn5AGD2Q6Z0nwInkWk=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXI0TKWp3RRd2WcE+oDOWTJppQ5OZIckIZezCX3HjQhG3/oY7/8b0Ifg8EDiccy735gQJZ0q77ruVm5tfWFzKLxdWVtfWN+zNrYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g8H52G/eUKlYHF3pYUJ9gXsRCxnB2kgde8e7wEJgeAir1yXo9bSJCog6dtF1yi4qHyP4myDHnaAIZqh17DevG5NU0EgTjpVqIzfRfoalZoTTUcFLFU0wGeAebRsaYUGVn03uH8F9o3RhGEvzIg0n6teJDAulhiIwSYF1X/30xuJfXjvV4amfsShJNY3IdFGYcqhjOC4DdpmkRPOhIZhIZm6FpI8lJtpUVjAlfP4U/k8aRw5yHXRZKlbOZnXkwS7YAwcAgRNQAVVQA3VAwC24B4/gybqzHqxn62UazVmzmW3wDdbrB+e/lMA=</latexit>

quick percolation (bubbles remain small)

(ii)

 Introduce a trigger field       to synchronise decay.
 eV scale adaption of first-order inflationary model

[Linde,1990][Adams,Freese,1990]

<latexit sha1_base64="V9Ajb6k473Oij8D79LC/gL2ipcA="></latexit>

�(�) / exp [�SE(�)]

<latexit sha1_base64="3WZkLIXFqKRY7ARLTlvc3MP1J0A=">AAACFnicbZDLSsNAFIZP6q3WW9Slm8EiuNCSSFGXRTcuK9gLNKFMppN26OTCzEQoIU/hxldx40IRt+LOt3GaRtDWAwMf/3/OzJnfizmTyrK+jNLS8srqWnm9srG5tb1j7u61ZZQIQlsk4pHoelhSzkLaUkxx2o0FxYHHaccbX0/9zj0VkkXhnZrE1A3wMGQ+I1hpqW+epk5+SU8MPTe1alZeJwuQOfGIZX2z+iOgRbALqEJRzb756QwikgQ0VIRjKXu2FSs3xUIxwmlWcRJJY0zGeEh7GkMcUOmm+UYZOtLKAPmR0CdUKFd/T6Q4kHISeLozwGok572p+J/XS5R/6aYsjBNFQzJ7yE84UhGaZoQGTFCi+EQDJoLpXREZYYGJ0klWdAj2/JcXoX1Ws89r9dt6tXFVxFGGAziEY7DhAhpwA01oAYEHeIIXeDUejWfjzXiftZaMYmYf/pTx8Q2h+ptD</latexit>

�

t
<latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit><latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit><latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit><latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit>

x
<latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit><latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit><latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit><latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit>

t⇤<latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit><latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit><latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit><latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit>

�(t⇤,x)|⌃ = const .
<latexit sha1_base64="4tTA/oOyj8egNrZufZ1F7hDQrLU=">AAACE3icdVDLSsNAFJ3Ud31VXboZLEItEhIRtYggunGpaB/QlDCZTtqhk0mYuRFL7D+48VfcuFDErRt3/o1JreDzwIXDOfdy7z1eJLgGy3ozcmPjE5NT0zP52bn5hcXC0nJNh7GirEpDEaqGRzQTXLIqcBCsESlGAk+wutc7zvz6JVOah/IC+hFrBaQjuc8pgVRyC2Un6vISuOVN7AQEup6fXA02rl3nnHcCgg8wDaUG7OybebdQtMyKZVd2bPyb2KY1RBGNcOoWXp12SOOASaCCaN20rQhaCVHAqWCDvBNrFhHaIx3WTKkkAdOtZPjTAK+nShv7oUpLAh6qXycSEmjdD7y0M7tb//Qy8S+vGYO/10q4jGJgkn4s8mOBIcRZQLjNFaMg+ikhVPH0Vky7RBEKaYxZCJ+f4v9Jbcu0LdM+2y4eHo3imEaraA2VkI120SE6Qaeoiii6QXfoAT0at8a98WQ8f7TmjNHMCvoG4+UdvUOczQ==</latexit><latexit sha1_base64="4tTA/oOyj8egNrZufZ1F7hDQrLU=">AAACE3icdVDLSsNAFJ3Ud31VXboZLEItEhIRtYggunGpaB/QlDCZTtqhk0mYuRFL7D+48VfcuFDErRt3/o1JreDzwIXDOfdy7z1eJLgGy3ozcmPjE5NT0zP52bn5hcXC0nJNh7GirEpDEaqGRzQTXLIqcBCsESlGAk+wutc7zvz6JVOah/IC+hFrBaQjuc8pgVRyC2Un6vISuOVN7AQEup6fXA02rl3nnHcCgg8wDaUG7OybebdQtMyKZVd2bPyb2KY1RBGNcOoWXp12SOOASaCCaN20rQhaCVHAqWCDvBNrFhHaIx3WTKkkAdOtZPjTAK+nShv7oUpLAh6qXycSEmjdD7y0M7tb//Qy8S+vGYO/10q4jGJgkn4s8mOBIcRZQLjNFaMg+ikhVPH0Vky7RBEKaYxZCJ+f4v9Jbcu0LdM+2y4eHo3imEaraA2VkI120SE6Qaeoiii6QXfoAT0at8a98WQ8f7TmjNHMCvoG4+UdvUOczQ==</latexit><latexit sha1_base64="4tTA/oOyj8egNrZufZ1F7hDQrLU=">AAACE3icdVDLSsNAFJ3Ud31VXboZLEItEhIRtYggunGpaB/QlDCZTtqhk0mYuRFL7D+48VfcuFDErRt3/o1JreDzwIXDOfdy7z1eJLgGy3ozcmPjE5NT0zP52bn5hcXC0nJNh7GirEpDEaqGRzQTXLIqcBCsESlGAk+wutc7zvz6JVOah/IC+hFrBaQjuc8pgVRyC2Un6vISuOVN7AQEup6fXA02rl3nnHcCgg8wDaUG7OybebdQtMyKZVd2bPyb2KY1RBGNcOoWXp12SOOASaCCaN20rQhaCVHAqWCDvBNrFhHaIx3WTKkkAdOtZPjTAK+nShv7oUpLAh6qXycSEmjdD7y0M7tb//Qy8S+vGYO/10q4jGJgkn4s8mOBIcRZQLjNFaMg+ikhVPH0Vky7RBEKaYxZCJ+f4v9Jbcu0LdM+2y4eHo3imEaraA2VkI120SE6Qaeoiii6QXfoAT0at8a98WQ8f7TmjNHMCvoG4+UdvUOczQ==</latexit><latexit sha1_base64="4tTA/oOyj8egNrZufZ1F7hDQrLU=">AAACE3icdVDLSsNAFJ3Ud31VXboZLEItEhIRtYggunGpaB/QlDCZTtqhk0mYuRFL7D+48VfcuFDErRt3/o1JreDzwIXDOfdy7z1eJLgGy3ozcmPjE5NT0zP52bn5hcXC0nJNh7GirEpDEaqGRzQTXLIqcBCsESlGAk+wutc7zvz6JVOah/IC+hFrBaQjuc8pgVRyC2Un6vISuOVN7AQEup6fXA02rl3nnHcCgg8wDaUG7OybebdQtMyKZVd2bPyb2KY1RBGNcOoWXp12SOOASaCCaN20rQhaCVHAqWCDvBNrFhHaIx3WTKkkAdOtZPjTAK+nShv7oUpLAh6qXycSEmjdD7y0M7tb//Qy8S+vGYO/10q4jGJgkn4s8mOBIcRZQLjNFaMg+ikhVPH0Vky7RBEKaYxZCJ+f4v9Jbcu0LdM+2y4eHo3imEaraA2VkI120SE6Qaeoiii6QXfoAT0at8a98WQ8f7TmjNHMCvoG4+UdvUOczQ==</latexit>

<latexit sha1_base64="A1ffwEA7JVSEKlrPzzuuuDwH2ZA="></latexit>

�⇢NEDE(t⇤,x)

• Transition is triggered at different 
places at different times due to 
fluctuations in trigger field, seeding 
perturbations in decaying fluid.

• Presence of trigger tied to 
microphysical model building.

cosmological model

early dark energy

post p.t. fluid

recent bound:
<latexit sha1_base64="dOgLqpKCxSkgr0u+7Zpawoy2ogs=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCuAhJrX1spOimywq2FtoQJtNJO3QyCTMToYZ+iRsXirj1U9z5N07bCCp64MLhnHu59x4/ZlQq2/4wciura+sb+c3C1vbObtHc2+/KKBGYdHDEItHzkSSMctJRVDHSiwVBoc/IrT+5mvu3d0RIGvEbNY2JG6IRpwHFSGnJM4sDnygEL+BZ2YYt79QzS7bVsJ3GeQ0uSb2SkWoDOpa9QAlkaHvm+2AY4SQkXGGGpOw7dqzcFAlFMSOzwiCRJEZ4gkakrylHIZFuujh8Bo+1MoRBJHRxBRfq94kUhVJOQ193hkiN5W9vLv7l9RMV1N2U8jhRhOPloiBhUEVwngIcUkGwYlNNEBZU3wrxGAmElc6qoEP4+hT+T7ply6la1etKqXmZxZEHh+AInAAH1EATtEAbdAAGCXgAT+DZuDcejRfjddmaM7KZA/ADxtsnZbKRqA==</latexit>

� > 320H⇤
[G.Elor++,2311.16222]



Cold New Early Dark Energy

 
<latexit sha1_base64="JlJCEkmBZCR9zkXXaN1C7LNM7w0=">AAAB63icbVBNSwMxEJ31s9avqkcvwSJ4KrtV0GPRi8cK9gPapWTTbBuaZEOSFcrSv+DFgyJe/UPe/Ddm2z1o64OBx3szzMyLFGfG+v63t7a+sbm1Xdop7+7tHxxWjo7bJkk1oS2S8ER3I2woZ5K2LLOcdpWmWEScdqLJXe53nqg2LJGPdqpoKPBIspgRbHOprwwbVKp+zZ8DrZKgIFUo0BxUvvrDhKSCSks4NqYX+MqGGdaWEU5n5X5qqMJkgke056jEgpowm986Q+dOGaI40a6kRXP190SGhTFTEblOge3YLHu5+J/XS218E2ZMqtRSSRaL4pQjm6D8cTRkmhLLp45gopm7FZEx1phYF0/ZhRAsv7xK2vVacFmrP1xVG7dFHCU4hTO4gACuoQH30IQWEBjDM7zCmye8F+/d+1i0rnnFzAn8gff5AyWNjk4=</latexit>

(i) 
� ' �ini

<latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit><latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit><latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit><latexit sha1_base64="5/FJF/HRk11OUdaHLxISHbM64H8=">AAAB/3icdVDLSsNAFJ3UV62vqODGzWARXIVERO2u6MZlBfuAJoTJdNIOnZnEmYlQYhf+ihsXirj1N9z5N07aCj4PXDiccy/33hOljCrtuu9WaW5+YXGpvFxZWV1b37A3t1oqySQmTZywRHYipAijgjQ11Yx0UkkQjxhpR8Pzwm/fEKloIq70KCUBR31BY4qRNlJo7/jpgEJfUU6uYcHDnAo6Du2q69Rcr3bswd/Ec9wJqmCGRmi/+b0EZ5wIjRlSquu5qQ5yJDXFjIwrfqZIivAQ9UnXUIE4UUE+uX8M943Sg3EiTQkNJ+rXiRxxpUY8Mp0c6YH66RXiX1430/FpYB5KM00Eni6KMwZ1AoswYI9KgjUbGYKwpOZWiAdIIqxNZBUTwuen8H/SOnQ81/Euj6r1s1kcZbAL9sAB8MAJqIML0ABNgMEtuAeP4Mm6sx6sZ+tl2lqyZjPb4Bus1w9t2JZh</latexit>

�/H4 ⌧ 1
<latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit><latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit><latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit><latexit sha1_base64="DGHhmff4YRT3RqaajmL4gYA2Jw4=">AAAB+3icdVDLSgMxFM34rPU11qWbYBFcjRMpandFF3ZZwT6gM5ZMmmlDk8yQZMRS+ituXCji1h9x59+YPgSfBy4czrmXe++JUs608f13Z2FxaXllNbeWX9/Y3Np2dwoNnWSK0DpJeKJaEdaUM0nrhhlOW6miWEScNqPBxcRv3lKlWSKvzTClocA9yWJGsLFSxy0El1gIDI9g9aYEA84h6rhF3yv7qHyC4G+CPH+KIpij1nHfgm5CMkGlIRxr3UZ+asIRVoYRTsf5INM0xWSAe7RtqcSC6nA0vX0MD6zShXGibEkDp+rXiREWWg9FZDsFNn3905uIf3ntzMRn4YjJNDNUktmiOOPQJHASBOwyRYnhQ0swUczeCkkfK0yMjStvQ/j8FP5PGsce8j10VSpWzudx5MAe2AeHAIFTUAFVUAN1QMAduAeP4MkZOw/Os/Mya11w5jO74Buc1w+VYpLa</latexit>

field stuck initially:

tunnelling rate:

and

(i)

�
<latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit><latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit><latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit><latexit sha1_base64="qQOpZhI2BzE2L9GjEde3ZzcMH5c=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiQiandFNy4r2Ae0oUymk2bozCTMTIQS+gtuXCji1h9y5984aSv4PHDhcM693HtPmHKmjee9O6Wl5ZXVtfJ6ZWNza3unurvX1kmmCG2RhCeqG2JNOZO0ZZjhtJsqikXIaSccXxV+544qzRJ5ayYpDQQeSRYxgk0h9dOYDao1z617fv3MR7+J73oz1GCB5qD61h8mJBNUGsKx1j3fS02QY2UY4XRa6WeappiM8Yj2LJVYUB3ks1un6MgqQxQlypY0aKZ+ncix0HoiQtspsIn1T68Q//J6mYkugpzJNDNUkvmiKOPIJKh4HA2ZosTwiSWYKGZvRSTGChNj46nYED4/Rf+T9onre65/c1prXC7iKMMBHMIx+HAODbiGJrSAQAz38AhPjnAenGfnZd5achYz+/ANzusHhICOjQ==</latexit>

bubble nucleation turns on

(ii)  starts evolving
eventually:  �/H4 & 1

<latexit sha1_base64="97f3ef2wGIn5AGD2Q6Z0nwInkWk=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXI0TKWp3RRd2WcE+oDOWTJppQ5OZIckIZezCX3HjQhG3/oY7/8b0Ifg8EDiccy735gQJZ0q77ruVm5tfWFzKLxdWVtfWN+zNrYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g8H52G/eUKlYHF3pYUJ9gXsRCxnB2kgde8e7wEJgeAir1yXo9bSJCog6dtF1yi4qHyP4myDHnaAIZqh17DevG5NU0EgTjpVqIzfRfoalZoTTUcFLFU0wGeAebRsaYUGVn03uH8F9o3RhGEvzIg0n6teJDAulhiIwSYF1X/30xuJfXjvV4amfsShJNY3IdFGYcqhjOC4DdpmkRPOhIZhIZm6FpI8lJtpUVjAlfP4U/k8aRw5yHXRZKlbOZnXkwS7YAwcAgRNQAVVQA3VAwC24B4/gybqzHqxn62UazVmzmW3wDdbrB+e/lMA=</latexit><latexit sha1_base64="97f3ef2wGIn5AGD2Q6Z0nwInkWk=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXI0TKWp3RRd2WcE+oDOWTJppQ5OZIckIZezCX3HjQhG3/oY7/8b0Ifg8EDiccy735gQJZ0q77ruVm5tfWFzKLxdWVtfWN+zNrYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g8H52G/eUKlYHF3pYUJ9gXsRCxnB2kgde8e7wEJgeAir1yXo9bSJCog6dtF1yi4qHyP4myDHnaAIZqh17DevG5NU0EgTjpVqIzfRfoalZoTTUcFLFU0wGeAebRsaYUGVn03uH8F9o3RhGEvzIg0n6teJDAulhiIwSYF1X/30xuJfXjvV4amfsShJNY3IdFGYcqhjOC4DdpmkRPOhIZhIZm6FpI8lJtpUVjAlfP4U/k8aRw5yHXRZKlbOZnXkwS7YAwcAgRNQAVVQA3VAwC24B4/gybqzHqxn62UazVmzmW3wDdbrB+e/lMA=</latexit><latexit sha1_base64="97f3ef2wGIn5AGD2Q6Z0nwInkWk=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXI0TKWp3RRd2WcE+oDOWTJppQ5OZIckIZezCX3HjQhG3/oY7/8b0Ifg8EDiccy735gQJZ0q77ruVm5tfWFzKLxdWVtfWN+zNrYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g8H52G/eUKlYHF3pYUJ9gXsRCxnB2kgde8e7wEJgeAir1yXo9bSJCog6dtF1yi4qHyP4myDHnaAIZqh17DevG5NU0EgTjpVqIzfRfoalZoTTUcFLFU0wGeAebRsaYUGVn03uH8F9o3RhGEvzIg0n6teJDAulhiIwSYF1X/30xuJfXjvV4amfsShJNY3IdFGYcqhjOC4DdpmkRPOhIZhIZm6FpI8lJtpUVjAlfP4U/k8aRw5yHXRZKlbOZnXkwS7YAwcAgRNQAVVQA3VAwC24B4/gybqzHqxn62UazVmzmW3wDdbrB+e/lMA=</latexit><latexit sha1_base64="97f3ef2wGIn5AGD2Q6Z0nwInkWk=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXI0TKWp3RRd2WcE+oDOWTJppQ5OZIckIZezCX3HjQhG3/oY7/8b0Ifg8EDiccy735gQJZ0q77ruVm5tfWFzKLxdWVtfWN+zNrYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g8H52G/eUKlYHF3pYUJ9gXsRCxnB2kgde8e7wEJgeAir1yXo9bSJCog6dtF1yi4qHyP4myDHnaAIZqh17DevG5NU0EgTjpVqIzfRfoalZoTTUcFLFU0wGeAebRsaYUGVn03uH8F9o3RhGEvzIg0n6teJDAulhiIwSYF1X/30xuJfXjvV4amfsShJNY3IdFGYcqhjOC4DdpmkRPOhIZhIZm6FpI8lJtpUVjAlfP4U/k8aRw5yHXRZKlbOZnXkwS7YAwcAgRNQAVVQA3VAwC24B4/gybqzHqxn62UazVmzmW3wDdbrB+e/lMA=</latexit>

quick percolation (bubbles remain small)

(ii)

 Introduce a trigger field       to synchronise decay.
 eV scale adaption of first-order inflationary model

[Linde,1990][Adams,Freese,1990]

<latexit sha1_base64="V9Ajb6k473Oij8D79LC/gL2ipcA="></latexit>

�(�) / exp [�SE(�)]

<latexit sha1_base64="3WZkLIXFqKRY7ARLTlvc3MP1J0A=">AAACFnicbZDLSsNAFIZP6q3WW9Slm8EiuNCSSFGXRTcuK9gLNKFMppN26OTCzEQoIU/hxldx40IRt+LOt3GaRtDWAwMf/3/OzJnfizmTyrK+jNLS8srqWnm9srG5tb1j7u61ZZQIQlsk4pHoelhSzkLaUkxx2o0FxYHHaccbX0/9zj0VkkXhnZrE1A3wMGQ+I1hpqW+epk5+SU8MPTe1alZeJwuQOfGIZX2z+iOgRbALqEJRzb756QwikgQ0VIRjKXu2FSs3xUIxwmlWcRJJY0zGeEh7GkMcUOmm+UYZOtLKAPmR0CdUKFd/T6Q4kHISeLozwGok572p+J/XS5R/6aYsjBNFQzJ7yE84UhGaZoQGTFCi+EQDJoLpXREZYYGJ0klWdAj2/JcXoX1Ws89r9dt6tXFVxFGGAziEY7DhAhpwA01oAYEHeIIXeDUejWfjzXiftZaMYmYf/pTx8Q2h+ptD</latexit>

�

t
<latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit><latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit><latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit><latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit>

x
<latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit><latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit><latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit><latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit>

t⇤<latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit><latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit><latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit><latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit>

�(t⇤,x)|⌃ = const .
<latexit sha1_base64="4tTA/oOyj8egNrZufZ1F7hDQrLU=">AAACE3icdVDLSsNAFJ3Ud31VXboZLEItEhIRtYggunGpaB/QlDCZTtqhk0mYuRFL7D+48VfcuFDErRt3/o1JreDzwIXDOfdy7z1eJLgGy3ozcmPjE5NT0zP52bn5hcXC0nJNh7GirEpDEaqGRzQTXLIqcBCsESlGAk+wutc7zvz6JVOah/IC+hFrBaQjuc8pgVRyC2Un6vISuOVN7AQEup6fXA02rl3nnHcCgg8wDaUG7OybebdQtMyKZVd2bPyb2KY1RBGNcOoWXp12SOOASaCCaN20rQhaCVHAqWCDvBNrFhHaIx3WTKkkAdOtZPjTAK+nShv7oUpLAh6qXycSEmjdD7y0M7tb//Qy8S+vGYO/10q4jGJgkn4s8mOBIcRZQLjNFaMg+ikhVPH0Vky7RBEKaYxZCJ+f4v9Jbcu0LdM+2y4eHo3imEaraA2VkI120SE6Qaeoiii6QXfoAT0at8a98WQ8f7TmjNHMCvoG4+UdvUOczQ==</latexit><latexit sha1_base64="4tTA/oOyj8egNrZufZ1F7hDQrLU=">AAACE3icdVDLSsNAFJ3Ud31VXboZLEItEhIRtYggunGpaB/QlDCZTtqhk0mYuRFL7D+48VfcuFDErRt3/o1JreDzwIXDOfdy7z1eJLgGy3ozcmPjE5NT0zP52bn5hcXC0nJNh7GirEpDEaqGRzQTXLIqcBCsESlGAk+wutc7zvz6JVOah/IC+hFrBaQjuc8pgVRyC2Un6vISuOVN7AQEup6fXA02rl3nnHcCgg8wDaUG7OybebdQtMyKZVd2bPyb2KY1RBGNcOoWXp12SOOASaCCaN20rQhaCVHAqWCDvBNrFhHaIx3WTKkkAdOtZPjTAK+nShv7oUpLAh6qXycSEmjdD7y0M7tb//Qy8S+vGYO/10q4jGJgkn4s8mOBIcRZQLjNFaMg+ikhVPH0Vky7RBEKaYxZCJ+f4v9Jbcu0LdM+2y4eHo3imEaraA2VkI120SE6Qaeoiii6QXfoAT0at8a98WQ8f7TmjNHMCvoG4+UdvUOczQ==</latexit><latexit sha1_base64="4tTA/oOyj8egNrZufZ1F7hDQrLU=">AAACE3icdVDLSsNAFJ3Ud31VXboZLEItEhIRtYggunGpaB/QlDCZTtqhk0mYuRFL7D+48VfcuFDErRt3/o1JreDzwIXDOfdy7z1eJLgGy3ozcmPjE5NT0zP52bn5hcXC0nJNh7GirEpDEaqGRzQTXLIqcBCsESlGAk+wutc7zvz6JVOah/IC+hFrBaQjuc8pgVRyC2Un6vISuOVN7AQEup6fXA02rl3nnHcCgg8wDaUG7OybebdQtMyKZVd2bPyb2KY1RBGNcOoWXp12SOOASaCCaN20rQhaCVHAqWCDvBNrFhHaIx3WTKkkAdOtZPjTAK+nShv7oUpLAh6qXycSEmjdD7y0M7tb//Qy8S+vGYO/10q4jGJgkn4s8mOBIcRZQLjNFaMg+ikhVPH0Vky7RBEKaYxZCJ+f4v9Jbcu0LdM+2y4eHo3imEaraA2VkI120SE6Qaeoiii6QXfoAT0at8a98WQ8f7TmjNHMCvoG4+UdvUOczQ==</latexit><latexit sha1_base64="4tTA/oOyj8egNrZufZ1F7hDQrLU=">AAACE3icdVDLSsNAFJ3Ud31VXboZLEItEhIRtYggunGpaB/QlDCZTtqhk0mYuRFL7D+48VfcuFDErRt3/o1JreDzwIXDOfdy7z1eJLgGy3ozcmPjE5NT0zP52bn5hcXC0nJNh7GirEpDEaqGRzQTXLIqcBCsESlGAk+wutc7zvz6JVOah/IC+hFrBaQjuc8pgVRyC2Un6vISuOVN7AQEup6fXA02rl3nnHcCgg8wDaUG7OybebdQtMyKZVd2bPyb2KY1RBGNcOoWXp12SOOASaCCaN20rQhaCVHAqWCDvBNrFhHaIx3WTKkkAdOtZPjTAK+nShv7oUpLAh6qXycSEmjdD7y0M7tb//Qy8S+vGYO/10q4jGJgkn4s8mOBIcRZQLjNFaMg+ikhVPH0Vky7RBEKaYxZCJ+f4v9Jbcu0LdM+2y4eHo3imEaraA2VkI120SE6Qaeoiii6QXfoAT0at8a98WQ8f7TmjNHMCvoG4+UdvUOczQ==</latexit>
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A testable scenario

• Adopting the GT estimator, only five models can reduce the tension to the 3� level,
with the best model (varying e↵ective electron mass in a curved universe) showing a
residual 2� tension. From best to worse, they are: varying me+⌦k, PEDE, varying me

in a flat universe, NEDE, and the Majoron.

• Making use instead of the more robust QDMAP criterion (reported in Fig. 1), which
compares �

2 of models with and without the inclusion of the SH0ES determination
of Mb, we find that models with non-Gaussian tails perform significantly better. This
most strongly impacts the two models of EDE, reducing their level of tension from
roughly 3� to 1.6� 1.9�. From best to worse, models that pass criterion 2 are: EDE,
varying me+⌦k, NEDE, PEDE, and the Majoron.

• Adopting the �AIC criterion, which attempts at quantifying the role of enlarged model
complexity in the improvement of the fit to Dbaseline +SH0ES, we find that only four
models are really capable of significantly improving over ⇤CDM. They are, in de-
creasing level of success: EDE, NEDE, a primordial magnetic field, and the Majoron
model.

Model �Nparam MB
Gaussian
Tension

QDMAP

Tension
��

2 �AIC Finalist

⇤CDM 0 �19.416± 0.012 4.4� 4.5� X 0.00 0.00 X X

�Nur 1 �19.395± 0.019 3.6� 3.9� X �4.60 �2.60 X X

SIDR 1 �19.385± 0.024 3.2� 3.6� X �3.77 �1.77 X X

DR-DM 2 �19.413± 0.036 3.3� 3.4� X �7.82 �3.82 X X

mixed DR 2 �19.388± 0.026 3.2� 3.7� X �6.40 �2.40 X X

SI⌫+DR 3 �19.440± 0.038 3.7� 3.9� X �3.56 2.44 X X

Majoron 3 �19.380± 0.027 3.0� 2.9� X �13.74 �7.74 X X
primordial B 1 �19.390± 0.018 3.5� 3.5� X �10.83 �8.83 X X
varying me 1 �19.391± 0.034 2.9� 3.2� X �9.87 �7.87 X X
varying me+⌦k 2 �19.368± 0.048 2.0� 1.7� X �16.11 �12.11 X X
EDE 3 �19.390± 0.016 3.6� 1.6� X �20.80 �14.80 X X
NEDE 3 �19.380± 0.021 3.2� 2.0� X �17.70 �11.70 X X
CPL 2 �19.400± 0.016 3.9� 4.1� X �4.23 �0.23 X X

PEDE 0 �19.349± 0.013 2.7� 2.0� X 4.76 4.76 X X

MPEDE 1 �19.400± 0.022 3.6� 4.0� X �2.21 �0.21 X X

DM ! DR+WDM 2 �19.410± 0.013 4.2� 4.4� X �4.18 �0.18 X X

DM ! DR 2 �19.410± 0.011 4.3� 4.2� X 0.11 4.11 X X

Table 1: Test of the models based on dataset Dbaseline (Planck 2018 + BAO + Pantheon),
using the direct measurement of Mb by SH0ES for the quantification of the tension (3rd
column) or the computation of the AIC (5th column). Six models pass at least one of these
three tests at the 3� level.

Before declaring the o�cial finalists, let us briefly comment on models that do not make it to
the final, starting with late-universe models. The CPL parameterization, our “late-universe
defending champion” only reduces the tension to 3.9�, inducing a minor improvement to the
global fit. The PEDE model noticeably degrades the �2 of BAO and Pantheon data, leading
to an overall worse fit than ⇤CDM. Thus, according to the general rules defined at the end of
the previous subsection, we must exclude PEDE from the final. We further comment on this
choice in Section 4.2 and below. The MPEDE model, which generalises PEDE to include
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Abstract. Despite the remarkable success of the ⇤ Cold Dark Matter (⇤CDM) cosmological
model, a growing discrepancy has emerged (currently measured at the level of ⇠ 4 � 6�)
between the value of the Hubble constant H0 measured using the local distance ladder and
the value inferred using the cosmic microwave background and galaxy surveys. While a vast
array of ⇤CDM extensions have been proposed to explain these discordant observations, un-
derstanding the (relative) success of these models in resolving the tension has proven di�cult
– this is a direct consequence of the fact that each model has been subjected to di↵ering, and
typically incomplete, compilations of cosmological data. In this review, we attempt to make
a systematic comparison of sixteen di↵erent models which have been proposed to resolve
the H0 tension (spanning both early- and late-Universe solutions), and quantify the relative
success of each using a series of metrics and a vast array of data combinations. Owing to
the timely appearance of this article, we refer to this contest as the “H0 Olympics”; the
goal being to identify which of the proposed solutions, and more broadly which underlying
mechanisms, are most likely to be responsible for explaining the observed discrepancy (should
unaccounted for systematics not be the culprit). This work also establishes a foundation of
tests which will allow the success of novel proposals to be meaningful “benchmarked”.
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using the direct measurement of Mb by SH0ES for the quantification of the tension (3rd
column) or the computation of the AIC (5th column). Six models pass at least one of these
three tests at the 3� level.

Before declaring the o�cial finalists, let us briefly comment on models that do not make it to
the final, starting with late-universe models. The CPL parameterization, our “late-universe
defending champion” only reduces the tension to 3.9�, inducing a minor improvement to the
global fit. The PEDE model noticeably degrades the �2 of BAO and Pantheon data, leading
to an overall worse fit than ⇤CDM. Thus, according to the general rules defined at the end of
the previous subsection, we must exclude PEDE from the final. We further comment on this
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Abstract. Despite the remarkable success of the ⇤ Cold Dark Matter (⇤CDM) cosmological
model, a growing discrepancy has emerged (currently measured at the level of ⇠ 4 � 6�)
between the value of the Hubble constant H0 measured using the local distance ladder and
the value inferred using the cosmic microwave background and galaxy surveys. While a vast
array of ⇤CDM extensions have been proposed to explain these discordant observations, un-
derstanding the (relative) success of these models in resolving the tension has proven di�cult
– this is a direct consequence of the fact that each model has been subjected to di↵ering, and
typically incomplete, compilations of cosmological data. In this review, we attempt to make
a systematic comparison of sixteen di↵erent models which have been proposed to resolve
the H0 tension (spanning both early- and late-Universe solutions), and quantify the relative
success of each using a series of metrics and a vast array of data combinations. Owing to
the timely appearance of this article, we refer to this contest as the “H0 Olympics”; the
goal being to identify which of the proposed solutions, and more broadly which underlying
mechanisms, are most likely to be responsible for explaining the observed discrepancy (should
unaccounted for systematics not be the culprit). This work also establishes a foundation of
tests which will allow the success of novel proposals to be meaningful “benchmarked”.
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A testable scenario

• Adopting the GT estimator, only five models can reduce the tension to the 3� level,
with the best model (varying e↵ective electron mass in a curved universe) showing a
residual 2� tension. From best to worse, they are: varying me+⌦k, PEDE, varying me

in a flat universe, NEDE, and the Majoron.

• Making use instead of the more robust QDMAP criterion (reported in Fig. 1), which
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Before declaring the o�cial finalists, let us briefly comment on models that do not make it to
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defending champion” only reduces the tension to 3.9�, inducing a minor improvement to the
global fit. The PEDE model noticeably degrades the �2 of BAO and Pantheon data, leading
to an overall worse fit than ⇤CDM. Thus, according to the general rules defined at the end of
the previous subsection, we must exclude PEDE from the final. We further comment on this
choice in Section 4.2 and below. The MPEDE model, which generalises PEDE to include
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pellier (UMR-5299), Place Eugène Bataillon, F-34095 Montpellier Cedex 05, France.

cGRAPPA Institute, Institute for Theoretical Physics Amsterdam and Delta Institute for
Theoretical Physics, University of Amsterdam, Science Park 904, 1098 XH Amsterdam,
The Netherlands

E-mail: nils.science@gmail.com, guillermo.franco-abellan@umontpellier.fr,
andrea.perez@rwth-aachen.de, s.j.witte@uva.nl, vivian.poulin@umontpellier.fr,
lesgourg@physik.rwth-aachen.de

Abstract. Despite the remarkable success of the ⇤ Cold Dark Matter (⇤CDM) cosmological
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the value inferred using the cosmic microwave background and galaxy surveys. While a vast
array of ⇤CDM extensions have been proposed to explain these discordant observations, un-
derstanding the (relative) success of these models in resolving the tension has proven di�cult
– this is a direct consequence of the fact that each model has been subjected to di↵ering, and
typically incomplete, compilations of cosmological data. In this review, we attempt to make
a systematic comparison of sixteen di↵erent models which have been proposed to resolve
the H0 tension (spanning both early- and late-Universe solutions), and quantify the relative
success of each using a series of metrics and a vast array of data combinations. Owing to
the timely appearance of this article, we refer to this contest as the “H0 Olympics”; the
goal being to identify which of the proposed solutions, and more broadly which underlying
mechanisms, are most likely to be responsible for explaining the observed discrepancy (should
unaccounted for systematics not be the culprit). This work also establishes a foundation of
tests which will allow the success of novel proposals to be meaningful “benchmarked”.
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A testable scenario

• Adopting the GT estimator, only five models can reduce the tension to the 3� level,
with the best model (varying e↵ective electron mass in a curved universe) showing a
residual 2� tension. From best to worse, they are: varying me+⌦k, PEDE, varying me

in a flat universe, NEDE, and the Majoron.

• Making use instead of the more robust QDMAP criterion (reported in Fig. 1), which
compares �

2 of models with and without the inclusion of the SH0ES determination
of Mb, we find that models with non-Gaussian tails perform significantly better. This
most strongly impacts the two models of EDE, reducing their level of tension from
roughly 3� to 1.6� 1.9�. From best to worse, models that pass criterion 2 are: EDE,
varying me+⌦k, NEDE, PEDE, and the Majoron.

• Adopting the �AIC criterion, which attempts at quantifying the role of enlarged model
complexity in the improvement of the fit to Dbaseline +SH0ES, we find that only four
models are really capable of significantly improving over ⇤CDM. They are, in de-
creasing level of success: EDE, NEDE, a primordial magnetic field, and the Majoron
model.
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⇤CDM 0 �19.416± 0.012 4.4� 4.5� X 0.00 0.00 X X

�Nur 1 �19.395± 0.019 3.6� 3.9� X �4.60 �2.60 X X

SIDR 1 �19.385± 0.024 3.2� 3.6� X �3.77 �1.77 X X

DR-DM 2 �19.413± 0.036 3.3� 3.4� X �7.82 �3.82 X X

mixed DR 2 �19.388± 0.026 3.2� 3.7� X �6.40 �2.40 X X

SI⌫+DR 3 �19.440± 0.038 3.7� 3.9� X �3.56 2.44 X X

Majoron 3 �19.380± 0.027 3.0� 2.9� X �13.74 �7.74 X X
primordial B 1 �19.390± 0.018 3.5� 3.5� X �10.83 �8.83 X X
varying me 1 �19.391± 0.034 2.9� 3.2� X �9.87 �7.87 X X
varying me+⌦k 2 �19.368± 0.048 2.0� 1.7� X �16.11 �12.11 X X
EDE 3 �19.390± 0.016 3.6� 1.6� X �20.80 �14.80 X X
NEDE 3 �19.380± 0.021 3.2� 2.0� X �17.70 �11.70 X X
CPL 2 �19.400± 0.016 3.9� 4.1� X �4.23 �0.23 X X

PEDE 0 �19.349± 0.013 2.7� 2.0� X 4.76 4.76 X X

MPEDE 1 �19.400± 0.022 3.6� 4.0� X �2.21 �0.21 X X

DM ! DR+WDM 2 �19.410± 0.013 4.2� 4.4� X �4.18 �0.18 X X

DM ! DR 2 �19.410± 0.011 4.3� 4.2� X 0.11 4.11 X X

Table 1: Test of the models based on dataset Dbaseline (Planck 2018 + BAO + Pantheon),
using the direct measurement of Mb by SH0ES for the quantification of the tension (3rd
column) or the computation of the AIC (5th column). Six models pass at least one of these
three tests at the 3� level.

Before declaring the o�cial finalists, let us briefly comment on models that do not make it to
the final, starting with late-universe models. The CPL parameterization, our “late-universe
defending champion” only reduces the tension to 3.9�, inducing a minor improvement to the
global fit. The PEDE model noticeably degrades the �2 of BAO and Pantheon data, leading
to an overall worse fit than ⇤CDM. Thus, according to the general rules defined at the end of
the previous subsection, we must exclude PEDE from the final. We further comment on this
choice in Section 4.2 and below. The MPEDE model, which generalises PEDE to include
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A testable scenario

• Adopting the GT estimator, only five models can reduce the tension to the 3� level,
with the best model (varying e↵ective electron mass in a curved universe) showing a
residual 2� tension. From best to worse, they are: varying me+⌦k, PEDE, varying me

in a flat universe, NEDE, and the Majoron.

• Making use instead of the more robust QDMAP criterion (reported in Fig. 1), which
compares �

2 of models with and without the inclusion of the SH0ES determination
of Mb, we find that models with non-Gaussian tails perform significantly better. This
most strongly impacts the two models of EDE, reducing their level of tension from
roughly 3� to 1.6� 1.9�. From best to worse, models that pass criterion 2 are: EDE,
varying me+⌦k, NEDE, PEDE, and the Majoron.

• Adopting the �AIC criterion, which attempts at quantifying the role of enlarged model
complexity in the improvement of the fit to Dbaseline +SH0ES, we find that only four
models are really capable of significantly improving over ⇤CDM. They are, in de-
creasing level of success: EDE, NEDE, a primordial magnetic field, and the Majoron
model.
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varying me 1 �19.391± 0.034 2.9� 3.2� X �9.87 �7.87 X X
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Table 1: Test of the models based on dataset Dbaseline (Planck 2018 + BAO + Pantheon),
using the direct measurement of Mb by SH0ES for the quantification of the tension (3rd
column) or the computation of the AIC (5th column). Six models pass at least one of these
three tests at the 3� level.

Before declaring the o�cial finalists, let us briefly comment on models that do not make it to
the final, starting with late-universe models. The CPL parameterization, our “late-universe
defending champion” only reduces the tension to 3.9�, inducing a minor improvement to the
global fit. The PEDE model noticeably degrades the �2 of BAO and Pantheon data, leading
to an overall worse fit than ⇤CDM. Thus, according to the general rules defined at the end of
the previous subsection, we must exclude PEDE from the final. We further comment on this
choice in Section 4.2 and below. The MPEDE model, which generalises PEDE to include
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the value inferred using the cosmic microwave background and galaxy surveys. While a vast
array of ⇤CDM extensions have been proposed to explain these discordant observations, un-
derstanding the (relative) success of these models in resolving the tension has proven di�cult
– this is a direct consequence of the fact that each model has been subjected to di↵ering, and
typically incomplete, compilations of cosmological data. In this review, we attempt to make
a systematic comparison of sixteen di↵erent models which have been proposed to resolve
the H0 tension (spanning both early- and late-Universe solutions), and quantify the relative
success of each using a series of metrics and a vast array of data combinations. Owing to
the timely appearance of this article, we refer to this contest as the “H0 Olympics”; the
goal being to identify which of the proposed solutions, and more broadly which underlying
mechanisms, are most likely to be responsible for explaining the observed discrepancy (should
unaccounted for systematics not be the culprit). This work also establishes a foundation of
tests which will allow the success of novel proposals to be meaningful “benchmarked”.
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A testable scenario

• Adopting the GT estimator, only five models can reduce the tension to the 3� level,
with the best model (varying e↵ective electron mass in a curved universe) showing a
residual 2� tension. From best to worse, they are: varying me+⌦k, PEDE, varying me

in a flat universe, NEDE, and the Majoron.

• Making use instead of the more robust QDMAP criterion (reported in Fig. 1), which
compares �

2 of models with and without the inclusion of the SH0ES determination
of Mb, we find that models with non-Gaussian tails perform significantly better. This
most strongly impacts the two models of EDE, reducing their level of tension from
roughly 3� to 1.6� 1.9�. From best to worse, models that pass criterion 2 are: EDE,
varying me+⌦k, NEDE, PEDE, and the Majoron.

• Adopting the �AIC criterion, which attempts at quantifying the role of enlarged model
complexity in the improvement of the fit to Dbaseline +SH0ES, we find that only four
models are really capable of significantly improving over ⇤CDM. They are, in de-
creasing level of success: EDE, NEDE, a primordial magnetic field, and the Majoron
model.

Model �Nparam MB
Gaussian
Tension

QDMAP

Tension
��

2 �AIC Finalist

⇤CDM 0 �19.416± 0.012 4.4� 4.5� X 0.00 0.00 X X

�Nur 1 �19.395± 0.019 3.6� 3.9� X �4.60 �2.60 X X

SIDR 1 �19.385± 0.024 3.2� 3.6� X �3.77 �1.77 X X

DR-DM 2 �19.413± 0.036 3.3� 3.4� X �7.82 �3.82 X X

mixed DR 2 �19.388± 0.026 3.2� 3.7� X �6.40 �2.40 X X

SI⌫+DR 3 �19.440± 0.038 3.7� 3.9� X �3.56 2.44 X X

Majoron 3 �19.380± 0.027 3.0� 2.9� X �13.74 �7.74 X X
primordial B 1 �19.390± 0.018 3.5� 3.5� X �10.83 �8.83 X X
varying me 1 �19.391± 0.034 2.9� 3.2� X �9.87 �7.87 X X
varying me+⌦k 2 �19.368± 0.048 2.0� 1.7� X �16.11 �12.11 X X
EDE 3 �19.390± 0.016 3.6� 1.6� X �20.80 �14.80 X X
NEDE 3 �19.380± 0.021 3.2� 2.0� X �17.70 �11.70 X X
CPL 2 �19.400± 0.016 3.9� 4.1� X �4.23 �0.23 X X

PEDE 0 �19.349± 0.013 2.7� 2.0� X 4.76 4.76 X X

MPEDE 1 �19.400± 0.022 3.6� 4.0� X �2.21 �0.21 X X

DM ! DR+WDM 2 �19.410± 0.013 4.2� 4.4� X �4.18 �0.18 X X

DM ! DR 2 �19.410± 0.011 4.3� 4.2� X 0.11 4.11 X X

Table 1: Test of the models based on dataset Dbaseline (Planck 2018 + BAO + Pantheon),
using the direct measurement of Mb by SH0ES for the quantification of the tension (3rd
column) or the computation of the AIC (5th column). Six models pass at least one of these
three tests at the 3� level.

Before declaring the o�cial finalists, let us briefly comment on models that do not make it to
the final, starting with late-universe models. The CPL parameterization, our “late-universe
defending champion” only reduces the tension to 3.9�, inducing a minor improvement to the
global fit. The PEDE model noticeably degrades the �2 of BAO and Pantheon data, leading
to an overall worse fit than ⇤CDM. Thus, according to the general rules defined at the end of
the previous subsection, we must exclude PEDE from the final. We further comment on this
choice in Section 4.2 and below. The MPEDE model, which generalises PEDE to include
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A testable scenario

• Adopting the GT estimator, only five models can reduce the tension to the 3� level,
with the best model (varying e↵ective electron mass in a curved universe) showing a
residual 2� tension. From best to worse, they are: varying me+⌦k, PEDE, varying me

in a flat universe, NEDE, and the Majoron.

• Making use instead of the more robust QDMAP criterion (reported in Fig. 1), which
compares �

2 of models with and without the inclusion of the SH0ES determination
of Mb, we find that models with non-Gaussian tails perform significantly better. This
most strongly impacts the two models of EDE, reducing their level of tension from
roughly 3� to 1.6� 1.9�. From best to worse, models that pass criterion 2 are: EDE,
varying me+⌦k, NEDE, PEDE, and the Majoron.

• Adopting the �AIC criterion, which attempts at quantifying the role of enlarged model
complexity in the improvement of the fit to Dbaseline +SH0ES, we find that only four
models are really capable of significantly improving over ⇤CDM. They are, in de-
creasing level of success: EDE, NEDE, a primordial magnetic field, and the Majoron
model.
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Gaussian
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NEDE 3 �19.380± 0.021 3.2� 2.0� X �17.70 �11.70 X X
CPL 2 �19.400± 0.016 3.9� 4.1� X �4.23 �0.23 X X

PEDE 0 �19.349± 0.013 2.7� 2.0� X 4.76 4.76 X X

MPEDE 1 �19.400± 0.022 3.6� 4.0� X �2.21 �0.21 X X

DM ! DR+WDM 2 �19.410± 0.013 4.2� 4.4� X �4.18 �0.18 X X

DM ! DR 2 �19.410± 0.011 4.3� 4.2� X 0.11 4.11 X X

Table 1: Test of the models based on dataset Dbaseline (Planck 2018 + BAO + Pantheon),
using the direct measurement of Mb by SH0ES for the quantification of the tension (3rd
column) or the computation of the AIC (5th column). Six models pass at least one of these
three tests at the 3� level.

Before declaring the o�cial finalists, let us briefly comment on models that do not make it to
the final, starting with late-universe models. The CPL parameterization, our “late-universe
defending champion” only reduces the tension to 3.9�, inducing a minor improvement to the
global fit. The PEDE model noticeably degrades the �2 of BAO and Pantheon data, leading
to an overall worse fit than ⇤CDM. Thus, according to the general rules defined at the end of
the previous subsection, we must exclude PEDE from the final. We further comment on this
choice in Section 4.2 and below. The MPEDE model, which generalises PEDE to include
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a systematic comparison of sixteen di↵erent models which have been proposed to resolve
the H0 tension (spanning both early- and late-Universe solutions), and quantify the relative
success of each using a series of metrics and a vast array of data combinations. Owing to
the timely appearance of this article, we refer to this contest as the “H0 Olympics”; the
goal being to identify which of the proposed solutions, and more broadly which underlying
mechanisms, are most likely to be responsible for explaining the observed discrepancy (should
unaccounted for systematics not be the culprit). This work also establishes a foundation of
tests which will allow the success of novel proposals to be meaningful “benchmarked”.
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A testable scenario

• Adopting the GT estimator, only five models can reduce the tension to the 3� level,
with the best model (varying e↵ective electron mass in a curved universe) showing a
residual 2� tension. From best to worse, they are: varying me+⌦k, PEDE, varying me

in a flat universe, NEDE, and the Majoron.

• Making use instead of the more robust QDMAP criterion (reported in Fig. 1), which
compares �

2 of models with and without the inclusion of the SH0ES determination
of Mb, we find that models with non-Gaussian tails perform significantly better. This
most strongly impacts the two models of EDE, reducing their level of tension from
roughly 3� to 1.6� 1.9�. From best to worse, models that pass criterion 2 are: EDE,
varying me+⌦k, NEDE, PEDE, and the Majoron.

• Adopting the �AIC criterion, which attempts at quantifying the role of enlarged model
complexity in the improvement of the fit to Dbaseline +SH0ES, we find that only four
models are really capable of significantly improving over ⇤CDM. They are, in de-
creasing level of success: EDE, NEDE, a primordial magnetic field, and the Majoron
model.

Model �Nparam MB
Gaussian
Tension

QDMAP

Tension
��

2 �AIC Finalist

⇤CDM 0 �19.416± 0.012 4.4� 4.5� X 0.00 0.00 X X

�Nur 1 �19.395± 0.019 3.6� 3.9� X �4.60 �2.60 X X

SIDR 1 �19.385± 0.024 3.2� 3.6� X �3.77 �1.77 X X

DR-DM 2 �19.413± 0.036 3.3� 3.4� X �7.82 �3.82 X X

mixed DR 2 �19.388± 0.026 3.2� 3.7� X �6.40 �2.40 X X

SI⌫+DR 3 �19.440± 0.038 3.7� 3.9� X �3.56 2.44 X X

Majoron 3 �19.380± 0.027 3.0� 2.9� X �13.74 �7.74 X X
primordial B 1 �19.390± 0.018 3.5� 3.5� X �10.83 �8.83 X X
varying me 1 �19.391± 0.034 2.9� 3.2� X �9.87 �7.87 X X
varying me+⌦k 2 �19.368± 0.048 2.0� 1.7� X �16.11 �12.11 X X
EDE 3 �19.390± 0.016 3.6� 1.6� X �20.80 �14.80 X X
NEDE 3 �19.380± 0.021 3.2� 2.0� X �17.70 �11.70 X X
CPL 2 �19.400± 0.016 3.9� 4.1� X �4.23 �0.23 X X

PEDE 0 �19.349± 0.013 2.7� 2.0� X 4.76 4.76 X X

MPEDE 1 �19.400± 0.022 3.6� 4.0� X �2.21 �0.21 X X

DM ! DR+WDM 2 �19.410± 0.013 4.2� 4.4� X �4.18 �0.18 X X

DM ! DR 2 �19.410± 0.011 4.3� 4.2� X 0.11 4.11 X X

Table 1: Test of the models based on dataset Dbaseline (Planck 2018 + BAO + Pantheon),
using the direct measurement of Mb by SH0ES for the quantification of the tension (3rd
column) or the computation of the AIC (5th column). Six models pass at least one of these
three tests at the 3� level.

Before declaring the o�cial finalists, let us briefly comment on models that do not make it to
the final, starting with late-universe models. The CPL parameterization, our “late-universe
defending champion” only reduces the tension to 3.9�, inducing a minor improvement to the
global fit. The PEDE model noticeably degrades the �2 of BAO and Pantheon data, leading
to an overall worse fit than ⇤CDM. Thus, according to the general rules defined at the end of
the previous subsection, we must exclude PEDE from the final. We further comment on this
choice in Section 4.2 and below. The MPEDE model, which generalises PEDE to include
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Abstract. Despite the remarkable success of the ⇤ Cold Dark Matter (⇤CDM) cosmological
model, a growing discrepancy has emerged (currently measured at the level of ⇠ 4 � 6�)
between the value of the Hubble constant H0 measured using the local distance ladder and
the value inferred using the cosmic microwave background and galaxy surveys. While a vast
array of ⇤CDM extensions have been proposed to explain these discordant observations, un-
derstanding the (relative) success of these models in resolving the tension has proven di�cult
– this is a direct consequence of the fact that each model has been subjected to di↵ering, and
typically incomplete, compilations of cosmological data. In this review, we attempt to make
a systematic comparison of sixteen di↵erent models which have been proposed to resolve
the H0 tension (spanning both early- and late-Universe solutions), and quantify the relative
success of each using a series of metrics and a vast array of data combinations. Owing to
the timely appearance of this article, we refer to this contest as the “H0 Olympics”; the
goal being to identify which of the proposed solutions, and more broadly which underlying
mechanisms, are most likely to be responsible for explaining the observed discrepancy (should
unaccounted for systematics not be the culprit). This work also establishes a foundation of
tests which will allow the success of novel proposals to be meaningful “benchmarked”.

ar
X

iv
:2

10
7.

10
29

1v
1 

 [a
str

o-
ph

.C
O

]  
21

 Ju
l 2

02
1

axiEDE

NEDE

 Competition 2022:  
EDE-type models reduce tension 
to ~ 2 sigma.  

 Strong projection effects at play. 

(with A. Chatrchyan, V. Poulin,  
and M. S. Sloth)

Update 2024  

Change I: (Planck 2018, Pantheon+, DESI BAO DR1)  
->tension:  ~ 2 sigma 
Change II: (Planck NPIPE, Pantheon+, DESI BAO DR1)  
->tension: ~2.5 sigma (~3.5 sigma with old BAO)
 Model building clue: fluid after phase transition could 
be a mixture of radiation (w=1/3) and stiff (w=1) fluid. 

Upshot: Cold NEDE remains competitive model.
Outlook: more theoretical (origin of w=1) and 
phenomenological (new ACT data) work required! 

Profile likelihood curves

e.g. [J. Cruz, S. Hannestad, E. Holm, F. N., 
M. S. Sloth, T. Tram], also [Herold+
+,2112.12140]

Schöneberg et al., 2022

no SHOES prior!



Part B: Dark Radiation



Part B: Dark Radiation
 Minimal modification.



Part B: Dark Radiation
 Minimal modification.

Convenient parametrisation:  `` additional neutrinos’’ 
<latexit sha1_base64="JozE155wd9oSDCVoMgB89UmWeeo="></latexit>

�Ne↵ = ⇢DR/⇢1,⌫



Part B: Dark Radiation
 Minimal modification.

Convenient parametrisation:  `` additional neutrinos’’ 
<latexit sha1_base64="JozE155wd9oSDCVoMgB89UmWeeo="></latexit>

�Ne↵ = ⇢DR/⇢1,⌫

Dark sector temperature: 

<latexit sha1_base64="/cXVrfl0im0LPY22siqg2mIiSqA="></latexit>

T 4
d /T

4
vis = g�1

rel,d

7

4

✓
4

11

◆4/3

�Ne↵



Part B: Dark Radiation
 Minimal modification.

 Free streaming DR: Too constrained by phase shift induced 
in CMB power spectrum. [Aloni++,2111.00014]

Convenient parametrisation:  `` additional neutrinos’’ 
<latexit sha1_base64="JozE155wd9oSDCVoMgB89UmWeeo="></latexit>

�Ne↵ = ⇢DR/⇢1,⌫

Dark sector temperature: 

<latexit sha1_base64="/cXVrfl0im0LPY22siqg2mIiSqA="></latexit>

T 4
d /T

4
vis = g�1

rel,d

7

4

✓
4

11

◆4/3

�Ne↵

<latexit sha1_base64="rykcW+JWW3s5QpBMgFyRoLzoMjo="></latexit>

�FS ⇡ 0.6
Ne↵,⌫ +�Ne↵

4.4 +Ne↵,⌫ +�Ne↵



Part B: Dark Radiation
 Minimal modification.

 Free streaming DR: Too constrained by phase shift induced 
in CMB power spectrum.
 Strongly self-interacting DR (SIDR) more promising.

[Aloni++,2111.00014]

Convenient parametrisation:  `` additional neutrinos’’ 
<latexit sha1_base64="JozE155wd9oSDCVoMgB89UmWeeo="></latexit>

�Ne↵ = ⇢DR/⇢1,⌫

Dark sector temperature: 

<latexit sha1_base64="/cXVrfl0im0LPY22siqg2mIiSqA="></latexit>

T 4
d /T

4
vis = g�1

rel,d

7

4

✓
4

11

◆4/3

�Ne↵

<latexit sha1_base64="rykcW+JWW3s5QpBMgFyRoLzoMjo="></latexit>

�FS ⇡ 0.6
Ne↵,⌫ +�Ne↵

4.4 +Ne↵,⌫ +�Ne↵

Example: massless gauge bosons of dark SU(N)

(i) no free-streaming 

(ii) SIDR acts as perturbed fluid

<latexit sha1_base64="XxfVn5/534EA0H/3XZKD7wltWyU=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4Gmak9rErurDLCvYBnaFk0sw0NMmMSaZQSr/DjQtF3Pox7vwb03YEFT1w4XDOvdx7T5AwqrTjfFi5tfWNza38dmFnd2//oHh41FFxKjFp45jFshcgRRgVpK2pZqSXSIJ4wEg3GF8v/O6ESEVjcaenCfE5igQNKUbaSL53gzhH0Isi2ISDYsmx645bv6zCFamVM1KpQ9d2liiBDK1B8d0bxjjlRGjMkFJ910m0P0NSU8zIvOCliiQIj1FE+oYKxInyZ8uj5/DMKEMYxtKU0HCpfp+YIa7UlAemkyM9Ur+9hfiX1091WPNnVCSpJgKvFoUpgzqGiwTgkEqCNZsagrCk5laIR0girE1OBRPC16fwf9K5sN2KXbktlxpXWRx5cAJOwTlwQRU0QBO0QBtgcA8ewBN4tibWo/Viva5ac1Y2cwx+wHr7BL8JkXg=</latexit>

� � H



Part B: Dark Radiation
 Minimal modification.

 Free streaming DR: Too constrained by phase shift induced 
in CMB power spectrum.
 Strongly self-interacting DR (SIDR) more promising.

[Aloni++,2111.00014]

Convenient parametrisation:  `` additional neutrinos’’ 
<latexit sha1_base64="JozE155wd9oSDCVoMgB89UmWeeo="></latexit>

�Ne↵ = ⇢DR/⇢1,⌫

Dark sector temperature: 

<latexit sha1_base64="/cXVrfl0im0LPY22siqg2mIiSqA="></latexit>

T 4
d /T

4
vis = g�1

rel,d

7

4

✓
4

11

◆4/3

�Ne↵

<latexit sha1_base64="rykcW+JWW3s5QpBMgFyRoLzoMjo="></latexit>

�FS ⇡ 0.6
Ne↵,⌫ +�Ne↵

4.4 +Ne↵,⌫ +�Ne↵

 Different sophistications: stepped SIDR (mass threshold), 
coupled DM-DR, …

Example: massless gauge bosons of dark SU(N)

(i) no free-streaming 

(ii) SIDR acts as perturbed fluid
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� � H

<latexit sha1_base64="9z5WHuIQLlf0tqb8I89zLWTpVl0=">AAAB7HicdVBNS8NAEJ3Ur1q/qh69LJaCp5CI9uNW9OKxgmkLbSib7aZdutmE3Y1QQn+DFw+KePUHefPfuG0jqOiDgcd7M8zMCxLOlHacD6uwtr6xuVXcLu3s7u0flA+POipOJaEeiXksewFWlDNBPc00p71EUhwFnHaD6fXC795TqVgs7vQsoX6Ex4KFjGBtJM910KA6LFccu+m4zcs6WpHGRU5qTeTazhIVyNEelt8Ho5ikERWacKxU33US7WdYakY4nZcGqaIJJlM8pn1DBY6o8rPlsXNUNcoIhbE0JTRaqt8nMhwpNYsC0xlhPVG/vYX4l9dPddjwMyaSVFNBVovClCMdo8XnaMQkJZrPDMFEMnMrIhMsMdEmn5IJ4etT9D/pnNtuza7dXlRaV3kcRTiBUzgDF+rQghtogwcEGDzAEzxbwnq0XqzXVWvBymeO4Qest0/bW44Z</latexit>

10%

<latexit sha1_base64="QFBMFo3APUkILdhQeDrsN3iitBs=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4GmZE+9gV3bisYB/QDiWT3rahmcw0yRTK0O9w40IRt36MO//GTDuCih4IHM65l3ty/IgzpR3nw8qtrW9sbuW3Czu7e/sHxcOjlgpjSaFJQx7Kjk8UcCagqZnm0IkkkMDn0PYnN6nfnoFULBT3eh6BF5CRYENGiTaSR/q9gOixDBKYLvrFkmPXHLd2VcErUr3MSLmGXdtZooQyNPrF994gpHEAQlNOlOq6TqS9hEjNKIdFoRcriAidkBF0DRUkAOUly9ALfGaUAR6G0jyh8VL9vpGQQKl54JvJNKL67aXiX1431sOqlzARxRoEXR0axhzrEKcN4AGTQDWfG0KoZCYrpmMiCdWmp4Ip4eun+H/SurDdsl2+uyzVr7M68ugEnaJz5KIKqqNb1EBNRNEUPaAn9GzNrEfrxXpdjeasbOcY/YD19gncC5La</latexit>aeq

“threshold effect” 

annihilation/decay of non-rel. 
particles into massless particles. 

<latexit sha1_base64="l+nZljZxWnUPcuc3YFRfW7lkv/A="></latexit>

�Ne↵ = ⇢X/⇢1,⌫entropy conservation  

<latexit sha1_base64="qXd60z7f8m8mFOcm9h0vLO1yvlU=">AAACDnicdVDLSsNAFJ3UV62vqEs3g6XgQkoitY9dURcuq9gHNKVMppN26GQSZiZCCfkCN/6KGxeKuHXtzr9x0lRQ0QMXDufcy733uCGjUlnWh5FbWl5ZXcuvFzY2t7Z3zN29jgwigUkbBywQPRdJwignbUUVI71QEOS7jHTd6Xnqd2+JkDTgN2oWkoGPxpx6FCOlpaFZcjyBcOyISTB0fKQmwo8vrpMkU2L72OFRkgzNolVuWHbjtAYzUq8sSLUB7bI1RxEs0Bqa784owJFPuMIMSdm3rVANYiQUxYwkBSeSJER4isakrylHPpGDeP5OAktaGUEvELq4gnP1+0SMfClnvqs704vlby8V//L6kfLqg5jyMFKE42yRFzGoAphmA0dUEKzYTBOEBdW3QjxBOh+lEyzoEL4+hf+TzknZrparV5Vi82wRRx4cgENwBGxQA01wCVqgDTC4Aw/gCTwb98aj8WK8Zq05YzGzD37AePsELBydfw==</latexit>⇢DR

⇢1,⌫e.g. [Aloni++,2207.03500]



Part B: Dark Radiation
 Minimal modification.

 Free streaming DR: Too constrained by phase shift induced 
in CMB power spectrum.
 Strongly self-interacting DR (SIDR) more promising.

[Aloni++,2111.00014]

Convenient parametrisation:  `` additional neutrinos’’ 
<latexit sha1_base64="JozE155wd9oSDCVoMgB89UmWeeo="></latexit>

�Ne↵ = ⇢DR/⇢1,⌫

Dark sector temperature: 

<latexit sha1_base64="/cXVrfl0im0LPY22siqg2mIiSqA="></latexit>

T 4
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✓
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◆4/3

�Ne↵

<latexit sha1_base64="rykcW+JWW3s5QpBMgFyRoLzoMjo="></latexit>

�FS ⇡ 0.6
Ne↵,⌫ +�Ne↵

4.4 +Ne↵,⌫ +�Ne↵

 Different sophistications: stepped SIDR (mass threshold), 
coupled DM-DR, …
 Depending on detailed model: brings tension to  
~3 sigma level.
Challenge: Resolution of Hubble tension incompatible with 
BBN

[2306.12469, 2305.14166]

e.g. [Schöneberg++,2206.11276]

Example: massless gauge bosons of dark SU(N)

(i) no free-streaming 

(ii) SIDR acts as perturbed fluid

<latexit sha1_base64="XxfVn5/534EA0H/3XZKD7wltWyU=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4Gmak9rErurDLCvYBnaFk0sw0NMmMSaZQSr/DjQtF3Pox7vwb03YEFT1w4XDOvdx7T5AwqrTjfFi5tfWNza38dmFnd2//oHh41FFxKjFp45jFshcgRRgVpK2pZqSXSIJ4wEg3GF8v/O6ESEVjcaenCfE5igQNKUbaSL53gzhH0Isi2ISDYsmx645bv6zCFamVM1KpQ9d2liiBDK1B8d0bxjjlRGjMkFJ910m0P0NSU8zIvOCliiQIj1FE+oYKxInyZ8uj5/DMKEMYxtKU0HCpfp+YIa7UlAemkyM9Ur+9hfiX1091WPNnVCSpJgKvFoUpgzqGiwTgkEqCNZsagrCk5laIR0girE1OBRPC16fwf9K5sN2KXbktlxpXWRx5cAJOwTlwQRU0QBO0QBtgcA8ewBN4tibWo/Viva5ac1Y2cwx+wHr7BL8JkXg=</latexit>

� � H

<latexit sha1_base64="9z5WHuIQLlf0tqb8I89zLWTpVl0=">AAAB7HicdVBNS8NAEJ3Ur1q/qh69LJaCp5CI9uNW9OKxgmkLbSib7aZdutmE3Y1QQn+DFw+KePUHefPfuG0jqOiDgcd7M8zMCxLOlHacD6uwtr6xuVXcLu3s7u0flA+POipOJaEeiXksewFWlDNBPc00p71EUhwFnHaD6fXC795TqVgs7vQsoX6Ex4KFjGBtJM910KA6LFccu+m4zcs6WpHGRU5qTeTazhIVyNEelt8Ho5ikERWacKxU33US7WdYakY4nZcGqaIJJlM8pn1DBY6o8rPlsXNUNcoIhbE0JTRaqt8nMhwpNYsC0xlhPVG/vYX4l9dPddjwMyaSVFNBVovClCMdo8XnaMQkJZrPDMFEMnMrIhMsMdEmn5IJ4etT9D/pnNtuza7dXlRaV3kcRTiBUzgDF+rQghtogwcEGDzAEzxbwnq0XqzXVWvBymeO4Qest0/bW44Z</latexit>

10%

<latexit sha1_base64="QFBMFo3APUkILdhQeDrsN3iitBs=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4GmZE+9gV3bisYB/QDiWT3rahmcw0yRTK0O9w40IRt36MO//GTDuCih4IHM65l3ty/IgzpR3nw8qtrW9sbuW3Czu7e/sHxcOjlgpjSaFJQx7Kjk8UcCagqZnm0IkkkMDn0PYnN6nfnoFULBT3eh6BF5CRYENGiTaSR/q9gOixDBKYLvrFkmPXHLd2VcErUr3MSLmGXdtZooQyNPrF994gpHEAQlNOlOq6TqS9hEjNKIdFoRcriAidkBF0DRUkAOUly9ALfGaUAR6G0jyh8VL9vpGQQKl54JvJNKL67aXiX1431sOqlzARxRoEXR0axhzrEKcN4AGTQDWfG0KoZCYrpmMiCdWmp4Ip4eun+H/SurDdsl2+uyzVr7M68ugEnaJz5KIKqqNb1EBNRNEUPaAn9GzNrEfrxXpdjeasbOcY/YD19gncC5La</latexit>aeq

“threshold effect” 

annihilation/decay of non-rel. 
particles into massless particles. 

<latexit sha1_base64="l+nZljZxWnUPcuc3YFRfW7lkv/A="></latexit>

�Ne↵ = ⇢X/⇢1,⌫entropy conservation  

<latexit sha1_base64="qXd60z7f8m8mFOcm9h0vLO1yvlU=">AAACDnicdVDLSsNAFJ3UV62vqEs3g6XgQkoitY9dURcuq9gHNKVMppN26GQSZiZCCfkCN/6KGxeKuHXtzr9x0lRQ0QMXDufcy733uCGjUlnWh5FbWl5ZXcuvFzY2t7Z3zN29jgwigUkbBywQPRdJwignbUUVI71QEOS7jHTd6Xnqd2+JkDTgN2oWkoGPxpx6FCOlpaFZcjyBcOyISTB0fKQmwo8vrpMkU2L72OFRkgzNolVuWHbjtAYzUq8sSLUB7bI1RxEs0Bqa784owJFPuMIMSdm3rVANYiQUxYwkBSeSJER4isakrylHPpGDeP5OAktaGUEvELq4gnP1+0SMfClnvqs704vlby8V//L6kfLqg5jyMFKE42yRFzGoAphmA0dUEKzYTBOEBdW3QjxBOh+lEyzoEL4+hf+TzknZrparV5Vi82wRRx4cgENwBGxQA01wCVqgDTC4Aw/gCTwb98aj8WK8Zq05YzGzD37AePsELBydfw==</latexit>⇢DR

⇢1,⌫e.g. [Aloni++,2207.03500]



Dark Radiation from Supercooling (Hot NEDE)
(with M.Garny, H.Rubira, M.S.Sloth)

<latexit sha1_base64="nlq33BlV1BnBM8HDzad6hCNS1QQ=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZkN0Y23oBePEc0DkiXMTmaTIbMPZmaFsOQTvHhQxKtf5M2/cZKsoKIFDUVVN91dfiK40hh/WIWV1bX1jeJmaWt7Z3evvH/QVnEqKWvRWMSy6xPFBI9YS3MtWDeRjIS+YB1/cjX3O/dMKh5Hd3qaMC8ko4gHnBJtpFtsnw3KFWy7FwYuwnYdY1x1coJd5Nh4gQrkaA7K7/1hTNOQRZoKolTPwYn2MiI1p4LNSv1UsYTQCRmxnqERCZnyssWpM3RilCEKYmkq0mihfp/ISKjUNPRNZ0j0WP325uJfXi/VQd3LeJSkmkV0uShIBdIxmv+NhlwyqsXUEEIlN7ciOiaSUG3SKZkQvj5F/5N21XbO7dpNrdK4zOMowhEcwyk44EIDrqEJLaAwggd4gmdLWI/Wi/W6bC1Y+cwh/ID19gnLxI2A</latexit>

0.5

<latexit sha1_base64="U2RPUkYkEcJ2Bz1LvHbqFqL5B4w=">AAAB63icdVDLSgMxFM34rPVVdekmWARXQ6ZUp+6KblxWsA9oh5JJM21okhmSjFCG/oIbF4q49Yfc+Tdm2hFU9MCFwzn3cu89YcKZNgh9OCura+sbm6Wt8vbO7t5+5eCwo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244vc797j1VmsXyzswSGgg8lixiBJtcQm7tfFipIte/tPAhchsIoZpXEORDz0ULVEGB1rDyPhjFJBVUGsKx1n0PJSbIsDKMcDovD1JNE0ymeEz7lkosqA6yxa1zeGqVEYxiZUsauFC/T2RYaD0Toe0U2Ez0by8X//L6qYkaQcZkkhoqyXJRlHJoYpg/DkdMUWL4zBJMFLO3QjLBChNj4ynbEL4+hf+TTs31Ltz6bb3avCriKIFjcALOgAd80AQ3oAXagIAJeABP4NkRzqPz4rwuW1ecYuYI/IDz9gk9E428</latexit>

0.25
time 

CMB epoch late Universe BBN epoch ``desert’’ 

<latexit sha1_base64="jSc/vuixAag8uPw6RL1HEiS2uCw=">AAACDnicdVDLSsNAFJ3UV62vqEs3g6XgQkoitY9dURcuK9oHNKVMppN26GQSZiZCCfkCN/6KGxeKuHXtzr9x0lRQ0QMXDufcy733uCGjUlnWh5FbWl5ZXcuvFzY2t7Z3zN29jgwigUkbBywQPRdJwignbUUVI71QEOS7jHTd6Xnqd2+JkDTgN2oWkoGPxpx6FCOlpaFZcjyBcOyISTB0fKQmwo8vrpMkU2L72OFRkgzNolVuWHbjtAYzUq8sSLUB7bI1RxEs0Bqa784owJFPuMIMSdm3rVANYiQUxYwkBSeSJER4isakrylHPpGDeP5OAktaGUEvELq4gnP1+0SMfClnvqs704vlby8V//L6kfLqg5jyMFKE42yRFzGoAphmA0dUEKzYTBOEBdW3QjxBOh+lEyzoEL4+hf+TzknZrparV5Vi82wRRx4cgENwBGxQA01wCVqgDTC4Aw/gCTwb98aj8WK8Zq05YzGzD37AePsELbCdgA==</latexit>⇢DS

⇢1,⌫



excluded by 
BBN 

req. for solving 
Hubble tension 

Dark Radiation from Supercooling (Hot NEDE)
(with M.Garny, H.Rubira, M.S.Sloth)

<latexit sha1_base64="nlq33BlV1BnBM8HDzad6hCNS1QQ=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZkN0Y23oBePEc0DkiXMTmaTIbMPZmaFsOQTvHhQxKtf5M2/cZKsoKIFDUVVN91dfiK40hh/WIWV1bX1jeJmaWt7Z3evvH/QVnEqKWvRWMSy6xPFBI9YS3MtWDeRjIS+YB1/cjX3O/dMKh5Hd3qaMC8ko4gHnBJtpFtsnw3KFWy7FwYuwnYdY1x1coJd5Nh4gQrkaA7K7/1hTNOQRZoKolTPwYn2MiI1p4LNSv1UsYTQCRmxnqERCZnyssWpM3RilCEKYmkq0mihfp/ISKjUNPRNZ0j0WP325uJfXi/VQd3LeJSkmkV0uShIBdIxmv+NhlwyqsXUEEIlN7ciOiaSUG3SKZkQvj5F/5N21XbO7dpNrdK4zOMowhEcwyk44EIDrqEJLaAwggd4gmdLWI/Wi/W6bC1Y+cwh/ID19gnLxI2A</latexit>

0.5

<latexit sha1_base64="U2RPUkYkEcJ2Bz1LvHbqFqL5B4w=">AAAB63icdVDLSgMxFM34rPVVdekmWARXQ6ZUp+6KblxWsA9oh5JJM21okhmSjFCG/oIbF4q49Yfc+Tdm2hFU9MCFwzn3cu89YcKZNgh9OCura+sbm6Wt8vbO7t5+5eCwo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244vc797j1VmsXyzswSGgg8lixiBJtcQm7tfFipIte/tPAhchsIoZpXEORDz0ULVEGB1rDyPhjFJBVUGsKx1n0PJSbIsDKMcDovD1JNE0ymeEz7lkosqA6yxa1zeGqVEYxiZUsauFC/T2RYaD0Toe0U2Ez0by8X//L6qYkaQcZkkhoqyXJRlHJoYpg/DkdMUWL4zBJMFLO3QjLBChNj4ynbEL4+hf+TTs31Ltz6bb3avCriKIFjcALOgAd80AQ3oAXagIAJeABP4NkRzqPz4rwuW1ecYuYI/IDz9gk9E428</latexit>

0.25
time 

CMB epoch late Universe BBN epoch ``desert’’ 

<latexit sha1_base64="jSc/vuixAag8uPw6RL1HEiS2uCw=">AAACDnicdVDLSsNAFJ3UV62vqEs3g6XgQkoitY9dURcuK9oHNKVMppN26GQSZiZCCfkCN/6KGxeKuHXtzr9x0lRQ0QMXDufcy733uCGjUlnWh5FbWl5ZXcuvFzY2t7Z3zN29jgwigUkbBywQPRdJwignbUUVI71QEOS7jHTd6Xnqd2+JkDTgN2oWkoGPxpx6FCOlpaFZcjyBcOyISTB0fKQmwo8vrpMkU2L72OFRkgzNolVuWHbjtAYzUq8sSLUB7bI1RxEs0Bqa784owJFPuMIMSdm3rVANYiQUxYwkBSeSJER4isakrylHPpGDeP5OAktaGUEvELq4gnP1+0SMfClnvqs704vlby8V//L6kfLqg5jyMFKE42yRFzGoAphmA0dUEKzYTBOEBdW3QjxBOh+lEyzoEL4+hf+TzknZrparV5Vi82wRRx4cgENwBGxQA01wCVqgDTC4Aw/gCTwb98aj8WK8Zq05YzGzD37AePsELbCdgA==</latexit>⇢DS

⇢1,⌫

<latexit sha1_base64="cxBjwKbFopUnPwpbn/3CuJEoBOo=">AAACBHicdVDLSsNAFJ3UV62vqMtuBosgLkIitW3ARdGNywr2AW0Mk+m0HTp5MDMR2tCFG3/FjQtF3PoR7vwbJ20EFT0ww+Gce7n3Hi9iVEjT/NByS8srq2v59cLG5tb2jr671xJhzDFp4pCFvOMhQRgNSFNSyUgn4gT5HiNtb3yR+u1bwgUNg2s5iYjjo2FABxQjqSRXL07dno/kiPsJJ3gGz+DUPVa/Zd7Yrl4yDdu07NMqXJBaOSMVG1qGOUcJZGi4+nuvH+LYJ4HEDAnRtcxIOgnikmJGZoVeLEiE8BgNSVfRAPlEOMn8iBk8VEofDkKuXiDhXP3ekSBfiInvqcp0YfHbS8W/vG4sBzUnoUEUSxLgxaBBzKAMYZoI7FN1uWQTRRDmVO0K8QhxhKXKraBC+LoU/k9aJ4ZVMSpX5VL9PIsjD4rgABwBC1RBHVyCBmgCDO7AA3gCz9q99qi9aK+L0pyW9eyDH9DePgH3QJcH</latexit>

zrec < z⇤ < 109



excluded by 
BBN 

req. for solving 
Hubble tension 

Dark Radiation from Supercooling (Hot NEDE)
(with M.Garny, H.Rubira, M.S.Sloth)

symmetric  
phase 

(i)

<latexit sha1_base64="nlq33BlV1BnBM8HDzad6hCNS1QQ=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZkN0Y23oBePEc0DkiXMTmaTIbMPZmaFsOQTvHhQxKtf5M2/cZKsoKIFDUVVN91dfiK40hh/WIWV1bX1jeJmaWt7Z3evvH/QVnEqKWvRWMSy6xPFBI9YS3MtWDeRjIS+YB1/cjX3O/dMKh5Hd3qaMC8ko4gHnBJtpFtsnw3KFWy7FwYuwnYdY1x1coJd5Nh4gQrkaA7K7/1hTNOQRZoKolTPwYn2MiI1p4LNSv1UsYTQCRmxnqERCZnyssWpM3RilCEKYmkq0mihfp/ISKjUNPRNZ0j0WP325uJfXi/VQd3LeJSkmkV0uShIBdIxmv+NhlwyqsXUEEIlN7ciOiaSUG3SKZkQvj5F/5N21XbO7dpNrdK4zOMowhEcwyk44EIDrqEJLaAwggd4gmdLWI/Wi/W6bC1Y+cwh/ID19gnLxI2A</latexit>

0.5

<latexit sha1_base64="U2RPUkYkEcJ2Bz1LvHbqFqL5B4w=">AAAB63icdVDLSgMxFM34rPVVdekmWARXQ6ZUp+6KblxWsA9oh5JJM21okhmSjFCG/oIbF4q49Yfc+Tdm2hFU9MCFwzn3cu89YcKZNgh9OCura+sbm6Wt8vbO7t5+5eCwo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244vc797j1VmsXyzswSGgg8lixiBJtcQm7tfFipIte/tPAhchsIoZpXEORDz0ULVEGB1rDyPhjFJBVUGsKx1n0PJSbIsDKMcDovD1JNE0ymeEz7lkosqA6yxa1zeGqVEYxiZUsauFC/T2RYaD0Toe0U2Ez0by8X//L6qYkaQcZkkhoqyXJRlHJoYpg/DkdMUWL4zBJMFLO3QjLBChNj4ynbEL4+hf+TTs31Ltz6bb3avCriKIFjcALOgAd80AQ3oAXagIAJeABP4NkRzqPz4rwuW1ecYuYI/IDz9gk9E428</latexit>

0.25
time 

CMB epoch late Universe BBN epoch ``desert’’ 

<latexit sha1_base64="jSc/vuixAag8uPw6RL1HEiS2uCw=">AAACDnicdVDLSsNAFJ3UV62vqEs3g6XgQkoitY9dURcuK9oHNKVMppN26GQSZiZCCfkCN/6KGxeKuHXtzr9x0lRQ0QMXDufcy733uCGjUlnWh5FbWl5ZXcuvFzY2t7Z3zN29jgwigUkbBywQPRdJwignbUUVI71QEOS7jHTd6Xnqd2+JkDTgN2oWkoGPxpx6FCOlpaFZcjyBcOyISTB0fKQmwo8vrpMkU2L72OFRkgzNolVuWHbjtAYzUq8sSLUB7bI1RxEs0Bqa784owJFPuMIMSdm3rVANYiQUxYwkBSeSJER4isakrylHPpGDeP5OAktaGUEvELq4gnP1+0SMfClnvqs704vlby8V//L6kfLqg5jyMFKE42yRFzGoAphmA0dUEKzYTBOEBdW3QjxBOh+lEyzoEL4+hf+TzknZrparV5Vi82wRRx4cgENwBGxQA01wCVqgDTC4Aw/gCTwb98aj8WK8Zq05YzGzD37AePsELbCdgA==</latexit>⇢DS

⇢1,⌫

 
<latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit>

V ( )
<latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit>

(i)

<latexit sha1_base64="aKafUjowEnafSBlCSTrYgRhj9dc=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwFRKpfeyKblxWaG0hDWEymbRDJzNhZiKU0M9w40IRt36NO//GaRtBRQ9cOJxzL/feE6aMKu04H1ZpbX1jc6u8XdnZ3ds/qB4e3SmRSUz6WDAhhyFShFFO+ppqRoapJCgJGRmE0+uFP7gnUlHBe3qWEj9BY05jipE2ktcLIjgaj2EvwEG15thtx21fNuGKtOoFabShaztL1ECBblB9H0UCZwnhGjOklOc6qfZzJDXFjMwro0yRFOEpGhPPUI4Sovx8efIcnhklgrGQpriGS/X7RI4SpWZJaDoTpCfqt7cQ//K8TMctP6c8zTTheLUozhjUAi7+hxGVBGs2MwRhSc2tEE+QRFiblComhK9P4f/k7sJ2G3bjtl7rXBVxlMEJOAXnwAVN0AE3oAv6AAMBHsATeLa09Wi9WK+r1pJVzByDH7DePgGy/ZDq</latexit>

Td � Tc

symmetric phase 

<latexit sha1_base64="cxBjwKbFopUnPwpbn/3CuJEoBOo=">AAACBHicdVDLSsNAFJ3UV62vqMtuBosgLkIitW3ARdGNywr2AW0Mk+m0HTp5MDMR2tCFG3/FjQtF3PoR7vwbJ20EFT0ww+Gce7n3Hi9iVEjT/NByS8srq2v59cLG5tb2jr671xJhzDFp4pCFvOMhQRgNSFNSyUgn4gT5HiNtb3yR+u1bwgUNg2s5iYjjo2FABxQjqSRXL07dno/kiPsJJ3gGz+DUPVa/Zd7Yrl4yDdu07NMqXJBaOSMVG1qGOUcJZGi4+nuvH+LYJ4HEDAnRtcxIOgnikmJGZoVeLEiE8BgNSVfRAPlEOMn8iBk8VEofDkKuXiDhXP3ekSBfiInvqcp0YfHbS8W/vG4sBzUnoUEUSxLgxaBBzKAMYZoI7FN1uWQTRRDmVO0K8QhxhKXKraBC+LoU/k9aJ4ZVMSpX5VL9PIsjD4rgABwBC1RBHVyCBmgCDO7AA3gCz9q99qi9aK+L0pyW9eyDH9DePgH3QJcH</latexit>

zrec < z⇤ < 109



excluded by 
BBN 

req. for solving 
Hubble tension 

Dark Radiation from Supercooling (Hot NEDE)
(with M.Garny, H.Rubira, M.S.Sloth)

symmetric  
phase 

(i)

super-  
cooling  (ii)

<latexit sha1_base64="nlq33BlV1BnBM8HDzad6hCNS1QQ=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZkN0Y23oBePEc0DkiXMTmaTIbMPZmaFsOQTvHhQxKtf5M2/cZKsoKIFDUVVN91dfiK40hh/WIWV1bX1jeJmaWt7Z3evvH/QVnEqKWvRWMSy6xPFBI9YS3MtWDeRjIS+YB1/cjX3O/dMKh5Hd3qaMC8ko4gHnBJtpFtsnw3KFWy7FwYuwnYdY1x1coJd5Nh4gQrkaA7K7/1hTNOQRZoKolTPwYn2MiI1p4LNSv1UsYTQCRmxnqERCZnyssWpM3RilCEKYmkq0mihfp/ISKjUNPRNZ0j0WP325uJfXi/VQd3LeJSkmkV0uShIBdIxmv+NhlwyqsXUEEIlN7ciOiaSUG3SKZkQvj5F/5N21XbO7dpNrdK4zOMowhEcwyk44EIDrqEJLaAwggd4gmdLWI/Wi/W6bC1Y+cwh/ID19gnLxI2A</latexit>

0.5

<latexit sha1_base64="U2RPUkYkEcJ2Bz1LvHbqFqL5B4w=">AAAB63icdVDLSgMxFM34rPVVdekmWARXQ6ZUp+6KblxWsA9oh5JJM21okhmSjFCG/oIbF4q49Yfc+Tdm2hFU9MCFwzn3cu89YcKZNgh9OCura+sbm6Wt8vbO7t5+5eCwo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244vc797j1VmsXyzswSGgg8lixiBJtcQm7tfFipIte/tPAhchsIoZpXEORDz0ULVEGB1rDyPhjFJBVUGsKx1n0PJSbIsDKMcDovD1JNE0ymeEz7lkosqA6yxa1zeGqVEYxiZUsauFC/T2RYaD0Toe0U2Ez0by8X//L6qYkaQcZkkhoqyXJRlHJoYpg/DkdMUWL4zBJMFLO3QjLBChNj4ynbEL4+hf+TTs31Ltz6bb3avCriKIFjcALOgAd80AQ3oAXagIAJeABP4NkRzqPz4rwuW1ecYuYI/IDz9gk9E428</latexit>

0.25
time 

CMB epoch late Universe BBN epoch ``desert’’ 

<latexit sha1_base64="jSc/vuixAag8uPw6RL1HEiS2uCw=">AAACDnicdVDLSsNAFJ3UV62vqEs3g6XgQkoitY9dURcuK9oHNKVMppN26GQSZiZCCfkCN/6KGxeKuHXtzr9x0lRQ0QMXDufcy733uCGjUlnWh5FbWl5ZXcuvFzY2t7Z3zN29jgwigUkbBywQPRdJwignbUUVI71QEOS7jHTd6Xnqd2+JkDTgN2oWkoGPxpx6FCOlpaFZcjyBcOyISTB0fKQmwo8vrpMkU2L72OFRkgzNolVuWHbjtAYzUq8sSLUB7bI1RxEs0Bqa784owJFPuMIMSdm3rVANYiQUxYwkBSeSJER4isakrylHPpGDeP5OAktaGUEvELq4gnP1+0SMfClnvqs704vlby8V//L6kfLqg5jyMFKE42yRFzGoAphmA0dUEKzYTBOEBdW3QjxBOh+lEyzoEL4+hf+TzknZrparV5Vi82wRRx4cgENwBGxQA01wCVqgDTC4Aw/gCTwb98aj8WK8Zq05YzGzD37AePsELbCdgA==</latexit>⇢DS

⇢1,⌫

(ii)

<latexit sha1_base64="MyjiElygdtXvmXZ3X7XGECcAUnc=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwFRKpfeyKblxWaG0hDWEymbRDJzNhZiKU0M9w40IRt36NO//GaRtBRQ9cOJxzL/feE6aMKu04H1ZpbX1jc6u8XdnZ3ds/qB4e3SmRSUz6WDAhhyFShFFO+ppqRoapJCgJGRmE0+uFP7gnUlHBe3qWEj9BY05jipE2ktcLIjhiDPYCHFRrjt123PZlE65Iq16QRhu6trNEDRToBtX3USRwlhCuMUNKea6Taj9HUlPMyLwyyhRJEZ6iMfEM5Sghys+XJ8/hmVEiGAtpimu4VL9P5ChRapaEpjNBeqJ+ewvxL8/LdNzyc8rTTBOOV4vijEEt4OJ/GFFJsGYzQxCW1NwK8QRJhLVJqWJC+PoU/k/uLmy3YTdu67XOVRFHGZyAU3AOXNAEHXADuqAPMBDgATyBZ0tbj9aL9bpqLVnFzDH4AevtE8JSkPQ=</latexit>

Td ⌧ Tc

supercooling  

 
<latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit>

V ( )
<latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit>

(i)

<latexit sha1_base64="aKafUjowEnafSBlCSTrYgRhj9dc=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwFRKpfeyKblxWaG0hDWEymbRDJzNhZiKU0M9w40IRt36NO//GaRtBRQ9cOJxzL/feE6aMKu04H1ZpbX1jc6u8XdnZ3ds/qB4e3SmRSUz6WDAhhyFShFFO+ppqRoapJCgJGRmE0+uFP7gnUlHBe3qWEj9BY05jipE2ktcLIjgaj2EvwEG15thtx21fNuGKtOoFabShaztL1ECBblB9H0UCZwnhGjOklOc6qfZzJDXFjMwro0yRFOEpGhPPUI4Sovx8efIcnhklgrGQpriGS/X7RI4SpWZJaDoTpCfqt7cQ//K8TMctP6c8zTTheLUozhjUAi7+hxGVBGs2MwRhSc2tEE+QRFiblComhK9P4f/k7sJ2G3bjtl7rXBVxlMEJOAXnwAVN0AE3oAv6AAMBHsATeLa09Wi9WK+r1pJVzByDH7DePgGy/ZDq</latexit>

Td � Tc

symmetric phase 

<latexit sha1_base64="cxBjwKbFopUnPwpbn/3CuJEoBOo=">AAACBHicdVDLSsNAFJ3UV62vqMtuBosgLkIitW3ARdGNywr2AW0Mk+m0HTp5MDMR2tCFG3/FjQtF3PoR7vwbJ20EFT0ww+Gce7n3Hi9iVEjT/NByS8srq2v59cLG5tb2jr671xJhzDFp4pCFvOMhQRgNSFNSyUgn4gT5HiNtb3yR+u1bwgUNg2s5iYjjo2FABxQjqSRXL07dno/kiPsJJ3gGz+DUPVa/Zd7Yrl4yDdu07NMqXJBaOSMVG1qGOUcJZGi4+nuvH+LYJ4HEDAnRtcxIOgnikmJGZoVeLEiE8BgNSVfRAPlEOMn8iBk8VEofDkKuXiDhXP3ekSBfiInvqcp0YfHbS8W/vG4sBzUnoUEUSxLgxaBBzKAMYZoI7FN1uWQTRRDmVO0K8QhxhKXKraBC+LoU/k9aJ4ZVMSpX5VL9PIsjD4rgABwBC1RBHVyCBmgCDO7AA3gCz9q99qi9aK+L0pyW9eyDH9DePgH3QJcH</latexit>

zrec < z⇤ < 109



excluded by 
BBN 

req. for solving 
Hubble tension 

Dark Radiation from Supercooling (Hot NEDE)
(with M.Garny, H.Rubira, M.S.Sloth)

symmetric  
phase 

(i)

super-  
cooling  (ii)

phase 
transition 

re-heating 

(iii)

<latexit sha1_base64="nlq33BlV1BnBM8HDzad6hCNS1QQ=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZkN0Y23oBePEc0DkiXMTmaTIbMPZmaFsOQTvHhQxKtf5M2/cZKsoKIFDUVVN91dfiK40hh/WIWV1bX1jeJmaWt7Z3evvH/QVnEqKWvRWMSy6xPFBI9YS3MtWDeRjIS+YB1/cjX3O/dMKh5Hd3qaMC8ko4gHnBJtpFtsnw3KFWy7FwYuwnYdY1x1coJd5Nh4gQrkaA7K7/1hTNOQRZoKolTPwYn2MiI1p4LNSv1UsYTQCRmxnqERCZnyssWpM3RilCEKYmkq0mihfp/ISKjUNPRNZ0j0WP325uJfXi/VQd3LeJSkmkV0uShIBdIxmv+NhlwyqsXUEEIlN7ciOiaSUG3SKZkQvj5F/5N21XbO7dpNrdK4zOMowhEcwyk44EIDrqEJLaAwggd4gmdLWI/Wi/W6bC1Y+cwh/ID19gnLxI2A</latexit>

0.5

<latexit sha1_base64="U2RPUkYkEcJ2Bz1LvHbqFqL5B4w=">AAAB63icdVDLSgMxFM34rPVVdekmWARXQ6ZUp+6KblxWsA9oh5JJM21okhmSjFCG/oIbF4q49Yfc+Tdm2hFU9MCFwzn3cu89YcKZNgh9OCura+sbm6Wt8vbO7t5+5eCwo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244vc797j1VmsXyzswSGgg8lixiBJtcQm7tfFipIte/tPAhchsIoZpXEORDz0ULVEGB1rDyPhjFJBVUGsKx1n0PJSbIsDKMcDovD1JNE0ymeEz7lkosqA6yxa1zeGqVEYxiZUsauFC/T2RYaD0Toe0U2Ez0by8X//L6qYkaQcZkkhoqyXJRlHJoYpg/DkdMUWL4zBJMFLO3QjLBChNj4ynbEL4+hf+TTs31Ltz6bb3avCriKIFjcALOgAd80AQ3oAXagIAJeABP4NkRzqPz4rwuW1ecYuYI/IDz9gk9E428</latexit>

0.25
time 

CMB epoch late Universe BBN epoch ``desert’’ 

<latexit sha1_base64="jSc/vuixAag8uPw6RL1HEiS2uCw=">AAACDnicdVDLSsNAFJ3UV62vqEs3g6XgQkoitY9dURcuK9oHNKVMppN26GQSZiZCCfkCN/6KGxeKuHXtzr9x0lRQ0QMXDufcy733uCGjUlnWh5FbWl5ZXcuvFzY2t7Z3zN29jgwigUkbBywQPRdJwignbUUVI71QEOS7jHTd6Xnqd2+JkDTgN2oWkoGPxpx6FCOlpaFZcjyBcOyISTB0fKQmwo8vrpMkU2L72OFRkgzNolVuWHbjtAYzUq8sSLUB7bI1RxEs0Bqa784owJFPuMIMSdm3rVANYiQUxYwkBSeSJER4isakrylHPpGDeP5OAktaGUEvELq4gnP1+0SMfClnvqs704vlby8V//L6kfLqg5jyMFKE42yRFzGoAphmA0dUEKzYTBOEBdW3QjxBOh+lEyzoEL4+hf+TzknZrparV5Vi82wRRx4cgENwBGxQA01wCVqgDTC4Aw/gCTwb98aj8WK8Zq05YzGzD37AePsELbCdgA==</latexit>⇢DS

⇢1,⌫

(iii)
phase transition 

<latexit sha1_base64="jtO0gNXDfnpkuV+v7oWMwQnfkRw=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFRLRPnZFNy5bsA9oQ5lMb9qxk0mYmRRK6Be4caGIWz/JnX/jtI2gogcuHM65l3vv8WPOlHacDyu3tr6xuZXfLuzs7u0fFA+P2ipKJIUWjXgkuz5RwJmAlmaaQzeWQEKfQ8ef3Cz8zhSkYpG407MYvJCMBAsYJdpIzemgWHLsmuPWrip4RaqXGSnXsGs7S5RQhsag+N4fRjQJQWjKiVI914m1lxKpGeUwL/QTBTGhEzKCnqGChKC8dHnoHJ8ZZYiDSJoSGi/V7xMpCZWahb7pDIkeq9/eQvzL6yU6qHopE3GiQdDVoiDhWEd48TUeMglU85khhEpmbsV0TCSh2mRTMCF8fYr/J+0L2y3b5eZlqX6dxZFHJ+gUnSMXVVAd3aIGaiGKAD2gJ/Rs3VuP1ov1umrNWdnMMfoB6+0TcZCNZQ==</latexit>v
<latexit sha1_base64="jtO0gNXDfnpkuV+v7oWMwQnfkRw=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFRLRPnZFNy5bsA9oQ5lMb9qxk0mYmRRK6Be4caGIWz/JnX/jtI2gogcuHM65l3vv8WPOlHacDyu3tr6xuZXfLuzs7u0fFA+P2ipKJIUWjXgkuz5RwJmAlmaaQzeWQEKfQ8ef3Cz8zhSkYpG407MYvJCMBAsYJdpIzemgWHLsmuPWrip4RaqXGSnXsGs7S5RQhsag+N4fRjQJQWjKiVI914m1lxKpGeUwL/QTBTGhEzKCnqGChKC8dHnoHJ8ZZYiDSJoSGi/V7xMpCZWahb7pDIkeq9/eQvzL6yU6qHopE3GiQdDVoiDhWEd48TUeMglU85khhEpmbsV0TCSh2mRTMCF8fYr/J+0L2y3b5eZlqX6dxZFHJ+gUnSMXVVAd3aIGaiGKAD2gJ/Rs3VuP1ov1umrNWdnMMfoB6+0TcZCNZQ==</latexit>v

(ii)

<latexit sha1_base64="MyjiElygdtXvmXZ3X7XGECcAUnc=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwFRKpfeyKblxWaG0hDWEymbRDJzNhZiKU0M9w40IRt36NO//GaRtBRQ9cOJxzL/feE6aMKu04H1ZpbX1jc6u8XdnZ3ds/qB4e3SmRSUz6WDAhhyFShFFO+ppqRoapJCgJGRmE0+uFP7gnUlHBe3qWEj9BY05jipE2ktcLIjhiDPYCHFRrjt123PZlE65Iq16QRhu6trNEDRToBtX3USRwlhCuMUNKea6Taj9HUlPMyLwyyhRJEZ6iMfEM5Sghys+XJ8/hmVEiGAtpimu4VL9P5ChRapaEpjNBeqJ+ewvxL8/LdNzyc8rTTBOOV4vijEEt4OJ/GFFJsGYzQxCW1NwK8QRJhLVJqWJC+PoU/k/uLmy3YTdu67XOVRFHGZyAU3AOXNAEHXADuqAPMBDgATyBZ0tbj9aL9bpqLVnFzDH4AevtE8JSkPQ=</latexit>

Td ⌧ Tc

supercooling  

 
<latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit>

V ( )
<latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit>

(i)

<latexit sha1_base64="aKafUjowEnafSBlCSTrYgRhj9dc=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwFRKpfeyKblxWaG0hDWEymbRDJzNhZiKU0M9w40IRt36NO//GaRtBRQ9cOJxzL/feE6aMKu04H1ZpbX1jc6u8XdnZ3ds/qB4e3SmRSUz6WDAhhyFShFFO+ppqRoapJCgJGRmE0+uFP7gnUlHBe3qWEj9BY05jipE2ktcLIjgaj2EvwEG15thtx21fNuGKtOoFabShaztL1ECBblB9H0UCZwnhGjOklOc6qfZzJDXFjMwro0yRFOEpGhPPUI4Sovx8efIcnhklgrGQpriGS/X7RI4SpWZJaDoTpCfqt7cQ//K8TMctP6c8zTTheLUozhjUAi7+hxGVBGs2MwRhSc2tEE+QRFiblComhK9P4f/k7sJ2G3bjtl7rXBVxlMEJOAXnwAVN0AE3oAv6AAMBHsATeLa09Wi9WK+r1pJVzByDH7DePgGy/ZDq</latexit>

Td � Tc

symmetric phase 

<latexit sha1_base64="cxBjwKbFopUnPwpbn/3CuJEoBOo=">AAACBHicdVDLSsNAFJ3UV62vqMtuBosgLkIitW3ARdGNywr2AW0Mk+m0HTp5MDMR2tCFG3/FjQtF3PoR7vwbJ20EFT0ww+Gce7n3Hi9iVEjT/NByS8srq2v59cLG5tb2jr671xJhzDFp4pCFvOMhQRgNSFNSyUgn4gT5HiNtb3yR+u1bwgUNg2s5iYjjo2FABxQjqSRXL07dno/kiPsJJ3gGz+DUPVa/Zd7Yrl4yDdu07NMqXJBaOSMVG1qGOUcJZGi4+nuvH+LYJ4HEDAnRtcxIOgnikmJGZoVeLEiE8BgNSVfRAPlEOMn8iBk8VEofDkKuXiDhXP3ekSBfiInvqcp0YfHbS8W/vG4sBzUnoUEUSxLgxaBBzKAMYZoI7FN1uWQTRRDmVO0K8QhxhKXKraBC+LoU/k9aJ4ZVMSpX5VL9PIsjD4rgABwBC1RBHVyCBmgCDO7AA3gCz9q99qi9aK+L0pyW9eyDH9DePgH3QJcH</latexit>

zrec < z⇤ < 109
<latexit sha1_base64="cxBjwKbFopUnPwpbn/3CuJEoBOo=">AAACBHicdVDLSsNAFJ3UV62vqMtuBosgLkIitW3ARdGNywr2AW0Mk+m0HTp5MDMR2tCFG3/FjQtF3PoR7vwbJ20EFT0ww+Gce7n3Hi9iVEjT/NByS8srq2v59cLG5tb2jr671xJhzDFp4pCFvOMhQRgNSFNSyUgn4gT5HiNtb3yR+u1bwgUNg2s5iYjjo2FABxQjqSRXL07dno/kiPsJJ3gGz+DUPVa/Zd7Yrl4yDdu07NMqXJBaOSMVG1qGOUcJZGi4+nuvH+LYJ4HEDAnRtcxIOgnikmJGZoVeLEiE8BgNSVfRAPlEOMn8iBk8VEofDkKuXiDhXP3ekSBfiInvqcp0YfHbS8W/vG4sBzUnoUEUSxLgxaBBzKAMYZoI7FN1uWQTRRDmVO0K8QhxhKXKraBC+LoU/k9aJ4ZVMSpX5VL9PIsjD4rgABwBC1RBHVyCBmgCDO7AA3gCz9q99qi9aK+L0pyW9eyDH9DePgH3QJcH</latexit>

zrec < z⇤ < 109



excluded by 
BBN 

req. for solving 
Hubble tension 

Dark Radiation from Supercooling (Hot NEDE)
(with M.Garny, H.Rubira, M.S.Sloth)

symmetric  
phase 

(i)

super-  
cooling  (ii)

phase 
transition 

re-heating 

(iii)

<latexit sha1_base64="nlq33BlV1BnBM8HDzad6hCNS1QQ=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZkN0Y23oBePEc0DkiXMTmaTIbMPZmaFsOQTvHhQxKtf5M2/cZKsoKIFDUVVN91dfiK40hh/WIWV1bX1jeJmaWt7Z3evvH/QVnEqKWvRWMSy6xPFBI9YS3MtWDeRjIS+YB1/cjX3O/dMKh5Hd3qaMC8ko4gHnBJtpFtsnw3KFWy7FwYuwnYdY1x1coJd5Nh4gQrkaA7K7/1hTNOQRZoKolTPwYn2MiI1p4LNSv1UsYTQCRmxnqERCZnyssWpM3RilCEKYmkq0mihfp/ISKjUNPRNZ0j0WP325uJfXi/VQd3LeJSkmkV0uShIBdIxmv+NhlwyqsXUEEIlN7ciOiaSUG3SKZkQvj5F/5N21XbO7dpNrdK4zOMowhEcwyk44EIDrqEJLaAwggd4gmdLWI/Wi/W6bC1Y+cwh/ID19gnLxI2A</latexit>

0.5

<latexit sha1_base64="U2RPUkYkEcJ2Bz1LvHbqFqL5B4w=">AAAB63icdVDLSgMxFM34rPVVdekmWARXQ6ZUp+6KblxWsA9oh5JJM21okhmSjFCG/oIbF4q49Yfc+Tdm2hFU9MCFwzn3cu89YcKZNgh9OCura+sbm6Wt8vbO7t5+5eCwo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244vc797j1VmsXyzswSGgg8lixiBJtcQm7tfFipIte/tPAhchsIoZpXEORDz0ULVEGB1rDyPhjFJBVUGsKx1n0PJSbIsDKMcDovD1JNE0ymeEz7lkosqA6yxa1zeGqVEYxiZUsauFC/T2RYaD0Toe0U2Ez0by8X//L6qYkaQcZkkhoqyXJRlHJoYpg/DkdMUWL4zBJMFLO3QjLBChNj4ynbEL4+hf+TTs31Ltz6bb3avCriKIFjcALOgAd80AQ3oAXagIAJeABP4NkRzqPz4rwuW1ecYuYI/IDz9gk9E428</latexit>

0.25
time 

CMB epoch late Universe BBN epoch ``desert’’ 

<latexit sha1_base64="jSc/vuixAag8uPw6RL1HEiS2uCw=">AAACDnicdVDLSsNAFJ3UV62vqEs3g6XgQkoitY9dURcuK9oHNKVMppN26GQSZiZCCfkCN/6KGxeKuHXtzr9x0lRQ0QMXDufcy733uCGjUlnWh5FbWl5ZXcuvFzY2t7Z3zN29jgwigUkbBywQPRdJwignbUUVI71QEOS7jHTd6Xnqd2+JkDTgN2oWkoGPxpx6FCOlpaFZcjyBcOyISTB0fKQmwo8vrpMkU2L72OFRkgzNolVuWHbjtAYzUq8sSLUB7bI1RxEs0Bqa784owJFPuMIMSdm3rVANYiQUxYwkBSeSJER4isakrylHPpGDeP5OAktaGUEvELq4gnP1+0SMfClnvqs704vlby8V//L6kfLqg5jyMFKE42yRFzGoAphmA0dUEKzYTBOEBdW3QjxBOh+lEyzoEL4+hf+TzknZrparV5Vi82wRRx4cgENwBGxQA01wCVqgDTC4Aw/gCTwb98aj8WK8Zq05YzGzD37AePsELbCdgA==</latexit>⇢DS

⇢1,⌫

(iii)
phase transition 

<latexit sha1_base64="jtO0gNXDfnpkuV+v7oWMwQnfkRw=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFRLRPnZFNy5bsA9oQ5lMb9qxk0mYmRRK6Be4caGIWz/JnX/jtI2gogcuHM65l3vv8WPOlHacDyu3tr6xuZXfLuzs7u0fFA+P2ipKJIUWjXgkuz5RwJmAlmaaQzeWQEKfQ8ef3Cz8zhSkYpG407MYvJCMBAsYJdpIzemgWHLsmuPWrip4RaqXGSnXsGs7S5RQhsag+N4fRjQJQWjKiVI914m1lxKpGeUwL/QTBTGhEzKCnqGChKC8dHnoHJ8ZZYiDSJoSGi/V7xMpCZWahb7pDIkeq9/eQvzL6yU6qHopE3GiQdDVoiDhWEd48TUeMglU85khhEpmbsV0TCSh2mRTMCF8fYr/J+0L2y3b5eZlqX6dxZFHJ+gUnSMXVVAd3aIGaiGKAD2gJ/Rs3VuP1ov1umrNWdnMMfoB6+0TcZCNZQ==</latexit>v
<latexit sha1_base64="jtO0gNXDfnpkuV+v7oWMwQnfkRw=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFRLRPnZFNy5bsA9oQ5lMb9qxk0mYmRRK6Be4caGIWz/JnX/jtI2gogcuHM65l3vv8WPOlHacDyu3tr6xuZXfLuzs7u0fFA+P2ipKJIUWjXgkuz5RwJmAlmaaQzeWQEKfQ8ef3Cz8zhSkYpG407MYvJCMBAsYJdpIzemgWHLsmuPWrip4RaqXGSnXsGs7S5RQhsag+N4fRjQJQWjKiVI914m1lxKpGeUwL/QTBTGhEzKCnqGChKC8dHnoHJ8ZZYiDSJoSGi/V7xMpCZWahb7pDIkeq9/eQvzL6yU6qHopE3GiQdDVoiDhWEd48TUeMglU85khhEpmbsV0TCSh2mRTMCF8fYr/J+0L2y3b5eZlqX6dxZFHJ+gUnSMXVVAd3aIGaiGKAD2gJ/Rs3VuP1ov1umrNWdnMMfoB6+0TcZCNZQ==</latexit>v

(ii)

<latexit sha1_base64="MyjiElygdtXvmXZ3X7XGECcAUnc=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwFRKpfeyKblxWaG0hDWEymbRDJzNhZiKU0M9w40IRt36NO//GaRtBRQ9cOJxzL/feE6aMKu04H1ZpbX1jc6u8XdnZ3ds/qB4e3SmRSUz6WDAhhyFShFFO+ppqRoapJCgJGRmE0+uFP7gnUlHBe3qWEj9BY05jipE2ktcLIjhiDPYCHFRrjt123PZlE65Iq16QRhu6trNEDRToBtX3USRwlhCuMUNKea6Taj9HUlPMyLwyyhRJEZ6iMfEM5Sghys+XJ8/hmVEiGAtpimu4VL9P5ChRapaEpjNBeqJ+ewvxL8/LdNzyc8rTTBOOV4vijEEt4OJ/GFFJsGYzQxCW1NwK8QRJhLVJqWJC+PoU/k/uLmy3YTdu67XOVRFHGZyAU3AOXNAEHXADuqAPMBDgATyBZ0tbj9aL9bpqLVnFzDH4AevtE8JSkPQ=</latexit>

Td ⌧ Tc

supercooling  

 
<latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit>

V ( )
<latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit>

(i)

<latexit sha1_base64="aKafUjowEnafSBlCSTrYgRhj9dc=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwFRKpfeyKblxWaG0hDWEymbRDJzNhZiKU0M9w40IRt36NO//GaRtBRQ9cOJxzL/feE6aMKu04H1ZpbX1jc6u8XdnZ3ds/qB4e3SmRSUz6WDAhhyFShFFO+ppqRoapJCgJGRmE0+uFP7gnUlHBe3qWEj9BY05jipE2ktcLIjgaj2EvwEG15thtx21fNuGKtOoFabShaztL1ECBblB9H0UCZwnhGjOklOc6qfZzJDXFjMwro0yRFOEpGhPPUI4Sovx8efIcnhklgrGQpriGS/X7RI4SpWZJaDoTpCfqt7cQ//K8TMctP6c8zTTheLUozhjUAi7+hxGVBGs2MwRhSc2tEE+QRFiblComhK9P4f/k7sJ2G3bjtl7rXBVxlMEJOAXnwAVN0AE3oAv6AAMBHsATeLa09Wi9WK+r1pJVzByDH7DePgGy/ZDq</latexit>

Td � Tc

symmetric phase 

Supercooled phase transition with 
quick re-heating of dark sector 
allows avoidance of BBN constraint.
Simple microscopic model:  
SU(N) -> SU(N-1) through radiative 
symmetry breaking a la Coleman-
Weinberg.
Redshift range: 

<latexit sha1_base64="cxBjwKbFopUnPwpbn/3CuJEoBOo=">AAACBHicdVDLSsNAFJ3UV62vqMtuBosgLkIitW3ARdGNywr2AW0Mk+m0HTp5MDMR2tCFG3/FjQtF3PoR7vwbJ20EFT0ww+Gce7n3Hi9iVEjT/NByS8srq2v59cLG5tb2jr671xJhzDFp4pCFvOMhQRgNSFNSyUgn4gT5HiNtb3yR+u1bwgUNg2s5iYjjo2FABxQjqSRXL07dno/kiPsJJ3gGz+DUPVa/Zd7Yrl4yDdu07NMqXJBaOSMVG1qGOUcJZGi4+nuvH+LYJ4HEDAnRtcxIOgnikmJGZoVeLEiE8BgNSVfRAPlEOMn8iBk8VEofDkKuXiDhXP3ekSBfiInvqcp0YfHbS8W/vG4sBzUnoUEUSxLgxaBBzKAMYZoI7FN1uWQTRRDmVO0K8QhxhKXKraBC+LoU/k9aJ4ZVMSpX5VL9PIsjD4rgABwBC1RBHVyCBmgCDO7AA3gCz9q99qi9aK+L0pyW9eyDH9DePgH3QJcH</latexit>

zrec < z⇤ < 109

<latexit sha1_base64="cxBjwKbFopUnPwpbn/3CuJEoBOo=">AAACBHicdVDLSsNAFJ3UV62vqMtuBosgLkIitW3ARdGNywr2AW0Mk+m0HTp5MDMR2tCFG3/FjQtF3PoR7vwbJ20EFT0ww+Gce7n3Hi9iVEjT/NByS8srq2v59cLG5tb2jr671xJhzDFp4pCFvOMhQRgNSFNSyUgn4gT5HiNtb3yR+u1bwgUNg2s5iYjjo2FABxQjqSRXL07dno/kiPsJJ3gGz+DUPVa/Zd7Yrl4yDdu07NMqXJBaOSMVG1qGOUcJZGi4+nuvH+LYJ4HEDAnRtcxIOgnikmJGZoVeLEiE8BgNSVfRAPlEOMn8iBk8VEofDkKuXiDhXP3ekSBfiInvqcp0YfHbS8W/vG4sBzUnoUEUSxLgxaBBzKAMYZoI7FN1uWQTRRDmVO0K8QhxhKXKraBC+LoU/k9aJ4ZVMSpX5VL9PIsjD4rgABwBC1RBHVyCBmgCDO7AA3gCz9q99qi9aK+L0pyW9eyDH9DePgH3QJcH</latexit>

zrec < z⇤ < 109
<latexit sha1_base64="cxBjwKbFopUnPwpbn/3CuJEoBOo=">AAACBHicdVDLSsNAFJ3UV62vqMtuBosgLkIitW3ARdGNywr2AW0Mk+m0HTp5MDMR2tCFG3/FjQtF3PoR7vwbJ20EFT0ww+Gce7n3Hi9iVEjT/NByS8srq2v59cLG5tb2jr671xJhzDFp4pCFvOMhQRgNSFNSyUgn4gT5HiNtb3yR+u1bwgUNg2s5iYjjo2FABxQjqSRXL07dno/kiPsJJ3gGz+DUPVa/Zd7Yrl4yDdu07NMqXJBaOSMVG1qGOUcJZGi4+nuvH+LYJ4HEDAnRtcxIOgnikmJGZoVeLEiE8BgNSVfRAPlEOMn8iBk8VEofDkKuXiDhXP3ekSBfiInvqcp0YfHbS8W/vG4sBzUnoUEUSxLgxaBBzKAMYZoI7FN1uWQTRRDmVO0K8QhxhKXKraBC+LoU/k9aJ4ZVMSpX5VL9PIsjD4rgABwBC1RBHVyCBmgCDO7AA3gCz9q99qi9aK+L0pyW9eyDH9DePgH3QJcH</latexit>

zrec < z⇤ < 109



excluded by 
BBN 

req. for solving 
Hubble tension 

Dark Radiation from Supercooling (Hot NEDE)
(with M.Garny, H.Rubira, M.S.Sloth)

symmetric  
phase 

(i)

super-  
cooling  (ii)

phase 
transition 

re-heating 

(iii)

<latexit sha1_base64="nlq33BlV1BnBM8HDzad6hCNS1QQ=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZkN0Y23oBePEc0DkiXMTmaTIbMPZmaFsOQTvHhQxKtf5M2/cZKsoKIFDUVVN91dfiK40hh/WIWV1bX1jeJmaWt7Z3evvH/QVnEqKWvRWMSy6xPFBI9YS3MtWDeRjIS+YB1/cjX3O/dMKh5Hd3qaMC8ko4gHnBJtpFtsnw3KFWy7FwYuwnYdY1x1coJd5Nh4gQrkaA7K7/1hTNOQRZoKolTPwYn2MiI1p4LNSv1UsYTQCRmxnqERCZnyssWpM3RilCEKYmkq0mihfp/ISKjUNPRNZ0j0WP325uJfXi/VQd3LeJSkmkV0uShIBdIxmv+NhlwyqsXUEEIlN7ciOiaSUG3SKZkQvj5F/5N21XbO7dpNrdK4zOMowhEcwyk44EIDrqEJLaAwggd4gmdLWI/Wi/W6bC1Y+cwh/ID19gnLxI2A</latexit>

0.5

<latexit sha1_base64="U2RPUkYkEcJ2Bz1LvHbqFqL5B4w=">AAAB63icdVDLSgMxFM34rPVVdekmWARXQ6ZUp+6KblxWsA9oh5JJM21okhmSjFCG/oIbF4q49Yfc+Tdm2hFU9MCFwzn3cu89YcKZNgh9OCura+sbm6Wt8vbO7t5+5eCwo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244vc797j1VmsXyzswSGgg8lixiBJtcQm7tfFipIte/tPAhchsIoZpXEORDz0ULVEGB1rDyPhjFJBVUGsKx1n0PJSbIsDKMcDovD1JNE0ymeEz7lkosqA6yxa1zeGqVEYxiZUsauFC/T2RYaD0Toe0U2Ez0by8X//L6qYkaQcZkkhoqyXJRlHJoYpg/DkdMUWL4zBJMFLO3QjLBChNj4ynbEL4+hf+TTs31Ltz6bb3avCriKIFjcALOgAd80AQ3oAXagIAJeABP4NkRzqPz4rwuW1ecYuYI/IDz9gk9E428</latexit>

0.25
time 

CMB epoch late Universe BBN epoch ``desert’’ 

<latexit sha1_base64="jSc/vuixAag8uPw6RL1HEiS2uCw=">AAACDnicdVDLSsNAFJ3UV62vqEs3g6XgQkoitY9dURcuK9oHNKVMppN26GQSZiZCCfkCN/6KGxeKuHXtzr9x0lRQ0QMXDufcy733uCGjUlnWh5FbWl5ZXcuvFzY2t7Z3zN29jgwigUkbBywQPRdJwignbUUVI71QEOS7jHTd6Xnqd2+JkDTgN2oWkoGPxpx6FCOlpaFZcjyBcOyISTB0fKQmwo8vrpMkU2L72OFRkgzNolVuWHbjtAYzUq8sSLUB7bI1RxEs0Bqa784owJFPuMIMSdm3rVANYiQUxYwkBSeSJER4isakrylHPpGDeP5OAktaGUEvELq4gnP1+0SMfClnvqs704vlby8V//L6kfLqg5jyMFKE42yRFzGoAphmA0dUEKzYTBOEBdW3QjxBOh+lEyzoEL4+hf+TzknZrparV5Vi82wRRx4cgENwBGxQA01wCVqgDTC4Aw/gCTwb98aj8WK8Zq05YzGzD37AePsELbCdgA==</latexit>⇢DS

⇢1,⌫

(iii)
phase transition 

<latexit sha1_base64="jtO0gNXDfnpkuV+v7oWMwQnfkRw=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFRLRPnZFNy5bsA9oQ5lMb9qxk0mYmRRK6Be4caGIWz/JnX/jtI2gogcuHM65l3vv8WPOlHacDyu3tr6xuZXfLuzs7u0fFA+P2ipKJIUWjXgkuz5RwJmAlmaaQzeWQEKfQ8ef3Cz8zhSkYpG407MYvJCMBAsYJdpIzemgWHLsmuPWrip4RaqXGSnXsGs7S5RQhsag+N4fRjQJQWjKiVI914m1lxKpGeUwL/QTBTGhEzKCnqGChKC8dHnoHJ8ZZYiDSJoSGi/V7xMpCZWahb7pDIkeq9/eQvzL6yU6qHopE3GiQdDVoiDhWEd48TUeMglU85khhEpmbsV0TCSh2mRTMCF8fYr/J+0L2y3b5eZlqX6dxZFHJ+gUnSMXVVAd3aIGaiGKAD2gJ/Rs3VuP1ov1umrNWdnMMfoB6+0TcZCNZQ==</latexit>v
<latexit sha1_base64="jtO0gNXDfnpkuV+v7oWMwQnfkRw=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFRLRPnZFNy5bsA9oQ5lMb9qxk0mYmRRK6Be4caGIWz/JnX/jtI2gogcuHM65l3vv8WPOlHacDyu3tr6xuZXfLuzs7u0fFA+P2ipKJIUWjXgkuz5RwJmAlmaaQzeWQEKfQ8ef3Cz8zhSkYpG407MYvJCMBAsYJdpIzemgWHLsmuPWrip4RaqXGSnXsGs7S5RQhsag+N4fRjQJQWjKiVI914m1lxKpGeUwL/QTBTGhEzKCnqGChKC8dHnoHJ8ZZYiDSJoSGi/V7xMpCZWahb7pDIkeq9/eQvzL6yU6qHopE3GiQdDVoiDhWEd48TUeMglU85khhEpmbsV0TCSh2mRTMCF8fYr/J+0L2y3b5eZlqX6dxZFHJ+gUnSMXVVAd3aIGaiGKAD2gJ/Rs3VuP1ov1umrNWdnMMfoB6+0TcZCNZQ==</latexit>v

(ii)

<latexit sha1_base64="MyjiElygdtXvmXZ3X7XGECcAUnc=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwFRKpfeyKblxWaG0hDWEymbRDJzNhZiKU0M9w40IRt36NO//GaRtBRQ9cOJxzL/feE6aMKu04H1ZpbX1jc6u8XdnZ3ds/qB4e3SmRSUz6WDAhhyFShFFO+ppqRoapJCgJGRmE0+uFP7gnUlHBe3qWEj9BY05jipE2ktcLIjhiDPYCHFRrjt123PZlE65Iq16QRhu6trNEDRToBtX3USRwlhCuMUNKea6Taj9HUlPMyLwyyhRJEZ6iMfEM5Sghys+XJ8/hmVEiGAtpimu4VL9P5ChRapaEpjNBeqJ+ewvxL8/LdNzyc8rTTBOOV4vijEEt4OJ/GFFJsGYzQxCW1NwK8QRJhLVJqWJC+PoU/k/uLmy3YTdu67XOVRFHGZyAU3AOXNAEHXADuqAPMBDgATyBZ0tbj9aL9bpqLVnFzDH4AevtE8JSkPQ=</latexit>

Td ⌧ Tc

supercooling  

 
<latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit><latexit sha1_base64="oVjZqrAmZBDuQ77NWV+kMiU5TGw=">AAAB63icdVBNS8NAEJ3Ur1q/qh69LBbBU0hE1N6KXjxWMG2hDWWz3bRLdzdhdyOU0L/gxYMiXv1D3vw3btoKfj4YeLw3w8y8KOVMG897d0pLyyura+X1ysbm1vZOdXevpZNMERqQhCeqE2FNOZM0MMxw2kkVxSLitB2Nrwq/fUeVZom8NZOUhgIPJYsZwaaQeqlm/WrNc+ueXz/z0W/iu94MNVig2a++9QYJyQSVhnCsddf3UhPmWBlGOJ1WepmmKSZjPKRdSyUWVIf57NYpOrLKAMWJsiUNmqlfJ3IstJ6IyHYKbEb6p1eIf3ndzMQXYc5kmhkqyXxRnHFkElQ8jgZMUWL4xBJMFLO3IjLCChNj46nYED4/Rf+T1onre65/c1prXC7iKMMBHMIx+HAODbiGJgRAYAT38AhPjnAenGfnZd5achYz+/ANzusHlTeOmA==</latexit>

V ( )
<latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit><latexit sha1_base64="/gGe5jrwo76onEIPbDtGCzkFESI=">AAAB7nicdVDJSgNBEK2JW4zbqEcvjUGIl2FGRM0t6MVjBLNAMoSeTk/SpKen6e4RwpCP8OJBEa9+jzf/xs4iuD4oeLxXRVW9SHKmje+/O4Wl5ZXVteJ6aWNza3vH3d1r6jRThDZIylPVjrCmnAnaMMxw2paK4iTitBWNrqZ+644qzVJxa8aShgkeCBYzgo2VWs1KV2p23HPLvlf1g+pZgH6TwPNnKMMC9Z771u2nJEuoMIRjrTuBL02YY2UY4XRS6maaSkxGeEA7lgqcUB3ms3Mn6MgqfRSnypYwaKZ+nchxovU4iWxngs1Q//Sm4l9eJzPxRZgzITNDBZkvijOOTIqmv6M+U5QYPrYEE8XsrYgMscLE2IRKNoTPT9H/pHniBb4X3JyWa5eLOIpwAIdQgQDOoQbXUIcGEBjBPTzCkyOdB+fZeZm3FpzFzD58g/P6AQWpj10=</latexit>

(i)

<latexit sha1_base64="aKafUjowEnafSBlCSTrYgRhj9dc=">AAAB8nicdVDLSsNAFJ3UV62vqks3g0VwFRKpfeyKblxWaG0hDWEymbRDJzNhZiKU0M9w40IRt36NO//GaRtBRQ9cOJxzL/feE6aMKu04H1ZpbX1jc6u8XdnZ3ds/qB4e3SmRSUz6WDAhhyFShFFO+ppqRoapJCgJGRmE0+uFP7gnUlHBe3qWEj9BY05jipE2ktcLIjgaj2EvwEG15thtx21fNuGKtOoFabShaztL1ECBblB9H0UCZwnhGjOklOc6qfZzJDXFjMwro0yRFOEpGhPPUI4Sovx8efIcnhklgrGQpriGS/X7RI4SpWZJaDoTpCfqt7cQ//K8TMctP6c8zTTheLUozhjUAi7+hxGVBGs2MwRhSc2tEE+QRFiblComhK9P4f/k7sJ2G3bjtl7rXBVxlMEJOAXnwAVN0AE3oAv6AAMBHsATeLa09Wi9WK+r1pJVzByDH7DePgGy/ZDq</latexit>

Td � Tc

symmetric phase 

Central simplifying assumptions:

bubbles remain small  

with (i) 

(ii) ``instantaneous’’ reheating

<latexit sha1_base64="NqcSWdtWdB1t++IScJraLSzY+tI="></latexit>

p(t) / exp (�(t� t⇤))
<latexit sha1_base64="8Q7s4KJUuyWK/VF/PzhkPqLH7Hs=">AAACBXicdVDJSgNBEO2JW4xb1KMeGoMQg8SZELMchKCXHCOYBTJh6Ol0kiY9C901Qgi5ePFXvHhQxKv/4M2/sbMIKvqg4PFeFVX13FBwBab5YcSWlldW1+LriY3Nre2d5O5eQwWRpKxOAxHIlksUE9xndeAgWCuUjHiuYE13eDX1m7dMKh74NzAKWccjfZ/3OCWgJSd5aLsMCLb7fVx1MvgCW2fpHLZPMTiZEyeZMrNl0yqfF/GclPILUihjK2vOkEIL1Jzku90NaOQxH6ggSrUtM4TOmEjgVLBJwo4UCwkdkj5ra+oTj6nOePbFBB9rpYt7gdTlA56p3yfGxFNq5Lm60yMwUL+9qfiX146gV+qMuR9GwHw6X9SLBIYATyPBXS4ZBTHShFDJ9a2YDogkFHRwCR3C16f4f9LIZa1CtnCdT1UuF3HE0QE6QmlkoSKqoCqqoTqi6A49oCf0bNwbj8aL8TpvjRmLmX30A8bbJ698lYY=</latexit>

� � H⇤ = 1/(2 t⇤)

Supercooled phase transition with 
quick re-heating of dark sector 
allows avoidance of BBN constraint.
Simple microscopic model:  
SU(N) -> SU(N-1) through radiative 
symmetry breaking a la Coleman-
Weinberg.
Redshift range: 

<latexit sha1_base64="cxBjwKbFopUnPwpbn/3CuJEoBOo=">AAACBHicdVDLSsNAFJ3UV62vqMtuBosgLkIitW3ARdGNywr2AW0Mk+m0HTp5MDMR2tCFG3/FjQtF3PoR7vwbJ20EFT0ww+Gce7n3Hi9iVEjT/NByS8srq2v59cLG5tb2jr671xJhzDFp4pCFvOMhQRgNSFNSyUgn4gT5HiNtb3yR+u1bwgUNg2s5iYjjo2FABxQjqSRXL07dno/kiPsJJ3gGz+DUPVa/Zd7Yrl4yDdu07NMqXJBaOSMVG1qGOUcJZGi4+nuvH+LYJ4HEDAnRtcxIOgnikmJGZoVeLEiE8BgNSVfRAPlEOMn8iBk8VEofDkKuXiDhXP3ekSBfiInvqcp0YfHbS8W/vG4sBzUnoUEUSxLgxaBBzKAMYZoI7FN1uWQTRRDmVO0K8QhxhKXKraBC+LoU/k9aJ4ZVMSpX5VL9PIsjD4rgABwBC1RBHVyCBmgCDO7AA3gCz9q99qi9aK+L0pyW9eyDH9DePgH3QJcH</latexit>

zrec < z⇤ < 109

<latexit sha1_base64="cxBjwKbFopUnPwpbn/3CuJEoBOo=">AAACBHicdVDLSsNAFJ3UV62vqMtuBosgLkIitW3ARdGNywr2AW0Mk+m0HTp5MDMR2tCFG3/FjQtF3PoR7vwbJ20EFT0ww+Gce7n3Hi9iVEjT/NByS8srq2v59cLG5tb2jr671xJhzDFp4pCFvOMhQRgNSFNSyUgn4gT5HiNtb3yR+u1bwgUNg2s5iYjjo2FABxQjqSRXL07dno/kiPsJJ3gGz+DUPVa/Zd7Yrl4yDdu07NMqXJBaOSMVG1qGOUcJZGi4+nuvH+LYJ4HEDAnRtcxIOgnikmJGZoVeLEiE8BgNSVfRAPlEOMn8iBk8VEofDkKuXiDhXP3ekSBfiInvqcp0YfHbS8W/vG4sBzUnoUEUSxLgxaBBzKAMYZoI7FN1uWQTRRDmVO0K8QhxhKXKraBC+LoU/k9aJ4ZVMSpX5VL9PIsjD4rgABwBC1RBHVyCBmgCDO7AA3gCz9q99qi9aK+L0pyW9eyDH9DePgH3QJcH</latexit>

zrec < z⇤ < 109
<latexit sha1_base64="cxBjwKbFopUnPwpbn/3CuJEoBOo=">AAACBHicdVDLSsNAFJ3UV62vqMtuBosgLkIitW3ARdGNywr2AW0Mk+m0HTp5MDMR2tCFG3/FjQtF3PoR7vwbJ20EFT0ww+Gce7n3Hi9iVEjT/NByS8srq2v59cLG5tb2jr671xJhzDFp4pCFvOMhQRgNSFNSyUgn4gT5HiNtb3yR+u1bwgUNg2s5iYjjo2FABxQjqSRXL07dno/kiPsJJ3gGz+DUPVa/Zd7Yrl4yDdu07NMqXJBaOSMVG1qGOUcJZGi4+nuvH+LYJ4HEDAnRtcxIOgnikmJGZoVeLEiE8BgNSVfRAPlEOMn8iBk8VEofDkKuXiDhXP3ekSBfiInvqcp0YfHbS8W/vG4sBzUnoUEUSxLgxaBBzKAMYZoI7FN1uWQTRRDmVO0K8QhxhKXKraBC+LoU/k9aJ4ZVMSpX5VL9PIsjD4rgABwBC1RBHVyCBmgCDO7AA3gCz9q99qi9aK+L0pyW9eyDH9DePgH3QJcH</latexit>

zrec < z⇤ < 109



Cosmological Perturbation Theory



 The phase transition affects scalar perturbations in three ways:

Cosmological Perturbation Theory



 The phase transition affects scalar perturbations in three ways:
1. Bubbles of true vacuum generate perturbations on scales comparable to their size:  
   irrelevant if bubbles remain small

Cosmological Perturbation Theory recent bound:
<latexit sha1_base64="dOgLqpKCxSkgr0u+7Zpawoy2ogs=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCuAhJrX1spOimywq2FtoQJtNJO3QyCTMToYZ+iRsXirj1U9z5N07bCCp64MLhnHu59x4/ZlQq2/4wciura+sb+c3C1vbObtHc2+/KKBGYdHDEItHzkSSMctJRVDHSiwVBoc/IrT+5mvu3d0RIGvEbNY2JG6IRpwHFSGnJM4sDnygEL+BZ2YYt79QzS7bVsJ3GeQ0uSb2SkWoDOpa9QAlkaHvm+2AY4SQkXGGGpOw7dqzcFAlFMSOzwiCRJEZ4gkakrylHIZFuujh8Bo+1MoRBJHRxBRfq94kUhVJOQ193hkiN5W9vLv7l9RMV1N2U8jhRhOPloiBhUEVwngIcUkGwYlNNEBZU3wrxGAmElc6qoEP4+hT+T7ply6la1etKqXmZxZEHh+AInAAH1EATtEAbdAAGCXgAT+DZuDcejRfjddmaM7KZA/ADxtsnZbKRqA==</latexit>

� > 320H⇤
[G.Elor++,2311.16222]



 The phase transition affects scalar perturbations in three ways:
1. Bubbles of true vacuum generate perturbations on scales comparable to their size:  
 

2. Adiabatic fluctuations in dark sector temperature seed perturbations in post-p.t. fluid.

relevant for CMB + LSS

 irrelevant if bubbles remain small

Cosmological Perturbation Theory recent bound:
<latexit sha1_base64="dOgLqpKCxSkgr0u+7Zpawoy2ogs=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCuAhJrX1spOimywq2FtoQJtNJO3QyCTMToYZ+iRsXirj1U9z5N07bCCp64MLhnHu59x4/ZlQq2/4wciura+sb+c3C1vbObtHc2+/KKBGYdHDEItHzkSSMctJRVDHSiwVBoc/IrT+5mvu3d0RIGvEbNY2JG6IRpwHFSGnJM4sDnygEL+BZ2YYt79QzS7bVsJ3GeQ0uSb2SkWoDOpa9QAlkaHvm+2AY4SQkXGGGpOw7dqzcFAlFMSOzwiCRJEZ4gkakrylHIZFuujh8Bo+1MoRBJHRxBRfq94kUhVJOQ193hkiN5W9vLv7l9RMV1N2U8jhRhOPloiBhUEVwngIcUkGwYlNNEBZU3wrxGAmElc6qoEP4+hT+T7ply6la1etKqXmZxZEHh+AInAAH1EATtEAbdAAGCXgAT+DZuDcejRfjddmaM7KZA/ADxtsnZbKRqA==</latexit>

� > 320H⇤
[G.Elor++,2311.16222]

t
<latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit><latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit><latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit><latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit>

x
<latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit><latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit><latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit><latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit>

t⇤<latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit><latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit><latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit><latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit>

cosmological model

early dark energy

dark radiation fluid

<latexit sha1_base64="r5Dy9CFPYhZY7eHnUh1iPLX3lNI="></latexit>

Td(t⇤,x)|⌃ = const



 The phase transition affects scalar perturbations in three ways:
1. Bubbles of true vacuum generate perturbations on scales comparable to their size:  
 

2. Adiabatic fluctuations in dark sector temperature seed perturbations in post-p.t. fluid.

relevant for CMB + LSS

 irrelevant if bubbles remain small

Cosmological Perturbation Theory

 Covariant perturbation matching  
implemented in CLASS solver.  

recent bound:
<latexit sha1_base64="dOgLqpKCxSkgr0u+7Zpawoy2ogs=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCuAhJrX1spOimywq2FtoQJtNJO3QyCTMToYZ+iRsXirj1U9z5N07bCCp64MLhnHu59x4/ZlQq2/4wciura+sb+c3C1vbObtHc2+/KKBGYdHDEItHzkSSMctJRVDHSiwVBoc/IrT+5mvu3d0RIGvEbNY2JG6IRpwHFSGnJM4sDnygEL+BZ2YYt79QzS7bVsJ3GeQ0uSb2SkWoDOpa9QAlkaHvm+2AY4SQkXGGGpOw7dqzcFAlFMSOzwiCRJEZ4gkakrylHIZFuujh8Bo+1MoRBJHRxBRfq94kUhVJOQ193hkiN5W9vLv7l9RMV1N2U8jhRhOPloiBhUEVwngIcUkGwYlNNEBZU3wrxGAmElc6qoEP4+hT+T7ply6la1etKqXmZxZEHh+AInAAH1EATtEAbdAAGCXgAT+DZuDcejRfjddmaM7KZA/ADxtsnZbKRqA==</latexit>

� > 320H⇤
[G.Elor++,2311.16222]

t
<latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit><latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit><latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit><latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit>

x
<latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit><latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit><latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit><latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit>

t⇤<latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit><latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit><latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit><latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit>

cosmological model

early dark energy

dark radiation fluid

<latexit sha1_base64="r5Dy9CFPYhZY7eHnUh1iPLX3lNI="></latexit>

Td(t⇤,x)|⌃ = const



 The phase transition affects scalar perturbations in three ways:
1. Bubbles of true vacuum generate perturbations on scales comparable to their size:  
 

2. Adiabatic fluctuations in dark sector temperature seed perturbations in post-p.t. fluid.

relevant for CMB + LSS

 irrelevant if bubbles remain small

Cosmological Perturbation Theory

 Covariant perturbation matching  
implemented in CLASS solver.  

 First results (triggered stepped SIDR):

recent bound:
<latexit sha1_base64="dOgLqpKCxSkgr0u+7Zpawoy2ogs=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCuAhJrX1spOimywq2FtoQJtNJO3QyCTMToYZ+iRsXirj1U9z5N07bCCp64MLhnHu59x4/ZlQq2/4wciura+sb+c3C1vbObtHc2+/KKBGYdHDEItHzkSSMctJRVDHSiwVBoc/IrT+5mvu3d0RIGvEbNY2JG6IRpwHFSGnJM4sDnygEL+BZ2YYt79QzS7bVsJ3GeQ0uSb2SkWoDOpa9QAlkaHvm+2AY4SQkXGGGpOw7dqzcFAlFMSOzwiCRJEZ4gkakrylHIZFuujh8Bo+1MoRBJHRxBRfq94kUhVJOQ193hkiN5W9vLv7l9RMV1N2U8jhRhOPloiBhUEVwngIcUkGwYlNNEBZU3wrxGAmElc6qoEP4+hT+T7ply6la1etKqXmZxZEHh+AInAAH1EATtEAbdAAGCXgAT+DZuDcejRfjddmaM7KZA/ADxtsnZbKRqA==</latexit>
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t
<latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit><latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit><latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit><latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit>

x
<latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit><latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit><latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit><latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit>

t⇤<latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit><latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit><latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit><latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit>

cosmological model

early dark energy

dark radiation fluid

<latexit sha1_base64="r5Dy9CFPYhZY7eHnUh1iPLX3lNI="></latexit>

Td(t⇤,x)|⌃ = const



 The phase transition affects scalar perturbations in three ways:
1. Bubbles of true vacuum generate perturbations on scales comparable to their size:  
 

2. Adiabatic fluctuations in dark sector temperature seed perturbations in post-p.t. fluid.

relevant for CMB + LSS

 irrelevant if bubbles remain small

Cosmological Perturbation Theory

 Covariant perturbation matching  
implemented in CLASS solver.  

 First results (triggered stepped SIDR):

Phase transition happens pre-CMB 

recent bound:
<latexit sha1_base64="dOgLqpKCxSkgr0u+7Zpawoy2ogs=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCuAhJrX1spOimywq2FtoQJtNJO3QyCTMToYZ+iRsXirj1U9z5N07bCCp64MLhnHu59x4/ZlQq2/4wciura+sb+c3C1vbObtHc2+/KKBGYdHDEItHzkSSMctJRVDHSiwVBoc/IrT+5mvu3d0RIGvEbNY2JG6IRpwHFSGnJM4sDnygEL+BZ2YYt79QzS7bVsJ3GeQ0uSb2SkWoDOpa9QAlkaHvm+2AY4SQkXGGGpOw7dqzcFAlFMSOzwiCRJEZ4gkakrylHIZFuujh8Bo+1MoRBJHRxBRfq94kUhVJOQ193hkiN5W9vLv7l9RMV1N2U8jhRhOPloiBhUEVwngIcUkGwYlNNEBZU3wrxGAmElc6qoEP4+hT+T7ply6la1etKqXmZxZEHh+AInAAH1EATtEAbdAAGCXgAT+DZuDcejRfjddmaM7KZA/ADxtsnZbKRqA==</latexit>

� > 320H⇤
[G.Elor++,2311.16222]

t
<latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit><latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit><latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit><latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit>

x
<latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit><latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit><latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit><latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit>

t⇤<latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit><latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit><latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit><latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit>

cosmological model

early dark energy

dark radiation fluid

<latexit sha1_base64="r5Dy9CFPYhZY7eHnUh1iPLX3lNI="></latexit>

Td(t⇤,x)|⌃ = const



 The phase transition affects scalar perturbations in three ways:
1. Bubbles of true vacuum generate perturbations on scales comparable to their size:  
 

2. Adiabatic fluctuations in dark sector temperature seed perturbations in post-p.t. fluid.

relevant for CMB + LSS

 irrelevant if bubbles remain small

Cosmological Perturbation Theory

 Covariant perturbation matching  
implemented in CLASS solver.  

 First results (triggered stepped SIDR):

Phase transition happens pre-CMB 

Residual tension: 2.8 sigma

recent bound:
<latexit sha1_base64="dOgLqpKCxSkgr0u+7Zpawoy2ogs=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCuAhJrX1spOimywq2FtoQJtNJO3QyCTMToYZ+iRsXirj1U9z5N07bCCp64MLhnHu59x4/ZlQq2/4wciura+sb+c3C1vbObtHc2+/KKBGYdHDEItHzkSSMctJRVDHSiwVBoc/IrT+5mvu3d0RIGvEbNY2JG6IRpwHFSGnJM4sDnygEL+BZ2YYt79QzS7bVsJ3GeQ0uSb2SkWoDOpa9QAlkaHvm+2AY4SQkXGGGpOw7dqzcFAlFMSOzwiCRJEZ4gkakrylHIZFuujh8Bo+1MoRBJHRxBRfq94kUhVJOQ193hkiN5W9vLv7l9RMV1N2U8jhRhOPloiBhUEVwngIcUkGwYlNNEBZU3wrxGAmElc6qoEP4+hT+T7ply6la1etKqXmZxZEHh+AInAAH1EATtEAbdAAGCXgAT+DZuDcejRfjddmaM7KZA/ADxtsnZbKRqA==</latexit>

� > 320H⇤
[G.Elor++,2311.16222]

t
<latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit><latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit><latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit><latexit sha1_base64="iTl9x/5CpsMKeorJlofyZ6IbOzA=">AAAB6HicdVDJSgNBEK2JW4xb1KOXxiB4GmZE1NyCXjwmYBZIhtDTqUna9PQM3T1CCPkCLx4U8eonefNv7CyC64OCx3tVVNULU8G18bx3J7e0vLK6ll8vbGxube8Ud/caOskUwzpLRKJaIdUouMS64UZgK1VI41BgMxxeTf3mHSrNE3ljRikGMe1LHnFGjZVqplsseW7Z88tnPvlNfNeboQQLVLvFt04vYVmM0jBBtW77XmqCMVWGM4GTQifTmFI2pH1sWyppjDoYzw6dkCOr9EiUKFvSkJn6dWJMY61HcWg7Y2oG+qc3Ff/y2pmJLoIxl2lmULL5oigTxCRk+jXpcYXMiJEllClubyVsQBVlxmZTsCF8fkr+J40T1/dcv3Zaqlwu4sjDARzCMfhwDhW4hirUgQHCPTzCk3PrPDjPzsu8NecsZvbhG5zXD1EwjUY=</latexit>

x
<latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit><latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit><latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit><latexit sha1_base64="lp6m/7H+w2y4bDwykP4DjEtGJ+4=">AAAB6HicdVDJSgNBEK1xjXGLevTSGARPw4yImlvQi8cEzALJEHo6NUmbnp6hu0cMIV/gxYMiXv0kb/6NnUVwfVDweK+KqnphKrg2nvfuLCwuLa+s5tby6xubW9uFnd26TjLFsMYSkahmSDUKLrFmuBHYTBXSOBTYCAeXE79xi0rzRF6bYYpBTHuSR5xRY6XqXadQ9NyS55dOffKb+K43RRHmqHQKb+1uwrIYpWGCat3yvdQEI6oMZwLH+XamMaVsQHvYslTSGHUwmh46JodW6ZIoUbakIVP168SIxloP49B2xtT09U9vIv7ltTITnQcjLtPMoGSzRVEmiEnI5GvS5QqZEUNLKFPc3kpYnyrKjM0mb0P4/JT8T+rHru+5fvWkWL6Yx5GDfTiAI/DhDMpwBRWoAQOEe3iEJ+fGeXCenZdZ64Izn9mDb3BePwBXQI1K</latexit>

t⇤<latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit><latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit><latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit><latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit>

cosmological model

early dark energy

dark radiation fluid

<latexit sha1_base64="r5Dy9CFPYhZY7eHnUh1iPLX3lNI="></latexit>

Td(t⇤,x)|⌃ = const

[M.Garny++,2404.07256]



 The phase transition affects scalar perturbations in three ways:
1. Bubbles of true vacuum generate perturbations on scales comparable to their size:  
 

2. Adiabatic fluctuations in dark sector temperature seed perturbations in post-p.t. fluid.

relevant for CMB + LSS

 irrelevant if bubbles remain small

Cosmological Perturbation Theory

 Covariant perturbation matching  
implemented in CLASS solver.  

 First results (triggered stepped SIDR):

Phase transition happens pre-CMB 

Residual tension: 2.8 sigma

recent bound:
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 Why bother with 3-sigma-residual-tension model? It provides well-motivated 
theoretical playground for testing more complete dark sector physics.  

t
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cosmological model

early dark energy

dark radiation fluid
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Td(t⇤,x)|⌃ = const
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 The phase transition affects scalar perturbations in three ways:
1. Bubbles of true vacuum generate perturbations on scales comparable to their size:  
 

2. Adiabatic fluctuations in dark sector temperature seed perturbations in post-p.t. fluid.

relevant for CMB + LSS

 irrelevant if bubbles remain small

Cosmological Perturbation Theory

 Covariant perturbation matching  
implemented in CLASS solver.  

 First results (triggered stepped SIDR):

Phase transition happens pre-CMB 

Residual tension: 2.8 sigma

recent bound:
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 Why bother with 3-sigma-residual-tension model? It provides well-motivated 
theoretical playground for testing more complete dark sector physics.  

 Work in progress […] Stay tuned! 
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t⇤<latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit><latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit><latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit><latexit sha1_base64="3Usyu1ADn3hrdGCcevpsCxMqdXA=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiCIh2FGRM0t6MVjRLNAMoSeTidp0tMzdNcIYcgnePGgiFe/yJt/Y2cRXB8UPN6roqpemEhh0PPendzC4tLySn61sLa+sblV3N6pmzjVjNdYLGPdDKnhUiheQ4GSNxPNaRRK3giHlxO/cce1EbG6xVHCg4j2legJRtFKN9g56hRLnlv2/PKpT34T3/WmKMEc1U7xrd2NWRpxhUxSY1q+l2CQUY2CST4utFPDE8qGtM9blioacRNk01PH5MAqXdKLtS2FZKp+nchoZMwoCm1nRHFgfnoT8S+vlWLvPMiESlLkis0W9VJJMCaTv0lXaM5QjiyhTAt7K2EDqilDm07BhvD5Kfmf1I9d33P965NS5WIeRx72YB8OwYczqMAVVKEGDPpwD4/w5EjnwXl2XmatOWc+swvf4Lx+AGv0jeM=</latexit>

cosmological model

early dark energy

dark radiation fluid

<latexit sha1_base64="r5Dy9CFPYhZY7eHnUh1iPLX3lNI="></latexit>

Td(t⇤,x)|⌃ = const

[M.Garny++,2404.07256]



Signatures



 Stochastic gravitational wave background
 Overlap with PTAs for phase transitions that 
occur close to BBN and create large bubbles.  
 

First estimate (envelope approximation, thin-
wall, …) 

<latexit sha1_base64="Gf3n8+OH9Ry1ZDc/FlbomjXgJ4w=">AAAB+XicdZDLSsNAFIYn9VbrLerSzWARxEVIpLYNdFF047KCvUAbw2Q6bYdOJmFmUqihb+LGhSJufRN3vo3TNoKK/jDw8Z9zOGf+IGZUKtv+MHIrq2vrG/nNwtb2zu6euX/QklEiMGniiEWiEyBJGOWkqahipBMLgsKAkXYwvprX2xMiJI34rZrGxAvRkNMBxUhpyzdNx76rwBq8989gTbPrm0Xbcm3HvajAJVRLGZRd6Fj2QkWQqeGb771+hJOQcIUZkrLr2LHyUiQUxYzMCr1EkhjhMRqSrkaOQiK9dHH5DJ5opw8HkdCPK7hwv0+kKJRyGga6M0RqJH/X5uZftW6iBlUvpTxOFOF4uWiQMKgiOI8B9qkgWLGpBoQF1bdCPEICYaXDKugQvn4K/4fWueWUrfJNqVi/zOLIgyNwDE6BAyqgDq5BAzQBBhPwAJ7As5Eaj8aL8bpszRnZzCH4IePtEznNkX8=</latexit>

107 < z⇤ < 109

Signatures



 Stochastic gravitational wave background
 Overlap with PTAs for phase transitions that 
occur close to BBN and create large bubbles.  
 

First estimate (envelope approximation, thin-
wall, …) 

<latexit sha1_base64="Gf3n8+OH9Ry1ZDc/FlbomjXgJ4w=">AAAB+XicdZDLSsNAFIYn9VbrLerSzWARxEVIpLYNdFF047KCvUAbw2Q6bYdOJmFmUqihb+LGhSJufRN3vo3TNoKK/jDw8Z9zOGf+IGZUKtv+MHIrq2vrG/nNwtb2zu6euX/QklEiMGniiEWiEyBJGOWkqahipBMLgsKAkXYwvprX2xMiJI34rZrGxAvRkNMBxUhpyzdNx76rwBq8989gTbPrm0Xbcm3HvajAJVRLGZRd6Fj2QkWQqeGb771+hJOQcIUZkrLr2LHyUiQUxYzMCr1EkhjhMRqSrkaOQiK9dHH5DJ5opw8HkdCPK7hwv0+kKJRyGga6M0RqJH/X5uZftW6iBlUvpTxOFOF4uWiQMKgiOI8B9qkgWLGpBoQF1bdCPEICYaXDKugQvn4K/4fWueWUrfJNqVi/zOLIgyNwDE6BAyqgDq5BAzQBBhPwAJ7As5Eaj8aL8bpszRnZzCH4IePtEznNkX8=</latexit>

107 < z⇤ < 109

Signatures

 Acoustic oscillations in DR fluid
 Consequence of perturbation matching. 
 Imprinted in matter power spectrum.
 Relevant if p.t. occurs sufficiently late:  
 

Lyman-alpha 

<latexit sha1_base64="mobGABr/U24VE+n093CH/qYP/FU=">AAAB+XicdZDLSsNAFIYnXmu9RV26GSyCuAiJtGkLXRTduKxgL9DGMJlO26GTSZiZFGrom7hxoYhb38Sdb+O0jaCiPwx8/Occzpk/iBmVyrY/jJXVtfWNzdxWfntnd2/fPDhsySgRmDRxxCLRCZAkjHLSVFQx0okFQWHASDsYX83r7QkRkkb8Vk1j4oVoyOmAYqS05ZumY9+VYA3e++ewptn1zYJtVW2nWirDJVSKGbhV6Fj2QgWQqeGb771+hJOQcIUZkrLr2LHyUiQUxYzM8r1EkhjhMRqSrkaOQiK9dHH5DJ5qpw8HkdCPK7hwv0+kKJRyGga6M0RqJH/X5uZftW6iBhUvpTxOFOF4uWiQMKgiOI8B9qkgWLGpBoQF1bdCPEICYaXDyusQvn4K/4fWheW4lntTLNQvszhy4BicgDPggDKog2vQAE2AwQQ8gCfwbKTGo/FivC5bV4xs5gj8kPH2CTIhkXo=</latexit>

105 < z⇤ < 106



 Stochastic gravitational wave background
 Overlap with PTAs for phase transitions that 
occur close to BBN and create large bubbles.  
 

First estimate (envelope approximation, thin-
wall, …) 

<latexit sha1_base64="Gf3n8+OH9Ry1ZDc/FlbomjXgJ4w=">AAAB+XicdZDLSsNAFIYn9VbrLerSzWARxEVIpLYNdFF047KCvUAbw2Q6bYdOJmFmUqihb+LGhSJufRN3vo3TNoKK/jDw8Z9zOGf+IGZUKtv+MHIrq2vrG/nNwtb2zu6euX/QklEiMGniiEWiEyBJGOWkqahipBMLgsKAkXYwvprX2xMiJI34rZrGxAvRkNMBxUhpyzdNx76rwBq8989gTbPrm0Xbcm3HvajAJVRLGZRd6Fj2QkWQqeGb771+hJOQcIUZkrLr2LHyUiQUxYzMCr1EkhjhMRqSrkaOQiK9dHH5DJ5opw8HkdCPK7hwv0+kKJRyGga6M0RqJH/X5uZftW6iBlUvpTxOFOF4uWiQMKgiOI8B9qkgWLGpBoQF1bdCPEICYaXDKugQvn4K/4fWueWUrfJNqVi/zOLIgyNwDE6BAyqgDq5BAzQBBhPwAJ7As5Eaj8aL8bpszRnZzCH4IePtEznNkX8=</latexit>

107 < z⇤ < 109

Signatures

 CMB anisotropies 
 CMB provides lower bound on redshift
 Difference with cold NEDE due to 
character of trigger field.
 Acoustic oscillations in post p.t. fluid 
stronger in Hot NEDE. 

 Acoustic oscillations in DR fluid
 Consequence of perturbation matching. 
 Imprinted in matter power spectrum.
 Relevant if p.t. occurs sufficiently late:  
 

Lyman-alpha 

<latexit sha1_base64="mobGABr/U24VE+n093CH/qYP/FU=">AAAB+XicdZDLSsNAFIYnXmu9RV26GSyCuAiJtGkLXRTduKxgL9DGMJlO26GTSZiZFGrom7hxoYhb38Sdb+O0jaCiPwx8/Occzpk/iBmVyrY/jJXVtfWNzdxWfntnd2/fPDhsySgRmDRxxCLRCZAkjHLSVFQx0okFQWHASDsYX83r7QkRkkb8Vk1j4oVoyOmAYqS05ZumY9+VYA3e++ewptn1zYJtVW2nWirDJVSKGbhV6Fj2QgWQqeGb771+hJOQcIUZkrLr2LHyUiQUxYzM8r1EkhjhMRqSrkaOQiK9dHH5DJ5qpw8HkdCPK7hwv0+kKJRyGga6M0RqJH/X5uZftW6iBhUvpTxOFOF4uWiQMKgiOI8B9qkgWLGpBoQF1bdCPEICYaXDyusQvn4K/4fWheW4lntTLNQvszhy4BicgDPggDKog2vQAE2AwQQ8gCfwbKTGo/FivC5bV4xs5gj8kPH2CTIhkXo=</latexit>

105 < z⇤ < 106

<latexit sha1_base64="88bUYuKRctUWfv1Va+q+sgtbHI8=">AAACAnicdVDLSgMxFM3UV62vUVfiJlgEcVFmZOxjV3TjsoJ9QKeWTJq2oZkHyR2hDsWNv+LGhSJu/Qp3/o1pO4KKHggczjmXm3u8SHAFlvVhZBYWl5ZXsqu5tfWNzS1ze6ehwlhSVqehCGXLI4oJHrA6cBCsFUlGfE+wpjc6n/rNGyYVD4MrGEes45NBwPucEtBS19y77R5jdwA64WMHu8B9prBtXTtdM28VKpZdOS3hOSk7KSlWsF2wZsijFLWu+e72Qhr7LAAqiFJt24qgkxAJnAo2ybmxYhGhIzJgbU0Dojd1ktkJE3yolR7uh1K/APBM/T6REF+pse/ppE9gqH57U/Evrx1Dv9xJeBDFwAI6X9SPBYYQT/vAPS4ZBTHWhFDJ9V8xHRJJKOjWcrqEr0vx/6RxUrCLheKlk6+epXVk0T46QEfIRiVURReohuqIojv0gJ7Qs3FvPBovxus8mjHSmV30A8bbJ11hlio=</latexit>

z⇤ & 4⇥ 104



Summary
The Hubble tension calls for new physics operative during the CMB epoch.

 Opportunity to probe new fundamental physics above (but close to) the eV scale!

 A strong first-order phase transition offers a simple microscopic scenario.

 Cold New Early Dark Energy relies on a triggered vacuum phase transition to bring the 

tension down to 2 sigma (challenges: describe post p.t. fluid, keep testing against new data). 

 Hot New Early Dark Energy relies on a supercooled p.t. to produce DR after BBN.

 Simplest model: Brings tension below 3 sigma…

 … with unique signatures in matter power spectrum (+ PTAs). 

 Take home:

• Exciting times in cosmology as constraining power of cosmological probes is increasing.

• Phase transitions are a simple playground for (early) dark energy / dark radiation physics.

• Time to go beyond model-independent parametrizations and use both theory and data constraints.

• Invitation: Many ideas wait to be explored! 

Now: Exploit benefits of 
having microscopic scenario.



Hot New Early Dark Energy

<latexit sha1_base64="EW8GrOkab3TEQmt/kCRTGRFGwRo=">AAAB/nicdVDLSsNAFJ3UV62vqLhyM1gEVyGR2ocLKbpxWcE+oAlhMp20Q2eSMDMRSij4K25cKOLW73Dn3zhpK6jogYHDOfdyz5wgYVQq2/4wCkvLK6trxfXSxubW9o65u9eRcSowaeOYxaIXIEkYjUhbUcVILxEE8YCRbjC+yv3uHRGSxtGtmiTE42gY0ZBipLTkmwcuT32XIzUSPCNhOIUXNjz3zbJtNWyncVaDc1KvLEi1AR3LnqEMFmj55rs7iHHKSaQwQ1L2HTtRXoaEopiRaclNJUkQHqMh6WsaIU6kl83iT+GxVgYwjIV+kYIz9ftGhriUEx7oyTyo/O3l4l9eP1Vh3ctolKSKRHh+KEwZVDHMu4ADKghWbKIJwoLqrBCPkEBY6cZKuoSvn8L/SefUcqpW9aZSbl4u6iiCQ3AEToADaqAJrkELtAEGGXgAT+DZuDcejRfjdT5aMBY7++AHjLdP6hKVew==</latexit>

µe↵ > 0 :
<latexit sha1_base64="xDZDzsAXZJT+o7jBbRjdmtEgOBA=">AAACB3icdVDLSsNAFJ34rPUVdSnIYBFclaTUPnZFNy4r2Ac0aZlMJ+3QmSTMTAoldOfGX3HjQhG3/oI7/8ZJG0FFDwxzOOde7r3HixiVyrI+jJXVtfWNzdxWfntnd2/fPDhsyzAWmLRwyELR9ZAkjAakpahipBsJgrjHSMebXKV+Z0qEpGFwq2YRcTkaBdSnGCktDcwTh8cDhyM1Fjwhvj/vl6DDGJzqf9QvD8yCVaxbdv2iCpekVs5IpQ7torVAAWRoDsx3ZxjimJNAYYak7NlWpNwECUUxI/O8E0sSITxBI9LTNECcSDdZ3DGHZ1oZQj8U+gUKLtTvHQniUs64pyvTjeVvLxX/8nqx8mtuQoMoViTAy0F+zKAKYRoKHFJBsGIzTRAWVO8K8RgJhJWOLq9D+LoU/k/apaJdKVZuyoXGZRZHDhyDU3AObFAFDXANmqAFMLgDD+AJPBv3xqPxYrwuS1eMrOcI/IDx9gl0C5kQ</latexit>

µ2
e↵ ⌧ v2g4

soft breaking of 
conformal symmetry (ii) 

controlled 
supercooling

nucleation possible 
for 

<latexit sha1_base64="0A10496hO1R/ttSnokm25+A3vPk=">AAACBHicdVDLSsNAFJ3UV62vqMtuBosgLkoitY9dsRuXFfqCpobJZNIOnTyYmQglduHGX3HjQhG3foQ7/8ZJG0FFDwxzOOde7r3HiRgV0jA+tNzK6tr6Rn6zsLW9s7un7x/0RBhzTLo4ZCEfOEgQRgPSlVQyMog4Qb7DSN+ZtlK/f0O4oGHQkbOIjHw0DqhHMZJKsvVix3ahNR5D9V+f3tqWj+SE+0mrP4e2XjLKDcNsnNfgktQrGak2oFk2FiiBDG1bf7fcEMc+CSRmSIihaURylCAuKWZkXrBiQSKEp2hMhooGyCdilCyOmMNjpbjQC7l6gYQL9XtHgnwhZr6jKtMdxW8vFf/yhrH06qOEBlEsSYCXg7yYQRnCNBHoUk6wZDNFEOZU7QrxBHGEpcqtoEL4uhT+T3pnZbNarl5VSs2LLI48KIIjcAJMUANNcAnaoAswuAMP4Ak8a/fao/aivS5Lc1rWcwh+QHv7BPSIl7Y=</latexit>

Td � T ⇤
d |CW

<latexit sha1_base64="ZbLcqhNtR935q0bWM6Ka2T36rsg=">AAAB+HicdVDLSgMxFM34rPXRUZdugkVaN0NGah8LoejGZQU7LbRDyaSZNjTzIMkItfRL3LhQxK2f4s6/MZ2OoKIHLvdwzr3k5ngxZ1Ih9GGsrK6tb2zmtvLbO7t7BXP/wJFRIghtk4hHouthSTkLaVsxxWk3FhQHHqcdb3K18Dt3VEgWhbdqGlM3wKOQ+YxgpaWBWXBKZXR64ZTSBtHALCKrgezGeQ0uSb2SkWoD2hZKUQQZWgPzvT+MSBLQUBGOpezZKFbuDAvFCKfzfD+RNMZkgke0p2mIAyrdWXr4HJ5oZQj9SOgKFUzV7xszHEg5DTw9GWA1lr+9hfiX10uUX3dnLIwTRUOyfMhPOFQRXKQAh0xQovhUE0wE07dCMsYCE6WzyusQvn4K/yfOmWVXrepNpdi8zOLIgSNwDMrABjXQBNegBdqAgAQ8gCfwbNwbj8aL8bocXTGynUPwA8bbJ8DPkJk=</latexit>

V 0(0) = V 00(0) = 0
<latexit sha1_base64="U88lR3WwpSpEoU9UltBB3KQ5wBY=">AAACAHicdVDLSsNAFJ34rPUVdeHCzWARXIVEah+uim5cVrAPaEKYTCft0JkkzEyEErrxV9y4UMStn+HOv3HSRlDRAwOHc+5l7jlBwqhUtv1hLC2vrK6tlzbKm1vbO7vm3n5XxqnApINjFot+gCRhNCIdRRUj/UQQxANGesHkKvd7d0RIGke3apoQj6NRREOKkdKSbx66PPVdjtRY8IyE4Qy6Kob2hW9WbKtpO83zOlyQRrUgtSZ0LHuOCijQ9s13dxjjlJNIYYakHDh2orwMCUUxI7Oym0qSIDxBIzLQNEKcSC+bB5jBE60MYRgL/SIF5+r3jQxxKac80JP5qfK3l4t/eYNUhQ0vo1GSKhLhxUdhyqDOmLcBh1QQrNhUE4QF1bdCPEYCYaU7K+sSvpLC/0n3zHJqVu2mWmldFnWUwBE4BqfAAXXQAtegDToAgxl4AE/g2bg3Ho0X43UxumQUOwfgB4y3T8vBlpA=</latexit>

µe↵ ! 0 :
strong 

supercooling
(i) <latexit sha1_base64="YgmkYedH9nfYbLbooaup0Jh4DT4=">AAACCXicdVDLSgMxFM34rPU16tJNsAjVxTAjtY+NFLtxWaEvaOuQyaRtaOZBkimUsVs3/oobF4q49Q/c+Tdm2hFU9EDC4Zx7ufceJ2RUSNP80JaWV1bX1jMb2c2t7Z1dfW+/JYKIY9LEAQt4x0GCMOqTpqSSkU7ICfIcRtrOuJb47QnhggZ+Q05D0vfQ0KcDipFUkq3Dhu3Ci+S/Ob21ex6SI+7FtfYM5nuMwcmJredMo2JalfMSXJByISXFCrQMc44cSFG39feeG+DII77EDAnRtcxQ9mPEJcWMzLK9SJAQ4TEakq6iPvKI6MfzS2bwWCkuHARcPV/Cufq9I0aeEFPPUZXJquK3l4h/ed1IDsr9mPphJImPF4MGEYMygEks0KWcYMmmiiDMqdoV4hHiCEsVXlaF8HUp/J+0zgyraBSvC7nqZRpHBhyCI5AHFiiBKrgCddAEGNyBB/AEnrV77VF70V4XpUta2nMAfkB7+wSnC5kX</latexit>

Td > T ⇤
d |CW(⌧ v)

nucleation inhibited 
for 

Dark non-Abelian Higgs model with radiative 
breaking of conformal symmetry à la Coleman-
Weinberg (CW)

<latexit sha1_base64="WZTZgNSx9nKu+b+k30oh236yZoQ=">AAAB/3icdVDLSsNAFJ34rPUVFdy4GSyCq5CU2sdCKLpxWcE+oAllMp20QyeTODMRStqFv+LGhSJu/Q13/o3TNoKKHrhwOOde7r3HjxmVyrY/jKXlldW19dxGfnNre2fX3NtvySgRmDRxxCLR8ZEkjHLSVFQx0okFQaHPSNsfXc789h0Rkkb8Ro1j4oVowGlAMVJa6pmHbiwpPIeuvBUqLU7hxG1IOumZBduq2U7trAIXpFrKSLkGHcueowAyNHrmu9uPcBISrjBDUnYdO1ZeioSimJFp3k0kiREeoQHpaspRSKSXzu+fwhOt9GEQCV1cwbn6fSJFoZTj0NedIVJD+dubiX953UQFVS+lPE4U4XixKEgYVBGchQH7VBCs2FgThAXVt0I8RAJhpSPL6xC+PoX/k1bRcspW+bpUqF9kceTAETgGp8ABFVAHV6ABmgCDCXgAT+DZuDcejRfjddG6ZGQzB+AHjLdP0hyWBw==</latexit>

 =
p
2| |<latexit sha1_base64="UgozLduDVIvCtIYR1eQOo2gdRgY="></latexit>
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+�Vthermal( ;Td) ,

<latexit sha1_base64="wfxf2VNN24s1PKetlu7qYcwVM3c=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgKiRS+9iVunFZwT6wjWUynbSDk0mYmQgl9C/cuFDErX/jzr9x2kZQ0QMXDufcy733+DFnSjvOh5VbWV1b38hvFra2d3b3ivsHHRUlktA2iXgkez5WlDNB25ppTnuxpDj0Oe36dxdzv3tPpWKRuNbTmHohHgsWMIK1kW6aaKBYiMa35WGx5Nh1x62fV9GS1MoZqdSRazsLlCBDa1h8H4wikoRUaMKxUn3XibWXYqkZ4XRWGCSKxpjc4THtGypwSJWXLi6eoROjjFAQSVNCo4X6fSLFoVLT0DedIdYT9dubi395/UQHNS9lIk40FWS5KEg40hGav49GTFKi+dQQTCQztyIywRITbUIqmBC+PkX/k86Z7VbsylW51GhmceThCI7hFFyoQgMuoQVtICDgAZ7g2VLWo/VivS5bc1Y2cwg/YL19AtWkkGk=</latexit>

B ⇠ g4

radiative symmetry breaking 
due to dim. transmutation CW 1-loop result 

<latexit sha1_base64="DfS1er2k8xEGklCQKqponnHKORA=">AAAB8XicdVDLSgMxFL1TX7W+qi7dBIvgapiR2seu6MZlBfvAzlAyaaYNzWSGJFMopX/hxoUibv0bd/6NaTuCih4IHM65l9xzgoQzpR3nw8qtrW9sbuW3Czu7e/sHxcOjtopTSWiLxDyW3QArypmgLc00p91EUhwFnHaC8fXC70yoVCwWd3qaUD/CQ8FCRrA20r2XKIY8HaNJv1hy7Lrj1i+raEVq5YxU6si1nSVKkKHZL757g5ikERWacKxUz3US7c+w1IxwOi94qaIJJmM8pD1DBY6o8mfLi+fozCgDFMbSPKHRUv2+McORUtMoMJMR1iP121uIf3m9VIc1f8ZEkmoqyOqjMOXIRFzERwMmKdF8aggmkplbERlhiYk2JRVMCV9J0f+kfWG7FbtyWy41rrI68nACp3AOLlShATfQhBYQEPAAT/BsKevRerFeV6M5K9s5hh+w3j4BlhOQ5g==</latexit>

 ! v
<latexit sha1_base64="y4M0GAmIniaXPMYuU/TbmEuV63Y=">AAAB+nicdZDLSsNAFIYnXmu9pbp0M1iEdmFIpPayK7pxJRVNW2hDmUwn7dDJhZmJUmIfxY0LRdz6JO58GydtBBX9YeDjP+cw5/xuxKiQpvmhLS2vrK6t5zbym1vbO7t6Ya8twphjYuOQhbzrIkEYDYgtqWSkG3GCfJeRjjs5T+udW8IFDYMbOY2I46NRQD2KkVTWQC9c26XLMuzLEKZ0bJUHetE0GqbVOK3BBdQrGVQb0DLMuYogU2ugv/eHIY59EkjMkBA9y4ykkyAuKWZklu/HgkQIT9CI9BQGyCfCSearz+CRcobQC7l6gYRz9/tEgnwhpr6rOn0kx+J3LTX/qvVi6dWdhAZRLEmAFx95MYPq0DQHOKScYMmmChDmVO0K8RhxhKVKK69C+LoU/g/tE8OqGtWrSrF5lsWRAwfgEJSABWqgCS5AC9gAgzvwAJ7As3avPWov2uuidUnLZvbBD2lvn13fkis=</latexit>

SU(N) ! SU(N � 1)

controls  energy 
injection 

<latexit sha1_base64="TcLwQPjn1R9rF9hpAgqeWzpFC3c="></latexit>

Nafter
e↵ �Nbefore

e↵

Nbefore
e↵

/ 1/µ4
e↵

check assumptions: 

(i) 
<latexit sha1_base64="lly/l3SyjcVExVfh8g7UnoH1++I=">AAACAnicdVDLSsNAFJ34rPUVdSVuBosggjEptY9d0U2XFewDmhgm00k7dPJgZiKUUNz4K25cKOLWr3Dn3zhtI6jogYHDOfdy5xwvZlRI0/zQFhaXlldWc2v59Y3NrW19Z7ctooRj0sIRi3jXQ4IwGpKWpJKRbswJCjxGOt7ocup3bgkXNAqv5TgmToAGIfUpRlJJrr5ve0Sis4Z7Au2YR7GM4OAmPS1OoKsXTKNmWrXzCpyTaikj5Rq0DHOGAsjQdPV3ux/hJCChxAwJ0bPMWDop4pJiRiZ5OxEkRniEBqSnaIgCIpx0FmECj5TSh37E1QslnKnfN1IUCDEOPDUZIDkUv72p+JfXS6RfdVIaxokkIZ4f8hMGVdBpH7BPOcGSjRVBmFP1V4iHiCMsVWt5VcJXUvg/aRcNq2yUr0qF+kVWRw4cgENwDCxQAXXQAE3QAhjcgQfwBJ61e+1Re9Fe56MLWrazB35Ae/sE57CWhA==</latexit>

�/H⇤ / g
�2 (ii) 

<latexit sha1_base64="e2/Zdp95v8LE2KrPRkgK4Szfmbw=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiRS+9gV3bisYB/QhjKZTtqhk0mYmQgl9BfcuFDErT/kzr9x0kZQ0QMXDufcy733+DFnSjvOh1VYW9/Y3Cpul3Z29/YPyodHXRUlktAOiXgk+z5WlDNBO5ppTvuxpDj0Oe35s+vM791TqVgk7vQ8pl6IJ4IFjGCdScNYsVG54thNx21e1tGKNKo5qTWRaztLVCBHe1R+H44jkoRUaMKxUgPXibWXYqkZ4XRRGiaKxpjM8IQODBU4pMpLl7cu0JlRxiiIpCmh0VL9PpHiUKl56JvOEOup+u1l4l/eINFBw0uZiBNNBVktChKOdISyx9GYSUo0nxuCiWTmVkSmWGKiTTwlE8LXp+h/0r2w3Zpdu61WWld5HEU4gVM4Bxfq0IIbaEMHCEzhAZ7g2QqtR+vFel21Fqx85hh+wHr7BLKPjrU=</latexit>

 <latexit sha1_base64="Q1l2BEpF+h1vpNuZdxUsC2dvkhM=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoMQL8uuxDxuUS8eI5gHJGuYnUySIbOzy8ysEJZ8hBcPinj1e7z5N06SFVS0oKGo6qa7y484U9pxPqzMyura+kZ2M7e1vbO7l98/aKkwloQ2SchD2fGxopwJ2tRMc9qJJMWBz2nbn1zN/fY9lYqF4lZPI+oFeCTYkBGsjdS+uEuKwemsny84ds1xa+cVtCTVUkrKNeTazgIFSNHo5997g5DEARWacKxU13Ui7SVYakY4neV6saIRJhM8ol1DBQ6o8pLFuTN0YpQBGobSlNBooX6fSHCg1DTwTWeA9Vj99ubiX1431sOqlzARxZoKslw0jDnSIZr/jgZMUqL51BBMJDO3IjLGEhNtEsqZEL4+Rf+T1pntlu3yTalQv0zjyMIRHEMRXKhAHa6hAU0gMIEHeIJnK7IerRfrddmasdKZQ/gB6+0TLAGPgA==</latexit>

A(m)

<latexit sha1_base64="0OUBzktFP4CdFhoJr2GyyVQjfg0=">AAAB6HicdVBNS8NAEN3Ur1q/qh69LBbBU0ik9uNW9eKxBdsKbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG0jqOiDgcd7M8zM82POlHacDyu3srq2vpHfLGxt7+zuFfcPOipKJIU2jXgkb32igDMBbc00h9tYAgl9Dl1/cjX3u/cgFYvEjZ7G4IVkJFjAKNFGal0MiiXHrjtu/byKl6RWzkiljl3bWaCEMjQHxff+MKJJCEJTTpTquU6svZRIzSiHWaGfKIgJnZAR9AwVJATlpYtDZ/jEKEMcRNKU0Hihfp9ISajUNPRNZ0j0WP325uJfXi/RQc1LmYgTDYIuFwUJxzrC86/xkEmgmk8NIVQycyumYyIJ1Sabggnh61P8P+mc2W7FrrTKpcZlFkceHaFjdIpcVEUNdI2aqI0oAvSAntCzdWc9Wi/W67I1Z2Uzh+gHrLdPITyNMA==</latexit>

A

<latexit sha1_base64="0OUBzktFP4CdFhoJr2GyyVQjfg0=">AAAB6HicdVBNS8NAEN3Ur1q/qh69LBbBU0ik9uNW9eKxBdsKbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG0jqOiDgcd7M8zM82POlHacDyu3srq2vpHfLGxt7+zuFfcPOipKJIU2jXgkb32igDMBbc00h9tYAgl9Dl1/cjX3u/cgFYvEjZ7G4IVkJFjAKNFGal0MiiXHrjtu/byKl6RWzkiljl3bWaCEMjQHxff+MKJJCEJTTpTquU6svZRIzSiHWaGfKIgJnZAR9AwVJATlpYtDZ/jEKEMcRNKU0Hihfp9ISajUNPRNZ0j0WP325uJfXi/RQc1LmYgTDYIuFwUJxzrC86/xkEmgmk8NIVQycyumYyIJ1Sabggnh61P8P+mc2W7FrrTKpcZlFkceHaFjdIpcVEUNdI2aqI0oAvSAntCzdWc9Wi/W67I1Z2Uzh+gHrLdPITyNMA==</latexit>

A

efficient decay in massless 
gauge bosons 

<latexit sha1_base64="TwUYyODfx+DFqcGZep/kucAD1mA="></latexit>
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<latexit sha1_base64="kWdd203DW7cO60+xtGVvuu8u5CU="></latexit>

L = |D |2 � V ( )� 1

2
tr(Fµ⌫F

µ⌫)

gauge coupling: 
<latexit sha1_base64="5KGLFWaphcGrtTSBArMAqDo6zqo=">AAAB7nicdVBNS8NAEJ3Ur1q/qh69LBbBU0ikpu2t6MVjBfsBbSib7aZdutmE3Y1QQn+EFw+KePX3ePPfuG0jqOiDgcd7M8zMCxLOlHacD6uwtr6xuVXcLu3s7u0flA+POipOJaFtEvNY9gKsKGeCtjXTnPYSSXEUcNoNptcLv3tPpWKxuNOzhPoRHgsWMoK1kbpjNOAcucNyxbEbjtu4rKEVqVdz4jWQaztLVCBHa1h+H4xikkZUaMKxUn3XSbSfYakZ4XReGqSKJphM8Zj2DRU4osrPlufO0ZlRRiiMpSmh0VL9PpHhSKlZFJjOCOuJ+u0txL+8fqrDup8xkaSaCrJaFKYc6RgtfkcjJinRfGYIJpKZWxGZYImJNgmVTAhfn6L/SefCdj3bu61Wmld5HEU4gVM4Bxdq0IQbaEEbCEzhAZ7g2UqsR+vFel21Fqx85hh+wHr7BL1Bjzc=</latexit>

g ⌧ 1

dark Higgs; transforms 
in fundamental 

<latexit sha1_base64="/5sI/sfQdDJk+ieJVZosX5UMjv4=">AAAB63icdVDLSsNAFL2pr1pfVZduBovgKiRS+9gV3bisYB/QhjKZTtqhk0mYmQgl9BfcuFDErT/kzr9x0kZQ0QMXDufcy733+DFnSjvOh1VYW9/Y3Cpul3Z29/YPyodHXRUlktAOiXgk+z5WlDNBO5ppTvuxpDj0Oe35s+vM791TqVgk7vQ8pl6IJ4IFjGCdScO2YqNyxbGbjtu8rKMVaVRzUmsi13aWqECO9qj8PhxHJAmp0IRjpQauE2svxVIzwumiNEwUjTGZ4QkdGCpwSJWXLm9doDOjjFEQSVNCo6X6fSLFoVLz0DedIdZT9dvLxL+8QaKDhpcyESeaCrJaFCQc6Qhlj6Mxk5RoPjcEE8nMrYhMscREm3hKJoSvT9H/pHthuzW7dluttK7yOIpwAqdwDi7UoQU30IYOEJjCAzzBsxVaj9aL9bpqLVj5zDH8gPX2CYHPjpU=</latexit>

 

viable window
<latexit sha1_base64="5vrpWE2njlG8aJMmMptFFagtMJ8=">AAACBHicdVDLSgMxFM3UV62vUZfdBIvgashI7WNXdOOygn1AO5RMmmlDM5khyQhl6MKNv+LGhSJu/Qh3/o1pO4qKHggczjmXm3v8mDOlEXq3ciura+sb+c3C1vbO7p69f9BWUSIJbZGIR7LrY0U5E7Slmea0G0uKQ5/Tjj+5mPudGyoVi8S1nsbUC/FIsIARrI00sIvIcWF/pE0ihKMvhhzkwoFdQk4dufWzKlySWjkjlTp0HbRACWRoDuy3/jAiSUiFJhwr1XNRrL0US80Ip7NCP1E0xmSCR7RnqMAhVV66OGIGj40yhEEkzRMaLtTvEykOlZqGvkmGWI/Vb28u/uX1Eh3UvJSJONFUkOWiIOFQR3DeCBwySYnmU0Mwkcz8FZIxlpho01vBlPB5KfyftE8dt+JUrsqlxnlWRx4UwRE4AS6ogga4BE3QAgTcgnvwCJ6sO+vBerZeltGclc0cgh+wXj8A32aWXQ==</latexit>

0.1 & g & 0.01


