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3. The Hubble Tension has 
been around for >10 years, 
well poked.  Evolving dark 
energy signal around for ~1.5 
years, needs more poking.



Universe as a ‘baby’ - 
the Cosmic 
Microwave 

Background

Universe as an ‘adult’ - the 
Hubble constant 

Measurement

The curve: our standard 
cosmological Model of ΛCDM 

(Dark energy, dark matter)

Hubble constant is what 
we measure today, infer 

from CMB
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Decelerated expansion
Only Matter

Redshifts

Current 
expansion
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Type Ia Supernovae have been critical for both H0 and EvDE measurements



The ways that dark energy (w/wa, or q0) or H0 measurements use Type Ia 
supernovae are notably different.

Scolnic et al. 2018

1st: Geometry → Cepheids

Riess et al. 2016

2nd: Cepheids → Supernovae Ia

3rd: Supernovae Ia → H0

Pantheon+ Team (D. Brout, D. 
Scolnic et al.)

SH0ES Team (A. Riess, L. 
Macri, S. Casertano et al.)



For w, measuring changes on scale of 
0.02 mag over Δz of 1.0 (have to 
worry about combining low/high-z 
surveys, evolution)

For H0, the `Hubble tension’ is 
0.20 mag over Δz of 0.1 (do not have 
same systematic worries)

  H0
w,q0,j0

Scolnic et al. 2018

The sensitivity of cosmological measurements for these two use cases is very 
different.



Pantheon+ constraints on Dark Matter and Dark Energy appear 
consistent with concordance cosmology 

Consistent with Einstein’s 
cosmological constant w=-1



With a hint of evolution of the dark energy parameter….

~2 sigma deviation 
from cosmological 
constant.

w0



Vincenzi et al. (2024), DES Collaboration et al. 2024

Pantheon+ and Union 3 
compilation

The Dark Energy Survey Supernova Sample is independent high-z 
sample, can check dark energy signal..



Vincenzi et al. (2021, 2023)
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But a new challenge with photometric classification from light 
curves
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The DES-SN 5YR sample:
~1600 SNe Ia
“Photometrically-classified” 
Type Ia SNe 



𝚲CDM

DESI-BAO Y1 results, 2024

With DES, even stronger signal in same direction, showing here 
combination with DESI BAO Y1



Dark energy EoS NOW w0
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Spectroscopic 
SN Ia sample

Photometric 
SN Ia sample

Simulation-based 
method 

Pantheon+ DES-5YR

Bayesian Hierarchical 
method (“UNITY”) 

Union3

Generally good agreement between SNe, but differences have 
been subject to recent analyses



Are systematics plaguing 
these measurements?



Are systematics plaguing these 
measurements? Not obviously.

1. Efstathiou claims 0.04 mag 
systematic

2. Some improvement in 
modeling for DES- systematic 
on (0.02 mag)

3. Apples to bananas comparison 
of distances of same SNe (0.02 
mag)



One analysis to keep eye on is 
Dovekie analysis by Popovic et al.

1. Full re-calibration study
2. Finds very good agreement with 

P+/DES
3. But shows small ~5 mmag shifts 

can propagate to up to 0.03 mag 
signal over large redshift range

4. https://arxiv.org/pdf/2506.05471
5. Full DES re-analysis ongoing

https://arxiv.org/pdf/2506.05471


Pantheon+SH0ES simultaneously fit for H0 and q0, didn’t 
change H0 much 

 H0=73.30 +/- 1.04=



The Evolving 
Dark Energy 
signal makes 
Hubble Tension 
bigger!



How sensitive is this measurement to systematics?

 H0=73.30 +/- 1.04=



In Pantheon+SH0ES, we looked at everything that the 
community has raised … and redundancy for each part of  ladder

All Analysis Variants (Riess+21)



https://dibrout.github.io/SHOESrefs.html



The most discussed systematic idea was Cepheid crowding, but now ruled out.

Rules out 
distance-dependent 
HST crowding error 
needed to solve 
tension at 8.2sigma.

Confirms Hubble 
Tension--with 
stronger evidence 
then evidence of  
Tension itself !

Riess et al. 2024

Now 19 hosts of 24 SN Ia (>half) JWST-HST=-0.02+-0.02 mag, 8 at D>23 Mpc 0.00+-0.03 mag



I was feeling we had gone over every part of this measurement, but the 
Youtube community said it’s not done after recent CCHP results.



Before I begin…

I think Hubble 
Tension 
measurements 
need to be 
discussed as a 
community effort 
rather than about 
one or two teams

Di Valentino (2021) 



See 
Cosmoverse 
talk two 
weeks ago by 
Anowar 
Shajib about 
new 
TDCOSMO 
results



What can 
JWST help 
answer?



Do new JWST 
measurements (and other 
measurements) agree with 
HST Cepheids?

Yes. At ~0.03 mag level, 
much smaller than tension 
(0.18 mag).



Is there evidence of 
non-linearity in HST 
Cepheids?

Not at all.



Is there evidence of 
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So where could different final 
H0 values come from?





So where could different final 
H0 values come from?

Breaking large sample into 
small subsamples will produce 
fluctuations, differences in H0 
can be predicted and 
recovered!

Main story: JWST great 
crosscheck of HST, and with 
combined sample H0 
agreement.



The agreement between Cepheids and TRGB in 2nd rung now excellent:  
https://arxiv.org/abs/2504.08921 (Siyang Li et al)
.

https://arxiv.org/abs/2504.08921


No reason not to 
use full sample

See also for an outsiders take:    



If Hubble Tension is right, should show up in many different 
ways/techniques.
.





Distance to the Coma cluster:
bringing the Hubble Tension to our backyard

Hubble flow
(measure H0)

P+ SNe Ia
DESI FP

DESI FP

🔭 🔭 

Distances to
SN Ia calibrators

Independent 
distance measurements 

to Coma
in the literature

(e.g., SBF, GCLF, TF)

Inverse distance ladder
by Planck + ΛCDM + FP

predicts 
distance to Coma

This work:
Measure

 SNe Ia distance
to Coma

🔭 
Cepheids TRGB

SH0ES:
Measure distances to

Hubble flow SNe

NEW!

SNe Ia 
in Coma

https://emojipedia.org/telescope
https://emojipedia.org/telescope
https://emojipedia.org/telescope
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Step 1: Find SNe Ia in Coma



Step 1: Find SNe Ia in Coma



Step 2: Fit SNe Ia light curves, measure mean brightness.



Step 3: Convert brightness to distance

A cluster we have been 
measuring long before 
Hubble Tension….

4.2σ from Planck 
expectation!



Step 3: Convert brightness to distance, compile other methods.

A cluster we have been 
measuring long before 
Hubble Tension….



We can reframe Hubble Tension: Measurements of nearby objects are closer than 
Planck+LCDM would predict.



We can reframe Hubble Tension: Measurements of nearby objects are closer than 
Planck+LCDM would predict.



New Tully-Fisher Measurements



New Tully-Fisher Measurements

Pantheon+SH0ES H0 
looks a little … low 



Before I end, 
one 
advertisement 
for the ‘’ Team 
(Casertano et 
al.) - Full 
covariance 
matrix of 
many 
techniques.



Assuming real, what 
could be causing H0 
tension?

Di  Valentino ea. 2021.

Still not a great 
theory out there..



Interesting possibilities of 
early dark energy, strange 
neutrino properties..

With new DESI 
measurements, local 
universe looks.. normal.

Possible interesting dark 
energy evolution?

I hope to hear more this 
week!

Assuming real, 
what could be 
causing H0 
tension?


