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» Reissner Nordstrom metric

: —1
: ) dr® + r* d§*

e It is static and spherically symmetric;

e Solves the coupled Einstein—Maxwell equations

e Has two event-horizons located at:
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The temperature of an evaporating RN black hole For standard EM:
is given by: !
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EE> Reissner Nordstrom PBH with dark electric charge

|Dark electromagnetic chargel

= 0, —1ey A, is the gauge
covariant derivative

)

Flw is the field-strength tensor
for dark electromagnetism

Ackerman, L., Buckley, M. R., Carroll, S.
M. & Kamionkowski, M. (2009)




RN BH Evaporation:

‘ Hawking effect |

Quantum field theory in curved
spacetime effect. Is is generated
by the presence of an event
horizon, which changes the notion
of an initial vaccumm state into a
thermal bath.

Two effects are responsible:

unit

‘ Schwinger effect |

The presence of a sufficiently
strong electric field estimulates
the quantum creation of

airs of particles.
B+ P

Q- €
&

The Schwinger expression for the rate
of electron-positron pair creation per

four-volume is given by:
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HW assumptions -- Dark EM extension
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Black hole mass must be much larger than the
reduced Compton wavelength of the electron
(or lightest charged particle)

i > QQo



RN BH Evaporation:

charge
dissipation zone
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RN BH Evaporation:

charge
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RN BH Evolution Profiles:
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Approximate solutions
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Approximate solutions
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Connection to Dark Matter
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u < 0.05 > (a, b, m)=(0,81/323)
0.05<u<038 -> (a,b, m)=(-154,0.10454765)
u>0.38 > (a,b, m)=(2.308,0.0277,5.54)
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Conclusions

e Reissner-Nordstrom black holes have very interesting evaporation evolution for certain

Mass ranges,

e If PBHs can form with an initial dark U(1) charge, they would not discharge via accreation

effects, allowing them to follow the mass dissipation curve and achieve near-extremality;

e Given the right combination of dark-electron charge, mass and initial PBH mass, PBHs of
masses below 10*(-15) solar masses can still account for the total amount of dark matter in

the universe.

 And Long Live Black Holes! e@ ARXIV: 2503.20696
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