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PRIMORDIAL BLACK HOLES
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» DMay be stable and participate to the
DM relic abundance (M = 10* g)

/ p
* May be unstable and evaporate

before BBN (M < 10° g)




PRIMORDIAL BLACK HOLES

Hawking Temperature:
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PRIMORDIAL BLACK HOLES

» Hawking Temperature:

T ! 106 Gev (10 8
— U . e
BH SWGJ\IBH J\"IBH




PRIMORDIAL BLACK HOLES

» Hawking Temperature:
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PRIMORDIAL BLACK HOLES

= PBH energy density fraction:
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[Gondolo, Sandick and Shams Es Haghi 2020]

Very much used in the literature:

DM FROM EVAPORATION
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DM FROM EVAPORATION
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THERMAL PRODUCTION OF DM

* DM may interact with SM particles and be produced
in the early universe through thermal processes...

= Freeze-In or Freeze-Out

2 th 2
”DM + 3H”DM = (V) (”'DM,eq npu)

f

Regime Tgy > mx > mpy

Freeze - In at 1"~ mx
Freeze - Out at T ~ mpy,

-,

Localized in Temperature space ..



ErrecTs OoF PBH EVAPORATION

1. PBHs produce additional DM particles npyy

When PBH do not dominate the energy density...
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|Gondolo et al 2020]



ErrecTs OoF PBH EVAPORATION

1. PBHs produce additional DM particles npy,
|Gondolo et al 2020, Bernal et al 2020)]

2. PBHs produce mediator particles X




ErrecTs OoF PBH EVAPORATION

1. PBHs produce additional DM particles npyy
|Gondolo et al 2020, Bernal et al 2020)]

2. PBHs produce mediator particles X

3. The evaporation of PBHs can modify the
cosmological background after the thermal
production of DM [Bernal et al 2020)]

Case of a UV freeze-In

The dilution factor D is defined

RD :
Yo g T g

— yvMD ! =
YoM Tey
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[Bernal et al 2020]




ErrecTs OoF PBH EVAPORATION

PBHs produce additional DM particles npyy
|Gondolo et al 2020, Bernal et al 2020)]

PBHs produce mediator particles X

The evaporation of PBHs can modify the
cosmological background after the thermal
production of DM

The evaporation of PBHs can modify the
cosmological background during the thermal
production of DM

Light particles produced with energy E ~ Tyy
[Baldes et al 2020]




MODIFIED COSMOLOGY

a> prot
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FI/FO + entropy dilution Regular FI/FO

Matter-Dominated FI/FO FI/FO during entropy injection



MODIFIED COSMOLOGY

a> prot
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a
Simple cases already discussed in the literature

|Gondolo, Sandick and Shams Es Haghi 2020, Bernal and Zapata 2020]



MODIFIED COSMOLOGY

REGION
OF
INTEREST

a

Need PBHs to dominate without overclosing the universe...
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MODIFIED COSMOLOGY
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MODIFIED COSMOLOGY
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MODIFIED COSMOLOGY
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BOLTZMANN EQUATIONS

DM Annihilation, X decay PBH evaporation
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Non-trivial evolution of the full
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BOLTZMANN EQUATIONS

= [f PBHs evaporate before FO:
wP Assume INSTANTANEOUS thermalization

= [f PBHs evaporate after FO:
wp Assume NO thermalization

» F'T case: assume NO thermalization

=P Check those assumptions by evaluating at all time
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Freeze-In contribution
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ANALYTICAL RESULTS
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RESULTS
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RESULTS

:Freeze-()ut [Cheek, LH, Perez-Gonzalez and Turner 2021, arXiv:2107.00016]
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Fig. 7. Two-dimensional scan over the PBH fraction 8 and mass Mpy for a mediator mass my = 10GeV and a dark matter mass
mpym = 1GeV, and Br(X — DM) = 0.5. The color map indicates the value of the non-relativistic cross-section of DM annihilation leading
to the correct relic abundance in the Freeze-Out case. See the main text for a description of the different constraints.



RESULTS

Freeze-In [Cheek, LH, Perez-Gonzalez and Turner 2021, arXiv:2107.00016]
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Fig. 11. Two-dimensional scan over the PBH fraction 8 and mass Mgy for a mediator mass myx = 1TeV, a dark matter mass

mpm = 1MeV, and Br(X — SM) = 10~7. The color map indicates the value of the non-relativistic cross-section of DM annihilation
leading to the correct relic abundance in the Freeze-In case. See the main text for a description of the different constraints.



CONCLUSION

PBHs not only produce DM particles but also...

Modify cosmology (EMD+ entropy inj.)

Produce very boosted particles that can thermalize
after evaporation

The presence of a mediator can:
= KEnhance the thermalization rates on the resonance

= Enhance the secondary production of DM particles

The annihilation cross-section can vary over orders of
magnitude

Our code is accessible
online: Bttps://github.com/earlyuniverse/ulysses
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BOLTZMANN EQUATIONS

Freeze—In case:
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BOLTZMANN

Freeze—In case:

EQUATIONS
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NON-CcOLD DARK MATTER
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Thy % (normalized dN/dp)

DM FROM .

HVAPORATION

Peculiar spectrum of evaporated DM particles

Non-negligible difference between

geometrical-optics limit and full distributions
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