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Three genuine statements about PBHSs

I. T mp requires quite some new physics

2. New physics has no preferred scale

3. PBHs do not have to be dark matter

PBHs may as well be
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Light PBHs can be constrained...

.. iff what they emit is able to free stream!

BBN (*He)
BBN (D)

[Auffinger2022]



Light PBHs can be constrained...

.. iff what they emit is able to free stream!

mpym = 1072 GeV mpm = 10% GeV —— mpum = 10" GeV
mpym = 107! GeV mpum

10° GeV —— TFull Calculation ANeg from Graviton Production , a, = 0.99
mpy = 10" GeV —— mpum = 10° GeV Approximate
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Code Publicly available: FRISBHEE



Light PBHs can be constrained...

.. iff what they emit is able to free stream!

SM background



Light PBHs can be constrained...

.. iff what they emit is able to free stream!
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Light PBHs can be constrained...

.. iff what they emit is able to free stream!

Itf _>0Q : emission can be assumed homogeneous

If _<Q . localisation effects may matter

_ often estimated in a homogeneous plasma...



IN REALITY
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IN REALITY
Hawking Radiation heats the ambient plasma locally

He et al. JCAP 01 (2023) 027
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HotT SrpoT & BSM

Hot SpOtS rise while the universe cools dowr

!

Hot spot formation




Example 1: PBHs and

1st order phase transitions




15ST-ORDER PHASE TRANSITIONS FOR DUMMIES




1ST-ORDER PHASE TRANSITIONS FOR DUMMIES

TRANSITION “—P» ENERGY LOSS

Coleman & De Luccia, Phys. Rev. D 21, 3305 (1980).
—— The metric and bubble adjust to conserve energy

Energy = Metric Deformation

What happens around a radiating Black Hole?



1ST-ORDER PHASE TRANSITIONS FOR DUMMIES

What happens around a radiating Black Hole?

Only considered in very extreme situations...

BH radiating in the vacuum

BH in thermal equilibrium with the plasma

+ Bckgd terms
+ Conical deficit

iff

E)

6nC + B h*" 0,00,¢ + V(0 ).
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THE Hicags CASE

Now : 1o bands for
Mt =171.77 = 0.37 GeV (red)
a3(Mz) =0.1179 = 0.0009 (blue)
Mp =125.10 + 0.17 GeV (green) |
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{Tartle-Hawkins Hartle-Hawking

Bubble Action
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AN EXAMPLE: THE EW vACcuUUM

Our Universe may be metastable (at ~2,, )

Black Hole Mass [g]

Black Hole Mass [M,)]



AN EXAMPLE: THE EW vACcuUUM

Our Universe may be metastable (at ~2,, )
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ExXAMPLE 2: HOoT SroT & BSM

Interaction rates vary across the hot spot... and so does the
mean free path of Hawking radiation!

PRIMORDIAL
BLACK HOLE
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ExXAMPLE 2: HOoT SroT & BSM

Interaction rates vary across the hot spot... and so does the
mean free path of Hawking radiation!

Jlf_:.__f.-l,."'lfH[_';:.‘] =10

- mpm = 102 GeV
mpy = 10° GeV
mpp = 10* GeV




EXAMPLE 3:
PBHs AND Big¢ BANG NUCLEOSYNTHESIS

See presentation by




CONCLUSION

A Light PBHs are as likely to be produced as PBH-DM

A They can produce out of equilibrium particles, leading to
modified predictions for particle searches

A PBHs can act as local radiators, forming hot spots

A Hot spots affect particle physics around PBHs. Not just a
little...

A PBHs may leave more traces in cosmological data than
expected. Stay tuned!

RISBHEE

https://github.com/yfperezg/frisbhee



THE PARAMETER SPACE

EVAPORATING PBHS PBH DARK MATTER
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The oldest
optical picture ever...




Cosmic Inflation

Primordial
Universe




CMB: A small sample of

Cosmic Inflation

Inflati Post-
nflation Inflation/

Log (10" x CMB Amplitude)
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HISTORY OF THE UNIVERSE
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Why Primordial Black Holes?

< >
Frequency




HISTORY OF THE UNIVERSE
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Light PBHs are relics of
early universe cosmology!

BrLAcK HOLES

EVAPORATE
S. HAWKING, 1974




HISTORY OF THE UNIVERSE
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THE PARAMETER SPACE

PBHAbundanceat
Formation

I

Too Many PBHs

PBH masM



THE PARAMETER SPACE
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THE PARAMETER SPACE

EVAPORATING PBHS PBH DARK MATTER
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EVAPORATING PBHS

“*...  PBH domination

b e PBH masM



IMPRINTS OF PBH EVAPORATION

1. PBHs produce SM and BSM particles

2. PBHs produce boosted particles

3. PBHs heat the plasma

4. PBHs modify cosmic history



PBH EVAPORATION
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PBH EVAPORATION
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RISBHEE |

https://github.com/yfperezg/frisbhee
Open-source code, able to:
A Calculate the emission rate for an arbitrary SM+BSM
spectrum
A Solve Friedman equations while tracking PBH
evaporation

A Solve Boltzmann equations in a homogeneous universe



DM FROM EVAPORATION
"Q () 1T L U

mpm = 1072 GeV mpym = 10° GeV —— mpum = 103 GeV
mpum 1()1 GeV mpn = 1()_) GeV —— Full Calculation

mpum = 10! GeV — mpm = 10° GeV Approximate
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Code Publicly available: FRISBHEE



Kerr PBHs and Warm Dark Matter

Using CLASSxpected matter power spectrum

P(k) = Pcpm (k)T(k)

Scalar
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Code Publicly available: FRISBHEE



THERMAL PRODUCTION OF DM

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

A TFreeze-In or Freeze-Out

PRIMORDIAL
BrLACK HOLE




THERMAL PRODUCTION OF DM

DM Annihilation, X decay PBH evaporation

npM + 3HNDM
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Non-trivial evolution of the full
distributions fy(p) and fyy(p)




MODIFIED COSMOLOGY

FI/FO + entropy dilution Regular FI/FO

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



RESULTS

Freeze-In

.

TN QA2 > 0.12

T,

>
=

i
=
H

2 4
. (Afin
logo(Mpgr/8)

Fig. 11. Two-dimensional scan over the PBH fraction # and mass Mgy for a mediator mass myx = 1TeV, a dark matter mass
mpwm = 1 MeV, and Br(X — SM) = 107", 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.
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Kerr PBHs and Dark Radiation

Dark particles with small masses can contribute to ANeff

Schwarzschild PBH Negligible

Kerr PBH Argued to be

critical

Schwarzschild BH Domination a, =0 Kerr BH Domination {a,) = 0.7 Kerr BH Domination a, = 0.99
Current Limit {BBN)

Current Limit (CMB) Current Limit (CMB)
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Kerr PBHs and Dark Radiation

ANy from Graviton Production

a, = 0.0

a, = 0.7

a, = 0.99
- Paper A

Blg = Paper B

. * Paper C
discrepancy , _
No Redshift

With Redshift

Code Publicly available: FRISBHEE



Kerr PBHs and Dark Radiation
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Kerr PBHs and Dark Radiation

Schwarzschild Kerr, a, i,=0.99

M SM Radiation
M Gravitons
W PBHs
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Code Publicly available: FRISBHEE



Kerr PBHs and Dark Radiation

A Neg from Graviton Production . a, = 0.99
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Evaporation of Extended Distributions

Log-Normal, s=1 Power-Law, a=2.35,06=4.0 ru, Critical Collapse

M [g]
Merger Spin Distribution, {a, }=0.71




Evaporation of Extended Distributions

Graviton, (a4 )=0.7
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[Cheek, LH, Perez



