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Primordial black holes?
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What do we know about PBH
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What do we know about PBH
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Hawking evaporation

Schwarzschild ansatz

. R\ .. RN o
ds® = (1 — 7) dt?— (1 - 7) dr’ —r*df*—r*sin® 0 do?. 5




Hawking evaporation
Schwarzschild ansatz

. R\ . & R
ds® = (1 — ) dt?— (1 — —') dr’ —r*df*—r*sin® 0 do?.

r r

Near the horizon '

1 a

d.5'2 _ e?(l((dn'.z . dCZ) a = R ‘ TBH = -

Black hole evaporate!




Hawking evaporation
Schwarzschild ansatz

. R\ . & R
ds® = (1 — ) dt?— (1 — —') dr’ —r*df*—r*sin® 0 do?.

r r

Near the horizon '

1 a

d.5'2 _ e?(l((dn'.z . dCZ) a = R ‘ TBH = -

Black hole evaporate!

dMpg M ]43 Tan = 3 Ip ‘
= — , BH = 9€—=
dt ‘ M [23H M gz




PBH as the only source of dark matter
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PBH hotspot

Energy deposition model:

Crpam ~ o°T

Difusion:

[y~ T

We will take : (v ~~ 01
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The hotspot will be sustained until evaporation




Temperature profile at evaporation

I'(r)t
/vaax
Thar ~ 10° GeV

At evaporation the maximal temperature
is independant on the PBH mass!




Hotspot cooling

Das, S., Hook, A. J. High Energ. Phys. 2021, 145 (2021)
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Freeze-out in the hotspot
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Dark matter timeline
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Impact on a preproduced abundance

T Al+2 Dark matter freeze out in
» . Vo~ (] +1)= 9x the background
Initial dark matter production: 0> (l+
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Impact on a preproduced abundance

T Al+2 Dark matter freeze out in
Initial P Yo ~ (] 1)— 9= the background
al dark matter production: § = -+

[+1
3V 10 MpT op

A fraction of the universe is still hot: 47T 5 Hotspot generates hot

f — npbh,evgrzn(TfO,PBH) X /an region with DM in

equilibrium

In those patch, the dark matter is brought back to thermal equilibrium implying:

A second freeze-out is
Qxh2 — QthZ‘I_f(QfO,PBHhQ_QthQ) . induced by hotspot

cooling




Producing the right relic abundance

(ov) =10"8GeV~2
— (ov) =10"7 GeV 2
] = (ov) =10"%GeV~?




Conclusion

1) PBH can be formed in many different scenarios

2) Depending on their mass, they can be (part) of the dark matter or
contribute to its sourcing

3) PBH can induce a local hotspot, which enhances DM production
(incompatibility with WIMP).
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PBH hotspot

Define a difusion time: Td(tdv T) = Tth
2
T 0%, 44m 3
30 1 ?Tth(TBHa T) A~ _td(MBHv T)
o

00 4 3
a € TBH

dt

For a stable hotspot to form we require :
= Tcore ~ 3
4 Jx

473 Jx
90%66

Size of the central homogeneous patch: Tcore = Tth(TBﬂa Tcorr.e) ~

90

Difusion generates a homogeneous central region until: M > M* e

tg St




Freeze-out in the hotspot
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Freeze-out in the hotspot

1010

ov) =10"21GeV—2
ov) =10"18GeV—2
ov) =10"15GeV—2
Can PBH evaporate after background — (ov) =107°GeV~?
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