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PRIMORDIAL BLACK HOLES

COLLAPSE to a
DIAL BLACK HOLE
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PRIMORDIAL BLACK HOLES

COLLAPSE to a

RADIATION BATH
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HAWKING EVAPORATION
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A. Minkowski space (global killing vector)
‘ Unambiguous vacuum:

| Q" @, 10) = b, 10) = 0
| W' ‘ ~ B. Generel coordinates: Bogolyubov
/’ " \& transformations

/’

R ) e

\& PARTICAL PRODUCTION

~J

O

MPA School 25 Nicholas Leister (JGU)



HAWKING EVAPORATION

BLACKHOLES EVAPORATE (DECAY)
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PARAMETER SPACE
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PBH Dark Matter ‘ \
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PART I
ULTRA LIGHT PBHs
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PRIMORDIAL BLACK HOLES
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PRIMORDIAL BLACK HOLES

L :
107t i i pr,=—Q@B¥ +Dp,
f p.=—4%p.+1p,
| a
1072 - : _ H = +/Pro
: \/gMpl )
— QT i <neVa> _ 225
1072 & | — Qppy : Tleq E
Meq | (Meva)
L1 | L | L | L L I A
10~} 1 10t 107 10°
77/776q

MPA School 25 Nicholas Leister (JGU)



PRIMORDIAL BLACK HOLES

L :
107t i i pr,=—Q@B¥ +Dp,
f p.=—4%p.+1p,
| a
1072 - : _ H = +/Pro
: \/gMpl )
— QT i <neVa> _ 225
1072 & | — Qppy : Tleq E
Meq | (Meva)
L1 | L | L | L L I A
10~} 1 10t 107 10°
77/776q

MPA School 25 Nicholas Leister (JGU)



PRIMORDIAL BLACK HOLES
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PRIMORDIAL BLACK HOLES

eMD Hawking Evaporation
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SOLVING PERTURBATIONS

Isotropic + homogeneous universe

ds? = a*(n) [dnz — 0;; dx’ dxj]
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SOLVING PERTURBATIONS

Cosmological perturbation theory

ds? = a*(n) [(1 + 2¥)dn? — (1 — 20)0;; dx' dx/ + h dx' dx/
In Newtonian gauge and with out anisotropic stress (® = — V)

At 1st order In PT: no scalar-tensor mixing
At 2nd order in PT. SIGWs
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SOLVING PERTURBATIONS

Cosmological perturbation theory

ds* = a*(n)|(1 = 2®)dn* — (1 — 2®)5; dx' dx’/ + h; dx' dx/

Primordial Scalar Perturbations @

Adiabatic Perturbations (Inflation) PBH Isocurvature
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SOLVING PERTURBATIONS

Cosmological perturbation theory

ds? = a’(n) [(1 —20)dy? — (1 — 20)3,, dx' d’ + fy; d dxf]

Primordial Scalar Perturbations @

P x (P Dy)

Two point correlators can be predicted
from inflation + Poisson statistics of

o® o PBH gas
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SOLVING PERTURBATIONS
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Combine:

1. Transfer function & (k):
RD-to-MD transition

2. Suppression factor &' (k)
MD-to-RD transition

Effects decouple
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SOLVING PERTURBATIONS
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SOLVING PERTURBATIONS
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SUPERHORIZON COLLAPSE

So far;

1. Assumes monochromatic'.2:3 or
(narrow) log-normal’ mass distribution

[— Monochromatic]

2. Fast reheating

dfPBH/d In M
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1Poltergeist mechanism: Inomata et al. (2020)
2Domenech et. al (2021)
3Domenech and Trankle (2025)
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SUPERHORIZON COLLAPSE

* Superhorizon gravitational collapse:

. [—a=01 1. Critical scaling’
| | M(5,) = kM,(5,, — 8.)"

2. Press-Schechter formalism?

dfPBH o M1V p—ci(MI(M))

dlog M
ot Lo ... 1. ..\ .. = c,Cydependon curvature power
0= 107 1 10 10" spectrum. Instead:
k/k,
d
e x MM, — M)
dlog M

1Choptuik (1993)
2 Press and Schechter (1974)
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SUPERHORIZON COLLAPSE

* Superhorizon gravitational collapse:
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SUPERHORIZON COLLAPSE

* Superhorizon gravitational collapse:

1. Critical scaling’
Uleva) _ o= M(@S,) = kM5, — 5,)

1071
z 2. Press-Schechter formalism?

dfpH o M1V p—ci(MI(M))
dlog M

* Cy,C, depend on curvature power
spectrum. Instead:

10—2 : CPBH mono
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SUPERHORIZON COLLAPSE

* Superhorizon gravitational collapse:

1. Critical scaling
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2. Press-Schechter formalism?
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IMPLICATIONS FOR PBH

PBH lifetime .y, [8]

102 10 102 10 10 10 10 1 10%
10~ )
;
~ '°B/~l o
- _4 . 10
5 10 Uh]ye ,hll)a
= / s le
= 2% ey €ho, St
> 7" qQ Qe he
T 7 Poyy .- Torg
= 1077 / fl/;g,,
>
o0
T 410
= 10
)
M 1013
ay
10—16 IIIIII| L L | IIIIIII| L L | IIIIIII| L L | IIIIIII| L L | IIIIIII| L | IIIIIII| |
1 1072 104 100 108 1019

PBH mass MPBH [g]

MPA School 25 Nicholas Leister (JGU)



IMPLICATIONS FOR PBH

MPA School 25

PBH energy fraction (¢

—
<

—
<
A

—
<
~

RN
()

—
(@)

—
o

RN
o

RN
w

N
o

1072°

TTf>5><1015 GeV 1T

PBH lifetime .y, [8]

1

10-% 107 10 102 108 10 10%
@A 3
@ 7 — E
oy E
oy E
Z -
— E
L L | IIIIIII| L L | IIIIIII| L L | IIIIIII| L L | IIIIIII| L | IIIIIII| (| II?I
102 10% 10° 108 1019

PBH mass MPBH [g]

Nicholas Leister (JGU)




IMPLICATIONS FOR PBH

PBH lifetime tey [s|
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IMPLICATIONS FOR PBH

PBH lifetime .y, [8]
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PBH lifetime .y, [8]

10*
107 =

“— =
Q) 3
- -4 5
s
0

Q

S 407 -
4 10 %

55 2

D 4010 =7

= 10

>,
—
— f . . )
M 1013 [ Choptuik’s law (this work)
as . 1 Monochromatic PBH

10—16 | R RN TT| B AR 1T| B R R 1T| B R R T1T| B N R R T1T B BRI R T1T B BN N ET1T| B RS R AT1T| RN R ATIT A N AIT] B WA AviT
1 107 10* 10° 10° 10

PBH mass MPBH [g]

MPA School 25 Nicholas Leister (JGU)



IMPLICATIONS FOR PBH

—
<

—
<
AN

—
<
~

—

-
AN
o

PBH energy fraction [

—

-
N
(0))

107%® 10** 10 107" 107 10° 10 10*
7\@ """" \.
N e Ty
2 AT T ,/‘éz? AN —
Qui, e oe
Wlnt oy
@Ff@rom '''''' g
Clerg 1=
[ Choptuik’s law (this work)
. 1+ Monochromatic PBH
S I NN U1 A W11 OO O 71 N S OOV 7] S O W11 AN N N N W11 RO S W Y71 BN N A IR 1T B M ON U ATT] [ B 0 N 111 M B W W A NI T
1 107 10* 10° 10° 10

MPA School 25

PBH lifetime oy, [8]

PBH mass MPBH [g]

Nicholas Leister (JGU)

Other Sources
PBH binaries

Graviton Emission during
evaporation

PBH Formation (curvature
power enhancement)




PART II:

STUPENDIOUSLY LARGE PBHs
(SLABS)
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ISOCURVATURE

ISOCURVATURE:
1 S DM = Opm Zér
10-2 UV cut-oft : : MPBH:lO M
1 PBH gas follows Poisson statistics:
& (8,8,) = k3P (k — k')
10~°
107" - Contribution to Isocurvature Power
107 el o ue ol Spectrum (Planck):

P gg f}%BHk3
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ISOCURVATURE
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BACK-UP

PBH lifetime .y, [8]
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BACK-UP

PBH lifetime .y, [8]
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BACK-UP

Comoving scale k [Mpc™']
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BACK-UP

Comoving scale k [Mpc™']

. 107 10° 10" 10" 10"° 10"
E f + BBN 1

RS NG15 i 7

g _7 conﬁramts) g ; 3

< &L

LISA

G Moon .

- ~10 S

= 10 ' MBr . .

e oW

-, We

: e

- 10" "NG15

>3 ” (signal)

&O pAres

>,

- 10—16 BBO

1]

ETT NI 01 S O 71 N U171 N N1 71 A SO 8 W71 8 R U111 A A O R N A 171 IO IR E R U111 B B WA V111 R BRI R NI 11| B RN N A111| B S MR UI1T B WAl
1078 107° 10~ 107 ' 107 10

GW frequency f [Hz

MPA School 25 Nicholas Leister (JGU)



BACK-UP

Comoving scale k [Mpc™']
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