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What are primordial black holes (PBHs)?

BH formed in the early universe weraovich and Novikov 1967; Hawking 1971; Carr 1975...
@ A horizon-sized region with § 2 dreshold
@ Vast mass range: mp; < Mpgy < 10°M,, or even larger
e Inflation, peculiar non-thermal histories, phase transitions...

e Pressureless matter component

Number of PBHs follows Poisson distribution:
ANPBH e—/l )
P(Npgn) = ———  with A= (Npgn) = (6 Nppyy)
NpgH!

Formation of a PBH is a rare, discrete event
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What is the contribution of PBHs to structure formation?

PBHs add scale-inv isocurvature perturbation: Pppy (k) = 1/nppy

(Afshordi, McDonald and Spergel 2003; Kashlinsky 2016)
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CIB, Ly-«a forest, 21cm line...
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Long-lived PBHs are also responsible for LIGO events?

Long-lived PBHs (with Mpgy > 10'°g ~ 10718 M) can survive today

Marco Cirelli (2016) MACHO or PBH mass M in solar masses
LIGO
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LIGO events may mean PBHs with merging rate 9 - 240 Gpc™3 yr!

(Bird et al. 2016; Clesse and Garcia-Bellido 2016; Sasaki et al. 2016...) =] & = = = Al
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Where are PBHs from?

Is PBH formation a random event, independent from each other?
e From e.g. the collapse of cosmic string loops, yes
o From inflationary fluctuations, doubtful

o Statistical nature of pert seeding PBHs matters

If PBHs are from primordial perturbation with spectrum of the form
Ps(k) ~ k™!

what is the PBH distribution and observational consequences?
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How to find PBHs

Accumulating peaks of longer wavelength modes onto shorter ones

(c.f. using curvature perturbation criteria for PBH formation needs caution, Young, Byrnes and Sasaki 2014)
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How to find PBHs

o -
- ul

> > >
0 >0 Lo ds > b0 L3 Ly 53> 0.3

NPBH = N61>6*1 X N52>6*2 Xoeee X N6n>6*”

Product of random vars: Log-normal distribution
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Until L, there is nothing,
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Dependence on 7

Ps(k)

k.(~1/L.)

Until L, there is nothing, only after then PBHs appear randomly

Poisson distribution
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Distribution of PBHs
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Spectral index and PBH distribution
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Simple scaling relation between var and mean

Var[NpgH] o< {

Exp[Nppu]®/? for log-normal dist
Exp[NpgH] for Poisson dist
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Matter power spectrum

For k> keq, PBHs contribute to additional isocurvature pert:

P(k, 2) = Piso (k) T2, (k) D (2)

s s k V% g (Mpeu )2, I
=8.6x10 MpC M_pC PBH M@ Tiso(k) (Z)

4 T
10* b feon = 0, —
2 Jpu = 1077

4 T
10t Jpp = 107
9 fppn = 10 3

107 F Fopy = 10° 07 fopy = 107 ——
N 10() no PBH ----- - N 100 no PBH ----- -~ — |
e SR
g 10 \ g 10 \
a0 Koo
~ -6 ~ -6

10 10

10® 10°®

0" 3 2 1 0 1 2 3 0" 3 2 1 0 1 2 3

10™ 10 107 10 10 10 10° 10° 10° 10° 10 10 10° 10
k [hMpcfl] k [hMpcfl]

Small-scale power is enhanced, leading to larger number of haloes

Distribution of primordial black holes and small-scale constraints Jinn-Ouk Gong



Introduction Distribution of primordial black holes 21cm signals from PBHs Conclusions
0000 0000 ©e000 o

Hydrogen 21cm line

Hydrogen 1s ground state splitting due to the spin interaction
(hyperfine structure)

Hydrogen hyperfine Nuclear Electron Higher energy Spin
structure spin  spin state flip

- '
1s 6 t t Y
ls.g x10 %ev
. ) '
1420 MHz 1420 MHz

A=21cm A=21cm

Spin-parallel (higher energy) — spin-antiparallel (lower energy)
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Mapping matter using 21cm signals

Hydrogen is most abundant element, so using 21cm signals we can
map the distribution of matter (IGM) not optically visible

... NGC 6964: same scale

“ Optical (stars) . " radio 21cm (hydrogen gas)
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Differential brightness temperature from haloes

Haloes with masses < 10* M — 108 M, are filled with neutral
hydrogen atoms and can be a detectable source of 21cm signals

Hydrogen in haloes
Tcems Ty
ng 3 0.068mK
—> o = sSexp TS
CMB “Spin temperature”

Differential “brightness” temperature 6 T, x Ts— Tcms
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Improved forecast constraint on the PBH fraction
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21cm constraint can cover ML window (10~%My < Mppy < 100M;)
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Conclusions

e PBHs may hide around, still surviving today
e PBH formation can be well approximated as

e Poisson dist as a totally random event
o Log-normal dist from mild primordial spectrum

e Enhanced 21cm signals from haloes sourced by PBHs

e Sensitive even if PBHs occupy sub-percent fraction of DM
e 1075M, < Mpp < 100M,, can be strongly constrained
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