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Primordial black holes as a potential candidate

Galaxy evolution
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How to observe the signals from PB

Image Credit: ESO
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How to construct redshift-distance (redshift-time) relation?



How to construct redshift-distance (redshift-time) relation?
A statistical study on PBH binaries may help



PBH formation
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The primordial origin gives an identical primordial mass function

n(M) =

frBH ex [ 1n2(M/ k)]
V2noM P



PBH binary formation

The equation of proper separation r of two nearby PBHs with mass M is

2M 1
— 2 —
P (H+H)r+ — =0

with an identical probability
distribution

P (\ ﬂ (\ PBH binaries were formed
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Ali-Haimoud, Yacine, Ely D. Kovetz, and Marc Kamionkowski. "Merger rate
of primordial black-hole binaries." Physical Review D 96.12 (2017): 123523.



Primordial Black Hole Binaries as A Standard Timer

The initial probability distribution on a and e
dP 3 3/ al/? e
dade 4 PBH x3/2 (1 — e2)3/2
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Initial state

Later state

Dynamics
dh
a S Physical evolution time

At = tr — ¢

Redshift in observable /@



A single parameter standard timer
Initial state: Initial statistical distribution of dynamical systems

dN
S(M:t;) =
(M;t:) dM;
Dynamics: time evolution of parameter in dynamical systems

dM M dM
P f = g(My) — g(M;) = —At
Later state: Statistical dlstrlbutlon of dynamlcal systems at physical time t
dN dM; g (My)
S(M:t) = = S(M; t;
W0 =g at, =~ SN g T(g0n) + An)

Observed state: Redshifted statistical distribution of dynamical systems
detected at redshift z ,
g' (M)

So(Mzit) = So(Mziti) e = vy AL

Redshift-time relation: Comparing the observed state with the initial
state gives the redshift-time relation

( d M,
S(M;ty) ——— , g(M,) > At,
So(Mz;t) el g/(M )
S, (g7 ALt . g(M.,) < At,
\ g7 (AL) )g’(g‘l(Atz)) g(Mz)



A multi-parameter standard timer

Initial state: Initial statistical distribution of dynamical systems
dN
d™ M;
Dynamics: time evolution of parameter in dynamical systems
dM
— = —f(M
- (M)

Later state: Statistical distribution of dynamical systems at physical time ¢t

dN
d™ M

J?;j — 8M@ (ti)/an (t)

S(M, ti) =

S(M; t) = det J(M, At) = S(M; #;) det J(M, At)

Observed state: Redshifted statistical distribution of dynamical systems
detected at redshift z

dN

So(M_;t) = I (2)

det J(M,,, At,)




How to extract the physical evolution time?



The evolution of probability distribution in PBH binaries

arp dpP
da.de;, da;de;

det J(a, e, At)

_(0a;/da; 6ai/5‘et)
I(a,e,At) = <aei/6at de; /de,

1 52 ___,4
+24e +96e

dt 5 c5a3(1—e2)7/2

da 128  G*Mpgy < 73 37 )
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How to extract the redshift from the observable?



Inspiral Merger Ring-
down

Lo Redshifted Chirp Mass
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B. P. Abbott et al. Observation of Gravitational Waves from a
Binary Black Hole Merger. Phys. Rev. Lett., 116(6):061102, 2016.
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Merger rate of PBH binaries as a probe of Hubble parameter
PBH mass function
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Inspiral Merger Ring-
down

{ sisce

| — Numerical relativity M
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| | | |

B. P. Abbott et al. Observation of Gravitational Waves from a
Binary Black Hole Merger. Phys. Rev. Lett., 116(6):061102, 2016.
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detectable window function

mf{ mj /

0 142z 1+2Zz
C(m2,m3) = j j j n(my)n(m)W (my, my; 2)p(z) dm, dm,dz
0 0 0

PBH mass function redshift distribution
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Gradient Descent Method

. m# m3 mi m; p(z)
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How about p(z)?
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However, we don’t know the PBH mass function currently.



However, we don’t know the PBH mass function currently.

Another observable related with PBH mass function
Merger rate of PBH binaries
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PBH binaries

Years after the Big Bang

" >
400 thousand 0.1 billion 1 billion 4 billion 8 billion 13.8 billion
I | . A0 > 3 = 7( ' ) | ™ I L e \1\ l
: gor i . 4 ~ . % \
The Big Bang « 9 '__,_;JW o = 1. D \ : = i s
T, 8E BN { e G ®y g5
I3 == " i . \ »
= OF N b . . -
= 3 8}/ ] o \,, N - b - - & -
/ (ST, el S ’ . ®. ®
@) Sy A - N ¢ ™~ L)
/& - Vi + 1 e - .o g
. SR O e iz . =
> (o] oy P » / . a
Q S o » L s # / )
d // [0) 8 3!. A \ a % i ~ ’ 2 . i
— , I 2 4 \ -
?’/ // (/) :;'. o~ J Sé - ~ & - - . g ;
e ‘,‘ ioni 1on , ° ' 2 . - o
Fully ionised Neutral oo —>» Fully ionised . i N
' I i & e /s . 5 ﬁ,‘
10 A e 1
Redshift + 1 y e

67.4 + 0.5
km/s/Mpc

Image Credit: NAOJ



Thank you!

PBH binaries
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