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Motivation

 Dark matter (DM)
- Major component of matter contents

« Cosmic evolution
. 1022eV 5y keV GeV 1w0Tev My, 10 Mg
 Structure formation — e >,
““Ultralight” DM “Light” DM WIMP  Composite DM Primordial . .
non-thermal dark sectors (Q-balls, nuggets, etc) black hOlCS C re d It . TO n gya n L I n
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« DM models et

« Small-scale structures
« E.g. central density profile of DM halo




Motivation

DID BLACK HOLES FORM IMMEDIATELY AFTER THE BIG BANG?

 Primordial black hole (PBH)

« Formation in very early Universe .

- Mass range, abundance e o

- Candidates for: DM, LVK events, |B ' o
seeds of supermassive black hole,
Hawking radiation...




Motivation

DID BLACK HOLES FORM IMMEDIATELY AFTER THE BIG BANG?

 Primordial black hole (PBH)

« Formation in very early Universe .

- Mass range, abundance . | o

- Candidates for: DM, LVK events, Rk = B e
seeds of supermassive black hole,
Hawking radiation...

« Merger rate

« Number density
« PBH Mass



Plan of talk

« Dark matter (DM) halo profile
* Primordial black hole (PBH)
« PBH merger history as probe of DM

« Summary
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Dark matter halo profile

* Cold DM

« NFW profile navarro, Frenk, white 1996,1997

PO
r/ro)(1 4+ 7/rg)?

« Milky way: p, = 6.6 X 10° Mg /kpc?, 1, = 19.1 kpc

poMm(r) = (

« Simplified power-law profile for inner region

p(r) =~ po(ro/r)”



Dark matter halo profile

« Supermassive black holes (SMBHS)
« At galactic center v
» Mass = 10° Mg
« Origin (unknown)

Credit: EHT




Dark matter halo profile

« Supermassive black holes (SMBHS)

« At galactic center
» Mass = 10° Mg
« Origin (unknown)

« DM spike  condolo, silk 1999

p(r) = po(ro/r)"

p [My Mpc™3]
—_
o

W

Credit: EHT
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Dark matter halo profile

« Halo and SMBH
 Velocity dispersion ¢ of halo

2 _ GM (cy,ro)
CmT0o
Relate SMBH
_ with halo profile
* M — o relation Robertson et al 2006, Gultekin et al 2009
Mhalo(rO: pO)
log (MSMBH) — a+blog ( o )
O\ Mg 10\ 200 km s—1

— €logo(1+ 2) , a~8, b~4, ~0.2



Primordial black hole



. . Zel’dovich and Novikov 1967; Hawking 1971;
Prlmordlal blaCk hOle Carr and Hawking 1974; Carr 1975

« Inflationary cosmology

History of the Universe

Quantum
Fluctuations

)

Inflation
InflationlEnds)
uclear Fusion Begins
Dark Ages
First Stars & 'Galaxies Form
'Modern_Unif/efs'e P

@
)
Y
@

2
c

=

L

2

K

>
@

<

o

N
o
®

=

T
@

14

0.01s 3 min 380,000 yrs 200 Million yrs 13.8 Billion yrs
Age of the Universe

BICEP2 Collaboration/CERN/NASA

14



. . Zel’dovich and Novikov 1967; Hawking 1971;
Prlmordlal blaCk hOle Carr and Hawking 1974; Carr 1975

« Collapse of primordial density fluctuation

§=6p/p |
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Zel’dovich and Novikov 1967; Hawking 1971;

Primordial blaCk hOle Carr and Hawking 1974; Carr 1975

H~1:size of
observable Universe

 Collapse of primordial density fluctuation




. . Zel’dovich and Novikov 1967; Hawking 1971;
Prlmordlal blaCk h()le Carr and Hawking 1974; Carr 1975

« Collapse of primordial density fluctuation
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. . Zel’dovich and Novikov 1967; Hawking 1971;
Prlmordlal blaCk hOle Carr and Hawking 1974; Carr 1975

« Collapse of primordial density fluctuation
« PBH mass and formation time

47 M, Hiy, -1
Mini =yl = amy 28 =o.4g (L) (D]
3Hini Hini 0.2716x10*° GeV
I— ~ _I_> MPBH
My MsMBH

¢ Mini = 109g: Hini~105GeV — tini"'lO_BOS
« Miy; = 101°g: H;;;~0.02 GeV = t;,;~10723s



. . Zel’dovich and Novikov 1967; Hawking 1971;
Prlmordlal blaCk hOle Carr and Hawking 1974; Carr 1975

« Collapse of primordial density fluctuation
« PBH mass and formation time

« PBH as DM

Carr, Kohri, Sendouda, Yokoyama 2021
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Primordial black hole

 PBH mergers
- Early PBH merger

Nakamura et al 1997
Sasaki et al 2016
Ali-Haimoud et al 2017
Raidal et al 2019

Ng et al 2022

« Mergers in halos

Quinlan et al 1989
Mouri, Taniguchi 2002
Bird et al 2016
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Credit: LIGO
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PBH merger history as probe of DM



PBH merger history as probe of DM

[Halo profileM SMBH H Spike ]

]

PBH merger
rate




PBH merger history as probe of DM

[Halo profileM SMBH H Spike ]

]

This is for one halo. PBH merger
We need to combine all the halos in our Universe. rate




PBH merger history as probe of DM

[Halo profileM SMBH H Spike ]

:{ Halo : PBH merger
l : rate
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PBH merger history as probe of DM

« Halo distribution rrada et al 2012

dn _[ dn ]thalo

dMsmBH  |dMnalo)dMsMBH

Calculated by density power spectrum at different redshifts




PBH merger history as probe of DM

« SMBH distribution
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PBH merger history as probe of DM

« PBH merger rate in spikes as a function of redshift
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PBH merger history as probe of DM

« PBH merger rate in spikes as a function of redshift

R [Gpc3 yr™']
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PBH merger history as probe of DM

« PBH merger rate in spikes as a function of redshift

fpH = 107°

5 Log-normal ----- EPM

...................
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Summary

« DM spike in the presence of SMBH

« PBH can be a fraction of DM

« PBH merger evolution can be a probe of DM spike because
it shows a feature around z~5



Thank you for your attention!
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