Probing primordial black holes
through the stochastic
gravitational wave background

Sachiko Kuroyanagi

(IFT UAM-CSIC / Nagoya University)
30 Mar 2022



Progress in FY2021

1. “The stochastic gravitational wave background from close
hyperbolic encounters of primordial black holes in dense clusters”
Juan Garcia-Bellido, Santiago Jaraba, Sachiko Kuroyanaqi
arXiv:i2109.11376 [gr-gc], accepted by DSU

2. "Testing Primordial Black Holes with multi-band observations of
the stochastic gravitational wave background”

Matteo Braglia, Juan Garcia-Bellido, Sachiko Kuroyanagi
arXiv:2110.07488 [astro-ph.CO], JCAP 12,012 (2021)

3. "Tracking the origin of black holes with the stochastic gravitational
wave background popcorn signal”
Matteo Braglia, Juan Garcia-Bellido, Sachiko Kuroyanagi

arXiv:2201.13414 [astro-ph.CO]




strain

Stochastic GW background

Waveform

Continuous and random gravitational wave
(GW) signal coming from all directions

— Cross-correlation of two detectors
is needed to distinguish it from noise

Generation mechanisms

Astrophysical origin

generated by distant sources
(faint and numerous)

« Black holes

« Neutron stars
*  White dwarfs

- Supernovae etc.

Cosmological origin

generated Iin the early Universe

Inflation

Preheating

Phase transitions
Gauge fields otc.




strain

Stochastic GW background

Waveform

Continuous and random gravitational wave
(GW) signal coming from all directions

— Cross-correlation of two detectors
is needed to distinguish it from noise

Generation mechanisms

Astrophysical origin Cosmological origin

generated by distant sources
(faint and numerous)

generated in the early Universe

*  Black holes (primordial) Inflation
*  Neutron stars Preheating
*  White dwarfs Phase transitions

»  Supernovae etc. Gauge fields etc.




1. GWSs from a close hyperbolic encounter
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2. GWs from BBHs

Individual Binary Black Hole (BBH) event rate indicates
the existence of the stochastic GW background (SGWB)
possibly detectable by upgraded LVK detectors
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Thermal history mass function

Jedamzik, Phys. Rev. D, 55, 5871(1997)

T MeV
Garcia-Bellido, Murayama, White, JCAP12, 023 (2021) [MeV]
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GW spectrum
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3. Popcorn GW background

BBHs events do not overlap one another.
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Popcorn = Non-Gaussian background

Thrane, PRD 87, 043009 (2013)
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— Can we use this to distinguish BH models?



Astrophysical Duty Cycle

How do we characterize a popcorn background?

AT : average time interval between two events
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Imagine the situation...

We detect a GW background by ET, but many models can predict
similar amplitude by tuning the normalization of the merger rate.
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— Can we distinguish them by measuring the Duty Cycle?



Probability density

Yes, Duty Cycle helps

Solid: counting all events
Dotted: counting only SNR>T events in ET
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Summary

Stochastic GW background is an interesting observable

1.

for probing PBHs.

We made the first estimation of the stochastic GW

background from close hyperbolic encounters

We calculated the GW background from BBHs for the

thermal history mass function

We estimated the duty cycle of the BBH GW
for different origins (astrophysical/Lognorma

packground

/Thermal

history) and found that three different models can be

distinguished by measuring duty cycle



