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Introduction Expected GW amplitude from simulations

Predictions from the simulation based on
semi-analytical model of galaxy formation & merger

𝐴 = 2.4−0.6
+0.7  ×  10−15 at  𝑓 = 1 yr−1 ~ 3.17 × 10−8 Hz

(median + 90% credible interval)

NANOGrav 15-yr Agazie, Anumarlapudi, et al. (2023)

Simulations expected lower value
 than NANOGrav 15-yr

Is an additional SMBH formation channel needed？
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Binary SMBH are asuumed



Primordial Black Holes (PBHs) grow via accretion

PBH SMBH
accretion
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Primordial black hole (PBH): BHs formed from the gravitational 
                                               collapse of large density fluctuations 
                                               in the early universe when they re-enter the horizon

109 𝑀⨀
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PBH accretion is constrained by 21cm observations

Gas accretion onto PBHs

Intergalactic medium(IGM)
 is heated

21cm emission line

Constraints on the accretion scenario from the global 21cm observation 
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GW energy density spectrum
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GW energy density spectrum from binaries including PBH seed
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PBH mass function
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z = 0
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BH mass function including PBH seed
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EPS

PBH



𝑓PBH =
𝑛seed,0𝑚PBH

𝜌DM,0

𝑛seed,0: Comoving number density of PBH
𝑚PBH : PBH mass
𝜌DM,0 : DM mass density

Result
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𝐴 = 2.4−0.6
+0.7  ×  10−15at  𝑓 = 1 yr−1

(median + 90% credible interval)

NANOGrav 15yr

Gravitational Waves and the Early Universe: Accelerated Expansion, Dynamical Inhomogeneity, and Beyond

𝑛seed,upper~6.16 × 10−4 Mpc−3

𝑛seed,lower~1.97 × 10−4 Mpc−3
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Conclusion & Summary

・The GW amplitude observed by NANOGrav 15-yr is larger than predicted by 
    simulations based on a semi-analytic galaxy formation model.

・We consider gas accretion onto PBHs as an additional SMBH formation channel.

・SMBHs with 109𝑀⨀ can form by  z ~ 7 without violating global 21cm constraints.

・PBHs in the allowed parameter space can explain the NANOGrav 15-yr GW 
    amplitude. 

7 / 72026/3/12 Gravitational Waves and the Early Universe: Accelerated Expansion, Dynamical Inhomogeneity, and Beyond


	Slide 1: Gravitational wave background  from binary supermassive black holes   seeded by primordial black holes
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8

