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IImportancee off Subsolar-Masss 
Primordiall Blackk Holes

Kazunori Kohri 
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1. GWs from merging binary PBHs with subsolar mass
2. Thermal/nonthermal graviton just after inflation,
3. 1st-order phase transition  at E >> weak scale
4. …
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Hellings-Downs Curve

H:=7�* I J=;�*
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1M�=2x1033g

<δ2> ~ O(0.01) >> 10-9 at k ~ 107 Mpc-1

ΩGW~10-8
� δ4 at f ~ 10-8 Hz

#$�� '���(�)�*�M�
fPBH =ΩPBH/ΩCDM ~ O(0.01)
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Kohri and T.Terada, 2018

Alabidi, Kohri, Sasaki, Sendouda, 2013
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wave number k = p x a

Planck (2018)

at 68% C.L.

For inflation models
with a big running,
see Kohri, Lin, Lyth
(2008)
See also, A. Green,
arXiv:1805.05178

Wave number log10(k/Mpc-1]

Pζ ∼ V

m4
plε
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Relevant when P
ψ
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K. N. Ananda, C. Clarkson, and D. Wands, 2006
D.Baumann, P.J.Steinhardt, K.Takahashi and K.Ichiki,2007

R.Saito and J.Yokoyama, 2008
José Ramón Espinosa, Davide Racco, Antonio Riotto, 2018

Kohri and T.Terada, 2018
R.-G. Cai, S. Pi, and M. Sasaki, 2019

Pζ~δ2
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IGW
from
fluct.
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Pζ~δ-func
(�β~2)
A braod Pζ
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subsolar
mass PBHs
from
fluctuation

1M�=2x1033g

�) 3

f P
BH

=Ω
PB

H
/Ω

CD
M

fPBH =ΩPBH/ΩCDM ~ O(0.01) -- O(0.1)

�� 2 4��* 5+,6�M�
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Hiroko Niikura, https://stg.asj.or.jp/jp/activities/geppou/item/113-1_6.pdf

Source

Lens (PBH)
Observers
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Carr, Kohri, Sendouda, J.Yokoyama (2009)(2020)
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f P
BH

=Ω
PB

H
/Ω

CD
M

MPBH

1017 g
DM

30M
�

GWs
10−5M

�

OGLE

104.5M
�

Seed of
SMBH

Ga
m

m
a-

ra
y

Gravitational
Lensing Accretion Disk

and CM
B

LIGO

2nd GW Acoustc rehearing 
CMB μ- distortion 

Mass in gram

21cm100%
Dark 
Matter

1M�=2x1033g
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GW from
PBHs
(<<M�)

IGW
from
same fluct.

1M�=2x1033g
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<δ2> ~ O(0.01) >> 10-9 at k ~ 107 Mpc-1

ΩGW~10-8
� δ4 at f ~ 10-8 Hz

#�� '��0(1)�2�M�� fPBH =ΩPBH/ΩCDM ~ O(0.01)

1M�=2x1033g
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S. Wang, K. Kohri, and T. Terada, arXiv:1903.05924v2 [astro-ph.CO]
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S. Wang, K. Kohri, and T. Terada, arXiv:1903.05924v2 [astro-ph.CO]
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Induced
2ndary GW

MPBH ~ 1017g -1023g
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Asuka Ito, Kazunori Kohri, Kazunori Nakayama, arXiv:2309.14765 [gr-qc]
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M. E. Gertsenshtein, Sov. Phys. JETP 14 (1962) 84.



��//�
��/	 ��/�� �
2/�,�2��2�����
 ��
�2��������

� ��	!
!	�	2��	��	/*	��
2		


� -/*	��
2		
���
�2.

'�%�
 ���5�	
4%��
��	�$
�5�	
4%��
���
�
�
�
5�

���89:;O=6JL<7�>�
?��A

NG : a number of patches for coherent B
�� :  The length of a patch for coherent B
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Gabriele Franciolini, Anshuman Maharana, Francesco Muia, arXiv:2205.02153 
[astro-ph.CO]
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1. GWs from merging binary PBHs with subsolar mass
2. Thermal/nonthermal graviton just after inflation,
3. 1st-order phase transition  at E >> weak scale
4. …


