
d�£,F:CG0@F�&)Wf;A5/=GB3EG
20. Sep. 2019 @ JPS in Yamagata

d���H�� ]Yoeg��
w/��q�MH�����PRD 100, no. 2, 023537 (2019)    



PBH tower in multi-phase inflation  2Yuichiro Tada

Wf;A5/=GB��Carr & Hawking 1974

{mPU}

H-1

� (�	��

MPBH ∼ MH = 4π
3 ρH−3 = 1

2GH

∼ M⊙ ( tPBH
10−5 s )

∼ M⊙ ( kPBH
4 pc−1 )

−2

MPl ≃ 2 × 10−5 g ≲ MPBH ≲ 1015M⊙

M⊙ ≃ 2 × 1033 g

/16



ΩPBH
ΩDM

∼
ρPBH/ρR |f
7 × 10−16 ( MPBH

1020 g )
−1/2

PBH tower in multi-phase inflation  3Yuichiro Tada

Wf;A5/=GB��Carr & Hawking 1974

{mPU}

H-1

� (�	��

MPBH ∼ MH = 4π
3 ρH−3 = 1

2GH

∼ M⊙ ( tPBH
10−5 s )

∼ M⊙ ( kPBH
4 pc−1 )

−2

MPl ≃ 2 × 10−5 g ≲ MPBH ≲ 1015M⊙

M⊙ ≃ 2 × 1033 g

� rc�¡N

δ > δth ≃ 0.4 Musco, Miller, Rezolla 2005, … 
Harada, Yoo, Kohri 2013

(cf. ℛth ≃ 9
4 δth ≃ 1)
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～ 10σ rarity
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- Gravitational Lensing

- Dynamical Friction

- Accretion γ
- Prim. PTB

- Hawking γ

all DMs
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Event m1/M� m2/M� M/M� �e↵

GW150914 35.6+4.8
�3.0 30.6+3.0

�4.4 28.6+1.6
�1.5 �0.01+0.12

�0.13

GW151012 23.3+14.0
�5.5 13.6+4.1

�4.8 15.2+2.0
�1.1 0.04+0.28

�0.19

GW151226 13.7+8.8
�3.2 7.7+2.2

�2.6 8.9+0.3
�0.3 0.18+0.20

�0.12

GW170104 31.0+7.2
�5.6 20.1+4.9

�4.5 21.5+2.1
�1.7 �0.04+0.17

�0.20

GW170608 10.9+5.3
�1.7 7.6+1.3

�2.1 7.9+0.2
�0.2 0.03+0.19

�0.07

GW170729 50.6+16.6
�10.2 34.3+9.1

�10.1 35.7+6.5
�4.7 0.36+0.21

�0.25

GW170809 35.2+8.3
�6.0 23.8+5.2

�5.1 25.0+2.1
�1.6 0.07+0.16

�0.16

GW170814 30.7+5.7
�3.0 25.3+2.9

�4.1 24.2+1.4
�1.1 0.07+0.12

�0.11

GW170817 1.46+0.12
�0.10 1.27+0.09

�0.09 1.186+0.001
�0.001 0.00+0.02

�0.01

GW170818 35.5+7.5
�4.7 26.8+4.3

�5.2 26.7+2.1
�1.7 �0.09+0.18

�0.21

GW170823 39.6+10.0
�6.6 29.4+6.3

�7.1 29.3+4.2
�3.2 0.08+0.20

�0.22

LIGO/Virgo 2018
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LIGO GW
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LIGO GW
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LIGO GW
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PBH non-detection

DMOGLEGW

PR      ~ 10-9

VHb1DGDGB,F:CG0@F� �
(nS - 1, α) ~ O(ε)
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PBH non-detection

PR      ~ 10-9

,F:CG0@F+��£�Q2)¥�
Kawasaki, Kusenko, YT, Yanagida 2016 

Inomata, Kawasaki, Mukaida, YT, Yanagida 2017×3
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ΩGWh 2 ∼ 10−9 ( )ℛ
10−2 )
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YT, Yokoyama 2019
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dS swampland conjecture     Ooguri & Vafa+ 2018

「UV�iO��EFT�� �dS��� hj��'�
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ϵV = M2
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2 ( V′�
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V
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- CMB scale?

−0.035 ≃
d log )ζ

d log k
(kCMB) = n

S
− 1 ≃ − 6ϵV + 2ηV

Planck 2018
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- CMB scale?

−0.035 ≃
d log )ζ

d log k
(kCMB) = n

S
− 1 ≃ − 2ϵV + 2

3
m2

σ

H2
Planck 2018

.G87F�'��Kogai, YT, Yokoyama in prep.
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