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PBH tower in multi-phase inflation
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ODbs. const. on I’PBH
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stellar BHs found
Event mi/Mgy my/My  M/Mg Xeff
GW150914 35.6748 30.6139 28.671¢ -0.017012
GW151012 2337140 13641 152720 0.041928
GW151226 13.7:%% 7722 89+03  (.1870%
GW170104 31.0772 20.1*%2  21.5721  -0.047017
GW170608 10.9%33 7.6713 7902 003019
GW170729 50.6718$ 343491 3575 0.36%92
GW170809 35.2%%3 238+32 25071  0.077216
GW170814 30.7-3] 25.3%37 24204 0.0773
GW170817 1.467012 12709 118610001 (.00+0-02
GWI170818 35.5%7> 26.8*3 26721  -0.09+713
GW170823 39.67100 29463 2932 (0802
LIGO/Virgo 2018
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Binary I°’BH

Radiation Dom. Sasaki+ 2016
Q)
f —=~1073-1072
QDM

(merger rate) =~ 52.91520 Gpe ™ yr!
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ODbs. const. on I’PBH
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S-yr Optical Gravitational Lensing Experiment (OGLE)

Nikura+ 2019
] I OGLE data — (Galactic bulge/disk models
(2622 events)
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ODbs. const. on I’PBH

SllDMs! Mpgu/M; 5-yr Optical Gravitational Lensing Experiment (OGLE)
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Pr ~ 10-2

10761 Chiuba et al, 2012 In single-field slow-roll inflation,
ns-1, a ~ O(¢g)
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e om= PR ~ 102

10-6 | o Separate into 2-phase!

Kawasaki, Kusenko, YT, Yanagida 2016
Inomata, Kawasaki, Mukaida, YT, Yanagida 2017x3

1 10° 1010 10%
Nicholson et al. 2010 _1
Bird et al. 2011 Pr ~ 10° k [MpC ]

Bringmann et al. 2012
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10—10 10—20

PBH non-detection

..........-..----' Pr ~ 10-2

10_6 I Chluba et al. 2012 ¢

1 10° 101"
Nicholson et al. 2010

Bird et al. 2011 DPr ~ 109 k [MpC_l] ¢

Bringmann et al. 2012
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. “."n.. PBH non-detection - Stabilization
h..-.....,--‘.._-. ------------------
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e 1077
S — during pre-phase:
1076} Chluba et al. 2012 stabilize o

- after Vpre decays:
start next phase
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Bringmann et al. 2012
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Testability

- LIGO/Virgo PBH

PBH tends to be spinless

Chiba & Yokoyama 2017

Sasaki+ 2018

107 Nl e
Event — mi /Mo m/Ms  M/Ms  xen \ /+ S
GW150914 35648 30.639 286716 —0.01:02 10'8‘\\_:‘_*:-;_-:._._._._.=-_—_—::’—‘—'i,—,—;:;"' ~~~~~~~~~~ -
GWI51012 2337140 13.6741 15220 0.0470% 5109 e e | T
GW151226 13785  7.722  89%03  0.18+0% I
GWI170104 31.0°72 20.1%%9  21.5%21  —0.04+01] e .
GW170608 10.9*33 7.6t13  7.9%02 (3019 1011 . . .
GW170729 50.61166 343#1  357+3 (3602
GW170809 352783 23852  250%21 (7016 o[
GW170814 30.7t3] 25329 24214 0,07+012 5 50"
GW170817 1.46%012 12700 1.186+0001  (,00+002 %
GW170818 35.5%75 268743 26721  —0.09018 o 12 *
GW170823 39.67100 29.4%63  293+2 () (g+020 5
g
LIGO/Virgo 2018 0.5
Z
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LIGO-0O1
LIGO-02
LIGO-05
Fiducial model (upper)
Fiducial model (lower)

PBH binaries (high z) fogy=1072
PBH binaries (high z) fpgy=10"3

Stellar (upper limit)
Stellar (lower limit)
Stellar

PBH binaries (high z) fpgy=1073
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Testability

P \2

large scalar pth. - secondary tensor ptb. (stochastic GW):  Qgwh* ~ 107 ( 1Oi>
k [Mpc ']

10° 10 10 10"

% 1079
< _
U 5

= 1012

1015}

1002 10° 10° 10° 1  10°
f [Hz]
PBH tower in multi-phase inflation Yuichiro Tada 3. Testability 1S /16



Conclusions

- Jinteresting mass region for PBH
I0Mo :LIGO/Virgo GW
10~Mo :0GLE lensing
102 Mo : main component of DMs

- multi-phase inflation can realize them simultaneously
cf. string swampland conjecture  Ooguri & Vafa+ 2018

“dS vacua will be unstable in UV-complete theories”

~- testable by GW
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