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Primordial black hole tower:
Dark matter, earth-mass, and LIGO black holes

N g
j -
[ . =
j =
[ [ M M
e IR{RR{anjnianinnjunjun; il
j - [ MM MMM i Jv
W fromoondl R
A [7r0 Emmms
1 -----
A AL AT DOOO  ———
bl T AT OO ———
il — g ﬂmgl% 3
mmmm yuu =====
nmmugnmi
5 [ i
an DR
’ == ii
n =N i
AN
= o A ' =N | I
Dmrml S L & 2N :
DO L 11 o'o’.'.’lﬂhi!l ;'I‘ ﬂl II II_I = — = é//?//// N A "I "I

[ T T 1 1g

[ 7z 7 A
---------- - N ._ _. 5 7 A -.-..unv-.- ﬂ
(1 1 1T 11 T T N 'y
‘ ---------- - 4 = —
o - Sl T [T T TN e 1 [ ) (UL ‘ i
- ] N ’

r.\.

O 15+

m ;i
I LTI Rl
(2,

S | i , . . ‘ 4_ |
O = - B = @: I@%: . & L et | — ~_ Ol __ O-

YUiCh.I’O TADA (Nagoya U..
w/ S. Yokoyama PRD 100, no. 2, 023537 (201S.




’rimordial Black Hole  can s Hawking 1974

Radiation Dom.

PBH tower: DM, OGLE, & GW Yuichiro Tada 1. PBH 2 /19



’rimordial Black Hole  can s Hawking 1974

Radiation Dom.

PBH tower: DM, OGLE, & GW Yuichiro Tada 1. PBH 2 /19



’rimordial Black Hole  can s Hawking 1974

Radiation Dom.

PBH tower: DM, OGLE, & GW Yuichiro Tada 1. PBH 2 /19



’rimordial Black Hole  can s Hawking 1974

Radiation Dom. - PBH mass
Moy ~ My = X pH=3 = —
PBH H — 3 Y — SGH
'pBH .
I )
N M@( PBH )
4 pc~!
@
4{-1 Mp ~2%x 107 g S Mpgy S 10°M

PBH tower: DM, OGLE, & GW Yuichiro Tada 1. PBH 2 /19



’rimordial Black Hole  can s Hawking 1974

- PBH mass - Overdensity
4r 1 -
. —3 ~ Musco, Miller, Rezolla 2005, ...
MPBH ™~ MH — ?pH — YGH 5 > 5th D ()4 Harada, Yoo, Kohri 2013
9
tPBH (CF ‘%th ~ _5’[h ~ 1)
~ M M, ~2x10g 4
© ( 10-3 s> ’

kPBH _2
- M
) <4PC‘1 )

Mp ~2%x 107 g < Mpgy S 100°M

PBH tower: DM, OGLE, & GW Yuichiro Tada 1. PBH 3 /19



’rimordial Black Hole  can s Hawking 1974

- PBH mass - Overdensity
4r 1 -
. —3 ~ Musco, Miller, Rezolla 2005, ...
MPBH ™~ MH — ?pH — YGH 5 > 5th . ()4 Harada, Yoo, Kohri 2013
9

t F R, ~—5, ~ 1
~ Mo ( I(I))]j?s ) Mo =2x107g (C T )

' ) - Rarity

PBH _
~Me <4pc—1 ) Qpgu Peu/Prl; [ Mpgy .
Qpvy 77X 10716 \ 100 ¢

Mp ~2%x 107 g < Mpgy S 100°M

PBH tower: DM, OGLE, & GW Yuichiro Tada 1. PBH 3 /19



’rimordial Black Hole  can s Hawking 1974

- PBH mass - Overdensity
4r 1 -
. —3 ~ Musco, Miller, Rezolla 2005, ...
MPBH ™~ MH — ?pH — YGH 5 > 5th . ()4 Harada, Yoo, Kohri 2013
9

t F R, ~—5, ~ 1
~ Mo ( I(I)DIE?S ) Mo =2x10"g (C R )

' ) - Rarity

PBH _
~Me <4pc—1 ) Qpgu Peu/Prl; [ Mpgy .
Qpy 71X 10716 \ 1020

Mp ~2%x 107 g < Mpgy S 100°M

PBH tower: DM, OGLE, & GW Yuichiro Tada 1. PBH 3 /19



’rimordial Black Hole  can s Hawking 1974

- PBH mass - Overdensity
4r 1 -
. —3 ~ Musco, Miller, Rezolla 2005, ...
MPBH ™~ MH — ?pH — YGH 5 > 5th . ()4 Harada, Yoo, Kohri 2013
9

t F Ry~ —6, =~ 1
~ o ( I(I)DIE?S ) Mo =2x 10" (C R )

' ) - Rarity

PBH _
~Me <4pc—1 ) Qpgu Peu/Prl; [ Mpgy .
Qpy 71X 10716 \ 1020

Mp ~2%x 107 g < Mpgy S 100°M

P 2
P kpppr) ~ ( l(t)h) ~ 1072

(cf. P gplkenp) =~ 2% 1077

PBH tower: DM, OGLE, & GW Yuichiro Tada 1. PBH 3 /19



ODbs. const. on I’PBH

Mppu/M,
10-" 107 10> 1., 10° 10" 10"

1072
2 Eridanudll
Q EG l " . . .
% 10-* Y LSS | _ - Gravitational Lensing
0 " - Dynamical Friction
G

10°°

- Prim.PTB
T D - Hawking y
1015 1020 1025 1030 1035 1040 1045 1050
Hawking evaporated MPBH [g]

PBH tower: DM, OGLE, & GW Yuichiro Tada 1. PBH 4 /19



ODbs. const. on I’PBH
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ODbs. const. on I’PBH
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stellar BHs found
Event mi/Mgy my/Mgy  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
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ODbs. const. on I’PBH

all DMs Mppn/M
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How can we realize these mass spectra?

PBH tower: DM, OGLE, & GW Yuichiro Tada 1. PBH 10 /19



10 10 1 10710 107
. ‘n:u’%... PBH non-detection
10-2! N e enmpm—— I » S 1) 5
~ 1074
&=
10—6 I Chluba et al. 2012
1078
1 105 101 1015
icholson et al.
;Iird etaI.ZEtJH o PR ~ 10-9 k [MpC_l]

Bringmann et al. 2012

PBH tower: DM, OGLE, & GW Yuichiro Tada 2. Inflationary sector N /19



11020 1010 1 10710 10~4°
‘%."‘ PBH non-detection
102 @ PR~ 102
DM

» 1074
=

10—6 I Chluba et al. 2012

107

1 10° 100 105

Nicholson et al. 2010 _1
Bird et al. 2011 Pr ~ 10° k [MPC ]

Bringmann et al. 2012

PBH tower: DM, OGLE, & GW Yuichiro Tada 2. Inflationary sector N /19



10© 101 1 10710 107

PBH non-detection

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

DM

10761 Chiuba et al. 2012 In single-field slow-roll inflation,
(nS - 1/ 0() ~ 0(8)

-
8
p—
s — - = - o —— - R ! ) o
[ - Sy PPy NP ARy, e e _ ~ = .y S § g »
: ) = o - P SR SRR e S T . )
o s S ) o o o o
o —— oSS
1 1 1 1 |

. >V il
1 ]

1 105 1010 1015
icholson et al.
;Iird etaI.ZéH - Pr ~ 109 k [Mpc_l]

Bringmann et al. 2012

PBH tower: DM, OGLE, & GW Yuichiro Tada 2. Inflationary sector N /19



10© 10 1 10710 107
PBH non-detection
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. Kumekawa, Moroi, Yanagida 1994

D O u b I e I n ﬂ a t I O n Izawa, Kawasaki, Yanagida 1997
Kawasaki, Sugiyama, Yanagida 1998
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Extreme Case
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Implication to String Theory

dS swampland conjecture  Ooguri & Vafa+ 2018

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

IVV] min(V;V;V)
> O(1), or S — 0()
V V
each inflationary phase cannot continue long multi-phase inflation

c.f. YT & Yokoyama 2019

min(V;V;V)
— ~K~5
v
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Testability

- LIGO/Virgo PBH

PBH tends to be spinless

Event m /Mg my/Mg  M/Mg Xeff
GW150914 35678 30.6730 28.671¢ -0.01912
GW151012 2337140 13.6%41 152720 0.041928
GW151226 13.743% 77722 89703  0.187049
GW170104 31.0772 20.1%%2  21.5721  -0.047017
GW170608 10.9%33  7.6*12  7.9702  0.03*00
GW170729 50.6716$ 34391 3575 0.36%02
GW170809 35.27%3 238+32 25071  0.07721
GW170814 30.7+77 25377 242717 0.077917
GW170817 1.467012 1.277000 1.186*001  0.007002
GW170818 35.5%13 26.8%%3 26,7721 -0.091018
GW170823 39.67100 29.4+63 2932 (0802

LIGO/Virgo 2018

PBH tower: DM, OGLE, & GW

Chiba & Yokoyama 2017
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3. Testability
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Fiducial model (lower)

PBH binaries (high z) fogy=1072
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Stellar (upper limit)
Stellar (lower limit)
Stellar

PBH binaries (high z) fpgy=1073

17 /19



Testability

- LIGO/Virgo PBH

PBH tends to be spinless
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Testability

P \2

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

—- interesting mass regions for PBH are hierarchical

- multi-phase inflation can realize them simultaneously

cf. dS swampland conjecture may support multi-phase inflation

- testable by GW

PBH tower: DM, OGLE, & GW Yuichiro Tada 4. Conclusions 19 /19



