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"Listening to the dark Universe: black holes in the era of gravitational-wave astronomy”
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Carr & Hawking 74

= FEE o — 4 AW hZlIR==y
-~ @(1) 2= WHE (Carr 75) — H i!?\” Ed (Chapline 75)
- Isocurvature (Dolgov & Silk '93) - VK merger GW? (Sasaki+ '16)

- SMBH seeds? (Duchting ‘04

- Quark Confinement vali+ 20

- Collapse of topological defect (Hawking 8313l - OGLE lensing obj.? tiikura+ 19)

— Bubble collision tHawking+ 82 - Planet 97 (scholtz & Unwin 19)

- Particle trapping in bubble (Baker: ‘21 e - Trigger of r-process? (Fuller+ '17)

- Asynchronous 1st PT tiu+2n o - Baryogenesis? (Baumann:+07)
=N

R3a7 597 h-)
(Primordial Black Hole)

- Scalar Sth force (Flores & Kusenko '20) - JWST luminous gals? (Hutsi+ 22)
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Carr & Hawking 74

329 in 2022

Date of paper L o
] %I’I'///J E=2  (Chapline ‘75)

-~ @(1) REWHE (Carr 7

- Isocurvature (Dolgov & Silk ‘9 K merger GW? (Sasaki+ '16)

- Quark Confinement (Dvali+ 1BH seeds? (Dichting ‘04

- Collapse of topological de JLE lensing obj.? (Nikura+ 19)

- Bubble collision (Hawking+ ‘81975 20233net 97 (Scholtz & Unwin 19)

- Particle trapping in bubble (Baker: ‘21 | . - Trigger of r-process? (Fuller+ '17)

- Asynchronous 1st PT tiu+2n o - Baryogenesis? (Baumann+ ‘07)
= HZAXGH

- Scalar Sth force (Flores & Kusenko '20) - JWST luminous gals? (Hutsi+ 22)

R8T 797 ik-)L
(Primordial Black Hole)
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Positivist Perspective?

100}
| — &
80 ... 2.
60,
0.100 ;— CIB-XRB 40 _
~_oo10f 20
= |
= 0.001 OGLE+Ga;a O |
T 0.32
10_10—12 10'—8 10'—4 160 164 168 030
MM _
Carr, Clesse, Garcia-Bellido, Hawkins, Kihnel ‘23 028!
0.26|
024,
107 1 1000
T |GeV]
cf. Saikawa & Shirai 18
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Fvidence? |

M < M,

FAR [yr='] InZL UTC time mass 1 [Ms] mass 2 [Mg] spinlz  spin2z Network SNR H1 SNR L1 SNR
0.1674 8.457 2017-03-15 15:51:30 3.062 0.9281 0.08254 -0.09841 8.527 8.527 -
0.2193 8.2 2017-07-10 17:52:43 2.106 0.2759 0.08703  0.0753 8.157 - 8.157
0.4134 7.585 2017-04-01 01:43:34 4.897 0.7795 -0.05488 -0.04856 8.672 6.319 5.939
1.2148 6.589 2017-03-08 07:07:18 2.257 0.6997 -0.03655 -0.04473 8.535 6.321 5.736

Phukon+ 21
FAR [yr—!] Pipeline GPS time m1 [Mg] mo [Mg] X1 X2 HSNR L SNR V SNR Network SNR
0.20 GstLAL 1267725971.02 0.78 0.23 0.57 0.02 6.31 6.28 - 8.90
1.37 MBTA 1259157749.53 0.40 0.24 0.10 —0.05 6.57 5.31 5.81 10.25
1.56 GstLAL 1264750045.02 1.52 0.37 0.49 0.10 6.74 6.10 - 9.10
LVK 22
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Fvidence? 2
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Sasaki, Suyama, Tanaka, Yokoyama "8
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(indirect) Evidence? 3

iF Mgy ~ 1020%
- 100% Dark Matter

Radiation Era
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What's Inflation? &% %

o Accelerated Expansion of the Early U.

o Did it really happen?
» What kind of obj. drove it?

Lzmpe TR, WS AR Y . T

BRI




Generation of PTB

“Horizon" of the expanding U.

Cempe R, SIS - WRabire . Y 15 /40




Generation of PTB

“Horizon" of the expanding U.

Cempe R, SIS - WRabire . Y 16 /40




Generation of PTB

s
\/\/\ .\’

micro Quantum perturbation

“Horizon" of the expanding U.

Cempe R, SIS - WRabire . Y 17 /40




Generation of PTB

Macro “Classical” perturbation
cf. Schrodinger’s Cat

“Horizon" of the expanding U.

Czmpe TR, WS RasEe . Y . e
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Generation of PTB

“Horizon" of the expanding U.

Lzmpe TR, WS RasEe . Y . T
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Generation of PTB

Gravity

tnergy = Mass

), 1
“" “
A3 1
“ ’
. .7—
9 ;’
ﬁ
size during inflation
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.~ . ‘ |
R : \ !v
,‘ .\\A ‘\‘ ‘ ” )
S ‘
' 24
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current H size
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Inflation Theories

Just to realise an Accelerated Expansion (= Dark Energy = almost const. energy),

you only need homogeneous VEV of some scalar ¢p(¢) with the potential V().

.
~———9—
“Inflation of the # of inflation theories”
2 by T. Matsubara
\
o ©
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| atest CMB const.
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_Convex +BK18+BAO -
Concave ;
T=2725K*18uK |
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Large P1B?

Lyth, Malik, Sasaki ‘05

1% - FFE0IN ON(X) BEBHhIA A/ RIF =
SH(X) - dEnsE (X) KELL

o-folds: AN = Hdt = —dt
a

local U: ds? = — df? + a?(H)e*"¥dx?

/A end of infl.

0P(X)
¢
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Large P1B?

Lyth, Malik, Sasaki ‘05

- FFREIOsh ON(X) BRI AR ZE
- 5 E (X) ILZFLL)

o-folds: AN = Hdt = —dt
a

local U: ds? = — df? + a?(H)e*"¥dx?

£x) = N(x) =~ — 20X
; ¢

BEBIVIRVER0REIE SEE—E 0 3 Ib-7a bR BH



Exp.-tail

@ is reducing - 0¢@'s effect is asymmetric!
0.01!
10~ X €XP (—A(j) . exp-tail ‘:
> ;C:D 10—12 ]
10~
2 .
22 : C\: .
10 | oc exXp (_2_02> Gaussian
05 00 05 10 15
C cf. Pattison+ 17, Atal+ 19
¢ o) — { = 0N :non-linear relation
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Tria ngle Study inflation model

2
6 (r) = 3 1= 1+ ()]

S _ 2
6=——| 4RCAR>Ey == Aok

M ~ M, (€ — 64)°°  Choptuiks+ 93

PTB [1h = §;
QGW

.*°  induced GW b.g.

iIndirect evidence
347V~ E A BH

BRI 0 SRS SHAE—ER



FERIET, = B A BB IB0EF
ey = FEFMIC—ERE TS + 1EBHn 750 EE)

dp(N. X) _ X gy A0 v x)
’ ~ H(N, x) 27 T
dz(N, X) — (—372(N, X) — Vg[z](\]]v’ );)) ) dN,
. X
3MpH*(N, X) = %EZ(N, X) + V(¢(V, X)),
, B sink (N) |[x —y|
AW X)WV, Y) - =— Ny Sy dN

BRI REE SEE— 0 0 34YIL-va rEfaBH



STOLAS

Mizuguchi, Murata, YT in prep.

BERISVIN-LRE0REE SHEE— 3 qTIV-Ta BB BH



| SIOLAS 7. . . & .
Mizuguchi, Murata, YT in prep. V= 93 \W | % ) % | - d., 397 1
cv- — v W

Cicoli+ 18, Biagetti+ 18

Ex. 2: Inflection

BV 0 RS SmE— 347IL-7I BRI BH



STOLAS

Mizuguchi, Murata, YT in prep.

Ex. 2: Inflection s | spH
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-x. 1: Chaotic Ex. 2 : Inflection

N =2>55 N =1D5.b

\ © 0,05
” 0

—-0.05

—-0.10

I -0.15

BRI R0 SEE  2mEE—ER 3yIL-37E RS BH



\mportance Samphng Intentionally large noise @ N = 3

- x. 1: Chaotic Ex. 2 : Inflection
ON ON
I 1.0 I .
0.5 0.2
0 0
-0.5 -0.2

I ~-1.0
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Importance Sampling

ON(r)

BRISVINLRER 0SS SHEGE—ER

-x. 1: Chaotic
ON
Il.O
I—1.0
— lattice
sin (k, 1)
- k,r
(I)' N 5 N '1IO' N '1l5' N '2|O' N '2|5' |

ON(r)

~0.2!

34 IIL-FI R BH

Ex. 2 : Inflection

0.2|

— Jattice

sin (k, 1)
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Trlangle StUdy inflation model

2
&) == 1 =1+ ()

_ 1 (Em . ) ,
G=5- 4TR“GAR > Gy, = g Atal+ 19

M ~ My (6 - %th)o'% Choptuik+ 93

PTB [/ = S,
QGW

.+*  induced GW b.g.

indirect evidence
3qYIL-yavEERS BH
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Pulsar Timing Array

[l

DRAFT VERSION JUNE 29, 2023 AEBRWHE
Typeset using INTEX twocolumn style in AASTeX63 2306.16213

The NANOGrav 15-year Data Set: Evidence for a Gravitational-Wave Background

cf. European, Parkes (Australia), Chinese

() (b)

: [ | | | | | | | | | I | | | | I | | | | I | | I _] 1T 1T 1 | 1T 1T 1 | 1 | | L | 1 |I |
75 n === Hellings—Downs spectrum _
: o Poweflaw posteri([))r t ] i YGWB= 13/3
S /0 F S . . - | | | /
D) Y/ NS == == Median power-law amplitude; y=13/3 S e ey s
FO B | ‘ \ | | | | L | | L | | L | 1 I: | | J |
o0 o = _
- B 7 \(:D - =2 ]
.= A — m B L -
g L _ > va - (=] N
= - 4 (D /\r B 1 :
% B 11 <: b‘q/ = : - -
S - A} = N E ] ]
3 ~F NI 2 o7 - ]
EHE | | 1T ‘o F = -
o0 B BHATN: . _ L
‘-91 —l ) I I | [ I | | | I I | J I: IjL 1‘|‘H 11 ﬂ /\OO I | I T I I [ I | _a-""r_ "]
875 -850 —825 —800 —7.75 > 25 30 35
log,o(Frequency [Hz]) YTGWB
= . Supermassive BH binar
~nHz( ~ yr ) 525K P Y

BT RS 2EG— 0 .o h 0 Ne A sEeEe . 37 /40



_ Pulsar Timing Array

2306.16219
The NANOGrav 15-year Data Set: Search for Signals from New Physics

cf. Terada-san’s poster, Lee-san’s talk

B SIGW-DELTA-4SMBHB
10 B SIGW-DELTA
n LISA i
—8 | a
10 i DECIGO
10_10 | BBO | |
= : o _
010712 CE |
S s _
= 1014 HLVK
I - HLV (03)_—
10—18 ___ IGW —— SIGW-DELTA i — PT—BUBBLE PT-SOUND __
_6 IIIII 1 1
10 I ‘\ I/ || 4/[ " I I |
108 - ; F— HLWEV =
10—10 __ | a —_
= : y/ ‘ ’
@ —12 [ s — '
sl : :
< 1074 F — i .
1016 | . _ P
10—18 ___ STABLE-N — SUPER — DW-SM DW-DR __ E E
Covonl ol v v vl oo v vl vl el ot vt vl vl vl 3t : :
107 1078 10 107* 1072 1 102 10 106 ...
0

Hz =
F peak theory + €, = logy¢ f+/Hz log1 A

(cf. Kitajima, YT, Yokoyama, Yoo 21)
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One-loop on CMB

2211.03395

Ruling Out Primordial Black Hole Formation From Single-Field Inflation

1,2, 1,2,3,4,

and Jun’ichi Yokoyama

Jason Kristiano

P tgree(k(nvﬂa) ~ AP é_loop(kCMB)

Separate U.assumption " _ ¢ @#HA dilatation 0 NG boson
/ -1 { - i:i, | (cf. Sugishita-san’s talk)
O =—dtrawetae | (BN soft { IR TR E

= — df* + a*(t)d%?

SOIL]

BRIV 0REE S EE—ER

(Lyth, Malik, Sasaki ‘05)

@kLCkkas) x Pk )

ALY =

- Maldacena’s consistency relation (63)

dPks)
d ln ks
T 2077 0)H

39 /40



I_OO p Ca N Ce‘ ‘a tl on tensor ver. (Ota, Sasaki, Wang 22 x 2) [&y B X gDz

YT, Terada, Tokuda 23 “
d

S (3)[(: | = Jd4x [@bulk + —@Surface] cf. Arroja & Tanaka i

dz
Maldacena’s CR kpmi
dP (kpry)
PBH
kPBH
Self-energy 109
dPAq) Z
. x Pelkcyp) |dIng dlng = t@g(kCMS)<@z(k = 00) — Pk — kCMB)>
CMB
N g BT dilatation 1043 WT

tree C )fR1F < Maldacena's CR < self-energy () cancel
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