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Primordial BH

Carr & Hawking 74

~ O(1) Primordial PTBs (carr 75) —

|socurvature (Dolgov & Silk ‘93) _

Quark Confinement (Dvali+ 21
Collapse of topological defect tHawking 52130l
Bubble collision (Hawking+ 82) ‘ s
Particle trapping in bubble (Baker+ 21) el _
Asynchronous 1st PT tLiv+ 21 _

Scalar 5th force (Flores & Kusenko '20) before Star Form. —

Primordial Black Hole
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Da rk M d tter (Chapline 75)

LVK merger GW? (Sasaki+ '16)
SMBH seeds? (Duchting ‘04)
OGLE lensing obj.? (Nikura+ 19)
Planet 97 (Scholtz & Unwin 19)
Trigger of r-process? (Fuller+17)
Baryogenesis? (Baumann+ ‘07)

JWST luminous gals? (Hutsi+ 22)




Primordial BH

Carr & Hawking 74
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Positivist Perspective?
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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] | ma [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

PBHasDM — Yuichiro TADA 2. PEN DM kg g /37



Fvidence? 2

Redshift dependence
<100 ;
50 :
* Stellar (upper limit)
_ Stellar (lower limit)
10 . Stellar

-

PBH binaries ('\Igh Z) l"-|:>|3|-|=10_3
PBH binaries (low z) fpgy=1, model A

Merger rate [Gpc™> yr

----- PBH binaries (low z) fogy=1, model B

Sasaki, Suyama, Tanaka, Yokoyama "8
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(indirect) Evidence? 3

- 100% Dark Matter

Radiation Era

—2
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What's Inflation? &% &%

Q )
\.C\,\\

o Accelerated Expansion of the Early U.

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

M — YuichiroTADA -~~~ ° 3.PBHandlflation = o - 13 /37




Generation of PTB

“Horizon" of the expanding U.
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Generation of PTB

“Horizon" of the expanding U.
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Generation of PTB

N NN

micro Quantum perturbation

“Horizon" of the expanding U.
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Generation of PTB

Macro “Classical” perturbation
cf. Schrodinger’s Cat

“Horizon" of the expanding U.

— Yuichiro TAAD.A. I G, W) PBHéndmﬂation e 5. Y 17 /37



Generation of PTB

“Horizon" of the expanding U.
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Generation of PTB

Gravity

tnergy = Mass
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Large P1B?
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Lyth, Malik, Sasaki ‘05

- Time shift ON(X) is conserved on superH
0P(X) - Equivalent to Curv. PTB {(x)

<

o-folds: AN = Hdt = —dt
a

local U: ds? = — df? + a?(H)e*"¥dx?

/A end of infl.

— O(X)
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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
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C cf. Pattison+ 17, Atal+ 19
¢ o) — { = 0N :non-linear relation
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Triangle study

inflation model

Uni |C tori Atal+ 19 -
niversal Lriterion Escriva, YT, Yokoyama, Yoo ‘22

2
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Mass Formula choptuik+'93
M ~ My (€ — 6y,)"°

Abe, Inui, YT, Yokoyama, Yoo ‘22
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induced GW b.g.

iIndirect evidence
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Stochastic Approach = EFT of superH fields

Starobinsky ‘86

= Local FRLW + Correlated Brownian motion

N H(N, x)

(N, X) .2
dg(N, x) — H(N, = dN +4 /@(ﬁ(N, X)dW(N, x),
dz(N, X) — (—372(N, X) — V;(;;](\]]V, );)) ) dN,

, X
3MpH*(N, x) = %ﬂz(N ,X) + V(¢p(N, x)),
W , B sink (N) [x —y|
(N, x)dW(N',y) = V) X —v] onnvdN
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STOLAS

Mizuguchi, Murata, YT in prep.

PBHasDM — Yuichiro TADA
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Ex. 1: Chaotic V = —m“¢?
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STOLAS

Mizuguchi, Murata, YT in prep.
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Ex. 2: Starobinsky's linear
Starobinsky ‘92

3. PBH and Inflation

10

20




x. 1: Chaotic - x. 2 : Starobinsky’s linear

I 0.0004

0.0002

—0.000:

I —0.000+
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Importance Sampling

see, e.g., Jackson+ 22

Intentionally large noise @ N = 4

- x. 2 : Starobinsky's linear

Probability is re-weighted
according to the probability of large noise!!
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Triangle study

Uni |C tori Atal+ 19
niversal Lriterion Escriva, YT, Yokoyama, Yoo ‘22

2
6 (r) = 3 1= 1+ ()]
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VW STOLAS + importance sampling

v

Abe, Inui, YT, Yokoyama, Yoo ‘22
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_ Pulsar Timing Array

DRAFT VERSION JUNE 29, 2023 Tensorial PTB
Typeset using [N TEX twocolumn style in AASTeX63 2306.16213

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

cf. European, Parkes (Australia), Chinese
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_ Pulsar Timing Array

2306.16219
The NANOGrav 15-year Data Set: Search for Signals from New Physics
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_ Pulsar Timing Array

QCD effect f~nHz & T ~ 100 MeV Abe, YT, Ueda 20, Abe, YT '23

cf. EPTA 23
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One-loop on CMB
2211.03395

Ruling Out Primordial Black Hole Formation From Single-Field Inflation

Jason Kristiano!*?'* and Jun’ichi Yokoyamal:2:3:4:1
SOIL]
tree 1 —-loop
4( >7 P ¢ (kemp) ~ A ¢ (kems)
kCMBT
N kppn
Separate U. assumption L
P P » ¢ - (as NG boson of asymptotic dilatation
c H . ;{' 'fj (e.g. Assassi, Baumann, Green 12]
. * 1 - (classically) soft Cis conserved
: ds? = — d? + a2(1)eXOgx? (Lyth, Malik, Sasaki ‘05)
! — — 4P + a¥(H)dR2 . - Maldacena’s consistency relation (3)
| AP (ks)
(kg
SO (G S Cieg) X Pilky)
5 > dIn kS
—1 .
CMB merely scale-redefinition
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I_OO p Ca N Ce‘ ‘a t| onN tensor ver. (0ta, Sasaki, Wang 22 x 2,23) didn’t vanish......

YT, Terada, Tokuda 23 “
d

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

dz
Maldacena’s CR kpmia
AP (kors)
kemp o P kcmp) dhé; kPBH
PBH
kPBH
Self-energy 10-9
dPAq) Z
" o« Plken) [ dIng— s = t@g(kcm)(@f(k 500) — Pk — kCMB)>
CMB
N g Ward—Takahashi of Asymptotic Dilatation

tree C conservation < Maldacena’s CR < self-energy cancellation
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Summary

. Sub-Solar PBHs may be detectea

2. Asteroid PBH-DM can be checked by induced GW
w/ LISA & DECIGO

Many theoretical progresses



