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PBH ruled out?

. 2211.03395
Ruling Out Primordial Black Hole Formation From Single-Field Inflation

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

Jason Kristiano and Jun’ichi Yokoyama

SO

kCMB .
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PBH ruled out?

2211.03395

Ruling Out Primordial Black Hole Formation From Single-Field Inflation

1,2, % 1,2,3,4,7

Jason Kristiano and Jun’ichi Yokoyama

SO

kCMB .

Separate U. assumption
4 H™'

Cancellation of One-loop Corrections

- (as NG boson of asymp. dilatation

; (e.g. Assassi, Baumann, Green 12)
* 1 - (classically) soft Cis conserved
: ds? = — di? + aX(1)eXOgx2 (Lyth, Malik, Sasaki ‘05)
j:f' — 4+ 2(dR . - Maldacena’s consistency relation (3)
| dP (k)
(\Ks
SO (G S Cieg) X Pilky)
...... > dIn kS
—1 .
CMB merely scale-redefinition
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Soft th. on loops

prop. under &; 3 c ¢ Lo oc

gLC +4L+AL+4TAL+...

kS e_CL
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Soft th. on loops

prop. under ;. . - Lo ¢

CLC +4L+AL+4TAL+...

k e_CL

bubble under §;

1
T

all 1-loop corrections on npt. func.

(L 6L 6L

(Y = o 0+ ?5

qge oL
Maldacena’s CR [d In g = Jd Ing’ In bUbee'Van'Shing OFT,
all 1-loop corrections vanish?
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Kristiano & Yokoyama ‘22 /
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Squeezed Bispectrum

Motohashi & YT 23
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Squeezed Bispectrum

Motohashi & YT'23 cf. Arroja & Tanaka
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Squeezed Bispectrum

Motohashi & YT'23 cf. Arroja & Tanaka
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CR in diagrams

YT, Terada, Tokuda 23

272 dPC(kS)
d In k<

27‘(‘2 d(aTPC<kL))
k3 Fetk) =

Cancellation of One-loop Corrections Yuichiro TADA



One-loop Cancellation

YT, Terada, Tokuda 23

T dSq
P(soft) 2 :/ d //
¢ (ko) "] (2n)3
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One-loop Cancellation

YT, Terada, Tokuda 23

; 9 q q
(soft) ;1. _ [ . [ d°d ki, 77 'k ki, 7 'k
PEk) = [ ar' [ 21)3 t—{7) Ye—t—A) &>
~_kL_q s_’kL—q
Pk ) Jdl dP(q PGk ) J . d(0,7q)) Pk J . d(0,7q))
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One-loop Cancellation

YT, Terada, Tokuda 23

T qu
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One-loop Cancellation

YT, Terada, Tokuda 23

T d3q
P(soft) 2 :/ d //
¢ (ko) "] (2n)3

do Z_j(q )

x Pk ) [d Ing
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~ 0(107)

q—k,

~ 0(107°) X Po(ky) < PAkp)

dlng

q
+ L ) R
T /kL —q
X n
L ! dlng
q— 0
= Pk )(0,9(q))
q— ki,

— ()

q
KL /775 KL
N ’kL —q
X n
N ! dlng
q— 00
= Pk )(0,2(q))
q—k
— 0

Conserved C @ tree < Maldacena’s CR < Cancellation of One-loop

Cancellation of One-loop Corrections

cf. Ward—Takahashi by asymptotic dilatation
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Comments

YT Terada, Tokuda 23
— induced scalar (cf. induced G\W)

ks .
induce k
PEM e (hy) o G (S (—L)
ks
k/
- tadpole >
(¢) .
on o cf. stochastic-ON
Pg (k) 1= Pe(ke™*)
<C> — <*/V> o Ncl
k
not total derivative..
— Lensor (0ta, Sasaki, Wang '22x2) (2311.11053; no mass correction in dS7?)
1 ...~ dIn Pekg) dP.(q)
_ p ; (soft) 5 ¢
By, ok, kg, ks) = — EP,,%(kL)Pg(kS)el.j(kL)kSkfS Tk P=>= (k) o Py(ky) Jdlnqq Tin
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Comments

— other works
e.g. Firouzjahi 2311.0408

Serrlo@] : large corrections on coupling consts. are possible
but it simultaneously changes B.G. and relation 0¢p <> {
V(o) V(o)

_— V(¢) may change but {-conservation
/ * should NOT depend on the details of V(¢)

& & cf. Inomata 24

Riotto, Choundhury+, Fumagalli, Tasinato, Maity+, Mulryne+, etc,, etc,, ..

See also Kawaguchi, Tsujikawa, Yamada '24 for the path integral formalisation.

oL
here, the EoM terms 2f(§')5—(: are relevant rather than the boundary terms.

1
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Comments

- 4pt couplings
tadpole cancellation: & := ¢ — (&) so that (£) = 0

dilatation sym. counter term

tadpole counter term mass counter term 9 < >
—x ——

cancel

Pimentel, Senatore, Zaldarriaga 12
Kawaguchi, Tsujikawa, Yamada ‘24

- symmetry?
e.g. Soft dS Effective Theory by Cohen & Green 20

“conservation of ‘const.-modes of  and A is preserved @ all orders”
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Summary

- Asymp. Dilatation ensures One-loop Cancellation

- Loops in Lattice (e.g., Butterfly-effect, STOLAS, ..)?

- Tensor may be serious..






Field Redefinition?

Kristiano & Yokoyama ‘22

Jd‘*x\/* [—MZR — —(a¢)2 V(qb)] & comoving gauge (8¢ = 0)

* SO = Jd4x( tedious terms.) Arroja & Tanaka
A , a’e  ; d 3 a’e 5 ; a’e " ,
= [dtx | o) + S5t 4 /O |+ @terms) - w2 4 o
oC 1 dz 2 H
3 3 oL = (: tree EoM, f(é’)=£é’2+iéé+---
Fleld redef.: £ = ¢ + f({) Maldacena ‘02 oG 1 4 H

» SONZ] = Jd4x o)+
2 unique relevant vertex — H.



Field Redefinition?

Kristiano & Yokoyama ‘22
Weinberg ‘05

<2kL(Te)2kL(TG)> 4y = < [T exp (lJ e ﬁint(T)dT>] EI,kL(Te)EI,k’L(Te) [Texp (_iJ e H,,(7)dz )] >

_ iZJ edrl[ Qs [Hli (1), i(52). B (2P (211

(1)

ke
N nzpé(kL)[ dInk Pyk) ~ Pk
k

PTB approach breaks down even on CMB scale?

Rmk:

~J

« (1) = {(v) @ SR2 e SW[C]7? e non-lin. field-redef. works @ one-loop?




Closed Time Path

Schwinger '65, Keldysh ‘65

Example
A A G0 @) = (Te b0 i@ i () Fne)
Z:+ CH’kl(TQ §<I+,k2(72) = (U'(z3, — OO)EI,IQ(T?)) U'(z,, 73)51,k2(72)l7 (7, Tl)gl,kl(fl)l/\] (71, = 0))
e
- X
G_ CI—,k3(73)
Propagator
G (X, X)) = (T 1) (xX))

O(z — UNGWGE)) + O — D(G(NGW)), (a.b) = (+,+)
_ D). (a.b)=(+,-)
(OGN, (a,b) =(—,+)
)

O’ — ()G + (7 — TN ENE(X)),  (a,b) = (




Closed Time Path

Schwinger '65, Keldysh ‘65

_ St

Shewinger—Keldysh basis ¢, 5 Ca =& —C_
§<{51(x), G}, (a, f) = (c,¢) RE(D)EE(T), (a, ) = (c, ¢)
G j(x, ') = Oz — T)[5), &N, (., f) = (¢, A) G, (5, 7 ) = 2{@(7— SEDCET), (@, f) = (c, A)
O — ), &), (@ p) = (A,¢) 2i0(z" = )@@, (@ f) = (A,0)
0, (a, f) = (A, A) 0, (@, ) = (A, A)
Geo(K) Ga(k)
Cc é’c é’c -_— CA
Gee(k) Ge(k)
Z-:C """" Cé — aTCC Cé """""""" Z_:(/;
Gea(k) G x(k) G.; (k)



Boundary Vertices

Motohashi & YT ‘23
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Bispectrum

Motohashi & YT ‘23

Ce(T) Ce(T) Ce(T)
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Bispectrum

Motohashi & YT ‘23
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Bispectrum

fnL (ke ks)

Motohashi & YT ‘23
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BISpeCtrUm duringUSR 7, < 7 < 7,

Motohashi & YT ‘23
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