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oN formalism
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oN formalism

NV (@) Sasaki and Stewart, astro-ph/9507001
Lyth, Malik, Sasaki, astro-ph/0411220

Vip)
R = 6N = N(¢p) — N(p)

'/;
S
V&K 4
VK 4 05q0
¢
P(R) = P(o
(£) 7 (09)
OQ (nearly) Gaussian

¢6nd Do Pp ¢



oN formalism
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Ultra-slow-roll Inflation
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Ultra-slow-roll inflation
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Ultra-slow-roll inflation

In the “fiducial” patch

| B
N=——In—
3 T




Vip)

Ultra-slow-roll inflation

In the “fiducial” patch

1 T
N=——In—
3 T

In a perturbed patch

1
N=—-—
3

T
In—
U




Vip)

Ultra-slow-roll inflation
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Ultra-slow-roll inflation

1 Ot
%z——ln(l— ﬂ)

3 TT

f _5 B 25
NL_29 SNL — 3

Namjoo, Firouzjahi, Sasaki, 1210.3692
Chen, Firouzjahi, Komatsu, Namjoo, Sasaki, 1308.5341
Cai, Chen, Namjoo, Sasaki, Wang, Wang, 1712.09998

z* - 4 Biagetti, Franciolini, Kehagias, Riotto, 1804.07124
= Passaglia, Hu, Motohashi, 1812.08243
7T SP and Sasaki, 2211.13932

SP, 2404.06151
Relation with stochastic approach, see e.g.
Jackson et al 2410.13683, Cruces et al 2410.17987

P+ Guillermo and Alejandro’s talk
14



piecewise quadratic potential




Vip)

-
<

piecewise quadratic potential

¢ 0
—— —3— + 3nyp =0
02N ~oN v
|
7
N = [ Hdt
,
: -
i Vilp) = Vy + 71602
: L
' V() = V, 22 0> 22 (@« — Pp)’
@+ my




Vip)

-
<

background solution

T

Ozgo

0*N

39 3 =0
N Hy® =

AN A_N

—> @ =cer +c e

Ay =

3+£4/9-12p,
2




0

@

background solution

o(N) = c eV N 4 ¢ eA-(N=N)

0
—n(N) = _gu — ) c. e’ WN=No) 4 lc oA (N=N.)
aN | |




0

@

background solution

o(N) = c eV N 4 ¢ eA-(N=N)

0
—n(N) = _gu — ) c. e’ WN=No) 4 lc oA (N=N.)
aN | |

PN«) =@« =c, +C

_ﬂ(N*)Eﬂ*Z/IICI -|-/1 C

7T>x<+)¢§0>;<
— C+=¢—

18



0

@

background solution

@(N) —@e A, (N=N;) -I—@e _(N=N:)

9” _ 1. (N—N.) A_(N—N.)
— (N = A + + A
(M) =—= = ALy (cJe

O(N:.)=@.=c, +cC_




Logarithmic Duality

The (fiducial) e-folding number can be expressed by
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Probability Distribution Function
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Probability Distribution Function
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Casel: Constant-roll
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* [ransiting to stochastic approach
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Ex1: Separate Universe

power spectrum
at the end of inflation

power spectrum
at thle end cl>f inflatlion

0 I Exact

10~ 10 i z -
i [ power spectrum  : _
10~ 12 at horizoh exit l
I 1 I I I : I I | ; | 5
10721072 10" 109 10! 10% 10° 10 10
k/ %%, k/kr
Leach, Sasaki, Wands, Liddle, astro-ph/0101406 Domenech et al., 2309.05750

SP and Jianing Wang, 2209.14183 Jackson et al., 2311.03281

34



Vip)

Ultra-slow-roll inflation
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Separate Universe

local flat
FLRW universe

a b
- R(N,) = ON(6@p(N,, X))

-20 =15 -1.0 =05 0.0 0.5 1.0
c.f.

log,,(—kmn) Domenech et al., 2309.05750
36 Jackson et al., 2311.03281



Time

I/H

~ ~
fiducial —<— O perturbed '

\final comoving slice

R (N> X) = SN@Ep(N,, X))

. I
N W=J(H+%)dt+§[vzadt

3?(]\9)=5NE/V—N¢:¢5—¢0<163

€

oN formalism

<

initial spatially flat slice
5§0(Ni9 X)
‘%ﬂat(zviﬂ X) =0

Physical Length Artigas, SP, and Tanaka, 2408.09964



Time

oN formalism
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oN formalism
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oN formalism
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Ex2: Probability conservation
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Probability conservation
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Ultra-slow-roll inflation
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From Jaume Garriga’s slide at Paris IHT

Qualitative picture

Fluctuations type I-> dominant Fluctuations type IT-> dominant
contribution contribution
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Probability conservation
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Conclusion

e |n USR, the curvature perturbation are enhanced on superhorizon scales, which
usually changes non-Gaussianity significantly.

e The NG generated on superhorizon scales can be calculated by 6N formalism.
Such a NG depends crucially on the boundary conditions.

e QOriginal ON based on separate-universe approach fails to deal with decaying
mode. We proposed the extended ON by considering K as the random variable.



