20 gy, 2008 in- PHE)GJRA @ P oy

Stochastic Inflation
N a General Fleld Space

?

Yulchiro TADA (Nagoya U.)

w/ L. Pinol, S. Renaux-Petel (IAP)
T. Fujita, J. Tokuda (Kyoto)
arXiv: 1800.10126 & In prep.

| ] |

-—m > 1
0 amwm

) I.II-i_II

AR ~




Scalar Perturbation: main Obs. of Inflation
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Scalar Perturbation: main Obs. of Inflation
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Scalar Perturbation: main Obs. of Inflation
pemommng, CUITENT horizon

Stochastic Formalism

behaves like Brownian motion

orim. pert. as source of
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How stochastic formalism 9eneralized! (ENEN)) = 6,60 — N,

do!  GUYo,v H sy = G,
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o Stochastic in fé’ﬂ ral

2k Langevin eq.
dX(N)

= AXNDEN),  ENEN)) = 6(N = N)

B ilan W(N
rownian W(N) AX; = A (X(Ni*))AWZ‘

N;" € [Nj, Ni41]

AW; . Gaussian (0, AN?)

X In continuous time
lim AN — 0
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o Stochastic in f:?ﬂ ral

2k Langevin eq.
dX(N)
dN

X’s property (PDF) depends on

the choice of N;*!

B ilan W(N
rownian W(N) AX; = A (X(Ni*))AWZ‘

Ni € (N Niva]

AW; . Gaussian (0, AN?)

X 1n continuous time
lim AN — 0
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Wo vs. Stratonovich

1

3k lto integral: N’ = N, . 3k Stratonovich integral: Ny = > (N; + Nis1)
dX = A(X)dW E dX = A(X) odW

causal x “uncausal”

Martingale: (X) =0 : x non-Martingale: (X) = 0
Vilenkin 1999,

) . : IR
Fujita, Kawasaki, YT 2014,
Tokuda & Tanaka 2017, ...
x Ito’s lemma Uuv Mezhlumian & Starobinsky 1994

1 .
df(X) = fxdX A ZfXXAZdN f std. chain rule
' df(X) = fxdX = fxAodW
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o Fokker-Planck eq.

do! V! H independent of ¢,
— =+ —2! ¢, but not field-space covariant

2
ovP = 0 LIP + la 0 a GYp - Ito
N "\ 3m2 o Y 2 |

I
onP, = VI(LP ) + l V, [Eeé VJ<£36{PS>] : Stratonovich

3H2 ° 9 21 21

P. = P/A/G :scalar

field-space covariant

but depends on ¢!,
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- C'Ompmﬂiyon w/ AFT

Let's compare leading corrections to (¢2) = (H/2m)2N in stochastic form. and QFT

- stochastic formalism (IR theory)

UV integrate out w/ 1-loop

IR GAY
().
i UV — — ..U.V... —
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Cnmp&zm}vn w/ AFT

Let's compare leading corrections to (¢2) = (H/2m)2N in stochastic form. and QFT

- stochastic formalism (IR theory)

UV integrate out w/ 1-loop IR EFT (Fokker-Planck) solve perturbatively
IR IR IR —— 5 S |R 5\/5
N P VA

IR Uv IR
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Cnmp&zm}vn w/ AFT

Let's compare leading corrections to (¢2) = (H/2m)2N in stochastic form. and QFT

- stochastic formalism (IR theory)

UV integrate out w/ 1-loop IR EFT (Fokker-Planck) solve perturbatively
IR IR R—x & »——IR 5\/5
N O VA
IR Uv IR
- QFT They should be consistent

IR & UV

directly calc. 1-loop corrections g 2 p— @ —
w/ both of IR & UV loop momenta IR IR UV
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e %z‘enfmﬁfy %

Tokuda & Tanaka 2017

param. related
- QFT w/ coarse-graining scale

(97) = <£> [N+/1 ( : ~N 2N J+ @(N)>] ITO works for
0z°  \J2m" J potential-type interaction

27

- stochastic form.
A o0+ o(1 + “

2
2 3 ¢ _1
= | — N+ 4 N~ =+ N“ ¥ O(N =
(@°) (2ﬂ> [ + ( 3672 79 72 ( )>] “ {1/2 :Strato
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e Mez‘m’c#y e

Fujita, Renaux-Petel, Tada, Tokuda in prep.

1 p 2¢ I ¢2 I 1 eZ('M p p
% === |9,00%0 - 20,007 + | 142 | 9,207 =—5[ az,/awm;(a;(]

- QFT ) L ((P/M 1)

= 1 0
(p°) = (2—ﬂ

STRATONOVICH works for
- stochastic form.

(p°) = (ﬁ

metric-type interaction
o = 0 :Ito
| 1/2  :Strato
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. . H J H I/
diff. btw. Ito and Stratonovich: e, |0, —e

2_71' o ¢

- variation of noise amp. by noise kick itself = noise non-Gaussianity

- it should be smaller than noise amp. itself for Gaussian anzats

N, , H || - small NG
220 )9\ 5% )| <1 22%| | - not stupid vielbein

- rather diff. btw. Ito and Stratonovich can be a Criterion of validity of Stoc. Form.!



stupid rotation:
o o/M 1 L o /M 1 cosy/R —smy/R
“ 1 O L 1 O siny/R  cosy/R
2 ) 2 2 2
H H H (1 +20)H H
2 2 2 2 2
= — N 4 N-|, qoe = | — N + o N
@ )qrt ( 27z) [ A2 M? ] @) ( 27:) ( 82 M? 471'2R2>

- Ito (a = 0) is NOT affected by noise rot.
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Conclusions

- [to-Strato ambiguity

[to: Tield-coord. dependent

Strato: noise-frame dependent

- |to for potential, Strato for metric

— No choice fTor general mixed case

- small [to-Strato diff. = noise Gaussian condition

H |, H | H
—e, |0, | —e, || K< |—e¢,
21 27 27
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