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% Stochastic approach to inflation: What? & How useful?

% Ambiguity existed in formulation: Stochastic Anomaly

% Mathematically well-defined covariant formulation



Inflation

pre-Big-Bang accelerated expansion

'End of infl.

Vi)

decay

“Dal’k Enel’gy" pc()nst — V(-)

Inflaton: scalar particle :

P(t)

pr : Big-Bang universe
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_ Stochastic Form.

Starobinsky ‘86

T~ Ho?

Hinsl

— P >{(P)

\End of infl.
V()

\\<€b> = PR < ()

\ 4
. d 1% 5 . Big-Bang universe
% Stochastic EoM: PR = —— +- : Pr = Blg 8
Gaussian Rand.
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(conserved) ON Form.

Starobinsky ‘85

delayed

'nd of infl.

V()
decay ;
— . P1r(t,x)
o Stochastic-ON formalism p: : Big-Bang universe
Fujita, Kawasaki, YT, Takesato 13 .
Vennin & Starobinsky 15
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PDE Approach

Vennin & Starobinsky 15

% Fokker-Planck eq. (diffusion]

a_ = — 9, [P N)] + %a,aj AV PG N))

PDF of p @ N co = V! AUZ(H)25U

3H2 2

27
i ] i
= hlo,P(N; ") + EA”('),@JP(/V; ")

% adjoint FP eq.
0

PDF of 1st. passage time A/ from ¢!
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StocDeltaN.cpp
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o Double Mass-term
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StocDeltaN.cpp
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¢ Hybrid Inflation V=A"

stochastic
g critical point

Covariant Stochastic Inflation
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GeoDesl

Renaux-Petel & Turzynski 15

% Flat Fields o Curved Fields

'4

¢
: 2 1 2 I Tau
ZLin = = S(04)” = —(0w) Ziin = = 5 G1($)9,4'0"¢
1
— = 5 I]a,u¢laﬂ¢1
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GeoDesl
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% Hyperbolic R <0 Sidetracked Inflation

Gracia-Saenz, Renaux-Petel, Ronayne 18

unstable
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Generalization?

Pinol, Renaux-Petel, YT 18

Inflaton-space metric

¢ General Multi-scalar £ = — —g”w-a $'0,0" — V()

Stochastic EoM ??
dp' » G oV
dN  3H-?

2

FEL with (C'(N)ET V) = (f) G“5(N - N')
T
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Generalization?

Pinol, Renaux-Petel, YT 18

Inflaton-space metric

¢ General Multi-scalar £ = — —g”w-a $'0,0" — V()
Stochastic EoM ?7?

I lJ 2
T

_ Gevarianee under ¢! — ¢! = ()
I 17 o7 75
d¢ B G GJV _|_§I * % # B G a]V _

>
and/or N SH

- Spurious Frame Dependence

dN 3H? 3H?

dop! GYo,v GYo,v -
¢- G, pelg S +.§A

Rotation/Diagonalization
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Stoc. Calculus

% Stochastic Differential eq.

d
T S AXN)EN),  ENENY) = 5NN
Brownian W(N)
AW : Gaussia (0, AN) § AX A( l+a)AVVi
| 3 Xiya = (I —)X; + aX;y,
O0<ax<l
to: Xito = Xi

Stratonovich: Xit1/2 = (X; + Xi11)/2
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Stoc. Calculus

% Stochastic Differential eq.
dX(N)

X's property (PDF) depends on

N A (X(N))&(N), (&( the choice of a!
Brownian W(N)
AW; : Gaussia (0, AN) § AXZ — A(Xi+a)AVVi
| 3 Xiva = (I —a)X; + aX;y
Lo O S a < 1
A N N to: Xito = X
v ' Z Stratonovich: X172 = (X; + Xiz1)/2
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E xercise
dZ = WdW

% |t0's scheme

AZ; = WAW, = (AZ)=(WAW) =0

1 1
Z=J'dZ=JWdW=5W2—5N (Z) =0&(W?) =N

N |
- Ito's lemma: df(N, X) = fdN + f,dX + EfX

No Correlation btw.

current position & noise

= A%dN

]
d(W?) = 2WdW + > X 2dWdW = 2WdW + dN

|
=) dZ=—d(W?) ——dN
0 0
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E xercise
dZ = WodW

% Stratonovich's scheme

_ | _ 1 |
AZ; = Wi 1pAW,; = (Wi + —AWi> AW, * (AZ)) = —((AW))*) = —AN

2 2 p)
. - NN P
Z: dZ: WOdW=5W <Z>=5<W>=5N
Std. Calculus !

- Strato = Ito

AYZ — h(Ni+1/2’ Yi+1/2)AN T g(Ni+1/29 Yi+1/2)AW

Noise-induced Drift
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Stoc. Anomaly
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%4 H
dp! £ — ——dN + —el o, dWe ) =0
3H? 2 dWdW? = 5%°dN

«» Covariance: ¢I —> ¢Zi — &i(¢) % Stoc.vs. QF T Tokuda & Tanaka 17 & 18

x to's lemma P = l(@gb)z _ 1,1¢4
2 4

o’
¢d

dp' = ¢’
vy Vv 601 1 (P = (Do
J Stratonovich Break Covariance
% Spurious Frame Dependence
; % H
dgp’ = dN' e I's qW*
3H?

_ V! AN - Ide x Spunous Frame dependence in Strato
3H> el —> e =R b(gb)eb
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@ non-Markovian origin of noise

X A
5qu = eAQA + eAQA at

Il- (ImQ2 — 0 up to const. phase)
k<<aH




Preferred Frame

Pinol, Renaux-Petel, YT 20

VI
d¢' = — 3szN+ el Q4 o dW*
_|_
el — ol TR - 0 (or = 2, %elav)
ei is in itself a “Stoé:'Va,lf[ab\e" along the trajectory
Q% is “Ito"™-like
......................... 1
V! = — I AKdN
dp' = — —dN + ¢; AdW“ — A.dW“ 2 " z
Pt Akt Q ................ - ar=dool~ (57) ¢
I I
I. ¢ 11 AJK _ _ 4 1
v =N 2F~’KA TN

\o efx—dependence
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Cov. Stoc. EoM

Pinol, Renaux-Petel, YT 20
take-home message

Manifestly Covariant Stochastic EoM
I

T
D I 4+ Ol
V=t
Vi
PI
w/ |to Cov. Derivatives ¢’ = %ﬁ)dﬂ, %@ﬁ,— = D,
|
D' = d¢p' + =T, A®Y’XdN

2
1
D, = Dy — E(F;?LK + [T, Ve ACY RN — THAC AN
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Conclusions

% Stochastic form. is powerfull
% Stochastic Anomaly: [to or Strato?

- Govarianee or Spurious frame dependence

% Manifestly covariant SDE in Ito

P —
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Covariant FP

Appendix

covariant Ito SDE
< covariant FP eq.

D¢,XJ VIXJ+F nKa X] (phase space] cov. der

phase space P[)F scalar . 0y [phase space] covariant

- . [GIJﬂJP] [(3ﬂ]+ I‘fll) P]

+§D¢1D¢f (A?PYP) + Dyio,, (A7™,P) + S0,0 (A™,P)

2 7ty
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