20 . 2020 @ ZQZ%/J»W workfor
STOCDELTAN: Numerical Approach to Inflation

iIn combination of the Stochastic & ON formalism
‘ . .

o

o
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w/ S. Renaux-Petel & V. Vennin in prep.

ref. Pinol, Renaux-Petel, YT 18, 20
Fujita, Kawasaki, YT 14 (+ Takesako "13)




Inflation

pre-Big-Bang accelerated expansion

'End of infl.

Vi)

decay

v

P(t)

“Dal’k Enel’gy" pc()nst — V(-)

Inflaton: scalar particle :

pr : Big-Bang universe
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_ Stochastic Form.

Starobinsky ‘86

. 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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STOCDELTAN

Renaux-Petel, YT, Vennin in prep.

o Double Mass-term

(N)
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————— linear
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(N)
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STOCDELTAN

Renaux-Petel, YT, Vennin in prep.

% Hybrid Inflation V=A"

stochastic
A critical point
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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

Renaux-Petel & Turzynski 15

% Hyperbolic R <0 Sidetracked Inflation

Gracia-Saenz, Renaux-Petel, Ronayne 18

unstable
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Generalization?

Pinol, Renaux-Petel, YT 18, 20

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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_2pt. func. in stoc.

o Stochastic EoM: _ = — V{Pw(N, %) + S S(V, X)
- dN 3H2(N, x) 27

' 2pt. correlation?? S
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2pt. func. in stoc.

o Stochastic EoM: _ = — VPR, X)) + 2. %) E(N, x)
dN 3H2(N, x) 2
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2pt. func. in stoc.

o Stochastic EoM: _ = — VPR, X)) + 2. %) E(N, x)
dN 3H2(N, x) 2
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_2pt. func. in stoc.

Stochastic EoM: _ = — V(PN X)) + HN. %) E(N, X)
dN 3HZ(N, x) 27

DISTANCE btw. x &y
< independence TIME

c.f. Starobinsky & Yokoyama ‘94
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Stochastic-ON

Fujita, Kawasaki, YT, Takesako 13
Vennin & Starobinsky 15

C obs. U.

= STOCDELTAN: numericmt YuichiroTadd . |




Stochastic-ON

Fujita, Kawasaki, YT, Takesako 13
Vennin & Starobinsky 15
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Stochastic-ON

Fujita, Kawasaki, YT, Takesako 13
Vennin & Starobinsky 15
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Stochastic-ON

Fujita, Kawasaki, YT, Takesako 13
Vennin & Starobinsky 15
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Requisites:

o« (W)W, w)and (SN ) (¢, w) as funcs. of init. val. (¢, )
« enough # of sample paths (RGB)

B (4) =30 - aN
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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 P

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

Renaux-Petel, YT, Vennin in prep.

% C++ package applicable to a general Lagrangian & = — %g””GU(¢)0ﬂ¢Ia,,¢J — V(¢)
+

Python automatic plotting support
% slow-roll field-space (¢) < full phase-space (¢’, 7))

% automatic parallelization w/ OpenMP

Solve 2 PDE in Jacobi method . Generate many sample paths
| T in stochastic Runge-Kutta (3,2]
ZLip - (6NZ)(@") = = DY(OLNNOKN))

STOCDELTAN: numerical's ehastic Yuichiro Tada ..




Jacobi for PDE
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Jacobi for PDE

4
Updatefl-j so that
PDE holds LOCALLY
ﬁ)z = 073
fOO = 0.37 fzo = 0.42 ¢

flO = 0.84 fgo = 0.48
vji./‘ Yuichiro Tads .
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Jacobi for PDE

|4

sz — 073

foo=0.37 | foo=0.42 Q
fio=0.84 f5,=0.48
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Jacobi for PDE

14
@ @
Recursion will reach
= 073 the GLOBAL solution
02 —
£, =0.28
foo=0.37 | foo=0.42 Q
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STOCDELTAN

Renaux-Petel, YT, Vennin in prep.

o Double Mass-term

(N)

N | =180
] 160
| 140

| B120

stochastic

————— linear

20 40 60 80
(N)
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STOCDELTAN

Renaux-Petel, YT, Vennin in prep.

2 2.2 2
. . 4 W ¢dw  d—¢. (P—P)
% Hybrid Inflation V=AT 1-5 +2¢2M2 P ‘ " c
c 1 o)
. N (N) 3
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Conclusions

< STOCDELTAN: C++ package for stochastic-ON analysis

« available from my GitHub page:

https://github.com/Nekomammal/StocDeltaN_dist
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