Stochastic dynamics from QFT

Spyros Sypsas

Chulalongkorn U., Thailand

Spyros Sypsas Chulalongkorn U., Thailand Stochastic dynamics from QFT



Based on

2309.16474, 2311.17644 with Gonzalo Palma
2406.07610 with Gonzalo Palma, Javier Huenupi and Ellie Hughes

Spyros Sypsas Chulalongkorn U., Thailand Stochastic dynamics from QFT



A physical system

The night sky through a strong telescope
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Planck Legacy Archive

The night sky through a strong telescope

Python 3
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The Planck Data

o
~0.00075-0.00056-0.00025 0.00000 0.00025 0.00050 0.00075
P(6T) ~ ¥l

Quadratic action (linear dynamics) < Gaussian statistics
Interactions < non-Gaussian deviations
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CMB temperature fluctuations reflect density fluctuations and
small/large scale structure:

\ Large-scale
\ -

Spontaneous
partcle pair

creation

Mystery
particles

Infloton Hot spots Galaxy dlusters
portices in CMB. in LSS

P(p) = P(6T) = P(dg) ; P(dpbn)
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The problem

Probe scalar in the Poincare patch of (rigid) de Sitter space
(H = const):

o, V(¢) ‘ 4 = 22(7)(—df + dx), a= (Hr)~L.

Wavelengths stretch A = £a, wavevectors shrink p = k/a.

* Q: What is the statistics (correlators/PDF) of long modes?
(random process in an open system)

* Methods: QFT (Feynman graphs) = Stochastic (Langevin eq)
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S= /d3xd7' 2 [1gb2 - (Vo) — 32V(g0)}

2 2
o )\lr;ar(: ,
V()= g
n=2 ’

We will be interested in single-point statistics (i.e. histograms
marginalised over x)

obs
x A,

X1=+=Xp

(") = (p(x1) - - (xn))
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UV/IR structure of correlators

The simplest correlator is the (free theory) one-point variance:

T

o2 = H? /Ooo (2d7rk)3k13 (1+ (k7))

or, in physical momentum p = Hkr

H\? < dp P
2

= — i1+ 2

() [ 50 k)
UV divergence:  p?
IR divergence: o Inp

’Cure for external legs: restrict to long modes ‘
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Long-mode statistics

Long-short split: ¢ = s+ ¢;:
pulx )= L{px 0} = [ WE)

W(k) = 0(k«(t)—k)x0(k—ki(t:)) || W(p) = 0(H—p)x0(p—k.(t:)/a)

’Cut off external legs at k.(t;) = kir. This is our choice! ‘

WD) W (P)

- 5 ; n > . 0
0 laga = Mo &0 ® ?\KZ; ?;‘M
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Secular structure of correlators

Now — ;
0= (5) [ P
27 Hia P AT
We regularized but we now have a secular behaviour.

Linear modes independent — variance additive — blows up
asymptotically (secular).

’Cure: resummation‘ (e.g. stochastic formalism)
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Daisy loops

Do loops change the secular growth?

T T T
\/ =>¢/ + ;-;3 £ oon L

V(p) = Aoaept 4 aRaresb Lo (eg axion V ox 1 — cos p/f)

Recall that loops are virtual processes; they control the validity.

’Cure for internal legs: UV & IR cutoffs or dim reg + renormalization‘

Now there is a choice to be made! Comoving vs physical IR cutoff.

’ Is t; part of the theory?‘
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Let us choose a physical cutoff. Then
2 (H>2/“UV dp _ (H)ﬂn Aoy
0 2 AR P 21 /\IR
SK, in-in, WFU: n-pt functions loop-resummed to:

<<,9”(T)>C: —% Im{/ofiox/ﬂ:i? j_i)\?,bs [g(x, T, 7')] n}

with g the propagator and

7 )\bare 0_2 L
obs __ n+2L 0
=2 Ll <2>

L=0

(This is nothing but the coefficients of a Weierstrass transform)
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The PDF of long modes

Edgeworth expansion of the PDF truncated to linear order in the

interactions (single-vertex diagrams):
1t
(6.0 = 1+ A, 1)
plp,t) = ———= |1+ Ayt
27o2(t)

with

I L (1 )>6Hen(so/a)

n=0

’Perturbative QFT = Gaussian variables :‘

’ Feynman rules = Wick's theorem‘
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Upon using
O Hen(¢/0) = —nHen(/0)

the PDF can be resummed:

—0, 2,
Ay Im/ dx/d7'< XTT)) e 2 02 V(y)
" Veen ()

such that p = po [1 + A]

’This is the PDF of long modes
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Emergence of stochastic dynamics

kT — 0 limit:

A1) = 51 (Vin®) — EVn())

and we then take a time derivative of the PDF:

5= it Pl 5] s (V)

’ Fokker-Planck equation ‘
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Performing the same computation with a comoving IR cutoff:

L
n 47T n o2n n+2L 0-2(t)
‘ t —
<*9()>c )Z n+LL'< 2
leads to a PDF that satisfies the autonomous Fokker-Planck eq:

_ 8”;’ t o (V) | [ ]

Starobinsky '86; Tsamis & Woodard '05; ++-+

’ Physical cutoff: loops renormalise the vertex‘

’Comoving cutoff: Loops enhance secular growth‘
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The stochastic approach: Starobinski-Yokoyama 90's

Long modes: nonlin but classical
Short modes: lin but QM

T
) Han wm\m.mm.»,ummm

HHHHH'H%'HWMIHwmmwwu
I

= H

How to model the effect of short modes at large scales?
Pk = Plindk + Py 3k — €k = Prin(Bk — 3})
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The EOM for long modes now becomes a stochastic Langevin
equation: for At>> 1/H,

where f(t) is a Gaussian stochastic noise representing the
short-mode bath:

=t [ W (Hmén)) x o(n—n)

From this one can straightforwardly get the autonomous FP
equation: integrate Langevin

eL(t) = ve(t) — 35 /At Vi [oa(t)]

compute
(i (1)
plug in Edgeworth and derive:

. Hop 1 0
p_@agp 3Hdy (”Vren)
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Langevin from in-in

o(x, t) = U(t)pi(x, t)UT(t), where ¢)(x, t) is the interaction-picture
field and U = exp{ —if dt’fd3>( Vren(cp/)}.

To first order in the potential:
1
o)~ () ~ 5, [ ¢ Vi [

Now apply L:
PL ( ) QPG 3HdeJL{ ren [Sol(tj)]}

Computing
(@I(t))c

and following the same steps now leads to

3 2 ,
= oz (L 3 Vi) + 30 (Vi)
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The choice that was made is

L{ ren [ ]} Vien L‘PI)

When does this hold? When we negelct short-long mode
correlations. (equivalent to comoving vs physical loop cutoffs)
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* Statistics of long scalar modes on dS
* resummation of Feynman diagrams = stochastic formalism
* Important details :

VYV — Vien
Physical vs comoving reg loops: cumulative diffusion
Need for resummation in V to reach equilibrium

Thanks!
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Edgeworth expansion

plo) = / dJ (e

Using z= €, and w(J) = —202 P + 3%, L(p™)J", we obtain

12
5,2 X >

V2o Z /\1/| Z Z e o nN)CHen1+---+nN(‘P/U)

n '0”1 “nylomw
—0 ' m=0 ny=0'1 N
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The renormalized potential

Separate the IR modes
P=¢YsT oLt PR
and integrate them out:
V(@) = (VirV(? + or)|Vir)

with
ViRr) = /DSOIRW(WR)’@DIR)

with |¢1r) an IR field-eigenstate and |W(p1Rr)|? the Gaussian. This
leads directly to

V(5) = Veea(?)
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