De Sitter correlators in the stochastic approach

(work in progress)

1

Nadine Nussbaumer, Guilherme Pimentel,2  Leonardo Senatore3

LUniversity of Heidelberg, Germany
2SNS Pisa, Italy

3ETH Ziirich, Switzerland

Cosmological Correlators in Taiwan, December 2024

Nussbaumer, Pimentel, Senatore dS correlators in the stochastic approach Dec 2024 1/11



Scalar fields in de Sitter (dS)

Consider: Light (m < V/AH) scalar field ¢ with V(¢) ~ A¢* on dS

— perturbatively computed correlation functions IR-divergent

Intuition: Scalar EOM in Fourier space

P+ 3Ho + (Z—M) bk = %[¢3]k (1)

— long superhorizon modes (k < aH): evolution ultra-local

k
@ltJou() ~ 2 tog () loglkaH?)
aH ——
~——~~——" IR div. with cutoff L

secular divergence
= PT breaks down, non-perturbative treatment needed
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The stochastic a pproach [V. Gorbenko and L. Senatore, " A¢* in dS”, arXiv:1911.00022]

© Mode splitting: Split scalar field using a comoving momentum cutoff
A(t) = ea(t)H (2)

(with & an artificial parameter) into long- and short-wavelength
contributions

¢(X) = Qbﬁ()?a t) + (;55()_(’, t) (3)
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— treat long field ¢; non-perturbatively
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The stochastic a pproach [V. Gorbenko and L. Senatore, " A¢* in dS”, arXiv:1911.00022]

@ Correlators from probability distribution: P[¢] = Vi, [6]Vep[¢]

(00)--600) = [ Do PLOIOGR)-00)  hardl (5)

with P[¢] determined from the functional continuity equation

e focus on long modes:

At 34 -
Plod= [Dosfacd— [ Gaealpil o)

o use ultra-locality of long modes: different long field points ¢.(x;) do
not interact and behave as independent DOF ¢;

S (o)) / dd1..dbon Pol(b1, o 6 160 (7)

with n-point distribution P, determined from local Fokker-Planck PDE
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The stochastic a pproach [V. Gorbenko and L. Senatore, " A¢* in dS”, arXiv:1911.00022]

© Evolution equation for long mode distribution Pp:

9 . m 1y~ /
aPn(gbl,...,qs,,,t):— H; +2;JO(63HXU)HU P, (8)

with a "late-time free Hamiltonian”

n_ % _ 9 V(¢)  H &P
Hg :-Z@,, "6 = 56 30 T 82042 (9)

and " interaction Hamiltonians”

, H3 82

I = a2 5gi0; (19

— solve analogously to Schrodinger equation
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The stochastic a pproach [V. Gorbenko and L. Senatore, " A¢* in dS”, arXiv:1911.00022]

@ Solve evolution equation for long mode distribution P,:

) U RN
E'Dn(¢17'“a¢n; t) = H(() )+ EZMH’IJ Pn

i#
Focus on late-time free evolution H(g") =—>1,Ty (as
j()(t — OO) ~ 0)
o0
— Pn((,b]_, ceey ¢n; t) = Z CPlv---yPn(t)q)Pl (¢1)¢Pn(¢n)
pl,uwpn:O

with {®,}52 5 a complete ONB solving the EV problem

r¢i¢P(¢i) = _)‘P¢P(¢i) — Ap~ po‘ﬁH
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The stochastic a pproach [V. Gorbenko and L. Senatore, " A¢* in dS”, arXiv:1911.00022]

@ Solve evolution equation for long mode distribution P,:

0 (m I~
aF>n(¢1,...,¢n;t):— Hy +2§10(63HXU)H;J. P, (14)

Treat interaction ~ Hj; with sudden perturbation theory (PT)

ansatz: Pp(¢1, ..., dnit) = 300 5 0 Cprpepn (E)Ppy (61)--Pp, (60)

At late times, we find conformal correlators (up to subleading order
in sudden PT):

(SPIPZ
aHX12)2)\p1 /H

=N =2 Cppy(t) = (Ppy (01)Ppy(2)) = (

3 I
= n =3t (Pp, (1) Pp,(02)Pps(¢3)) = Hi<j;£k (aHX")(/\g,leril;j-—Apk)/H
if
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Correlators on superhorizon scales

The eigenfunctions ®, of the "late-time free Hamiltonian” ', behave as
late-time conformal primaries with conformal weights given by the
eigenvalues \,/H — dS boundary symmetries v

Another consistency check: 4-point function in the squeezed limit
decomposes into product of two squeezed 3-point functions in Fourier
space

= (PR L) (PpdBds)

4
K1 gyko s K3 oy ke 4 7 pp
(O PR OO, = (27) 6(2 k,->z foFy
i=1 p=0 <¢p¢P >

(15)
with k = |ki + ko| the exchanged momentum
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Correlators on superhorizon scales

A¢*-theory in dS " hadronises” on superhorizon scales into another weakly
coupled EFT of scalar hadrons W, (t, ¢;)

1 o
L(Vp) ~— 2 Z[(awp)2 + Mﬁ“’i] - Z Ap1paps Vo Vo Vs
p=0

P1,P2,P3
- Z )‘P1P2P3P4WP1WP2WP3WP4 + .. (16)
P1,P2,P3,P4

such that late-time correlators (W, Wp,...)(t — 00) = (®p, Pp,...) yield the
conformal primaries.

2
From dS mass formula: 3% (’\—,_‘,’ - > = —% — M2~ O(VA)  light!
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Correlators on superhorizon scales

Cubic coupling Ap, p,p;: Matching procedure with massive 3-point scalar
contact diagram at late times (e.g. using in-in-formalism)

NAVAN

PPN i 1\ (Z 3
64 5I'< H’)(zH _§> 2H 2

- )‘P1P2P3 = IP1P2P3 2 Ap:+Ap—A
TG =3 Thu (o)

~ O(N3/?) (17)

= W,'s more weakly coupled than original Ap*-theory!
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Correlators on superhorizon scales

Quartic coupling Ap, p,psp,: Interesting testing ground for the conjecture,
since correlators at 3-point level pinned down by dS symmetry

From stochastic approach: At subleading order in sudden PT

4
o Zkrek 3oy ) /H
@EDOEISEIOE) - Iy B [ (o) (75 =) /M (15)
i<j

o : ; — X12X34 — X12X34
with invariant cross ratios u = 33273, v = {22 and const. «, § ~ O(V\)

— problem: 4-point function from stochastic approach too simple!
Owing to finite precision ~ \/A? Only valid in certain kinematical regime?
Does it satisfy the differential equation for contact interactions?

— There's more to discover, stay tuned!
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