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Let’s consider the computation of correlation functions for a
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% Split propagators 06

One may split propagators into real and imaginary parts:

O O = Re( @ Q ) iIm( @ Q )
O O @----- O

Then one can prove:

08) Every vertex must have at least one imaginary
propagator attached to it

e Itis impossible to form a closed loop only with
imaginary propagators
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Let’s compute the two-point correlation function:

G(lx —x'|;7,7) = (Qp(x, 7)p((x', 7))

- i T (kakmf;(T') shalthx X"))

klx — x']

Let me give a step back. What is the origin of this growth?

Notice that the integral has the form: Shift symmetry

= dk j2E;

~ Ax?

I(s) - F'(sk) F(0)
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Thus, without solving the integral we see that it is not dS invariant

But recall that this feature is due to the shift symmetry
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Back to Allen’s result:

H*[ 1 , 1]
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/\j Allen (1985)
Secular growth

(due to the shift symmetry)

G(lx —x'|;7,7") =

However, in a shift symmetric theory, observables are also shift
symmetric invariant. For instance:

G (z,2') = 0,0, (p(z)(z))

(No secular growth here) See for instance Tolley & Turok (2001)
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k, ko k,

x [In a(T)]V X [log a(T)]L

Oto Now you have de Sitter invariant secular growth (from
vertices) and de Sitter breaking secular growth (from

loops)

ozo However, on top of giving you secular growth, loops
continue to imply IR divergences coming from integrals

ozo To trust computations in the limit k;|7| — 0 you have to
find a way to resume all of these IR contributions



e Correlators in dS 18

Is It possible to treat the divergences in a controlled way,
such that only the secular growth needs to be addressed?

Baumgart & Sundrum (2019)



e Correlators in dS 18

Is It possible to treat the divergences in a controlled way,
such that only the secular growth needs to be addressed?

There is a nice classical argument by Starobinksy and many others:

Baumgart & Sundrum (2019)



e Correlators in dS 18

Is it possible to treat the divergences in a controlled way,
such that only the secular growth needs to be addressed?

There is a nice classical argument by Starobinksy and many others:

------------------
----------------
L]
"""""
......
"
"
o

o
-
....
L] -
......
-----
-------
----------
----------------

1

—Rpg—| ~ —
H Baumgart & Sundrum (2019)




e Correlators in dS 18

Let’s say inflation is preceded by an (IR finite) radiation
dominated era
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What about theories with non-derivative interactions?

S = /dSQSdT a* (1) _2a21(7') "k 2a21(7) (Vp)* = V(y)

e Here the shift symmetry that led to secular
growth is broken

‘80 Therefore, one should not trust the free theory
all the downup [ — ()

There must exist a lengthscale AIR beyond which
the evolution becomes strongly nonlinear

k’/CL(T) < Amr
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e Light scalar field theories

There is an associated mass scale

2
MR

3H?

~ 2In(H/AR)

Thus, to regulate the IR perform perturbation theory with a mass:

S = /dSLIZ’dT a* ()

In the long wavelength regime one has

()] ~

2 2
m- << MR

X If

1

| 2a2(7)

- 2

¥

1

k3

then external legs are effectively massless

1

202 (T)

(V)?

om? /3H?
<k\¢\)
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3
N 2 1I1(H/AIR)

There is an associated mass scale

2
MR

Thus, to regulate the IR perform perturbation theory with a mass:

1 1 1
3 1 0 2 2 2 2
S = /d xrdr a”(T) 242 )gp 202 )(Vgp) 5P

In the long wavelength regime one has
2 2
5 1 2m~ /3H
fe(T)]7 ~ 3 k||
(%D If m2 < mIZR then external legs are effectively massless

l%t However, loops are regulated by 777 in a dS invariant way

(Recall Zhong-Zhi talk)
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o T _
_ H 1 ln(l . Z) ) In E (With a physical cutoff)
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1 > dk .
92 ; ?(kgfk(T)fk(T)

G(lx —x'|;7,7) =

sin(k|x — X/)>

klx — x|

H?[ 1 H?
— In(1 — Z)+3 (Withamass 771 )
8r2 |1 —Z n( ) m?
- _
_ H 1 ln(l . Z) ) In E (With a physical cutoff)
2|1 -2 A L, _2H?
: - AN = He 2m?
H? [ 1 2
e N A ) (R i ey

All of these procedures yield a dS invariant result!
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eX» Example: Daisy loops 23

There is a case that you can resolve exactly with a massive field:

(%1, (7) -

k1k2'°°kn k1k2°--kn k1k2...kn

The summation gives you back an exact result
valid to all orders in loops proportional to a tree-level '
diagram \

ki ko -+ k, &

(@1 (T) -+ 2k, (7)) =

Now you can go back to 7111 = 0 \
with no secular growth to be found!!! &

Huenupi, Hughes, GAP & Sypsas (2024)
See also: Lee et al. (2023); Creminelli et al. (2024)
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There is a connection between the stochastic formalism and
loop corrections to correlation functions (established by
Woodard and Tsamis)

A cumulant is a connected n-point function evaluated at
coincident point

(Pw(X) **+ Puw(X))c

Where: Physical /\

R Ha(t)
ow(x) = We(x) :/kW(k,t)gb(k) :/Ll dk (k)

Co-moving ,—\)
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Stochastic formalism and loops 25

There must exists a probability density function (PDF) allowing to
compute cumulants

(") = / dy p(p) @™

According to the stochastic formalism that PDF satisfies the

following Fokker-Planck equation _
(Starobinsky & Yokoyama)

d 03 5 1 9/ ..
n % | n
/d*w dt” /87?28902’0' 3H@gp(pv) £ ody

Am
V(p) = Z HSO
m ' (Tsamis & Woodard)
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Tsamis & Woodard:

%<s&”> =n(n — 1)5?<90n_2> S mz (mATl)! )
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Tsamis & Woodard:

%<g@”> = n(n — 1)8}1?<90n_2> 32] )3 (m)\fl)! <¢m+n_2>

H? : .
2 Loop corrections employing a
Where  57(1) (7) co-moving IR cutoff !I!
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To understand Tsamis and Woodard'’s result, let me offer a quick
derivation of the Fokker-Planck equation found by Satoribinsky and
Yokoyama

W{X+3H¢ %ﬁv’} — 0
L 3H ¢y, — 3HE(t)

. d
Where the noise is E=H! /k (EW(/C)> O (1)
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Now you have: Do W{V’(gp)} = HE(t)

The next assumption is:

This assumption leads to the Langevin equation: But wait a second.
This assumption is invalid!
1 .

P 3HV’(%) = H{(t)

This leads to the Fokker-Planck eq. found by Starobinsky
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bt =WV (o) | = HE()

Now you have:

Instead, let’s integrate
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(o) =~ [t (et O fott])

External legs Daisy loops

Now you have to decide how to cutoff loops

If you choose comoving cutoffs, then you recover Starobinksy’s result

If you choose a physical cutoff, you recover a different Fokker-Planck eq.
(See Spyros talk)
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If you choose a physical cutoff you recover cumulants
computed out of the exact result

ki ko --- k,

(@1 (T) -+ 2k, (7)) =

eft
)‘n
Recall that this result is free of dS breaking secular growth

Now you have to decide how to cutoff loops

If you choose comoving cutoffs, then you recover Starobinksy’s result

If you choose a physical cutoff, you recover a different Fokker-Planck eq.
(See Spyros talk)
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e Conclusions

Summary:

&% There is a systematic way to connect the
stochastic formalism with perturbation theory

& This can be done exactly to first order
with respect to the potential (where loops
appear in the form of daisy loops)

& The Fokker-Planck equation turns out to have
relevant corrections (see Spyros talk)






