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Introduction

• Application of SK EFT to old problem in cosmology 

• Correlation function of a light scalar field in de Sitter have an IR problem 

• Signals a breakdown of perturbation theory, linked to the secular 
problem for massless fields
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• Inflationary spacetimes can be 
approximated by de Sitter ones
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Fluctuations during inflation
• Inflation continuously separates fluctuations into 

long and short wavelengths
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k/aH ⇠ 1

• Super-horizon modes freeze and define the relevant 
large-scale observables

• Short modes remain quantum and continuously interact with 
the long modes

Super-horizon perturbations behave as 
classical stochastic variables 
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1/(a0H)

Classical
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Stochastic inflation

•Use a time dependent coarse graining scale
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h⌘(t)⌘(t0)i = H
3
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0)•Long modes obey

• Coarse-graining at the horizon generates stochastic dynamics

• Split the field between long and short wavelength modes

Starobinsky ’85 
Starobinsky and Yokoyama ‘94 
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Fokker-Planck equation
• Langevin equation can be written as a Fokker-Planck equation 
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• Equilbrium solution at late times 

•This allows to compute correlation 
functions at late times

Starobinsky and 
Yokoyama ‘94

•This results in finite correlation functions
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Outlook

•   The Stochastic approach has many current applications in cosmology

•   Still there is an active discussion in how it is derived, what it computes and 
what are the corrections to the Fokker-Planck equation

•   This is naturally an open system so one should expect to apply those tools 
to this problem. 

•    It has remarkable properties, as computing loops from a classic approach



An RG approach 
•A first problem is to identify which is computed. Take the FP equation

•One is really computing a coarse grained probability. 
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•Time evolution is given by 
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Burgess et al. 09-18 
Gorbenko and Senatore ’19 

SC, Davis and Wang ’24 
Green and Gupta ’25 
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Wilsonian RG: integrating out 
short modes

• The effective description of long modes evolves as short modes are 
integrated out

• Physics should not depend on the arbitrary choice of cut-off

• This induces an exact, non-perturbative flow of interactions
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Figure 6: A schematic representation of the renormalization group equation for the ef-

fective interactions when the scale is lowered infinitesimally. Here the dashed line is a

propagator of the mode with energy ⇤ that is being integrated out, while the external lines

represent the number of low–energy fields at each vertex. All these external fields are eval-

uated at the same point x The total number of fields attached to a vertex is indicated by

the subscripts on the couplings gi.

the case that we lower the scale only infinitesimally, setting ⇤ = ⇤0 � ⌅⇤. To lowest order

in ⌅⇤, the ↵ propagator reduces to25

D(⌥)
⇥ (x, y) =

1

(2�)d
⇤d�1 ⌅⇤

⇤2 +m2



Sd�1
d⇧ ei⇥p̂·(x�y) (5.40)

as the range of momenta shrinks down, where d⇧ denotes an integral over a unit (d� 1)-

sphere in momentum space. This is a huge simplification! Since every ↵ propagator comes

with a factor of ⌅⇤, to lowest order in ⌅⇤ we need only consider diagrams with a single

↵ propagator. Since ⌦ is treated as an external field, we have only two possible classes of

diagram: either the ↵ propagator links together two separate vertices in Sint[⌦,↵] or else

it joins a single vertex to itself.

This diagrammatic represention of the process of integrating out degrees of freedom

is shown in figure 6. It has a very clear intuitive meaning. The mode ↵ appearing in the

propagator is the highest energy mode in the original scale ⇤0 theory. It thus probes the

shortest distances we can reliably access using Se⇤
⇥0
. When we integrate this mode out,

we can no longer resolve distances 1/⇤0 and our view of the ‘local’ interaction vertices is

correspondingly blurred. The graphs on the rhs of figure 6 represent new contributions to

the n–point ⌦ vertex in the lower scale theory coming respectively from two nearby vertices

joined by a ↵ field, or a higher point vertex with a ↵ loop attached. Below scale ⇤0 we

image that we are unable to resolve the short distance ↵ propagator.

We can write an equation for the change in the e⌃ective action that captures the

information in the Feynman diagrams in figure 6. It was obtained by Polchinski26, and

is really just the infinitesimal version of Wilson’s renormalization group equation (5.4) for

the e⌃ective action. Polchinski’s equation is

� ⇤
◆Sint

⇥ [⌦]

◆⇤
=


ddx ddy

⌦
⌅Sint

⇥

⌅⌦(x)
D⇥(x, y)

⌅Sint
⇥

⌅⌦(y)
�D⇥(x, y)

⌅2Sint
⇥

⌅⌦(x) ⌅⌦(y)

↵
, (5.41)

25To lowest order, it doesn’t matter whether we use �0 or � in this expression.
26Polchinski actually wrote a slightly more general version of the momentum space version of this equation,

including source terms
�
J⇥ in the e⇥ective action.
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RG in the SK contour
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Z![Jr, Ja] = 0• Given a theory with a cut-off
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• Defining the action as

With

• Filter function on each part of the contour
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Exact RG equation
• RG equation for the 

interactive part
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• The RG flow implies that the system become open

Close interactions odd in
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EFT from RG
• As the cutoff is lowered the action generates diffusion and dissipation
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)]

Diffusion equation for the density matrix

• These terms are in 
principal non local 
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ω log!
↑ εL

r . Dissipation

SC and Colas 2026



Open EFT for Stochastic Inflation

• Now lets consider the case of fields in de Sitter
<latexit sha1_base64="fUEVuQZr3j/yZyi3EZ0ay7va6Vw="></latexit>

ωL(εk, ϑ) = !!(k)ω(εk, ϑ), ωS(εk, ϑ) = !̄!(k)ω(εk, ϑ),

<latexit sha1_base64="ZQDuWnwrtI2YKErsK20BFSTiR0I="></latexit>

Sdiss/drift
IF =

∫

ωk

∫
dω a2(ω)!̄→

!(k)

∫
dω̃ !̄→

!̃
(k) a2(ω̃)

{
ε→L
a (ω)ε→L

r (ω̃)GA/R
S (k, ω, ω̃) + . . .

}

<latexit sha1_base64="qhk5b0ziwerSv/tK4k9eGZfMfN8="></latexit>

Sdi!
IF =

∫

ωk

∫
dω a2(ω)!̄→

”(k)

∫
dω̃ !̄→

”̃
(k) a2(ω̃)

{
ε→L
a (ϑk, ω)ε→L

a (→ϑk, ω̃)GK
S (k, ω, ω̃) + . . .

}
.

<latexit sha1_base64="cLo3XR0AsDR/A/OWAy0sMTSJTus="></latexit>

⌦⇤

<latexit sha1_base64="kEqbqCTnUUewC3tFj5owJ/7NEMU="></latexit>

⇤
<latexit sha1_base64="1aYC41+KNGYfm9quUKnuKA24Rc4="></latexit>

(1 + �)⇤

<latexit sha1_base64="rzBMh43qTIJHMORuKFzRJq7XqMU="></latexit>

k

<latexit sha1_base64="HW0PWpeNenfEmimzh7etAdYfMUY=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRKR6kYouunCRQX7gCaUyeSmHTqZhJmJUEvxV9y4UMSt/+HOv3HaZqGtBwYO55zLvXOClDOlHefbWlpeWV1bL2wUN7e2d3btvf2mSjJJoUETnsh2QBRwJqChmebQTiWQOODQCgY3E7/1AFKxRNzrYQp+THqCRYwSbaSufejdmnBIrjxIFeOJwATXunbJKTtT4EXi5qSEctS79pcXJjSLQWjKiVId10m1PyJSM8phXPQyBSmhA9KDjqGCxKD80fT6MT4xSoijRJonNJ6qvydGJFZqGAcmGRPdV/PeRPzP62Q6uvRHTKSZBkFni6KMY53gSRU4ZBKo5kNDCJXM3Ippn0hCtSmsaEpw57+8SJpnZbdSrtydl6rXeR0FdISO0Sly0QWqohqqowai6BE9o1f0Zj1ZL9a79TGLLln5zAH6A+vzB3OZlJc=</latexit>

! = ωaH

SC and Colas 2026 
Li, 2025, 2026

• Thin shell of momenta implies the system is Markovian

• UV/IR mixing leads to Gaussian effective open vertices



Local EFT and stochastic 
limit

• For the specific time dependent filter function the expansion is organised 
in powers of  

• Filter functions make the action local in time 

• Gradient expansion locality in space

<latexit sha1_base64="ymWFDPYAxyXMpDaliteBKKM2OF8="></latexit>

!̄→
!(k, ω) !̄

→
!(k, ω

→) →↑ ”a(ω)H ε(k → ”) ε(ω → ω
→)

<latexit sha1_base64="fnR7gmo6Du2jdbtm2dsNGI9UIq0=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVzURqS6LbrqsYB/QhDKZTtqh8wgzE6GE4sZfceNCEbd+hTv/xmmbhbYeuHA4517uvSdKGNXG876dwsrq2vpGcbO0tb2zu+fuH7S0TBUmTSyZVJ0IacKoIE1DDSOdRBHEI0ba0eh26rcfiNJUinszTkjI0UDQmGJkrNRzj0bnqA4DTTkMSKIpkwIGjEEf9tyyV/FmgMvEz0kZ5Gj03K+gL3HKiTCYIa27vpeYMEPKUMzIpBSkmiQIj9CAdC0ViBMdZrMXJvDUKn0YS2VLGDhTf09kiGs95pHt5MgM9aI3Ff/zuqmJr8OMiiQ1ROD5ojhl0Eg4zQP2qSLYsLElCCtqb4V4iBTCxqZWsiH4iy8vk9ZFxa9WqneX5dpNHkcRHIMTcAZ8cAVqoA4aoAkweATP4BW8OU/Oi/PufMxbC04+cwj+wPn8AREmlfM=</latexit>

k/aH → ω ↑ 1

<latexit sha1_base64="BF/JaIpoR99TDzrbhep68X6JwE0="></latexit>

SIF[ω
L
a ,ω

L
r ] →

Drift/Dissipation

Diffusion

Moss and Rigopoulous ’16 
Pinol et al ’20 

SC and Colas ’26 
Liu, ’25, ‘26

<latexit sha1_base64="fK/GIAd9ZwdqLcPsncTbAuw9mX0="></latexit>

k/a → !

<latexit sha1_base64="aGOXvgOZQeozd5EH7mcB5MpL/HA="></latexit>

k/a → !

<latexit sha1_base64="Z5sQ/4avj4oFTUojeWeo1xiSEgs=">AAACAHicbVC7SgNBFJ2NrxhfqxYWNoNBsAq7ItEyaJPCIoIxgewSZmdnkyHzWGZmhbCk8VdsLBSx9TPs/BsnyRaaeGDgcM653LknShnVxvO+ndLK6tr6RnmzsrW9s7vn7h88aJkpTNpYMqm6EdKEUUHahhpGuqkiiEeMdKLRzdTvPBKlqRT3ZpySkKOBoAnFyFip7x4FtzYco0BTHpBUUyYFRLDZd6tezZsBLhO/IFVQoNV3v4JY4owTYTBDWvd8LzVhjpShmJFJJcg0SREeoQHpWSoQJzrMZwdM4KlVYphIZZ8wcKb+nsgR13rMI5vkyAz1ojcV//N6mUmuwpyKNDNE4PmiJGPQSDhtA8ZUEWzY2BKEFbV/hXiIFMLGdlaxJfiLJy+Th/OaX6/V7y6qjeuijjI4BifgDPjgEjRAE7RAG2AwAc/gFbw5T86L8+58zKMlp5g5BH/gfP4AIAGWHQ==</latexit>

! → ωaH

<latexit sha1_base64="R+5Pt9Nwu0+Gnia5vNclzfLic5E="></latexit>

Sdi!
IF → i

∫
d3x

∫
dω a3(ω)

[
ε→L
a (x, ω)

]2

<latexit sha1_base64="gTiFp/fEpPpHIh4+OlzZkuUhxGQ="></latexit>

Sdrift/diss
IF = ω3

∫
dε a3(ε)

∫
d3x

[
ϑ→L
r ϑL

a ± ϑL
r ϑ

→L
a

]
+ · · · ,



Semiclassical Limit
• At late times the systems is out of equlibrium <latexit sha1_base64="TZHLbCIWzzozs8aJ71mr85YHg0k=">AAACJXicbZBNS8NAEIY39bt+RT16WSyCp5KoVA8eRC8eK1hbaGrZbCe6uNmE3YlYQv+MF/+KFw8WETz5V9zGImodWHh53hlm5w1TKQx63rtTmpqemZ2bXygvLi2vrLpr65cmyTSHBk9kolshMyCFggYKlNBKNbA4lNAMb09HfvMOtBGJusB+Cp2YXSsRCc7Qoq57FESa8TxAuMe8J4wRaeEMBt8sijJTkHJgREwDSI2Qibraq3bdilf1iqKTwh+LChlXvesOg17CsxgUcsmMafteip2caRRcgl2QGUgZv2XX0LZSsRhMJy+uHNBtS3o0SrR9CmlBf07kLDamH4e2M2Z4Y/56I/if184wOuzkQqUZguJfi6JMUkzoKDLaExo4yr4VjGth/0r5DbOxoQ22bEPw/548KS53q36tWjvfrxyfjOOYJ5tki+wQnxyQY3JG6qRBOHkgT+SFDJ1H59l5dd6+WkvOeGaD/Crn4xMut6d6</latexit>

dissipation

di!usion
→ ω3.

• This is more strictly formulated as a semiclassical limit

• Scaling matches perturbative computations. Some loop diagrams 
become more important

<latexit sha1_base64="/LVhDvG+MdwcPPJwyRziUTWXAHw=">AAACH3icbZDLTgIxFIY7eEO8jbp000hMXBgyowZdEt24xEQuCYPkTCnQ0GmHtmNCCG/ixldx40JjjDvexjKwUPAkTb7+/zlpzx/GnGnjeRMns7K6tr6R3cxtbe/s7rn7B1UtE0VohUguVT0ETTkTtGKY4bQeKwpRyGkt7N9O/doTVZpJ8WCGMW1G0BWswwgYK7XcYhD3WEsFRqZAzoLBIIE2Tm8wlWmsGZfi8QIHvRDUzGi5ea/gpYWXwZ9DHs2r3HK/g7YkSUSFIRy0bvhebJojUIYRTse5INE0BtKHLm1YFBBR3Ryl+43xiVXauCOVPcLgVP09MYJI62EU2s4ITE8velPxP6+RmM51c8REnBgqyOyhTsKxkXgaFm4zRYnhQwtAFLN/xaQHCoixkeZsCP7iystQPS/4xULx/jJfupnHkUVH6BidIh9doRK6Q2VUQQQ9o1f0jj6cF+fN+XS+Zq0ZZz5ziP6UM/kBDRmjmw==</latexit>

ωr → ωc, ωa → ε3⊋ωa

<latexit sha1_base64="PgPdBAqJKC7yk3vCDV6l6kvtGKA="></latexit>

h�2i1�loop =

Leading Log Subleading log

<latexit sha1_base64="VVp+UFlhFjlAIF+RBcOTWjLaFn4=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclRmV6rLoxmUF+4B2WjJppg3NZEKSUcrQ/3DjQhG3/os7/8Z0OgttPXC5h3PuJTcnkJxp47rfzsrq2vrGZmGruL2zu7dfOjhs6jhRhDZIzGPVDrCmnAnaMMxw2paK4ijgtBWMb2d+65EqzWLxYCaS+hEeChYygo2Vel05Yn3cu8i66pfKbsXNgJaJl5My5Kj3S1/dQUySiApDONa647nS+ClWhhFOp8VuoqnEZIyHtGOpwBHVfppdPUWnVhmgMFa2hEGZ+nsjxZHWkyiwkxE2I73ozcT/vE5iwms/ZUImhgoyfyhMODIxmkWABkxRYvjEEkwUs7ciMsIKE2ODKtoQvMUvL5PmecWrVqr3l+XaTR5HAY7hBM7AgyuowR3UoQEEFDzDK7w5T86L8+58zEdXnHznCP7A+fwBVreSbQ==</latexit>

ω3
aωr

<latexit sha1_base64="hgt/Z4fPGcsR2O8MvsoJWjfLYpU=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclRmV6rLoxmUF+4B2WjJppg3NZEKSUcrQ/3DjQhG3/os7/8Z0OgttPXC5h3PuJTcnkJxp47rfzsrq2vrGZmGruL2zu7dfOjhs6jhRhDZIzGPVDrCmnAnaMMxw2paK4ijgtBWMb2d+65EqzWLxYCaS+hEeChYygo2Vel05Yn3Vu8g67pfKbsXNgJaJl5My5Kj3S1/dQUySiApDONa647nS+ClWhhFOp8VuoqnEZIyHtGOpwBHVfppdPUWnVhmgMFa2hEGZ+nsjxZHWkyiwkxE2I73ozcT/vE5iwms/ZUImhgoyfyhMODIxmkWABkxRYvjEEkwUs7ciMsIKE2ODKtoQvMUvL5PmecWrVqr3l+XaTR5HAY7hBM7AgyuowR3UoQEEFDzDK7w5T86L8+58zEdXnHznCP7A+fwBVz+SbQ==</latexit>

ω3
rωa

Baumgart and Sundrum 2019 
SC, Davis and Wang ’24 

Launay et al ’25 
SC. Qin and Wang ’26 

SC and Colas ‘6 



EFT for long modes
• Local action reproduces correlation functions at finite time

SC and Colas 2026 
Li, 2025, 2026

<latexit sha1_base64="pPIffvf5KvFktuaCmEW8qxMMdes="></latexit>

S =

∫
d3x

∫
dt a3(t)

[
→ ωµε

L
r ωµεL

a → ϑ

3!
(εL

r )
3εL

a + iF [εr](ε̇
L
a )

2

]
.

<latexit sha1_base64="6sDOrCru0qxHBY50sBlKD8nYU9U="></latexit>

Sred =

∫
dt d

3
ωx a

3(t)εL
a

[
ϑ → ϖ̇

L
r → 1

3H
V,ω(ϖ

L
r ) +

1

3H

ϱ
2

a2
ϖ
L
r

]
+ · · · .

•  Using Hubbard-Stratonovich and integrating out the fast variables 

• This reproduces Langevin equation from stochastic inflation

<latexit sha1_base64="qVU7MMU40IcxgHqFzybewZGvcEA=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzIjUl0W3bisYB/QGYZMmmlDk5khuSPUofgrblwo4tb/cOffmLaz0NYDgZNz7iE3J0wF1+A431ZpZXVtfaO8Wdna3tnds/cP2jrJFGUtmohEdUOimeAxawEHwbqpYkSGgnXC0c3U7zwwpXkS38M4Zb4kg5hHnBIwUmAfeXTIA+JpLr1+Al5qbiqwq07NmQEvE7cgVVSgGdhfJkwzyWKggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkaE8m0n8+2n+BTo/RxlChzYsAz9XciJ1LrsQzNpCQw1IveVPzP62UQXfk5j9MMWEznD0WZwJDgaRW4zxWjIMaGEKq42RXTIVGEgimsYkpwF7+8TNrnNbdeq99dVBvXRR1ldIxO0Bly0SVqoFvURC1E0SN6Rq/ozXqyXqx362M+WrKKzCH6A+vzB99+lYQ=</latexit>

ωa → ε̇r

<latexit sha1_base64="9fi/iHIYUo8EtaFezJ5CjFdEkPI="></latexit>

�̇long = � 1

3H
V,� + ⌘�

<latexit sha1_base64="ccDSN8N1ljFfy3d6rN2RUWxX36o="></latexit>

h⌘(t)⌘(t0)i = H
3

4⇡2
�(t� t

0)



Stochastic fixed point?
• Non relativistic theory has local equilibrium

SC and Colas 2026 

• Dynamical  KMS at zero momenta 

• Scaling changes at late times

<latexit sha1_base64="qVU7MMU40IcxgHqFzybewZGvcEA=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzIjUl0W3bisYB/QGYZMmmlDk5khuSPUofgrblwo4tb/cOffmLaz0NYDgZNz7iE3J0wF1+A431ZpZXVtfaO8Wdna3tnds/cP2jrJFGUtmohEdUOimeAxawEHwbqpYkSGgnXC0c3U7zwwpXkS38M4Zb4kg5hHnBIwUmAfeXTIA+JpLr1+Al5qbiqwq07NmQEvE7cgVVSgGdhfJkwzyWKggmjdc50U/Jwo4FSwScXLNEsJHZEB6xkaE8m0n8+2n+BTo/RxlChzYsAz9XciJ1LrsQzNpCQw1IveVPzP62UQXfk5j9MMWEznD0WZwJDgaRW4zxWjIMaGEKq42RXTIVGEgimsYkpwF7+8TNrnNbdeq99dVBvXRR1ldIxO0Bly0SVqoFvURC1E0SN6Rq/ozXqyXqx362M+WrKKzCH6A+vzB99+lYQ=</latexit>

ωa → ε̇r

<latexit sha1_base64="z5C/Yvt8h8PabXF3lvJQ2JWs/5U="></latexit>

S
(2)
red =

∫
dt d

3
ωx a

3(t)

[
→ε

L
a

(
ϑt +

1

3H
V,ωω → 1

3H

ϑ
2

a2

)
ϖ
L
r + iD(εL

a )
2

]
.

<latexit sha1_base64="7HvQ18EtdSuX3OhepR3Qr5zN9is=">AAACInicbZDLSsNAFIYn9VbjLerSzWARBDUkRaouhKIbFy4q2AsksUwmk3bo5MLMpFBCn8WNr+LGhaKuBB/G6WVRqwcGfv7vHM6c308ZFdKyvrTCwuLS8kpxVV9b39jcMrZ3GiLJOCZ1nLCEt3wkCKMxqUsqGWmlnKDIZ6Tp965HvNknXNAkvpeDlHgR6sQ0pBhJZbWNC8ftI552aZs/3HqXbsgRzoOT8jAvD49119UdFyuIZuDRGJpto2SZ1rjgX2FPRQlMq9Y2PtwgwVlEYokZEsKxrVR6OeKSYkaGupsJkiLcQx3iKBmjiAgvH584hAfKCWCYcPViCcfu7ESOIiEGka86IyS7Yp6NzP+Yk8nw3MtpnGaSxHiyKMwYlAkc5QUDygmWbKAEwpyqv0LcRSoIqVLVVQj2/Ml/RaNs2hWzcndaql5N4yiCPbAPDoENzkAV3IAaqAMMHsEzeAVv2pP2or1rn5PWgjad2QW/Svv+AZeZoxM=</latexit>

[ωL
r ] =

d→ 2

2
,

[εL
a ] =

d+ 2

2
.

<latexit sha1_base64="ku4U/i2k4zmOTGTsNg2gNGfqPtE="></latexit>

ω̂L
a (ε

L
r )

3 : relevant for d < 4,

(ω̂L
a )

2(εL
r )

2 : irrelevant for d > 2,

(ω̂L
a )

3εL
r : strongly irrelevant for d > 0.

<latexit sha1_base64="+1qLxJi/jG3d1Ngs7q3X4WwJxoY=">AAACCnicbVDLSsNAFJ34rPEVdelmtAiuSlKldiMU3XRZoS9oYphMJ+3QyYOZiVBC1m78FTcuFHHrF7jzb5y0WWjrgQuHc+7l3nu8mFEhTfNbW1ldW9/YLG3p2zu7e/vGwWFXRAnHpIMjFvG+hwRhNCQdSSUj/ZgTFHiM9LzJbe73HggXNArbchoTJ0CjkPoUI6kk1zhpu6nNA0h8P7vWbZ8jnF40s7Rux/S+mlV03TXKZsWcAS4TqyBlUKDlGl/2MMJJQEKJGRJiYJmxdFLEJcWMZLqdCBIjPEEjMlA0RAERTjp7JYNnShlCP+KqQgln6u+JFAVCTANPdQZIjsWil4v/eYNE+nUnpWGcSBLi+SI/YVBGMM8FDiknWLKpIghzqm6FeIxUHFKll4dgLb68TLrVilWr1O4uy42bIo4SOAan4BxY4Ao0QBO0QAdg8AiewSt40560F+1d+5i3rmjFzBH4A+3zB+pKmSA=</latexit>

Te! =
3H

8ω2
.

<latexit sha1_base64="SOeMVsAbwlIJ1g6FpwtunUdN+m4="></latexit>

ωL
r (t, εx) → ωL

r (↑t, εx), ϑL
a (t, εx) → ϑL

a (↑t, εx) + iT→1
e! ω̇L

r (↑t, εx).



From RG to a equation for 
the  PDF

• Define probability as 

Green and Gupta ’25 
SC and Colas ’26,  

• Projecting into RG flow implies an defining a saddle point first

• Corrections  are computed around this saddle point.  Eg

<latexit sha1_base64="1UyknuvLK6v/x7+TGZrq9JMsddI="></latexit>

P![ω
L] =

∫
DεL

r DεL
a eiS

!
eff [ω

L
r ,ωL

a ] ϑ
[
εL
r (t0)→ ωL

]
ϑ
[
εL
a (t0)

]
.

<latexit sha1_base64="g9tY/pIgV2rx+LAnzQp2OgxTJW8="></latexit>

ωP![εL]

ω log!
= i

∫
d3x d3y

ωGK
! (|ϑx→ ϑy|; t0, t0)

ω log!

ϖ2P![εL]

ϖεL(ϑx) ϖεL(ϑy)

+

∫
d3x d3y

∫ t0

dt→
ωGR

!(|ϑx→ ϑy|; t0, t→)
ω log!

ϖ

ϖεL(ϑx)

[
E!(t→, ϑy; [εL])P![ε

L]
]
.

<latexit sha1_base64="WuKqp3ZVr3sMTEXXbS0kxDnmtpI="></latexit>

ωlog!P! → ε

∫
d3x d3y C!(ϑx, ϑy)ϖ

L(ϑx)
ϱ3P!

ϱϖL(ϑy)3
.

<latexit sha1_base64="VVp+UFlhFjlAIF+RBcOTWjLaFn4=">AAAB9XicbVDLSgMxFL3js9ZX1aWbYBFclRmV6rLoxmUF+4B2WjJppg3NZEKSUcrQ/3DjQhG3/os7/8Z0OgttPXC5h3PuJTcnkJxp47rfzsrq2vrGZmGruL2zu7dfOjhs6jhRhDZIzGPVDrCmnAnaMMxw2paK4ijgtBWMb2d+65EqzWLxYCaS+hEeChYygo2Vel05Yn3cu8i66pfKbsXNgJaJl5My5Kj3S1/dQUySiApDONa647nS+ClWhhFOp8VuoqnEZIyHtGOpwBHVfppdPUWnVhmgMFa2hEGZ+nsjxZHWkyiwkxE2I73ozcT/vE5iwms/ZUImhgoyfyhMODIxmkWABkxRYvjEEkwUs7ciMsIKE2ODKtoQvMUvL5PmecWrVqr3l+XaTR5HAY7hBM7AgyuowR3UoQEEFDzDK7w5T86L8+58zEdXnHznCP7A+fwBVreSbQ==</latexit>

ω3
aωr



From RG to Starobinsky

• In this limit we can rewrite the RG equation as the Starobinsky-Yokoyama 
equation

• This shows that the Starobinsky equation is the leading (diffusive) limit of 
the RG flow, with controlled    -suppressed corrections.

<latexit sha1_base64="KQ2IXn7ccu/BlEIwefdhvVff52Y="></latexit>

ωP [εL]

ωt
→ ϑ2

ω

ωεL

(
F [εL]P [εL]

)
, ϖϑ6

ω3εL, P [εL]

ω(εL)3
.

• FP equation is given by

<latexit sha1_base64="w9hvxVEtH0CwHtdl/UDboK03PwY=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Ae0oWy2k3bpZhN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU6WGiuYhlv1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7vlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jwZcIXMiIkllClubyVsRBVlxkZUsiF4yy+vktZF1atVa/eXlfpNHkcRTuAUzsGDK6jDHTSgCQwEPMMrvDmPzovz7nwsWgtOPnMMf+B8/gBQY5Ar</latexit>ω
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Stochastic inflation as a Lindbladian
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• The FP equation can also be obtained from a Lindbladian operator

• This is equivalent to the RG evolution and thus the two things must be related
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Conclusions
• Low energy EFTS of            share the same features: diffusion and 

decoherence. Semiclassical limit arises   

• Diffusion leads to an stochastic description 

• We get a more general RG equation, does it have any applications? 

• A lot of disagreement around non Gaussian noise 

• We need to consider gravity to understand backreation
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