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Effective theories from the 
top down 

Low energy 
Effective 

description 

Integrate out heavy fields Coarse-grain short modes
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eiS![ωL] =

∫
DωSe

iS[ωL,ωS ]
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eiSeff [ω] =

∫
DωeiS[ω,ε]

• Decoupling with the heavy dof 


• Regimes of validity manifest

• Wilsonian perspective (RG flows)


• Study how the theory changes

Coarse-grain/ integrate out
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Effective Field Theories in 
Cosmology

• What are the possible EFTs that are 
valid on superhorizon scales?


• Stochastic theory as a long 
wavelength effective action where 
superhorizon modes are coarse 
grained 


• What is the structure of these kinds 
of EFTs?
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Cosmological EFT and 
density matrix
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!
Dϑ+
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iS[ω+]→iS[ω→]
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Dϖ→

∫ ω

Dϱ+

∫ ω

Dϱ→e
iS[ϑ+,ϖ+]→iS[ϑ→,ϖ→]

= Dϖ+

∫ ε→

Dϖ→e
iSEFT[ωa,ωr ]

Pure state 

Not necessarily Hamiltonian 

Mixed state

Diffusion

Dissipation

T. Colas talk



Observable 4-pt function
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• Let’s start by discussing a simpler case

• Two vertices

• Amplitude pole only after considering both
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Superhorizon Limit
• On superhorizon scales                        we have that,

• One diagram dominates

• Same thing happens in stochastic inflation where a 
semiclassical limit arises
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SC, AC Davis and D-G Wang ‘23
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UV realisations of 
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Matching cubic vertex
• We perform the matching at different 

regimes with the 4-point function on a 
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Particle productionEFT expansion
<latexit sha1_base64="qMPVsCQb6/PdbyggqowXcRhoeXw="></latexit>

I3 → ↑ω
H

4

8m2
↓ e

→ωHm

<latexit sha1_base64="CozfYCipgY/fiPbwNczgX754o6I="></latexit>

I2 → ω
2H

4

m4
B(ki)

<latexit sha1_base64="dTrP8M6QDBq4zh2EOFwgCyT++5o=">AAAB+3icbVBNS8NAEN34WetXrEcvwSJ4KkmR6rHoxWMF+wFNLJPtplm62Sy7G7GE/hUvHhTx6h/x5r9x2+agrQ8GHu/NMDMvFIwq7brf1tr6xubWdmmnvLu3f3BoH1U6Ks0kJm2cslT2QlCEUU7ammpGekISSEJGuuH4ZuZ3H4lUNOX3eiJIkMCI04hi0EYa2BUfmIjBFzF9qPuKjhIY2FW35s7hrBKvIFVUoDWwv/xhirOEcI0ZKNX3XKGDHKSmmJFp2c8UEYDHMCJ9QzkkRAX5/Papc2aUoROl0hTXzlz9PZFDotQkCU1nAjpWy95M/M/rZzq6CnLKRaYJx4tFUcYcnTqzIJwhlQRrNjEEsKTmVgfHIAFrE1fZhOAtv7xKOvWa16g17i6qzesijhI6QafoHHnoEjXRLWqhNsLoCT2jV/RmTa0X6936WLSuWcXMMfoD6/MH8miUZg==</latexit>

ωε2ϑ
<latexit sha1_base64="tdy5cBUx22e49sInllEMc7AaEZY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ippXVSDWrV2f1mp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPn/GPLg==</latexit>ω

<latexit sha1_base64="TDZ5kXVcRihTN/44IH5FtXDuleA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14Y2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOule1b1GvfFwXWvdFnGU4QzO4RI8aEIL7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEXGo5K</latexit>

ω

<latexit sha1_base64="Aqt5hbztW8oGr/hzi3gPUoqw7zs=">AAAB8XicbZDLTgIxFIbPeEW8oS7dNBITV2SGBbqT6IYlJnKJMJBO6UBD25m0HRMy4S3cuNAYt76NOx/FnWVgoeCfNPny/+ek55wg5kwb1/1y1tY3Nre2czv53b39g8PC0XFTR4kitEEiHql2gDXlTNKGYYbTdqwoFgGnrWB8O8tbj1RpFsl7M4mpL/BQspARbKz1IHrl7nCIar1yv1B0S24mtAreAorX32Gmer/w2R1EJBFUGsKx1h3PjY2fYmUY4XSa7yaaxpiM8ZB2LEosqPbTbOIpOrfOAIWRsk8alLm/O1IstJ6IwFYKbEZ6OZuZ/2WdxIRXfspknBgqyfyjMOHIRGi2PhowRYnhEwuYKGZnRWSEFSbGHilvj+Atr7wKzXLJq5Qqd26xegNz5eAUzuACPLiEKtSgDg0gIOEJXuDV0c6z8+a8z0vXnEXPCfyR8/EDJiWToA==</latexit>

m
2 → H

2

<latexit sha1_base64="vqRS6bYxuKKwp7Vpq8bzbyT5gy8="></latexit>

ωe! = →1

2

ε2

m2

Local and unitary 
<latexit sha1_base64="TaszMU77l1n1xfxuCI2Scnktn7M=">AAAB9XicbVDLSgMxFL3js9ZX1aUiwSK4KjMi1WXRjcsW7APaaclkMm1oJjMkGaUMXfoPblwo4tZtv8Od3+BPmD4W2nogcDjnXO7N8WLOlLbtL2tpeWV1bT2zkd3c2t7Zze3t11SUSEKrJOKRbHhYUc4ErWqmOW3EkuLQ47Tu9W/Gfv2eSsUicacHMXVD3BUsYARrI7Vb3ER9jFpxj7UvOrm8XbAnQIvEmZF86WhU+X48HpU7uc+WH5EkpEITjpVqOnas3RRLzQinw2wrUTTGpI+7tGmowCFVbjq5eohOjeKjIJLmCY0m6u+JFIdKDULPJEOse2reG4v/ec1EB1duykScaCrIdFGQcKQjNK4A+UxSovnAEEwkM7ci0sMSE22KypoSnPkvL5LaecEpFooV08Y1TJGBQziBM3DgEkpwC2WoAgEJT/ACr9aD9Wy9We/T6JI1mzmAP7A+fgDJ55XE</latexit>

ωε4

<latexit sha1_base64="vqRS6bYxuKKwp7Vpq8bzbyT5gy8="></latexit>

ωe! = →1

2

ε2

m2

<latexit sha1_base64="klD89FgxvfcZOCisZC/tngSLATk=">AAAB8XicbZDLTgIxFIbPeEW8oS7dNBITV2SGBbqT6IYlJnKJMJBO6UBD25m0HRMy4S3cuNAYt76NOx/FnWVgoeCfNPny/+ek55wg5kwb1/1y1tY3Nre2czv53b39g8PC0XFTR4kitEEiHql2gDXlTNKGYYbTdqwoFgGnrWB8O8tbj1RpFsl7M4mpL/BQspARbKz1IHrlLueo1iv3C0W35GZCq+AtoHj9HWaq9wuf3UFEEkGlIRxr3fHc2PgpVoYRTqf5bqJpjMkYD2nHosSCaj/NJp6ic+sMUBgp+6RBmfu7I8VC64kIbKXAZqSXs5n5X9ZJTHjlp0zGiaGSzD8KE45MhGbrowFTlBg+sYCJYnZWREZYYWLskfL2CN7yyqvQLJe8Sqly5xarNzBXDk7hDC7Ag0uoQg3q0AACEp7gBV4d7Tw7b877vHTNWfScwB85Hz81epOq</latexit>

m
2 → H

2

<latexit sha1_base64="hmAwK/UI4pP7OP5vkmKq3qJDAFA="></latexit>

SEFT = →
∫

d3x

∫
dta3(t)

[
ωµεaω

µεr + ϑ1εaε
3
r + ϑ2ε

3
aεr

]

+ i

∫
d3x

∫
dta3(t)

∫
d3y ε2

aϑNL(|ϖx→ ϖy|)ε2
r

<latexit sha1_base64="NexUU9uADnk2p8FLE6ei7dFlpvE=">AAAB73icbVDLSgNBEJz1GeMr6lGRwSB4Crseohch6MVjAuYByRJ6J7PJkJnZdWZWCEuO/oAXD4p49Q/yHd78Bn/CyeOgiQUNRVU33V1BzJk2rvvlLC2vrK6tZzaym1vbO7u5vf2ajhJFaJVEPFKNADTlTNKqYYbTRqwoiIDTetC/Gfv1B6o0i+SdGcTUF9CVLGQEjJUarS4IAVdeO5d3C+4EeJF4M5IvHY0q34/Ho3I799nqRCQRVBrCQeum58bGT0EZRjgdZluJpjGQPnRp01IJgmo/ndw7xKdW6eAwUrakwRP190QKQuuBCGynANPT895Y/M9rJia89FMm48RQSaaLwoRjE+Hx87jDFCWGDywBopi9FZMeKCDGRpS1IXjzLy+S2nnBKxaKFZvGNZoigw7RCTpDHrpAJXSLyqiKCOLoCb2gV+feeXbenPdp65IzmzlAf+B8/ABtHJNJ</latexit>

ω = 1
<latexit sha1_base64="x6kqZrf0F5OIscr3qPz7F1aXC1o=">AAAB8nicbVDLSgNBEOz1GeMr6lGRwSB4CrseosegF48JmAfsLmF2MkmGzMwuM7NCWHL0E7x4UMSrH5Dv8OY3+BNOHgdNLGgoqrrp7ooSzrRx3S9nZXVtfWMzt5Xf3tnd2y8cHDZ0nCpC6yTmsWpFWFPOJK0bZjhtJYpiEXHajAa3E7/5QJVmsbw3w4SGAvck6zKCjZX8oIeFwAHnyGsXim7JnQItE29OipWTce378XRcbRc+g05MUkGlIRxr7XtuYsIMK8MIp6N8kGqaYDLAPepbKrGgOsymJ4/QuVU6qBsrW9Kgqfp7IsNC66GIbKfApq8XvYn4n+enpnsdZkwmqaGSzBZ1U45MjCb/ow5TlBg+tAQTxeytiPSxwsTYlPI2BG/x5WXSuCx55VK5ZtO4gRlycAxncAEeXEEF7qAKdSAQwxO8wKtjnGfnzXmfta4485kj+APn4weNfpR+</latexit>

ω → 1 Diffusion

Theory is well approximated by a pure state 

SC, Qin and Wang ‘25



Stochastic Regime
• For light masses                     we still can match to the leading 

log to a single field EFT provided that

• The               vertex dominates. Semiclassical limit

• Off-diagonal components directly related to decoherence

• Similar to the onset of the stochastic theory

<latexit sha1_base64="hb8aP7AQ1EKBRMiU4UML5cxg3TY=">AAAB9XicbVDLSgMxFL1TX7W+qi7dhBahqzKj0LosunFZwT6gHUsmzbShmcyQZJQy9D8EcaGIW7/DrTvRjzGddqGtBy73cM695OZ4EWdK2/anlVlZXVvfyG7mtrZ3dvfy+wdNFcaS0AYJeSjbHlaUM0EbmmlO25GkOPA4bXmji6nfuqVSsVBc63FE3QAPBPMZwdpIN91oyHry5jTtuJcv2mU7BVomzpwUa4XS91f1/aHey390+yGJAyo04VipjmNH2k2w1IxwOsl1Y0UjTEZ4QDuGChxQ5Sbp1RN0bJQ+8kNpSmiUqr83EhwoNQ48MxlgPVSL3lT8z+vE2j9zEyaiWFNBZg/5MUc6RNMIUJ9JSjQfG4KJZOZWRIZYYqJNUDkTgrP45WXSPCk7lXLlyqRxDjNk4QgKUAIHqlCDS6hDAwhIuIcneLburEfrxXqdjWas+c4h/IH19gOE4pZF</latexit>

ω3
rωa

<latexit sha1_base64="XcxRp6qU7VpKDZfEtjtBCk8uRSo="></latexit>

ωNL → ε
2

H2

!(ϑ)2

3 + 2ϑ

(
s
2
ϖ0ϖ

4

)→ω+3/2

<latexit sha1_base64="LeYFjLBExe1w4hwiAFuxHaB/PC0=">AAAB8XicbVBNTwIxEJ3FL8Qv1KOXRmLiiewSgx6JXjhiIh8RFtItXWhou5u2a0I2/AsvHjTGq//Gm//GAntQ8CWTvLw3k5l5QcyZNq777eQ2Nre2d/K7hb39g8Oj4vFJS0eJIrRJIh6pToA15UzSpmGG006sKBYBp+1gcjf3209UaRbJBzONqS/wSLKQEWys9Cj6lR7nqN6vDIolt+wugNaJl5ESZGgMil+9YUQSQaUhHGvd9dzY+ClWhhFOZ4VeommMyQSPaNdSiQXVfrq4eIYurDJEYaRsSYMW6u+JFAutpyKwnQKbsV715uJ/Xjcx4Y2fMhknhkqyXBQmHJkIzd9HQ6YoMXxqCSaK2VsRGWOFibEhFWwI3urL66RVKXvVcvX+qlS7zeLIwxmcwyV4cA01qEMDmkBAwjO8wpujnRfn3flYtuacbOYU/sD5/AFaGpAS</latexit>

m
2 → H

2

<latexit sha1_base64="+QXs7K8K7YVokuMYO1uCLAyUXW0=">AAACDXicbVC7TsMwFHXKq5RXgJHFoiCVgSqpUGGsYOlYpL6kJkSO66RWnTiyHaQq6g+w8CssDCDEys7G3+C2GaBwpHt1dM69su/xE0alsqwvo7Cyura+UdwsbW3v7O6Z+wddyVOBSQdzxkXfR5IwGpOOooqRfiIIinxGev74Zub37omQlMdtNUmIG6EwpgHFSGnJM08cxsPK+dhrO0QhzzpzwhA6gUA4a97VplmkW8kzy1bVmgP+JXZOyiBHyzM/nSHHaURihRmScmBbiXIzJBTFjExLTipJgvAYhWSgaYwiIt1sfs0UnmplCAMudMUKztWfGxmKpJxEvp6MkBrJZW8m/ucNUhVcuRmNk1SRGC8eClIGFYezaOCQCoIVm2iCsKD6rxCPkI5C6QBnIdjLJ/8l3VrVrlfrtxflxnUeRxEcgWNQATa4BA3QBC3QARg8gCfwAl6NR+PZeDPeF6MFI985BL9gfHwDdAaajg==</latexit>

log(→kT ω0) ↑
H

2

m2

Baumgart and Sundrum ‘19



Loops and matching

0.5 1.0 1.5 2.0 2.5 3.0
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ρμ (
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2

)

-
3

32 π2
H 4

m4

1

64 π2
(log μ2+

1

4 μ2
)

• Matching of the 4 point function to the EFT
<latexit sha1_base64="SdflAcHboE0BuTCcP8F3e3kYm+M="></latexit>

→ωk1ωk2ωk3ωk4↑
→
IR =

g2
∑

k3i
16

∏
k3i

[
ε̂µ

(
↓3i

2

)
↓ 1

16ϑ2
logµ2

R

]
log(↓kT ϖ0)

Local and unitary 
<latexit sha1_base64="TaszMU77l1n1xfxuCI2Scnktn7M=">AAAB9XicbVDLSgMxFL3js9ZX1aUiwSK4KjMi1WXRjcsW7APaaclkMm1oJjMkGaUMXfoPblwo4tZtv8Od3+BPmD4W2nogcDjnXO7N8WLOlLbtL2tpeWV1bT2zkd3c2t7Zze3t11SUSEKrJOKRbHhYUc4ErWqmOW3EkuLQ47Tu9W/Gfv2eSsUicacHMXVD3BUsYARrI7Vb3ER9jFpxj7UvOrm8XbAnQIvEmZF86WhU+X48HpU7uc+WH5EkpEITjpVqOnas3RRLzQinw2wrUTTGpI+7tGmowCFVbjq5eohOjeKjIJLmCY0m6u+JFIdKDULPJEOse2reG4v/ec1EB1duykScaCrIdFGQcKQjNK4A+UxSovnAEEwkM7ci0sMSE22KypoSnPkvL5LaecEpFooV08Y1TJGBQziBM3DgEkpwC2WoAgEJT/ACr9aD9Wy9We/T6JI1mzmAP7A+fgDJ55XE</latexit>

ωε4

<latexit sha1_base64="x6kqZrf0F5OIscr3qPz7F1aXC1o=">AAAB8nicbVDLSgNBEOz1GeMr6lGRwSB4CrseosegF48JmAfsLmF2MkmGzMwuM7NCWHL0E7x4UMSrH5Dv8OY3+BNOHgdNLGgoqrrp7ooSzrRx3S9nZXVtfWMzt5Xf3tnd2y8cHDZ0nCpC6yTmsWpFWFPOJK0bZjhtJYpiEXHajAa3E7/5QJVmsbw3w4SGAvck6zKCjZX8oIeFwAHnyGsXim7JnQItE29OipWTce378XRcbRc+g05MUkGlIRxr7XtuYsIMK8MIp6N8kGqaYDLAPepbKrGgOsymJ4/QuVU6qBsrW9Kgqfp7IsNC66GIbKfApq8XvYn4n+enpnsdZkwmqaGSzBZ1U45MjCb/ow5TlBg+tAQTxeytiPSxwsTYlPI2BG/x5WXSuCx55VK5ZtO4gRlycAxncAEeXEEF7qAKdSAQwxO8wKtjnGfnzXmfta4485kj+APn4weNfpR+</latexit>

ω → 1

<latexit sha1_base64="NexUU9uADnk2p8FLE6ei7dFlpvE=">AAAB73icbVDLSgNBEJz1GeMr6lGRwSB4Crseohch6MVjAuYByRJ6J7PJkJnZdWZWCEuO/oAXD4p49Q/yHd78Bn/CyeOgiQUNRVU33V1BzJk2rvvlLC2vrK6tZzaym1vbO7u5vf2ajhJFaJVEPFKNADTlTNKqYYbTRqwoiIDTetC/Gfv1B6o0i+SdGcTUF9CVLGQEjJUarS4IAVdeO5d3C+4EeJF4M5IvHY0q34/Ho3I799nqRCQRVBrCQeum58bGT0EZRjgdZluJpjGQPnRp01IJgmo/ndw7xKdW6eAwUrakwRP190QKQuuBCGynANPT895Y/M9rJia89FMm48RQSaaLwoRjE+Hx87jDFCWGDywBopi9FZMeKCDGRpS1IXjzLy+S2nnBKxaKFZvGNZoigw7RCTpDHrpAJXSLyqiKCOLoCb2gV+feeXbenPdp65IzmzlAf+B8/ABtHJNJ</latexit>

ω = 1 <latexit sha1_base64="tdy5cBUx22e49sInllEMc7AaEZY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ippXVSDWrV2f1mp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPn/GPLg==</latexit>ω

<latexit sha1_base64="TDZ5kXVcRihTN/44IH5FtXDuleA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14Y2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOule1b1GvfFwXWvdFnGU4QzO4RI8aEIL7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEXGo5K</latexit>

ω

SC, Qin and Wang ‘25

<latexit sha1_base64="xzj+vVOfc8jFIqkHpBKy1D0WmzU=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyUppbosunFZwT6gSctkOmmHzkzCzEQoIbjxV9y4UMStX+HOv3HaZqGtBy4czrmXe+8JYkaVdpxvq7C2vrG5Vdwu7ezu7R/Yh0dtFSUSkxaOWCS7AVKEUUFammpGurEkiAeMdILJzczvPBCpaCTu9TQmPkcjQUOKkTbSwD7xQolwOsrSWubFY9qveoqOOOpXB3bZqThzwFXi5qQMcjQH9pc3jHDCidCYIaV6rhNrP0VSU8xIVvISRWKEJ2hEeoYKxIny0/kLGTw3yhCGkTQlNJyrvydSxJWa8sB0cqTHatmbif95vUSHV35KRZxoIvBiUZgwqCM4ywMOqSRYs6khCEtqboV4jEwm2qRWMiG4yy+vkna14tYr9btauXGdx1EEp+AMXAAXXIIGuAVN0AIYPIJn8ArerCfrxXq3PhatBSufOQZ/YH3+AEfWl10=</latexit>g

4
ω2ε2



Stochastic Theory
Stochastic 
approach leads to

<latexit sha1_base64="xCWbsGwQcnQUc50m9Y0PvlBmcXw="></latexit>

ω

H
→ ε

→1/4
e! ↑ g

→1/2m

H
.

• Perturbative result valid up 
to

• Integrating over       
matches the QFT result

<latexit sha1_base64="4PuQK9vetIWCfY4j79bj1S4ozu4="></latexit>

P [ω,ε] → exp

(
↑ 8ϑ2

3H4

(
1

2
m

2
ε
2 +

g

4
ω
2
ε
2

))

<latexit sha1_base64="v62ZlIux/C2YHDDrlSCct08FEJs=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKVI9FLx4r2A/YLiWbZtvQbDYkWaEs/RFePCji1d/jzX9j2u5Bqw8GHu/NMDMvUoIb63lfqLS2vrG5Vd6u7Ozu7R9UD486Js00ZW2ailT3ImKY4JK1LbeC9ZRmJIkE60aT27nffWTa8FQ+2KliYUJGksecEuukbivoqzEPB9WaV/cWwH+JX5AaFGgNqp/9YUqzhElLBTEm8D1lw5xoy6lgs0o/M0wROiEjFjgqScJMmC/OneEzpwxxnGpX0uKF+nMiJ4kx0yRynQmxY7PqzcX/vCCz8XWYc6kyyyRdLoozgW2K57/jIdeMWjF1hFDN3a2Yjokm1LqEKi4Ef/Xlv6RzUfcb9cb9Za15U8RRhhM4hXPw4QqacActaAOFCTzBC7wihZ7RG3pftpZQMXMMv4A+vgEbYI9w</latexit>

P [ω]

SC Qin and Wang ‘25

• Theory stable for large 

<latexit sha1_base64="tdy5cBUx22e49sInllEMc7AaEZY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI9BLx4jmAckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+nfntJ6oNU/LBThIaCjyULGYEWye1eoYNBe6XK37VnwOtkiAnFcjR6Je/egNFUkGlJRwb0w38xIYZ1pYRTqelXmpogskYD2nXUYkFNWE2v3aKzpwyQLHSrqRFc/X3RIaFMRMRuU6B7cgsezPxP6+b2vg6zJhMUkslWSyKU46sQrPX0YBpSiyfOIKJZu5WREZYY2JdQCUXQrD88ippXVSDWrV2f1mp3+RxFOEETuEcAriCOtxBA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPn/GPLg==</latexit>ω

<latexit sha1_base64="TDZ5kXVcRihTN/44IH5FtXDuleA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEWo9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14Y2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOule1b1GvfFwXWvdFnGU4QzO4RI8aEIL7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEXGo5K</latexit>
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Coarse-grained dynamics
• Let us go back to the case of a coarse grained fields
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In preparation, SC and Colas



RG flow equation
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Diffusion

Dissipation

• Imposing that

• Differential eq

• In the limit when 
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ω → 0  we recover stochastic inflation

In preparation, SC and Colas

and thus semiclassical limit

SC, AC Davis and D-G Wang ‘23



Conclussions

• Low energy EFTS of            share the same features: diffusion 
and decoherence. Semiclassical limit arises  


• Unitary part dominates in the superhorizon regime


• Diffusion leads to an stochastic description


• Can we use this to go beyond perturbation theory?
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