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IR Divergences in de Sitter Space
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massless modes freeze after horizon-exit  


cumulative interactions  =>  logarithmic secular growth


Case study: massless  interaction in perturbation theoryΦ3

<latexit sha1_base64="sGC4uJabuIdwephJ3qOWTYf9e4A="></latexit>

⇠ i

Z ⌘0

�1

d⌘

⌘4
⇥
(1� ik1⌘)(1� ik2⌘)(1� ik3⌘)e

ikT ⌘ � c.c.
⇤
+ perm.

Are they really divergent? Do we need to worry about higher loops? 

~

from interacting massless scalars



Motivation: Beyond Perturbation Theory

I. Theory Non-perturbative QFT in dS?


Dynamical gravity, holography in cosmology, etc

non-Gaussian tails of the probability distributionII. Pheno 

important for compact 
astrophysical objects, e.g. 
supermassive BHs, early 

galaxies, PBHs



Plan of the Talk
From Wavefunction to Stochastic Formalism 

Density Matrix & Cosmological EFTs

Matching to an (Open) EFT 

 as an Effective Theory in de Sitter 
Diffusion as non-unitary effects

λϕ4

Trees 

Loops 

Back to Trees



I. Trees Bootstrap with CFT anomalies


Multi-field non-Gaussianities 

DGW, Pimentel, Achucarro 2212.14035



I. Trees: Contact
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Three-Point Contact
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 is massiveϕ IR-finite correlator Arkani-Hamed, Maldacena 2015
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Anomalous Conformal 
Ward Identities an extra source term 

 is masslessϕ IR-divergent correlator Bzowski, McFadden, Skenderis   
2013, 2015, 2018 

DGW, Pimentel, Achucarro 2022
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I. Trees: Exchange

7

Three-Point Scalar Seed
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<latexit sha1_base64="B9MBCrd0cr7wf3iwQrbMfLLopww=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0aI8FLx4rWltoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHj0aOJUM95isYx1J6CGS6F4CwVK3kk0p1EgeTsY38z89hPXRsTqAScJ9yM6VCIUjKKV7sf9y3654lbdOcgq8XJSgRzNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGNb9TKgkRa7YYlGYSoIxmf1NBkJzhnJiCWVa2FsJG1FNGdp0SjYEb/nlVfJ4UfWuqrW7WqVRz+Mowgmcwjl4cA0NuIUmtIDBEJ7hFd4c6bw4787HorXg5DPH8AfO5w/6x42U</latexit>

k3
<latexit sha1_base64="h0Lg9d26MzLHfycg9w/weVmJl6Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkaI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD5OBNyhX3Kq7AFknXk4qkKM5KH/1hzFLI66QSWpMz3MT9DOqUTDJZ6V+anhC2YSOeM9SRSNu/Gxx6oxcWGVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw7qfCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tOyYbgrb68TtpXVe+6WruvVRr1PI4inME5XIIHN9CAO2hCCxiM4Ble4c2Rzovz7nwsWwtOPnMKf+B8/gD3v42S</latexit>

k1
<latexit sha1_base64="tZkMaJJv6Bo/WfZPQd8mgtUu/WQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lK0R4LXjxWtLXQhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikY+JUM95msYx1N6CGS6F4GwVK3k00p1Eg+WMwuZn7j09cGxGrB5wm3I/oSIlQMIpWup8MaoNyxa26C5B14uWkAjlag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8Wp87IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMWz4mVBJilyx5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66RTq3pX1fpdvdJs5HEU4QzO4RI8uIYm3EIL2sBgBM/wCm+OdF6cd+dj2Vpw8plT+APn8wf5Q42T</latexit>

k2

<latexit sha1_base64="te0amkaYTtfBLNGpY8kOvQqY6/4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilVo8j7bv9csWtunOQVeLlpAI5Gv3yV28QszTiCpmkxnQ9N0E/oxoFk3xa6qWGJ5SN6ZB3LVU04sbP5tdOyZlVBiSMtS2FZK7+nshoZMwkCmxnRHFklr2Z+J/XTTG89jOhkhS5YotFYSoJxmT2OhkIzRnKiSWUaWFvJWxENWVoAyrZELzll1dJ66LqXVZr97VK/SaPowgncArn4MEV1OEOGtAEBo/wDK/w5sTOi/PufCxaC04+cwx/4Hz+ADH8juQ=</latexit>⌘0
<latexit sha1_base64="smUf0HaLBFqE1gDvrNF/bFskTyQ=">AAACCXicbVDLSgNBEJz1GeMr6tHLYBAiSNiVoB6DXvQWwTwgG0LvZDYZMvtgplcIS65e/BUvHhTx6h9482+cJHvQxIKGoqqb7i4vlkKjbX9bS8srq2vruY385tb2zm5hb7+ho0QxXmeRjFTLA82lCHkdBUreihWHwJO86Q2vJ37zgSstovAeRzHvBNAPhS8YoJG6BepqEVB3AJi6AeCAgUxvx+NScupyhK590i0U7bI9BV0kTkaKJEOtW/hyexFLAh4ik6B127Fj7KSgUDDJx3k30TwGNoQ+bxsaQsB1J51+MqbHRulRP1KmQqRT9fdECoHWo8AznZNr9bw3Ef/z2gn6l51UhHGCPGSzRX4iKUZ0EgvtCcUZypEhwJQwt1I2AAUMTXh5E4Iz//IiaZyVnfNy5a5SrF5lceTIITkiJeKQC1IlN6RG6oSRR/JMXsmb9WS9WO/Wx6x1ycpmDsgfWJ8/7uOZ2A==</latexit>

⇠ Î(u, ⌘0)

Anomalous Conformal 
Ward Identities

<latexit sha1_base64="KHqiSsR+9IFNHXlbqFbbIwJfM08="></latexit>

(�u � 2)Î(u, ⌘0) =
u

1 + u
+

6

u
K̂(k⌘0)

an extra source term  
caused by the IR cutoff

𝜎 is massless IR-divergent correlator DGW, Pimentel, Achucarro 2022 
Bzowski, McFadden, Skenderis 2023 

Conformal Ward 
Identities with

𝜎 is massive IR-finite correlator Arkani-Hamed, Baumann, 
Lee, Pimentel 2018 

Pimentel, DGW 2022
<latexit sha1_base64="Fl5QEcwOmyX9Vj5OhyB2Ntgy/Ew="></latexit>✓
�u � 2 +

m
2

H2

◆
Î =

u

1 + u

<latexit sha1_base64="jWm2eSOmq/o0PUedu+CBeVxbK8s=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETyUpRT0WvXisYD+giWWy3bRLdzdhd1Ooob/EiwdFvPpTvPlv3LY5aOuDgcd7M8zMCxNGlXbdb6uwsbm1vVPcLe3tHxyW7aPjtopTiUkLxyyW3RAUYVSQlqaakW4iCfCQkU44vp37nQmRisbiQU8TEnAYChpRDNpIfbvsT0AmI/pY8xUdcujbFbfqLuCsEy8nFZSj2be//EGMU06ExgyU6nluooMMpKaYkVnJTxVJAI9hSHqGCuBEBdni8JlzbpSBE8XSlNDOQv09kQFXaspD08lBj9SqNxf/83qpjq6DjIok1UTg5aIoZY6OnXkKzoBKgjWbGgJYUnOrg0cgAWuTVcmE4K2+vE7atap3Wa3f1yuNmzyOIjpFZ+gCeegKNdAdaqIWwihFz+gVvVlP1ov1bn0sWwtWPnOC/sD6/AHGb5Mt</latexit>

'2�
<latexit sha1_base64="98faTnzPtWO0HnwnvqQOZSXtRZQ=">AAACInicbVDLSsNAFJ34rPUVdelmsAguJCSl+NhIwY3LCvYBTSyTyaQdOkmGmYlQQv0VN/6KGxeKuhL8GCdtFrb1wMDhnHs5c4/PGZXKtr+NpeWV1bX10kZ5c2t7Z9fc22/JJBWYNHHCEtHxkSSMxqSpqGKkwwVBkc9I2x9e5377gQhJk/hOjTjxItSPaUgxUlrqmZdukCiXD6graT9Cp48uR0JRxO6rM2owO2ZZVs+s2JY9AVwkTkEqoECjZ37qLJxGJFaYISm7js2Vl+VxmJFx2U0l4QgPUZ90NY1RRKSXTU4cw2OtBDBMhH6xghP170aGIilHka8nI6QGct7Lxf+8bqrCCy+jMU8VifE0KEwZVAnM+4IBFQQrNtIEYUH1XyEeIIGw0q2WdQnO/MmLpFW1nDOrdlur1K+KOkrgEByBE+CAc1AHN6ABmgCDJ/AC3sC78Wy8Gh/G13R0ySh2DsAMjJ9fG4qklQ==</latexit>

�̇�, @2��, �̈�, ...



Here is the real “local” shape:

<latexit sha1_base64="BpYeEkKVERientR9bTY2WpLQX8A=">AAACI3icbZDLSgMxFIYz9VbrbdSlm2ARBKHMtEWLIBTcuKxoL9DLkEkzbZhMZkgyQhn6Lm58FTculOLGhe9iOtOFth5I+Pn+c0jO70aMSmVZX0ZubX1jcyu/XdjZ3ds/MA+PWjKMBSZNHLJQdFwkCaOcNBVVjHQiQVDgMtJ2/du5334iQtKQP6pJRPoBGnHqUYyURo55/TBIeiKALMSITeENLPQ8gXDiO/agcuE75fSuDCrTDKUkA45ZtEpWWnBV2AtRBItqOOasNwxxHBCuMENSdm0rUv0ECUUxI9NCL5YkQthHI9LVkqOAyH6S7jiFZ5oMoRcKfbiCKf09kaBAykng6s4AqbFc9ubwP68bK6/WTyiPYkU4zh7yYgZVCOeBwSEVBCs20QJhQfVfIR4jnZHSsRZ0CPbyyquiVS7Zl6XqfbVYry3iyIMTcArOgQ2uQB3cgQZoAgyewSt4Bx/Gi/FmzIzPrDVnLGaOwZ8yvn8AHwiiEA==</latexit>

Slocal =
k31 + k32 + k33

k31k
3
2k

3
3

8

<latexit sha1_base64="Zezipdtain+TBrzZrrSyYd90e78=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahbspMKeqy6MZlBfuAzjhk0kwbmmSGJCOUUnDjr7hxoYhbf8Kdf2OmnYW2HrhwOOfe5N4TJowq7TjfVmFldW19o7hZ2tre2d2z9w/aKk4lJi0cs1h2Q6QIo4K0NNWMdBNJEA8Z6YSj68zvPBCpaCzu9DghPkcDQSOKkTZSYB9VvARJTRELPJ56yZCe3dc8RQccBXbZqTozwGXi5qQMcjQD+8vrxzjlRGjMkFI910m0P8mex4xMS16qSILwCA1Iz1CBOFH+ZHbDFJ4apQ+jWJoSGs7U3xMTxJUa89B0cqSHatHLxP+8XqqjS39CRZJqIvD8oyhlUMcwCwT2qSRYs7EhCEtqdoV4iCTC2sRWMiG4iycvk3at6p5X67f1cuMqj6MIjsEJqAAXXIAGuAFN0AIYPIJn8ArerCfrxXq3PuatBSufOQR/YH3+AKUfl4k=</latexit>

(@µ�)
2�

<latexit sha1_base64="98faTnzPtWO0HnwnvqQOZSXtRZQ=">AAACInicbVDLSsNAFJ34rPUVdelmsAguJCSl+NhIwY3LCvYBTSyTyaQdOkmGmYlQQv0VN/6KGxeKuhL8GCdtFrb1wMDhnHs5c4/PGZXKtr+NpeWV1bX10kZ5c2t7Z9fc22/JJBWYNHHCEtHxkSSMxqSpqGKkwwVBkc9I2x9e5377gQhJk/hOjTjxItSPaUgxUlrqmZdukCiXD6graT9Cp48uR0JRxO6rM2owO2ZZVs+s2JY9AVwkTkEqoECjZ37qLJxGJFaYISm7js2Vl+VxmJFx2U0l4QgPUZ90NY1RRKSXTU4cw2OtBDBMhH6xghP170aGIilHka8nI6QGct7Lxf+8bqrCCy+jMU8VifE0KEwZVAnM+4IBFQQrNtIEYUH1XyEeIIGw0q2WdQnO/MmLpFW1nDOrdlur1K+KOkrgEByBE+CAc1AHN6ABmgCDJ/AC3sC78Wy8Gh/G13R0ySh2DsAMjJ9fG4qklQ==</latexit>

�̇�, @2��, �̈�, ...

<latexit sha1_base64="hpnySaJh+/CAhHti5mNvHw101yA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14Y2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOule1b1mvfHQqLVuizjKcAbncAkeXEML7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEWdo5I</latexit>

�
<latexit sha1_base64="hpnySaJh+/CAhHti5mNvHw101yA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14Y2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOule1b1mvfHQqLVuizjKcAbncAkeXEML7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEWdo5I</latexit>

�
<latexit sha1_base64="hpnySaJh+/CAhHti5mNvHw101yA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14Y2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOule1b1mvfHQqLVuizjKcAbncAkeXEML7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEWdo5I</latexit>

�

massless exchange:

the minimal setup for 

multi-field inflation

Side remark: local non-Gaussianity from multi-field inflation

logarithmic kt-pole: 
from the cubic vertex

logarithmic kn-pole: from the linear mixing

these poles were missed in the previous  formalism 

logarithmic secular growth <=> isocurvature conversion

δN

DGW, Pimentel, Achucarro 2022



II. Loops Wavefunction: Classical v.s. Quantum


Classical Loops and IR divergences

…

Cespedes, Davis, DGW 2023



IR Divergences & the Cosmological Wavefunction
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<latexit sha1_base64="lx4GVsC8REO3Mf19VDAu1cgN8QQ=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKVS9C0YvHCPYD21g22027dLMJuxuhpP0XXjwo4tV/481/47bNQVsfDDzem2Fmnh9zprRtf1u5ldW19Y38ZmFre2d3r7h/0FBRIgmtk4hHsuVjRTkTtK6Z5rQVS4pDn9OmP7yZ+s0nKhWLxL0exdQLcV+wgBGsjfTgXo07rmLjx0q3WLLL9gxomTgZKUEGt1v86vQikoRUaMKxUm3HjrWXYqkZ4XRS6CSKxpgMcZ+2DRU4pMpLZxdP0IlReiiIpCmh0Uz9PZHiUKlR6JvOEOuBWvSm4n9eO9HBpZcyESeaCjJfFCQc6QhN30c9JinRfGQIJpKZWxEZYImJNiEVTAjO4svLpFEpO+fl6t1ZqXadxZGHIziGU3DgAmpwCy7UgYCAZ3iFN0tZL9a79TFvzVnZzCH8gfX5AwpzkIU=</latexit>

P = | |2

Stochastic Formalism
<latexit sha1_base64="FR7nPYWewI+DmCrq5KtvkcISMns="></latexit>

@P

@t
=

@

@�

✓
V�

3H
P

◆
+

H
3

8⇡2

✓
@
2
P

@�2

◆

Fokker-Planck eq. 

non-perturbative 

equilibrium behaviour

Cosmological Bootstrap
<latexit sha1_base64="s/6jtnGhYKU/SzeZ0CcLgdk4oNI="></latexit>

 [�] = exp

" 1X

n=2

1

n!

Z

k1,...,kn

 n(k1, ...,kn) �k1 · · · �kn

#

 related to correlators 

perturbative 

secular growth

Gorbenko, Senatore 2019 
Cespedes, Davis, DGW  2023

?



The Field-Theoretic Wavefunction

Classical v.s. Quantum



Field-Theoretic Wavefunction ( )GN → 0

12

Quantum field theory in a fixed spacetime background
<latexit sha1_base64="bpLmVJdUUVd/F2k7EKL6s+z95ic="></latexit>

ds2 = gµ⌫dx
µdx⌫ =

�d⌘2 + dx2

H2⌘2

in

in

out

out

Wavefunction Coefficients

Free Interaction



Field-Theoretic Wavefunction: perturbation theory

13

Classical Way:

Saddle-point approximation


On-shell condition

<latexit sha1_base64="wG36qwi5PX2ACxB4A4Xol06OBMc=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0t6rHoxWMF+wHtUrJpto3NJkuSFcrS/+DFgyJe/T/e/Dem7R609cHA470ZZuaFieDGet43WlldW9/YLGwVt3d29/ZLB4dNo1JNWYMqoXQ7JIYJLlnDcitYO9GMxKFgrXB0O/VbT0wbruSDHScsiMlA8ohTYp3U7CaG9y56pbJX8WbAy8TPSRly1Hulr25f0TRm0lJBjOn4XmKDjGjLqWCTYjc1LCF0RAas46gkMTNBNrt2gk+d0seR0q6kxTP190RGYmPGceg6Y2KHZtGbiv95ndRG10HGZZJaJul8UZQKbBWevo77XDNqxdgRQjV3t2I6JJpQ6wIquhD8xZeXSfO84l9WqvfVcu0mj6MAx3ACZ+DDFdTgDurQAAqP8Ayv8IYUekHv6GPeuoLymSP4A/T5A1IJjvk=</latexit>

 3
<latexit sha1_base64="VssPfRTQ4rN8RK3b0bgk/P/dg/s=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5cY3q/1yxWv6s2BV4mfkwrkaPTLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroOMyyS1TNLFoigV2Co8ex0PuGbUiokjhGrubsV0RDSh1gVUciH4yy+vktZF1b+s1u5rlfpNHkcRTuAUzsGHK6jDHTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5A1ONjvo=</latexit>

 4
<latexit sha1_base64="P7KyEUyTgQDwGqOJ8MAex8fak0M=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjPidgx68RjBLJAMoafTk7TpZejuEcKQf/DiQRGv/o83/8ZOMgdNfFDweK+KqnpRwpmxvv/tFVZW19Y3ipulre2d3b3y/kHTqFQT2iCKK92OsKGcSdqwzHLaTjTFIuK0FY1up37riWrDlHyw44SGAg8kixnB1knNbmJY76JXrvhVfwa0TIKcVCBHvVf+6vYVSQWVlnBsTCfwExtmWFtGOJ2UuqmhCSYjPKAdRyUW1ITZ7NoJOnFKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauPrMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1AZVcCMHiy8ukeVYNLqvn9+eV2k0eRxGO4BhOIYArqMEd1KEBBB7hGV7hzVPei/fufcxbC14+cwh/4H3+AFURjvs=</latexit>

 5
<latexit sha1_base64="qNvZ0nq3TRuPxyoAuu6TkC8tSV0=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5cY3pf9csWrenPgVeLnpAI5Gv3yV2+gaBozaakgxnR9L7FBRrTlVLBpqZcalhA6JkPWdVSSmJkgm187xWdOGeBIaVfS4rn6eyIjsTGTOHSdMbEjs+zNxP+8bmqj6yDjMkktk3SxKEoFtgrPXscDrhm1YuIIoZq7WzEdEU2odQGVXAj+8surpHVR9S+rtftapX6Tx1GEEziFc/DhCupwBw1oAoVHeIZXeEMKvaB39LFoLaB85hj+AH3+AKt1jzQ=</latexit>

 n

… (semi-)classical 
wavefunction 
coefficients

<latexit sha1_base64="J4OLJj1aJVta22dZH/oKNU7MXeA=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgxbArQT0GvXiMYB6YrGF2MkmGzM4uM71CWPIXXjwo4tW/8ebfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMY3Uz95hPXRkTqHscx90M6UKIvGEUrPXSGAdWP6Zk36RZLbtmdgSwTLyMlyFDrFr86vYglIVfIJDWm7bkx+inVKJjkk0InMTymbEQHvG2poiE3fjq7eEJOrNIj/UjbUkhm6u+JlIbGjMPAdoYUh2bRm4r/ee0E+1d+KlScIFdsvqifSIIRmb5PekJzhnJsCWVa2FsJG1JNGdqQCjYEb/HlZdI4L3sX5cpdpVS9zuLIwxEcwyl4cAlVuIUa1IGBgmd4hTfHOC/Ou/Mxb8052cwh/IHz+QMjTpCU</latexit>

~�1

All the tree-level wavefunction coefficients:

bulk-to-boundary

bulk-to-bulk



Field-Theoretic Wavefunction: perturbation theory
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Quantum Way:

Functional Quantization


Propagators

Both tree-level & loop-level wavefunction coefficients:

quantum 
wavefunction 
coefficients

<latexit sha1_base64="qAT4PMEZSEP4RTG5GTlgVxxLNVM=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzEOSNcxOZpMh81hmZoWw5Cu8eFDEq5/jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKXlvxwkNBR5IFjOCrZMeusMI68fMn/TKFb/qz4CWSZCTCuSo98pf3b4iqaDSEo6N6QR+YsMMa8sIp5NSNzU0wWSEB7TjqMSCmjCbHTxBJ07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwVZkwmqaWSzBfFKUdWoen3qM80JZaPHcFEM3crIkOsMbEuo5ILIVh8eZk0z6rBRfX87rxSu87jKMIRHMMpBHAJNbiFOjSAgIBneIU3T3sv3rv3MW8tePnMIfyB9/kDtWaQXA==</latexit>

~0
<latexit sha1_base64="SsAOmnzmRGRirZy3NZWtwwKwoVs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae0sWy2m3bpZhN2J0IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ildm8UUP3o9csVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOyVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8NrPhEpS5IotFoWpJBiT2e9kIDRnKCeWUKaFvZWwEdWUoU2oZEPwll9eJa2LqndZrd3XKvWbPI4inMApnIMHV1CHO2hAExiM4Rle4c1JnBfn3flYtBacfOYY/sD5/AHvNo9R</latexit>

~1
<latexit sha1_base64="qAT4PMEZSEP4RTG5GTlgVxxLNVM=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzEOSNcxOZpMh81hmZoWw5Cu8eFDEq5/jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKXlvxwkNBR5IFjOCrZMeusMI68fMn/TKFb/qz4CWSZCTCuSo98pf3b4iqaDSEo6N6QR+YsMMa8sIp5NSNzU0wWSEB7TjqMSCmjCbHTxBJ07po1hpV9Kimfp7IsPCmLGIXKfAdmgWvan4n9dJbXwVZkwmqaWSzBfFKUdWoen3qM80JZaPHcFEM3crIkOsMbEuo5ILIVh8eZk0z6rBRfX87rxSu87jKMIRHMMpBHAJNbiFOjSAgIBneIU3T3sv3rv3MW8tePnMIfyB9/kDtWaQXA==</latexit>

~0

Cespedes, Davis, DGW  2023 



From Wavefunction to Correlators
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Born rule:

Tree-level examples:

Analogy to Flat Spacetime

Wavefunction Coefficients Scattering Amplitudes

Cosmological Correlators Cross Section

+..
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From Wavefunction to Correlators: One-Loop Example for g
3! Φ3

<latexit sha1_base64="yrX3aUQFa1n+x1wyKVS+3EsOqL4=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgxpKUoi6LblxWsA9oYphMJ+3QmUyYmQgh1F9x40IRt36IO//GaZuFth64cDjnXu69J0wYVdpxvq3S2vrG5lZ5u7Kzu7d/YB8edZVIJSYdLJiQ/RApwmhMOppqRvqJJIiHjPTCyc3M7z0SqaiI73WWEJ+jUUwjipE2UmBXvUTRoPGQe5JD95wJkUwDu+bUnTngKnELUgMF2oH95Q0FTjmJNWZIqYHrJNrPkdQUMzKteKkiCcITNCIDQ2PEifLz+fFTeGqUIYyENBVrOFd/T+SIK5Xx0HRypMdq2ZuJ/3mDVEdXfk7jJNUkxotFUcqgFnCWBBxSSbBmmSEIS2puhXiMJMLa5FUxIbjLL6+SbqPuXtSbd81a67qIowyOwQk4Ay64BC1wC9qgAzDIwDN4BW/Wk/VivVsfi9aSVcxUwR9Ynz8jbJR0</latexit>

 1�loop
2

<latexit sha1_base64="lInSSSd4W06shuQxJO7a5baLJKs=">AAACDHicbVC7TsMwFHXKq5RXgZHFokIqA1USKmCsYGEsEn1ITVo5rpNadeLIdpCqKB/Awq+wMIAQKx/Axt/gthmg5UiWjs45V9f3eDGjUpnmt1FYWV1b3yhulra2d3b3yvsHbckTgUkLc8ZF10OSMBqRlqKKkW4sCAo9Rjre+Gbqdx6IkJRH92oSEzdEQUR9ipHS0qBccSQNHV8gnAZ9O0vtcf88cxgPqmf22CEKDcxTnTJr5gxwmVg5qYAczUH5yxlynIQkUpghKXuWGSs3RUJRzEhWchJJYoTHKCA9TSMUEumms2MyeKKVIfS50C9ScKb+nkhRKOUk9HQyRGokF72p+J/XS5R/5aY0ihNFIjxf5CcMKg6nzcAhFQQrNtEEYUH1XyEeId2M0v2VdAnW4snLpG3XrIta/a5eaVzndRTBETgGVWCBS9AAt6AJWgCDR/AMXsGb8WS8GO/GxzxaMPKZQ/AHxucPhkqaog==</latexit>

⇠ g2

2k3
log(�2k⌘0)

<latexit sha1_base64="VssPfRTQ4rN8RK3b0bgk/P/dg/s=">AAAB7XicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY9FLx4r2A9ol5JNs21sNlmSrFCW/gcvHhTx6v/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJIPdpKwICZDySNOiXVSq5cY3q/1yxWv6s2BV4mfkwrkaPTLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7tFJ85ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroOMyyS1TNLFoigV2Co8ex0PuGbUiokjhGrubsV0RDSh1gVUciH4yy+vktZF1b+s1u5rlfpNHkcRTuAUzsGHK6jDHTSgCRQe4Rle4Q0p9ILe0ceitYDymWP4A/T5A1ONjvo=</latexit>

 4

<latexit sha1_base64="wG36qwi5PX2ACxB4A4Xol06OBMc=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0t6rHoxWMF+wHtUrJpto3NJkuSFcrS/+DFgyJe/T/e/Dem7R609cHA470ZZuaFieDGet43WlldW9/YLGwVt3d29/ZLB4dNo1JNWYMqoXQ7JIYJLlnDcitYO9GMxKFgrXB0O/VbT0wbruSDHScsiMlA8ohTYp3U7CaG9y56pbJX8WbAy8TPSRly1Hulr25f0TRm0lJBjOn4XmKDjGjLqWCTYjc1LCF0RAas46gkMTNBNrt2gk+d0seR0q6kxTP190RGYmPGceg6Y2KHZtGbiv95ndRG10HGZZJaJul8UZQKbBWevo77XDNqxdgRQjV3t2I6JJpQ6wIquhD8xZeXSfO84l9WqvfVcu0mj6MAx3ACZ+DDFdTgDurQAAqP8Ayv8IYUekHv6GPeuoLymSP4A/T5A1IJjvk=</latexit>

 3
<latexit sha1_base64="wG36qwi5PX2ACxB4A4Xol06OBMc=">AAAB7XicbVBNSwMxEJ34WetX1aOXYBE8lV0t6rHoxWMF+wHtUrJpto3NJkuSFcrS/+DFgyJe/T/e/Dem7R609cHA470ZZuaFieDGet43WlldW9/YLGwVt3d29/ZLB4dNo1JNWYMqoXQ7JIYJLlnDcitYO9GMxKFgrXB0O/VbT0wbruSDHScsiMlA8ohTYp3U7CaG9y56pbJX8WbAy8TPSRly1Hulr25f0TRm0lJBjOn4XmKDjGjLqWCTYjc1LCF0RAas46gkMTNBNrt2gk+d0seR0q6kxTP190RGYmPGceg6Y2KHZtGbiv95ndRG10HGZZJaJul8UZQKbBWevo77XDNqxdgRQjV3t2I6JJpQ6wIquhD8xZeXSfO84l9WqvfVcu0mj6MAx3ACZ+DDFdTgDurQAAqP8Ayv8IYUekHv6GPeuoLymSP4A/T5A1IJjvk=</latexit>

 3X

Classical 
Loops

Classical Loops: leading IR logs in correlators



IR Loops: Wavefunction is IR safe
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Gorbenko, Senatore 2019

only secular divergence from time integrals,  
no IR divergences from loop integrals

L-loop n-point wavefunction coefficient:

Bulk-to-bulk propagator at IR:

Momentum integration from loops:

i
6 H2η3 + 𝒪(p2) for η > η′ 



Classical Loops: leading IR logs in correlators

18

three-point function at three-loop order

Quantum loop Mixture of quantum & classical loop

Classical Loops



Classical Loops: leading IR logs in correlators

19

IR-divergent correlators are always dominated by Classical loops

IR divergence Superhorizon 
physics

Semi-classical 
effect

L-loop n-point correlator (with V vertices):

in agreement with 
Baumgart, Sundrum 2019 



III. Back To Trees

What does the stochastic formalism resum?


Fokker-Planck eq. from boundary RG flow



A tempting thought

21

<latexit sha1_base64="FR7nPYWewI+DmCrq5KtvkcISMns="></latexit>
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saddle-point approx. Fokker-Planck equation

<latexit sha1_base64="McLsWBvQiD/yeTsg5cuMGD8zkwE="></latexit>

P [�l] =

Z
D�l �

✓
�l �

Z
d3k

(2⇡)3
⌦k�k

◆
| (�k)|2

First, screen out the short wavelength modes:

Then, let’s check the perturbative regime of , where the equilibrium has not 
been reached.

λϕ4

controllable playground to explicitly 
match two computations 

could be interesting for pheno

<latexit sha1_base64="Yegwsg5uR3cLZVZkxPx3DmK8WQE=">AAACCHicbVC7SgNBFJ31GeNr1dLCwSBYhd0Q1MIiaGMZwTwgu4bZyWwyZB7LzKwQlpQ2/oqNhSK2foKdf+Mk2UITDwwczrmXM/dECaPaeN63s7S8srq2Xtgobm5t7+y6e/tNLVOFSQNLJlU7QpowKkjDUMNIO1EE8YiRVjS8nvitB6I0leLOjBISctQXNKYYGSt13aMsUBximdow0R/DwFBONAyY7N9X4KXfdUte2ZsCLhI/JyWQo951v4KexCknwmCGtO74XmLCDClDMSPjYpBqkiA8RH3SsVQgGxdm00PG8MQqPRhLZZ8wcKr+3sgQ13rEIzvJkRnoeW8i/ud1UhNfhBkVSWqIwLOgOGXQSDhpBfaoItiwkSUIK2r/CvEAKYSN7a5oS/DnT14kzUrZPytXb6ul2lVeRwEcgmNwCnxwDmrgBtRBA2DwCJ7BK3hznpwX5935mI0uOfnOAfgD5/MHqK2ZFw==</latexit>

coupling ⇥ log2 < 1



Correlators from stochastic formalism
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<latexit sha1_base64="T5okQ3+P8btAKHZV6tWtHD5sKhQ=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0Wom5pIUTdC0Y3LCvYBTSyTyaQdOpmEmYlQQj/Djb/ixoUibrvzb5ykWWjrgYEz59zLvfd4MaNSWda3UVpZXVvfKG9WtrZ3dvfM/YOOjBKBSRtHLBI9D0nCKCdtRRUjvVgQFHqMdL3xbeZ3n4iQNOIPahITN0RDTgOKkdLSwDxzGOJDRpx4RB+5I/LPtUO5gn6mwbkBW7WMnFYGZtWqWzngMrELUgUFWgNz5vgRTkLCFWZIyr5txcpNkVAUMzKtOIkkMcJjNCR9TTkKiXTT/LApPNGKD4NI6Kc3ytXfHSkKpZyEnq4MkRrJRS8T//P6iQqu3JTyOFGE4/mgIGFQRTBLCfpUEKzYRBOEBdW7QjxCAmGls8xCsBdPXiad87p9UW/cN6rNmyKOMjgCx6AGbHAJmuAOtEAbYPAMXsE7+DBejDfj0/ial5aMoucQ/IEx+wHCv5+N</latexit>

h�ni =
Z

d��nP (�)

<latexit sha1_base64="bUmwWyCpG/IC/Y6FP8kULgcJDcU="></latexit>
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Z
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�
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↵
+

n(n� 1)H3

8⇡2
h�n�2i

{
a set of diff. eqs. 
that can be solved 
perturbatively 

Free theory one-loop two-loop ……

Gaussian 
variance

classical loops from tree-level 
wavefunction coefficients

quantum loops 
are absent

<latexit sha1_base64="b4EsnIBEfycSD0ZplrZuU3UU+Yg=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSLUS9mVoh6LXjxWcNtCu5Rsmm1Ds8mSZIWytH/BiwdFvPqDvPlvTNs9aOuDgcd7M8zMCxPOtHHdb2dtfWNza7uwU9zd2z84LB0dN7VMFaE+kVyqdog15UxQ3zDDaTtRFMchp61wdDfzW09UaSbFoxknNIjxQLCIEWys5Fem0+lFr1R2q+4caJV4OSlDjkav9NXtS5LGVBjCsdYdz01MkGFlGOF0UuymmiaYjPCAdiwVOKY6yObHTtC5VfooksqWMGiu/p7IcKz1OA5tZ4zNUC97M/E/r5Oa6CbImEhSQwVZLIpSjoxEs89RnylKDB9bgoli9lZEhlhhYmw+RRuCt/zyKmleVr2rau2hVq7f5nEU4BTOoAIeXEMd7qEBPhBg8Ayv8OYI58V5dz4WrWtOPnMCf+B8/gCCUI6A</latexit>

( )
<latexit sha1_base64="b4EsnIBEfycSD0ZplrZuU3UU+Yg=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSLUS9mVoh6LXjxWcNtCu5Rsmm1Ds8mSZIWytH/BiwdFvPqDvPlvTNs9aOuDgcd7M8zMCxPOtHHdb2dtfWNza7uwU9zd2z84LB0dN7VMFaE+kVyqdog15UxQ3zDDaTtRFMchp61wdDfzW09UaSbFoxknNIjxQLCIEWys5Fem0+lFr1R2q+4caJV4OSlDjkav9NXtS5LGVBjCsdYdz01MkGFlGOF0UuymmiaYjPCAdiwVOKY6yObHTtC5VfooksqWMGiu/p7IcKz1OA5tZ4zNUC97M/E/r5Oa6CbImEhSQwVZLIpSjoxEs89RnylKDB9bgoli9lZEhlhhYmw+RRuCt/zyKmleVr2rau2hVq7f5nEU4BTOoAIeXEMd7qEBPhBg8Ayv8OYI58V5dz4WrWtOPnMCf+B8/gCCUI6A</latexit>

( )
<latexit sha1_base64="b4EsnIBEfycSD0ZplrZuU3UU+Yg=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSLUS9mVoh6LXjxWcNtCu5Rsmm1Ds8mSZIWytH/BiwdFvPqDvPlvTNs9aOuDgcd7M8zMCxPOtHHdb2dtfWNza7uwU9zd2z84LB0dN7VMFaE+kVyqdog15UxQ3zDDaTtRFMchp61wdDfzW09UaSbFoxknNIjxQLCIEWys5Fem0+lFr1R2q+4caJV4OSlDjkav9NXtS5LGVBjCsdYdz01MkGFlGOF0UuymmiaYjPCAdiwVOKY6yObHTtC5VfooksqWMGiu/p7IcKz1OA5tZ4zNUC97M/E/r5Oa6CbImEhSQwVZLIpSjoxEs89RnylKDB9bgoli9lZEhlhhYmw+RRuCt/zyKmleVr2rau2hVq7f5nEU4BTOoAIeXEMd7qEBPhBg8Ayv8OYI58V5dz4WrWtOPnMCf+B8/gCCUI6A</latexit>

( )



Beyond perturbation theory
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Coarse-grained probability distribution

<latexit sha1_base64="GexiylffZSJ4qUQVTEl8YcOnDts=">AAAB+nicbVDLSgMxFM3UV62vqS7dBItQN2VGirosunEhWME+oDMMmUzahiaZIckoZeynuHGhiFu/xJ1/Y9rOQlsPBA7n3MO9OWHCqNKO820VVlbX1jeKm6Wt7Z3dPbu831ZxKjFp4ZjFshsiRRgVpKWpZqSbSIJ4yEgnHF1N/c4DkYrG4l6PE+JzNBC0TzHSRgrssnfLyQAF3o3JRKg6OgnsilNzZoDLxM1JBeRoBvaXF8U45URozJBSPddJtJ8hqSlmZFLyUkUShEdoQHqGCsSJ8rPZ6RN4bJQI9mNpntBwpv5OZIgrNeahmeRID9WiNxX/83qp7l/4GRVJqonA80X9lEEdw2kPMKKSYM3GhiAsqbkV4iGSCGvTVsmU4C5+eZm0T2vuWa1+V680LvM6iuAQHIEqcME5aIBr0AQtgMEjeAav4M16sl6sd+tjPlqw8swB+APr8wdA6JNb</latexit>

⌦⇤(k)

<latexit sha1_base64="22ayNhSfxXcShAAyfExNzJXubLY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5rhfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f1XOM+A==</latexit>

k

<latexit sha1_base64="3D5tum1SPU1apZ4EhV2OGqrfSGE=">AAAB8XicbVDLSsNAFL3xWeur6tJNsAh1UxIp6rLoxoWLCvaBbSiTyaQdOpmEmRuhhP6FGxeKuPVv3Pk3TtsstPXAwOGcc5l7j58IrtFxvq2V1bX1jc3CVnF7Z3dvv3Rw2NJxqihr0ljEquMTzQSXrIkcBeskipHIF6ztj26mfvuJKc1j+YDjhHkRGUgeckrQSI+9OxMNSAXP+qWyU3VmsJeJm5My5Gj0S1+9IKZpxCRSQbTuuk6CXkYUcirYpNhLNUsIHZEB6xoqScS0l802ntinRgnsMFbmSbRn6u+JjERajyPfJCOCQ73oTcX/vG6K4ZWXcZmkyCSdfxSmwsbYnp5vB1wximJsCKGKm11tOiSKUDQlFU0J7uLJy6R1XnUvqrX7Wrl+nddRgGM4gQq4cAl1uIUGNIGChGd4hTdLWy/Wu/Uxj65Y+cwR/IH1+QOwp5BJ</latexit>

⇤(t)

window 
functionfree part

interacting 
part

Schrodinger Eq.

drift term

RG flow?

?

Cespedes, Davis, DGW 2023 



Fokker-Planck = Schrodinger + Polchinski

24

The probability conservation should be unaffected by varying the artificial cutoff

Polchinski’s equation of Exact RG (modified version for semi-classical wavefunction)

diffusion 
term

Fokker-Planck 
equation

diffusion: RG flowdrift: time flow

Cespedes, Davis, DGW 2023 



Cosmological EFTs:  as an exampleλϕ4

non-unitary effects 
non-Gaussian tails

Cespedes, Qin, DGW 2025




Effective Field Theories from Top-Down

26

high energy

microscopic/UV theories

low energy

⇤

coarse-grain / integrate out E
Effective Description

Matching
A local and unitary theory at low energies

integrate out heavy fields coarse grain short modes

Wilsonian perspective (RG flows)


applies to stochastic formalism

decoupling with the heavy D.o.F.


regimes of validity manifest

<latexit sha1_base64="6RKf4OtR2e2ycyWSffQZPiu7lQs="></latexit>

eiS⇤[�L] =
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Cosmological EFTs & Density Matrix

27

t
t0

+ contour

- contour

<latexit sha1_base64="sIL803Wp6ZZOj8trNnMJIaxEHV8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRoh6LXjxWsB/QhrLZbtqlm03YnQih9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38389hPXRsTqEbOE+xEdKhEKRtFK7YueUCFm/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBf0I1Cib5tNRLDU8oG9Mh71qqaMSNP5mfOyVnVhmQMNa2FJK5+ntiQiNjsiiwnRHFkVn2ZuJ/XjfF8MafCJWkyBVbLApTSTAms9/JQGjOUGaWUKaFvZWwEdWUoU2oZEPwll9eJa3LqndVrT3UKvXbPI4inMApnIMH11CHe2hAExiM4Rle4c1JnBfn3flYtBacfOYY/sD5/AEvXI98</latexit>�1

<latexit sha1_base64="MraM+jpCPP4HGlcH2eQRu0HxPFE=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqMeiF48V7Ae0S8mm2TY0yS5JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvTAQ31vO+UWltfWNzq7xd2dnd2z+oHh61TZxqylo0FrHuhsQwwRVrWW4F6yaaERkK1gknd7nfeWLa8Fg92mnCAklGikecEptL/abhg2rNq3tz4FXiF6QGBZqD6ld/GNNUMmWpIMb0fC+xQUa05VSwWaWfGpYQOiEj1nNUEclMkM1vneEzpwxxFGtXyuK5+nsiI9KYqQxdpyR2bJa9XPzP66U2ugkyrpLUMkUXi6JUYBvj/HE85JpRK6aOEKq5uxXTMdGEWhdPxYXgL7+8StoXdf+qfvlwWWvcFnGU4QRO4Rx8uIYG3EMTWkBhDM/wCm9Iohf0jj4WrSVUzBzDH6DPH/ZejjM=</latexit>

 

<latexit sha1_base64="4PPNisQ4bm4aD1uPmv2rw72jaWU=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRZBPJRdKeqx6MVjBfsB7VqyabaNzSZLkhXK0v/gxYMiXv0/3vw3pts9aOuDgcd7M8zMC2LOtHHdb6ewsrq2vlHcLG1t7+zulfcPWlomitAmkVyqToA15UzQpmGG006sKI4CTtvB+Gbmt5+o0kyKezOJqR/hoWAhI9hYqdVraPZw1i9X3KqbAS0TLycVyNHol796A0mSiApDONa667mx8VOsDCOcTku9RNMYkzEe0q6lAkdU+2l27RSdWGWAQqlsCYMy9fdEiiOtJ1FgOyNsRnrRm4n/ed3EhFd+ykScGCrIfFGYcGQkmr2OBkxRYvjEEkwUs7ciMsIKE2MDKtkQvMWXl0nrvOpdVGt3tUr9Oo+jCEdwDKfgwSXU4RYa0AQCj/AMr/DmSOfFeXc+5q0FJ585hD9wPn8AEeCOzw==</latexit>

 ⇤

Single Field

pure state purity =1

Effective Single Field

mixed state
<latexit sha1_base64="OJy65Vcpl59KMdb0jGD+U1n+ABA=">AAAB8HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E1MIiaGMZwXxIcoS5zV6yZPfu2N0TwpFfYWOhiK0/x85/4ya5QhMfDDzem2FmXpAIro3rfjuFldW19Y3iZmlre2d3r7x/0NRxqihr0FjEqh2gZoJHrGG4EaydKIYyEKwVjG6nfuuJKc3j6MGME+ZLHEQ85BSNlR67A5QSybXXK1fcqjsDWSZeTiqQo94rf3X7MU0liwwVqHXHcxPjZ6gMp4JNSt1UswTpCAesY2mEkmk/mx08ISdW6ZMwVrYiQ2bq74kMpdZjGdhOiWaoF72p+J/XSU145Wc8SlLDIjpfFKaCmJhMvyd9rhg1YmwJUsXtrYQOUSE1NqOSDcFbfHmZNM+q3kX1/P68UrvJ4yjCERzDKXhwCTW4gzo0gIKEZ3iFN0c5L8678zFvLTj5zCH8gfP5A9YFj8k=</latexit>

� < 1
<latexit sha1_base64="Ao/fT4SV40ygRRPD842pgXsQo8o="></latexit>

=

Z '+

D�+

Z '�

D�� exp {iSEFT[�+,��]}

open EFT



What are the possible EFTs on superhorizon scales?
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Retarded/Advanced basis

<latexit sha1_base64="ftIzyX2mgPoRtDvrREV0oDQ2MLc="></latexit>

S[ωa,ωr] =

∫
d4xa3

[
→εµωaε

µωr → ϑωaω
3
r →

ϑ

4
ω3
aωr

]

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

k/a → !

<latexit sha1_base64="P2yZgy2c2R67k6/PhJ/MuS1dlTo=">AAAB/nicbVDLSgMxFM3UV62vUXHlJlgEV2VGpLosuunCRQVrC52hZDKZNjSPIckIZSj4K25cKOLW73Dn35i2s9DWA4HDOedyb06UMqqN5307pZXVtfWN8mZla3tnd8/dP3jQMlOYtLFkUnUjpAmjgrQNNYx0U0UQjxjpRKObqd95JEpTKe7NOCUhRwNBE4qRsVLfPQpubThGgaY8IKmmTArY7LtVr+bNAJeJX5AqKNDqu19BLHHGiTCYIa17vpeaMEfKUMzIpBJkmqQIj9CA9CwViBMd5rPzJ/DUKjFMpLJPGDhTf0/kiGs95pFNcmSGetGbiv95vcwkV2FORZoZIvB8UZIxaCScdgFjqgg2bGwJworaWyEeIoWwsY1VbAn+4peXycN5za/X6ncX1cZ1UUcZHIMTcAZ8cAkaoAlaoA0wyMEzeAVvzpPz4rw7H/NoySlmDsEfOJ8/AcSViA==</latexit>

! → ωH

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

k/a → !

Single Field λϕ4

How UV physics are decoupled?


Are the EFTs still unitary and local?


Connection with stochastic formalism


The regimes of validities for these EFTs;


Beyond perturbation theory?



UV realisations of λϕ4
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Tree-level Matching Loop-level Matching

?
Single Field λϕ4

Trace out σ

<latexit sha1_base64="bRgyqLH9q6jwKhziyjrSlljThc4=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BLx48RDAPSJYwO5lNxsxjmZkVwpJ/8OJBEa/+jzf/xkmyB00saCiquunuihLOjPX9b6+wtr6xuVXcLu3s7u0flA+PWkalmtAmUVzpToQN5UzSpmWW006iKRYRp+1ofDPz209UG6bkg50kNBR4KFnMCLZOavUMGwrcL1f8qj8HWiVBTiqQo9Evf/UGiqSCSks4NqYb+IkNM6wtI5xOS73U0ASTMR7SrqMSC2rCbH7tFJ05ZYBipV1Ji+bq74kMC2MmInKdAtuRWfZm4n9eN7XxdZgxmaSWSrJYFKccWYVmr6MB05RYPnEEE83crYiMsMbEuoBKLoRg+eVV0rqoBpfV2n2tUr/L4yjCCZzCOQRwBXW4hQY0gcAjPMMrvHnKe/HevY9Fa8HLZ47hD7zPH6JPjzY=</latexit>�

<latexit sha1_base64="bRgyqLH9q6jwKhziyjrSlljThc4=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BLx48RDAPSJYwO5lNxsxjmZkVwpJ/8OJBEa/+jzf/xkmyB00saCiquunuihLOjPX9b6+wtr6xuVXcLu3s7u0flA+PWkalmtAmUVzpToQN5UzSpmWW006iKRYRp+1ofDPz209UG6bkg50kNBR4KFnMCLZOavUMGwrcL1f8qj8HWiVBTiqQo9Evf/UGiqSCSks4NqYb+IkNM6wtI5xOS73U0ASTMR7SrqMSC2rCbH7tFJ05ZYBipV1Ji+bq74kMC2MmInKdAtuRWfZm4n9eN7XxdZgxmaSWSrJYFKccWYVmr6MB05RYPnEEE83crYiMsMbEuoBKLoRg+eVV0rqoBpfV2n2tUr/L4yjCCZzCOQRwBXW4hQY0gcAjPMMrvHnKe/HevY9Fa8HLZ47hD7zPH6JPjzY=</latexit>�
<latexit sha1_base64="bRgyqLH9q6jwKhziyjrSlljThc4=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BLx48RDAPSJYwO5lNxsxjmZkVwpJ/8OJBEa/+jzf/xkmyB00saCiquunuihLOjPX9b6+wtr6xuVXcLu3s7u0flA+PWkalmtAmUVzpToQN5UzSpmWW006iKRYRp+1ofDPz209UG6bkg50kNBR4KFnMCLZOavUMGwrcL1f8qj8HWiVBTiqQo9Evf/UGiqSCSks4NqYb+IkNM6wtI5xOS73U0ASTMR7SrqMSC2rCbH7tFJ05ZYBipV1Ji+bq74kMC2MmInKdAtuRWfZm4n9eN7XxdZgxmaSWSrJYFKccWYVmr6MB05RYPnEEE83crYiMsMbEuoBKLoRg+eVV0rqoBpfV2n2tUr/L4yjCCZzCOQRwBXW4hQY0gcAjPMMrvHnKe/HevY9Fa8HLZ47hD7zPH6JPjzY=</latexit>�

<latexit sha1_base64="hpnySaJh+/CAhHti5mNvHw101yA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14Y2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOule1b1mvfHQqLVuizjKcAbncAkeXEML7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEWdo5I</latexit>

�
<latexit sha1_base64="hpnySaJh+/CAhHti5mNvHw101yA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14Y2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOule1b1mvfHQqLVuizjKcAbncAkeXEML7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEWdo5I</latexit>

�

Cespedes, Qin, DGW 2025




Matching at Tree Level
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<latexit sha1_base64="bRgyqLH9q6jwKhziyjrSlljThc4=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BLx48RDAPSJYwO5lNxsxjmZkVwpJ/8OJBEa/+jzf/xkmyB00saCiquunuihLOjPX9b6+wtr6xuVXcLu3s7u0flA+PWkalmtAmUVzpToQN5UzSpmWW006iKRYRp+1ofDPz209UG6bkg50kNBR4KFnMCLZOavUMGwrcL1f8qj8HWiVBTiqQo9Evf/UGiqSCSks4NqYb+IkNM6wtI5xOS73U0ASTMR7SrqMSC2rCbH7tFJ05ZYBipV1Ji+bq74kMC2MmInKdAtuRWfZm4n9eN7XxdZgxmaSWSrJYFKccWYVmr6MB05RYPnEEE83crYiMsMbEuoBKLoRg+eVV0rqoBpfV2n2tUr/L4yjCCZzCOQRwBXW4hQY0gcAjPMMrvHnKe/HevY9Fa8HLZ47hD7zPH6JPjzY=</latexit>�

<latexit sha1_base64="hpnySaJh+/CAhHti5mNvHw101yA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14Y2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOule1b1mvfHQqLVuizjKcAbncAkeXEML7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEWdo5I</latexit>

�

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

I2 → ω
2H

4

m4
B(ki)+

IR log

rational polynomial terms 
(derivative EFT expansion)

+ particle production

local and unitary  λϕ4

<latexit sha1_base64="l5/+Z0U6VzwGauCSHxG7zo62tuc=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQplsN+nS3STsbpRQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgpQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRRyWZJLRNEp7IXgCKchbTtmaa014qKYiA024wvpn53QcqFUvie52n1BcQxSxkBLSRBnbVi0AI8CSLRhqkTB6xO7BrTt2ZA68StyA1VKA1sL+8YUIyQWNNOCjVd51U+xOQmhFOpxUvUzQFMoaI9g2NQVDlT+bHT/GpUYY4TKSpWOO5+ntiAkKpXASmU4AeqWVvJv7n9TMdXvkTFqeZpjFZLAozjnWCZ0ngIZOUaJ4bAkQycysmI5BAtMmrYkJwl19eJZ3zuntRb9w1as3rIo4yOkYn6Ay56BI10S1qoTYiKEfP6BW9WU/Wi/VufSxaS1YxU0V/YH3+AKb7lMc=</latexit>

� ! 1
<latexit sha1_base64="zHSI/1j4jJjYJ6ZYxKZIWQT0yaY=">AAAB8nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAN2lzA7mU2GzGOZmRVCyGd48aCIV7/Gm3/jJNmDJhY0FFXddHclGWfG+v63V1pb39jcKm9Xdnb39g+qh0dto3JNaIsornQ3wYZyJmnLMstpN9MUi4TTTjK6m/mdJ6oNU/LRjjMaCzyQLGUEWyeF0QALgSPOUdCr1vy6PwdaJUFBalCg2at+RX1FckGlJRwbEwZ+ZuMJ1pYRTqeVKDc0w2SEBzR0VGJBTTyZnzxFZ07po1RpV9Kiufp7YoKFMWORuE6B7dAsezPxPy/MbXoTT5jMckslWSxKc46sQrP/UZ9pSiwfO4KJZu5WRIZYY2JdShUXQrD88ippX9SDq/rlw2WtcVvEUYYTOIVzCOAaGnAPTWgBAQXP8ApvnvVevHfvY9Fa8oqZY/gD7/MHn9uQ1Q==</latexit>

� ⌧ 1

m>>H m<<H

diffusion

Cespedes, Qin, DGW 2025


<latexit sha1_base64="mfxsw1AEsgE4iFdu7VEneNTNiXI=">AAACAHicbVBNS8NAEN34WetX1IMHL4tF8FSSUtRj0UuPFewHNG2ZbDft0t0k7G6EEnLxr3jxoIhXf4Y3/43bNgdtfTDweG+GmXl+zJnSjvNtra1vbG5tF3aKu3v7B4f20XFLRYkktEkiHsmOD4pyFtKmZprTTiwpCJ/Ttj+5m/ntRyoVi8IHPY1pT8AoZAEjoI00sE+9QAJJPeDxGPqVer+apaJfyQZ2ySk7c+BV4uakhHI0BvaXN4xIImioCQeluq4T614KUjPCaVb0EkVjIBMY0a6hIQiqeun8gQxfGGWIg0iaCjWeq78nUhBKTYVvOgXosVr2ZuJ/XjfRwU0vZWGcaBqSxaIg4VhHeJYGHjJJieZTQ4BIZm7FZAwmEW0yK5oQ3OWXV0mrUnavytX7aql2m8dRQGfoHF0iF12jGqqjBmoigjL0jF7Rm/VkvVjv1seidc3KZ07QH1ifP2g7lks=</latexit>

↵
2
H

4

m2

<latexit sha1_base64="ad3u8BNmkBfqAQlqs2ktr0sx5ic=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQwZqUUl0WBemygn1Ak4bJdNIOnUnCzEQoIf/gxl9x40IRt27c+TdOHwttPXDhcM693HuPHzMqlWV9G7mV1bX1jfxmYWt7Z3fP3D9oySgRmDRxxCLR8ZEkjIakqahipBMLgrjPSNsf3Uz89gMRkkbhvRrHxOVoENKAYqS05JlnTiAQTh3E4iHqleu9apbyXiUjvfTciSnkF/UszbzyrWd7ZtEqWVPAZWLPSRHM0fDML6cf4YSTUGGGpOzaVqzcFAlFMSNZwUkkiREeoQHpahoiTqSbTn/K4IlW+jCIhK5Qwan6eyJFXMox93UnR2ooF72J+J/XTVRw5aY0jBNFQjxbFCQMqghOAoJ9KghWbKwJwoLqWyEeIh2S0jEWdAj24svLpFUu2dVS5a5SrF3P48iDI3AMToENLkEN1EEDNAEGj+AZvII348l4Md6Nj1lrzpjPHII/MD5/AO7xnY0=</latexit>

↵
2
H

6

m4
e
�⇡m/H

2F1

potential unbounded from below => no non-perturbative analysis



Matching at Loop Level
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<latexit sha1_base64="bRgyqLH9q6jwKhziyjrSlljThc4=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BLx48RDAPSJYwO5lNxsxjmZkVwpJ/8OJBEa/+jzf/xkmyB00saCiquunuihLOjPX9b6+wtr6xuVXcLu3s7u0flA+PWkalmtAmUVzpToQN5UzSpmWW006iKRYRp+1ofDPz209UG6bkg50kNBR4KFnMCLZOavUMGwrcL1f8qj8HWiVBTiqQo9Evf/UGiqSCSks4NqYb+IkNM6wtI5xOS73U0ASTMR7SrqMSC2rCbH7tFJ05ZYBipV1Ji+bq74kMC2MmInKdAtuRWfZm4n9eN7XxdZgxmaSWSrJYFKccWYVmr6MB05RYPnEEE83crYiMsMbEuoBKLoRg+eVV0rqoBpfV2n2tUr/L4yjCCZzCOQRwBXW4hQY0gcAjPMMrvHnKe/HevY9Fa8HLZ47hD7zPH6JPjzY=</latexit>�
<latexit sha1_base64="bRgyqLH9q6jwKhziyjrSlljThc4=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BLx48RDAPSJYwO5lNxsxjmZkVwpJ/8OJBEa/+jzf/xkmyB00saCiquunuihLOjPX9b6+wtr6xuVXcLu3s7u0flA+PWkalmtAmUVzpToQN5UzSpmWW006iKRYRp+1ofDPz209UG6bkg50kNBR4KFnMCLZOavUMGwrcL1f8qj8HWiVBTiqQo9Evf/UGiqSCSks4NqYb+IkNM6wtI5xOS73U0ASTMR7SrqMSC2rCbH7tFJ05ZYBipV1Ji+bq74kMC2MmInKdAtuRWfZm4n9eN7XxdZgxmaSWSrJYFKccWYVmr6MB05RYPnEEE83crYiMsMbEuoBKLoRg+eVV0rqoBpfV2n2tUr/L4yjCCZzCOQRwBXW4hQY0gcAjPMMrvHnKe/HevY9Fa8HLZ47hD7zPH6JPjzY=</latexit>�

<latexit sha1_base64="hpnySaJh+/CAhHti5mNvHw101yA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14Y2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOule1b1mvfHQqLVuizjKcAbncAkeXEML7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEWdo5I</latexit>

�

Cespedes, Qin, DGW 2025

local and unitary  λϕ4

<latexit sha1_base64="l5/+Z0U6VzwGauCSHxG7zo62tuc=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQplsN+nS3STsbpRQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzgpQzpR3n2yqtrW9sbpW3Kzu7e/sH9uFRRyWZJLRNEp7IXgCKchbTtmaa014qKYiA024wvpn53QcqFUvie52n1BcQxSxkBLSRBnbVi0AI8CSLRhqkTB6xO7BrTt2ZA68StyA1VKA1sL+8YUIyQWNNOCjVd51U+xOQmhFOpxUvUzQFMoaI9g2NQVDlT+bHT/GpUYY4TKSpWOO5+ntiAkKpXASmU4AeqWVvJv7n9TMdXvkTFqeZpjFZLAozjnWCZ0ngIZOUaJ4bAkQycysmI5BAtMmrYkJwl19eJZ3zuntRb9w1as3rIo4yOkYn6Ay56BI10S1qoTYiKEfP6BW9WU/Wi/VufSxaS1YxU0V/YH3+AKb7lMc=</latexit>

� ! 1

m>>H
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Beyond Perturbation Theory
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Take Home Messages

Stochastic formalism is a resummation of classical loops; 

Fokker—Planck = Schrodinger + Polchinski; 

Non-unitary effects (diffusion, decoherence, etc) can become 
important in cosmological EFTs; 

Non-Gaussian tails may reveal UV physics beyond low-energy EFTs.
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