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If we enter a data-oriented conference on non-Gaussianity…
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Multi-Field Inflation
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Slocal =
k31 + k32 + k33

k31k
3
2k

3
3



Tracing local non-Gaussianity in CMB

3

Latest CMB constraint from Planck satellite:  f local
NL = �0.9± 5.1



Huge improvements are under way!

4

CMB LSS

Picture from 2203.08128 — Snowmass White Paper on Inflation



Bootstrapping Multi-Field Inflation

The true “local” shape from multi-field inflation


  What was missed in previous computations? 

Classification of multi-field non-Gaussianities


  New shapes!

DGW, Pimentel, Achucarro 2022



Plan of the Talk

Bootstrap Recap in 2 mins: 
basic ideas & the pheno frontier 

IR Divergences in Cosmological Bootstrap 

anomalous Conformal Ward Identities 

Classification of multi-field non-Gaussianities 

true form of the local shape & new pheno 

Summary & Outlook



η = 0
End of inflation


(future boundary of dS)

interactions      
based on models

various 
interactions

Time

The traditional approaches towards cosmological correlators

(the in-in formalism,  formalism, transport method, etc)δN

Usually model-dependent;


Hard to compute.

Inflation

bulk of (quasi-)dS



Cosmological Bootstrap: 
Correlators from Symmetries, Locality & Unitarity

The boundary perspective (“Time Without Time”)


Forget about the time evolution during inflation, and just meditate on final observables 

Model-independent;
 Powerful computational tools.

η = 0
End of inflation


(future boundary of dS)

interactions      
based on models various 

interactions

See talk videos on CfH 21 by G. Pimentel; and on CfH 22 by H. Goodhew, 
G. Lee, S. Renaux-Petel&S. Jazayeri, A. Thavanesen, and DGW 



Classification of Primordial Non-Gaussianities

9

single field inflation cosmological collider multi-field inflation

Assuming:  
1) (nearly) scale-invariance;         2) weakly coupled (tree-level LO).
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m = 0

contact massive exchange

Primordial bispectrum: the Fourier transf. of the 3-point correlation function

B(k1, k2, k3) ⇠ fNLS(k1, k2, k3)P
2
⇣

size
shape

How easy/hard 
to be detected

additional light scalars
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Contact Massive Exchange Massless Exchange

Equilateral non-Gaussianity

Single Field Inflation 

<latexit sha1_base64="F1ngprQ1sC7Zk7qsj8sovX+EH+U=">AAACFnicbVDLSsNAFJ3UV62vqEs3wSJU0JLUoi6LblxWtA9oQphMJ+3QyYOZG6GEfIUbf8WNC0Xcijv/xmkbQasHZjj3nHuZuceLOZNgmp9aYWFxaXmluFpaW9/Y3NK3d9oySgShLRLxSHQ9LClnIW0BA067saA48DjteKPLid+5o0KyKLyFcUydAA9C5jOCQUmufnxjc+pDxfYFJunItTJ1nWRH33VtVtuCDYZw6Opls2pOYfwlVk7KKEfT1T/sfkSSgIZAOJayZ5kxOCkWwAinWclOJI0xGeEB7Ska4oBKJ52ulRkHSukbfiTUCcGYqj8nUhxIOQ481RlgGMp5byL+5/US8M+dlIVxAjQks4f8hBsQGZOMjD4TlAAfK4KJYOqvBhliFQioJEsqBGt+5b+kXatap9X6db3cuMjjKKI9tI8qyEJnqIGuUBO1EEH36BE9oxftQXvSXrW3WWtBy2d20S9o719lVZ+I</latexit>

S

✓
k1
k3

,
k2
k3

◆

Boostless Bootstrap
Pajer, Stefanyszyn, Supeł 2020; Pajer 2020 

Jazayeri, Pajer, Stefanyszyn 2021 
Bonifacio, Pajer, DGW 2021; ….

boost-breaking => large signals


a complete menu of scalar 
bispectra from single field 
inflation

captures models such as P(X), DBI 
inflation with small sound speed
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Contact Massive Exchange Massless Exchange

<latexit sha1_base64="n+qGK8i5bMZAGq1g7Eweymp5tjg=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9mVoh6LXnqsYD+gXUo2zbahSTYkWaEs/RFePCji1d/jzX9j2u5BWx8MPN6bYWZepDgz1ve/vcLG5tb2TnG3tLd/cHhUPj5pmyTVhLZIwhPdjbChnEnassxy2lWaYhFx2okm93O/80S1YYl8tFNFQ4FHksWMYOukjugbJlBjUK74VX8BtE6CnFQgR3NQ/uoPE5IKKi3h2Jhe4CsbZlhbRjidlfqpoQqTCR7RnqMSC2rCbHHuDF04ZYjiRLuSFi3U3xMZFsZMReQ6BbZjs+rNxf+8Xmrj2zBjUqWWSrJcFKcc2QTNf0dDpimxfOoIJpq5WxEZY42JdQmVXAjB6svrpH1VDa6rtYdapX6Xx1GEMziHSwjgBurQgCa0gMAEnuEV3jzlvXjv3seyteDlM6fwB97nD9o8j0M=</latexit>

m ⇠ H

Cosmological Colliders

imprints of heavy 
particles during inflation

Pimentel, DGW 2022

full analytical shapes of cosmo collider 
bispectra for any mass, spin, interactions 

new pheno: the equilateral collider shape

Boostless Cosmological 
Collider Bootstrap

[See more in my last years’ talk on CfH 22 
and also the talk by Renaux-Petel&Jazayeri]

ks
kl
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Contact Massive Exchange Massless Exchange

Multi-Field Inflation Cosmological Collider

Boo
tst

rap
ped

Single Field Inflation

Boo
tst

rap
ped

Is this computation 
complete?

Traditional approach: 

separate universe approximation

(  formalism)δN

Local non-Gaussianity

Lyth, Seery, Wands, Sasaki, 
Komatsu,… 2003/2004
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Curvaton Mechanism

Modulated Reheating  Formalism
δN

turning 
trajectories

isocurvature 
perturbations

Too many possibilities explored in the past 30 years;


Normally model dependent;


Lacking a unifying theme… :(

curved field 

manifold
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IR singular behaviour

<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="w4dvCcWQbvZkqsbf3WEnselDmEk=">AAACCHicbVBNS8NAEN34WetX1KMHg0Wol5JIUY9FL4KXCvYDmhA22027dJMNuxOhhB69+Fe8eFDEqz/Bm//GTZuDtj4YeLw3w8y8IOFMgW1/G0vLK6tr66WN8ubW9s6uubffViKVhLaI4EJ2A6woZzFtAQNOu4mkOAo47QSj69zvPFCpmIjvYZxQL8KDmIWMYNCSbx65EYYhwTy7nbiJFAkIl4tBdeRSwL596psVu2ZPYS0SpyAVVKDpm19uX5A0ojEQjpXqOXYCXoYlMMLppOymiiaYjPCA9jSNcUSVl00fmVgnWulboZC6YrCm6u+JDEdKjaNAd+Znq3kvF//zeimEl17G4iQFGpPZojDlFggrT8XqM0kJ8LEmmEimb7XIEEtMQGdX1iE48y8vkvZZzTmv1e/qlcZVEUcJHaJjVEUOukANdIOaqIUIekTP6BW9GU/Gi/FufMxal4xi5gD9gfH5A+SZmeI=</latexit>

K / log(k⌘0)super-horizon growth of  by 
the multi-field conversion

ζ

<latexit sha1_base64="OItyM1wDwoYz42wZg28HXiIGKzU=">AAAB+XicbVBNSwMxEM3Wr1q/Vj16CRbBU9mVoh6LXnqsYD+gu5Rsmrah2WxIZgt16T/x4kERr/4Tb/4b03YP2vpg4PHeDDPzIiW4Ac/7dgobm1vbO8Xd0t7+weGRe3zSMkmqKWvSRCS6ExHDBJesCRwE6yjNSBwJ1o7G93O/PWHa8EQ+wlSxMCZDyQecErBSz3WDJwYkUDpRkOA6hp5b9ireAnid+DkpoxyNnvsV9BOaxkwCFcSYru8pCDOigVPBZqUgNUwROiZD1rVUkpiZMFtcPsMXVunjQaJtScAL9fdERmJjpnFkO2MCI7PqzcX/vG4Kg9sw41KlwCRdLhqkAtsn5zHgPteMgphaQqjm9lZMR0QTCjaskg3BX315nbSuKv51pfpQLdfu8jiK6Aydo0vkoxtUQ3XUQE1E0QQ9o1f05mTOi/PufCxbC04+c4r+wPn8ATDKk2A=</latexit>

⇣ / Ht
the end of inflation: 
an explicit IR cutoff

<latexit sha1_base64="f5SnI0cWpzlf9A606/QYhWRHR7c=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5JIUY9FLx4r2A9oQthsN+3SzSbsTpRQ6l/x4kERr/4Qb/4bt20O2vpg4PHeDDPzwlRwDY7zbZXW1jc2t8rblZ3dvf0D+/Coo5NMUdamiUhULySaCS5ZGzgI1ksVI3EoWDcc38z87gNTmifyHvKU+TEZSh5xSsBIgV31GJDA8RQfjoAolTxiJ7BrTt2ZA68StyA1VKAV2F/eIKFZzCRQQbTuu04K/oQo4FSwacXLNEsJHZMh6xsqScy0P5kfP8WnRhngKFGmJOC5+ntiQmKt8zg0nTGBkV72ZuJ/Xj+D6MqfcJlmwCRdLIoygSHBsyTwgCtGQeSGEKq4uRXTEVGEgsmrYkJwl19eJZ3zuntRb9w1as3rIo4yOkYn6Ay56BI10S1qoTaiKEfP6BW9WU/Wi/VufSxaS1YxU0V/YH3+AEqolIw=</latexit>

⌘0 ! 0

Conversion from Interactions

adiabatic modes:

isocurvature modes:
{

�

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

�
the inflaton fluctuations

the additional light scalars
<latexit sha1_base64="GvET7SUAtlpWbjb7GqmWQcxOTGI=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BLzlGMDGQLGF2MpuMmccyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jUo1oS2iuNKdCBvKmaQtyyynnURTLCJOH6Lx7cx/eKLaMCXv7SShocBDyWJGsHVSW/Q4R41+ueJX/TnQKglyUoEczX75qzdQJBVUWsKxMd3AT2yYYW0Z4XRa6qWGJpiM8ZB2HZVYUBNm82un6MwpAxQr7UpaNFd/T2RYGDMRkesU2I7MsjcT//O6qY2vw4zJJLVUksWiOOXIKjR7HQ2YpsTyiSOYaOZuRWSENSbWBVRyIQTLL6+S9kU1uKzW7mqV+k0eRxFO4BTOIYArqEMDmtACAo/wDK/w5invxXv3PhatBS+fOYY/8D5/AAd8jsg=</latexit>

m ⌧ H

<latexit sha1_base64="v2kpEXs2qKMSS7+9iGXe8vEUpzg=">AAACCHicbVDLSgMxFM34rPU16tKFwSK4KjNS1GXRjcsK9gGdodxJ0zY0MxOSO0ItXbrxV9y4UMStn+DOvzF9LLT1QOBw7j1JzomUFAY979tZWl5ZXVvPbeQ3t7Z3dt29/ZpJM814laUy1Y0IDJci4VUUKHlDaQ5xJHk96l+P5/V7ro1IkzscKB7G0E1ERzBAK7Xco6CdYvDAEQKlU4UpDaR1t4EGRnRjaLkFr+hNQBeJPyMFMkOl5X7ZG1kW8wSZBGOavqcwHIJGwSQf5YPMcAWsD13etDSBmJtwOAkyoidWadNOqu1JkE7U344hxMYM4shuxoA9Mz8bi//Nmhl2LsOhSFSGPGHThzqZpDbvuBXaFpozlANLgGlh/0pZDzQwtN3lbQn+fORFUjsr+ufF0m2pUL6a1ZEjh+SYnBKfXJAyuSEVUiWMPJJn8krenCfnxXl3PqarS87Mc0D+wPn8ARoPmgc=</latexit>

⇣̇ / ��Superhorizon Conversion
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Three-Point Scalar Seed

<latexit sha1_base64="0brnoCcLeQqC9RnQSEcmoEoQbgA=">AAACIHicbVDLSgMxFM3UV62vqks3wSK4KjO1WDdKwY3LCvYBnTJk0ts2NJMZkkyhDPMpbvwVNy4U0Z1+jWk7C209EDg551ySe/yIM6Vt+8vKra1vbG7ltws7u3v7B8XDo5YKY0mhSUMeyo5PFHAmoKmZ5tCJJJDA59D2x7czvz0BqVgoHvQ0gl5AhoINGCXaSF6x5nIihhywOyEyGjEvGXtO+utSSd2MXaTYlYvwNfaKJbtsz4FXiZOREsrQ8Iqfbj+kcQBCU06U6jp2pHsJkZpRDmnBjRVEhI7JELqGChKA6iXzBVN8ZpQ+HoTSHKHxXP09kZBAqWngm2RA9EgtezPxP68b68FVL2EiijUIunhoEHOsQzxrC/eZBKr51BBCJTN/xXREJKHadFowJTjLK6+SVqXsXJar99VS/SarI49O0Ck6Rw6qoTq6Qw3URBQ9omf0it6sJ+vFerc+FtGclc0coz+wvn8AP+yjmQ==</latexit>

h'k1'k2�k3i =
<latexit sha1_base64="4K6wGiX1jZ4uTtr5k2UAp+us4IA=">AAACAnicbVDLSsNAFJ34rPUVdSVuBotQNyWRoq6k4EZ3FewDmlAm00k7dGYSZiZCCcGNv+LGhSJu/Qp3/o2TNgttPXDhcM693HtPEDOqtON8W0vLK6tr66WN8ubW9s6uvbffVlEiMWnhiEWyGyBFGBWkpalmpBtLgnjASCcYX+d+54FIRSNxrycx8TkaChpSjLSR+vahpyiH3gjp1ONIjzBi6W2WVZPTvl1xas4UcJG4BamAAs2+/eUNIpxwIjRmSKme68TaT5HUFDOSlb1EkRjhMRqSnqECcaL8dPpCBk+MMoBhJE0JDafq74kUcaUmPDCd+Zlq3svF/7xeosNLP6UiTjQReLYoTBjUEczzgAMqCdZsYgjCkppbIR4hibA2qZVNCO78y4ukfVZzz2v1u3qlcVXEUQJH4BhUgQsuQAPcgCZoAQwewTN4BW/Wk/VivVsfs9Ylq5g5AH9gff4AGwSXPQ==</latexit>

⇠ Î(u)
<latexit sha1_base64="g/1sw4eZAHJiTYhbiq3TWsz2OEU=">AAACA3icbVDLSsNAFJ34rPUVdaebwSIIQklqUVdScOOygn1AE8JkOmmHTCZxZlIoIeDGX3HjQhG3/oQ7/8Zpm4W2HriXwzn3MnOPnzAqlWV9G0vLK6tr66WN8ubW9s6uubfflnEqMGnhmMWi6yNJGOWkpahipJsIgiKfkY4f3kz8zogISWN+r8YJcSM04DSgGCkteeZh6pCHlI6cQCCchd55rpt9Fnq13DMrVtWaAi4SuyAVUKDpmV9OP8ZpRLjCDEnZs61EuRkSimJG8rKTSpIgHKIB6WnKUUSkm01vyOGJVvowiIUuruBU/b2RoUjKceTryQipoZz3JuJ/Xi9VwZWbUZ6kinA8eyhIGVQxnAQC+1QQrNhYE4QF1X+FeIh0GkrHVtYh2PMnL5J2rWpfVOt39UrjuoijBI7AMTgFNrgEDXALmqAFMHgEz+AVvBlPxovxbnzMRpeMYucA/IHx+QP3Rpe2</latexit>

u ⌘ k3
k1 + k2

<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="SalbpPvW9rpMFJfgAalL8DgUNjg=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY8FLx48VLAf0C4lm2bb0Gw2JNlCWfojvHhQxKu/x5v/xrTdg7Y+GHi8N8PMvFAJbqznfaPCxubW9k5xt7S3f3B4VD4+aZkk1ZQ1aSIS3QmJYYJL1rTcCtZRmpE4FKwdju/mfnvCtOGJfLJTxYKYDCWPOCXWSe3ehGg14v1yxat6C+B14uekAjka/fJXb5DQNGbSUkGM6fqeskFGtOVUsFmplxqmCB2TIes6KknMTJAtzp3hC6cMcJRoV9Lihfp7IiOxMdM4dJ0xsSOz6s3F/7xuaqPbIONSpZZJulwUpQLbBM9/xwOuGbVi6gihmrtbMR0RTah1CZVcCP7qy+ukdVX1r6u1x1ql/pDHUYQzOIdL8OEG6nAPDWgChTE8wyu8IYVe0Dv6WLYWUD5zCn+APn8AgTqPuQ==</latexit>' <latexit sha1_base64="SalbpPvW9rpMFJfgAalL8DgUNjg=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY8FLx48VLAf0C4lm2bb0Gw2JNlCWfojvHhQxKu/x5v/xrTdg7Y+GHi8N8PMvFAJbqznfaPCxubW9k5xt7S3f3B4VD4+aZkk1ZQ1aSIS3QmJYYJL1rTcCtZRmpE4FKwdju/mfnvCtOGJfLJTxYKYDCWPOCXWSe3ehGg14v1yxat6C+B14uekAjka/fJXb5DQNGbSUkGM6fqeskFGtOVUsFmplxqmCB2TIes6KknMTJAtzp3hC6cMcJRoV9Lihfp7IiOxMdM4dJ0xsSOz6s3F/7xuaqPbIONSpZZJulwUpQLbBM9/xwOuGbVi6gihmrtbMR0RTah1CZVcCP7qy+ukdVX1r6u1x1ql/pDHUYQzOIdL8OEG6nAPDWgChTE8wyu8IYVe0Dv6WLYWUD5zCn+APn8AgTqPuQ==</latexit>'

<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

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



Here is the full 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

The true “local” shape from dS bootstrap
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<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="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="SalbpPvW9rpMFJfgAalL8DgUNjg=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY8FLx48VLAf0C4lm2bb0Gw2JNlCWfojvHhQxKu/x5v/xrTdg7Y+GHi8N8PMvFAJbqznfaPCxubW9k5xt7S3f3B4VD4+aZkk1ZQ1aSIS3QmJYYJL1rTcCtZRmpE4FKwdju/mfnvCtOGJfLJTxYKYDCWPOCXWSe3ehGg14v1yxat6C+B14uekAjka/fJXb5DQNGbSUkGM6fqeskFGtOVUsFmplxqmCB2TIes6KknMTJAtzp3hC6cMcJRoV9Lihfp7IiOxMdM4dJ0xsSOz6s3F/7xuaqPbIONSpZZJulwUpQLbBM9/xwOuGbVi6gihmrtbMR0RTah1CZVcCP7qy+ukdVX1r6u1x1ql/pDHUYQzOIdL8OEG6nAPDWgChTE8wyu8IYVe0Dv6WLYWUD5zCn+APn8AgTqPuQ==</latexit>' <latexit sha1_base64="SalbpPvW9rpMFJfgAalL8DgUNjg=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY8FLx48VLAf0C4lm2bb0Gw2JNlCWfojvHhQxKu/x5v/xrTdg7Y+GHi8N8PMvFAJbqznfaPCxubW9k5xt7S3f3B4VD4+aZkk1ZQ1aSIS3QmJYYJL1rTcCtZRmpE4FKwdju/mfnvCtOGJfLJTxYKYDCWPOCXWSe3ehGg14v1yxat6C+B14uekAjka/fJXb5DQNGbSUkGM6fqeskFGtOVUsFmplxqmCB2TIes6KknMTJAtzp3hC6cMcJRoV9Lihfp7IiOxMdM4dJ0xsSOz6s3F/7xuaqPbIONSpZZJulwUpQLbBM9/xwOuGbVi6gihmrtbMR0RTah1CZVcCP7qy+ukdVX1r6u1x1ql/pDHUYQzOIdL8OEG6nAPDWgChTE8wyu8IYVe0Dv6WLYWUD5zCn+APn8AgTqPuQ==</latexit>'

Weight-Shifting

<latexit sha1_base64="DYNo1BmXZfJJMQBxk8gSKzwQFhc=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBFclaQUdVl047KCfUAbwmQ6aYdOJmFmUighf+LGhSJu/RN3/o2TNgttPTBwOOde7pkTJJwp7Tjf1sbm1vbObmWvun9weHRsn5x2VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdM7wu/N6NSsVg86XlCvQiPBQsZwdpIvm0PI6wnBPOsl/uZ28h9u+bUnQXQOnFLUoMSbd/+Go5ikkZUaMKxUgPXSbSXYakZ4TSvDlNFE0ymeEwHhgocUeVli+Q5ujTKCIWxNE9otFB/b2Q4UmoeBWayyKlWvUL8zxukOrz1MiaSVFNBlofClCMdo6IGNGKSEs3nhmAimcmKyARLTLQpq2pKcFe/vE66jbp7XW8+Nmutu7KOCpzDBVyBCzfQggdoQwcIzOAZXuHNyqwX6936WI5uWOXOGfyB9fkDfaiTkw==</latexit>W12

<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
logarithmic kt-pole: 
from the cubic vertex

logarithmic kn-pole: from the linear mixing



previous

What was missed in the   / transport approach?δN
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A local patch of the Universe 
during inflation

initial flat slice 
at t*

comoving 
slice at t0

Curvature Perturbation as the 
differences in the local efolds

Initial field fluctuations are defined at t* 
right after horizon exit 

Are they just free scalars? Actually not in multi-field inflation!
As an example, even before horizon-exit,  

the  interaction already deformed the Bunch-Davies mode function ·ϕσ
<latexit sha1_base64="9aQwEOg8w6C0zbXesmehWcZOvD0="></latexit>

lim
⌘!�1

K ! ⌘eik⌘ log(�k⌘) one concrete example for 
comparison: Achucarro, Copeland, 
Iarygina, Palma, DGW, Welling 2019

<latexit sha1_base64="SbvcpXZmGlL3GgDcVhv+c1fRKMg=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCCy0zUtSVFN24rGAf0BlKJs20oUlmSDJCHaq/4saFIm79D3f+jZl2Ftp6IHA4517uyQliRpV2nG+rsLC4tLxSXC2trW9sbtnbO00VJRKTBo5YJNsBUoRRQRqaakbasSSIB4y0guF15rfuiVQ0End6FBOfo76gIcVIG6lr76We5DCM5PgRngw9otGle9y1y07FmQDOEzcnZZCj3rW/vF6EE06Exgwp1XGdWPspkppiRsYlL1EkRniI+qRjqECcKD+dpB/DQ6P0sgjmCQ0n6u+NFHGlRjwwkxzpgZr1MvE/r5Po8MJPqYgTTQSeHgoTBnUEsypgj0qCNRsZgrCkJivEAyQR1qawkinBnf3yPGmeVtyzSvW2Wq5d5XUUwT44AEfABeegBm5AHTQABg/gGbyCN+vJerHerY/paMHKd3bBH1ifP1AalH0=</latexit>

for � k⌘ > 1,



IR divergence => local-type non-Gaussianity

18

<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="uDlDzx+3OGkzv5+aPnoWRTm/CYQ=">AAACKnicbVDLSsNAFJ34rPUVdekmWIQKEpJS1JVU3LisYB/QxDCZTNqhM0mYmQgl1N9x46+46UIpbv0QJ21AbT0wcDjnXs7c4yeUCGlZU21ldW19Y7O0Vd7e2d3b1w8O2yJOOcItFNOYd30oMCURbkkiKe4mHEPmU9zxh7e533nCXJA4epCjBLsM9iMSEgSlkjz9xgli6SQD8lhzBOkzeP5cdRLIJYHUI7lx9uM4weKwaZqeXrFMawZjmdgFqYACTU+fqEyUMhxJRKEQPdtKpJvlmYjicdlJBU4gGsI+7ikaQYaFm81OHRunSgmMMObqRdKYqb83MsiEGDFfTTIoB2LRy8X/vF4qwys3I1GSShyheVCYUkPGRt6bERCOkaQjRSDiRP3VQAPIIZKq3bIqwV48eZm0a6Z9Ydbv65XGdVFHCRyDE1AFNrgEDXAHmqAFEHgBb+AdfGiv2kSbap/z0RWt2DkCf6B9fQNFWace</latexit>

�̇2�, (@i�)
2�, �̈2�, ...

<latexit sha1_base64="uDlDzx+3OGkzv5+aPnoWRTm/CYQ=">AAACKnicbVDLSsNAFJ34rPUVdekmWIQKEpJS1JVU3LisYB/QxDCZTNqhM0mYmQgl1N9x46+46UIpbv0QJ21AbT0wcDjnXs7c4yeUCGlZU21ldW19Y7O0Vd7e2d3b1w8O2yJOOcItFNOYd30oMCURbkkiKe4mHEPmU9zxh7e533nCXJA4epCjBLsM9iMSEgSlkjz9xgli6SQD8lhzBOkzeP5cdRLIJYHUI7lx9uM4weKwaZqeXrFMawZjmdgFqYACTU+fqEyUMhxJRKEQPdtKpJvlmYjicdlJBU4gGsI+7ikaQYaFm81OHRunSgmMMObqRdKYqb83MsiEGDFfTTIoB2LRy8X/vF4qwys3I1GSShyheVCYUkPGRt6bERCOkaQjRSDiRP3VQAPIIZKq3bIqwV48eZm0a6Z9Ydbv65XGdVFHCRyDE1AFNrgEDXAHmqAFEHgBb+AdfGiv2kSbap/z0RWt2DkCf6B9fQNFWace</latexit>

�̇2�, (@i�)
2�, �̈2�, ...

<latexit sha1_base64="BomSTM2n6Ydj7JQxo5zLnJPYxsk=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5REinopFL14rGA/oA1hs920SzebsLsplFB/iRcPinj1n3jz37htc9DWBwOP92aYmRcknCntON9WYW19Y3OruF3a2d3bP7APj1oqTiWhTRLzWHYCrChngjY105x2EklxFHDaDkZ3M789plKxWDzqSUK9CA8ECxnB2ki+bRNf1YjfU2wQ4Zr7dOHbZafizIFWiZuTMuRo+PZXrx+TNKJCE46V6rpOor0MS80Ip9NSL1U0wWSEB7RrqMARVV42v3yKzozSR2EsTQmN5urviQxHSk2iwHRGWA/VsjcT//O6qQ5vvIyJJNVUkMWiMOVIx2gWA+ozSYnmE0MwkczcisgQS0y0CatkQnCXX14lrcuKe1WpPlTL9ds8jiKcwCmcgwvXUId7aEATCIzhGV7hzcqsF+vd+li0Fqx85hj+wPr8Aa9Ukw0=</latexit>

cs = c� = 1 ,
<latexit sha1_base64="BomSTM2n6Ydj7JQxo5zLnJPYxsk=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBg5REinopFL14rGA/oA1hs920SzebsLsplFB/iRcPinj1n3jz37htc9DWBwOP92aYmRcknCntON9WYW19Y3OruF3a2d3bP7APj1oqTiWhTRLzWHYCrChngjY105x2EklxFHDaDkZ3M789plKxWDzqSUK9CA8ECxnB2ki+bRNf1YjfU2wQ4Zr7dOHbZafizIFWiZuTMuRo+PZXrx+TNKJCE46V6rpOor0MS80Ip9NSL1U0wWSEB7RrqMARVV42v3yKzozSR2EsTQmN5urviQxHSk2iwHRGWA/VsjcT//O6qQ5vvIyJJNVUkMWiMOVIx2gWA+ozSYnmE0MwkczcisgQS0y0CatkQnCXX14lrcuKe1WpPlTL9ds8jiKcwCmcgwvXUId7aEATCIzhGV7hzcqsF+vd+li0Fqx85hj+wPr8Aa9Ukw0=</latexit>

cs = c� = 1 ,

massless exchange with arbitrary interactions:
<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>

�



New Pheno: Multi-Speed Non-Gaussianity
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<latexit sha1_base64="mrYL50w91k8mNaYuVTIMVTKuBHQ=">AAAB+3icbVDLSgMxFL1TX7W+xrp0EyyCqzIjoi6LblxWsA9oh5JJM21okhmSjFiG/oobF4q49Ufc+Tem01lo64GQwzn3kJsTJpxp43nfTmltfWNzq7xd2dnd2z9wD6ttHaeK0BaJeay6IdaUM0lbhhlOu4miWIScdsLJ7dzvPFKlWSwfzDShgcAjySJGsLHSwK32h7HpJ2OW35qNBB64Na/u5UCrxC9IDQo0B+6XDZNUUGkIx1r3fC8xQYaVYYTTWaWfappgMsEj2rNUYkF1kOW7z9CpVYYoipU90qBc/Z3IsNB6KkI7KbAZ62VvLv7n9VITXQcZk0lqqCSLh6KUIxOjeRFoyBQlhk8twUQxuysiY6wwMbauii3BX/7yKmmf1/3L+sX9Ra1xU9RRhmM4gTPw4QoacAdNaAGBJ3iGV3hzZs6L8+58LEZLTpE5gj9wPn8Ac32UuA==</latexit>

�̇�̇

Linear mixing with higher derivatives IR-finite 
correlators



Bootstrap our way towards inflationary new physics
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Contact Massive Exchange Massless Exchange

self-interaction of the 
inflaton

intermediate massive 
particles

additional light 
scalars

<latexit sha1_base64="n+qGK8i5bMZAGq1g7Eweymp5tjg=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9mVoh6LXnqsYD+gXUo2zbahSTYkWaEs/RFePCji1d/jzX9j2u5BWx8MPN6bYWZepDgz1ve/vcLG5tb2TnG3tLd/cHhUPj5pmyTVhLZIwhPdjbChnEnassxy2lWaYhFx2okm93O/80S1YYl8tFNFQ4FHksWMYOukjugbJlBjUK74VX8BtE6CnFQgR3NQ/uoPE5IKKi3h2Jhe4CsbZlhbRjidlfqpoQqTCR7RnqMSC2rCbHHuDF04ZYjiRLuSFi3U3xMZFsZMReQ6BbZjs+rNxf+8Xmrj2zBjUqWWSrJcFKcc2QTNf0dDpimxfOoIJpq5WxEZY42JdQmVXAjB6svrpH1VDa6rtYdapX6Xx1GEMziHSwjgBurQgCa0gMAEnuEV3jzlvXjv3seyteDlM6fwB97nD9o8j0M=</latexit>

m ⇠ H <latexit sha1_base64="y02K+y5wYJytGsGtVetWF2u+jJI=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqBeh6MVjRfsB7VKyabYNTbJLkhXK0p/gxYMiXv1F3vw3pu0etPXBwOO9GWbmhYngxnreNyqsrK6tbxQ3S1vbO7t75f2DpolTTVmDxiLW7ZAYJrhiDcutYO1EMyJDwVrh6Hbqt56YNjxWj3acsECSgeIRp8Q66UFee71yxat6M+Bl4uekAjnqvfJXtx/TVDJlqSDGdHwvsUFGtOVUsEmpmxqWEDoiA9ZxVBHJTJDNTp3gE6f0cRRrV8rimfp7IiPSmLEMXackdmgWvan4n9dJbXQVZFwlqWWKzhdFqcA2xtO/cZ9rRq0YO0Ko5u5WTIdEE2pdOiUXgr/48jJpnlX9i+r5/XmldpPHUYQjOIZT8OESanAHdWgAhQE8wyu8IYFe0Dv6mLcWUD5zCH+APn8AyJ+New==</latexit>

m = 0

Boostless Bootstrap Boostless Cosmological 
Collider Bootstrap multi-field Bootstrap

a complete set of cosmo 
collider bispectra with 

full analytic shapes 

new pheno: the 
equilateral collider shape

all the possible 
equilateral-type 
non-Gaussianity 
from single field 
inflation

the full “local” shapes 

from multi-field 

inflation and more 

new pheno: the multi-
speed non-Gaussianity

Dong-Gang Wang                      University of Cambridge       

Exciting Progresses. Stay tuned!


