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Goal:


Find all Cosmological Colliders using the Bootstrap method,

and identify the large signals and new shapes for upcoming observations.



Triangles in the Sky
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3-point correlation function in the primordial perturbations

CMB: 380000yrsEnd of inflation LSS: 10billion yrs

primordial bispectrum: the Fourier transf. of the 3pt correlation function

B(k1, k2, k3) ⇠ fNLS(k1, k2, k3)P
2
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size
shape

How easy/hard 
to be detected

Lots of information;

Focus of this talk


Major target of CMB, LSS, 21cm..



Fantastic New Physics and Where to Find Them
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Scattering Amplitudes

Cosmological Correlators

Contact diagram

(Self-interaction of the inflaton)

Exchange diagram

(intermediate extra fields)

Contact diagram Exchange diagram

η = 0
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Cosmological Collider Physics

5

Arkani-Hamed, Maldacena 2015

Chen, Wang 2009 


Baumann, Green 2010 

Noumi et al 2012

oscillation measures mass, angular dependence measures spin

ks
kl

Squeezed limit of the inflationary bispectrum

contains information of heavy particles in 
the high energy environment of inflation

DGW 2019Curved field manifold

Lee, Baumann, Pimentel 2016EFT of cosmo collider

A Large Menu of Possibilities

Standard Model mass spectrum
Non-perturbative regimes

Chen, Wang, Xianyu 2016

Chemical Potential
Gauge theories + GUT

SM fermions and Higgs

……

An, McAneny, Ridgway, Wise 2017
Kumar, Sumdrum 2017; 2018

Wang, Xianyu 2019
Hook, Huang, Racco 2019

<latexit sha1_base64="iy4ZV5n7uM/IjUVHPVSKYnzH4n4="></latexit>

limkl!0h⇣kl⇣ks⇣ksi /
✓
kl

ks

◆3/2

cos


m

H
ln

✓
kl

ks

◆
+ �

�
Ps(kl · ks)



This Talk:


Find all Cosmo Collider bispectra via 


Cosmological Bootstrap

η = 0
End of inflation


(future boundary of dS)

See H. Goodhew’s talk 
for general introduction

Cosmological Correlators from Symmetries, Locality & Unitarity

Fully model-independent;


Powerful computational tools.



De Sitter Bootstrap
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Boostless Bootstrapv.s.

dS symmetries are nicely manifested;

Fully analytical control for correlators;

Non-Gaussianity signals are very small;

Need 4-pt first, before computing 3-pt.

Pros Pros

Cons Cons

Large signals are possible;

A complete set of single field correlators.

Only for correlators from massless 
field interactions

Arkani-Hamed, Baumann, Lee, Pimentel 2018

Baumann, Duaso Pueyo, Joyce, Lee, 

Pimentel 2019, 2020

Pajer 2020

Jazayeri, Pajer, Stefanyszyn 2021


Bonifacio, Pajer, DGW 2021; ….

…
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De Sitter Bootstrap
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Boostless Bootstrap

Boostless Cosmological Collider Bootstrap

+

Large boost-breaking interactions with massive particles;

Bootstrap inflationary three-point functions directly;

Pimentel, DGW 2022

A complete menu of possibilities for massive-exchange bispectra.



To be more specific…
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Inflaton Bispectrum
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�
<latexit sha1_base64="hpnySaJh+/CAhHti5mNvHw101yA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVI9FLx4r2A9oQ9lsN83S3U3Y3Qgl9C948aCIV/+QN/+NmzYHbX0w8Hhvhpl5QcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfoA15UzSjmGG036iKBYBp71gepf7vSeqNIvlo5kl1Bd4IlnICDa5NEwiNqrW3Lq7AFonXkFqUKA9qn4NxzFJBZWGcKz1wHMT42dYGUY4nVeGqaYJJlM8oQNLJRZU+9ni1jm6sMoYhbGyJQ1aqL8nMiy0nonAdgpsIr3q5eJ/3iA14Y2fMZmkhkqyXBSmHJkY5Y+jMVOUGD6zBBPF7K2IRFhhYmw8FRuCt/ryOule1b1mvfHQqLVuizjKcAbncAkeXEML7qENHSAQwTO8wpsjnBfn3flYtpacYuYU/sD5/AEWdo5I</latexit>

�
η = 0

All possible  
quadratic interactions

ϕσAll possible 
cubic interactions

ϕϕσ

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

�̇2�, (@i�)
2�, �̈2�, ...

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

�̇�, @2��, �̈�, ...scalar exchange

spinning exchange
<latexit sha1_base64="Qyuc2nePF/FRf5434ZyCUqPByYM=">AAACGXicbVBNS8MwGE7n15xfVY9eikPwIKWVoZ5k4MXjBPcBWylplm5xSRqSVBhlf8OLf8WLB0U86sl/Y7oV0c0HAg/P837kfSJBidKe92WVlpZXVtfK65WNza3tHXt3r6WSVCLcRAlNZCeCClPCcVMTTXFHSAxZRHE7Gl3lfvseS0USfqvHAgcMDjiJCYLaSKHt9fqJ7okh6QkoNYE0zMid605+ZEUGDBbiieu6oV31XG8KZ5H4BamCAo3Q/jCzUMow14hCpbq+J3SQ5dsQxZNKL1VYQDSCA9w1lEOGVZBNL5s4R0bpO3EizePamaq/OzLIlBqzyFQyqIdq3svF/7xuquOLICNcpBpzNFsUp9TRiZPH5PSJxEjTsSEQSWL+6qAhlBBpE2bFhODPn7xIWqeuf+bWbmrV+mURRxkcgENwDHxwDurgGjRAEyDwAJ7AC3i1Hq1n6816n5WWrKJnH/yB9fkNeUqgiA==</latexit>

�̇@ij..�̇�ij.., ...
<latexit sha1_base64="Bx83BaECS9oFsAeH7eJCnG4yxeE=">AAACEXicbVBNS8MwGE7n15xfVY9eikPYQUIrQz3JwIvHCe4D1lLSLNvi0jQkqTDK/oIX/4oXD4p49ebNf2O69aCbDwQenuf9yPtEglGlXffbKq2srq1vlDcrW9s7u3v2/kFbJanEpIUTlshuhBRhlJOWppqRrpAExREjnWh8nfudByIVTfidnggSxGjI6YBipI0U2jVfIKkpYmFG7yGc+v1E+2JEfUWHMSrEUwhhaFdd6M7gLBOvIFVQoBnaX2YWTmPCNWZIqZ7nCh1k+TbMyLTip4oIhMdoSHqGchQTFWSzi6bOiVH6ziCR5nHtzNTfHRmKlZrEkamMkR6pRS8X//N6qR5cBhnlItWE4/miQcocnTh5PE6fSoI1mxiCsKTmrw4eIYmwNiFWTAje4snLpH0GvXNYv61XG1dFHGVwBI5BDXjgAjTADWiCFsDgETyDV/BmPVkv1rv1MS8tWUXPIfgD6/MH0+6c+A==</latexit>

@ij..�̇�ij.., ...
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0. A Mixed Propagator

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

�̇�, @2��, �̈�, ...

the conversion from 
massive scalar  to 
the inflaton 

σ
ϕ

I. Three-Point Scalar Seed

<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="KxJxPae5dNjLDvO132EkzYSm+mE=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBg5RdKdWLUvTisYL9gHYp2TTbhibZNckKZemf8OJBEa/+HW/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aOEkVog0Q8Uu0Aa8qZpA3DDKftWFEsAk5bweh26reeqNIskg9mHFNf4IFkISPYWKktrt0zpK/cXrHklt0Z0DLxMlKCDPVe8avbj0giqDSEY607nhsbP8XKMMLppNBNNI0xGeEB7VgqsaDaT2f3TtCJVfoojJQtadBM/T2RYqH1WAS2U2Az1IveVPzP6yQmvPRTJuPEUEnmi8KEIxOh6fOozxQlho8twUQxeysiQ6wwMTaigg3BW3x5mTTPy161XLmvlGo3WRx5OIJjOAUPLqAGd1CHBhDg8Ayv8OY8Oi/Ou/Mxb8052cwh/IHz+QNQF47a</latexit>

m > 0, s = 0

<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="9zUlPdwUYZG9fYOR2u5pkRrUwqg=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhCswl0IaiMEbFJYRDAfkFzC3mYvWbK7d+7uCeHIn7CxUMTWv2Pnv3GTXKGJDwYe780wMy+IOdPGdb+dtfWNza3t3E5+d2//4LBwdNzUUaIIbZCIR6odYE05k7RhmOG0HSuKRcBpKxjfzvzWE1WaRfLBTGLqCzyULGQEGyu1Ra98U671yv1C0S25c6BV4mWkCBnq/cJXdxCRRFBpCMdadzw3Nn6KlWGE02m+m2gaYzLGQ9qxVGJBtZ/O752ic6sMUBgpW9Kgufp7IsVC64kIbKfAZqSXvZn4n9dJTHjtp0zGiaGSLBaFCUcmQrPn0YApSgyfWIKJYvZWREZYYWJsRHkbgrf88ipplkveZalyXylW77I4cnAKZ3ABHlxBFWpQhwYQ4PAMr/DmPDovzrvzsWhdc7KZE/gD5/MHsJyPIQ==</latexit>

m
2 = 2H2

 — conformally 
coupled scalar
φ

<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
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<latexit sha1_base64="uDZt6uS+GAh9nMZD7ERUJ+pN0d4="></latexit>✓
�u +

m
2

H2

◆
Î =

u

1 + u
with

Analytical solution:

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

u ⌘ k3
k1 + k2

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

u ⌘ k3
k1 + k2

Particle 
production

The squeezed-limit oscillations 
caused by massive particles

Cosmological Collider Signal


A differential equation for the scalar seed

<latexit sha1_base64="PtdrjjBRbmVqq/whgyLikgMRTrs=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR6qYmUtRl0Y3uKtgHNKFMptN26GQS5iGUmIW/4saFIm79DXf+jZM2C209MHA4517umRPEjErlON9WYWl5ZXWtuF7a2Nza3rF391oy0gKTJo5YJDoBkoRRTpqKKkY6sSAoDBhpB+PrzG8/ECFpxO/VJCZ+iIacDihGykg9+8AbIZV4IVIjjFhym6YVfXKqe3bZqTpTwEXi5qQMcjR69pfXj7AOCVeYISm7rhMrP0FCUcxIWvK0JDHCYzQkXUM5Con0k2n+FB4bpQ8HkTCPKzhVf28kKJRyEgZmMgsq571M/M/rajW49BPKY60Ix7NDA82gimBWBuxTQbBiE0MQFtRkhXiEBMLKVFYyJbjzX14krbOqe16t3dXK9au8jiI4BEegAlxwAergBjRAE2DwCJ7BK3iznqwX6936mI0WrHxnH/yB9fkD3tmWAg==</latexit>

Î(u)/u
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0. A Mixed Propagator

I. Three-Point Scalar Seed

<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>

�
η = 0

II. Generalized Seeds

<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="KxJxPae5dNjLDvO132EkzYSm+mE=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBg5RdKdWLUvTisYL9gHYp2TTbhibZNckKZemf8OJBEa/+HW/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aOEkVog0Q8Uu0Aa8qZpA3DDKftWFEsAk5bweh26reeqNIskg9mHFNf4IFkISPYWKktrt0zpK/cXrHklt0Z0DLxMlKCDPVe8avbj0giqDSEY607nhsbP8XKMMLppNBNNI0xGeEB7VgqsaDaT2f3TtCJVfoojJQtadBM/T2RYqH1WAS2U2Az1IveVPzP6yQmvPRTJuPEUEnmi8KEIxOh6fOozxQlho8twUQxeysiQ6wwMTaigg3BW3x5mTTPy161XLmvlGo3WRx5OIJjOAUPLqAGd1CHBhDg8Ayv8OY8Oi/Ou/Mxb8052cwh/IHz+QNQF47a</latexit>

m > 0, s = 0 Higher-derivative 
quadratic interactions

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

�̇�, @2��, �̈�, ...

(for any number of time and spatial derivatives)

<latexit sha1_base64="76uJJZWNDbkHTEjNXd280KACUiU="></latexit>

Î(n) ⇠
Z

d⌘

⌘2
eics(k1+k2)⌘K(n)

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

⇠ Î(u)
<latexit sha1_base64="8zWpJ8e4Z8KjwIOejZ40A+Oe2s8="></latexit>✓
�u +

m
2

H2

◆
Î(n) =

✓
u

1 + u

◆n+1
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0. A Mixed Propagator

I. Three-Point Scalar Seed

III. Weight-Shifting

<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>

�
η = 0

II. Generalized Seeds

<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="KxJxPae5dNjLDvO132EkzYSm+mE=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBg5RdKdWLUvTisYL9gHYp2TTbhibZNckKZemf8OJBEa/+HW/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aOEkVog0Q8Uu0Aa8qZpA3DDKftWFEsAk5bweh26reeqNIskg9mHFNf4IFkISPYWKktrt0zpK/cXrHklt0Z0DLxMlKCDPVe8avbj0giqDSEY607nhsbP8XKMMLppNBNNI0xGeEB7VgqsaDaT2f3TtCJVfoojJQtadBM/T2RYqH1WAS2U2Az1IveVPzP6yQmvPRTJuPEUEnmi8KEIxOh6fOozxQlho8twUQxeysiQ6wwMTaigg3BW3x5mTTPy161XLmvlGo3WRx5OIJjOAUPLqAGd1CHBhDg8Ayv8OY8Oi/Ou/Mxb8052cwh/IHz+QNQF47a</latexit>

m > 0, s = 0

<latexit sha1_base64="9zUlPdwUYZG9fYOR2u5pkRrUwqg=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhCswl0IaiMEbFJYRDAfkFzC3mYvWbK7d+7uCeHIn7CxUMTWv2Pnv3GTXKGJDwYe780wMy+IOdPGdb+dtfWNza3t3E5+d2//4LBwdNzUUaIIbZCIR6odYE05k7RhmOG0HSuKRcBpKxjfzvzWE1WaRfLBTGLqCzyULGQEGyu1Ra98U671yv1C0S25c6BV4mWkCBnq/cJXdxCRRFBpCMdadzw3Nn6KlWGE02m+m2gaYzLGQ9qxVGJBtZ/O752ic6sMUBgpW9Kgufp7IsVC64kIbKfAZqSXvZn4n9dJTHjtp0zGiaGSLBaFCUcmQrPn0YApSgyfWIKJYvZWREZYYWJsRHkbgrf88ipplkveZalyXylW77I4cnAKZ3ABHlxBFWpQhwYQ4PAMr/DmPDovzrvzsWhdc7KZE/gD5/MHsJyPIQ==</latexit>

m
2 = 2H2

<latexit sha1_base64="SalbpPvW9rpMFJfgAalL8DgUNjg=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY8FLx48VLAf0C4lm2bb0Gw2JNlCWfojvHhQxKu/x5v/xrTdg7Y+GHi8N8PMvFAJbqznfaPCxubW9k5xt7S3f3B4VD4+aZkk1ZQ1aSIS3QmJYYJL1rTcCtZRmpE4FKwdju/mfnvCtOGJfLJTxYKYDCWPOCXWSe3ehGg14v1yxat6C+B14uekAjka/fJXb5DQNGbSUkGM6fqeskFGtOVUsFmplxqmCB2TIes6KknMTJAtzp3hC6cMcJRoV9Lihfp7IiOxMdM4dJ0xsSOz6s3F/7xuaqPbIONSpZZJulwUpQLbBM9/xwOuGbVi6gihmrtbMR0RTah1CZVcCP7qy+ukdVX1r6u1x1ql/pDHUYQzOIdL8OEG6nAPDWgChTE8wyu8IYVe0Dv6WLYWUD5zCn+APn8AgTqPuQ==</latexit>'
<latexit sha1_base64="l18vAG4evzg7KXrHLMfF7AP5fX8=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5CUBshYGNhEcFLAskZ9jZ7yZLdvWN3TwhHfoONhSK2/iA7/42b5ApNfDDweG+GmXlhwpk2rvvtFNbWNza3itulnd29/YPy4VFLx6ki1Ccxj1UnxJpyJqlvmOG0kyiKRchpOxzfzPz2E1WaxfLBTBIaCDyULGIEGyv54rF27fbLFbfqzoFWiZeTCuRo9stfvUFMUkGlIRxr3fXcxAQZVoYRTqelXqppgskYD2nXUokF1UE2P3aKzqwyQFGsbEmD5urviQwLrScitJ0Cm5Fe9mbif143NdFVkDGZpIZKslgUpRyZGM0+RwOmKDF8YgkmitlbERlhhYmx+ZRsCN7yy6ukVat6F9X6fb3SuMvjKMIJnMI5eHAJDbiFJvhAgMEzvMKbI50X5935WLQWnHzmGP7A+fwB8hqOKQ==</latexit>

m2 = 0

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

�
Higher-derivative 

quadratic interactions

Any boost-breaking 
cubic interactions

<latexit sha1_base64="PYnNyDnSVOzkAn78RF/wPU7eFeQ="></latexit>

h���i = W h''�i ⇠ W ÎWeight-shifting operators
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0. A Mixed Propagator

I. Three-Point Scalar Seed

III. Weight-Shifting

IV. Spin-Raising

<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>

�
η = 0

II. Generalized Seeds

<latexit sha1_base64="KH2FiXdsRtRhwf74TrgCUOtj/BI=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWARXIVEirqSghuXFewDmhAm00k7dGYSZiZCiV34K25cKOLW33Dn3zhps9DWA5d7OOde5s6JUkaVdt1vq7Kyura+Ud2sbW3v7O7Z+wcdlWQSkzZOWCJ7EVKEUUHammpGeqkkiEeMdKPxTeF3H4hUNBH3epKSgKOhoDHFSBsptI98RYcchbnPs9BzHKfoahradddxZ4DLxCtJHZRohfaXP0hwxonQmCGl+p6b6iBHUlPMyLTmZ4qkCI/RkPQNFYgTFeSz+6fw1CgDGCfSlNBwpv7eyBFXasIjM8mRHqlFrxD/8/qZjq+CnIo000Tg+UNxxqBOYBEGHFBJsGYTQxCW1NwK8QhJhLWJrGZC8Ba/vEw654534TTuGvXmdRlHFRyDE3AGPHAJmuAWtEAbYPAInsEreLOerBfr3fqYj1ascucQ/IH1+QNt1pW4</latexit>�µ1...µs

<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="KxJxPae5dNjLDvO132EkzYSm+mE=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBg5RdKdWLUvTisYL9gHYp2TTbhibZNckKZemf8OJBEa/+HW/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aOEkVog0Q8Uu0Aa8qZpA3DDKftWFEsAk5bweh26reeqNIskg9mHFNf4IFkISPYWKktrt0zpK/cXrHklt0Z0DLxMlKCDPVe8avbj0giqDSEY607nhsbP8XKMMLppNBNNI0xGeEB7VgqsaDaT2f3TtCJVfoojJQtadBM/T2RYqH1WAS2U2Az1IveVPzP6yQmvPRTJuPEUEnmi8KEIxOh6fOozxQlho8twUQxeysiQ6wwMTaigg3BW3x5mTTPy161XLmvlGo3WRx5OIJjOAUPLqAGd1CHBhDg8Ayv8OY8Oi/Ou/Mxb8052cwh/IHz+QNQF47a</latexit>

m > 0, s = 0

<latexit sha1_base64="9zUlPdwUYZG9fYOR2u5pkRrUwqg=">AAAB73icbVA9SwNBEJ3zM8avqKXNYhCswl0IaiMEbFJYRDAfkFzC3mYvWbK7d+7uCeHIn7CxUMTWv2Pnv3GTXKGJDwYe780wMy+IOdPGdb+dtfWNza3t3E5+d2//4LBwdNzUUaIIbZCIR6odYE05k7RhmOG0HSuKRcBpKxjfzvzWE1WaRfLBTGLqCzyULGQEGyu1Ra98U671yv1C0S25c6BV4mWkCBnq/cJXdxCRRFBpCMdadzw3Nn6KlWGE02m+m2gaYzLGQ9qxVGJBtZ/O752ic6sMUBgpW9Kgufp7IsVC64kIbKfAZqSXvZn4n9dJTHjtp0zGiaGSLBaFCUcmQrPn0YApSgyfWIKJYvZWREZYYWJsRHkbgrf88ipplkveZalyXylW77I4cnAKZ3ABHlxBFWpQhwYQ4PAMr/DmPDovzrvzsWhdc7KZE/gD5/MHsJyPIQ==</latexit>

m
2 = 2H2

<latexit sha1_base64="SalbpPvW9rpMFJfgAalL8DgUNjg=">AAAB7nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY8FLx48VLAf0C4lm2bb0Gw2JNlCWfojvHhQxKu/x5v/xrTdg7Y+GHi8N8PMvFAJbqznfaPCxubW9k5xt7S3f3B4VD4+aZkk1ZQ1aSIS3QmJYYJL1rTcCtZRmpE4FKwdju/mfnvCtOGJfLJTxYKYDCWPOCXWSe3ehGg14v1yxat6C+B14uekAjka/fJXb5DQNGbSUkGM6fqeskFGtOVUsFmplxqmCB2TIes6KknMTJAtzp3hC6cMcJRoV9Lihfp7IiOxMdM4dJ0xsSOz6s3F/7xuaqPbIONSpZZJulwUpQLbBM9/xwOuGbVi6gihmrtbMR0RTah1CZVcCP7qy+ukdVX1r6u1x1ql/pDHUYQzOIdL8OEG6nAPDWgChTE8wyu8IYVe0Dv6WLYWUD5zCn+APn8AgTqPuQ==</latexit>'
<latexit sha1_base64="l18vAG4evzg7KXrHLMfF7AP5fX8=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5CUBshYGNhEcFLAskZ9jZ7yZLdvWN3TwhHfoONhSK2/iA7/42b5ApNfDDweG+GmXlhwpk2rvvtFNbWNza3itulnd29/YPy4VFLx6ki1Ccxj1UnxJpyJqlvmOG0kyiKRchpOxzfzPz2E1WaxfLBTBIaCDyULGIEGyv54rF27fbLFbfqzoFWiZeTCuRo9stfvUFMUkGlIRxr3fXcxAQZVoYRTqelXqppgskYD2nXUokF1UE2P3aKzqwyQFGsbEmD5urviQwLrScitJ0Cm5Fe9mbif143NdFVkDGZpIZKslgUpRyZGM0+RwOmKDF8YgkmitlbERlhhYmx+ZRsCN7yy6ukVat6F9X6fb3SuMvjKMIJnMI5eHAJDbiFJvhAgMEzvMKbI50X5935WLQWnHzmGP7A+fwB8hqOKQ==</latexit>

m2 = 0

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

�

<latexit sha1_base64="rLFwVis2kmMYqH+ho6rWaqSRD3M=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgQcquFPUkRS8eK9gP2C4lm862odlkTbJCWfozvHhQxKu/xpv/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKVlqig0qeRSdUKigTMBTcMMh06igMQhh3Y4up367SdQmknxYMYJBDEZCBYxSoyV/PjaPcO6O4BHt1euuFV3BrxMvJxUUI5Gr/zV7UuaxiAM5URr33MTE2REGUY5TErdVENC6IgMwLdUkBh0kM1OnuATq/RxJJUtYfBM/T2RkVjrcRzazpiYoV70puJ/np+a6CrImEhSA4LOF0Upx0bi6f+4zxRQw8eWEKqYvRXTIVGEGptSyYbgLb68TFrnVe+iWruvVeo3eRxFdISO0Sny0CWqozvUQE1EkUTP6BW9OcZ5cd6dj3lrwclnDtEfOJ8/1vKQVA==</latexit>

m > 0, s � 0

Higher-derivative 
quadratic interactions

Spin-raising operators: 



One Formula to Find Them All
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<latexit sha1_base64="rLFwVis2kmMYqH+ho6rWaqSRD3M=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BIvgQcquFPUkRS8eK9gP2C4lm862odlkTbJCWfozvHhQxKu/xpv/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKVlqig0qeRSdUKigTMBTcMMh06igMQhh3Y4up367SdQmknxYMYJBDEZCBYxSoyV/PjaPcO6O4BHt1euuFV3BrxMvJxUUI5Gr/zV7UuaxiAM5URr33MTE2REGUY5TErdVENC6IgMwLdUkBh0kM1OnuATq/RxJJUtYfBM/T2RkVjrcRzazpiYoV70puJ/np+a6CrImEhSA4LOF0Upx0bi6f+4zxRQw8eWEKqYvRXTIVGEGptSyYbgLb68TFrnVe+iWruvVeo3eRxFdISO0Sny0CWqozvUQE1EkUTP6BW9OcZ5cd6dj3lrwclnDtEfOJ8/1vKQVA==</latexit>

m > 0, s � 0

<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>

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

�

A complete set of inflationary bispectra from:

Full shapes
 Large signals
 Richer pheno

<latexit sha1_base64="ibGkdZ+LetBpch+BA6cb2giTXpM="></latexit>

h�k1�k2�k3i ⇠ Ps(cos ✓) W · U · Î(n)

Weight-
shifting

Spin-
raising

Scalar 
Seeds



Why results from dS bootstrap are small?
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mild breaking of dS boost symmetries

Slow-roll suppressed ~O( )ϵ

dS Bootstrap



Signals are boosted in strong boost-breaking scenarios

17

BCCB dS Bootstrap

Cubic & quadratic 
interactions from 
the EFT of inflation

Baumann, Lee, Pimentel 2016

Bordin, Creminelli, et al 2018


Pimentel, DGW 2022

The EFT of Cosmo Collider

B(k1, k2, k3) ⇠ fNLS(k1, k2, k3)P
2
⇣

<latexit sha1_base64="0S+0J7Wc4g3ys50oXIjswqcce+s=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHqpiRS1GXRjQvRCvYBTQiT6aQdOpOEmYlQQvZu/BU3LhRx6w+482+ctFlo64ELh3Pu5d57/JhRqSzr21haXlldWy9tlDe3tnd2zb39jowSgUkbRywSPR9JwmhI2ooqRnqxIIj7jHT98WXudx+IkDQK79UkJi5Hw5AGFCOlJc+sBF7qCA5vrjOHESkl5dDhSI0wYultVrOtY8+sWnVrCrhI7IJUQYGWZ345gwgnnIQKMyRl37Zi5aZIKIoZycpOIkmM8BgNSV/TEHEi3XT6SwaPtDKAQSR0hQpO1d8TKeJSTrivO/Mz5byXi/95/UQF525KwzhRJMSzRUHCoIpgHgwcUEGwYhNNEBZU3wrxCAmElY6vrEOw519eJJ2Tun1ab9w1qs2LIo4SOAQVUAM2OANNcAVaoA0weATP4BW8GU/Gi/FufMxal4xi5gD8gfH5AwdVmmU=</latexit>

fNL . O(10)

size shape



Phase of Cosmological Colliders
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Oscillatory signals in the squeezed limit of the shape function

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

cs = c� = 1 ,

For dS-invariant theories:
fully fixed

controlled by the 
cubic interactions

two sound speeds phase



Collider Signals around the Equilateral Limit
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Collider signals are shifted outside of the squeezed limit.

One special case:
<latexit sha1_base64="J2MaTjwOUpy8KzW3CygEsBnd8qM=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0mkqMeiF48V7Ac0IWy223bp7ibsbgol9J948aCIV/+JN/+N2zYHbX0w8Hhvhpl5ccqZNp737ZQ2Nre2d8q7lb39g8Mj9/ikrZNMEdoiCU9UN8aaciZpyzDDaTdVFIuY0048vp/7nQlVmiXyyUxTGgo8lGzACDZWilyXRIFmQ4FRwDkikY7cqlfzFkDrxC9IFQo0I/cr6CckE1QawrHWPd9LTZhjZRjhdFYJMk1TTMZ4SHuWSiyoDvPF5TN0YZU+GiTKljRoof6eyLHQeipi2ymwGelVby7+5/UyM7gNcybTzFBJlosGGUcmQfMYUJ8pSgyfWoKJYvZWREZYYWJsWBUbgr/68jppX9X861r9sV5t3BVxlOEMzuESfLiBBjxAE1pAYALP8ApvTu68OO/Ox7K15BQzp/AHzucP3hyTLA==</latexit>

c� ⌧ cs

The Equilateral Collider Shape

<latexit sha1_base64="QnzO97sOeG26UeL1jBrun13fCfs=">AAAB+nicbVBNSwMxEJ2tX7V+bfXoJVgET2VXRL0IRS8eK9gPaJclm2bb0CS7JFml1P4ULx4U8eov8ea/MW33oK0PBh7vzTAzL0o508bzvp3Cyura+kZxs7S1vbO755b3mzrJFKENkvBEtSOsKWeSNgwznLZTRbGIOG1Fw5up33qgSrNE3ptRSgOB+5LFjGBjpdAtk1CjK+R7iIRdzfoCh27Fq3ozoGXi56QCOeqh+9XtJSQTVBrCsdYd30tNMMbKMMLppNTNNE0xGeI+7VgqsaA6GM9On6Bjq/RQnChb0qCZ+ntijIXWIxHZToHNQC96U/E/r5OZ+DIYM5lmhkoyXxRnHJkETXNAPaYoMXxkCSaK2VsRGWCFibFplWwI/uLLy6R5WvXPq2d3Z5XadR5HEQ7hCE7AhwuowS3UoQEEHuEZXuHNeXJenHfnY95acPKZA/gD5/MHSxWSwA==</latexit>

cs = 10c�
<latexit sha1_base64="j1GHUle5RXhwHYBUmN/qpDQSJ2o=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5KUol6EohePFewHtCFstpt26WYTdjdKif0pXjwo4tVf4s1/47bNQVsfDDzem2FmXpBwprTjfFuFtfWNza3idmlnd2//wC4ftlWcSkJbJOax7AZYUc4EbWmmOe0mkuIo4LQTjG9mfueBSsVica8nCfUiPBQsZARrI/l2mfgKXaGag4jfV2wYYd+uOFVnDrRK3JxUIEfTt7/6g5ikERWacKxUz3US7WVYakY4nZb6qaIJJmM8pD1DBY6o8rL56VN0apQBCmNpSmg0V39PZDhSahIFpjPCeqSWvZn4n9dLdXjpZUwkqaaCLBaFKUc6RrMc0IBJSjSfGIKJZOZWREZYYqJNWiUTgrv88ipp16ruebV+V680rvM4inAMJ3AGLlxAA26hCS0g8AjP8Apv1pP1Yr1bH4vWgpXPHMEfWJ8/TKOSwQ==</latexit>

cs = 20c�



Take-Away Messages
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A complete set of cosmo collider bispectra, Bootstrapped!!


The size of the bispectra can be large, as strong breaking of the 
dS boosts is allowed in BCCB.


New pheno with the phase of cosmo colliders and the equilateral 
collider shape


These bispectra shapes provide theoretically well-motivated (and 
consistent) targets for upcoming LSS/CMB/21cm surveys.

Dong-Gang Wang                      University of Cambridge       

New formalism. A lot to be done!

Looking forward to questions in the discussion session.


