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Collaborators



No references! 

“I do not give many references in this book (…). The reason is that 
although to study the history of physics and to distribute credits is an 
interesting enterprise, I am not yet prepared for it.”        Polyakov 87
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Disclaimer

But for now… 

Overview: Joy of Cosmological Correlators 
Lectures: LACES 2024 
Snowmass: Inflation, Cosmological Bootstrap

https://online.kitp.ucsb.edu/online/particles25/pimentel/
https://online.kitp.ucsb.edu/online/particles25/pimentel2/
https://www.youtube.com/watch?v=LUhvpQ4ad-M&list=PLbcx3dKCUhgakyuJ8HppLjwe_oMIUkLeo
https://arxiv.org/pdf/2203.08128
https://arxiv.org/pdf/2203.08121
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What is the origin  
of structure in the universe? 
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Cosmological Correlators

All of the information about the origin of structure and the dynamics of 
the early universe is encoded in cosmological correlations!



I will show that the early universe is a collider 
experiment run at enormous energies.


Cosmological correlators are the scattering 
amplitudes of this experiment.


Many novel methods to compute and decode 
cosmological correlators are under development 
right now, drawing from other areas of physics. 


These methods are practically useful, 

and conceptually necessary.


Speculation: there is a timeless description of the 
correlators within their kinematic space. 
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Density Correlations
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Temperature Correlations
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Superhorizon Fluctuations
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How did fluctuations become correlated  
over superhorizon distances?

Planck Collaboration
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Inflation
time
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Inflaton ?

?



Inflationary Microscopy
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axion

string excitation

Higgs

brane vibration

SUSY



Inflation as a Collider
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The early universe acts as a particle accelerator!

Inflation is most energetic event in nature, perhaps (LHC x billions)! 



What collides? How?
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What — large two-point functions!

How — Higher-point functions!


The dynamics is encoded in those correlations.
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Cosmological Correlators

Scattering amplitudes in the sky!
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How big is the signal?

non-perturbativegravitational

floor

110�7

ruled out by 
Planck

10�5 10�3

CMB

 LSS21 cm (?)

h���i
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We need precise measurements

& precise theoretical predictions!



Take Away
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Fossils from the early universe 

can be used as a unique particle detector.


These particles produce cosmological correlators

which encode the dynamics of the early universe.


time
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Olena Shmahalo (Quanta magazine)

The Cosmological 
Bootstrap
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What are the  
possible correlators?  

What do we learn  
about inflation?
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Under the Microscope
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Weakly Coupled (EW) Strongly Coupled (QCD)

EFT of Inflation (NLSM)



Structure of Correlator
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particle

production

decay
decay

density 

fluctuations

Inferring which particles are created 

will tell us about the microphysics of inflation.



Particles as Tracers
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The particle propagates in the inflationary

background, tracing and imprinting it in the


correlator, as we change the shape in the sky.

time
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Kinematics
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The S-matrix is contained in the 

analytic structure of Cosmological Correlators!

Singularities
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<latexit sha1_base64="1XvUd6nIbgBctPTpX+IYawTpMgo=">AAAB6HicdZDLSgNBEEVr4ivGV9Slm8YguBpmJEGXQTcuEzAPSIbQ06lJ2vQ86O4RQsgXuHGhiFs/yZ1/Y08yARW90HA5VUVXXT8RXGnH+bQKa+sbm1vF7dLO7t7+QfnwqK3iVDJssVjEsutThYJH2NJcC+wmEmnoC+z4k5us3nlAqXgc3elpgl5IRxEPOKPaoGY6KFccu+ZkIo7trExO3JxUIFdjUP7oD2OWhhhpJqhSPddJtDejUnMmcF7qpwoTyiZ0hD1jIxqi8maLRefkzJAhCWJpXqTJgn6fmNFQqWnom86Q6rH6XcvgX7VeqoMrb8ajJNUYseVHQSqIjkl2NRlyiUyLqTGUSW52JWxMJWXaZFMyIawuJf+b9oXtVu1as1qpX+dxFOEETuEcXLiEOtxCA1rAAOERnuHFureerFfrbdlasPKZY/gh6/0L8teNCw==</latexit>

v

<latexit sha1_base64="+4Kh8WD8FCvHxpi0LPn65qHDtOw=">AAACE3icdVDLSgMxFM34rPVVdekmWAQRGTK1r9kV3bisYB/QDiWTpm1o5kGSKZSh/+DGX3HjQhG3btz5N2amFarogcDhnHNvLscNOZMKoU9jZXVtfWMzs5Xd3tnd288dHDZlEAlCGyTggWi7WFLOfNpQTHHaDgXFnstpyx1fJ35rQoVkgX+npiF1PDz02YARrLTUy53H3XRJRwxdJ0ambaOiVb5AZgmhQtnWBF0WquXybDLr5fKWiVLAJGjbleKC2Bb8tvJggXov99HtByTyqK8Ix1J2LBQqJ8ZCMcLpLNuNJA0xGeMh7WjqY49KJ07PmcFTrfThIBD6+Qqm6vJEjD0pp56rkx5WI/nbS8S/vE6kBlUnZn4YKeqT+UeDiEMVwKQg2GeCEsWnmmAimL4VkhEWmChdY3a5hP9Js2BaRbN0W8zXrhZ1ZMAxOAFnwAIVUAM3oA4agIB78AiewYvxYDwZr8bbPLpiLGaOwA8Y719M/5qn</latexit>



Contact Dynamics

29

SYMMETRY + 
ONLY E

SYMMETRY + 
E, EL, ER



Exchange Dynamics

30

M
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

(�u +M2)

<latexit sha1_base64="VVnAQpDQA0jNso6wEm8K12fPHdc=">AAACIHicdZDLSgMxFIYz9VbrbdSlm2ARKkqZKS11WdSFG6GCvcB0HDJppg3NXEgyQhn6KG58FTcuFNGdPo2ZtiMqeiDw8/3nJCe/GzEqpGG8a7mFxaXllfxqYW19Y3NL395pizDmmLRwyELedZEgjAakJalkpBtxgnyXkY47Okv9zi3hgobBtRxHxPbRIKAexUgq5Oj1pDe9xOID106Mcs1I69goG5mYkUmpd06YRE58dHlTOZw4ejGzYNYMv4g5J0Uwr6ajv/X6IY59EkjMkBCWaUTSThCXFDMyKfRiQSKER2hALCUD5BNhJ9PdJvBAkT70Qq5OIOGUfp9IkC/E2HdVp4/kUPz2UviXZ8XSO7ETGkSxJAGePeTFDMoQpmnBPuUESzZWAmFO1a4QDxFHWKpMCyqE7Kfwf9GulM1quXZVLTZO53HkwR7YByVggjpogAvQBC2AwR14AE/gWbvXHrUX7XXWmtPmM7vgR2kfnwz4npA=</latexit>

(�v +M2)

<latexit sha1_base64="Dfa0lnYmtDFjl0tmWagymGkM+ZA="></latexit>

Contact correlator

Mass of exchanged particle

(�u +M2)F = Fc

<latexit sha1_base64="QepqEDGtY0Ta4oK4ztdt1Ox9XM0="></latexit>

=

<latexit sha1_base64="NULZghUWQqgwnPkqe2W3Rk9z3bU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUL+uVUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP49ljMk=</latexit>

M
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

(s�M2)

<latexit sha1_base64="GuTm8wC43ToGlOhoHw0/mmN5Wi8=">AAAB/3icbVC7SgNBFJ2Nrxhfq4KNzWAQYmHYDREtgzY2QgTzgGQNs5ObZMjsg5lZIaxb+Cs2ForY+ht2/o2TzRaaeODC4Zx75849bsiZVJb1beSWlldW1/LrhY3Nre0dc3evKYNIUGjQgAei7RIJnPnQUExxaIcCiOdyaLnjq6nfegAhWeDfqUkIjkeGPhswSpSWeuZB3E0fiV0eQYJL8vTmvnKS9MyiVbZS4EViZ6SIMtR75le3H9DIA19RTqTs2FaonJgIxSiHpNCNJISEjskQOpr6xAPpxOnqBB9rpY8HgdDlK5yqvydi4kk58Vzd6RE1kvPeVPzP60RqcOHEzA8jBT6dLRpEHKsAT8PAfSaAKj7RhFDB9F8xHRFBqNKRFXQI9vzJi6RZKdvV8tlttVi7zOLIo0N0hErIRueohq5RHTUQRY/oGb2iN+PJeDHejY9Za87IZvbRHxifPzIrlZA=</latexit>

=

<latexit sha1_base64="NULZghUWQqgwnPkqe2W3Rk9z3bU=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKRC9C0IvHBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDfzW0+oNI/lgxkn6Ed0IHnIGTVWqt/0iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUL+uVUvU2iyMPJ3AK5+DBFVThHmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP49ljMk=</latexit>



Equilateral 
(EFT)

Cosmological Collider Physics
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Collapsed 
(particle production)

32

eiM�t

<latexit sha1_base64="Jv8/rqtdzcngk3otenRfRa1w5LI=">AAACCHicbVC7SgNBFJ31GeMramnhYBCswq5EtAxqYSNEMA/IrmF2cpMMmX0wc1cIy5Y2/oqNhSK2foKdf+PkUWjigQuHc+6dO/f4sRQabfvbWlhcWl5Zza3l1zc2t7YLO7t1HSWKQ41HMlJNn2mQIoQaCpTQjBWwwJfQ8AeXI7/xAEqLKLzDYQxewHqh6ArO0EjtwgHcp4Le0NQdv5X6MoGMulcgkVHMsnahaJfsMeg8caakSKaotgtfbifiSQAhcsm0bjl2jF7KFAouIcu7iYaY8QHrQcvQkAWgvXS8PKNHRunQbqRMhUjH6u+JlAVaDwPfdAYM+3rWG4n/ea0Eu+deKsI4QQj5ZFE3kRQjOkqFdoQCjnJoCONKmL9S3meKcTTZ5U0IzuzJ86R+UnLKpdPbcrFyMY0jR/bJITkmDjkjFXJNqqRGOHkkz+SVvFlP1ov1bn1MWhes6cwe+QPr8wd8x5mn</latexit>

Cosmological Collider Physics
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33

Particle Production
In the collapsed limit, dependence in spatial momenta

is the same as time evolution of a harmonic oscillator

u
eiM�t

<latexit sha1_base64="Jv8/rqtdzcngk3otenRfRa1w5LI=">AAACCHicbVC7SgNBFJ31GeMramnhYBCswq5EtAxqYSNEMA/IrmF2cpMMmX0wc1cIy5Y2/oqNhSK2foKdf+PkUWjigQuHc+6dO/f4sRQabfvbWlhcWl5Zza3l1zc2t7YLO7t1HSWKQ41HMlJNn2mQIoQaCpTQjBWwwJfQ8AeXI7/xAEqLKLzDYQxewHqh6ArO0EjtwgHcp4Le0NQdv5X6MoGMulcgkVHMsnahaJfsMeg8caakSKaotgtfbifiSQAhcsm0bjl2jF7KFAouIcu7iYaY8QHrQcvQkAWgvXS8PKNHRunQbqRMhUjH6u+JlAVaDwPfdAYM+3rWG4n/ea0Eu+deKsI4QQj5ZFE3kRQjOkqFdoQCjnJoCONKmL9S3meKcTTZ5U0IzuzJ86R+UnLKpdPbcrFyMY0jR/bJITkmDjkjFXJNqqRGOHkkz+SVvFlP1ov1bn1MWhes6cwe+QPr8wd8x5mn</latexit>

F =

<latexit sha1_base64="4zuS4u/JCVyk4zpxCSQ8Qvvlbgs=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKexKRC9CUBCPUcwDkhBmJ7PJkNnZZaZXCEv+wIsHRbz6R978GyfJHjSxoKGo6qa7y4+lMOi6305uZXVtfSO/Wdja3tndK+4fNEyUaMbrLJKRbvnUcCkUr6NAyVux5jT0JW/6o5up33zi2ohIPeI45t2QDpQIBKNopYfbq16x5JbdGcgy8TJSggy1XvGr049YEnKFTFJj2p4bYzelGgWTfFLoJIbHlI3ogLctVTTkppvOLp2QE6v0SRBpWwrJTP09kdLQmHHo286Q4tAselPxP6+dYHDZTYWKE+SKzRcFiSQYkenbpC80ZyjHllCmhb2VsCHVlKENp2BD8BZfXiaNs7JXKZ/fV0rV6yyOPBzBMZyCBxdQhTuoQR0YBPAMr/DmjJwX5935mLfmnGzmEP7A+fwBHraNGQ==</latexit>


d2

dt2
+M2

�
f =

1

2 cosh( 12 t)

<latexit sha1_base64="L4Tl8btcIsv1FZPzKCcPRC2i5MM="></latexit>

f ⌘ (uv)�1/2F

<latexit sha1_base64="erOXcidul+rNmWSoz3Uy5lHrxdU=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1iEurAmpaLLoiAuK9gHtLFMppN26GQS51EooeCvuHGhiFu/w51/47TNQlsPXDiccy/33uPHjErlON9WZml5ZXUtu57b2Nza3rF39+oy0gKTGo5YJJo+koRRTmqKKkaasSAo9Blp+IPrid8YEiFpxO/VKCZeiHqcBhQjZaSOfRC0yaOmw4KGw5OH5NQ9K43hTcfOO0VnCrhI3JTkQYpqx/5qdyOsQ8IVZkjKluvEykuQUBQzMs61tSQxwgPUIy1DOQqJ9JLp+WN4bJQuDCJhiis4VX9PJCiUchT6pjNEqi/nvYn4n9fSKrj0EspjrQjHs0WBZlBFcJIF7FJBsGIjQxAW1NwKcR8JhJVJLGdCcOdfXiT1UtEtF8/vyvnKVRpHFhyCI1AALrgAFXALqqAGMEjAM3gFb9aT9WK9Wx+z1oyVzuyDP7A+fwAaCZRI</latexit>



Concrete Answer
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General Result

35

Parametrized by mass, spin, & coupling. 

M

<latexit sha1_base64="wisC0sped9PiAfVwMHC4Axl1Wyk=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKRI9BL16EBMwDkiXMTnqTMbOzy8ysEEK+wIsHRbz6Sd78GyfJHjSxoKGo6qa7K0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDvzW0+oNI/lgxkn6Ed0IHnIGTVWqt/3iiW37M5BVomXkRJkqPWKX91+zNIIpWGCat3x3MT4E6oMZwKnhW6qMaFsRAfYsVTSCLU/mR86JWdW6ZMwVrakIXP198SERlqPo8B2RtQM9bI3E//zOqkJr/0Jl0lqULLFojAVxMRk9jXpc4XMiLEllClubyVsSBVlxmZTsCF4yy+vkuZF2auUL+uVUvUmiyMPJ3AK5+DBFVThDmrQAAYIz/AKb86j8+K8Ox+L1pyTzRzDHzifP6eljNk=</latexit>

M,S

<latexit sha1_base64="gbpDAGsOJ2I1BNdy4XH7+dOwbSc=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBg5Rdqeix6MWLUNF+QLuUbJptQ5PskmSFsvQvePGgiFf/kDf/jdl2D9r6YODx3gwz84KYM21c99sprKyurW8UN0tb2zu7e+X9g5aOEkVok0Q8Up0Aa8qZpE3DDKedWFEsAk7bwfgm89tPVGkWyUcziakv8FCykBFsMunuDD30yxW36s6AlomXkwrkaPTLX71BRBJBpSEca9313Nj4KVaGEU6npV6iaYzJGA9p11KJBdV+Ort1ik6sMkBhpGxJg2bq74kUC60nIrCdApuRXvQy8T+vm5jwyk+ZjBNDJZkvChOOTISyx9GAKUoMn1iCiWL2VkRGWGFibDwlG4K3+PIyaZ1XvVr14r5WqV/ncRThCI7hFDy4hDrcQgOaQGAEz/AKb45wXpx352PeWnDymUP4A+fzBwjQjZY=</latexit>

M,S

<latexit sha1_base64="gbpDAGsOJ2I1BNdy4XH7+dOwbSc=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBg5Rdqeix6MWLUNF+QLuUbJptQ5PskmSFsvQvePGgiFf/kDf/jdl2D9r6YODx3gwz84KYM21c99sprKyurW8UN0tb2zu7e+X9g5aOEkVok0Q8Up0Aa8qZpE3DDKedWFEsAk7bwfgm89tPVGkWyUcziakv8FCykBFsMunuDD30yxW36s6AlomXkwrkaPTLX71BRBJBpSEca9313Nj4KVaGEU6npV6iaYzJGA9p11KJBdV+Ort1ik6sMkBhpGxJg2bq74kUC60nIrCdApuRXvQy8T+vm5jwyk+ZjBNDJZkvChOOTISyx9GAKUoMn1iCiWL2VkRGWGFibDwlG4K3+PIyaZ1XvVr14r5WqV/ncRThCI7hFDy4hDrcQgOaQGAEz/AKb45wXpx352PeWnDymUP4A+fzBwjQjZY=</latexit>

ladder 
operator

soft
limit

FM,S,g = g2 S(S)FM,0

<latexit sha1_base64="D0aiXelVJtNuqX+DtLOf50o50wo="></latexit>

S(S)

<latexit sha1_base64="glLndtb9vPK0jHDg5zOv/QeJtbI=">AAACIHicbZDLSsNAFIYnXmu9RV26GSxCBQlJqdZl0Y3LSu0F0lgm02k7dHJhZiKUkEdx46u4caGI7vRpnKQRtPWHgW/+cw5z5ndDRoU0zU9taXlldW29sFHc3Nre2dX39tsiiDgmLRywgHddJAijPmlJKhnphpwgz2Wk406u0nrnnnBBA/9WTkPieGjk0yHFSCqrr9fiHkYMNpO7uKww7bf5yHVi0zg3U52aRvUHKhkkzeQk6esl08iuJlwEK4cSyNXo6x+9QYAjj/gSMySEbZmhdGLEJcWMJMVeJEiI8ASNiK3QRx4RTpwtlMBj5QzgMODq+BJm7u+JGHlCTD1XdXpIjsV8LTX/q9mRHF44MfXDSBIfzx4aRgzKAKZpwQHlBEs2VYAwp2pXiMeIIyxVpkUVgjX/5UVoVwyrapzdVEv1yzyOAjgER6AMLFADdXANGqAFMHgAT+AFvGqP2rP2pr3PWpe0fOYA/JH29Q3teJ8G</latexit>



Strong Coupling

36

Organize by mass gap (very roughly)

M=0 

Unparticles

M~H 

RS with 


“fried IR brane” 

M>>H 

RS with 


Hard wall 



Take Away

37

Small menu of cosmological correlators! Amazingly,

highly constrained by locality, unitarity and symmetry. 


The shapes are computed using new methods! 


This will have profound implications for understanding

fundamental physics and the universe at the earliest times.


time
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>



Emergent Time

38



39

Time without Time
time

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>



40

Time evolution emerges from 
static differential equations 

Hypothesis



Cosmology & Holography

41

In quantum gravity, boundary observables are well-defined.


?
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>



Kinematic Flow

42

time
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

<latexit sha1_base64="qC0qfI/yHI+ITxUj4KJhCViJFT0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPRi8cK9gPSUDbbTbt0sxt2J4VS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KBXcoOd9O4WNza3tneJuaW//4PCofHzSMirTlDWpEkp3ImKY4JI1kaNgnVQzkkSCtaPR/dxvj5k2XMknnKQsTMhA8phTglYKumOiWWq4ULJXrnhVbwF3nfg5qUCORq/81e0rmiVMIhXEmMD3UgynRCOngs1K3cywlNARGbDAUkkSZsLp4uSZe2GVvhsrbUuiu1B/T0xJYswkiWxnQnBoVr25+J8XZBjfhlMu0wyZpMtFcSZcVO78f7fPNaMoJpYQqrm91aVDoglFm1LJhuCvvrxOWldV/7pae6xV6nd5HEU4g3O4BB9uoA4P0IAmUFDwDK/w5qDz4rw7H8vWgpPPnMIfOJ8/vL2RkA==</latexit>"

<latexit sha1_base64="EwD0tz/PnVkcQhr70p0Ki0bTAZc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh07f65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVe+yWruvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AHdz42J</latexit>

X1

<latexit sha1_base64="WJePRISR2/d2BKomVhi4F99FYic=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY9FLx4r2lpoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/DEY38z8xyeujYjVA04S7kd0qEQoGEUr3Xf6tX654lbdOcgq8XJSgRzNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF75mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6Rdq3oX1fpdvdK4zuMowgmcwjl4cAkNuIUmtIDBEJ7hFd4c6bw4787HorXg5DPH8AfO5w/fU42K</latexit>

X2

<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="soymPTnW3CMo+0/1t4ca43xTqwE=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkYeBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tArltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALorjOY=</latexit>

Y
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time
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

<latexit sha1_base64="qC0qfI/yHI+ITxUj4KJhCViJFT0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPRi8cK9gPSUDbbTbt0sxt2J4VS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KBXcoOd9O4WNza3tneJuaW//4PCofHzSMirTlDWpEkp3ImKY4JI1kaNgnVQzkkSCtaPR/dxvj5k2XMknnKQsTMhA8phTglYKumOiWWq4ULJXrnhVbwF3nfg5qUCORq/81e0rmiVMIhXEmMD3UgynRCOngs1K3cywlNARGbDAUkkSZsLp4uSZe2GVvhsrbUuiu1B/T0xJYswkiWxnQnBoVr25+J8XZBjfhlMu0wyZpMtFcSZcVO78f7fPNaMoJpYQqrm91aVDoglFm1LJhuCvvrxOWldV/7pae6xV6nd5HEU4g3O4BB9uoA4P0IAmUFDwDK/w5qDz4rw7H8vWgpPPnMIfOJ8/vL2RkA==</latexit>"

<latexit sha1_base64="EwD0tz/PnVkcQhr70p0Ki0bTAZc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh07f65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVe+yWruvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AHdz42J</latexit>

X1

<latexit sha1_base64="WJePRISR2/d2BKomVhi4F99FYic=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY9FLx4r2lpoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/DEY38z8xyeujYjVA04S7kd0qEQoGEUr3Xf6tX654lbdOcgq8XJSgRzNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF75mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6Rdq3oX1fpdvdK4zuMowgmcwjl4cAkNuIUmtIDBEJ7hFd4c6bw4787HorXg5DPH8AfO5w/fU42K</latexit>

X2

<latexit sha1_base64="soymPTnW3CMo+0/1t4ca43xTqwE=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkYeBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tArltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALorjOY=</latexit>

Y

<latexit sha1_base64="rb2z1y5uWPXQLZWrabOCMEEUjsQ=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBVUlE1GXRjcsK9gFNCJPppB06mYSZiVhCf8WNC0Xc+iPu/BsnbRbaeuDC4Zx7Z+49YcqZ0o7zbVXW1jc2t6rbtZ3dvf0D+7DeVUkmCe2QhCeyH2JFORO0o5nmtJ9KiuOQ0144uS383iOViiXiQU9T6sd4JFjECNZGCuy6l2KpGeZB3g/cmddWLLAbTtOZA60StyQNKNEO7C9vmJAspkITjpUauE6q/bx4l3A6q3mZoikmEzyiA0MFjqny8/nuM3RqlCGKEmlKaDRXf0/kOFZqGoemM8Z6rJa9QvzPG2Q6uvZzJtJMU0EWH0UZRzpBRRBoyCQlmk8NwUQysysiYywx0SaumgnBXT55lXTPm+5l8+L+otG6KeOowjGcwBm4cAUtuIM2dIDAEzzDK7xZM+vFerc+Fq0Vq5w5gj+wPn8AEbqUeA==</latexit>

@X1 
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44

time
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

<latexit sha1_base64="qC0qfI/yHI+ITxUj4KJhCViJFT0=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69BIvgqSRS1GPRi8cK9gPSUDbbTbt0sxt2J4VS+jO8eFDEq7/Gm//GbZuDtj4YeLw3w8y8KBXcoOd9O4WNza3tneJuaW//4PCofHzSMirTlDWpEkp3ImKY4JI1kaNgnVQzkkSCtaPR/dxvj5k2XMknnKQsTMhA8phTglYKumOiWWq4ULJXrnhVbwF3nfg5qUCORq/81e0rmiVMIhXEmMD3UgynRCOngs1K3cywlNARGbDAUkkSZsLp4uSZe2GVvhsrbUuiu1B/T0xJYswkiWxnQnBoVr25+J8XZBjfhlMu0wyZpMtFcSZcVO78f7fPNaMoJpYQqrm91aVDoglFm1LJhuCvvrxOWldV/7pae6xV6nd5HEU4g3O4BB9uoA4P0IAmUFDwDK/w5qDz4rw7H8vWgpPPnMIfOJ8/vL2RkA==</latexit>"

<latexit sha1_base64="EwD0tz/PnVkcQhr70p0Ki0bTAZc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh07f65crbtWdg6wSLycVyNHol796g5ilEVfIJDWm67kJ+hnVKJjk01IvNTyhbEyHvGupohE3fjY/dUrOrDIgYaxtKSRz9fdERiNjJlFgOyOKI7PszcT/vG6K4bWfCZWkyBVbLApTSTAms7/JQGjOUE4soUwLeythI6opQ5tOyYbgLb+8SloXVe+yWruvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwjO8wpsjnRfn3flYtBacfOYY/sD5/AHdz42J</latexit>

X1

<latexit sha1_base64="WJePRISR2/d2BKomVhi4F99FYic=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY9FLx4r2lpoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/DEY38z8xyeujYjVA04S7kd0qEQoGEUr3Xf6tX654lbdOcgq8XJSgRzNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF75mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6Rdq3oX1fpdvdK4zuMowgmcwjl4cAkNuIUmtIDBEJ7hFd4c6bw4787HorXg5DPH8AfO5w/fU42K</latexit>

X2

<latexit sha1_base64="soymPTnW3CMo+0/1t4ca43xTqwE=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkYeBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tArltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALorjOY=</latexit>

Y

<latexit sha1_base64="g238g0JObb8cQ3lVdrZZPtAcTF8=">AAAB/XicbVDLSsNAFL2pr1pf8bFzEyyCq5KUoi6LblxWsA9oYphMJ+3QySTMTIQair/ixoUibv0Pd/6NkzYLbT1w4XDOvTP3niBhVCrb/jZKK6tr6xvlzcrW9s7unrl/0JFxKjBp45jFohcgSRjlpK2oYqSXCIKigJFuML7O/e4DEZLG/E5NEuJFaMhpSDFSWvLNIzdBQlHE7ut+1vOdqduS1Derds2ewVomTkGqUKDlm1/uIMZpRLjCDEnZd+xEeVn+MmZkWnFTSRKEx2hI+ppyFBHpZbPtp9apVgZWGAtdXFkz9fdEhiIpJ1GgOyOkRnLRy8X/vH6qwksvozxJFeF4/lGYMkvFVh6FNaCCYMUmmiAsqN7VwiMkEFY6sIoOwVk8eZl06jXnvNa4bVSbV0UcZTiGEzgDBy6gCTfQgjZgeIRneIU348l4Md6Nj3lryShmDuEPjM8fQuWVHA==</latexit>

@2
X1
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Important Omissions 
“there’s no time to kill today”
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Unitarity 
From AdS to dS 

Stochastic Inflation 
Loops 

Soft Theorems 
Graviton correlators 

Twistors 
Positive Geometries 

Parity Violation 
Stringy correlator? 

47



Neither thermal, nor like flat space vacuum. 

I don’t know how to probe it experimentally…

Entanglement



Near Future
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Observational Landscape

50Planck Collaboration

CMB 21cm LSS GW 
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51Planck Collaboration
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<latexit sha1_base64="3YLAbvTX6eRyu9uW+NcRRWX4cds=">AAAB63icbVDLSgNBEOz1GeMr6tHLYBA8hV2NxJsBLx4jmAcka5idzCZDZmaXmVkhLPkFLx4U8eoPefMv/ARnNzloYkFDUdVNd1cQc6aN6345K6tr6xubha3i9s7u3n7p4LClo0QR2iQRj1QnwJpyJmnTMMNpJ1YUi4DTdjC+yfz2I1WaRfLeTGLqCzyULGQEm0zy3IeLfqnsVtwcaJl4c1K+/oYcjX7pszeISCKoNIRjrbueGxs/xcowwum02Es0jTEZ4yHtWiqxoNpP81un6NQqAxRGypY0KFd/T6RYaD0Rge0U2Iz0opeJ/3ndxIRXfspknBgqyWxRmHBkIpQ9jgZMUWL4xBJMFLO3IjLCChNj4ynaELzFl5dJ67ziVSuXd9VyvTZLAwpwDCdwBh7UoA630IAmEBjBE7zAqyOcZ+fNeZ+1rjjzmSP4A+fjB6mOjsA=</latexit>

104

<latexit sha1_base64="lRo3S3nVpFEcbd7+fXAoPbjvXSA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKexKJN4MePEYwTwgWcPsZDYZMjO7zMwKYckvePGgiFd/yJt/4Sc4u8lBEwsaiqpuuruCmDNtXPfLKaytb2xuFbdLO7t7+wflw6O2jhJFaItEPFLdAGvKmaQtwwyn3VhRLAJOO8HkJvM7j1RpFsl7M42pL/BIspARbDLJcx9qg3LFrbo50CrxFqRy/Q05moPyZ38YkURQaQjHWvc8NzZ+ipVhhNNZqZ9oGmMywSPas1RiQbWf5rfO0JlVhiiMlC1pUK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUkvmiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+S9kXVq1Uv72qVRn2eBhThBE7hHDyoQwNuoQktIDCGJ3iBV0c4z86b8z5vLTiLmWP4A+fjB6sSjsE=</latexit>

105

<latexit sha1_base64="ExHO1UkqJgwmJmo7HI1DPeuPsx4=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKId4MePEYwTwgWcPsZDYZMjO7zMwKYckvePGgiFd/yJt/4Sc4u8lBEwsaiqpuuruCmDNtXPfLKaytb2xuFbdLO7t7+wflw6O2jhJFaItEPFLdAGvKmaQtwwyn3VhRLAJOO8HkJvM7j1RpFsl7M42pL/BIspARbDLJcx9qg3LFrbo50CrxFqRy/Q05moPyZ38YkURQaQjHWvc8NzZ+ipVhhNNZqZ9oGmMywSPas1RiQbWf5rfO0JlVhiiMlC1pUK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUkvmiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+S9kXVu6zW7i4rjfo8DSjCCZzCOXhQhwbcQhNaQGAMT/ACr45wnp03533eWnAWM8fwB87HD6yWjsI=</latexit>

106

<latexit sha1_base64="KPUYCa/iEu7T/0cgFAnzxd6av/E=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKGm8GvHiMYB6QrGF2MpsMmZldZmaFsOQXvHhQxKs/5M2/8BOc3eSgiQUNRVU33V1BzJk2rvvlFFZW19Y3ipulre2d3b3y/kFLR4kitEkiHqlOgDXlTNKmYYbTTqwoFgGn7WB8k/ntR6o0i+S9mcTUF3goWcgINpnkuQ+X/XLFrbo50DLx5qRy/Q05Gv3yZ28QkURQaQjHWnc9NzZ+ipVhhNNpqZdoGmMyxkPatVRiQbWf5rdO0YlVBiiMlC1pUK7+nkix0HoiAtspsBnpRS8T//O6iQmv/JTJODFUktmiMOHIRCh7HA2YosTwiSWYKGZvRWSEFSbGxlOyIXiLLy+T1lnVO69e3J1X6rVZGlCEIziGU/CgBnW4hQY0gcAInuAFXh3hPDtvzvusteDMZw7hD5yPH64ajsM=</latexit>

107

<latexit sha1_base64="UX8vkc+2GZ2z0Gpey34r6NkPrb0=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKexKJN4MePEYwTwgWcPsZDYZMjO7zMwKYckvePGgiFd/yJt/4Sc4u8lBEwsaiqpuuruCmDNtXPfLKaytb2xuFbdLO7t7+wflw6O2jhJFaItEPFLdAGvKmaQtwwyn3VhRLAJOO8HkJvM7j1RpFsl7M42pL/BIspARbDLJcx/qg3LFrbo50CrxFqRy/Q05moPyZ38YkURQaQjHWvc8NzZ+ipVhhNNZqZ9oGmMywSPas1RiQbWf5rfO0JlVhiiMlC1pUK7+nkix0HoqAtspsBnrZS8T//N6iQmv/JTJODFUkvmiMOHIRCh7HA2ZosTwqSWYKGZvRWSMFSbGxlOyIXjLL6+S9kXVq1Uv72qVRn2eBhThBE7hHDyoQwNuoQktIDCGJ3iBV0c4z86b8z5vLTiLmWP4A+fjB6+ejsQ=</latexit>

108

<latexit sha1_base64="mLSzKA4Gnh0VFbPIAGOz83/k6yc=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKktwMePEYwTwgWcPsZDYZMjO7zMwKYckvePGgiFd/yJt/4Sc4u8lBEwsaiqpuuruCmDNtXPfLKaytb2xuFbdLO7t7+wflw6O2jhJFaItEPFLdAGvKmaQtwwyn3VhRLAJOO8HkJvM7j1RpFsl7M42pL/BIspARbDLJcx/qg3LFrbo50CrxFqRy/Q05moPyZ38YkURQaQjHWvc8NzZ+ipVhhNNZqZ9oGmMywSPas1RiQbWf5rfO0JlVhiiMlC1pUK7+nkix0HoqAtspsBnrZS8T//N6iQnrfspknBgqyXxRmHBkIpQ9joZMUWL41BJMFLO3IjLGChNj4ynZELzll1dJ+6LqXVav7i4rjdo8DSjCCZzCOXhQgwbcQhNaQGAMT/ACr45wnp03533eWnAWM8fwB87HD7EijsU=</latexit>

109

<latexit sha1_base64="5Cv8QckgXJCdK9l549wm4Qv2Z8I=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKEj0Z8OIxgnlAsobZyWwyZGZ2mZkVwpJf8OJBEa/+kDf/wk9wdpODJhY0FFXddHcFMWfauO6XU1hZXVvfKG6WtrZ3dvfK+wctHSWK0CaJeKQ6AdaUM0mbhhlOO7GiWASctoPxTea3H6nSLJL3ZhJTX+ChZCEj2GSS5z5c9csVt+rmQMvEm5PK9TfkaPTLn71BRBJBpSEca9313Nj4KVaGEU6npV6iaYzJGA9p11KJBdV+mt86RSdWGaAwUrakQbn6eyLFQuuJCGynwGakF71M/M/rJia89FMm48RQSWaLwoQjE6HscTRgihLDJ5Zgopi9FZERVpgYG0/JhuAtvrxMWmdV77x6cXdeqddmaUARjuAYTsGDGtThFhrQBAIjeIIXeHWE8+y8Oe+z1oIznzmEP3A+fgCypo7G</latexit>

1980

<latexit sha1_base64="leGTqKo6zywO30BWSptTS4bXhbU=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKkngy4MVjBPOAZAmzk9lkyMzsMjMrhCW/4MWDIl79IW/+hZ/g7CYHTSxoKKq66e4KYs60cd0vp7C2vrG5Vdwu7ezu7R+UD4/aOkoUoS0S8Uh1A6wpZ5K2DDOcdmNFsQg47QST28zvPFKlWSQfzDSmvsAjyUJGsMkk77ruDsoVt+rmQKvEW5DKzTfkaA7Kn/1hRBJBpSEca93z3Nj4KVaGEU5npX6iaYzJBI9oz1KJBdV+mt86Q2dWGaIwUrakQbn6eyLFQuupCGynwGasl71M/M/rJSas+ymTcWKoJPNFYcKRiVD2OBoyRYnhU0swUczeisgYK0yMjadkQ/CWX14l7Yuqd1m9ur+sNGrzNKAIJ3AK5+BBDRpwB01oAYExPMELvDrCeXbenPd5a8FZzBzDHzgfP3j6jqA=</latexit>

1990

<latexit sha1_base64="V8vYHoeC/Bcoxi2mfw9tIcsLggI=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKEnMy4MVjBPOAZAmzk9lkyMzsMjMrhCW/4MWDIl79IW/+hZ/g7CYHTSxoKKq66e4KYs60cd0vp7C2vrG5Vdwu7ezu7R+UD4/aOkoUoS0S8Uh1A6wpZ5K2DDOcdmNFsQg47QST28zvPFKlWSQfzDSmvsAjyUJGsMkkr153B+WKW3VzoFXiLUjl5htyNAflz/4wIomg0hCOte55bmz8FCvDCKezUj/RNMZkgke0Z6nEgmo/zW+doTOrDFEYKVvSoFz9PZFiofVUBLZTYDPWy14m/uf1EhNe+ymTcWKoJPNFYcKRiVD2OBoyRYnhU0swUczeisgYK0yMjadkQ/CWX14l7Yuqd1m9ur+sNGrzNKAIJ3AK5+BBDRpwB01oAYExPMELvDrCeXbenPd5a8FZzBzDHzgfP3p/jqE=</latexit>

2000
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Observational Landscape
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Targets

Probe Modes

CMB 106

LSS 108

21 cm, ground 109

21 cm, moon 1012
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Charting Possibilities
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• d

Cosmological correlators probe particle collisions 
in the sky at ultra high energies!


Time evolution is encoded in spatial patterns.


We might be seeing glimpses of a timeless 
description of cosmology.


Progress is fast and exciting, 

from theory and observations!
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