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Large-Scale Structure (LSS)

That is you !



Cosmic Microwave Background (CMB)

That is (some of) you !



Reheating surface

That is me !



Towards a Standard Model of  Inflationary Cosmology

Time

LSS

CMB

End of  Inflation

Identify particles, mass 
spectra, spins, dispersion 
relations, interactions, …

The early Universe is a unique probe of  the physics at the highest reachable energies



Theory

Observations

Phenomenology

๏ Numerous/precise future cosmological data


๏ Need accurate templates

๏ Explore/construct the space of  theories


๏ Develop new technics to compute 

cosmological correlators

๏ Explore the space of  observational signatures


๏ Build a complete theory/observable dictionary



Cosmological Correlators

The Cosmological Flow

Exploring Cosmological 

Correlators



Cosmological Correlators

Observations, Phenomenology & Theory



Statistics of  Primordial Fluctuations

Cosmological correlators encode the statistical properties of  primordial fluctuations
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Probability distribution 
of  a field configuration
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Properties of  Primordial Fluctuations
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�X(x) / �Y (x)

Single fluctuating scalar 
degree of  freedom left over

The physics of  inflation can 
only be probed indirectly

Adiabatic

Photons

Baryons

Neutrinos
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The physics of  inflation 
(=interactions) is encoded in 

small deviations from 
Gaussianity

Weakly coupled theory

Almost Gaussian
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Planck [2018]

with 
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Near Scale Invariant
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Higher-Point Cosmological Correlators

Shape Dependence
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The bispectrum is a “function of  triangles”

Amplitude
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Physics of  Cosmological Correlators

Cosmological correlators are key mathematical objects that link theory and observations

Cosmological correlators encode the physics of  the early Universe 

(=particle content, interactions, masses, spins, sound speeds, etc)

Contact Diagrams
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Self  Interactions

Maldacena [2002]

Exchange Diagrams
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Extra Particle

Chen, Wang [2009] 

Arkani-Hamed, Maldacena [2015] 

and many other works



Physics of  Cosmological Correlators

Cosmological correlators are key mathematical objects that link theory and observations

Cosmological correlators encode the physics of  the early Universe 

(=particle content, interactions, masses, spins, sound speeds, etc)
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(Massless particle)



Cosmological Collider Physics

New physics is encoded in soft limits (squeezed configurations) of  cosmological correlators
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Flat-Space Particle Physics

High Energy
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Very High Energy
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Cosmological Correlators and Perturbative Diagrammatics

Cosmological correlators are analogous to flat-space cross sections and can in 
principle be computed perturbatively using “Feynman” diagrams

Flatspace 

Cosmology 

Time

Space
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Arkani-Hamed, Baumann, Lee, Pimentel [2018]

Sleight [2018]

[Arkani-Hamed, Baumann, Chen, Jazayeri, Joyce, Noumi, Maldacena, Lee, Pajer, Pimentel, Qin, Renaux-Petel, Sleight, 
Taronna, Wang, Wang, Xianyu, Yamaguchi, Yokohama and many others]
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Nested time integrals



Prospects for Cosmological Surveys

Cosmological correlators (and tensor modes) are the main targets for current and 
future cosmological surveys

Observations will be numerous, independent, and precise. Is theory at the same precision level?

Large-scale structures Cosmic microwave background 

Scale-dependent bias

DESI Euclid

SphereX

CMB S4 LiteBIRD

Simons Observatory

See e.g. [ArXiv:2203.08128] for a review



The Cosmological Flow

Art of  Integrating by Differentiating



Landscape of  Cosmological Correlators

Computations are complicated and a complete dictionary between theories 
and observables is not yet available

Known 
signatures

Single-field massless 
theories

Single-exchange of  
massive/spinning particle Strongly mixed theories

Double/triple-exchange 
correlators

Theories with features

Multiple species

Loop-level correlators

Current technics/predictions do not cover the entire space of  cosmological correlators
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The physics is encoded in the time evolution of  fluctuations

Cosmological Flow Philosophy

Time

LSS

CMB

End of  inflation

Transfer function

๏ Linear clustering

๏ Dark matter, photons, baryons
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(�Kµ
µ )

2

<latexit sha1_base64="ERMKRlFeDTEeatZIJL/DbAFhti0=">AAAB9HicbVBNS8NAEN34WetX1aOXxSJ4KomIeix68VjBfkAby2YzbZduNnF3Uiihv8OLB0W8+mO8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg4bJk41hzqPZaxbATMghYI6CpTQSjSwKJDQDIa3U785Am1ErB5wnIAfsb4SPcEZWsnvhCCR0f5j5rqTbqnsVtwZ6DLxclImOWrd0lcnjHkagUIumTFtz03Qz5hGwSVMip3UQML4kPWhbaliERg/mx09oadWCWkv1rYU0pn6eyJjkTHjKLCdEcOBWfSm4n9eO8XetZ8JlaQIis8X9VJJMabTBGgoNHCUY0sY18LeSvmAacbR5lS0IXiLLy+TxnnFu6x49xfl6k0eR4EckxNyRjxyRarkjtRInXDyRJ7JK3lzRs6L8+58zFtXnHzmiPyB8/kDEfWRpQ==</latexit>

�g00

<latexit sha1_base64="5GKAhNXcqjo8GEfwXQ6nnAhA6Mw="></latexit>

hX2(k, t)i = T2(k; t, t0)hX2(k, t0)i

Following the time evolution of  cosmological correlators from their origin as 
quantum vacuum fluctuations to the end of  inflation

Theories Cosmological Flow Correlators
<latexit sha1_base64="q04mwdEcsxtkP3jcsb3gmgIi+2k=">AAACBHicbVBNS8NAEN3Ur1q/oh57CRahXkoioh6LXjx4qGA/oIllst20SzebsLsplNCDF/+KFw+KePVHePPfuGlz0NYHA4/3ZpiZ58eMSmXb30ZhZXVtfaO4Wdra3tndM/cPWjJKBCZNHLFIdHyQhFFOmooqRjqxIBD6jLT90XXmt8dESBrxezWJiRfCgNOAYlBa6pllNwQ1xMDS22nVHYOIh/TBBRYP4aRnVuyaPYO1TJycVFCORs/8cvsRTkLCFWYgZdexY+WlIBTFjExLbiJJDHgEA9LVlENIpJfOnphax1rpW0EkdHFlzdTfEymEUk5CX3dmJ8tFLxP/87qJCi69lPI4UYTj+aIgYZaKrCwRq08FwYpNNAEsqL7VwkMQgJXOraRDcBZfXiat05pzXnPuzir1qzyOIiqjI1RFDrpAdXSDGqiJMHpEz+gVvRlPxovxbnzMWwtGPnOI/sD4/AHMNpgw</latexit>

L('↵)
<latexit sha1_base64="MtyNh0XIVVWV0Tlvjyfr+Wb62Fs="></latexit>

d

dt
h'↵'�'�i

<latexit sha1_base64="XMQTTcORg3kwBbbhGlrzav/XewY=">AAACMXicbVDLSgNBEJz1bXxFPXoZDIKnsCuiHkUvHhWMCWRj6J10kiEzu8tMrxCW/Ii/4Q941T/wJh68+BNOHkiMFgxUV3XTPRWlSlry/Tdvbn5hcWl5ZbWwtr6xuVXc3rmzSWYEVkSiElOLwKKSMVZIksJaahB0pLAa9S6HfvUBjZVJfEv9FBsaOrFsSwHkpGbxOIwM9JDy8AFM2pX3Iai0C/ynjJCmqg5oDYNmseSX/RH4XxJMSIlNcN0sfoatRGQaYxIKrK0HfkqNHAxJoXBQCDOLKYgedLDuaAwabSMf/W7AD5zS4u3EuBcTH6nTEzloa/s6cp0aqGtnvaH4n1fPqH3WyGWcZoSxGC9qZ4pTwodR8ZY0KEj1HQFhpLuViy4YEOQC/bVlnOGg4IIJZmP4S+6OysFJObg5Lp1fTCJaYXtsnx2ygJ2yc3bFrlmFCfbIntkLe/WevDfv3fsYt855k5ld9gve1zf/gquz</latexit>

h'↵'�'�i



Diagrammatic Representation of  Flow Equations

From first principles, tree-level cosmological correlators satisfy universal differential 
equations in time that follow simple graphical rules

<latexit sha1_base64="GwOlJjJyppV/dXrxKVyUrzeSD0c="></latexit>

Xa= ('↵
, p

�)

[Xa
,Xb]= i✏

ab

H=
X

1
n!Ha1···anX

a1 · · ·Xan

u
a
a1···an= ✏

ab
Hba1···an

Phase-space variables

Pinol, DW, Renaux-Petel [2023]

<latexit sha1_base64="3UYsVwgFnwgA/7SPaPaBXLoEq2A="></latexit>

d
dt =

External operators

Internal vertices

<latexit sha1_base64="oWdlbN1u/vWFcpa6HPuMoZHNCHA="></latexit>

= ua
b

<latexit sha1_base64="964c2n+jjaibbC3qg4DqmebZlP8="></latexit>a
<latexit sha1_base64="PlZEvVwOzfypsIIPNI76LQOz+u4="></latexit>

b

<latexit sha1_base64="964c2n+jjaibbC3qg4DqmebZlP8="></latexit>a
<latexit sha1_base64="yJwoTOfN7bnjLPsIF6nJmUgAzKU="></latexit>

= ua
b1···bn

<latexit sha1_base64="RWD4DSGIK7AATAoQhuDTmJ2aG7g="></latexit>a1
<latexit sha1_base64="BXQVgBOcI757NWLE+6kzDbc5YeU="></latexit>an

<latexit sha1_base64="RWD4DSGIK7AATAoQhuDTmJ2aG7g="></latexit>a1
<latexit sha1_base64="UwlkGDuBuFez8vLXzYHkW93HPjA="></latexit>

bn
<latexit sha1_base64="AFvqZhmc7Ce8M3uUAmZMwcvtHb8="></latexit>

b1
<latexit sha1_base64="BXQVgBOcI757NWLE+6kzDbc5YeU="></latexit>an

<latexit sha1_base64="964c2n+jjaibbC3qg4DqmebZlP8="></latexit>a <latexit sha1_base64="RWD4DSGIK7AATAoQhuDTmJ2aG7g="></latexit>a1
<latexit sha1_base64="BXQVgBOcI757NWLE+6kzDbc5YeU="></latexit>an <latexit sha1_base64="RWD4DSGIK7AATAoQhuDTmJ2aG7g="></latexit>a1

<latexit sha1_base64="UwlkGDuBuFez8vLXzYHkW93HPjA="></latexit>

bn
<latexit sha1_base64="AFvqZhmc7Ce8M3uUAmZMwcvtHb8="></latexit>

b1
<latexit sha1_base64="BXQVgBOcI757NWLE+6kzDbc5YeU="></latexit>an

<latexit sha1_base64="ZzcY/E49oJ9uNUiNTri5g22Zcrk="></latexit>

= ua
b1···bnc

<latexit sha1_base64="PFf0+5dQDD2LwcNdPBpXCGxq2oA="></latexit>c



Flow of  Tree-Level Two- and Three-Point Correlators

2pt correlators 

3pt correlators 

<latexit sha1_base64="6C9nK5G54sx4X4653LXrYbz3ffg="></latexit>

d

dt

<latexit sha1_base64="964c2n+jjaibbC3qg4DqmebZlP8="></latexit>a
<latexit sha1_base64="PlZEvVwOzfypsIIPNI76LQOz+u4="></latexit>

b
<latexit sha1_base64="964c2n+jjaibbC3qg4DqmebZlP8="></latexit>a

<latexit sha1_base64="PlZEvVwOzfypsIIPNI76LQOz+u4="></latexit>

b <latexit sha1_base64="964c2n+jjaibbC3qg4DqmebZlP8="></latexit>a
<latexit sha1_base64="PlZEvVwOzfypsIIPNI76LQOz+u4="></latexit>

b

<latexit sha1_base64="qXNcOkd1VZK46rWF2MS/FJvMU+0="></latexit>

+<latexit sha1_base64="5iDz/g8qUAj+Percjs21VTcGpoI="></latexit>=

<latexit sha1_base64="PlZEvVwOzfypsIIPNI76LQOz+u4="></latexit>

b<latexit sha1_base64="PFf0+5dQDD2LwcNdPBpXCGxq2oA="></latexit>c

<latexit sha1_base64="qcAxQ+CSEhdEsnhLO0UDXTK462k="></latexit>

= ua
c

<latexit sha1_base64="964c2n+jjaibbC3qg4DqmebZlP8="></latexit>a <latexit sha1_base64="PFf0+5dQDD2LwcNdPBpXCGxq2oA="></latexit>c

<latexit sha1_base64="+1HtPY2zd7UBevjmITeRQcK60v8="></latexit>

+ub
c

<latexit sha1_base64="964c2n+jjaibbC3qg4DqmebZlP8="></latexit>a
<latexit sha1_base64="PlZEvVwOzfypsIIPNI76LQOz+u4="></latexit>

b
<latexit sha1_base64="PFf0+5dQDD2LwcNdPBpXCGxq2oA="></latexit>c <latexit sha1_base64="964c2n+jjaibbC3qg4DqmebZlP8="></latexit>a

<latexit sha1_base64="PlZEvVwOzfypsIIPNI76LQOz+u4="></latexit>

b
<latexit sha1_base64="PFf0+5dQDD2LwcNdPBpXCGxq2oA="></latexit>c

<latexit sha1_base64="6C9nK5G54sx4X4653LXrYbz3ffg="></latexit>

d

dt

<latexit sha1_base64="miy1Osxup5uyzHbF0rWqTkWdu9w="></latexit>

+perms+<latexit sha1_base64="5iDz/g8qUAj+Percjs21VTcGpoI="></latexit>=

<latexit sha1_base64="964c2n+jjaibbC3qg4DqmebZlP8="></latexit>a
<latexit sha1_base64="PlZEvVwOzfypsIIPNI76LQOz+u4="></latexit>

b
<latexit sha1_base64="PFf0+5dQDD2LwcNdPBpXCGxq2oA="></latexit>c

<latexit sha1_base64="/F7ZZVZKTWPGC0Dxy37cR6vXVs4="></latexit>

+perms

<latexit sha1_base64="LoBBFuEIlZ9RTAeVX+43bVYsQ3M="></latexit>

= ua
d

<latexit sha1_base64="PlZEvVwOzfypsIIPNI76LQOz+u4="></latexit>

b
<latexit sha1_base64="PFf0+5dQDD2LwcNdPBpXCGxq2oA="></latexit>c

<latexit sha1_base64="7XDW9uWAJcp4uYqc3tpA0T2qpAs="></latexit>

d
<latexit sha1_base64="7XDW9uWAJcp4uYqc3tpA0T2qpAs="></latexit>

d
<latexit sha1_base64="PlZEvVwOzfypsIIPNI76LQOz+u4="></latexit>

b
<latexit sha1_base64="PFf0+5dQDD2LwcNdPBpXCGxq2oA="></latexit>c<latexit sha1_base64="2qbdLsMIHSCu+ipxPsVwdA7z8VA="></latexit>e

<latexit sha1_base64="8bsV4CJSxgouTsIKIY9kiRX9J+s="></latexit>

+ua
de

<latexit sha1_base64="/F7ZZVZKTWPGC0Dxy37cR6vXVs4="></latexit>

+perms
<latexit sha1_base64="/F7ZZVZKTWPGC0Dxy37cR6vXVs4="></latexit>

+perms

Pinol, DW, Renaux-Petel [2023]



Flow of  Tree-Level Two- and Three-Point Correlators

2pt correlators 

3pt correlators 

<latexit sha1_base64="6C9nK5G54sx4X4653LXrYbz3ffg="></latexit>

d

dt

<latexit sha1_base64="964c2n+jjaibbC3qg4DqmebZlP8="></latexit>a
<latexit sha1_base64="PlZEvVwOzfypsIIPNI76LQOz+u4="></latexit>

b
<latexit sha1_base64="964c2n+jjaibbC3qg4DqmebZlP8="></latexit>a

<latexit sha1_base64="PlZEvVwOzfypsIIPNI76LQOz+u4="></latexit>

b <latexit sha1_base64="964c2n+jjaibbC3qg4DqmebZlP8="></latexit>a
<latexit sha1_base64="PlZEvVwOzfypsIIPNI76LQOz+u4="></latexit>

b

<latexit sha1_base64="qXNcOkd1VZK46rWF2MS/FJvMU+0="></latexit>

+<latexit sha1_base64="5iDz/g8qUAj+Percjs21VTcGpoI="></latexit>=

<latexit sha1_base64="PlZEvVwOzfypsIIPNI76LQOz+u4="></latexit>

b<latexit sha1_base64="PFf0+5dQDD2LwcNdPBpXCGxq2oA="></latexit>c

<latexit sha1_base64="qcAxQ+CSEhdEsnhLO0UDXTK462k="></latexit>

= ua
c

<latexit sha1_base64="964c2n+jjaibbC3qg4DqmebZlP8="></latexit>a <latexit sha1_base64="PFf0+5dQDD2LwcNdPBpXCGxq2oA="></latexit>c

<latexit sha1_base64="+1HtPY2zd7UBevjmITeRQcK60v8="></latexit>

+ub
c

<latexit sha1_base64="964c2n+jjaibbC3qg4DqmebZlP8="></latexit>a
<latexit sha1_base64="PlZEvVwOzfypsIIPNI76LQOz+u4="></latexit>

b
<latexit sha1_base64="PFf0+5dQDD2LwcNdPBpXCGxq2oA="></latexit>c <latexit sha1_base64="964c2n+jjaibbC3qg4DqmebZlP8="></latexit>a

<latexit sha1_base64="PlZEvVwOzfypsIIPNI76LQOz+u4="></latexit>

b
<latexit sha1_base64="PFf0+5dQDD2LwcNdPBpXCGxq2oA="></latexit>c

<latexit sha1_base64="6C9nK5G54sx4X4653LXrYbz3ffg="></latexit>

d

dt

<latexit sha1_base64="miy1Osxup5uyzHbF0rWqTkWdu9w="></latexit>

+perms+<latexit sha1_base64="5iDz/g8qUAj+Percjs21VTcGpoI="></latexit>=

<latexit sha1_base64="964c2n+jjaibbC3qg4DqmebZlP8="></latexit>a
<latexit sha1_base64="PlZEvVwOzfypsIIPNI76LQOz+u4="></latexit>

b
<latexit sha1_base64="PFf0+5dQDD2LwcNdPBpXCGxq2oA="></latexit>c

<latexit sha1_base64="/F7ZZVZKTWPGC0Dxy37cR6vXVs4="></latexit>

+perms

<latexit sha1_base64="LoBBFuEIlZ9RTAeVX+43bVYsQ3M="></latexit>

= ua
d

<latexit sha1_base64="PlZEvVwOzfypsIIPNI76LQOz+u4="></latexit>

b
<latexit sha1_base64="PFf0+5dQDD2LwcNdPBpXCGxq2oA="></latexit>c

<latexit sha1_base64="7XDW9uWAJcp4uYqc3tpA0T2qpAs="></latexit>

d
<latexit sha1_base64="7XDW9uWAJcp4uYqc3tpA0T2qpAs="></latexit>

d
<latexit sha1_base64="PlZEvVwOzfypsIIPNI76LQOz+u4="></latexit>

b
<latexit sha1_base64="PFf0+5dQDD2LwcNdPBpXCGxq2oA="></latexit>c<latexit sha1_base64="2qbdLsMIHSCu+ipxPsVwdA7z8VA="></latexit>e

<latexit sha1_base64="8bsV4CJSxgouTsIKIY9kiRX9J+s="></latexit>

+ua
de

<latexit sha1_base64="/F7ZZVZKTWPGC0Dxy37cR6vXVs4="></latexit>

+perms
<latexit sha1_base64="/F7ZZVZKTWPGC0Dxy37cR6vXVs4="></latexit>

+perms

<latexit sha1_base64="5iDz/g8qUAj+Percjs21VTcGpoI="></latexit>=
Resummed 


linear mixings

Pinol, DW, Renaux-Petel [2023]



Cosmological Flow

hXaXbi hXaXbXci

time ua
b

ua
b

ua
bc

<latexit sha1_base64="jsHJJOLXA1hyr/XWNk8/NGRUxh0="></latexit>

d

dt
hXaXbi = ua

chXcXbi+ ub
chXaXci

<latexit sha1_base64="qxR+1LPDfZoGp2Ym7JNQj1NOVjQ="></latexit>

d

dt
hXaXbXci = ua

dhXdXbXci+ ua
dehXbXdihXcXei

Theory dependence 

(any time/momentum dependence)

Initial conditions automatically 
known in the asymptotic past

<latexit sha1_base64="vzzMODN7pO8lUgPlYpT8jBqLv7I=">AAACE3icbVDLSgMxFM3UV62vqks3wSK0LspMEXUjFN24cFHBPqBThztppg3NPEgyQhn6D278FTcuFHHrxp1/Y6adhbYeCBzOuTfJOW7EmVSm+W3klpZXVtfy64WNza3tneLuXkuGsSC0SUIeio4LknIW0KZiitNOJCj4Lqdtd3SV+u0HKiQLgzs1jmjPh0HAPEZAackpHts+qCEBntxM8AUelFWlbEcgFAPuMDsassp9zZZs4INTLJlVcwq8SKyMlFCGhlP8svshiX0aKMJByq5lRqqXpJcTTicFO5Y0AjKCAe1qGoBPZS+ZZprgI630sRcKfQKFp+rvjQR8Kce+qyfTBHLeS8X/vG6svPNewoIoVjQgs4e8mGMV4rQg3GeCEsXHmgARTP8VkyEIIErXWNAlWPORF0mrVrVOq9btSal+mdWRRwfoEJWRhc5QHV2jBmoigh7RM3pFb8aT8WK8Gx+z0ZyR7eyjPzA+fwC8wp10</latexit>

L = g(t)(@i�)
2�

<latexit sha1_base64="rk1CRBL8BxiJ0X/uUIrUSDyViXc="></latexit>

u�
�� = g(t)k� · k�impliese.g.

Conceptual advantages

๏ Unified approach  no case-specific 

diagrams

๏ Focuses directly on observables  no 

propagators

→

→

Practical advantages

๏ Universal equations  automatic 

procedure

๏ Real-time axis evolution  no UV 

regulator

→

→



Exploring Cosmological Correlators


From CosmoFlow to New Shapes



CosmoFlow: Python Package for Cosmological Correlators

Time

LSS

CMB

End of  inflation

<latexit sha1_base64="Q1xIXCkoQY2XVNW0T9BCC+5/60w=">AAAB+HicbVDLSsNAFL2pr1ofjbp0EyyCq5KIqMuiG5cV7AOaECbTaTt0ZhLmIdTQL3HjQhG3foo7/8Zpm4W2HrhwOOde7r0nyRhV2ve/ndLa+sbmVnm7srO7t191Dw7bKjUSkxZOWSq7CVKEUUFammpGupkkiCeMdJLx7czvPBKpaCoe9CQjEUdDQQcUI22l2K2Gig45ivOQm1CYaezW/Lo/h7dKgoLUoEAzdr/CfooNJ0JjhpTqBX6moxxJTTEj00poFMkQHqMh6VkqECcqyueHT71Tq/S9QSptCe3N1d8TOeJKTXhiOznSI7XszcT/vJ7Rg+sopyIzmgi8WDQwzNOpN0vB61NJsGYTSxCW1N7q4RGSCGubVcWGECy/vEra5/Xgsh7cX9QaN0UcZTiGEziDAK6gAXfQhBZgMPAMr/DmPDkvzrvzsWgtOcXMEfyB8/kDVSaTiA==</latexit>�µ⌫

<latexit sha1_base64="HCHBy3L07kvVbqoVYl0oPgVnJ2A=">AAACAXicbVDLSgMxFM34rPU16kZwEyxC3ZQZEXVZdOOygn1AZxgyaaYNTTIhyQhlqBt/xY0LRdz6F+78G9N2Ftp64MLhnHuTe08sGdXG876dpeWV1bX10kZ5c2t7Z9fd22/pNFOYNHHKUtWJkSaMCtI01DDSkYogHjPSjoc3E7/9QJSmqbg3I0lCjvqCJhQjY6XIPawGEilDEYsoDCQ9DTTtcxTRyK14NW8KuEj8glRAgUbkfgW9FGecCIMZ0rrre9KE+eRxzMi4HGSaSISHqE+6lgrEiQ7z6QVjeGKVHkxSZUsYOFV/T+SIaz3ise3kyAz0vDcR//O6mUmuwpwKmRki8OyjJGPQpHASB+xRRbBhI0sQVtTuCvEAKYSNDa1sQ/DnT14krbOaf1Hz784r9esijhI4AsegCnxwCergFjRAE2DwCJ7BK3hznpwX5935mLUuOcXMAfgD5/MH6RyWjQ==</latexit>

(@i⇡)�i

<latexit sha1_base64="l4LYolCmH+MLE3XyPYoOXB5feNM=">AAAB+HicbVDLSgMxFM3UV62Pjrp0EyyCqzIjoi6LblxWsA/oDCWTZtrQJDMkd4Q69EvcuFDErZ/izr8xbWehrQcuHM65N7n3RKngBjzv2ymtrW9sbpW3Kzu7e/tV9+CwbZJMU9aiiUh0NyKGCa5YCzgI1k01IzISrBONb2d+55FpwxP1AJOUhZIMFY85JWClvlsNBgnkQcqngeFDSfpuzat7c+BV4hekhgo0++6XfYFmkimgghjT870Uwpxo4FSwaSXIDEsJHZMh61mqiGQmzOeLT/GpVQY4TrQtBXiu/p7IiTRmIiPbKQmMzLI3E//zehnE12HOVZoBU3TxUZwJDAmepYAHXDMKYmIJoZrbXTEdEU0o2KwqNgR/+eRV0j6v+5d1//6i1rgp4iijY3SCzpCPrlAD3aEmaiGKMvSMXtGb8+S8OO/Ox6K15BQzR+gPnM8fUA2ThA==</latexit>

⇡̇�

<latexit sha1_base64="CQng4nR16knzasTKBqEzQcmvpIs=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9SIEvXiMYB6QrGF2MpsMmccyM6uEJf/hxYMiXv0Xb/6Nk2QPmljQUFR1090VJZwZ6/vf3tLyyuraemGjuLm1vbNb2ttvGJVqQutEcaVbETaUM0nrlllOW4mmWEScNqPhzcRvPlJtmJL3dpTQUOC+ZDEj2DrpoaME7WN0hUjXoGG3VPYr/hRokQQ5KUOOWrf01ekpkgoqLeHYmHbgJzbMsLaMcDoudlJDE0yGuE/bjkosqAmz6dVjdOyUHoqVdiUtmqq/JzIsjBmJyHUKbAdm3puI/3nt1MaXYcZkkloqyWxRnHJkFZpEgHpMU2L5yBFMNHO3IjLAGhPrgiq6EIL5lxdJ47QSnFeCu7Ny9TqPowCHcAQnEMAFVOEWalAHAhqe4RXevCfvxXv3PmatS14+cwB/4H3+ADhVka4=</latexit>
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CosmoFlow

Automatically generate accurate theoretical data for an unbiased 
interpretation of  future observational data

Numerical code CosmoFlow publicly available

https://github.com/deniswerth/CosmoFlow



Probing High-Energy Aspects of  Inflation

The Cosmological Flow offers new possibilities for studying, exploring and 
understanding inflationary physics without technical difficulties
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New Templates for Surveys
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Resumming Cosmological Collider Signals

The cosmological collider signal of  heavy but weakly mixed particle 

oscillates at the same frequency than that of  a light but strongly mixed particle 

Effective mass for 
the heavy field
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Mass resummation analogous to electron self-energy correction in QED 

<latexit sha1_base64="DsaoN5wK92u7WB06vVt5UARA+fA="></latexit>

q/k



Cosmological Collider Flow
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Cosmological Collider with Features
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New templates

Expected distinctive oscillations in the 
scale-dependent galaxy bias

The cosmological collider signal of  an oscillating linear mixing exhibits new features                                                  
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Conclusion



Theory

Observations

Phenomenology

๏ Numerous/precise future cosmological data


๏ Need accurate templates

๏ Explore/construct the space of  theories


๏ Develop new technics to compute 

cosmological correlators

๏ Explore the space of  observational signatures


๏ Build a complete theory/observable dictionary



Theory

Observations

Phenomenology

๏ Upcoming cosmological surveys 


(CMB, LSS, 21cm, scale-dependent bias)


๏ New templates

๏ Flow equations


๏ The Cosmological Flow

๏ Towards a complete theory/observable dictionary


๏ New cosmological collider signals



Thank you

Twitter : @WerthDenis
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