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Differential Equations for Cosmology:
Amplitudes techniques to compute cosmological observables

X1 X2

Y1,2

k1 k2 k3 k4

Cosmological Wavefunction Basis represented by
� T̂ubings�_

d = A

Coefficients given by
simple combinatorics

Differential equations

The problem translates 
into combinatorics of a

Reduced Graph

Next step:
Solving the equations



Summer School on The Disordered Universe

Chandramouli Chowdhury !
University of Southampton

Cosmological Correlators

Orthogonal Interesting Things

Quite literally, correlation functions in a given state

C = ! ! ! O( "k1)# O( "kn) ! ! $

1) Holography of Information

2) BH Entropy  

1) Connection with scattering amplitudes at Integrand? 

2) Their Discontinuities? 

3) Performing Integrals?

! ! ! O( "k1)# O( "k4) ! ! $=
!

%

&%

dp

(p2 + x2
1)(p2 + x2

2)
S(p, "ki)

Use the knowlege of disc.(S) to understand disc.(C)!

Flat Holography

S =
A

4G
+ cn log(A)



Chantelle Esper, Trinity College Dublin, July 2025

CFTs and Gravitational Holography: Thermal States and Black Holes

Supervisor: Andrei Parnachev

� Semiclassical AdS/CFT: Einstein (+corrections)$ CFT with CT ; � gap � 1
� Black Hole Background$ Finite-Temperature Boundary Correlators
� Near-Boundary Expansion in Bulk forhTT i � and hOLOLi �

� Lightcone Limit: Nontrivial Dynamics, Analytic Results, Universality [2306.00787]
� Nonperturbative Analysis: Quasinormal Modes, Geodesics, Branch Structure
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Francesco Paronetto

Master's student at SNS & University of Pisa

Focus:cosmological correlators
and the underlyingcombinatorial
and geometric structures



Positive Geometry for Scattering Amplitudes

Jonah Stalknecht
Charles University, Prague

Scattering Amplitudes in QFT                   Geometry in Kinematic Space

Stringy1-loop 6-point
ABJM



vH
vs

I +

I �

v=0

�at

curved

BH horizon
Leonardo Stanzani
MSc student
University of Pisa & Scuola Normale Superiore

Hawking radiation as a scattering amplitude :
QFT in curved spacetime and black hole
backgrounds.

iA L (p0 ! p) =

p0 � p � q p = p0 + l12:::L

� � �

p0 + l1 p0 + l12

l1 " l2 " l3 " lL "
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1. Initial conditions 
from topology

2. Strong coupling
in cosmology

Time
Mattia Varrone



Omkar Shetye, ICTS Bangalore

Based on: 2309.07290, 2503.00135.



Polina Petriakova, PhD student at the University of Bologna and INFN, Bologna

Some past interests and results:


 Leading-log QFT in de Sitter space, [2410.16226] & [ 2504.20646] with A. Kamenshchik:

� The truncated Yang-Feldman-type equation for quantum scalar �eld's IR part in dS;

� Two-point and four-point correlation functions in the non- equilibrium regime with
the smooth massless limit;

� Correspondence between the integral structures arising inthe iterated form of the
truncated Yang-Feldman-type equation and diagrammatic techniques;

� At late times: equilibrium results match ones via Starobinsky's stochastic approach;

� Method for equal- and multi-time correlation functions' pe rturbative results directly
from the Fokker-Planck equation;

� One more fancy resummation prescription in dS (the autonomous equation).

Some current and future interests:


 Let's go beyond:

� Beyond the light scalar �eld: does the mass induce the colored noise?

� Beyond the window function as the Heaviside: does it match any QFT's results?

� Beyond dS: the local Langevin-like equation for the quantum scalar �eld in FRLW
! the new Fokker-Planck + non-Markovian ! the non-perturbative result there?
What does it resum in the corresponding QFT (if so)?

1 / 1

https://arxiv.org/abs/2410.16226
https://arxiv.org/abs/2504.20646
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Gluing of cosmological polytopes

Cosmological polytope

Gluing all the triangulations



Non-perturbative features in �Ö>0 Euclidean 
Quantum Gravity

4 Dimensions 2 Dimensions

�‡ Partition Function of a�Ö�s�O�Ù�˜�2���}�ô�X�\�ô
�‡ It receivescontributions from Einstein 

metrics of positive curvature
�‡ S^4,CP^2, S^2 x S^2, ...
�‡ Non-perturbative corrections to the 

de Sitter entropy

�‡ The Partition function, Wavefunction, ... 
admit a genus expansion

�‡ Exact results are obtained using a double-
scaled Matrix Model

�‡ With the genus expansion of the 
wavefunction we can look for non-
perturbative corrections to the Wheeler-
DeWitt equation



Silvia Pla

I am currently a postdoc at the Technical University of Munich  .

���ô���:�X�ô�Ù�e���Í�e�ã

�‡Postdoc at �X���2���
�\�Ù���:�+�+�ô���ô�Ù�[�:�2�î�:�2.

�‡PhD at the University of Valencia.

My main research topic is, broadly speaking, QFT in curved 
spacetimes : renormalization, asymptotic expansions, particle 
creation, vacuum decay, quantum tunnelling...



De Sitter backreaction from
DSSYK OTOC

Tommaso Marini

Department of Physics, Princeton University, Princeton, NJ 08544, USA
tommaso.marini@princeton.edu

07/20/2025

Work in progress with professor Herman Verlinde

De Sitter backreaction from DSSYK 1 / 2



De Sitter backreaction from DSSYK OTOC

Established anholographic dictionaryfor 3d de Sitter, including
gravitationalbackreaction.

g

Particles! g 2 SL(2; C)

t

OTOC! g 2 SL(2; C)

De Sitter backreaction from DSSYK 2 / 2
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Yakov Landau
Caltech

Light Ray Operators

Z 1

�1
Tuu du

� Flat Space
� ANEC (singularity theorems, c-theorems, causality,

positivity of relative entropy)
� Light Transform in CFT (representation theory, bootstrap

CFT, bootstrap QG EFTs)
� Generalized detectors (real world QED and QCD results,

determines space of IR observables)
� de Sitter

� IR is challenging
� Simplest universe with no universal null asymptotics
� The three operators decouple



!"#$%&'(#$%!)*%+%,'(%-./"01(0(1%2#.3(0/(

Boosting Parity-Violating Probes with kSZ

¥ Motiv ! tion : Trispectrum lowest order correl ! tor 

sensitive to p ! rity for sc ! l! r observ ! bles 

(expensive to compute, low sign ! l-to-noise r ! tio) 

[C! hn+21, Philcox 22, C! b! ss+22, É] 

¥ Composite oper ! tors, e.g. kSZ, gives trispectrum 

for cost of !  power/bispectrum.  

¥ E.g. g! l! xy-g ! l! xy-kSZ:
<latexit sha1_base64="Xwtf/oWql9PG2DMg3UHN6dSsIZ4=">AAACCXicdVDLSsNAFJ3UV62vqEs3g0Wom5C2sdVd0Y3LCrYVmlAm00k7dDIJM5NCCdm68VfcuFDErX/gzr9x+gIVPTBw5px7ufceP2ZUKtv+NHIrq2vrG/nNwtb2zu6euX/QllEiMGnhiEXizkeSMMpJS1HFyF0sCAp9Rjr+6Grqd8ZESBrxWzWJiReiAacBxUhpqWdCN0Rq6AfpOCu5Q6TS5Z+7eEiz7LRnFm2rclav1myoSd1xaheaVO2K41Rh2bJnKIIFmj3zw+1HOAkJV5ghKbtlO1ZeioSimJGs4CaSxAiP0IB0NeUoJNJLZ5dk8EQrfRhEQj+u4Ez93pGiUMpJ6OvK6Z7ytzcV//K6iQrOvZTyOFGE4/mgIGFQRXAaC+xTQbBiE00QFlTvCvEQCYSVDq+gQ1heCv8n7YpVrlm1G6fYuFzEkQdH4BiUQBnUQQNcgyZoAQzuwSN4Bi/Gg/FkvBpv89Kcseg5BD9gvH8B4HabHw==</latexit>

v

<latexit sha1_base64="16lGI87jSWsxuciIdUaqXbz2Ui0="></latexit>

! (ön) =
!

d! W (! )ön áv(ön! )" (ön! )
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Summer school on the disordered universe Ñ 21 st July, 2025

Lucas 
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Quantum !ield theory in curved spacetimes:

Light !ield e " ective potentials in dS

Stochastic Schwinger e " ect

Just started working on some stringy projects too!

Paper should have been out by today, 
 if not stay tuned, arXiv: 2507/8.xxxx!

Paper should have been out by today, 
 if not stay tuned, arXiv: 2507/8.xxxx!
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