Quanton Ereects v CosrowoGy

--— =S
-

- - [LEH,EA:I_I '\)& / - ~

rd
rd
rd

-7 INFLATION

A/
Quantun Gy

Q) InTAL seTE 77

Grav. Pam Inrzcaac

R
VN

O ds Ho{osmreu{
(sfe},‘c Pc\[ce/mv{c{l/hej

N 7/
J N .’ €
— \</ Soae
¢ 70N QuANTUR
g 4 N
4 N StsTen
Q QFT i @Aq;quc;mg ! A (o:ssen.st
Spoce homas J%)
) (9 —~—> CownroanalL SYangTw Y v
— > « BUL TO BOUMMLY * QUANTUN NMECHAMICS OF
N ,’ PILTMMAM{
N 7 AV oRgeavER v
c = . BOOTYLRAP
o PAATLE ~HAWMING  « RRA-KET WOrIHO (£ ,,’ Sa e : QUANTUH  Graviiy
6& PROBLEM S . N



Differential Equations for Cosmology:

Amplitudes techniques to compute cosmological observables

Cosmological Wavefunction

Basis represented by
Nubings

Y1,2
M

X %

The problem translates
Into combinatorics of a
Reduced Graph

Differential equations

Coefficients given by
simple combinatorics

Next step:
Solving the equations



Summer School on The Disordered Universe

Chandramouli Chowdhury!
University of Southampton

Cosmological Correlators Quite literally, correlation functions in a given state

C=1110(k)# Ok)!! $

%

: : : : " " dp .
1) Connection with scattering amplitudes at Integrand? I 1O(k)# O(ky)!! $= S(p, k)
! ' ass (P2 +X0)(P?+ X3)
2) Their Discontinuities? Use the knowlege of disc.(S) to understand disc.(C)!
3) Performing Integrals? v, = 1
l—u—v
/

Orthogonal Interesting Things

1) Holography of Information

(b) Holographic storage of the wave function Flat HOIOgraphy

(a) Wave function in the bulk at the boundary on a time slice.

A
2) BH Entropy S= G + c,log(A)



Chantelle Esper, Trinity College Dublin, July 2025

CFTs and Gravitational Holography: Thermal States and|Blémles

Supervisor: Andrei Parnachev

Semiclassical AdS/CFT: Einstein (+correction CFT with Cr; gap 1
Black Hole Background Finite-Temperature Boundary Correlators
Near-Boundary Expansion in Bulk f6if Ti and hO_Oyi

Lightcone Limit: Nontrivial Dynamics, Analytic Results, Unregality [2306.00787]
Nonperturbative Analysis: Quasinormal Modes, Geodesicanémn Structure
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Francesco Paronetto

Master's student at SNS & University of Pisa

Focus: cosmological correlators
and the underlyingcombinatorial
and geometric structures
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BH horizon
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Leonardo Stanzani

MSc student

University of Pisa & Scuola Normale Superiore

Hawking radiation as ascattering amplitude
QFT in curved spacetime and black hole
backgrounds.
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Mattia Varrone
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2. Strong coupling

In cosmology.
P

Initial conditions
from topology




Omkar Shetye, ICTS Bangalore

Based on: 2309.07290, 2503.00135.

[ Open Quantum System for a Cosmic Observer ]

v

(Classical Radiation ‘{Effective action describing the dynamics of a SK effective action W

from localised sources | | localised observer in de Sitter spacetime from a special saddle

) 7

1. Multipole expansion of radiation and source moments. Two copies of

2. Post-Newtonian expansion of localised sources in dS dS static patch

3. A dictionary to convert spherical harmonics in spherical-polar joined at
\_ to cartesian STF on arbitrary dimensional spheres. horizon

Correctly reproduces radiation reaction as well as Hawking
fluctuations experienced by the local observer.




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

Some past interests and results:

Leading-log QFT in de Sitter space, 2410.1622¢ & [ 2504.20644 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 irthe iterated form of the
truncated Yang-Feldman-type equation and diagrammatic techniques;

At late times: equilibrium results match ones via Starobinky'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 autonomaus equation).

Some current and future interests:

Let's go beyond:
Beyond the light scalar eld: does the mass induce the colore noise?
Beyond the window function as the Heaviside: does it match ay QFT's results?

Beyond dS: the local Langevin-like equation for the quantum <alar 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
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Gluing all the triangulations
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Cosmological polytope



Non-perturbative features i»0 Euclidean
Quantum Gravity

4 Dimensions 2 Dimensions
T Partition FunctionofaOsOU~2 }6X\6 T The Partition function, Wavefunction, ...
T It receivescontributions from Einstein admit a genus expansion
metrics of positive curvature T Exact results are obtained using a double-
T SM,CP"2, SM2 x SN2, ... scaled Matrix Model
T Non-perturbative corrections to the T With the genus expansion of the
de Sitter entropy wavefunction we can look for non-

perturbative corrections to the Wheeler-
DeWitt equation




Silvia Pla

| am currently a postdoc at the Technical University of MunichiTi

6 :X6Ue led
fPostdocat X 2 \U :++0 0U[:27:2
tPhD at theUniversity of Valencia

My main research topic is, broadly speakingQFT 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 aholographic dictionaryor 3d de Sitter, including
gravitationalbackreaction

o
[;g\/ |

Particled g2 SL(2; C) OTOC! g2SsK2; O

De Sitter backreaction from DSSYK 2/2
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Yakov Landau
Caltech

Light Ray Operators

Z,

Tuudu
il

Flat Space

ANEC (singularity theorems, c-theorems, causality,
positivity of relative entropy)
Light Transform in CFT (representation theory, bootstrap
CFT, bootstrap QG EFTSs)
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



Boosting Parity-Violating Probes with kSZ
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¥ Motiv ! tion : Trispectrum lowest order correl ! tor
sensitiveto p ! rity for sc ! I! r observ! bles

(expensive to compute, low sign ! I-to-noise r ! tio)
[C! hn+21, Philcox 22, C! b! ss+22, E]

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

for cost of ! power/bispectrum.
¥ E.g.g! I xy-g! I! xy-kSZ:
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Quantum lield theory In curved spacetimes:

Light lield e" ective potentials in dS

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

Stochastic Schwinger € " eCt e shouid have been out by today,
If not stay tuned, arXiv: 2507/8.xxxx!

Just started working on some stringy projects too!

Summer school on the disordered universe N 21 st July, 2025
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