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Cosmology and Gravitation team 
(new team created in july 2022)

Astrophysics, Cosmology and Gravitation Axis
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• Dimitrios Kranas……………… 
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• Vadim Briaud….  
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Postdocs : 
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GRAvitation and 
Cosmologie @ EnS

Research at GRACES team concerns both early and late time universe, 
as well as gravitation, from a theoretical physics standpoint

 Synergies with other axis and teams inside ENS             

• The formation of primordial black holes from large primordial 
density fluctuations, and the associated gravitational-wave 
background. Those primordial black holes could explain the existence 
of dark matter, but since they arise from large fluctuations, they 
require non-perturbative methods such as the so-called “stochastic-
inflation” framework. This allows one to model the backreaction of 
quantum fluctuations on the expansion dynamics of space time at 
large scales.

• Uphill inflation, V. Briaud, V. Vennin, JCAP 06 (2023) 029. 
• Primordial black holes from stochastic tunneling, C. Animali, V. Vennin, JCAP 02 (2023) 043

• Can we can prove that cosmological structures have a quantum-
mechanical origin? We are developing tools originally introduced in 
quantum information theory, to fields in curved space-times, in order to 
design Bell-like tests for primordial fluctuations. Our goal is to describe 
entanglement for quantum fields, and to better understand the quantum-to-
classical transition of primordial fluctuations.

• Entanglement from rotating black holes in thermal baths, I. Agullo, A. J. Brady, A. Delhom, D. Kranas, eprint: 2307.06215. 
• Real-space Bell inequalities in de Sitter, L Espinosa-Portalès, V. Vennin, JCAP (2022) 07, 037.

• Using cosmological measurements to test alternative formulations 
of quantum mechanics (for instance dynamical collapse models)

• On the choice of the collapse operator in cosmological Continuous Spontaneous Localisation (CSL) theories,  
J. Martin, V. Vennin, Eur.Phys.J.C 81 (2021) 6 516. 

• Although observations are consistent with single-field models of 
inflation, additional degrees of freedom are expected from high-
energy constructions. The inclusion of these environmental fields 
requires to describe open quantum systems in cosmology, 
through master equations that are partly non-perturbative and allow 
for late-time resummation. Due to the dynamics of the universe’s 
expansion, this takes place out of equilibrium and out of the 
Markovian regime, where the renormalisation of the infinities 
usually encountered in field theory raises a number of challenges 
that we are investigating.


• Quantum recoherence in the early universe, T. Colas, J. Grain, V. Vennin, EPL 142 (2023) 6, 69002

• The Building of alternatives to General Relativity. These 
alternatives can have applications in cosmology as possible 
alternatives to dark matter or dark energy. They have also interest on 
their own as they provide frameworks against which one can test 
general relativity as well as pose some theoretical challenges in their 
building which allows progresses to be made at the fundamental level. 

• Theory for multiple partially massless spin-2 fields, L. Traina, N. Boulanger, C. Deffayet, S. Garcia-Saenz,  
Phys. Rev. D 100 (2019) 10, 101701 
• Degeneracy, matter coupling, and disformal transformations in scalar-tensor theories, Phys. Rev. D 102(2020) 6, 064037. 

• Phenomenological approaches in relation with field and 
superstring theories. Some studies are currently led on the 
phenomenology of some particular superstring constructions as 
well as on toy models with ghost-like instabilities. 

• Global and Local Stability for Ghost Coupled to Positive Energy Degrees of Freedom,  
C. Deffayet, A. Held, S. Mukohyama, A. Vikman, to appear in JCAP (2023). 
• Ghosts without Runaway Instabilities, C. Deffayet, S. Mukohyama, A. Vikman, Phys. Rev. Lett 128 (2022) 2, 041301.  

• The development of new tests of General Relativity and of the 
standard cosmological model. These tests use the latest 
observations both in cosmology as well as in gravitation (such as 
those of gravitational waves or of the Event Horizon Telescope)

• PhD of Irène Urso (in codirection with F. Vincent at LESIA): stating this fall.  Phd project  on «Constraining the nature 
of compact objects frominterferometric observables of black holes” 

• Gravitational waves physics. Wave forms, tests of General 
relativity, gravitational waves in cosmology.  

• Currently in collaboration with our permament visitors: L.  Bernard and D. Steer (head of the GDR « Gravitational waves »)

Astrophysics • Mesoscopic physics
• Quantic Fundamental interactions

• Metrology of simple systems and fundamental tests
• Quantum fluctuations and relativity …

• Physics of fluctuations, correlation and information
• Classical and quantum many body systems



TUG 2024: see you in Annecy!




In practice

• To the speakers: please send your slides to one of the organisers prior to your talk


• Coffee breaks: opposite to the amphitheatre


• Lunch: many options close by!


• Wifi: eduroam


• Any question: please ask a local! easy to recognise


