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 Patrick Peter

Vides cosmologiques :
defauts et structures

Chacun a son défaut, où toujours il revient
J. de la Fontaine, Fables, 1668

’
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Quantum vacuum fluctuations and large scale structures

Phase transition: early Universe

Symmetry breaking: Higgs mechanism

Topological defects

Monopoles, strings, walls… constraints

String network formation and evolution

Gravitational radiation

PBHs

Large scale structure formation = gravitational collapse

Inflation
Early Universe initial conditions: vacuum!

Quantizing gravity (perturbations)
Varying mass scalar fields

Quantum vacuum fluctuations → squeezed states… 
Power spectrum, CMB and all that.



Journée SFP 2026 – 31/03/2026

OverviewOverview

Quantum vacuum fluctuations and large scale structures

Phase transition: early Universe

Topological defects

Monopoles, strings, walls… constraints

String network formation and evolution

Gravitational radiation

PBHs

Large scale structure formation = gravitational collapse

Symmetry breaking: Higgs mechanism

Inflation
Early Universe initial conditions: vacuum!

Quantizing gravity (perturbations)
Varying mass scalar fields

Quantum vacuum fluctuations → squeezed states… 
Power spectrum, CMB and all that.



Journée SFP 2026 – 31/03/2026

OverviewOverview

Quantum vacuum fluctuations and large scale structures

Phase transition: early Universe

Topological defects

Monopoles, strings, walls… constraints

String network formation and evolution

Gravitational radiation

PBHs

Large scale structure formation = gravitational collapse

Symmetry breaking: Higgs mechanism

Inflation
Early Universe initial conditions: vacuum!

Quantizing gravity (perturbations)
Varying mass scalar fields

Quantum vacuum fluctuations → squeezed states… 
Power spectrum, CMB and all that.



Journée SFP 2026 – 31/03/2026

Symmetry breaking:    

Field strength tensorCovariant derivative

Temperature dependent potential

structure constants
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Simplest possible Model:                           real scalar field

Potential
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Next-to-simplest possible Model:    complex scalar field: Abelian Higgs mechanism

Field strength tensorCovariant derivative

Potential
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Field strength tensorCovariant derivative

Potential

structure constants

Simplest non Abelian Model:
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Symmetry breaking                  phase transition

2nd order 1st order
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Simplest possible Model:                           real scalar field

Potential

minimum:

real space:

domain wall

1 DW @ 100 GeV:

network = perturbations
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T.W.B. Kibble,  J. Phys. A9, 1387 (1976)
M.B. Hindmarsh and T.W.B. Kibble,  Rep. Prog. Phys. 58, 477 (1995)

Next-to-simplest possible Model:    complex scalar field: Abelian Higgs mechanism

cosmic string
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Thx Jose J. Blanco-Pillado
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Next-to-simplest possible Model:                                        cosmic string
T.W.B. Kibble,  J. Phys. A9, 1387 (1976)
M.B. Hindmarsh and T.W.B. Kibble,  Rep. Prog. Phys. 58, 477 (1995)

Nielsen-Olesen ansatz
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Simplest non Abelian Model:

monopole
Unavoidable:

The monopole problem: 
inflation!
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https://commons.wikimedia.org/wiki/File:Cosmic_strings_evolution_during_the_expansion_of_the_Universe.webm
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GW stochastic background Mostly based on existence of cusps… 

K. D. Olum & J. J. Blanco-Pillado, Phys. Rev. D60, 023503 (1999) 
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GW stochastic background
C. Ringeval &  T.  Suyama,  JCAP 17, 12 (2017)
J. J. Blanco-Pillado & K. D. Olum, Phys. Rev. D96, 104046 (2017)
J. J. Blanco-Pillado K. D. Olum & X. Siemens, Phys. Lett. B778, 392 (2018)
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Thx Maria Eduarda da Silva Inacio
UNESP - Universidade Estadual Paulista


Created with the Wolfram Language : www.wolfram.com
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small perturbations (geometry & matter):
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small perturbations (geometry & matter):
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Stéphane Colombi (IAP)
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Christophe Pichon (IAP)

Predictions… 
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… to compare with actual observations!
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Created by Wolfram Mathematica 8.0
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THANK YOU FOR YOUR ATTENTION
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