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The electroweak phase transition

The universe transitions            
from               to                                  

 

Universe filled with quark gluon 
plasma.

EWPT is a crossover in the MSM, 
but first order in many extensions!
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First Order Phase Transition

Bubbles!

Necessitates BSM (typically dark sector) physics

Source of matter-antimatter asymmetry

Gravitational wave signal might be observable by LISA!
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How fast do the bubbles expand? 

The bubble wall velocity is a measurable parameter of the 
gravitational wave signal.

It also affects the generation of matter-antimatter asymmetry!

Can we calculate the wall velocity for specific particle  
physics models?
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The evolution of the distribution function in the semiclassical 
approximation is described by the Boltzmann equation: 

The transition is driven by a scalar field 𝝓. Its equation of motion is 

Inserting f = f0 + 𝛿f,  we get

The CP-even perturbation away from equilibrium sources the friction. 
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Baryogenesis

Why is there more matter than antimatter in the universe? 

Unexplained by the Standard Model and ΛCDM!
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Electroweak Baryogenesis

First order EWPT: a possible fulfilment of Sakharov’s 
baryogenesis conditions? 

Baryon number violation: sphalerons at high T

C and CP-symmetry violation: MSM + BSM physics

out-of-equilibrium conditions: first-order phase transition

Sphalerons: non-perturbative B violation in the MSM 

Sakharov, 1967;
McLerran,  Shaposhnikov,  Turok  &  Voloshin, 1991;  Shaposhnikov, 1994

7



Niyati Venkatesan, Jyväskylä Helsinki, 18.11.2022 8

m=|m|ei𝜃(z) 



Niyati Venkatesan, Jyväskylä Helsinki, 18.11.2022

Thank you! 
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How EWBG works 

CP-violation generates a chiral asymmetry in front of the wall.

Sphalerons convert the chiral asymmetry to baryon asymmetry 
in front of the wall.

Sphalerons are shut off behind the wall if                  so the 
asymmetry is preserved. 

McLerran,  Shaposhnikov,  Turok  &  Voloshin, 1991; 
Shaposhnikov, 1994;  Moore, 1998

10

v > 1.1T,
<latexit sha1_base64="pl7GH0YNGMBIUNmg1Y1U6OENkLc=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgQkJixcdGim5cVugL21Am00k7dDIJM5NCCf0LNy4UcevfuPNvTNIgaj1w4XDOvdx7jxtyprRlfRqFpeWV1bXiemljc2t7p7y711JBJAltkoAHsuNiRTkTtKmZ5rQTSop9l9O2O75N/faESsUC0dDTkDo+HgrmMYJ1Ij1M0DWyTRs1TvrlimVaGdAisXNSgRz1fvmjNwhI5FOhCcdKdW0r1E6MpWaE01mpFykaYjLGQ9pNqMA+VU6cXTxDR4kyQF4gkxIaZerPiRj7Sk19N+n0sR6pv14q/ud1I+1dOjETYaSpIPNFXsSRDlD6PhowSYnm04RgIllyKyIjLDHRSUilLISrFOffLy+S1qlpV83q/VmldpPHUYQDOIRjsOECanAHdWgCAQGP8AwvhjKejFfjbd5aMPKZffgF4/0L3qWPOQ==</latexit>


