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Electroweak phase transition in the SM

V=uyH'H + Ay (HVH)?

SU(2)L, ® U(1)y
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U(1)gm

Cross-over transition.

Ville Vaskonen (KBFI)



Classically conformal U(1)z_; extension of the SM

SU2)L®@U(l)y®U(l)p— = SUQ2)L®@Ul)y = U(l)em

* new gauge boson Z' and a new scalar ¢

* only dimensionless parameters:
V= XAg(HH)? + X(¢7¢)% — Xp(¢7¢) (HH)
* radiative corrections break the conformal symmetry:
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U(1)z_; breaking phase transition

phase transition temperature

log 10 [T* / GCV]
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U(1)p_; breaking phase transition

inverse duration of the transition

Bubble nucleationrate: [ = H(L)L@B(t_tn) log,[B8/Ho]
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e-folds of thermal inflation
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U(1)z_; breaking phase transition
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Evolution of finite patches

fraction of the patch not covered by bubbles:
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Distribution of density constrast
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Primordial black holes
U(l)B—L model

| Mo/M | 05 1.0 15 20 25 30 35
o0 TR __ _
3 0 -3 -6 -9 —12 —15 —18 -21 -24
90 | | 1 | | | | TT | I .
Lol pa p1on : 040¢ [ .
[ e —— 10 o 1 [
. ] 035}
8.0f= ] :
Q) : = 030
£ 75[2 : =3 |
E ’ ECO : 0-25 ;'hg ****** = i '
70} : 0.20
605 ] 104 105 10° 107 108
o102 1 102 10* 106 108 1010 102 mz /GeV

Ville Vaskonen (KBFI)



GW spectrum

Lewicki, Toczek, Vaskonen, arXiv:2402.04158

1. Primary GWs from bubble 1070 g
collisions:

1077
kpeak ~ kmax B/HO
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2. Secondary GWs induced by 107"
curvature fluctuations:
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GW prospects

SNR=10

. Qpgw + Qsgw
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GW signal in the U(1)p_; model

log;,SNR

0.20F

0.151

mz / GeV mz / GeV

Ville Vaskonen (KBFI)



Summary

Extensions of the SM can include first-order phase transitions.
delayed transition = thermal inflation caused by the vacuum energy
slow bubble nucleation = large density fluctuations = PBHs

GWs from bubble collisions/fluid motions and from large curvature
fluctuations

GW experiments can probe parameter space not accessible by colliders.



