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— It opens up a new parameter space where Standard ElectroWeak Baryogenesis via charge
transport mechanism is not efficient
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o© Study of dependence CS number transitions on:
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09 Via large-scale (3+1)D lattice simulations of Higgs doublet and
SU(2)-gauge fields

Runaway critical Higgs bubbles nucleated simultaneously with
random positions and SU(2)-phase orientations
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Higgs bubble collisions induce Higgs field inhomogeneities due to 5

different SU(2) orientations
10! — Nw
Production and decay of SU(2)-gauge textures, non-trivial Higgs ol ﬂ Nes
configurations labeled by the winding number L}\m |
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1 dAN(t)

e’ 5 -
®g Non-zero Chern-Simons rate .. = El—

with Chern-Simons variance (averaged over many realizations)  ANZ.(t) = (N;s(£)?) — (N (£))?

Note: CP-violation is not included in our simulations (Nes) =0

See https://www.youtube.com/watch?v=LhZFCxJ5-4g for an animation!
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https://www.youtube.com/watch?v=LhZFCxJ5-4g
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Given the parametrization Anée « y& (thus I'cg o« y2~1),
forlargee > 0.2 constant or increasing CS variance in the physical limit y, — o

Note: clearer hint for linear dependence, I.e. a = 1, in the (1+1)D case with U(1)-gauge field!

Sizable baryon number production at large €
Same order of magnitude as thermal sphaleron rate in the symmetric phase at electroweak temperatures
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Summary

Very first computation of SM Baryon Number Violation at Zero Temperature from Higgs Bubble Collisions In a
© strongly First Order ElectroWeak Phase Transition

@ New ElectroWeak Baryogenesis mechanism for FOEWPT with: 1) low reheat temperature
2) large bubble wall velocity

CS production strongly depends on Higgs potential’s shape, controlled by degeneracy parameter e

For large e > 0.2, non-decreasing CS variance with bubble wall Lorentz-factor at collision y,

Sizable baryon number production, potentially leading to correct baryon asymmetry e.g with CP-violating source
O = M;‘j—jquﬂqﬁ w e, wrv e Next: include numerically CP-violation.

And more details in 2508.21825 the pare
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Backup - (3+1)D simulations

— Extensive lattice implementation of Higgs doublet and SU(2)-gauge fields and critical bubble profile
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—— Sphaleron rate in the symmetric phase: T, ~25 a3, T* 3 \ 4 5 6
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—— Effective sphaleron rate in a quenched EW crossover (tachyonic instability): ligen = af}v Tff f
. . . 2 sy _4_ 3
with CS variance for instantaneous quench  Ang stach = 107 my,
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Backup - Dependence of CS variance on ¢ : (1+1)D case with U(Z)-gauge field

1 .
L = _inuFﬁy_l_ |JD,ULK¢)|2 _V(Qrb)? ‘D#w:aﬁ%b_%g‘ﬁl#w?

Nw = 1/(27) [ dx 0, Arg[t)]

Nes = g/(2m) [ dx Ay
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Backup - Dependence of CS variance on ¢ : (1+1)D case with U(Z)-gauge field

Probe larger € and y,
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— CS production changes behavior For € ~ 0.1
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Backup - CS Spectra

3D
10~8

10—10

PCS / m%

10712,

Martina Cataldi

1D
1072 T il :
_ %ﬁ\“""‘" ffffff
—4 | ’__/"-J il
s e il
----- E=0.017 7*:32
€=0.01, "}/*23 ~——
B e e — 0.01, , — 64
e = 0.0, 7 =6 S 1076 |
045, — 3 N e = 0.32, 7, = 32
¢ = 0.45, ~, = 6 -l e = 0.32, v, = 64 ‘w"“ |
=" - e ——— kNQ’ﬂ'/R* “"l
Do - i [ ————m [ ! r
0.05 0.1 05 1 0.001 0.01 0.1 1 10
k/my, k/my,

SM Baryon Number Violation at T=0 from Higgs Bubble Collisions

B.4



