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FOPT

 No FOPT in the SM (Higgs is too heavy!) but can easily arise in simple extensions.
e Condition for EWBG (Sakharov).
* Renewed interest due to GW observations.

Transition probability:
I(T) = A(T)e ™
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Bubble Nucleation
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T The balance between the two
pressures causes the wall to reach a
™~ steady state with a final terminal
velocity

Does the wall reach a steady state?



Semiclassical Fluid Approximation

Small Departure from equilibrium.
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CP-even Equations

-Cline, Laurent 2007.10935 (Wall Speed)
-Cline, Kainulainen 2001.00568 (Baryogenesis)

Fluid ansatz f ~ fv — fqu5X + 5fu + O(5f2)
1 ,dfy
Equilibrium distribution Jo = oBv(E—vp.)£1"’ fo = dpvE
Perturbations 5X = U+ 5’75T(E — Upz)
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Leading order in gradients %5’,2 — 5’pz (fv — f:,CSX + 5fu) — C[f]



2007.10935

2001.00568
impose that the Boltzmann equation t0 e / dp 1 / @’p E / @p 1 p.
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satisfied but we can use a moment expansion, (27T) T (27T) T (277) 1° K
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Hydrodynamic Equations

1004.4187
(& — v)% = 2% + [1 = Y*v(€ — v)]Ogv
1-0) %2 = e - v
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Wall Velocity Algorithm =[x Luhe

1. Initial guess » h(z) = % [tanh (;) + 1] ——  From Bounce Solution
856 U 2
(E—v)- == 25 +[1 =7 0(§ —v)]O¢v
2. Hydrodynamic eqgns. { ]
Jp 5
(11— Uf)j = 77 (§ —v)Oev
3. Perturbations from Ayi' +TG=S
Thermodynamic equilbrium. Friction term
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SMEFT
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« Three free parameters Mg, Ahs, As

Vo(®,5) = —p2®T0 + A(PTD)2 + (m

Two-step FOPT

No EDM constraints
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Scalar Singlet Model
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Wall Velocity Results
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Wall Speed Limit

1 T 0V, T
o= (AVeff(% T) - 78 ef(;f(l? )>
Fluid approximation stops working at the 08
Jouguet velocity. Only deflagrations and
hybrid solutions can be found. 0.7 1
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EWBG in SMEFT

y/
2
ACP

Lyukawa 2 Y1QPLR + Q(I)tR(CI)Ttb)

EDM constraint: Acp > 2.5 TeV

SMEFT is not suitable for EWBG!
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EWBG in Scalar Singlet
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Collider constraint: Acp > 500 GeV

Can easily accomodate BAU!
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GW predictions (SMEFT)

SMEFT
. : Vi
* Transitions are relatively
weak and velocities not 0.75
highly relativistic.
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GW predictions (Scalar Singlet)
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Conclusions

Generic:

* Determination of the bubble wall properties from first principles is of crucial importance for accurately
assesing the viability of EWBG and for the prediction of GWs.

* The fluid approximation only works for a small region of parameter space. Other assumptions are needed in
those cases.

* Detonations are not realized using this approximation.

* Hydrodynamic treatment is crucial.

Models studied:

* Scalar singlet model is useful for EWBG but doesn’t lead to observable GWs.

e SMEFT not suitable for EWBG but lead to observable GWs.



’: /‘.

\\'\\‘ N




SMEFT
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Lth
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FOPT In XSM
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