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Motivation

e The SM alone cannot satisfy all three Sakharov conditions

e Inthe SM the EWPT is a smooth crossover and need additional CP Violation

e Introduce a new scalar that 1.) supplies necessary CP Violation 2.) modifies
the EWPT to become 1st order.

J.M.Cline: arXiv:hep-ph/0609145
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Ingredients for determining the baryon asymmetry

e Determining if a model is viable for EWBG requires calculating:
o Finite Temperature Effective Potential
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Effective Potential
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Critical Temperature

e Fix free parameters, find when
the two minima become
degenerate
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Critical Temperature

Fix free parameters, find when
the two minima become
degenerate

The criterion for strong first order
phase transition:

ve/Te > 1

As temperature drops below the
critical temperature, get
probability of tunneling
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Bounce Action and Nucleation Temperature

e Nucleation occurs when LT ) =1
HA(T )
e Tunneling rate: £ — Ae—SE/T —_— 5B ~ 140
V T

e With the Euclidean action: SE:/dg [2 (Vo))+v<¢’T)]

e Bounce = field configuration that
92, lim ¢(r) =0

solves the EOM: 4°% Lz 2d¢ _ Ve, T)
dr2 " rdr d¢

—| =0
dr lr=0




Bounce Action and Nucleation Temperature

e Nucleation occurs when

e Tunneling rate: £ — Ae—SE/T —_— 5B ~ 140
V T

e With the Euclidean action: Sp = /d3x E (§¢))2 +V (6, T)]

e Bounce = field configuration that
BSMPT: arXiv:2404.19037,

CosmoTransitions: arXiv:1109.4189,

2 / /
solves the EOM: _d @ + gd_Q) — V,( £ T) FindBounce: arXiv:2002.00881
drz r dr ®, BubbleProfiler: arXiv:1901.03714
’ etc ...
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J.M. Cline, et. al:
arXiv:2102.12490

e Assume that the bubble radius is much larger than wall thickness
e To determine the bubble velocity and field profiles, must solve the
scalar field equations of motion:

dVeff(h’S;T+)
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e Need to calculate the friction, start with the Boltzmann Equation
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V=02

e Taking moments of the
Boltzmann Equation leads to
system of differential equations

for 4, 57-’ and ¢ :

Avq’+Fq:S
q = (p, 07, u)

-100 75 50 25 00 25 50 75 10.0

11.


https://arxiv.org/abs/2007.10935

Wall Velocity and Wall Width

e The friction term in the EOM
can be written in terms of the
perturbations 1, 07, and u
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Wall Velocity and Wall Width

M, = /dth(Z)h'(Z) =0,

My = [ a2 (2)(2h(z) = el (2) = 0.

A. Friedlander, I. Banta, J.M. Cline,
D.T. Smith: arXiv:2009.14295

J.M. Cline, et. al:
arXiv:2102.12490
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Determining the Baryon Asymmetry

Wall velocity, width, and nucleation
temperature become inputs for for the CP
odd Boltzmann equation.

Follow a similar procedure and take
moments of the Boltzmann equation
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J.M.Cline, K. Kainulainen: arXiv:2001.00568
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Summary/Outlook

e Various stages of the calculation up and running for Real Singlet Model.
Next steps: implement parameter scans to explore the parameter space
e Find regions viable for EWBG

e EWBG appealing due to observable effects: Gravitational Waves, Collider
Pheno, EDMs.

15.
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Bounce Action and Nucleation Temperature

le7

e An alternative method was proposed 0] -
in: J.R. Espinosa: arXiv:1805.03680

e Instead of a differential equation, need
to solve an algebraic system of
equations.

e Works for multi-field potentials
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Bounce Action and Nucleation Temperature

le7

e Instead of solving the differential =
equation for phi, define an auxiliary )
function, the tunneling potential:
J.R. Espinosa: 1 o

arXiv:1805.03680 V}@)) _ V(q‘)) . §¢£

-15

And instead have a differential
equation for the tunneling
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Bounce Action and Nucleation Temperature

e Take a tunneling potential ansatz:
/ 4.2 I« 1L
Vi(¢) = c¢” + c3¢° + ey

e Along with the boundary conditions,
satisfy the differential equation at the
maximum. Boils down to solving a
series of three equations and three | | | | | ,
unknowns. ) : ) ) ) ;
1. Vi(éo) = V(go)

2. Vilo4)=VI(o4)
3. (V(or) = = VI6rV(0r) — 20%(61) — Viep)V(67)]
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e Taking moments of the Boltzmann Equation leads to: A q’ +I'qg=S5
q = (i, 07, u)

bl (0 el ) Do Fl(}) r®
F,(uz) r® @

1—\&3) FS_3) F&3)

d’p p}
m,n _ m—n—3 z /
m2)y [ Gy Q=2 (2m)3 g (/)
S = & ) Cm— oY 3
2T2 Cg’l pmn — Tm—n—B/ d p pz f )
v . (2m)3 Em””


https://arxiv.org/abs/2007.10935

Wall Velocity and Wall Width 2007 10035

e Break into three components: top quark, W+Z bosons, and lighter
degrees of freedom (bkgrd)
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Quantum Transport Equations
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