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The absence of antimatter in the Universe, a small ratio of the
observed number of baryons to the observed number of photons
and the absence of light CP-even Higgs boson signal at LEP2 and
Tevatron energies lay a specific claims to models of particle physics

 Two problems in the Standard Model
— First order phase transition requires m, < 50 GeV
— Need new sources of CP violation
o Supersymmetric Models
— 1st order phase transition is possible
— New CP violating phases




One-dimensional picture.
The effective high temperature MSSM potential
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From D.Gorbunov, V.Rubakov, solid lines — numerical calculation,
dashed — high T expansion, for different T and mH




MODEL [QFTHEP’2003, 2004]

THDM: Fields
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Scalar sector for MSSM

The main contribution to self-couplings due to Yukawa 3"
generation couplings.

The corresponding potential with CPV sources
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ﬁfective THDM potential with explicit CP viola’m
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Transformation of SU(2) eigenstates to mass eigenstates
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lead to the nonlinear equations for effective parameters lambda
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Parameters of the effective potential

In the MSSM we calculate the 1-loop FT corrections
from the squarks-Higgs bosons sector, reconstruct

9t — 39} - the effective two-Higgs-doublet potential and study
possibilities of the EWPT in the full MSSM (m,,
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/ The surface of minima for zero-temperature \

two-doublet Higgs potential at the scale Mg5y




Two-dimensional effective potential in the v1, v2 plane
(in red, U=0 surface in green colour)

v

108

1. 109




4 A

Effective potential at finite temperature

vi(T) = v(T)cos B(T), wva(T) = v(T)sinF(T)
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Critical temperature determination
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Evolution of the critical parameters

v, GeV

250

200

100 -

150 -

50

Wl

tg b

L L L L Bl | R T
100 150 200 0 S0 100 150
T,GeV v, GeV

200} 250

. =
SHY




/ Effective potential U(v1,v2) at the \

critical temperature and nonzero g A,
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Evolution parameters Control parameters
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First order phase transition with Shaposhnikov criteriavc / Tc > 1
Where is does take place?

A

Higgs boson masses mh(T), mH(T), mA(T) which are always
positively defined and large enough at low T

Mixing angles a, B which respect some phenomenological
constraintsat low T




General formalism is known as the theory of catastrophes
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The system of two nonlinear equations for vy, vy
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The four bifurcation sets for U(v1,v2 | A1,A2,A3,A4,A5)
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OrpaHunyeHus HaA NnapamMeTpbl Moaenu
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OrpaHunyeHus HaA NnapamMeTpbl Moaenu
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OrpaHunyeHus HaA NnapamMeTpbl Moaenu
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/Summary \

Four bifurcation sets are found in the general THDM
then projected onto the MSSM parameter space.

On the base of:

 Temperature MSSM one-loop effective Higgs
potential with threshold corrections.

e Temperature evolution of masses and mixings from
high T down to zero is explicitly obtained. The regions
of MSSM parameter space where the mass(T)
eigenstates exist are separated.
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Perspectives

* The topology analysis of extended Higgs potentials,
nonlinear transformations

e viable models:

THDM, MSSM, split supersymmetry
Singlet models: Next-to-MSSM many possibilities
 Electroweak baryogenesis is still viable in extended Higgs
sectors
o It would offer the possibiliy to compute the baryon
asymmetry from parameters measured in collider
experiments

* If the result would match the observations, we could claim
to understand the early universe up to electroweak

temperature
e Strong constraints on CP phases from EDM’s
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