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We discuss theoretical and phenomenological aspects of the two­Higgs­doublet extensions of the Stan­
dard model. In modern notation the h2HDM is the model withmh = 125.26 GeV, where the lightest neutral
scalar particle in 2HDM is the usual Higgs boson in Standard Model.

The parametric space of this model is very rich and admits many scenarios of New Physics’ phenomenol­
ogy.The many restrictions and conditions should be satisfied. One of them is the Sakharov’s conditions for
the formation of the baryon asymmetry of the Universe in models with extra scalar fields. We try to show
that we can satisfy them in the h2HDM and find the region of parametric space where the electroweak phase
transition is first order. The Sakharov’s conditions are not satisfied in Standard Model but it is fundamental
problem of modeling the Universe, so the searching of New physics this way is relevant.
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1. Introduction
The Standard model explains the physics of high energy particles extremely good. It satis­

fies a lot of modern experimental data. The physics beyond Standard model is one of the modern
steps of understanding the nature. One of unsolved problems of Standard model is baryogenesis.
In this theory with mass of Higgs boson more 75 GeV the Sakharov conditions [1] are violated.

There are many reasons to think that the Two Higgs doublet model is a good extension of
Standard model with the extra doublet of scalar fields. In the present paper, we show the way of
simulations and finding the parametric space of the 2HDMwhere we can satisfy the Sakharov’s
conditions. We use a high temperature effective potential for the scalar sector of the model with
spontaneous generation of magnetic fields [4,5]. We are interested in the role of magnetic fields
in evolution of early Universе and in processes near critical temperature for EWPT.

2. Effective potential of 2HDM
We consider a general CP­conserving 2HDMwith a softly broken Z2 symmetry, described

by the following potential [2]:
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where the term proportional tom2
12 breaks the Z2 symmetry. Φ1 and Φ2 are the pair of doublets

of the scalar fields:
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with the vacuum expectation values v1,2 and vSM =
√
v21 + v22 = 246.22 GeV.

< Φ1 >=
1√
2

(
0
v1

)
, < Φ2 >=

1√
2

(
0
v2

)
(3)

We calculate parametersm11 andm22 from equations for stability of vacuum:
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We use usual notation for the mixing angles:

tanβ =
v2
v1

, tan 2α =
2(−m2

12 + v1v2(λ3 + λ4 + λ5))
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. (5)

And as a result we can write masses of scalar particles:
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whereM2 = m2
12/(sinβ cosβ) and v2 = v21 + v22 .

To include finite temperature part and interaction with magnetic fields to full potential we
should add one loop part [3]. For one charged scalar degree of freedom with massm and charge
e we have general expression:
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where H ­ magnetic fields strength and T ­ temperature.
For our calculations we present the next notions:
1) For charged scalar degree of freedom:
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2) For neutral scalar degree of freedom:

V Neutral(m,T ) = V Neutral
0 (m) + V Neutral
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For temperature part we have the next physical conditions:

V Charged(m,H = 0, T ) = V Neutral(m,T )

V Charged
T (m,H, T = 0) = V Neutral

T (m,T = 0) = 0 (10)

To use formulas above we make Mellin’s transformations and use definition of K­function
(11) to find high temperature asymptotic(see Appendix A) and for n = 0 we have one loop
contribution, which should be renormalized with adding counter terms to final potential.
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To make research about electroweak transition we use full potential as function of temper­
ature, magnetic fields and the vacuum expectation values. The potential (1) we write in terms of
free parameters ­ λi, v1, v2 and m12. We are interested in behavior of potential as dependence
on increasing the temperature.

As a results we have the following expression:
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where VCT (v1, v2, T,H) is the corresponding counter terms.The location of the minimum is the
same as for the tree level potential. The tree level masses are preserved atH = 0 and T = 0.

For calculations we use the following conditions:
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This potential we should use to find parameters where the Sakharov’s conditions are satis­
fied.

3. Simulations
In this chapter we want to explain the algorithm of generation of the parameters and show

the main results clearly. For numerical simulations, we need to fix the values of λi and m11,
m12,m22 parameters. If we have these parameters we can calculate the masses of particles. As
a result, we find V as the function of v1, v2, T andH for EWPT. What is the correct way to fix
all the parameters of the model? We provide the next way.

In our simulation, we randomly generate λ1–λ5, using condition for unitarity and stability
(e.g. [6]), and the value of tanβ < 100. For each combination of {λi, tanβ} we numerically
solve the equations (2) and (3) with vSM =

√
v21 + v22 = 246.22 GeV and mh = 125 GeV.

As a result, we have the values m12 and α. The next step is to calculate m11 and m22 using
formulas (4). After the following steps we obtain the point in the parametric space for h2HDM
­ {λi,m11,m12,m22, α, tanβ}. For the next calculations we omit the points with m2

12 > 10
because we are interested in a soft Z2­symmetry violation.

Note, the point in the parametric space satisfies the next conditions. For the modern ex­
perimental vacuum expectation value we have the model with the modern value of mh. If we
want to see the behavior of this model near the EWPT critical temperature, we need to make the
parameters v1 and v2 free and independent. At high temperature they should approach to zero
in order to minimize the potential, and the SU(2)×U(1) symmetry should be restored and the
particles massless.

4. Discussion
The behavior of the EWPT with magnetic fields is discussed. The role of magnetic fields

in satisfying the Sakharov’s conditions in the h2HDM is remained open question. The algo­
rithms for simulation points in the parametric space are obtained. The main point for research
in this way is finding the parameter space regions of different CP­conserving 2HDMs which
are not excluded by experiment. Which has a strongly first order electroweak phase transition
with magnetic field as one of parameters. If the points with the first­order phase transition will
be found, they are hence the candidate models for explaining the observed matter­antimatter
asymmetry of our Universe. This search has been performed by studying the minimum of the
potential of the theory as the function of temperature and magnetic field strengths, for many
different parameters of the models. We conclude that in the scenario where the Higgs boson
which has been found at the LHC is the lightest Higgs particle in the 2HDM can be the models
with a strongly first order electroweak phase transition.
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5. Appendix A

In this appendix we show the exact calculation of Mellin’s transformations for sums of
K­function in finite temperature part of potential.
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