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One-dimensional picture. The effective high temperature MSSM potential
p=v>+vs, tgB=viv,
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From D.Gorbunov, V.Rubakov, solid lines — numerical calculation,
dashed — high T expansion, for different T and m



Two-dimensional effective potential in the v_, v, plane (in red, U=0 surface in green colour)
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Evolution parameters Control parameters

Uerr (Vo(T) 5 V(T) TAL(T); AL(T), Ay(T), A,(T), Ay(T), A(T), A(T) )

Implicitly A, (T [my, m, m_, A, A, H)

v

First order phase transition with Shaposhnikov criteria v_IT_>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 constraints
atlow T



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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and the minimization conditions for dimension 2 parameters mu
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Figure 2: Threshold corrections (left and central diagram) and diagram contributing to the wave-
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function renormalization (right ).

Calculation of the one-loop threshold corrections in the framework of
the finite temperature field theory (imaginary time formalism,
Matsubara series) gives the result for efeective parameters lambda
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General formalism is known as the theory of catastrophes
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The syvstem of two nonlinear equations for vy, vg
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The four bifurcation sets for U(v_,v, | A,AA,A M)

2087 gt D
Aasthda  2A,05

(1) Aof + 1‘%:' — it =0 and A, 05 + %f, — 5 =0, Uy(vy,v9) = H

I i , 20,72 0
(2) Moy — i =0 and 3 =0, U, vg) = 0 Aty i’j—*ﬁf
—p? L Adas 5l
(3) 7, =0 and X307 — a3 =0, U(vy. 1) = H +[] 2 2 _Efﬁj
2t
S _ o 0
(4) v, =0 and v =0, Uj{evg) = — H '!('] 5
2
Set (1) is an elementary Sylvester's criteria A << [, Az <<, AjAs — 11 = (]

Set (4) also elementary, sets (2) and (3) give

i"j:.-:hl. -+ ":!"'H :H' "i.:"l._g -+ .-:!'l..“ :| |:G.--1'h|.:._;.|_-J — E:'h — EAJ}EﬁE'j — ()




Where is the light stop?

(A} mg =500 GeV, myr =200 GeV, mp =800 GeV,
(B) mg =500 GeV, my;, =800 GeV. mp =200 GeV.

Masses of the third generation squarks are
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The regions of light stop and light shottom in the (A, p) plane
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the regions of "light stop™ 120 GeV < m; < 180 GeV (left panel) and "light shottom” 120 GeV <
my < 180 GeV (right panel) in the (A, pg) plane. In the regions (1), tgd =40 and (2], tg/7 =5, squark
parameters are given by set (A), in the region (3], where tgd =5, and (4], where tgd =30, squark
parameters given by set (B). For regions (5] and [6) single parameter my; of the set [A) is shifted to
400 GeV, for region (7) single parameter mp, of the set (B) is shifted to 400 GeV. other kept fixed.
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Parameter set (A) everywhere (the light stop)

(A, ) contours for bifurcation set (1) (A, p) contours for bifurcation set (2)
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(v, tg B ) contours for set (4)




Temperature evolution of masses
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Figure 13: In the shaded areas my (left panel) and my (right panel) are positively defined at the
parameter values tg/d =5, mye =180 GeV, A, =1200 GeV, p =500 GeV. Isocontours of constant my,
and my masses are indicated. The squark sector parameter values are mq =500 GeV, my =200 GeV,

ey =800 GeV,



Summary

* High temperature MSSM one-loop effective
Higgs potential with threshold corrections is
explicitly constructed.

* Temperature evolution of masses and mixings
from hlgh T down to zero Is explicitly obtained.

The regions of MSSM parameter space where

the mass(T) eigenstates exist are separated.

* Four bifurcation sets are found in the general
THDM then projected onto the MSSM
parameter space. MSSM EWPT favors the
case of light stop.
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