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Self-energy corrections to the MSSM finite-temperaturgysijgptential

1. Introduction

Specific properties of the electroweak phase transition in the early gaigssential for the fol-
lowing generation of baryonic asymmetry are defined by temperature evobftidiggs potentials
[fl, @] which has been investigated in the standard model (fM] [3, 4] methgions. It is known
that the simples$y* model leads to the finite-temperature potentihl [5] (in the high-temperature
expansiorm/T << 1)

[JZTZ
24

veff(v,T):}(—u2+}AT2)v2+}/\v4— (1.1)
2 4 4

which describes the second order phase transition at the critical termpeFata 2u/+/A. The

temperature-dependent minimunvi$T) = v2(0) — T2/4 (T < T.) and the thermal massig’(T) =

2u? —AT?/2. The minimum moves along the line/#A /4 in the {,Vef) plane. For the tree-level

SM Higgs potentiaVsy = —u?®Td 4 A (O d)?, whered™ = \%((ﬁl — i, v+H —i¢3) mini-

mization condition at the Higgs boson mas$ has the form

N = o+ 1) t2)
pu? = AV

which leads to the one-loop high-temperature potential simildr tb (1.1) whith tiyeddference
that effectiveA parameter includes gauge boson and top quark contributibns: Agy = 24 +
% + htzop [Bl, corresponding to the second order phase transition at the critivgletature
Tc = 2vy/A /Asm. In the SMH component of th&U(2) isodoublet coincides with the Higgs mass
eigenstate. The situation is more involved in the two-doublet models with the pbtentia

V (D1, ®p) = —pZ(DI101) — pZy(P1D) — 32 (PL01) — pF(PLD2) + Ar(P]P1)% + Ap(P]D2)?
A A
+A3(PIP1)(®P2) + Aa(P]B2) (PLP1) + 5 (P]D) (P P2) + 2 (P} 1) (PF-3)
+A6(DID2) (PID3) + Ag (PID1) (PD1) + A7(PID) (P]D2) + A7 (PID2) (PIDy),

where doublets of scalar fields

+ it
%:<%®>: '%. | .4)
(%) L(vi+m+ixy)
+ it
%:¥<%@v:éf i | 5)
@ (x) 25 (V26" + 2 +ix2)
have vacuum expectation values
1 - - dé AT
(@)= 50w, (@)= ﬁ(o,vzéf) . (1.6)

lin the general case of explicit CP violaticﬂ\ [f;ﬁjz andAs g 7 are complex.
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The SU(2) statesn; » and x1 2 are not the mass eigenstates, so mixing anglesd3 should be
introduced

N = —hsina+Hcosa, n;=hcosa +Hsina @.7)
X1 = —AsinB+G%cosB, x2 =AcosB + G’sing

and minimization in the mass basis insteaqzﬂ(l.:%) leads to more complicated eq{#itions

C 1
M= 2v2 Zmﬁ = zmz Re#lz] 4(Re/\7tg3ﬁ—3Re)\6tg[3), (1.8)
l3
Ao = mﬁ )?mg; — Reﬂlz] —(ReAgctg” B —3ReA7ctgf), (1.9)
2V2 SB I3 4
_ Lo, ReHh Sago _Re)\e _Re)\7
Yo = v2[zmi'i o o)) crgh T egb, (1.10)
_ 1 Repd Relg B Re/\7
A= 505, +m -2 ) - S ctgh — — " tgf, (1.11)
2
R.e/\5 = i(Rel’llz_rﬂi)_Rei)\esctgﬁ_R'e/\7_th7 (112)
SBCB 2 2

V2 V2
P2 = Mvi+ A3+ Ag+ Re)\5)§2 Reui,tgf + TB(SRe)\ecth +ReAztgfB), (1.13)

2 V22

V
M3 =AaV3 -+ (A +Aq + Reds) =L — Repfoctef + TB(Re/\ecth +3ReA7tgB). (1.14)

where [1.B) -[(1.72) ensures the diagonalization &nd](1.13) J (1.1d)esethe minimizatioh Ob-
viously in the case of two background fieMdg T ), vo(T ) which fix a point on the three-dimensional
surface of minimavett(v1,V2) the effective finite-temperature potential cannot be obtained by a
redifinition of some parameters in (1.1). Instead of abovementioned SM liegtdma in the
two-doublet model the minimum moves along a line on the surface of extrema wdmde found
by substitution of[(Z.13) and (1]14) tb (L.3). Configuration of the figfds) @t any point of the
extrema surfac¥ (v1,v,) must be such that thermal massesT) andmy (T) defined by Eq[(1]8)-
(L.12) are positively defined. In other words in the process of temperatwlution the matrix of
second derivatives &f (n;, xi) at the stationary points has only positive eigenvalues which exclude
"saddle configurations" in the component fields space.

Note that the two-dimensional picture of thermal evolution inwthers, space can be reduced
to the one-dimensional picture by a rotation in thge ®, space to the socalled "Higgs basi' [9],

where only®, has nonzero vev = ,/v2 + V3. In the Higgs basis the SM-like Higgs potential can
be constructed in the decoupling limi, << my, ma, My (see [IP[1]1] and the Appendix ¢f]12]).
In this proceeding we do not consider the special case of Higgs basis twakdoublet model.

2. Temperature-dependent ufz inthe MSSM

MSSM Higgs sector is a special case of the general two-doublet Higtsr.séd the super-
particle mass scalg; parameters are real and expressed by means of the electroweak gsuplin

2sometimes{(1]8) {(1.14) are mentioned as transformation to the Higgs moass basis



Self-energy corrections to the MSSM finite-temperaturgysijgptential

T _ %+ %9 % . .
AM=Ar=A = 52, A3 =21 Ay=—%, As=Ag= A7 =0.. Scalar quarks interaction
with MSSM Higgs bosons is defined by the potential

V(®1,®2,Q,0,D) = (®])) [AZ(Q'Q) + A (U*0) + A} (B'D) | + A (@[Q)QT@)).  (2.1)

whereQ = (U._,(T._)T andU = ug, D= d~§ are left isodoublet and right isosinglet third generation
squark fields, respectively. The one-loop finite-temperature contri’ﬂ?utijlyf2 are defined by

WP — Wh = —Ti(B7Y). (2.2)

where

: 6
X2+ -

dx  (2.3)
1

and matrix®! contains the interaction vertices

_ h3—302Yq —398Yu h3—302%p
(@)= : (2.4)
hg +392Y0 hg + 5020 Z99Yo

No temperature-dependent contributiongifgare induced. In the high-temperature approximation

mp <1

fhigh(B_lvm):l;z_::g—i_o((mﬁ)_l)’ (25)

while in the low-temperature limiy 3 > 1

low/p— 6e MP 105 o
flow(g—1 m) = T / [ B3+ = mzﬁz,@mBJrz—SGJrO( m 1B 1)}7 (2.6)

so corrections to MSSM mass parameters are

high) q-1y _ @i shigh p-1 vy 206 3 [12 o
My~ (B) =0, 9B ’mj)_F_TTB hD(mQ‘*‘mD)—g(”b"‘mD—ZWU)? (2.7)

2hg 3 o3

39" 4) 4B L) = 28— % 88 (ot my)+
in the high-temperature limit and
n'fwm-l)_e{f'°W<B-1,mj>—6(h%;2§%§;fW\/TB g7+ S o mop + 100

g g [0 8 e
g 89" 58— o | @9

Slower indexi =1,2 corresponds tpf2 and upper index =1,2,3 corresponds to the squark mass paramesigrsy
andmp.

<rrb+mD—2mJ>} (2.8)
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o1 + dg)e ™

low/p—1y _ A flow -1 . _ OUly U 333 1 2 LO5
M2"(B ) = @z 1B my) = emyBt | 2mgp [mQB m‘%ﬁ 128 + 256
6(h3 —302)e™F 3, ’ 105
* gt 2my [”ﬁﬁ ”ﬁﬁ 128 B+256]
2a—pp
g:€ n 3 2 15 105
+an%34’/2an [mDB Sm%B o8B+ 3¢ |- (2.10)
in the low-temperature approximation. The one-loop temperature correctidns tel,...7 have

been obtained in[J13]. They have weaker dependences on the temmpgesatin the case under
consideration we neglect correction termgiin

Substitution of [R) and[(3.2) t¢ (1]13)[- (1]14), where

o _SINB[ %
Reuf, = == |mi+ - (2Reks + ReA cotf + Rel7tang) (2.11)

includes mass paramet®si, dependent on the charged Higgs mass
V2
My = MR — My — 5 Re(Aa — ), (2.12)
leads to equations for the one-loop temperature correctiopl%zto

pZ —Ny(B~1) +misir’ B = Av?cos 3,

_ 2.13
uz —Mo(B~Y) +micos B = —Av?cos P. (2.13)
It follows that contours of equilibrium evolution in thgs,Vv2) plane are defined by

Mass of the CP-odd stats, does not depend on the temperature, so temperature-dependent terms
respect the equation

MNy(B~H+Ma(B) =0. (2.15)

Using the high-temperature approximatign|2.5) for contours of minima onelstain T = 1/p3)

3
P phioh — (V2y2 _ M T~ gr(Mo+my) 2.16
A= T TR T 2 et mo) (229

Note that mixed terms- v;v» are cancelled in[(2.15), which is important because otherwise not
straight lines[(2.16) but hyperbolas would be the contours of minima. Imsage the equilibrium
transition from the symmetric phase to the broken phase would be possibl¢homligh some
configurations not corresponding to any mass basis of the scalar figditey the leading term of
the low-temperature approximatign (2.6) we get

tan2B|0W: (2)2 — _”\2 me—%ﬁ+me—mﬁ (217)

Vi mg | /Mge M + | /mpe moh
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Substitution of the minimization conditionp (1} 13)[- (3.14) to the two-doublet potegities the
surface of minima

-1 -1 2
Vi) =5 (W28 B ) ot s

or equivalently

‘9“1(31+V35|_|2(Bl)> 1 2.2

1 2 1 2
v 2oy, ) " aMe\a SHivIVo — JHEVE,  (2.19)

1
Vb (v, vp) = ~3 (V:f

It follows that in the framework of the MSSM

1 on, (g1 on,(B—1 1 1
3 (T T ) Skt o)+ i (Tt ). (220
where factors in Yuakwa couplings squao= % rr”gl andc? = rr"gv are in front of(v/v1)? and

(v/v2)?, respectively. In the case under consideration the effective panametire temperature-
independent, so the equilibrium matrix for the surface of minima has the form

2 2 2 — —
—_— 2 o || S (ot fu) -2 (32— 3) 201V
1,V2) — 02 02 - — 2
P53 aT\gl 2AV1V2 %%(f(ﬁ' fo) +A (v~ 3)
(2.21)
and the critical temperature is defined by the equation
4
Aetr ()l o = OB )+ £(8 L ml[F (8 )+ (8 o) —0
(2.22)
In the high-temperature approximation two roots of this equation are
T, —3( +my) T —3( +mp) (2.23)
c1—2an my ), c2—2an D). .

3. Summary

We analyse the temperature evolution of the surface of minima (or the suffatationary
points) of the two-doublet MSSM Higgs potenti@l {1.3), which is defined udysstution of the
extrema condition§lU (v1,Vv2) =0 to the potential. These conditions are expressed symbolicallly
by means of linear constraints (1.18),(1.14) on the parametgra?,, u3, Ai (i=1,...4). Any
point (v1,V2) in the background fields space situated on the minima surface and the parsetete
A1,...-A4 define a family of two-doublet potentials with different mass paramet@rgs, uz,. At
zero temperaturd, ...A4 are fixed by the MSSM boundary conditions, thereupgnuz, u2, are
unambiguously defined at any givem and tar3 = v, /v;. At finite temperature the parameter set
pt, pz, Ai (i=1,...4) acquire§ -dependence, leading to evolution of 'thermal masses’ and mixing
angles owing to a displacement of temperature-dependent(¥gws) across the minima surface.
For simplicity we neglect the temperature evolutiodoff[3] which is weaker than the temperature
evolution ofuf,uzz. The parameteplf2 is temperature-independent becalsgmatrices in the
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squark-Higgs potentia[ (3.1) are diagonal. In the case when [bf)tpzz andA; are temperature-
dependent, equations (1. 18)-(3.14) constrain the MSSM paramete:. spac

At high temperature the two-doublet system is in the symmetric phase with a stabé& g
minimum atv; = v, =0, which is assured by derivative terms [n (2.18), increasingZasCon-
ditions of equilibrium thermal evolution must be supplemented by an availability oktalar
boson mass states (Higgs boson mass basis) expressed| by (TB){LID) As a consequence
of (2.11) one obtains the constraipt (3.15) for the one-loop self-grengections, which leads to
directions of equilibrium thermal evolutiof (2}16) ajd (2.17) (in the high-teatpee and in the
low-temperature approximations, respectively). The critical temperatwefiised by zero deter-
minant of the stability matrix, E4.(2.p2), two roots of which coincide at degegaesquark mass
parametersnou p.
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