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Effective Potential parameters. One-loop temperature corrections

[Dolgopolov M.V., Dubinin M. N., Rykova E.N. Two-Higgs doublet
potential of the MSSM at finite temperature and Higgs boson masses //
Quarks 2008. V. 1.]. Abstract:

In the framework of MSSM the one-loop corrections to the parameters of
effective two doublet Higgs potential at finite temperature are calculated.
The scalar quarks mass splitting influences strongly on the effective
parameters of temperature potential, providing interesting possibilities for
the phase transition evidence. The physical masses vanish, when the
temperature increases up to the critical values, which corresponds to the
phase transition. In the limiting case, when the temperature is equal to zero
and all mass parameters of the soft SUSY breaking sector are degenerated,
the predictions for observables from two-doublet potential coincide with
known previous results.
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Introduction

In the simple isoscalar model the standard-like Higgs potential
1 oo 1,4
Ulp)=—= o~
(¢) S+ A
Two solutions 5 )
T
0)=0 and *(T) =& - =
0(0) = 0 and v*(T) = £ — =,
demonstrate the second order phase transition at the critical temperature

2p
Te = — = 2v(0),
N SR

The thermal Higgs boson mass

T2
mp = —u° + AI.
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Introduction

Temperature loop corrections from the stop and other additional scalar
states could be large and lead to the first order phase transition, the
intensity of the latter depends on

o(T)
Te

&= , where v(T.) = \/v?(T.) + v3(Te)

is the vacuum expectation value at the critical temperature T¢.
The electroweak baryogenesis could be explained if

v(Te)
T.

> 1,

the case of strong first order phase transition.
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Introduction

In a number of analyses the MSSM finite-temperature effective potential is
taken in the representation

Vers(v,T) = Vo(v1,v2,0) + Vi(m(v),0) + Vi(T) + Veing(T), (1)

> Vp is the tree-level MSSM two-doublet potential at the SUSY scale

» V) is the (non-temperature) one-loop resumed Coleman-Weinberg
term, dominated by stop and sbottom contributions

> Vi(T) is the one-loop temperature term

> Viing is the correction of re-summed leading infrared contribution
from multi-loop ring (or daisy) diagrams
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Effective Potential of MSSM — Free Energy density

In two-doublet model there are two identical SU(2) doublets of complex
scalar fields ®; and @,

+
q)l_(qbl(w))’%_( J(w)>
¢1(2) 2(x)

with nonzero vacuum expectation values

w-5(2) w-d(2)

Neutral components of doublets

$(@) = - (o1 +m +ix1), @) = = (v2 + 12 + ix2).

1
V2 V2
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Effective Potential of MSSM

The most general renormalizable hermitian SU(2) ® U(1) invariant
potential: [Akhmetzyanova E.N.; M.V.D, Dubinin M.N. Soft SUSY
Breaking and Explicit CP Violation in the THDM // CALC’2003 & SQS03
Proc.|

U(®1,®2) = — pi(®]®1) — p3(®Is) — pTa (@] 02)— iy (BI01)+

)\1 A

(‘PT‘I) )? + 72(‘1%‘1)2)2 + A3 (D] D) (BIB2) + Aa (B o) (] D1)+

)\5 >\5

(<1>T<1>2)(<1>T<1>2)+ (<1>T<1>1)(<1>T<1>1)+>\6(<1>T<1>1)(<1>T<1>2)

+ 6 (@TD1)(D]d1) + A7(<I>£<I>z)(<1>1<1>2)+ A7 (B5 @) (D)D)

with effective real parameters p?, u3, A1,...,A4 and complex parameters p2,,
A 5, A 6, A 7.
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Effective Potential of MSSM

In the tree approximation on the energy scale Msysy, the parameters Ai_7
are real and are expressed using the coupling constants g1 and g2 of
electroweak group of the gauge symmetry SU(2) ® U(1) as follows:

M(Msvusy) = A2(Msusy) = (gg(MSUSY) + g%(MSUSY)) ,

AN

(95(Msusy) — g;(Msusy)),

AN

A3(Msusy) =

1
M(Msvusy) = — Egg(MSUSY)7

As(Msusy) = deé(Msusy) = M(Msusy) = 0.

Critical temperatures in extensions of Higgs sector 10



Effective Potential of MSSM

The supersymmetric scalar potential of interaction of Higgs bosons with the
third generation quark superpartners on the tree level has the form

VO =V +Vr+Va+ V5,
Var = (D) m el e, + M2 (Q1Q) + MEU*T + MED*D,
Vr =P (qvj@) D+1V (@f@@) 04 1P (é*@i) DoV (z’@%g@f) U*,
va = A (ofe;) (of @) + (o]e,) [AZ (Q1Q) + ALT*T + AR D*D] +
+A (@}@) (@Hbj) 4 % [Aeij (i@?@@j) DU + CH.CF.] i k=12,

Vg denotes the terms of interaction of four scalar quarks.
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Parameters of Effective Potential of MSSM

AN = C51I2[mq, mu] + CapI2[mq, mpl+
+C3,(Caii i [mo, mu] + Casli [mu, mg])+
+C3(Caali[mg, mp) + Caali[mp, mq]).

AN = Ci3lza[mq, mu] + Cialz2[mq, mpl+
+C35(Cus i [mo, mu] + Carli [mu, mq])+
+C3,(Cas I [mg, mp) + CagIi[mp, mq)).

ANz 4+ M) = C5,C331a[mo, mu] + C5,C3,I2[mg, mp]+
+(C3,Cus + C33Ca1) 1 [mq, mu] + (C3,Car + C33Ca3) 1 [mu, mq]+
+(C§2046 + 054042)11[77@, mp| + (052043 + 034044)11 [mp,mq].

AXs = C5,C331a[mo, mu] + C3,C3,I2[mq, mp].
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Finite temperature corrections of squarks

In the finite temperature field theory Feynman diagrams with boson
propagators, containing Matsubara frequencies w, = 2mnT
(n=0,£1,4£2,...), lead to structures of the form

Ifma,ma,...,mp] =T Z /(;:)5

n=-—o00 i=1

(-1°
(k2 + w2 + mf) ’

(2)

b

k is the three-dimensional momentum in a system with the temperature T'.
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Parameters of Effective Potential of MSSM

(p(fﬁLﬁR —hu’l)3A
o drdr haAq
O3 LR hy Ay
VS drdr —hqvus
O e aT AL % — %
A pididy | —2 — o 4
e plupin %
o Pdrdr ha® — 4=
Py pluin | B — 2+ h,?
09 p3d;du 5’11—2 + %
P3" PRURTR ha? — 4°
80(2)*<P8 ~}%CZR %
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Parameters of Effective Potential of MSSM

The one loop corrections to the parameters of effective potential

Adi = hEANA T, [mq,mu] + hiALL, [mq, mp|+

% g
+hi N3 (( 42 1;) Lifmgq, mu] + Sglfl[mwmQ])

2
—|—h§A§ <<hi — % — Z) Il[mQ,mD] + (ha — g) I1[’ITLD,’ITLQ]>

Ay = hiAiIQ[mQ,mU] + h§A4U§IQ[mQ,mD]+

1
+hi A% ((% - Z) Limq,mu] + (hi — ggffl[mUme]) +

h2A202 9% 92 9%
+thaX v (| 15 + 7 | lilme, mp] + gfl[mD,mQ]
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Restrictions on the parameters of the MSSM

Parameters Values
I 100 =+ 2000(GeV)
Ay —1000 = 1000(GeV)
Msusy 500 + 1000(GeV)
ma 100 =+ 500(GeV)
tan 3 3+50
© 0+ 27w
T 10 + 500 (GeV)
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Restrictions on the parameters of the MSSM

2000 2000

1500] 1500]

s =
g 8
< 1000 g 1000
500 500)
500 600 700 800 900 1000 500 600 700 800 900 1000
Maiv(GeV) Maiisv(GeV)
a)tan 8 =5 b)tan 8 = 50

Contour plot in u — Msysy plane.

Selected region: 125 GeV <mp, <126 GeV (blue region).
Fixed parameters:

Agp = 1000 GeV, mpy+ = 300 GeV, ¢ = 3.
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Restrictions on the parameters of the MSSM

1000

500

>
3
i
= 0
<
-500 /
-1000
500 1000 1500 2000
H(GeV)

Contour plot in p — Ay 3 plane.
Selected region: 125 GeV <my,, <126 GeV (blue region).
Fixed parameters:

Msysy =500 GeV, my+ = 300 GeV, ¢ = %, tan = 5.
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Restrictions on the parameters of the MSSM

50
40
30
g
=4
=
20
10

500 600 700 800 900
Msusv(GeV)

Contour plot in Mgy sy - tan 8 plane.

Selected region: 125 GeV <my,, <126 GeV (blue region).

Fixed parameters:

= 2000 GeV, Ay p = 1000 GeV, my+ = 300 GeV, ¢ = %

Critical temperatures in extensions of Higgs sector

1000

19



Restrictions on the parameters of the MSSM

35F

30r

25¢

& 20f
=4 W 125GeV <m), <126GeV
©

Contour plot in ¢ — tan 3 plane.
Selected region: 125 GeV <my,, <126 GeV (blue region).
Fixed parameters:

1 =2000GeV, A;, = 1000 GeV, Msysy = 500 GeV, my+ = 300 GeV.

Critical temperatures in extensions of Higgs sector

20



Restrictions on the parameters of the MSSM

30

251

W 125GeV < my, < 126GeV.

100 200 300 400 500
ma(GeV)
Contour plot in m 4 — tan plane.
Selected region: 125 GeV <my,, <126 GeV (blue region).
Fixed parameters:

1= 2000 GeV, A, = 1000 GeV, Mgysy = 500 GeV, ¢ =

wlx
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Restrictions on the parameters of the MSSM

48F

a7

46}

tan(B)

45}

44}

43}

W 40GeV < my, <50GeV

100 200 300 400 500
ma(GeV)

42t

Contour plot in m 4 — tan plane.
Selected region: 40 GeV <my,; <50 GeV (blue region).
Fixed parameters:

u = 2000 GeV, A;}, = 1000 GeV, Mgysy = 500 GeV, ¢ = 7.

Critical temperatures in extensions of Higgs sector

22



Restrictions on the parameters of the MSSM

48}

a7t

460

44t

43F

42, . . . . . .
0 1 2 3 4 5 6

Contour plot in ¢ — tanf plane.
Selected region: 40 GeV <myp,, <50 GeV (blue region).
Fixed parameters:

1= 2000 GeV, A, = 1000 GeV, Mgysy = 500 GeV, mg+ = 300 GeV.
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Restrictions on the parameters of the MSSM

1000’/’

500

0 W 125GeV < mp, < 126 GeV

Aip(GeV)

-500f
500 1000 1500 2000
H(GeV)

—-1000L

Contour plot in m4 — tanf plane.

Selected region: 125 GeV <my,, <126 GeV (green region).

Fixed parameters:

mgQ=>500 GeV, m;=800 GeV, my=200 GeV,mpg+ = 300 GeV, ¢ =
T =500 GeV.
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Restrictions on the parameters of the MSSM

125GeV < m, < 126 GeV.
14

0 1 2 3 4 5 6

Contour plot in ¢ — tan 3 plane.

Selected region: 125 GeV <my,, <126 GeV (green region).

Fixed parameters:

= 2000 GeV, A;; = 1000 GeV,mq=500 GeV, m;=800 GeV, m;=200
GeV,my+ = 300 GeV,T = 500 GeV.
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Restrictions on the parameters of the MSSM

30 20
~
20 20
s g
= 8
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100 200 300 400 500 100 200 300 400 500
ma(GeV) ma(GeV)
a)T = 10GeV b)T = 500GeV

Contour plot in ¢ — tan 8 plane.

Selected region: 40 GeV <my,; <50 GeV (green region).

Fixed parameters:

1= 2000 GeV, A;; = 1000 GeV,mg=>500 GeV, m;=800 GeV, m;=200
GeV,mpy+ = 300 GeV.
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Restrictions on the parameters of the MSSM

29

Ik ,
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M 40GeV < my, <50GeV

25
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a)T = 10GeV
Contour plot in m 4 — tan 3 plane.
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20

W 40GeV <m), <50GoV

b)T = 500GeV

Selected region: 40 GeV <myp,, <50 GeV (green region).

Fixed parameters:

= 2000 GeV, A;p = 1000 GeV,mq=500 GeV, m;=800 GeV, m;=200 GeV,

p=73-
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Restrictions on the parameters of the MSSM

ool |
500 7
=
8
= ok |
b
-500- 7
_1000l—— 7

500 1000 1500 2000
H(Gev)
Contour plots in pu — Ay 3 plane.

Selected region: my,; =126 GeV (T = 0GeV - blue line; T' # 0GeV - purple line ).

Fixed parameters:
mgQ=>500 GeV, m¢=800 GeV, my=200 GeV, my+ = 300 GeV, ¢ =
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Restrictions on the parameters of the MSSM

30F T T T T T —

20¢ 1

tan(B)

10+ /

Contour plots in ¢ — tan 8 plane.

Selected region: my,, =126 GeV (T = 0GeV - blue line; T # 0GeV - purple line ).
Fixed parameters:

1= 2000 GeV, A;; = 1000 GeV,mg=>500 GeV, m;=800 GeV, m;=200
GeV,mpy+ = 300 GeV.
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* % x The NMSSM case (v1 # 0, v2 # 0, vs # 0):

ksvivg Py v? + 3 2 2
— 212 4 8kyv] + 6kgvg — v3(kavs + k5) ———2 + A1v + Agvs > 0,
v3 v
1
— - | v3 (k5v2 + 2kjviv3 + 2k3v2v3> (1)11)2 (k5v1 + 2kgvivg + 2k2v2v3) X
v1v2v3

X (k3v§ + ksvz +viva(A3 + >\4)) — v (ksvz + 2k1viv3 + 2k3”2”3) ( — k3vivg—
—ksvivs + szS)) —vg <k5v1 + 2kzvivg + 2k2”2”3> <U2 (k5v1 + 2k3zvivz+
+2k2v2v3) ( - k3v2v§ — ksvavz + /\11)‘;’) — v1v2 (k5v2 + 2kjviv3z + 2k3v2v3) X
X (k3v§ + ksvs + viva(A3 + )\4))> + (81@41}% + Gkgvg - k5v1v2> (( - k3v2v§—
—kgsvovs + /\11)?) ( — k3v1'u§ — ksvivsg + )\gvg) — vivg (kgv?’ + ksvz+

Juiva(Ag + A4))2>> > 0.
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Conclusion

» Our analysis of the effective MSSM and NMSSM finite-temperature
potentials is based on the calculation of various one-loop temperature
corrections from the squark-Higgs boson sector for the case of nonzero
trilinear parameters A:, A, and Higgs superfield parameter pu.

» Quantum corrections are incorporated in control parameters
A1,..7...(T) of the effective two-doublet (+singlet) potential, which is
then explicitly rewritten in terms of Higgs boson mass eigenstates.

» Bifurcation sets types for the two-Higgs-doublet(+singlet) potential
Uefy(v1,v2) are determined.

» Bifurcation sets for Higgs potential at the case of Peccei-Quinn
symmetry are obtain. These sets always describe system in the local
minimum with the critical morse point.

» Constrains on MSSM and NMSSM allowed parameter space are
evaluated
at the presence of the effective potential local minimum.

» Higgs prepotential as canonical morse form and non-morse term
(catastrophe function at critical temperature) are reconstructed.
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