Spontaneous CP Violation
in the MSSM at Finite Temperature

K. Funakubo, Saga Univ.

|. Introduction
3 requirements to generate BAU :

(1) baryon number violation
(2) C' and C'P violation

(3) departure from equilibrium

EW theory satisfies these if the EWPT is first order.

—> || Electroweak Baryogenesis

For sufficient CP violation, some extension of the MSM is
needed.
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generated BAU (by the charge transport scenario)

ng 100 4 Fy
F
~ 1077 X o T for an optimal case

Fy- : chiral charge flux <= C'P violation at EW bubble wall

C'P viol. in Higgs sector = propagation of quarks and leptons
i Yukawa coupl. o p;e*?
more than two Higgs doublets [ D MSSM |

C'P violation at EWPT <= Vg(p;,0;Tc)

0 : relative phase = C'P violation

dynamically determined (p;, 0) [FKOT, hep-ph/9704359]
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a scenario to have large 6/ near the bubble wall
= spontaneous C'P viol. + small explicit C'P viol.
to resolve degeneracy between C'P conjugate bubbles
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Il. Spontaneous C'P Violation in the MSSM
Higgs potential

Vo = mighpa+ mieleu+ (migupa+ h.c)
+A21(sol}so )2 + %(902%) + As(0hou) (0la)
+A4(0upa) (Pupa)”
+ %(%%)2 + (Aslpd + Arolpu)pupa + h.c
for the MSSM
mi = mi+lul®, mi=ml+pl®, mi=mspuB,
A= A= 3(93 +01), Az = i(gg —gi), M= —%gi

s = dg= A\ =0,

— neither spontaneous nor explicit C'P viol. in Vj

If we parametrize

L[ 1[0
Spd_ \/§ O y SO’U,_ \/§ ,Uue'ie )

when all the parameters are real (no explicit C'P viol.),

A 2m2 — Aav2 — A2\ 2
Vo = 220202 [ cos b + M3 = A6Yq = AT
2 2A50,V4

In general, A5 7 are induced radiatively.

,X5 > 0

27n3 A6vd A7v
2X5v4v4

<1

} = spontaneous C'P violion

At T' = 0, bothered by the light scalar. [Maekawal]
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Definition of effective parameters :

mz _ 82%&
5 8’0181)2 v:O’
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R 1 0*Veg
Noo= —raeae|
3 83’018’02 v=0
- 1 0*Veg
A o= e
3 8?)18 (%) v=0
where vy = v, Vye?? = v9 + s

At one-loop level, )
fermion loops yield positive contribution to A5 at 1" = 0.

T

chargino, neutralino

bosonic contributions at /' = (

o to \- are negative
all the contributions at 7" > () } 5 g

Here we present the results of one-loop approx. with

contributions from
charged Higgs, stop, chargino and neutralino,

assuming that
e all the parameters are real and

e the gaugino mass parameters are the same: My = M.



m3 = (T-independent renormalized value)
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l1l. Numerical Analysis

(I) 5\5>0?

the postive contribution is maximum for y = M.
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We calculated A5 as a function of (mg, m;).
5 3(77_1(57 mf)
mi  mg  m3z  mgpA p=M | gt )\, > 0?
set 1 | 200 150 2500 100 100 X
set 2 | 300 300 400 50 100 X
set 3 | 400 400 400 20 50 X
set 4 | 300 300 400 30 50 O
set 5 | 300 300 —100 30 50 O
set 6 | 300 300 —-200 10~ 30 200 O
set 7 | 300 300 —-300 10~ 30 300 O




e.g. for set 4, the value of A5
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For A5 > 0, smaller msz /oA in the stop contribution is favored.

=

A5 o< Noyy]
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2 2 2
2ms — AU — A7V

(i) | —1 < c(vy,vq) = <17

2A5V,Ug

Since )\5,6,7 ~ 0(10_4N_3),
}777%‘ ~ O()\576,7 X ’Ui’d) ~ 0(102N3)
will be needed.

finite-T" corrections to m3 are always positve and nearly oc T°.

T-dependence of the parameters : (m4,m;) = (400, 50)
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s there (v,,vq) satisfying |c(v,,vq)] <17

4

plot of c(vy,vq) vs (vy,vq) for various temperatures
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for the parameter set 6 with m3,,A = 10
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for the parameter set 7 with m3 /A = 20
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IVV. Discussions

To have large C'P violation near the EW bubble wall by the
spontaneous C'PV mechanism,

1. for A5 > 0,

e smaller 3,5 A is favored (<= smaller stop contribution)
e larger m; - my is favored (<= smaller stop contribution)

2. for 2 (vy,vq) s.t. |e(vy,vq)| < 1,

ymg\ ~ O(10%73) <= m2 = —0(10%~3)

We found that
for some sets of the parameters, C'P is spontaneosly violated

at T'# 0 but not at T'= 0.

problems:

>| The values of 7" and (v,, vy) near the EWPT are crucial.

i

global structure of the effective potential Vg (v, vg, 0; T)

> finite-1" effects on explicit C'P violation
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