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|l. Introduction

3 requirements to generate BAU :

np o
=2 ~ 101!
S

(1) baryon number violation

(2) C' and CP violation

(3) departure from equilibrium

e EW theory satisfies these if the EWPT is first order.

—> || Electroweak Baryogenesis

e For sufficient CP violation, some extension of the Minimal
SM is needed.
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first-order EWPT
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Fy : chiral charge flux <= C'P violation at EW bubble wall
<= AR : reflection prob. of chiral fermions



CP violation effective for Iy at the lowest order

e relative phases of pu, My, M;, A; in the MSSM

chargino, neutralino, stop transport
[Huet and Nelson, PRD53('96); Aoki, et al. PTP98('97)]

e relative phase 6 of the two Higgs doublets

= % (mg"ei)

quarks and leptons <=Yukawa coupl. o p;€

chargino, neutralino, stop mass matrix
N.B. 6§ =60(x) .. it cannot be rotated away
[Nelson et al. NPB373('92); FKOTT, PRD50('94), PTP95('96)]

C'P violating 6 at the EWPT [FKOT, PTP98('97)]
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a scenario to have large 6/ near the bubble wall

= spontaneous C'P violation in the transient region
+ small explicit C'P violation

to resolve degeneracy between C'P conjugate bubbles

net BAU .
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Il. Transitional CP Violation
Suppose that at 1" ~ T,

Vert(pi, 0 = 01 — 02)

1 1 A A2 4
= Smipi + sm5p; — map1pacosl + —pi + —ps
> > 8 8
A3 + A s |
+ = PiPa + PPz 00820 — S(Aepi + Azp3)pipa cos

—  [Ap? + pip2(Bo + By cos ) + By cos 20)
+p1p5(Co + Oy cos O 4 Cy cos 20) + Dp3]

A5 9
= [ 5 P10 = 2(B2pips + Caprps)

2
2m3 + Aep? + Arps + 2(Bipr + Crp2)

2X5p1p2 — 8(Bap1 + Cap2)
+6-independent terms

X [COS 0 —

where all the parameters are real

conditions for spontaneous CP violation for a given (p1, p2)

As

Fpr, p2) = 5 pips = 2(Bapipa + Capips) > 0,

9 2 A\ 2 A\ 2 2B C

—1 < G(py, p2)= m3 + X¢p7 + A7p5 + 2(B1p1 + Cip2)
2X501p2 — 8(Bapi + Capo)

At T ~ T¢, around the EW bubble wall

(p1,p2) : (0,0) — (ve cos Bc, ve sin Bo)
There may be a chance to satisfy the conditions in the
transient region.
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lll. Effective parameters of the MSSM

MSSM at the tree level:
1 1 1
A o= A= 1(93 +g1), A= 1(95 —g3), M= —593,

As = Mg= =0,

the relevant parameters in F' and (G are induced by radiative
and finite-temperature corrections

effective potential at the one-loop level
Vet = Vo + Va(pi, 0) + Vi(pi, 6;T),

where
Vi(pi,0) = Z ”j64;2 [log (MQJ > 2] ),
j ren
_ T4 >0 )
Vl(piaHST) — 2—71_22 njA dx x
J
X log [1 — sgn(n,) exp (—\/xQ + m?/T2)} .
N.B. m? = m?(pi, 0)
with

- (0)-3()

= 73 ) =5 V)
Pu = \/§ pzeze _\/i Vo + V3 :

We consider the contributions from the charginos and
neutralinos (), stops (f) and charged Higgs bosons (¢7).



relevant effective parameters:
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p3-terms in Vog <= zero modes of the bosons at T' # (
W=, Z, Higgs, squarks, sleptons

f-dependent p3-terms (B; and C})

— m;~0
302 g2 .
Mz(””% +mi =22t — p3)  To(ppr + Apae™) )
t ; 2
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and

_ T4
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Ig(a®) = /0 dx z° log (1 — e_¢ x2+a2>

T T 2 T3 4
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15 12" 6" ‘

a? =m? /T? ; m? (p) = smaller eigenvalue of M?
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e charginos and neutralinos
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chargino and neutralino contributions (Ms = M)
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where
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e stops with m; ~0 [u, A; € C]
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2 2 2
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I1l. Numerical Results
input parameters
vg = 246GeV, m; = 177GeV, M,., = 100GeV, tan Gy = 5

m? = m3 tan By — =m?% cos(23),

m3 = mj3 cot By + §m2Z cos(20)
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By /T = 7.368276 x 10~ °, C,/T = —2.313638 x 10

— F(,Ol,p2) > () for p2 > 5.104 at 1" = 100
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m% At M2 v mg
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By/T = 1.657862 x 107°,  (O1/T = 3.470457 x 10~*
— F'(p1,p2) > 0 for po > 8.463 at T'= 100

region in  which |G(p1,p2)] < 1 is satisfied:
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1VV. Discussions

The condition for the transitional C'P violation:

G (p1,p2)| <1
Is satisfied at 1T ~ T if

1. uMs < 0 [to decrease (m3) by the y-contributions]

2. m% is properly tuned at the tree-level

[for (m%)eﬂc to become as small as >\6,7,02]

Explicit C P Violation

o = Arg(uhy) = Arg(uMy), 3 = Arg(nAj),

then
(mg)eff = m3+ N i)mg + ew‘Agco)mg + ewAgo)mg,
)\5 = Ag):z)\g, —+ €i2aA§<0))\5 -+ GizﬁAgo))\&
A6, = A;sz)\&? + e AL Ng 7 + 6i5A§~0))\6,7

A = correction without explicit CP violation

|f A;(’) > A§0)7 A;Oiz, by rephasing, A5 57 € R and

e (mg)eff =e m3 + A(O)m?) =e " ‘(mg)eff‘
with
m3 sin

tano = —

2 0), 2
ms5 cos @ + Ay 'mj

N.B ‘m% + A;O)mg’ < m3 for transitional C'P violation
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for the example (B) at T' = 80
AVm2 =140.69,  APm3 = —2356.73,
so that even for o = 1073,

(m3 + A§O>m§) sin o

tand = —
(m3 + Ago)mg) cos ov + A;O)mg
10~3
~ Gsx108 M

—> only the lowest-energy bubble survives

This mechanism of C'P violation

e is free from the constraints on C P violation at T = 0,
e can generate sufficient BAU,

e is free from the domain wall problem,

e is not bothered by the light scalar.
At T' = 0, spontaneous C'P viol. does not occur
— no pseudo-Goldstone boson

mtee = \/m32(tan By + cot By) = 107GeV for case (B)

N.B.

e (P violating minimum of V.g in the transient region need
not be the global minimum.

e We still need to know the global structure of V.g to
determine T and the profile of the EW bubble wall.
- numerical studies in progress
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