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Electroweak baryogenesis mediated by locally supersymmetry-breaking defects
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We consider the scenario of electroweak baryogenesis mediated by a cosmological defect in models of
supersymmetry breaking. When the effective electroweak breaking scale is raised in the defect configuration,
the mechanism of electroweak baryogenesis works at a higher energy scale. The baryon charge produced by the
mechanism is captured in the defect. It is protected from sphalerons and then released when the defect decays.
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I. INTRODUCTION

Contrary to a naive cosmological expectation, eviden
shows that the Universe contains an abundance of m
over antimatter. In this paper we consider alternative mec
nisms of electroweak baryogenesis. Electroweak baryog
esis is commonly known as an attractive idea because o
calculability in which testable physics, present in the st
dard model of electroweak interactions and its modest ex
sions, is responsible for this fundamental cosmologi
event. One may think that the previous negative results
the minimum standard model is an indication that the bar
number asymmetry in the Universe was not created at
electroweak phase transition, but rather is related to the p
ics of higher energy scales. Of course one can stick to e
troweak baryogenesis considering the extensions of the
ticle content of the standard model to get a stron
electroweak phase transition in the allowed parameter
gion. In the general scenario of electroweak baryogenesis
baryogenesis occurs at the phase boundary; this require
coexistence of regions of large and small^H/T&, whereH
denotes the Higgs field in the standard model. In the regi
of small ^H/T&, sphalerons are unsuppressed and can m
ate baryon number violation, while the regions of lar
^H/T& are needed to store the created baryon number. Be
the critical temperatureTc

EW of the electroweak phase trans
tion, ^H/T& grows till sphalerons are shut-off in the who
Universe. For electroweak baryogenesis to be possible,
needs some specific regions where^H& is displaced from the
equilibrium value.

The idea we examine in this paper is that the same me
nism of electroweak baryogenesis can happen along to
logical defects left over from some other cosmological ph
transitions that took place before the electroweak phase t
sition. The idea of defect-mediated electroweak baryogen
is already discussed by many authors@1#. They have consid-
ered the configurations of the Higgs field itself where t
vanishing Higgs vacuum expectation value is realized in
core of the cosmological defects. On the other hand, the
placed Higgs vacuum expectation value can be obtained
indirect effects of other field configurations. If the effectiv
electroweak symmetry-breaking scale is raised in some
gions inside the cosmological defect, sphalerons could
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suppressed in such regions while they would be effective
the bulk of space. The motion of the defect network, in
similar way as the motion of bubble walls in the usu
strongly first-order phase transition scenario, will leave a
baryon number behind the moving surface and then
baryon asymmetry will be kept in the sphaleron-suppres
regions inside the defect. Then the defect protects the ba
charge from sphalerons until sphalerons become inact
and then decays to release the baryon number after e
troweak phase transition. The idea of such protection of
produced baryon number is not new and is commonly u
by many authors in the topics such asQ balls @2# or defect-
mediated baryogenesis@3,4#.

In this paper we will point out that this idea works i
supersymmetric extensions of the standard model when
supersymmetry-breaking scale is raised inside the defe
The defects should be formed before the electroweak ph
transition and should decay after the electroweak phase t
sition. We consider the defects that break supersymmetry
cally and only at a short period of cosmological evolution
the Universe.

In Ref. @4# the mechanism of baryogenesis by the dec
of the string defects which initially possess the baryon nu
ber is discussed. The mechanism we will discuss in our pa
can be one of the possible mechanisms of generating
initial baryon number asymmetry contained in the defect

II. GAUGE-MEDIATED SUPERSYMMETRY
BREAKING IN THE DEFECTS

Many kinds of mechanisms of breaking supersymme
are discussed by many authors. The hidden sector mod
supergravity@5# is perhaps one of the most popular scenar
among them. In hidden sector models, supersymmetry is
ken in the hidden sector by some mechanisms, such as
Polonyi model@6#, dynamical breaking by gaugino conde
sation@7#, or the O’Raifeartaigh model@8#. The effects of the
supersymmetry breaking are mediated to the fields in
supersymmetric standard model only by the gravitational
teractions, thus suppressed by the cut-off scale.

There is another mechanism of supersymmetry break
in which the effects are mediated by gauge interactions.
gauge mediation of supersymmetry breaking has an att
tive feature, ensuring the degeneracy of squark masses
therefore suppresses the dangerous flavor changing ne
current~FCNC! effects.
©2001 The American Physical Society12-1
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TOMOHIRO MATSUDA PHYSICAL REVIEW D 64 083512
The main motivation for these models is to explain t
origin and the stability of the hierarchy between the fund
mental scale and the electroweak scale. In this sense
quadratic divergence in the Higgs boson mass param
coming from a top quark radiative correction is canceled
the divergence coming from a scalar top. Considering th
cancellations and including supersymmetry breaking at s
mSUSY, the resulting divergence becomes logarithmic. T
Higgs mass is reliably computed in the effective theory, a
is not dominated by unknown physics at the cutoff. To
more precise, one can say that the stability of the hierarch
due to the existence of supersymmetry at a higher ene
scale, while the hierarchy is produced by the dynami
breaking of the supersymmetry or large suppression fa
from the fundamental scale. One can also find some alte
tives of these mechanisms of supersymmetry breaking
light of the M theory, large extra dimensions, and bra
worlds @9#.

Among these mechanisms of supersymmetry break
we first focus our attention on the gauge-mediated models
this section we explore the possibility of obtaining t
baryon asymmetry of the Universe by using toy models
gauge-mediated supersymmetry breaking.

A. Toy model 1

Here we would like to consider the simplest version of t
gauge-mediated models of supersymmetry breaking wh
doesnot break supersymmetry in the true vacuum but bre
supersymmetry locally in the defect configuration. The m
senger sector can be described by the superpotential

WM5
1

3
lS32ksSL21kqSqq̄1k lSl l̄, ~2.1!

whereS is a singlet superfield. The superfieldq transforms as

a (3,1,13 ) under the standard model, whilel transforms as
(1,2,2 1

2 ). Then the minima of this potential are at

^S&56Aks

l
L,

~2.2!
^q̄q&5^ l̄ l &50

and

^S&50,
~2.3!

^q̄q&;^ l̄ l &;L2.

We set the scaleL at the intermediate scaleL;106 GeV.
ks , kq , andk l are assumed to beO(1). l is not assumed to
be O(1), since the width of the domain wall is determine
by l. Two examples are considered,l;1021 ~thin wall! and
l;1026 ~fat wall!.

At the boundary of̂ q̄q&5^ l̄ l &50, it is easy to see tha
the auxiliary component of the fieldS (FS) can acquire
vacuum expectation value of order^FS&.L2 in the wall.
This effect feeds down to the maximal supersymmetric st
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dard model~MSSM! sector through loop corrections. Th
soft terms calculated this way depend on the param
^FS /S& in the messenger sector. In this model we assu
that the effective electroweak scale in this region become
large as 104 GeV.

If the second vacuum~2.3! is lifted by a small soft mass
of q and l, or by contributions suppressed by the cut-o
scale, the degeneracy is broken and the domain of the l
minimum ~2.3! shrinks. It occurs when the pressuree domi-
nates the energy density and also becomes larger than
force of the wall tension.1 Denoting the induced soft mass a
m0, the temperature when the domain shrinks isTs

.Am0L. For m0.102 GeV, the domain shrinks befor
baryogenesis starts, and the wall appears as the comp
state during baryogenesis. The composite domain wal
constituted by two parts, the outer regionuSu.uFSu1/2, where
the messenger matter fieldsq and l acquire large mass an
stay at the origin, and the inner regionuSu,L, where the
messenger matter fieldsq andl can develop nonzero vacuum
expectation values. The outer side of the wall behaves alm
the same as the conventional gauge mediation sector o
persymmetry breaking and works as the phase boundar
the conventional defect-mediated electroweak baryogene
producing the required gap. In the inner region, which
denote the ‘‘core’’ of the defect, the messenger matter fie
q and l can develop nonzero vacuum expectation values
protect the incoming baryon asymmetry produced at
outer side of the wall.

When m0 is smaller than the electroweak scale (m0
,102 GeV), the false vacuum̂S&50 appears during the
baryogenesis, and then it shrinks atT5Ts . This period cor-
responds to the limit when the width of the core becom
infinite. In the second vacuum configuration~2.3!, where the
gauge symmetry is already broken by nonzero expecta
values ofq and l, the induced soft massm0 must be small if
the supersymmetry breaking in the bulk of space is indu
by an another sector of gauge-mediated supersymm
breaking.

Here we should note that the Higgs field is not the s
candidate of the sphaleron-suppressing field that condens
inside the baryon-protecting defect. It is easy to see that
field that carries theSU(2)L quantum numbers contributes t
the sphaleron energy, so that the baryon number brea
sphaleron interactions can be suppressed by the field con
sates of other fields in the core@4#. We should also note tha
if a condensate is carrying the baryon number, then there
be massless excitations of the Goldstone boson as well. W
we consider is the situation that the baryon number is sp
taneously broken and the baryonic charge is stored inside
defect. The situation is very similar to the well-known ide
of B balls or the baryogenesis discuused in Ref.@4#.

What we will consider is the situation when the effecti
scale of the soft supersymmetry-breaking parame
^uFS /Su& is raised in the surface region of the defect, but t
particle spectrum is not affected in the bulk of space. T

1Heree denotes the energy difference between two minima, E
~2.2! and ~2.3!.
2-2
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ELECTROWEAK BARYOGENESIS MEDIATED BY . . . PHYSICAL REVIEW D64 083512
can be realized in a simple way if the dynamic
supersymmetry-breaking sector or the messenger secto
velops a cosmological defect. In the simplest case~2.1! the
excessive breaking of supersymmetry is realized in the~com-
posite! cosmological domain wall which interpolates tw
minima ^S&56A(ks /l)L. The supersymmetry breaking i
the defect sector can vanish in the true vacuum, but sho
become large in the defect to realize the coexistence of
regions of large and small^H/T&.

Since the defect sector is not necessarily required to
responsible for the soft terms in the MSSM in the tr
vacuum, there are no complexities related to the dynam
breaking of supersymmetry at the global minimum, the c
straint on theCP breaking parameter, etc.2 In general, the
electroweak scale is intimately related to the soft-break
parameters which can be raised in the ‘‘local’’ region in t
defect.3 At the temperatureTc.T.TEW , baryon asymmetry
produced in front of the defect can be trapped in the def
Defects are able to trap the baryon from the time of
electroweak symmetry-breaking phase transition in the
fect (T5Tc.104 GeV) till the Universe cools down toT
5TEW . Then the defects release the baryon number an
nally disappear atT5Td .

Here the mechanism of baryon asymmetry generation
self is similar to the conventional defect-mediated el
troweak baryogenesis. Historically, the ways in which ba
ons may be produced when a phase boundary sw
through space have been separated into two categories.
is called ‘‘local baryogenesis’’ in which baryons are pr
duced when the baryon number violating processes~sphale-
ron interactions! and theCP violating processes induced b
the wall occur together near the bubble walls, and the o
is called ‘‘nonlocal baryogenesis’’ in which particles under
CP violating interactions with the bubble wall and then b
come the flux of an asymmetry which carries a quant
number other than the baryon number into the unbro
phase region away from the wall. In the latter case bary
are then produced as baryon number violating processes
vert them into the asymmetry in the baryon number. In g
eral, both of these two ways of baryogenesis will occur
gether and the baryon number asymmetry of the Unive
will be expressed by the sum of that generated by the
coexisting processes. When the speed of the phase boun
is greater than the sound speed in the plasma, local ba
genesis will dominate. Otherwise, nonlocal baryogenesi
usually more efficient.

Let us consider the simplest case of conventional nonlo
baryogenesis, and then examine the electroweak baryo
esis induced by the simplest supersymmetry-breaking de
When the thin boundary limit is considered, the final bary
to entropy ratio of the conventional electroweak baryog
esis becomes@3#

2We will comment on these issues in Appendixes.
3Of course, this naive expectation is not always correct. We

also comment on this relation in the Appendixes, focusing on thm
problem.
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2 ~g* !21kDuCP

1

vw
S ml

T D 2 mh

T

jL

DL
, ~2.4!

whereDL is the diffusion constant for leptons, andjL is the
persistence length of the current in front of the bubble w
Hereml andmh denote the lepton and Higgs boson mass
When the background field configuration is steep, at the te
perature much below the phase transition in the defect aT
5Tc , the effect ofCP violation is suppressed exponential
since the typical energy of the charge carrier is lower th
the potential barrier. In this sense the formula~2.4! can be
applied in the case that the energy of the leptons is com
rable to the Higgs vaccum expectation value~VEV! inside
the phase boundary. In our simplest case~2.1!, the width of
the defect depends on the parameterl. Whenl.O(0.1) the
width of the domain wall is simply given byD;L21, and
the background defect configuration is steep. In a conv
tional scenario of electroweak baryogenesis, the flux is
jected by the phase boundary into the unbroken phase a
is converted into the baryon asymmetry in the unbrok
phase near the phase boundary. Then the produced bar
are trapped in the broken phase. In this respect, the me
nism of baryogenesis in our model is similar to the conve
tional mechanism of electroweak baryogenesis.

The wall which interpolates between Eqs.~2.2! and ~2.3!
can be divided into two parts. In the outer half of the wa
the supersymmetry-breaking parameter is locally raised
that the effective scale of the electroweak symmet
breaking increases simultaneously. Considering the conv
tional calculation of the injected flux@10#, one can confirm
that the injected flux from the outer half of the domain w
into the sphaleron-activated region induces the baryon as
metry which is very similar to the conventional electrowe
baryogenesis~2.4!. One may worry that the injected flu
from the inner half may cancel the one from the outer ha
Of course, it is hard to believe that they cancel exactly ev
if the alternating signs of the same magnitude of injec
fluxes are expected by the naive order estimation. Moreo
the contribution to the injected flux from the inner half
strongly model dependent. It depends not only on the de
sector, but also on what one chooses for the mechanism
supersymmetry breaking. The important point is~1! when
the magnitude of the injected flux from the outer half
larger than the one from the inner half, Eq.~2.4! with larger
mass scales dominates and~2! when the magnitude of the
injected flux from the inner half is larger than the one fro
the outer half, it induces larger baryon asymmetry. In t
case, one can arrange the parameters or add new fields i
defect sector to obtain the desirable result. These models
be interesting, but should be discussed in another place s
these issues do not match our motivations of this paper. H
we do not discuss the case~2! any longer.

On the other hand, whenl is quite small (;1026), the
background field configuration can be fat enough so that
effective soft supersymmetry-breaking mass is well appro
mated by a constant around the regions of electrow
baryogenesis, then the profile of the phase boundary is
the same as the one in the conventional electroweak p
transition. ~Of course the effective-mass scales are hig

ll
2-3
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TOMOHIRO MATSUDA PHYSICAL REVIEW D 64 083512
than the conventional one.! The condition of such a fat back
ground is schematically given by the linear approximation

mh
MAX3S T21

D D!mh
PB , ~2.5!

wheremh
MAX , D, andmh

PB denote the maximum value ofmh

inside the defect, the width of the wall, and the Higgs bos
mass at the phase boundary. Let us consider the case w
the defect has the thin phase boundary and the fat b
ground, and that most of the baryon number is caught in
defect.4 Then we should integratenB during the period of
Tc.T.Tend, whereTend denotes the temperature when t
fat background approximation breaks down and the supp
sion of theCP violation starts. One should also consider t
effective volume that the defects sweep, whose suppres
is negligible for the domain walls but can be important
strings.

When the background wall configuration is fat the bary
genesis lasts long, thus the baryon number asymmetry is
hanced. For fat walls, the energy gap that appears at
phase boundary is determined so that the velocity of
phase boundary equals with the speed of the backgro
wall. It is easy to see that̂H&/T as well as the energy ga
increases as the phase boundary moves inside, while it
creases in the outer region. In this respect, the critical p
where the phase boundary appears should depend on th
locity of the background domain wall. Here we postpone
analysis on peculiar situations (vw51 or vw!1) but con-
sider the case when the velocity of the wall is close to
velocity of the conventional electroweak phase transiti
Thenml /T, mh /T, andjL/DL in Eq. ~2.4! are expected to be
nearly the same as the conventional electroweak baryo
esis.

Taking these into account, we conclude that the baryog
esis mediated by the locally supersymmetry-breaking def
is a promising candidate for the baryon asymmetry of
Universe ~BAU!. The mechanism of baryogenesis itself
the same as that used in the conventional electroweak ba
genesis. The novel issue in this attempt is the origin of
defects that enables the electroweak baryogenesis at an
lier ~and longer! period of the Universe when the wall is fa
enough. The electroweak phase transition itself is not
quired to be first order, which is the same characteristic
the conventional defect-mediated electroweak baryogene

B. Toy model 2

Let us consider another example of the gauge-media
model of locally broken supersymmetry. Here we consi
the dynamical supersymmetry breaking in the vectorl
gauge theories @11#. Denoting the singlet in the

4Although the background changes gradually in fat defects,
electroweak phase transition occurs at the critical point wh
moves as the temperature changes. The phase boundary c
much thinner than the background defect.
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supersymmetry-breaking sector byZ, the low-energy effec-
tive superpotential is given by

We f f5lZL2Z, ~2.6!

where L is the dynamically generated scale in th
supersymmetry-breaking sector. The effective Ka¨hler poten-
tial is expected to take a form

K5uZu22
h

4L2
ulZZu41•••, ~2.7!

whereh is a real constant of order one. Then the effect
potential is given by

VZ.ulZu2L4S 11
h

L2
ulZu4uZu2D . ~2.8!

If h,0 a nonzero vacuum expectation value of the single
expected. TheF component of the singlet is nonvanishin
and it is expected to bêFZ&.lZL2. The width of the defect
configuration isD.mZ

21.(h1/2lZ
3L)21;(10 GeV)21 for

FZ
1/25106 GeV andlZ51022. In this model, the fat defec

can appear in a natural parameter region.
First we consider the case when a singletZ couples di-

rectly to the messenger matter fields and a cosmological
fect is formed for the singletZ, which is charged under glo
bal U(1)R . The spontaneous breakdown of theU(1)R
symmetry in the earlier period of the Universe produces
global string network. TheU(1)R symmetry, however, mus
be an approximate symmetry since it must be broken at l
by an explicit breaking constant term in the superpotentia
order to set the cosmological constant to zero. Such an
plicit breaking term induces the domain wall configurati
bounded by the string, which decays soon after it is form
The energy difference that lifts the degeneracy in theU(1)R

rotation is abouteR;uWe f fu/M p
2 @12#. Then theU(1)R wall-

string network decays whenT5eR
1/4;1 GeV. The inner

structure of the defect is almost the same as the domain
in the toy model 1.

One can also consider another example where the de
is a local string and the configuration in the core breaks co
symmetry, developing the squark vacuum expectation va
This assumption is natural, since the~unstable! color-
breaking minimum is a natural feature of the supersymme
breaking. Of course, one can introduce an additional de
sector that induces the required symmetry breaking, as
have discussed above. In this case, the baryon numbe
assumed to be broken spontaneously inside the string,
the baryonic charge may be stored in the core. Denoting
squarks asq̃, they carry aU(1) baryonic global charge
which is derived from the conserved current

JB
m5

i

2 (
q

qB
q~ q̃†]mq̃2q̃]mq̃†!, ~2.9!

whereqB
q is the baryonic charge associated with any fieldq̃.

Assuming the cylindrical symmetry, the baryonic charge p

e
h

be
2-4
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ELECTROWEAK BARYOGENESIS MEDIATED BY . . . PHYSICAL REVIEW D64 083512
unit length (QB) along thez axis will be given by the inte-
grationQB5*dudr r j B(u,r ). This type of string is expected
to generate the suitable baryon number asymmetry of
Universe, if some conditions are satisfied. In light of R
@4#, our mechanism of electroweak baryogenesis works
seed the initial baryon number confined in the string defe

By interpolating two degenerated vacua in separate
gions of space, one obtains a domain wall. If we have th
or more discrete vacua in separate regions of space, segm
of domain walls can meet at a one-dimensional ‘‘junction
These junctions can have a structure that is very simila
the strings. Although the evolution of the junctions is diffe
ent from the strings and probably much more complicated
be analyzed, it seems possible to construct the model to
duce the baryon asymmetry in the Universe.

One can also consider an alternative of the model
which the mass of the messenger matter field is produce
the expectation values of other fields instead of^Z& @13#.
Then our mechanism works when the cosmological defec
formed by the fields that generate the mass terms for m
senger matter fieldsq and l.

We also note that the baryons produced by other mec
nisms before the electroweak phase transition can survive
wash out if they are trapped in the supersymmetry-break
defects that we have discussed in this paper. This may
open another possibility for other baryogenesis.

III. CONCLUSIONS AND DISCUSSIONS

In this paper we examined new possibilities for ele
troweak baryogenesis mediated by cosmological defects
analyzed the supersymmetric theories in which the hierar
is produced by the soft breaking of supersymmetry. Althou
the magnitude of the baryon asymmetry depends on the
files of the defects, the idea is general and can be applie
many models of supersymmetry. We also note that the b
ons produced by other mechanisms before the electrow
phase transition can survive the wash out if they are trap
in the supersymmetry-breaking defects. This may open
other possibility for other baryogenesis.
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APPENDIX A: CONSTRAINTS ON COSMOLOGICAL
DOMAIN WALLS

It is well known that when the Universe undergoes
phase transition that is associated with the spontaneous
metry breaking of discrete symmetries, domain walls w
inevitably form. In most cases the domain walls must
removed since they are dangerous for the standard evolu
of the universe. In this appendix we give a short review
show how to estimate the constraint to safely remove
dangerous cosmological walls. The crudest estimate we
make will be to insist that the walls are removed before th
dominate over the radiation energy density in the Univer
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When the explicit breaking of the discrete symmetry is e
pected because of the gravitational interactions, the sym
try must be an approximate symmetry. Then the degene
of the vacua is lost and the energy differenceeÞ0 appears.
When e dominates the energy density of the false vacuu
regions of the higher density false vacuum tend to shri
The corresponding force per unit area of the wall is;e. The
energy differencee becomes dynamically important whe
this force becomes comparable to the force of the tensiof
;s/Rw , wheres is the surface energy density of the wa
and Rw denotes the typical scale of the wall distance. F
walls to disappear safely, this has to happen before the w
dominate the Universe. On the other hand, the domain w
network is not a static system. In general, the initial shape
the walls right after the phase transition is determined by
random variation of the scalar VEV. One may expect t
walls just after they are formed to be very irregular, rando
surfaces with a typical curvature radius, which is determin
by the correlation length of the scalar field. To character
the system of domain walls, simulations@14# are commonly
used. According to the simulations, the system will be dom
nated by one large~infinite size! wall network and some
finite closed walls~cells! just after the phase transition. Th
isolated closed walls smaller than the horizon will shrink a
disappear soon after they are formed. Since the walls sm
than the horizon size will efficiently disappear so that on
walls at the horizon size will remain, their typical curvatu
scale will be the horizon size,R;t;M p /g

*
1/2T2. Then the

energy density of the wallrw is about

rw;
s

R
, ~A1!

and the radiation energy densityr r is

r r;g* T4, ~A2!

and one can see that the wall domination starts below a t
peratureTw ,

Tw;S s

g
*
1/2M p

D 1/2

. ~A3!

To prevent the wall domination, one requires the pressure
to have become dominant before this epoch. This requ
the constraint

e.
s

Rwd
;

s2

M p
2

. ~A4!

HereRwd denotes the horizon size at the wall domination
pressure of this magnitude is expected to be produced
higher-dimensional operators which explicitly break the d
crete symmetry. The requirement is satisfied in general m
els of supersymmetry if the symmetry is a discre
R-symmetryZn

R @12#.
In our model the requirement that the walls decay af

electroweak symmetry breaking also imposes the up
2-5
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bound ons as s,(108 GeV)3, which excludes the hidden
(M p suppressed! sector for the defect.

Here we should note about the lower bound that com
from the nucleosynthesis. The criterion~A4! seems appropri-
ate if the scale of the wall is higher than (105 GeV)3. For the
walls below this scale@s<(105 GeV)3#, there should be
further constraints coming from primordial nucleosynthes
Since the time associated with the collapsing temperatureTw

is tw;M p
2/g

*
1/2s;108 @(102 GeV)3/s# sec, the wallss

<(105 GeV)3 will decay after nucleosynthesis@15# and vio-
late the phenomenological bounds for nucleosynthesis. If
walls are not hidden and can decay into the standard m
particles, the entropy produced when walls collapse will v
late the phenomenological bounds for nucleosynthesis.
the other hand, the succeeding story should strongly dep
on the details of the hidden components and their inte
tions if the walls are soft domain walls@16#. They can decay
late to contribute to the large scale structure formation.

Of course, the condition for the cosmological domain w
not to dominate the Universe~A4! should also be modified i
the wall velocity is lower than the speed of light and if th
Universe contains more than one wall. This implies that
condition to evade the wall domination becomese
.(s2/M p

2)3x, where the constantx is determined byRw as
x.M p /(RwT2). For the walls with lower velocity, the boun
for e is inevitably raised since such walls will dominate ea
lier.

APPENDIX B: µ TERM AND CP VIOLATION

In order to make our discussions simple and generic,
made a naive assumption that the relative relations betw
mass parameters that appear in the conventional scenar
electroweak baryogenesis are not drastically changed a
surface of the defect so that one can use the conventi
mechanism of electroweak baryogenesis. When the me
nism of generating them andBm terms in the defect is com
pletely different from the one for the supersymmetr
breaking soft masses, them andBm terms are in general no
altered and remain the same in the locally supersymme
. B

s
-
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breaking defects. Then the effective soft supersymme
breaking mass becomes 10–102 times larger than them and
Bm terms in the effective theory at the defect surfaces. O
may also consider other alternatives in which the structure
the effective low-energy theory becomes completely diff
ent in the defect. These models will be interesting, but sho
be discussed an another time since these issues do not m
our motivations for this paper.

Of course, one knows in some models them or Bm terms
can be related to the supersymmetry-breaking parame
FX /X @17,18#. The most interesting case is that them term
originates from the interaction with the supersymmet
breaking sector, while theBm is suppressed so that the SUS
CP problem is solved in the bulk of space. In such mod
for m and Bm terms generation, almost all the input ma
scales are determined by the supersymmetry-breaking
rameterFX /X and the mechanism of the electroweak bary
genesis at the defect surface looks precisely the same a
one for the conventional MSSM.

One can construct models in which the generating mec
nism ofBm in the defect is different from the one in the bu
of space, so that the effective theory at the defect surface
develop a largeBm parameter. In this case,Bm

e f f locally in-
duces a largeCP parameter and the electroweak baryoge
esis is enhanced.5

In our model for electroweak baryogenesis, one can
pect another contribution to theseCP violating phases from
locally supersymmetry-breaking defects, since the origin
the supersymmetry-breaking mass andm andBm parameters
is completely or partially different from the true vacuum
changing the combinationuphys[Arg(mBm* mG)5um2uB

1uG .

5In the gauge-mediated model, the phases in the gaugino ma
mG , m, andBm parameters are physical, and in general, they can
large enough to conflict with experimental constraints. There
many ways to restrict theseCP violating phases. For example, th
SUSYCP problem can be solved ifBm vanishes at the messeng
scale, which is further discussed in Ref.@19#.
.
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