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Flavor structure of soft supersymmetry-breaking parameters is studied in a certain type of effective super-
gravity theory derived from moduli- or dilaton-dominated supersymmetry breaking. Some interesting sum
rules for soft scalar masses are presented. They constrain their flavor structure and predict some interesting
patterns appearing in soft scalar masses in the nonuniversal case. We also study the alignment phenomena in
the flavor space of soft breaking parameters due to Yukawa couplings and discuss their phenomenological
consequences.
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[. INTRODUCTION tum numbers can bring various interesting results as sug-
gested in9].

In supersymmetric theories soft supersymmetry-breaking In this paper we study the flavor structure of soft breaking
parameters play the crucial rdl&]. Their phenomenological parameters in a certain type of effective supergravity theory
features are completely dependent on those parameters. THi&ich is derived from moduli- or dilaton-dominated super-
means that low energy phenomenology can put strong corsymmetry breaking in superstrir{@,7]. This recently pro-
straints on these parameters and may also give some infoposed framework has some advantages. We can use it with-
mation on the fundamental theory at the high energy regiorQut knowledge of the origin of supersymmetry breaking.
which determines the structure of soft breaking parameterd:urthermore, within this framework it can give us rather de-
Especially, constraints coming from rare phenomena such dgiled information on the soft supersymmetry-breaking pa-
flavor-changing neutral currentECNC's) [2] and the elec- rameters. As a result it allows us to extract their concrete
tric dipole moment of neutrofEDMN) [3] are very strong. flavor structure as seen in the following discussion. Taking
Because of these reasons, the universality and reality of th@ccount of these aspects, the study of soft supersymmetry-
soft supersymmetry-breaking parameters are usually a$reaking parameters based on this framework now seems
sumed when an analysis of various phenomenological agvorthy to be done more extensively from various points of
pects of the minimal Supersymmetric standard modeVieW. The results we present in this paper are derived under
(MSSM) is done. Up to now in many works the flavor struc- strong assumptions which, however, are expected to be ap-
ture of soft breaking parameters has been discussed on tRécable to a rather wide class of superstring effective mod-
basis of suitable fundamental framewofkg. They mainly  €ls.
treat how the universality of soft scalar masses is realized at In the following at first we briefly review the derivation of
the low energy region. soft breaking parameters in the case of moduli- or dilaton-

Recently it has been noticed that in superstring theory sofiominated supersymmetry breaking, which we take as the
supersymmetry-breaking parameters are generally nonunpasis of our argument. After that we present our basic as-
versal [5_7] and their various phenomeno|ogica| Conse-sumptions. Next under these assumptions we derive soft
quences have been studied in that framew@}@]. These breaking parameters, referring to their flavor structure. Using
works show that nonuniversal soft breaking parameters bringnese results, we give interesting sum rules on their flavor
rather different phenomenological features in comparisorstructure and discuss the consequences derived from them.
with universal ones. In this situation it seems to be veryFinally we study their alignment phenomena due to Yukawa
interesting to study the more detailed flavor structure of thesgouplings and discuss their effects on the low energy physics
parameters on the basis of certain fundamental framework®riefly. The last section is devoted to the summary.

The flavor structure of soft breaking parameters seems not to

have been studied enough beyond whether or not they are Il. SOFT SUSY-BREAKING PARAMETERS

universal. This is, in part, because of the above-mentioned

phenomenological constraints and also the predictivity of the

theory. However, there can be various flavor structures even We begin with a brief review of the general structure of

if the phenomenological constraints are imposed. FCNC consoft breaking parameters in the case of moduli- or dilaton-

straints, indeed, only require mass degeneracy amongdominated supersymmetry breaking. Various works based on

squarks with the same quantum numbers. This point shoulduperstring theory and also general supergravity theory sug-

be kept in mind when we consider the FCNC constraintsgest that soft supersymmetry-breaking parameters are gener-

Nonuniversality among squark masses with different quanally nonuniversal5-7]. Low energy effective supergravity
theory is characterized in terms of thétdar potentiak, the
superpotentialVV, and the gauge kinetic functidny . Each of

* Electronic address: suematsu@hep.s.kanazawa-u.ac.jp these is a function of ordinary massless chiral matter super-

A. General formulas
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fields W' and gauge singlet field®' called modulit whose NL,

o . : _ —=m FEI[ 397213 (9;ZN3) 27 (0,2
potential is perturbatively flat as far as supersymmetry is M 3’22” [ 1 (0202702 0)]
unbroken. _ +kVoZ,7, (7)

Usually it is assumed that nonperturbative phenomena
such as a gaugino condensation occur in the hidden sector. A-=Fil(a+ LK)h _ZNTL& Z—h 8
After integrating out the fields relevant to these phenomena, k=P 2 Kbk mahaoLl, (@
the Kéhler potential and the superpotential are expanded by i s ML - o
the low energy observable matter fie as Biy=F'[(di+ 3 Ky =Z""0iZmi gy ] — Mapoptig
KZK*ZR(@]@_,_z(q),qT)IT‘PI\?J_ +[F(a+ K)FJ 2m3/2F ]aAYL], (9)
+[EY(D, D), TP+ HC]+ -, (1)  WwhereF'is anF term of ®' andg; denotes)/d®'. V, is the

cosmologlcal constant expressed dg= k ~2(F' Flaa_K
—3m3,). From these expressions we find that these soft
breaking parameters are generally nonuniversal and their
structure is dependent on the form of théhika potential,
especially, the functional form a3~
The gaugino mash! , is derived through the formuld.0]

W=W(D)+ L72(P),; W' W+ L h(D) W' PO+
)

Wher6K2=87T/|V|F2)|. The ellipsis stands for the higher order
terms in¥'. In Eq.(2), W(®) andu(®),, are considered to

be induced by nonperturbative effects in the hidden sector. Ma:%(Refa)—lpigjfa, (10)
Using these functions the scalar potentiatan be written as
[10] where the subscrip represents a corresponding gauge

group. In the superstring effective theory it is well known
V= K‘ZeG[Ga(G‘l)“EG;—SK‘Z]+(D term), (3) that f,=k,S at the tree level, wherk, is the Kac-Moody
level. It has a dependence dn' through one-loop effects
[11]. This fact and Eq(10) entail an important result. That
is, if the dilaton contribution to the supersymmetry breaking
is large, the gaugino masses become large. On the other
hand, if the gaugino masses are large enough, the difference
o Kot among the squark masses disappears at the low energy re-
M3,= k€4 W]. (4 gion due to the radiative effects of heavy gauginos. In this
paper we are mainly interested in the nonuniversal soft scalar
In order to get soft supersymmetry-breaking terms in the lowmasses. Thus in the following discussion we assume the
energy effective theory from Ed3), we take the flat limit small gaugino masses implicitly.
M —, preservingmg, fixed. Through this procedure we Here it is necessary to make some comments on the ap-
obtain the effective superpotentiaW®® and soft plication of these formulas to the MSSM. The chiral super-
supersymmetry-breaking tern. _ fields W' represent quarks and lepto@¢, U¢, D¢, L%, and
In the effective superpotentisV*", Yukawa couplings are  E« wherea is a generation index. If only a pair of Higgs
rescaled a$,;x=eXh ;x and thew,; parameter is effec- doublets are included® in Yukawa couplings and the cor-

whereG=K+ « ~2Ink%W? and the indicesx and 8 denote
P! as well asd'. The gravitino massn,, which character-
izes the scale of supersymmetry breaking is expressed as

tively expressed as respondingA terms should be identified witH,; andH,. For
- this reason we will abbreviate the indixof A,;« in Eq. (8).
Mu:eklzﬁw MayoY,;— F) Yy, (5) From the gauge invariance, allowed terms such as

wiy V'Y in W and Y, ;'Y in the Kéhler potentialK are
only uH,H, and Y H;H,, respectively. Taking account of

Soft breaking terms¢.; corresponding toNy are defined these, the effective  superpotentiaWe® and  soft

b . )

y supersymmetry-breaking term&; in the MSSM can be

=2 7 (1 3Ky 1 13 written as
Lso= MY " — (5 Ak ¢+ 3By +H.c),
(6) Weff= hUBU“H QP+hL,D DH 1QP+hE, EaH, LA
where ¢! represents the scalar componentdof. Each soft +uHiH,, (1)
breaking parameter is expressed by ugthgndW as[6]?
ﬁsoﬁz—IEJ 22— | AY,UH,QP+AR,D*H,;D#

'Here we are using the terminology “moduli” in the generalized o .
meaning. A dila_\torﬁ(%cpo) is included in®' gther than the qsual +AEBE“H1L5+ BH1H2+Z IMAA o+ H.C.l.
moduli M'[=®' (1<i<N)]. Throughout this paper we will be a
using this terminology when it is not stated. (12)

2lt should be noted that these soft breaking parameters are not
canonically normalized because the kinetic termpbis expressed  The first term of Eq.(12) represents the mass term of all
asz30"y'd, 4. scalar componentsz(=Q¢, U% D¢, L% E% H;, H,) in



54 FLAVOR STRUCTURE OF SOFT SUSY-BREAKING PARAMETERS 5717

the MSSM. In the last term, are the gaugino fields for the In order to parametrize the direction of supersymmetry

gauge groups specified &fa=3,2,1). breaking in the moduli space, we introduce the parameters
As seen from the general expressions of soft breaking; which correspond to the generalized Goldstino angles in

parameters(7)—(9), their structure is determined by the moduli spacd7]. They are defined as

moduli dependenceof Z,5-and W. In order to apply these N

eneral results to Eq12) and proceed further to investigate ' —
'?heir flavor structurec,q it is necgssary to make the mode?more F'\/ki—j_ V3Cmg®;, > 07=1
definite by introducing some assumptions.

(19

where we take thec=1 unit. N is the number of usual
B. Assumptions moduli M' in the model. A constantC satisfies
Vo=3k"?(|C|?>~1)m3,. In the following we assume
C=1 and therVy=0. The introduction of these parameters
makes it possible to discuss the soft breaking parameters
without needing to know the origin of supersymmetry break-
aM'—ib; ing.

M e (adi-bo=1a; b, dic2)

Our basic assumptions are the following.
(i) We impose the simplest target space duality SEJ2,
invariance

(13) C. Sum rules for soft scalar masses

In the superstring models studied by ndkvcan be gen-

for each usual modulust'. Under this target space duality erally written as

transformation(13) the chiral superfield®' are assumed to
be transformed as N .
| == 2, In(@'+a") (20)
T (ic;Mi+d,)M (14) =0
wheren! is called the modular weight and takes a sunable(z)lr; tlr:]etr(]) ;hE;Tgp %O;nglippxeasggQgﬁg?éﬁ]n?h(g)f:;]c_
negative va;lue[S] This requirement also causes mvarlancetlonal form of Z: as '
under the Kaler transformation !

—— N —_—
KoK+f(MHY+f(M), (15) ]:[ Mi+MT) . (22)

—f Mi
w—e Mw, (16) Using these facts in Eq$7)—(9) and normalizing them ca-

. N . L .. nonically, we can write down the soft breaking parameters
(i) The Kanler metric and then the kinetic terms of chiral ad y gp

superfields are flavor diagonal:

VARRPATINE 17 mZ=m2,

N
1+3> @?n}), (22)
i=1

(iii) The coefficient function§|3K 13,Y,; of the superpo-
tential and Kaler potential are independent of the moduli
fields whosd~ terms contribute the supersymmetry breaking:
that is,

N
Ay=— \/§m3,2hui20 Oi(n}+n}+ niH12+ 1), (23

N

dihk=aim,=3Y,;=0 for F'#0. (18 B=—m3,2,u{ V32>, i(nLlJrninwL nH+1|, (29
=0

The second assumption is satisfied in almost all known su- —
perstring models as suggested . The third one is a pure Where the indices and J represent the ﬂaVOan, ar
assumption at this level. Under this assumption the superpd?,, L,. andE, (a=1-3). In these formula:sn| 0 should
tential W, except for aw part, can depend only on moduli be understood since we do not consider the transformations
which do not contribute the supersymmetry breaking and asuch as Eqsi13) and(14) for a dilaton.

a result, for example, Yukawa couplings,« can be dy- Taking account of the functional form df in Eq. (20),
namical variables at the low energy region as discussed igssumption(i) requiresf(M') = —In(ic;M'+d;) in Eq. (15).
Ref.[12]. These assumptions are rather strong ones but thefs a result, Eq(16) shows that the superpotenti and
may be expected to be satisfied in many known superstrinthen its coefficient functionh,; andu,; are transformed as
models. Moreover, they can induce very interesting featurethe modular forms under the duality transformation of
to the soft breaking parameters as seen in the following seanoduli fieldsM',

tions.

41t should be noted that these are the tree-level results. However,
3The known exception is the dilaton-dominated supersymmetrythe introduction of string one-loop effects will not change the quali-
breaking. tative features discussed here.
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N . ture of soft scalar masses in a model-independent way by
W—)H (iciM™+d;)~w, (25 constructing sum rules from these formulas. We present here
=1 two sum ruleSatM,:
_ N _ o M2 +me =g +m=, (37)
=TT Gemi+d) = VR, (20 Go TP T T
iz
N
" zmga+mﬁ+mi=m§,2 4—32l @?), (39)

w—11 (iciMi+d,) "My, D7 27

=1 where for these derivations we used the above constraints
_ (28) and (29) on the modular weights. These sum rules for
Assumption(iii ) requires that the modular weightshgf; and  the flavors are satisfied in each generatian~(1— 3).
7115 for moduli M' which are relevant to the supersymmetry  Although these sum rules become trivial in the universal
breaking £;#0) should be equal to zero. This results in thecase, they can give us useful information on the flavor struc-
relations ture of soft scalar masses in the nonuniversal situation. Es-

pecially, the latter sum rulé38) gives us very interesting
ni+nj+nl, +1=0, (28)  insights into the flavor structure in the quark sector.
12 At first it shows that we cannot impose the relation

m$a<'rﬁfzﬂ (a<pB) on all flavorsf=Q, U, andD, simulta-

neously. This means that soft scalar masses at least for one
) o ) flavor in the squark sector must decrease according as the
for eachi(#0). Flavor indiced andJ in Eq. (28) should be  generation number increases though scalar masses in other
taken as the ones composing each Yukawa coupling in Egjayor sectors increase with the generation. For example, we

(11). After substituting these relations into Eq22)—(24),  assume that soft scalar masses of the first two generations

N, + Ny, +1=0, (29)

we obtain the formulas for soft breaking parameters: with the same charges cause each other to degenerate and
N ~2 _~2 _~2 ~2 ~2 ~2
_ _ ms =ms <ms, MmM—=m—<m-. (39
%, omb{14sF ofn, | 0 oy o, 7o, =T
In this situation, from Eq(38) we have
N ~2 ~2 ~2
~2 i i —=m>m. (40
iy =m3, 1+3i§1 i2(—n'Qa—n'Hz—1)), (31) U U7 g
This feature can bring nontrivial results at the weak scale
N through dynamical effects of the low energy region as seen
mé— =m3, 1+32 i2(_n'Q _anl_l))' (32)  inthe next section. .
@ i=1 « Furthermore, since the sum of squark masses is con-
strained to be constant independently of the generation, if the
, , N , : _ soft scalar mass for one flavor, for examrﬂﬁé becomes
—~ _ _ o | _ —_ —_ a .
M, =Msp 1+3i21 O Mg, ~Mh, OFERNCE) larger, soft scalar masseﬁ and sz— must be smaller in
comparison with mg . In such a case E37) shows that in
~2 5 % 2 the present model all left-handed soft scalar masses can be
Mg =M 1+3i:1 O |, (34 |arger than all right-handed ones,
mg , M >m=—, m=, m-. (42
Ajy=—\3mgh;0,, (39 e o« U TP TR,
Soft scalar masses with this feature have been shown to bring
B=—(1/30y+1)myyu. (36)  various interesting implications in the phenomenology of the
MSSM [9].
The results for parametess;; and B are similar to the In the next section we will study the low energy implica-

ones obtained in the case of dilaton-dominated supersymméion of these structures. In this study we will consider the
try breaking. These features are brought about by assumptiarlignment of soft scalar masses in the flavor space which has
(iii). Although soft scalar masses are flavor diagonal, thoseecently been proposed in R¢5].

values are nonuniversal unlike the dilaton-dominated case.

Their nonuniversality is determined by the modular weights

of the relevant fields, which are completely dependent on the >Similar sum rules are derived [13]. However, the flavor struc-
models. This feature seems to make it difficult to practice theure is not explicitly discussed there.

model-independent study of the flavor structure of soft scalar it can be shown that this kind of hierarchical soft scalar mass can
masses in the present model. However, it is remarkable thae realized if we consider three moduli case in orbifold models
we can easily extract some information on the flavor struc{14].
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Ill. ALIGNMENT OF SOFT SCALAR MASSES B. Alignment in the flavor space

A. Flavor symmetry As seen from Eqs(30)—(36), soft scalar masses arfd
. . . . . terms are produced in flavor diagonal form in the present
We start this section with a discussion of the flavor sym model. In the limit that Yukawa couplings are negligible,

metry of the system defined by the Mar potential(1) and however, the degrees of freedom corresponding to the rota-
the superpotential2). What we refer to here as the flavor . ’ 9 e Pe g .
. X ) . tion (SU(3)/U(1Y)° in flavor space remain undetermined
symmetry is the invariance under the transformation .
under the above assumption of the flavor symmetry. If we
Wl W', (42)  represent these degrees of freedom with®matricess(”
in the basis where Yukawa couplingg(F=U,D,E) are
diagonal, soft breaking parametéﬁ% andAF(=A,;) can be
where W'« stands for Q,, U,, D,, L,, and written a$
E, (a=1~3) andS\” is an element of (B). Thus the full
flavor symmetry of our present model is UP3\Needless to m2=shT3 s AF=gfITAFSH, (44)
say, Yukawa couplings in the superpotential break this sym-
metry. Even if we switch off these couplings, this symmetry —_ .
is also broken by the kinetic terms unleggis proportional From the definition of the Yukawa couplings, HQ1), the

. r o . F
to the unit matrix. This condition for the kinetic terms is not |n,d_el>j fD III; thhe.cgesgisggﬁt'gge%e itafssaf%;th?nﬂivor.th
generally satisfied in the present model. However, there ma& _ﬂ ’ 'f_W IL 5 thz(f)p JAF ukaw d tuptrl1 gs wi
be an alternative possibility. If there are some relations be- e flavorf=Q,L. Bo an correspond to the ones

tween moduli space and flavor space, the moduli dependeng(?rived in the previous section and they are defined at the

— @&t
of Z,3-may restore the symmetry. That is, it may be expectec?caleA,_ Mpi. The Goldstont_a degrees of freed are
that Z.~(=70) is also transf d simult | q determined through the physics below the scaleTo study
atZ5(= aﬁ IS also transformed simuftaneously UNAer ;s qetermination process we adopt a Wilsonian approach to

the transformatiort42) as the low energy effective theory. Following Ré15], the low
energy effective potential which can be derived by such a

) ah7H bt prescription is
Zaﬁ—> Swzaﬁﬁﬁls , (43
2 1
and then this can be the symmetry of the system. Verr=Va+ WS"( M= Wﬂﬁ” e, (49

If such a situation is realized in the present
supersymmetry-breaking scenario, vacuum expectation val-
ues (VEV's) of moduli F terms and then the soft WhereV, is an S(N-independent part and represents a
supersymmetry-breaking parameters will cause the breakingiass matrix of the fields in the theory at the scaleThe
of this flavor symmetry as well as supersymmetry. In this€llipses stand for higher order correction terms which are
breaking process the dynamical degrees of freedom corréirelevant in the present approximation. One-logpfunc-
sponding to the Goldstone modes of this spontaneously brdions ') for the masses of the relevant scalar fields are
ken flavor group will remain undetermined unless explicitgiven in Ref.[16]:
breakings exist. However, there are Yukawa couplings in the
real world. As a result the phenomenon known as alignment
occurs to fix the remaining undetermined degrees of freedom
in the soft breaking parameters at the low energy region. 2
Recently, this possibility has been suggested in the general +2hPTRMohP +2AYTAY +2APTAP]+ ..
framework of supersymmetric models assuming the exist-
ence of the corresponding flavor symmejfp]. In the re- - —2 -
maining part we study the alignment of soft breaking param- Tr:B(Fn‘lL):Tr[mEhEThE”LZhETm?“EJ“hEThEmEJ“ZAETAE]
eters in our model. In this study we assume the
transformation propert{43) in the moduli sector as the start- T
ing point of our argumert.

TrB5) =T 2(hVThY + hPThP) M2 + 2hV TS h
Q

TrBo2 =Tr 25 hVhUT+ 4hUZhUT+ 2hUhV TR -
U

"It should be noted that this assumption is crucial for the realiza-
tion of the alignment of soft breaking parameters in flavor space +4AUAUT]+ B
due to Yukawa couplings. Although the contributions from the
Goldstone boson loops to the effective potential are sufficiently
suppresssed by the symmetry-breaking scalin the case of ex-
plicit breakings due to Yukawa couplings, their contributions
through the breakings due @3 in the kinetic terms cannot be +4APAPTT ..
suppressed byt and make the scenario 5] ineffective. For this
reason we will adopt this assumption, although the existence of _ o
such a proprety has not been known in superstring models up to8lt should be noted thas(") for the flavorsU, D, and E are
now. defined as the ones for the right-handeédD, andE in Eq. (42).

TrBU2 = Tr[ 2MEhPhPT+ 4hPHZh0T+ 2hPhP TR
D
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Tr’8(~12):Tr[zm_hEhET+4hE’r'ﬁZhE‘r+2hEhET’r?r’]2_ formulas are expressed in the Yukawa coupling diagonal ba-
me- E L E sis by using the nonlinearly realized Goldstone md8i&sas
L AAEAET] follows:
T 'rﬁéuzs(Q)Tz(Q)s(Q),
Tl’ﬂgz) -6 Tr[FﬁZQhU’rhU_I_ hUT’r‘ﬁLZﬁqU_i_AUTAU]_{_ - mZQ =KTsQTs Qg
H, D
TrAS) =Tr 6M3h°ThP + 2/M2hEThE + 6hP s h® =SV WSV,
Hl
~2 ~
+2hETmzh®+ 6APTAP + 2AFTART+ . . m;t SOty (P)gd) 47)
(46)

whereK is the Kobayashi-Maskawa matrix. Using these, we
where the ellipsis stands for tH&" independent contribu- can write down theS(-dependent part of this effective po-
tions. Following Eq.(44), the soft scalar masses in thesetential:

A2
(327%)?
+ 128(D)TE(D)S(D)hDhD’r+ 88(E)TE(E)8(E)hEhE’r]_ (48)

v(sh)=— T 128 QT3 (QSQ(hYThY + ChPThPCT) 4+ 8SLTS (D SILDRETHE 4 126WTS (W GUIRURUT

Here it should be noted that ti& contribution toV dis- +KhPThPT) ST is proportional to3(?). As found from
appears in Eq.(48) becauseA" appears as the unitary- Eq. (44), these facts show thak parameters in the squark
invariant form in the effective potential in this approximation sector are not generally proportional to the Yukawa cou-
level. The flavor structure of soft breaking parameters at th@lings, althoughA in the lepton sector is proportional to
weak scale is determined through Eg4) by using S  ht.
which minimizes this effective potential. Here we should remember again that in our model the
As easily proved for the diagonal matricés and Y, following condition for3 (") is satisfied independently of the
Tr(XSNY S0 is maximized whers(") is aligned so as for ~generation,
their eigenvalue¥; andY; to be ordered in such a way that QL5 (Uy L5 (D) —
Xij=X; andY;<Y; are simultaneously realized for the diag- 23R TR const, 49
onal component labeis< j. We are considering the effective and then the eigenvalues Bf") are not necessarily ordered
potential (48) in the basis where the Yukawa coupling ma-in such a way that their magnitude increases forfaks
trices are diagonal and also their eigenvalues are ordered imentioned before. In that case the minimization of the effec-
such a way that their values increase. So the potential minkive potential determine§(”(#1) so as to exchange the
mization makesS{(f=L,U,D,E) a unit matrix if the ei- ordering of the eigenvalues according to their magnitude.
genvalues ofs.(") are ordered in a suitable way. Thus soft The existence of the Kabayashi-Maskawa maftiixnakes
scalar masses for these flavors at the weak scale are cotfis situation more subtle. These make the flavor structure of
pletely aligned to Yukawa couplings in flavor space. In theA parameters somehow complex, at least in the squark sec-
f=Q sector the situation is different. Because of the existiOr.
ence of the Kobayashi-Maskawa matik%, S(© deviates
from the unit matrix even if the eigenvalues Bf? are
ordered according to their magnitude. From the investigation We study the squark sector in more detail. The squark
of the effective potential it is easily found mass matrices in-squark andd-squark sectors can be writ-
that S(9 should be determined so tha@(hYThY  ten as

C. Squark sector

| myl?+Mg, +mZcos28(3 — 5sirow) AY(H,)+myu* cotB
~ ; (50
AYT(H,)* +mi i cots |my|2+ Wa-+ 2 m2cos28 sirf by
|mp|?+ ﬁZQD— m3cos28(% — 1sirféy) AP(H )+ mpu*tans (
51)

APT(H)* +ml u tans |mp|?+ sz—— 2 m2cos2B sirfhyy ,
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wherem; andm; are masses of the quark and the corre- where m2>m3 and m3>m3 following Eq. (49). For theU
sponding left- and the right-handed squark mass matricegngp sectors we ges”)=S® =1 trivially. If K=1, for
respectively. These squark mass matrices can be explicithye 3 sector we obtain

determined in our model. We show this by using a typical

example. 01 O

As discussed above, no matter how eigenvalue¥ O 00 -1
are ordered in the squark sector, under the condition of Eq. SQ= . (53
(49) we obtain the nontrivial results fo&@, SV, and 1 0 O

S(P) as far as the (" has nondegenerate eigenvalues. We

are interested in the nontrivial case where the eigenvalues @for thjsS(Q), ST, (QSQ pecomes diagonal with increas-
3 are not ordered according to their magnitude. As atypHingly ordered eigenvalues in the same way as the case of
cal example, we take U andD sectors. I+ 1, howeverS@13(Qs@ cannot be

2 o0 o0 diagonal anymore. After some algebra for the minimization

m ) : -
! ) of the effective potential, we obtain
s@—| 0 m O

0 0 m ’ 0L X
so=| Y X ~1} (54)
2 0 o 1.0 Y
0 mi O . .
5W=30)= M3 , (520 whereX~—V,;m¥m? and Y~ —V,ym¥m? This results in
) b/ My b/ My
0O 0 my
|
Y?mZ+m3 XY ng —YnE+Yng
Sty (QgQ XYng  mi+X?m; 0 : (55)
—YnE+Yng 0 X?m2+m3+Y?m3

This shows that the effect oK#1 is very small and masses such as E(p2) appear only in the case of moduli-
S5 (& can be regarded as diagonal in the good apdominated supersymmetry breakings;(;N®Z~1 and
proximation even in theQ sector. However, it should be ®3<1) and thenAF<m;,. Thus the components of off-
noted that the degeneracy between the first and second getliagonal blocks in squark mass matrig&®) and (51) are
eration squarks in th& sector atM is lost at the low small compared with the elements of the diagonal blocks. In

energy region. our model the left and right mixing squark masses generally
If we use Eq.(44), we can explicitly calculateA¥ and bring no serious problems to the FCNC.
AP in this example as, From this example we learn that if flavor alignment oc-
curs in the squark masses, the good degeneracy between the
AV=ASUTHVSQ masses of the first and second generation squark,atan

be lost at the low energy region. This shows that the good
0 m, Xm, degeneracy aM among the masses of three squarks with
eA Ym, Xmg —mg (56) the same quantum numbers may be necessary to satisfy the

~2mysingsing FCNC constraints.
v RN 0 Ym A consideration like this can give us more insight into soft

scalar masses. Finally we present such a typical example in
AD=ASDIThDGQ) the nondegenerate case. Taking account of the alignment ef-
fects discussed above, if we assume
0 myg Xmy
~ ~ ~ ~2 ~2 ~2
Al ym Xmg —-m, ® g, =g, <Mp,, Mg, =My <M, (58)
V2mycossingy m, 0 Ym
at the scaleA, these relations are preserved at the weak
scale. This situation is favorable to satisfy the FCNC con-

whereA is defined as\"=AhF. This result shows tha"”  straints. On the other hand, the sum rule\aand the align-
and AP can have rather large off-diagonal elements unlesgnent effects predict

SQ=gU=gP)=1 which is realized only when the
masses of three generation squarks with the same quantum e YA (59)
numbers degenerate. However, the nonuniversal soft scalar Up Uy U
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at the low energy region. This suggests that in the presenit M, to satisfy the FCNC constraints. Only the good degen-
model it is difficult to make onIy’ﬁfT light enough in com- eracy between the first and second generation squark masses

¥ at M, may not be necessarily sufficient to avoid excessive
FCNC's.

The consequences induced from the nonuniversality of
soft supersymmetry-breaking parameters have been studied
We studied the structure of soft supersymmetry-breakindgrom various viewpoints by now. Although FCNC con-
parameters in the effective theory derived from moduli- orstraints require the degeneracy of squark masses among the
dilaton-dominated supersymmetry breaking. In particular, wespecies with the same quantum numbers, it does not require
focused our attention on the flavor structure of soft scalakniversality more than that. It seems to be necessary to take

masses. Under certain assumptions about the moduli depe@ccount of this important point when we study the flavor
dence of the Khler potential and superpotential we obtainedstructure of soft breaking parameters. This viewpoint may
sum rules for soft scalar masses, which gave interesting reé2pen new possibilities in the study of supersymmetric theory.
lations among different flavors in a model-independent way.
We showed that we could extract some typical features from
these sum rules when the scalar masses were nonuniversal.
We also applied these results as the initial conditions at The author is grateful for the hospitality of the TH Divi-
M, to the recently proposed alignment scenario for soft scasion of CERN where this work was done. This work was
lar masses in flavor space. In this discussion we pointed owupported in part by a Grant-in-Aid for Scientific Research
that the degeneracy of the masses among three generatirom the Ministry of Education, Science and Cultuio.

parison with other right-handed sector squarks.
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