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We study effects of supersymmetric particles in various Badiecay processes as well as in the unitarity
triangle analysis. We consider three different supersymmetric models, the minimal super@a(gy,SUSY
GUT with right-handed neutrinos, and the minimal supersymmetric standard modédl (#thflavor symme-
try. In the SU(5) SUSY GUT with right-handed neutrinos, we consider two cases of the mass matrix of the
right-handed neutrinos. We calculate direct and mixing-induced CP asymmetrieshin-the decay and CP
asymmetry inBy— ¢Kg as well as theBS—gs mixing amplitude for the unitarity triangle analysis in these
models. We show that large deviations are possible forghg¢5) SUSY GUT and thdJ(2) model. The
patterns and correlations of deviations from the standard model will be useful to discriminate the different
SUSY models in futurd3 experiments.
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[. INTRODUCTION symmetric standard modéMSSM) with U(2) flavor sym-
metry[6,7]. These models are typical solutions of the SUSY
Success oB factory experiments at KEK and SLAC in- flavor problem. They have different flavor structures in the
dicates thaB physics is important to explore origins of the squark mass matrices at the electroweak scale. Thus, they
flavor mixing and the CP violation in the quark sector. Themay be distinguished by low-energy quark flavor signals. We

CP asymmetry in th&y—J//Kg mode is precisely deter- calculated SUSY contributions to ti&,—B,, Bs—Bg, and

mined, and a CP violation parameter siy20or sin28) is  K°—K° mixings in these models, and showed that the con-
found to be consistent with the prediction in the standardsistency test of the unitarity triangle from angle and length
model (SM) [1]. In addition, branching ratios and CP asym- measurements are useful to discriminate these models.
metries in various rar@ decays have been reported. In fu-  In addition to the consistency test of the unitarity triangle,
ture, we expect much improvement in measurements of Ckhere are several promising ways to search for new physics
violation and rareB decays ae* e~ B factories as well as effects throughB decay processes. As pointed out in the
hadronB experimentg?2]. context of SUSY models[8,9], comparison of time-
Goals of futureB physics are not only to very precisely dependent CP asymmetriesBa— J/¢yKs, Bg— $Kg, and
determine the parameters of the Cabbibo-KobayashiBs— 7'Kgs provides us with information on new CP phases
Maskawa(CKM) matrix element$3], but also to search for in the b—s transition, because these asymmetries are ex-
new sources of CP violation and flavor mixings. For in- Pected to be the same in the SM. Recent results on the CP
stance, scalar quarisquari mass matrices could be such asymmetry inBq— ¢Kg by Belle and BaBar collaborations
new sources in supersymmetric models. Since the flavdpdicate a 2.¢ deviation from the SM predictiofl0]. This
structure of the squark mass matrices depends on the mect#iomaly may be attributed to new physics, SUSY wih
nism of supersymmetr§SUSY) breaking at a higher energy Parity [11,12, SUSY withoutR parity [13], or other models
scale and interactions above the weak scale through tHd4l- Moreover, the CP asymmetries in the-sy process
renormalization, futuréB physics can provide quite impor- [15,16 have been extensively studied in several models, and
tant information on the Origin of SUSY breaking. they would exhibit substantial deviation from the SM in
In our previous paper#,5], we studied the flavor signals SOmMe modelii?]. The branching ratio and decay distribu-
in three different models, namely, the minimal supergravitytions of b—sll have also examined by several authors in
(mMSUGRA), the SU(5) SUSY GUT grand unified theory different contexts of new physics, and they may probe dif-
(GUT) with right-handed neutrinos, and the minimal super-ferent aspects of new physig$8,19.
In this paper, we extend our previous analydikto rareB
decay processes, especidily- s transitions. We investigate
*Present address: YITP, Kyoto University, Kyoto 606-8502,the direct CP asymmetry ih— sy, and the mixing-induced
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could play an important role in a new physics search at fugeneric parameter space, become particularly important. For

ture B experiments, such as a sugfactory[20] and had- example, it was pointed out recently that neutral Higgs-

ron B experimentg2]. boson exchange effects may contribute to the various flavor-
The strategy of the present work ajd] is different from  changing process, especially for a large value of the ratio of

most other works. For each model of SUSY, we calculatdhe two-vacuum expectation values (f@n[23], but we do
SUSY effects in various mixingsB,—By, B.-B, and not take into account these effects. Although we estimate that
il S Sy

0 Tb . ; i such an effect is small for the parameter region presented
K"-K") and rare decay processes, and identify possible pamerically in this paper, this effect will be potentially im-
terns of deviations from the SM predictions. We then COM-portant.
pare patterns of the new physics signals for different models. This paper is organized as follows. In Sec. II, we intro-
In this way we may be a}ble to distinguish d|_ffe_rent models of y | .o the three models. Ty, —B, mixing, the B.—B, mix-
SUISY b.reaklng scenarios, or at least obtain important clue%g' CP asymmetries ib—sy andBy— ¢Ks are discussed
to identity the SUSY breaking sector. Most of past worksj,"gec 11 The numerical results on these observables are
deal with a specific observable signal in a particular SUSYpresented in Sec. IV. Our conclusion is given in Sec. V.
model. The strategy of combining various informationBn
physics will be important in future, especially in the days of
a superB factory and dedicated hadrdhexperiments. The
purpose of the present work is to demonstrate how such glo- In this section, we give a brief review of the models. They
bal analysis irB physics is useful to explore the flavor struc- are well-motivated examples of SUSY models, and are cho-
ture of SUSY breaking sectors. sen as representatives that have distinct flavor structures. A

In the present work, some of our calculations are a redetailed description of these models can be found in [Réf.

analysis of past works under most updated phenomenologi-
cal constraints, and others are new studies. Even in the case A. The minimal supergravity model
that a similar calculation can be found in the literature for a , ,
specific process and a model, we repeat the calculation in. " the MSUGRA, SUSY is spontaneously broken in the
order to treat various processes in a uniform way. In thdhidden sector and our MSSM sector is only connected to the
MSUGRA modelBy—By, BeB,, andK°—K® mixing, and _hldden sector by the gravitation. Th_e soft b_reakmg terms are

; e . ! induced through the gravitational interaction and have no
the direct CP violation ob—sy were studied previously.

L S new flavor mixing at the scale where they are induced.
Although the mixing-induced CP violation By— My pro- The soft breaking terms are specified at the GUT scale by
cess and CP asymmetry By— ¢Kg process have not ex-

licitly considered before, it was recognized that such ro-the universal scalar maseng), the universal gaugino mass
plicitly cot : - ; g P M1,0), and the universal trilinear couplingA§). The soft
cesses did not induce interesting signals once the seve

. . S S Fr’eaking terms at the electroweak scale are determined by
constraints from various electric dipole moments were ap-

plied. We have confirmed this by explicit calculations. ForSOIVIng renormalization group equations.

L . In this model, the only source of flavor mixings is the
the SU(5) SUSY GU.T with rlght-ha}ndec_i neutrinos, we have CKM matrix. New flavor mixings at the electroweak scale
found that flavor signals are quite different for different

choices of the heavy right-handed neutrino mass matrix Thgome from the CKM matrix through radiative corrections.
yrg ) As for CP violation, in addition to the CP phase in the

“degenerate case” defined in Sec. Il was considered inC : .

X g . CKM matrix, we have two new CP phases. One is the com-
[4,21,23. In particular, SUSY effects on the mixing ampli- plex phase of the: term (¢,), and :nother is the phase of
f,lfgéfiovxeifgﬁf |I\j ‘ Iﬁzrtln’czeas’s?/:/]gstg?sc:n Ic)gzgig;?ggfgﬂcp Ag (¢p). Since the potential sensitivity of the neutron elec-

) d—Msy Pre . tric dipole moment(EDM) to CP violations in low energy

The direct CP violation ib—sy and the CP as_ymm_etry N SUSY models was stressed by Elésal. in Ref. [25], the
Bqy— ¢.KS process are ?”a'yzeP' here for the first time. T.heneutron EDM and the electron EDM have been studied in
analysis ofB physics signals in “nondegenerate case” is etail by several authors in different context of low-energy

new. We compare the implications of a consistency test o USY[25-27. The bottom line in the mSUGRA is that
the. unitarity triangle for degenerate and nondeggnerate CaS&ihd ¢ contribute to the neutron and the electron EDMs, and
which has been done only for degenerate ca$dJinVe also

present analysis of rare decay processes andthmixing experimentgl constraint28, 29 on.thege phases are very
for the nondegenerate case, which partly overlaps with a Severe. Taking these EDM constraints into account, effects of
. ’ . new CP phases oK and B physics have turned out to be
cent work in[12]. For theU(2) model, flavor signals has small[30]
been considered previously for mixing amplitudeg4r24], '
but a quantitative analysis of various rare decay modes has
not yet appeared in the literature. Preliminary results of our
analysis are presented in a workshop reps}tbut the non- In the last decade, three gauge coupling constants were
degenerate case is not included in Ré&f. determined precisely at LEP and other experiments, and the
Although we tried to clarify a characteristic feature of measured values turned out to be consistent with the predic-
each model, this cannot be complete because of large nurtion of supersymmetric grand unification. Furthermore, re-
bers of free parameters. There might be some parameteent developments of neutrino experiments established the
space where new contributions, which are not shared in axistence of small finite masses of neutrifn@s—33, which

II. MODELS

B. The SU(5) SUSY GUT with right-handed neutrinos
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can be naturally accommodated by the seesaw mi@¥#l trino sector is only caused by, because there is no flavor
Guided by these observations, we consi@dy(5) SUSY  mixing in My. Since the large mixing in the MNS matrix
GUT with right-handed neutrinos. implies that the off-diagonal elements gf are large, the

In this model, the soft breaking terms are the same as ig— ey branching ratio is enhanced in the wide region of the
the mSUGRA model at the scale where the soft breakingrarameter space and exceeds the experimental bound in
terms are induced. Unlike the mSUGRA model, 8E(5) some parameter regions. In order to suppresstheey
SUSY GUT with right-handed neutrinos has new sources obranching ratio, we consider an elaborated case lhatis
flavor mixing in the neutrino sector. A large flavor mixing in not proportional to the unit matritnondegenerate cgsén
the neutrino sector can affect the right-handed down-typehis case, the neutrino mixing comes from bgthand M.
squark sector through GUT interactions. Quark flavor signalsf the large mixing in the MNS matrix originates froi ,

in this model have been studied in Reff8,12,21,22,3% the corresponding off-diagonal element pf need not be
In the seesaw model, the neutrino mass matrix is writtenarge. Thus, the.— ey decay rate can be suppressed in this
as case.
i 2 Kigag—1Kl o i We have new CP phases in this model. They are classified
(M) =(h)“(y,) " (M) (y,)", (D in the following three classes:

(i) The CP phases in the mSUGRA, i.e.,, and ¢, .
(i) CP phases in the neutrino sector. There are six physi-
§al complex phases ip, and M, in the basis in which the
. T A . harged lepton mass matrix is real and diagonal. From the
I'ﬁldshhz' ag(f"Jt’k’lfrE generatlol_n |nd|cest. Intthetbas.'séhatcombination of these six CP phases, we obtain three CP
€ charged Iepton vukawa-coupling constant matrix 1S 'ag%::ases in the low energy region, i.e., one Dirac CP phase and

wherey, is the neutrino Yukawa coupling constant matrix,
My is the mass matrix of right-handed neutrindk,) de-

onal,.this neutrin_o mass matrix is related_ to the observabl 0 Majorana CP phases.
neutrino mass eigenvalues and the Maki-Nakagawa-Sakata (i) GUT CP phase$9,22,40. The quark and lepton su-

MNS trix [36 —
( ) matrix [36] as perfields are embedded 1 and5 representations & U(5)
(M= (Viing) “mi(Ving) M. 2 as

In this model, the scalar leptdslepton masses and thi ST aidtE B acidt
terms have the mSUGRA type structure at the Planck scale 14=1{Qi.e™'“ (V'U); €% Ej}, 5={D;.e ILi}’(S)
(Mp) as

(mAi=m3sl, (m2)I=mZs, (Ap)T=meAgy.d', whereV is the CKM matrix at the GUT scal&;(3,2,1/6),
@ U,(31-23), D}(3,1,1/3), L,(1,2—1/2), andE (11,1)
wherem? andm2 are the mass squared matrices of sleptong'© quark and lepton superfields in tth generation with
and Ag denotes the slepton trilinear scalar couplings. How-the ﬁU(?’)XTShU(ZLX u(1) ggugéa qgjanu:]m number.s |ana-
ever, at the scalblz, where the right-handed Majorana neu- "éntheses. The p agdz{r an ‘gi obey the constraintg;
trinos are decoupled, new flavor mixings are generated by ¢zt ¢3=0 and ‘15& +¢3 +Q¢’3:0- Before theSU(S) is
the renormalization group effecf87). In the leading loga- broken, CP phaseg; and ¢;° have physical meanings and

rithmic approximation, they are given as they may play an important role in the flavor physics through
the renormalization group effect above the GUT scale.

()=~ m3(3+ A2 (yly, N aE, (42
L g2 ° 0 vy Mg’ C. A model with U(2) flavor symmetry
An alternative solution of the flavor problem of SUSY is
introducing some flavor symmetri(2) flavor symmetry is
one of such symmetrig$,7]. We consider the model given
i ot il Mp in Ref.[7]. In this model, the quark and lepton supermultip-
(Ag)=— ﬁmvoye(yyyy) '”M_R’ (49 Jets in the first and the second generations transform as dou-
blets under theU(2) flavor symmetry, and the third-

for i#j. Consequences of these mixings on lepton flavol@eneration and the Higgs supermultiplets are singlets under
violating processes have been investigated from various adheU(2).

(m2)li=0, (4b)

pects[38,39. We see that, in this model, lepton flavor- In order to reproduce the correct structure of the quark
violating processes, such as—evy, are sensitive to the off- _Yukawa coupling matrices, we assume the following break-
diagonal elements ofy, . ing pattern of thelJ(2):

We consider two cases in tHfeU(5) SUSY GUT with
right-handed neutrinos in regard to the spectrum of the right-
handed Majorana neutrinos. One is the case that all the
masses of heavy Majorana neutrinos are the s@wagener- With this assumption, we obtain the quark Yukawa coupling
ate casg In this simplest case, the flavor mixing of the neu- matrix yo and the squark mass matric&ﬁ,

U(2)—U(1)—1(no symmetry. (6)
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0 age’ 0 whereO’s are
=Y, —apge’ doge bge|, Q=U,D, 7 - "
Yo=Yo| "8 o€ Boc). Q ) Os = (5,7"CL0) (C5y*bLp), (123
0 CQ€ 1
1 0 0 OéL:(SaVMULa)(Uﬁ)’”bLﬁ)
m2=(m)2| 0 1+r5e® e |, X=Q,U,D, (8 —(Sa¥"CLa) (Cpy*bLp), (12b
0 e 1% _ _
OLL=(Sa¥"bLa)(SpYuSLp) (129

wheree ande’ are order parameters of thé&(2) andU(1)

symmetry breaking, respectively, and they satisfy€ e<1, OB =(s v*b )(S.v. S 12
andYq, ag, b, Cq, dg, andr* are dimensionless param- L= (827"DLa)(S67,5r5) (129
eters ofO(1). As for thesquarkA terms, they have the same @)= —

structure as the quark Yukawa coupling matrices, Otr=(87*bLp) (SpVuSRa): (12¢

0 age O 1_ _
i ~ ~Q ~ Ogl'll_): Z(Sa[ ‘y#! ‘yv]bLa)(SB[ YM ’ 7D]SLB)y
Ab=A%Yo| —age’ dge bge |, Q=UD. (9

- (12f)
0 Co€ 1 .
~ ~ ~ ~ 2)__ o v o

In general, though, being @(1), aq, bg, Co, andd,, take o= 2 (Sl YY" I0Lp) (SpL v, ulSLa)s
different values from the corresponding parameters in Eq. (129
(7), and we expect no exact universality of théerms in this
model. e i

In the mass matrices of sfermions in this model, the de- O = ——=mys5[ ¥, ¥"1brF ..., (12h
generacy between masses of the first and the second genera- 167> 2

tion is naturally realized. On the other hand, the mass of the

third generation may be separated from the others. There O3  — i

exist flavor mixings ofO(e) between the second and the OgL= —Zmbsai[y“,y”]TS‘gbéGﬁf‘V). (12i)
third generations of sfermions. These are new sources of 16m

flavor mixing besides the CKM matrix. , . . )

There are several efforts to explain the observed neutrin@Mong the above Wilson coefficient€,, is dominated by
masses and mixings in SUSY models with 1462) flavor the tree con_tr|but|ons from the SM at the weak scale and t.he
symmetry(or its discrete relativag41]. However, the pur- ot,hers are induced by loop effects. Therefore, one obtains
pose of this paper is to illustrate typical quark, especiallyCaL= €uCaL . Wheree,=—V{iV,,/ViVy, . The coefficients
bottom, flavor signals in several SUSY models and to examCLL C{®, andC(3 are also dominated by the SM contri-
ine the possibility to distinguish them. A detailed study of bution because of the QCD correction below the electroweak
neutrino masses and mixings and lepton flavor signals iscale.Lag-» is described in our previous papiet].
models with flavor symmetry is beyond the scope of the We discussed th&,—B, and theB,—B; mass splittings

present work. Hence, in the following analysis, we will not Ade andAmBs in Ref.[4]. In this paper, we consider both

consider the lepton sector in thg2) model. the direct and the mixing-induced CP asymmetriesbin
—sy and the CP asymmetry iB— ¢Kg in addition to the
1. PROCESSES aboveAB=2 process.

About the B°~B° mixing processes, the mixing matrix

The processes considered in the following areBheB, ;
proce I ! wihg heBq elementsM 15(By) andM ;4(B,) are defined as

and theB,—Bg mixings,b— sy, andB— ¢Kg. We consider
the effective Lagrangian that consists &B=1 terms and

1 _
AB=2 terms MlZ(Bq):_WBq<Bq|£AB:2|Bq>! (13
L=Lxg=11Lag=2, (10)
o whereq=d,s. We can expresAde andAmBS in terms of
Lag=1=Co 0 +C5 05 +C O Mo(B,) as
(1) (1) (2)n(2) 1) (1)
+CRORT CIROTRT GO, AmBq:2|M12(Bq)|. (14

+CROR - Cy 07— Cg O+ (L—R),
TLOTL CnOn = CaOat( ) The direct CP asymmetry in the inclusive dec&ys Xy is

(11)  defined ag15]
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['(B—Xsy)—[(B—Xgy)

er B XY L B X))+ T(B—Xey)
s M IME(L— €0)Cor C T4 oo IM(e,Cor € )+ Sar IM(Coy CF )
=— —Imrym[(1—e¢ —lm(e —alm
7(Co 2+ [Corl®) 2 wiatel ™ gg u-2Le7L) T g 8L™~7L
1
—lmfzﬂm[(l—eu)CzLC?LH§|mfz7|m[(1—eu)CzLCEL]+(L<—>R) : (15
|
where the functions, andf,; are found in Ref[42)]. where
The time-dependent CP asymmetry in Bigdecays to a
CP eigenstaté.p is given by 05— M12(Bg) . 19
_ IM1A(Bg)|
['(By(t)—fep) —T'(By(t)—fep) ) . o
—c cr d cr As for By— ¢Kg, we conside AR (By— ¢Kg), which is
F(Bd(t)_)fCP)+F(Bd(t)_)fcp) given as
:AdCiL(BdHfCP)COSAdet‘i‘ Qg(Bdﬂfcp)sinAdet. ATE s 2 Im(e" %8 AA) 9
g :—_,
(16 SRRV

In the b—sy decays, we consider the time-dependentyhere 4 and A are decay amplitudes d&,— #K and gd

mixing-induced CP asymmetry iB;— Mgy, whereMg de- va . : . .
notes a hadronic CP eigenstate that includes a strange quar?‘bK respectively. Sincd— ¢Ks is a hadronic decay

* mix o mbde, the calculation of the decay amplitude suffers from
such aK® or Ky. Acp(Bg—Msy) is given ag16] large theoretical uncertainties. Here we use a method based

“ig on the naive factorization. Details of the calculationfis
. 2 Im(e '?8C, CsR) S . ; oe
MX(By—Mgy)= (17) given in Refs[9,8,43. Using the naive factorization ansatz,
cp(Bd sY 2 R .
|CLI%+|Cogl we obtain
A= —(K]|L[B)
1 1 1 7 Hy 5Hq ag 4
—Hy|zCu+ ZC(Lng+ 1_2C(L2Fg_ 6 Hy - 6 Hy @+ ﬁ g komCaL T (L=R)
1 (©) (2 m?2 1 (U2 2 (©) (2 m2
+§PG (g5,m5)Cy + §(PG (g5,m5) — P&’ (g%,mp)) €,Cyo |, (20)

where Hy=3(#K|O,|B) and Hy=—(6/7)(¢K|0¥|B).  In the constituent quark model/Hy is proportional to
PU9(g2,m?) comes from the one-loop matrix element of My/Mg, and thus the contributions fro@{; and CtY are
O, , g% is the momentum transfer of the exchanged gluonneglected.

and kpy is an O(1) coefficient[43] that parametrizes the _ In our calculations, we takey?=mg/2 and xpy=1.
matrix element ol0g. The concrete form oP'"(g2,m?) is Tk(‘:oggcv ther?]e lapF;LO)::nfatr'O”nsi I"Ijlretrdlriflcnu:[ht?[ rbne Jusﬁ'f'\ig in
Pg*i)(q{mg):_(aS/(4Tr))(G(m§i,qz,m§)+2/3) for the :ﬁe cbrrgcforﬁ)jg?/ofiwagﬁiu?de. Feon e Y prOviEES
NDR schemd44] with

) ) 1 IV. NUMERICAL ANALYSIS
2 2y _
(Mg, a7.m) 4jo dxx(1=x) A. Parameters

2 2 1. Parameters in the minimal supergravity model
mg,—a X(1—X)
XIn > (21) The parameters we use in our calculation are almost the
mj same as those used in our previous pagéexcept for CP
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TABLE I. The neutrino parameters used in the nondegenerai¢he current error ofV,,,| is estimated to be larger than this
case. We show the neutrino Yukawa coupling matrices and the masalue but we expect theoretical and experimental improve-
eigenvalues of the right-handed neutrinos for gan5 and tan3 ments in near future. We vary the CKM phagg=arg
=30. These Yukawa coupling matrices give the structure as givel(i_V’Jqud/V’gbvcd) within +180°, because it is not yet

in Eq. (23 constrained by tree-level processes free from new physics
contributions.
tanp Y, eigenvalues oM (X 10" GeV) As for the SUSY parameters, we take the convention that
013 0 0 the unified gaug'ino masdd ,, is real. It is known thatp,, 'is
' 4.4 strongly constrained by the upper bound of EDMs, while the
> 0 0.099 -0.099 0.56 corresponding constraint afi, is not so tighf27]. Accord-
0 0.46 0.46 17 ingly, we fix ¢, as 0° or 180° at the electroweak scale. We
vary the universal scalar mass,, M,,,, and the propor-
013 0 0 45 tional constant ofA terms to Yukawa coupling matriRomo
30 0 0.098 —0.098 : within the ranges &6my<3TeV, 0<M,,<1TeV, |Ay| <5,
' ' 0.57 and —180°< ¢$,<180°. We take the ratio of two VEVs
0 047 047 1.8 tanB=(h,)/(h,)=30 or 5.
2. Parameters in the S(B) SUSY GUT with right-handed
phases. In our calculation, we treat the masses and the mix- neutrinos

ing matrices in the quark and lepton sectors as input param- In the SU(5) SUSY GUT with right-handed neutrinos,

eters that determine the Yukawa coupling matrices. we need to specify the parameters in the neutrino sector in

The CKM matrix elements/ys, Vb, and|Vy,| are de- addition to the quark Yukawa coupling constants given in the
termined by experiments independently of new physics be-

cause they are based on tree-level processes. We ¥ggopt prevzlous dlscuimnz. WS taki the neutr_u;o r;wassem%%s
=0.2196 andV,,=0.04 in the following calculations and —M,,=3.5X10 "eV*, m; —m; =6.9X10 “eV*, andm,,
vary |V, within a range|V,,/V,|=0.09+0.01. Note that =0.001eV, and the MNS mixing matrix as

LN R U A A A SR TR A B A A A A A N
non-degenerate SUGB) @ A
tan =5

——
SUGS) ® v,
tan =5

R
E degenerate

My =4x10" GeV

-14 _ 13
16 Mp=deliToN FIG. 1. The branching ratio of
1075 . . . u—ey as functions of the lightest
- degenerate M= ix10“ Gev SU(S) @ v, § non-degenerate SUG) @ v, sneutrino mass in theSU(5)
108 == wnp=30 ¥ tan =30 SUSY GUT with right-handed
" - - neutrinos. The dotted line shows
10 the experimental upper bound.
10-10
=
v
T 10-11 ........
3
510-12
10713 My = 4x10" GeV
10-14'_
10-15:....|....|. i 3§ ¢ @ ¢ 1 o485 8 §o§ o5 ¥ v
0 500 1000 1500 0 500 1000 1500 2000
m(V) [GeV] m(V) [GeV ]
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(c;i=cosé, ,s=sin ) with sirf26,,,~= 1, tarf§,=0.420, and right-handed neutrinos are determined to reproduce the ob-

sirf26,,=0. These mass squared differences and mixingerved neutrino masses algys. In Table I, we show the

angles are consistent with the observed solar and atmdwmerical values of the neutrino parameters in the nondegen-

spheric neutrino oscillation81], the K2K experimen{32], erate case. We integrate out the right-handed neutrinos at

and the KamLAND experimerf83]. Only the upper bound Mg=4.0X 10" GeV in the nondegenerate case.

of sirf26,5 is obtained by reactor experimerf#5], and we For the GUT phaseg? and ¢, we takep2=0 and vary

take the above value as an illustration. We do not introduces- within —180°< ¢-<180° while ¢+ ¢5+ p5=0 is

the Dirac and Majorana CP phases in the neutrino sector faatisfied.

simplicity. The soft SUSY breaking parameters in this model are as-
We consider Mg=4.0x10*GeV and Mgr=4.0 sumed to be universal at the Planck scale, and the running

X 10'* GeV for the degenerate cagin this caseMg is the  effect between the Planck scale and the GUT scale is taken

same as the common mass of the right-handed neutritmos.

the nondegenerate case, we take the neutrino Yukawa cou- TABLE II. Possible deviations ofp; and Amg_/Amg, from

pling matrix as values expected in the SM.means large deviation.
Yo 0 0 SU(5) SUSY GUT
v = 0 Yy Y
YiYy 2 72 23 MSUGRA degenerate non-degenerat& (2)
0 Y3 Yas

3 - N J
in order to avoid a too-large SUSY contribution in the Am; IAmg, -

branching ratio ofu—ey. The masses and mixings of the

J J I
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into account. We scan the same rangesnigt M5, @a, free parameters in numerical calculations, we assume that

and|A| as those in the mSUGRA case.

In Fig. 1, we show the branching ratio pf—evy in both mZ=my?=my?=mg3, (24)
the degenerate and the nondegenerate cases & (g)
SUSY GUT with right-handed neutrinos. As seen in this fig- rQ=rY=D

ure, the experimental constraint on the parameter space is
stricter for the degenerate than for the nondegenerate case.
Both in the degenerate and the nondegenerate cases, the
SUSY contribution tou— ey becomes larger for largev
[38,39. However, the contribution is less significant in the C1<ry<t1, 0<rs<4, |rd<4, and —180°<argr,s

nondegenerate case for a simiMrg [39]. In fact, for My ~180°. We assume that the boundar diti

n 4 X , . y conditions forAhe
N 4.0x10' G?V in the degenerate case, the SUSY Con.mby'parameters are the same as the mSUGRA case for simplicity.
tion to u— ey is so large that most of the parameter region is

excluded when tag=30. While, in the nondegenerate case,
a large part of the parameter region is allowed. In the follow-
ing, we takeMr=4.0x 10" GeV for the degenerate case,

andMz=4.0x 10'* GeV for the nondegenerate case.

(1)=(22),(23),(33). (25

We scan the ranges for these parameters<amp<3TeV,

B. Experimental constraints

In order to obtain allowed regions of the parameter space,
we consider the following experimental results:

TABLE lll. The relation between the Wilson coefficients and
the observables. means that the coefficient gives a main contribu-
tion to the observables.

3. Parameters in the U(2) model

In the U(2) model, the symmetry breaking parameters
ande’ are taken to beé=0.04 ande’ =0.008, and the other
parameters in the quark Yukawa coupling matrices are deter-
mined so that the CKM matrix and the quark masses given in
Sec. IV A1 are reproduced. The detailed discussion to detec,, -
mine the quark Yukawa coupling matrices is given inCig - J -
Ref. [4]. CaL J - J

There are many free parameters in the SUSY breaking, - -
sector as shown in E@8). In order to reduce the number of

AZL(B—Xsy)  ATR(By—Mgy)  AZE(Bg— ¢K9)

035012-8
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(i) Lower limits on the masses of SUSY particles and the

Re(Cyp/ C3H

(iii) Upper bound of the branching ratio of the—ey

Higgs bosons given by direct searches in collider experidecay for the SUSY GUT cases: B&ey)<1.2x10 1!
ments[46]. [48].

(i) Branching ratio of theb— sy decay: 2<10 *<B(b (iv) Upper bounds of EDMs of the neutron and the elec-
—Sy)<4.5x1074 [47]. tron: |d,|<6.3x10 %%.cm [28] and |d|<4.0x10 %

035012-9



GOTOet al.

2.0

20

o T
I mSUGRA
[ tan $=30

T tan B=30

@ Es

E Il

F T

L sus) @ v,
[ tan B=30

2.0

-
<)
——

1
T
SUG) @ v,
tan §=30

Im( Cgy / Cgi)
o
[=]

.
N
=3 ¢

20
| degenerate

T non-degenerate
PRI |

(a) -3.0 2IO

-1.0
Re( Cyy / CS)

0.0

1.0 -3.0 -2.0

-1.0 0.0 1.0
Re(Cyr / Cg")

2.0

F T
I mSUGRA

20 an B=30

1.0F

UQ)FS
T tan B=30

mn( Cee /
o
[=1

: T
L SUS) @ v,
[ tan B=30

2.0

10

I Cop / G
o
o

20
[ degenerate

1
-2.0

(b) -3.0

1
-1.0 0.0
Re( Cgp / Coth)

Re( Cyp/ Ca')

035012-10

PHYSICAL REVIEW D 70, 035012 (2004

FIG. 5. Wilson coefficient§a) Cg_ and (b)
Cgr Normalized by the SM value d@g, .



EXPLORING FLAVOR STRUCTURE OF SUPERSYMMETR .. PHYSICAL REVIEW D 70, 035012 (2004

TABLE IV. Possible SUSY contributions to Wilson coefficients the two cases. In Table Il, we summarize possible deviations
C7's andCg’s andM5(Bs) in each model; means non-negligible  of ¢4 andAmg_from the SM in each model.
deviation from the SM, and, denotes large SUSY contributions. In the above and the following numerical calculations, as
mentioned in the introduction, we do not take the
tanB-enhanced radiative corrections in the neutral Higgs
MSUGRA  degenerate  non-degenerateU(2) couplings into account. These corrections could be signifi-

cant for theB—B mixing amplitudes in the parameter re-

SU(5) SUSY GUT

|g7'&| ) gions of large values of tgf and small masses of the heavy
Coerl . v W w Higgs bosons because they scale as @gi(my=)? [23].
argCra - v W Accordingly, it is unlikely that this effect changes our nu-
argCr e - merical results momentously in the region 2w 30. As for
M12(Bs) - - By— ¢Ks, it is shown by Kaneet al.[11] that the contribu-
tion from the neutral Higgs exchange diagrams is small.
xe-cm[29]. In Fig. 3, we show allowed regions in the Rig,(B;) and

o , 0 S0 Im M 5(Bs) plane for the three models in the case of gan
(v) The CP violation parametery in the K"~K” mixing  —30 "|n the mSUGRA, the deviation from the SM is less
and theBy—-By mixing parameterAmg  [49]. As for the  than 5%, and the SUSY contributions to the complex phase
B.-B. mixing parametet\mg , we takeAmg >13.1 ps * of M15(Bg) are neglig_ible._ In the nondegen(_erate case of the
[50]. s s SU(5.) SUSY GUT vy|th right-handed neutrinos, the SUSY

(Vi) CP asymmetry in th&—J/yK s decay and related contribution is large in both the real and the imaginary parts

. of M15(Bs). They can be as large as 30 % of the SM contri-
modes observed at the B factory experimdiis bution to|M14(B,)|. This is in contrast with the degenerate

case. As seen in Fig. 3, the SUSY contributiorMe,(B;) in

the degenerate case is tiny, since the constraint to the param-

1. Unitarity triangle analysis eter space imposed by the—ey branching ratio is very

As in our previous work4], we search possible values of strict. In theU(2) model, there are SUSY correptions of the

ATX(B 3/ yKg), Am Ar’n and ¢, under the con- order of 20 % or larger tt 15(Bs). We have studied the case
cpPi=d S/ B’ By’ 3 of tanB=5 as well. We have found that the allowed regions

straints stated above. The results for the mSUGRA and thg¢ M,(B,) are similar to those for taf=30. From the

U(2) model are not shown here, since they are similar a@xperimental point of viewAmg = 2| M 15(B)| will be mea-
: . ; 4 ) <
Fig. 5 in Ref.[4] apart from slight changes in some input sured by usingd, decays such a8 D7 in hadronB

parameters. .
In Fig. 2, we show the above quantities in the nondegen?Xpe“memiz]' The phase oM 1o(B) can be measured by

erate case of th8U(5) SUSY GUT with right-handed neu- observing CP violation ifs decays such aBs—J/y¢.
trinos for tanB3=30 as well as the degenerate case. In the 2. Rare B decays

degenerate case, as we found in our previous pafethe . )

SUSY contribution to th&°—K® mixing is larae ande. is Here, we discuss ramB decays in the three models. We
e L 9 9 K ._first present SUSY contributions to the Wilson coefficients of

significantly affected. This is because of the large 1-2 mix-,

N i the dipole operator€+, , C+r, Cg , andCgr. In Table I,
Ing In thE squark sector. HOWE’ er, the SUSY contributions tc%/ve shF())w theIO relationnbetvngen tShLese Wilggn coefficients and

the B4—B4 mixing anq theBs—Bg mixing are not important.  ypservables.
Thus the correlation amongAmg /Amg, AZR(Bg The real and imaginary parts @f,, andC, at the bot-
—JIyKg), and ¢3 is very similar as the SM. On the other tom mass scale divided by the SM value@y, are plotted in
hand, in the nondegenerate case, the 2—3 mixing in th€ig. 4 for tanB=30. For tan3=5, SUSY contributions are
squark sector is enhanced, and the 1-2 mixing and the 148ss significant, and we mainly consider the gan30 case
mixing are suppressed. This means that the correlatioin the following.
amongAmBS/Ade, B(Byg— I/ yKg), and ¢35 may differ In the leading order approximation, the branching ratio of
from the SM, because of non-negligible SUSY contributionsb— S is proportional to|C7,|?+|C7g|®. In the mSUGRA,
to the B.—B. mixing however, the SUSY contributions 16,5 is very small,be-
s—Bs . T ;

From this figure, we see that the allowed rangedaf cause of no new flavor V|oIat|_on in t_he nght-h_anded squark

depends on the value dfmg /Amg_ in each case. For ex- S€Ctor Thus, thé—sy branching ratio constra|r1§:7,_|.lln
. . S d addition, the SUSY contributions to the phaseCaf , which

ample, ifAmg /Amg is consistent with the SM+35), we s 4o minated by the phasg, , is small due to the constraint
observe ¢3~60° in the degenerate case, and #3653  from the neutron EDM experiment.
=75° in the nondegenerate case. In the case that |n the SU(5) SUSY GUT with right-handed neutrinos,
Amg_/Amg_ is larger than the SM, e.gAmg /Amg ~55,  the new flavor mixing in the right-handed squark sector is
¢4 is ~40° in the degenerate case, while the allowed rangénduced by the MNS matrix and GUT interactions. SUSY
is expected as 452 ¢3=60° in the nondegenerate case. Thiscontributions toC,_and C,g can be as large a@?ﬁ" The
indicates that ap; measurement is important to distinguish EDM constraints are also strong, and the SUSY contribution

C. Numerical results

035012-11
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to the phase o€, cannot become large as in the mSUGRA. neutron EDM. Thew— ey constraint in the degenerate case
Since we have introduced no CP phase of the neutrino sect@s much stronger than that in the nondegenerate case as seen
in this analysis, the SUSY contribution to the phaseCok  in Fig. 1. Therefore, the allowed regions become much larger
mainly comes from the GUT phaseﬁL. Note that ¢;’s in the nondegenerate case.

contribute only to off-diagonal elements of the right-handed In the U(2) model, SUSY contributions t€, andCg

down squark mass matrix, and thus, they do not affect thean be large because of the existence of new flavor mixings
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in the squark sector. Though the new contribution to thecontribution toC,, cannot be negligible in the models that
phase ofC,_ is restricted by the neutron EDM constraint in we are studying, the deviation from the SM essentially
this model, the restriction is weaker than that in the aboveomes fromC,. Therefore, the SUSY effect can become
two models because the phase 0f3),; is independent of larger in theSU(5) SUSY GUT with right-handed neutrinos
the phase that contributes to the neutron EDM. Comparegnd in theU(2) model compared with the mMSUGRA model.
with the nondegenerate case $(5) SUSY GUT with  |n the mSUGRA modeleE‘B‘(B—>Mg)| is at a level of
right-handed neutrinog(mg),4 is suppressed in th&(2) 19, which is similar to the value of the SFL6]. In the

model, and the SUSY contribution {€| is smaller. nondegenerate case of tg4J(5) SUSY GUT with right-
The SUSY contributions t&€g and Cgg are similar to mix

those toc qC. i Gy R 5 b handed neutrino§AZp(By— Msy)| can be maximal, while
ose toC,_ andC,g in each model as seen in Fig. 5, be- . mix

cause the flavor mixings and CP phases that determine tfgé 1th|e (iﬁgleanrate zailé\cp(ch:jTr?ﬂ Ezr)ntxcgn bl\j as||arg(T das
SUSY contributions tdC;, and C,g are the same as those ™ h theU(2) model, we find thatAcp(B—Msy)| cou

contribute toCg, and Cgg. This means that the constraints °€ @S large as 0.5.

on C,, and C- from b—sy branching ratio also restrict " Fig. 7, we show the correlation betweekfp(Bg
predicted values o€g_ andCgg. In Table IV, we summa- — ¢Ks) and Adg(By—J/yKg) for tang=30. In the SM,
rize possible SUSY contributions to Wilson coefficie@tgs Cp(Byg— dK ) =ATR(By— I/ ¢yKg) is satisfied. As men-
andCg's andM 4(B;) in each models. tioned in Sec. Ill, the SM contribution is dominant @), ,

In Fig. 6, we plotA%(B— X.y) andATX(B—Mgy) ver-  C{¥, andC{3 due to the QCD correction between the elec-
sus the gluino mass for ta= 30. AdCiL(BHXsy) essentially troweak scale and the bottom mass scale. Thus, SUSY con-
comes from the imaginary part of the interference terms betributes t0ACp(By— ¢#Ks) mainly throughCg's. ,
tweenC,_ andC,_, andCg_andC, _, because  is neg- In the mSUGRA, we see that the SM relatidd (B
ligible. Therefore, SUSY contributions .tAdC"P(BHXSy) is Hq&Ks):AQB‘(BdHJ/wKS). approximately holds, and the
constrained by the neutron EDM, ahéidh,(B—Xsy)| is at  deviation from the SM iAZR(B— J/ K y) is less than 10 %

most ~1 % in the mSUGRA and th&U(5) SUSY GUT as seen in Ref4]. ThereforeA@Eﬁ(BH ¢Kg) is almost the
with right-handed neutrino$A%%,(B— Xy)| can be as large same as that in the SM.

as 3% in theJ(2) model. The SM prediction is about 0.5%  In the nondegenerate case of BE(5) SUSY GUT with
[15]. On the other hand, the mixing-induced CP asymmetryright-handed neutrinosATR(Bq— ¢Kg) can substantially

in B4— Mgy depends o€, andC-g. Although the SUSY differ from the value in the SM and may be smaller than 0.1

035012-13
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because of the large SUSY contributions@gg. On the effect is almost negligible and we see virtually no depen-
other hand, in the degenerate case, the SM rela&{Bi(By dence on the gluino mass. On the other hand, in the degen-

H¢Ks)=A¢m‘é(BpJ/¢Ks) is satisfied. Accordingly, the €rate case of th8U(5) SUSY GUT with right-handed neu-

value of ATX(B,— ¢Kg) is restricted by the experimental trinos and theU(2) model, the SUSY contribution is

result onAQB‘(BdHJhﬂKS). significant, in particular, for the smaller mass of the gluino.

. R tly, it has b inted out that th tributi f
In the U(2) model, ATX(B— ¢Kg) can deviate from the ecently, it has been pointed out that the contribution o

N ' ae the chromo-EDM of the strange quark to the EDM*8fHg
SM prediction because of SUSY contributions@,_ and s gevastating in SUSY models with a large 2—3 mixing in

Cgr- The experimental result oAcp(By— J/¢/Ks) implies  the right-handed squark sector, and that a large deviation of
that ACp(By— ¢Ksg) lies between 0.3 and 1.0. Al (By— ¢Kg) from the SM prediction is unlikely provided

In Fig. 8, we showAZR(By— ¢Kg) as a function of the that the experimental upper bouffil] on the EDM of 1%*Hg
gluino mass. In the mSUGRA and the degenerate case of the imposed52]. Although the theoretical estimaftg3] of the
SU(5) SUSY GUT with right-handed neutrinos, the SUSY ®*Hg EDM due to the chromo-EDM of the light quarks

1.0

o
n
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] 19%g EDM in the nondegenerate

N(B,— ¢ K,)
o
o

Eg case of theSU(5) SUSY GUT

05 [ 1 ] with right-handed neutrinos and

] T the U(2) model.

L SU(S) @ v, 1 U@ Fs

| tan p=30 non-degenerate | tan §=30
_10 l /| /| /| /| l /| /| /| /|

10% 10% 102 102 10% 102 10% 10%® 10 102 10 10% 10%
ldyg| Lecm] ldyg| [eom]

035012-14



EXPLORING FLAVOR STRUCTURE OF SUPERSYMMETR .. PHYSICAL REVIEW D 70, 035012 (2004

10 —— LA BN Y | L S B N LR S
[ SUG) @ v, 1 U@ Fs i sl
- tan =30 1 tanf=30
05} 4 g
—_ [ . L e ] FIG. 10. The correlation be-
i’ Y ool ] tween the mixing-induced CP
T ool 1.°% ] asymmetries irBy— ¢Kg and By
o I 1. ] —J/yKg under the constraint of
i% the **Hg EDM in the nondegen-
< L 1 | erate case of th&U(5) SUGY
05 == = GUT with right-handed neutrinos
[ 1dyy1<21x10% ¢ cm 1 ldgg1<2.1x10% cem and theU(2) model.
I non-degenerate
-10 PR SR S I S S T | 1 PR | T T PR R N T 1 1 PRI | B

00 02 04 06 08 00 02 04 06 08 1.0
ATX(B, - JIyKy) ATXB, - Iy Ky)

suffers from relatively large uncertainties, it is probable thatfrom the SM predictions is useful to distinguish different
the 1%Hg EDM constraint severely restricts flavor mixings origins of the SUSY breaking sector. From this point of view,
and CP violation in some SUSY models, and thus constrictsombined with the analysis of the unitarity triangh, we
their flavor and CP signals, such A85(By— ¢Kg) in gen-  can make the following observations:
eral. (i) Deviations from the SM predictions in the unitarity
Among the models considered in the present work, effect§riangle and rare decays are small in the mSUGRA model,
of the *®*Hg EDM constraint are non-negligible in the non- except for some sizable contributions in the direct CP viola-
degenerate case of tlsdJ(5) SUSY GUT with right-handed tion in theb— sy process. Note that this conclusion may not
neutrinos and th&J(2) model. We show the correlation be- hold in a particularly large value of tg8r60 due to the
tween the'®Hg EDM andAlX(By— ¢Kg) in these models Higgs exchange effec{23].
in Fig. 9. In our numerical calculation of th&Hg EDM, (i) The pattern of the deviations from the SM depends on
contributions of all three light flavors are included. Figure 9the right-handed neutrino mass matrix in t8&(5) SUSY
illustrates how a flavor signal is tightened if th&¥Hg EDM ~ GUT with right-handed neutrinos. In the degenerate case,
constraint is applied. In Fig. 10, the correlation betweenflavor-mixing signals between the 1-2 generations become
ATX(By— I/ yKg) andATX(By— ¢Ks) under the constraint large. This appears as inconsistency between the measured
of the 1%Hg EDM is shown. Comparing this figure with Fig. val.ue'ofeK' and theB meson unitarity triangle, although the
7, we see that thé®Hg EDM constraint certainly restricts Unitarity triangle is closed amorig meson observables. The
the possible deviation from the SM prediction. At the sameg/@re decay processes induced by thes transition do not
time, however, our detailed calculation shows that there stilfhow large deviations, but the branching ratiquef- ey pro-

remains some parameter region in th@ié(Bde Ko is  cesscan be just below the present experimental bound. This

P . mixop . _is expected to be a generic feature ®(5) SUSY GUT
significantly different fromAcp(By— J/¢/Kg) in these mod with right-handed neutrinos.

— . . ir
els. A similar argument is applied to bofgp(B—Xsy) and (iii) In a specific parameter choice of the “nondegener-

mix
ACF(?__{):\ASJ)' 76 the sianifi ¢ SUSY ate” case, in which theu—ey constraint is relaxed, the
_In Table V, we summarize the significance o > ¥ CON“favor signals between 2—-3 generations are expected to be
tributions on the CP asymmetries that we have considered. I§,5p1e This includes the mixing-induced CP asymmetry in

this table, we see the possibility to distinguish the three mOdBd—>M y andBy— ¢Ks. The direct CP asymmetry in the
s .

els in B experiments.
. . . . b—sy process, on the other hand, does not show a large
As we stressed in the introduction, the purpose of th'sd;/ia¥ioe1 9

work is to demonstrate that identifying patterns of deviations (iv) Various new physics signals in the consistency test of
the unitarity triangle and rare decay process are expected in
TABLE V. Significance of SUSY contributions to the CP asym- the MSSM withU(2) flavor symmetry.
metries in each model. means non-negligible deviation from the In this way, we can expect different sizes and patterns of
SM, and,, means large SUSY contributions. new physics signals in the above models. These are crucial in
pointing toward a specific model from flavor physics.

SU(5) SUSY GUT

MSUGRA degenerate non-degeneratd (2) V. CONCLUSIONS
AZL(B— Xqy) - In order to seek the possibility to distinguish different
ATX(B—Mgy) - J SUSY models withB physics experiments, we have studied
AZX(B— ¢Kg) - - rare B decays related to thie— s transition combining with

the unitarity triangle analysis in three SUSY models. These
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models, namely, the mMSUGRA, tI8dJ(5) SUSY GUT with  will be obtained in near future. Moreover, both KEK and
right-handed neutrinos, and thel(2) flavor symmetry SLAC plan to upgrade theB factories. Therefore, the above
model, are different in character with respect to flavor strucflavor signals may well be in the reach of the present and
tures of their SUSY breaking sectors. We have consideretbreseeable futur® experiments.
two different cases in regard to the mass spectrum of the Combining the above observation with the results in our
right-handed neutrinos in t8U(5) SUSY GUT with right-  previous work, we conclude that the study of the unitarity
handed neutrinos. triangle and rard3 decays could discriminate several SUSY
In the unitarity triangle analysis, we have studied consemodels that have different flavor structures in their SUSY
quences of SUSY tAIX(By—J/¢yKg), Amg /Amg , and  breaking sectors. Such a study will play important roles,
$4. Our results are summarized in Table 1l and Fig. 2. Iteven if SUSY particles are found at future experiments at the
could be possible to distinguish the three models by premsel?nergy frontier, such as LHC. Although the spectrum of
measuringAmg_and ¢; in future B experiments. USY particles will be determined at LHC and a future
e’ e linear collider, most of information concerning the fla-
the direct CP asymmetry in—sy, the mixing induced CP \S/(Jr mixing of the squark sector is e;xpected to come from the
. . perB factory and hadrom experiments. Since the flavor
asymmetry inBy—~Msy, and the CP asymmetry i, structure of the SUSY breaking provides us with an impor-

— ¢Kg in the three models. The results are summarized i
Tables IV and V. Table IV shows the relative importance O]Rant clue to the origin of the SUSY breaking mechanism and
interactions at very high energy scaldés,physics will be

SUS\.(.contnbunons o the theoreuc.a'llly interesting V!Ison essential for clarifying a whole picture of the SUSY model.
coefficients related to the—s transitions and thé3,—Bg
mixing amplitude. The significance of SUSY effects to the
CP asymmetries is indicated in Table V.

The new flavor signals in the mSUGRA and the degener-
ate case of th&U(5) SUSY GUT are relatively limited in The work of Y.O. was supported in part by a Grant-in-Aid
the b—s rare decays considered in the present work. Toof the Ministry of Education, Culture, Sports, Science and
detect these signals, typically a few percent, we may need afechnology, Government of JapaiiNo. 13640309 The
ultimate B experiment. work of Y.S. was supported in part by a Grant-in-Aid of the

On the other hand, the nondegenerate case oSthb) Ministry of Education, Culture, Sports, Science and Technol-
SUSY GUT exhibits quite attractive flavor signals By ogy, Government of JapatNo. 13001292 The work of
—Mgy and B4— ¢Kg as seen in Table V. We have also M.T. was supported in part by Grants-in-Aid of the Ministry
observed that th&)(2) model predicts significant deviations of Education, Culture, Sports, Science and Technology, Gov-
from the SM in theb— s rare decays as well as the unitarity ernment of JapatiNo. 14046212 and No. 15540272The
triangle analysis. So far, both Belle and BaBar experimentsvork of T.S. was supported in part by Research Fellowship
have collected copiouB decays, and they are expected to goof the Japan Society for the Promotion of Scieqf8P$ for
well continuously. Thus, morB4— ¢Kg and related events Young Scientist§N0.15-03927.

As for rareB decays, we have explored SUSY effects to
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