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B\Xsl
¿lÀ in the left-right supersymmetric model
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We analyze the flavor changing neutral current semileptonic decayB→Xsl
1l 2 in a fully left-right super-

symmetric model. We give explicit expressions for all the amplitudes involved in the process, and compare the
numerical results with experimental bounds, in both the constrained case~where the only flavor violation
comes from the Cabibbo-Kobayashi-Maskawa matrix! and the unconstrained case~including soft breaking
supersymmetry terms!. Stringent constraints on the parameter space of the model are obtained. We also include
constraints fromb→sg.
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I. INTRODUCTION

Flavor changing neutral currents~FCNC! and charge par-
ity (CP) violating phenomena are some of the best pro
for physics beyond the standard model~SM!. All existing
measurements so far are consistent with the SM picture
volving the Cabibbo-Kobayashi-Maskawa~CKM! matrix as
the only source of flavor violation. In the SM, FCNC a
absent at the tree level, appear at one loop, but they
effectively suppressed by the Glashow-Iliopoulos-Maia
~GIM! mechanism and small CKM angles. In supersymm
try, there is no similar mechanism to suppress the loop c
tributions to either flavor orCP violating phenomena. Ex
perimental studies of flavor physics, especially inB decays,
appear essential for the understanding of the mechanism
supersymmetry breaking. With increased statistical powe
experiments atB factories, rareB decays will be measure
very precisely.

In this paper we investigate the relevance of new phys
in the semileptonic inclusive decayB→Xsl

1l 2 in a fully
left-right supersymmetric model. Investigation of the proce
b→sg in this model has shown distinctive signs from t
minimal supersymmetric standard model~MSSM! scenario
@1#. An analysis ofB→Xsl

1l 2 would provide some comple
mentary information. The semileptonic decayB→Xsl

1l 2 is
a benchmark of charmlessb decays with strange particles i
the final state. The process is experimentally clean, but
expected SM branching ratio in the 102621025 region
makes it not easily detectable atB factories. Therefore it
provides for excellent opportunities to test physics beyo
the SM. It also offers more detailed information about t
flavor structure of the model; it provides a good test of
structure of theZbsvertex, making it particularly well suited
to distinguish the left-right symmetry over the MSSM.

Experimentally, BELLE has recently announced the fi
evidence for the exclusive processB→K* l 1l 2. BABAR
and BELLE have bounds forB→(K,K* )1(e1e2,m1m2)
which are very close to the SM estimates. Experimenta
for the inclusive decays the bounds on the branching ra
are @2#
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BR~B→Xsm
1m2!,19.131026 at 90% C.L.,

BR~B→Xse
1e2!,10.131026 at 90% C.L.,

~1!

typically a factor of 3 away from the SM estimates, whe
the next-to-next-to leading logarithmic~NNLO! calculations
to O(1/as) @3# have appeared recently:

BR~B→Xsm
1m2!,~4.1560.70!31026,

BR~B→Xse
1e2!,~6.8961.01!31026. ~2!

Here we restrict ourselves to the analysis of inclusive p
cesses only: in the case of exclusive decay rates, hadr
matrix element uncertainties obscure model predictions.

Semileptonic charmlessB decays have been studied pr
viously by many authors in the framework of supersymm
ric models with universal soft supersymmetry breaking ter
@4#. Recently an analysis of SUSY models with no
universal soft breaking terms at the grand unification sc
has appeared in Ref.@5#. Although attempts have been mad
to reconcileb→sg with right-handedb-quark decays@6#, a
complete analysis ofB→Xsl

1l 2 for a fully left-right super-
symmetric model is still lacking.

The left-right supersymmetric~LRSUSY! models @7,8#,
based on the symmetry groupSU(2)L3SU(2)R
3U(1)B2L , incorporate the advantages of supersymme
with a natural framework for allowing neutrino mass
through the seesaw mechanism@9#. Various other scenarios
incorporate some forms of the left-right symmetry with
supersymmetry. LRSUSY models have the attractive fea
that they can be embedded in a supersymmetric grand un
theory such asSO(10) @10#, while not bound by lepton
quark unification. They would also appear in model buildi
realistic brane worlds from type I strings. This involves t
left-right supersymmetry, with supersymmetry broken eith
at the string scaleMSUSY'1010212 GeV, or at MSUSY
'1 TeV, the difference having implications for the gau
unification @11#.

In this paper we study all contributions of the LRSUS
model to the branching ratio and the asymmetry ofB
→Xsl

1l 2 at the one-loop level. The decay can be media
by the left-handed and right-handed W and Z bosons, and
©2002 The American Physical Society01-1
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charged Higgs bosons as in the nonsupersymmetric case
also by charginos, neutralinos and gluinos. The structure
the LRSUSY model provides a significant contribution to t
decayB→Xsl

1l 2 from the right-handed squarks and an e
larged gaugino-Higgsino sector with right-handed couplin
which is not as constrained as the right-handed gauge se
in the LRSUSY model. We anticipate that these could c
tribute a large enhancement of the decay rate and wo
constrain some of the parameters of the model.

The paper is organized as follows. We describe the st
ture of the model in Sec. II, with particular emphasis on
gaugino-Higgsino and squark structure. In Sec. III, we g
the supersymmetric contributions in the LRSUSY model
the decayB→Xsl

1l 2. We confront the calculation with ex
perimental results in Sec. IV, where we present the numer
analysis to constrain the parameters of the model for
scenarios: one with the CKM flavor mixing only, the oth
including supersymmetric soft breaking flavor violatio
terms. We reach our conclusions in Sec. V.

II. THE MODEL

The LRSUSY electroweak symmetry group,SU(2)L
3SU(2)R3U(1)B2L , has matter doublets for both left- an
s
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y
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right-handed fermions and their corresponding left- a
right-handed scalar partners~sleptons and squarks! @8#. In the
gauge sector, corresponding toSU(2)L and SU(2)R , there
are triplet gauge bosons (W1,W2,W0)L , (W1,W2,W0)R ,
respectively, and a singlet gauge bosonV corresponding to
U(1)B2L , together with their superpartners. The Higgs s
tor of this model consists of two Higgs bidoublet

Fu( 1
2 , 1

2 ,0) and Fd( 1
2 , 1

2 ,0), which are required to give
masses to the up and down quarks. The spontaneous sym
try breaking of the groupSU(2)R3U(1)B2L to the hyper-
charge symmetry groupU(1)Y is accomplished by giving
vacuum expectation values to a pair of Higgs triplet fie
DL(1,0,2) andDR(0,1,2), which transform as the adjoin
representation ofSU(2)R . The choice of two triplets~versus
four doublets! is preferred because with this choice a lar
Majorana mass can be generated~through the see-saw
mechanism! for the right-handed neutrino and a small o
for the left-handed neutrino@9#. In addition to the triplets
DL,R , the model must contain two additional triplet
dL(1,0,22) and dR(0,1,22), with quantum numberB2L
522, to insure cancellation of the anomalies which wou
otherwise occur in the fermionic sector. The superpoten
for the LRSUSY model is
WLRSUSY5hq
( i )QTt2F it2Qc1hl

( i )LTt2F it2Lc1 i ~hLRLTt2DLL1hLRLcTt2DRLc!1MLR@Tr~DLdL1DRdR!#

1m i j Tr~t2F i
Tt2F j !1WNR , ~3!
u-

-

ly
ark
po-
ino

R-
he
ith
where WNR denotes ~possible! non-renormalizable term
arising from higher scale physics or Planck scale effects@12#.
The presence of these terms insures that, when the S
breaking scale is aboveMWR

, the ground state is R-parit
conserving@13#.

The neutral Higgs fields acquire nonzero vacuum exp
tation values~VEV’s! through spontaneous symmetry brea
ing

^D&L,R5S 0 0

vL,R 0D ,

^F&u,d5S ku,d 0

0 ku,d8 eivD .

^F&u,d cause the mixing ofWL and WR bosons with
CP-violating phasev, which is set to zero in the analysi
The nonzero Higgs VEV’s break both parity andSU(2)R . In
the first stage of breaking, the right-handed gauge bos
WR and ZR acquire masses proportional tovR and become
much heavier than the SM~left-handed! gauge bosonsWL
andZL , which pick up masses proportional toku andkd at
the second stage of breaking.

In the supersymmetric sector of the model there are
singly charged charginos, corresponding tol̃L , l̃R , f̃u ,
SY

c-
-

s,

ix

f̃d , 2(D̃L
1) , and2(D̃R

1) . The model also has eleven ne

tralinos, corresponding tol̃Z , l̃Z8 , l̃V , f̃u1
0 , f̃u2

0 , f̃d1
0 ,

f̃d2
0 , D̃L

0 , D̃R
0 , d̃L

0 , andd̃R
0 . AlthoughDL is not necessary for

symmetry breaking@14#, and is introduced only for preserv
ing the left-right symmetry, bothDL

22(D̃L
22) and its right-

handed counterpartsDR
22(D̃R

22) play very important roles in
lepton phenomenology of the LRSUSY model. The doub
charged Higgs bosons and Higgsinos do not affect qu
phenomenology, but the neutral and singly charged com
nents do, through mixings in the chargino and neutral
mass matrices. We include only theD̃R contribution in the
numerical analysis.

The supersymmetric sources of flavor violation in the L
SUSY model come from either the Yukawa potential or t
trilinear scalar couplings. The interactions of fermions w
scalar~Higgs! fields have the following form:

LY5huQ̄LFuQR1hdQ̄LFdQR

1hnL̄LFuLR1heL̄LFdLR1H.c.,

LM5 ihLR~LL
TC21t2DLLL

1LR
TC21t2DRLR!1H.c., ~4!
1-2
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wherehu , hd , hn andhe are the Yukawa couplings for the u
and down quarks and neutrino and electron, respectively,
hLR is the coupling for the triplet Higgs bosons. The le
right symmetry requires allh-matrices to be Hermitian in the
generation space and thehLR matrix to be symmetric. In the
universal case, there is no intergenerational mixings
squarks and the only source of flavor mixing comes from
CKM matrix. We will analyze this case first. Next we wi
look at the case in which intergenerational mixings in t
squark sector are permitted and consider the effect of in
generational mixings on the rate of the processB
→Xsl

1l 2.

III. THE ANALYTIC FORMULAS

The effective Hamiltonian for the decayB→Xsl
1l 2 at

the scalem in the LRSUSY model is given by

He f f52
4GF

A2
KtbKts* (

i
@Ci~m!Qi~m!1C̃i~m!Q̃i~m!#.

~5!

The operators relevant to the processb→sl1l 2 in the
LRSUSY model are

Q75mb~qn /q2!~ s̄ismnPRb!~ l̄ gml !,

Q̃75mb~qn /q2!~ s̄ismnPLb!~ l̄ gml !,

Q95~ s̄gmPLb!~ l̄ gml !,

Q̃95~ s̄gmPRb!~ l̄ gml !,

Q105~ s̄gmPLb!~ l̄ gmg5l !,

Q̃105~ s̄gmPRb!~ l̄ gmg5l !. ~6!

The Wilson coefficientsCi and C̃i are initially evaluated at
the electroweak or soft supersymmetry breaking scale, t
evolved down to the scalem. In the SM and constrained
SUSY models,Q̃i contributions are generally suppressed
O(ms /mb) compared with the contributions fromQi . How-
ever this is not the case in generic SUSY models such
non-universal models. In Ref.@5# the operatorQ̃7 was in-
cluded in the analysis. Due to the left-right symmetry, we
motivated to consider all contributions from both chirali
operators.

The decayb→sl1l 2 can be mediated by either the ph
ton or theZL , ZR bosons, or it can proceed through the b
diagrams. As in the MSSM, theZL boson contributions
dominate where there is explicitSU(2)L symmetry breaking,
and theZR boson contributions are important where there
explicit SU(2)R symmetry breaking, i.e., both cases in whi
left and right squarks occur in the same loop diagram.
these cases, theZ diagrams are enhanced bymq̃

2/MZ
2 with

respect to the photon graphs. This could be an order of m
nitude for the regularZL boson, but only of order 1 for the
ZR boson. We describe these contributions in detail belo
05500
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r
e

r-
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e

s

n

g-

A. The photon monopole and penguin graphs

The penguin monopole and dipole graphs are presente
Fig. 1. We first give the contributions for the constrain
model, i.e., assuming the CKM matrix is the only source
flavor violation. The left-handed monopole contributions a
given by

ASM
LL 52

aWa

2

1

MWL

2
Kts* KtbH xtW@QuF7~xtW!1F8~xtW!#

1
2

3
QuF ln~xtW!

xtW21
211 lnS mc

2

MWL

2 D 1 f S q2

mb
2D G J , ~7!

AH2
LL

52
aWa

2

1

MWL

2
Kts* KtbxtH

3cot2b@QuF5~xtH!2F6~xtH!#, ~8!

Ax̃2
LL

52aWa(
j 51

5

(
k51

6
1

mũk

2

3~GUL
jkb2HUR

jkb!~GUL* jks2HUR* jks!

3@QuF6~xx̃
j
2ũk

!2F5~xx̃
j
2ũk

!#, ~9!

Ag̃
LL

522asaC~R!Qd(
k51

6
1

md̃k

2 GDL
kb GDL* ksF6~xg̃d̃k

!,
~10!

Ax̃0
LL

52aWaQd(
j 51

9

(
k51

6
1

md̃k

2 ~A2G0DL
jkb 2H0DR

jkb !

3~A2G0DL* jks2H0DR* jks!F6~xx̃
j
0d̃k

!. ~11!

FIG. 1. Penguin diagrams which induce the decayb→sl1l 2 in
the LRSUSY model. The outgoing photon and Z boson lines can
attached in all possible ways.
1-3
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The monopole contributions withWL replaced byWR , as in
the left-right symmetric model~LRM!, are suppressed b
MWL

2 /MWR

2 and thus negligible. The only RR monopole co

tributions then come from the supersymmetric sector

Ax̃2
RR

52aWa(
j 51

5

(
k51

6
1

mũk

2

3~GUR
jkb2HUL

jkb!~GUR* jks2HUL* jks!

3@QuF6~xx̃
j
2ũk

!2F5~xx̃
j
2ũk

!#, ~12!
05500
Ag̃
RR

522asaC~R!Qd(
k51

6
1

md̃k

2 GDR
kb GDR* ksF6~xg̃d̃k

!, ~13!

Ax̃0
RR

52aWaQd(
j 51

9

(
k51

6
1

md̃k

2 ~A2G0DR
jkb 2H0DL

jkb !

3~A2G0DR* jks2H0DL* jks!F6~xx̃
j
0d̃k

!. ~14!

The dipole LR and RL contributions can be obtained by m
tiplying the contributions to the decayb→sg by the factor
A4pa:
ASM
LR 5

aaW

2

1

MWL

2
Kts* Ktb3xtW@QuF1~xtW!1F2~xtW!#, ~15!

AH2
LR

5
aaW

2

1

MWL

2
Kts* KtbxtH$cot2b@QuF1~xtH!1F2~xtH!#1@QuF3~xtH!1F4~xtH!#%, ~16!

Ag̃
LR

522aasQdC~R!(
k51

6
1

md̃k

2 H GDL
kb GDL* ksF2~xg̃dk

˜ !2
mg̃

mb
GDR

kb GDL* ksF4~xg̃dk
˜ !J , ~17!

Ax̃2
LR

52aaW(
j 51

5

(
k51

6
1

mũk

2 H ~GUL
jkb2HUR

jkb!~GUL* jks2HUR* jks!@F1~xx̃
j
2ũk

!1QuF2~xx̃
j
2ũk

!#

1
mx̃

j
2

mb
~GUR

jkb2HUL
jkb!~GUL* jks2HUR* jks!@F3~xx̃

j
2ũk

!1QuF4~xx̃
j
2ũk

!#J , ~18!

Ax̃0
LR

52aaWQd(
j 51

9

(
k51

6
1

md̃k

2 H ~A2G0DL
jkb 2H0DR

jkb !~A2G0DL* jks2H0DR* jks!F2~xx̃
j
0d̃k

!

1
mx̃

j
0

mb
~A2G0DR

jkb 2H0DL
jkb !~A2G0DL* jks2H0DR* jks!F4~xx̃

j
0d̃k

!J , ~19!

and

Ag̃
RL

522aasQdC~R!(
k51

6
1

md̃k

2 H GDR
kb GDR* ksF2~xg̃dk

˜ !2
mg̃

mb
GDL

kb GDR* ksF4~xg̃dk
˜ !J , ~20!

Ax̃2
RL

52aaW(
j 51

5

(
k51

6
1

mũk

2 H ~GUR
jkb2HUL

jkb!~GUR* jks2HUL* jks!@F1~xx̃
j
2ũk

!1QuF2~xx̃
j
2ũk

!#

1
mx̃

j
2

mb
~GUL

jkb2HUR
jkb!~GUR* jks2HUL* jks!@F3~xx̃

j
2ũk

!1QuF4~xx̃
j
2ũk

!#J , ~21!
1-4
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Ax̃0
RL

52aaWQd(
j 51

9

(
k51

6
1

md̃k

2 H ~A2G0DR
jkb 2H0DL

jkb !~A2G0DR* jks2H0DL* jks!F2~xx̃
j
0d̃k

!1
mx̃

j
0

mb
~A2G0DL

jkb

2H0DR
jkb !~A2G0DR* jks2H0DL* jks!F4~xx̃

j
0d̃k

!J , ~22!

where vertex mixing matricesG, H, G0 and H0 are defined in the Appendix. The conventionxab5ma
2/mb

2 is used.C(R)
54/3 is the quadratic Casimir operator of the fundamental representation ofSU(3)C .

B. The ZL ,ZR penguin graphs

The processb→sl1l 2 is also induced by the effective couplings ofZL andZR . The diagrams are analogous to the phot
graphs where the photon is replaced by theZ propagator. The amplitudes for theZL mediated graphs are

ASM
ZL 52

aW
2

2

1

MZL

2 cos2uW

Kts* KtbxtWF9~xtW!, ~23!

A
H2

ZL 52
aW

2

4

1

MZL

2 cos2uW

Kts* Ktbcot2bxtWxtH@F3~xtH!1F4~xtH!#, ~24!

A
g̃

ZL52aWasC~R!
1

MZL

2 cos2uW
(

h,k51

6

GDL
kb GDL* hs(

m51

3

GDR
hmGDR* kmG0~xd̃kg̃ ,xd̃hg̃!, ~25!

A
x̃2

ZL 52
aWa

2

1

MZL

2 cos2uW
(

h,k51

6

(
i , j 51

5

~GUL
jkb2HUR

jkb!~GUL* ihs2HUR* ihs!

3H d i j (
m51

3

GUL
hmGUL* kmG0~xũhx̃

i
2,xũkx̃

j
2!1dhk@2Axx̃

j
2ũk

xx̃
i
2ũk

F0~xx̃
j
2ũk

,xx̃
i
2ũk

!

3Ui1U j 1* 2G0~xx̃
j
2ũk

,xx̃
i
2ũk

!Vi1* Vj 1#J , ~26!

A
x̃0

ZL52
aWa

2

1

MZL

2 cos2uW
(

h,k51

6

(
i , j 51

9

~A2G0DL
jkb 2H0DR

jkb !~A2G0DL* ihs2H0DR* ihs!

3H d i j (
m51

3

GDL
hmGDL* kmG0~xd̃hx̃

i
0,xd̃kx̃

j
0!1dhk@2Axx̃

j
0d̃k

xx̃
i
0d̃k

F0~xx̃
j
0d̃k

,xx̃
i
0d̃k

!

3~Ni4Nj 4* 2Ni5Nj 5* !2G0~xx̃
j
0d̃k

,xx̃
i
0d̃k

!~Ni4* Nj 42Ni5* Nj 5!#J , ~27!

where we have included in the expressions both cases in which one vertex is gaugino and the other Higgsino, and th
which we have two gaugino vertices. Similarly we obtain, for theZR mediated graphs

A
g̃

ZR52aWasC~R!
cos 2uW

MZR

2 cos2uW
(

h,k51

6

GDR
kb GDR* hs(

m51

3

GDL
hmGDL* kmG0~xd̃kg̃ ,xd̃hg̃!, ~28!
055001-5
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A
x̃2

ZR 52
aWa

2

cos 2uW

MZR

2 cos2uW
(

h,k51

6

(
i , j 51

5

~GUR
jkb2HUL

jkb!~GUR* ihs2HUL* ihs!

3H d i j (
m51

3

GUR
hmGUR* kmG0~xũhx̃

i
2,xũkx̃

j
2!1dhk@2Axx̃

j
2ũk

xx̃
i
2ũk

F0~xx̃
j
2ũk

,xx̃
i
2ũk

!

3Ui2U j 2* 2G0~xx̃
j
2ũk

,xx̃
i
2ũk

!Vi2* Vj 2#J , ~29!

A
x̃0

ZR52
aWa

2

cos 2uW

MZR

2 cos2uW
(

h,k51

6

(
i , j 51

9

~A2G0DR
jkb 2H0DL

jkb !~A2G0DR* ihs2H0DL* ihs!

3H d i j (
m51

3

GDR
hmGDR* kmG0~xd̃hx̃

i
0,xd̃kx̃

j
0!1dhk@2Axx̃

j
0d̃k

xx̃
i
0d̃k

F0~xx̃
j
0d̃k

,xx̃
i
0d̃k

!

3~Ni4Nj 4* 2Ni5Nj 5* !2G0~xx̃
j
0d̃k

,xx̃
i
0d̃k

!~Ni4* Nj 42Ni5* Nj 5!#J . ~30!

As in the MSSM@4#, when theZL,R bosons are exchanged, gluino- and neutralino-induced contributions to the total amp
are suppressed byO(q2/MZL,R

2 ) with respect to the photon penguin contributions. In addition, theZR contribution is suppresse

with respect to the left-handed one byO(MZL

2 /MZR

2 ).

C. The box diagrams

The box graphs are presented in Fig. 2. The explicit contributions are given by

ASM
h 52

aW
2

4

1

MWL

2
Kts* Ktb@G~xtW ,0!2G~0,0!#, ~31!

Ax̃2
Lh

5
aW

2

4 (
h,k51

6

(
i , j 51

5
1

mx̃
i
2

2 ~GUL
jkb2HUR

jkb!~GUL* iks2HUR* iks!

3GNL* jhlGNL
ihl G8~xũkx̃

j
2,xñhx̃

j
2,xx̃

i
2x̃

j
2!, ~32!
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FIG. 2. Box diagrams contributing to the decayb→sl1l 2 in the LRSUSY model. Clashing arrows on the fermion lines indicat
Majorana mass insertion.
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The right handed supersymmetric contribution is
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All the relevant vertex and loop functions are listed in the Appendix.
h

D. Branching ratios and asymmetries

Putting all the above contributions together, we write t
total amplitude at theMW scale as

Atot~MW!5C7~MW!Q71C̃7~MW!Q̃7

1C9~MW!Q91C̃9~MW!Q̃91C10~MW!Q10

1C̃10~MW!Q̃10, ~38!

where

C7~MW!5ALR
g , ~39!

C̃7~MW!5ARL
g , ~40!

C9~MW!5ALL
g 1S 2

1

4
1sin2uWDAZL

1
1

2
~ASM

h 1Ax̃2
Lh

1Ax̃0
Lh

1Ax̃0
Lh8!, ~41!

C̃9~MW!5ARR
g 1

1

2
~11sin2uW!AZR

1
1

2
~Ax̃2

Rh
1Ax̃0

Rh
1Ax̃0

Rh8!, ~42!
05500
e
C10~MW!5

1

2
AZL2

1

2
~ASM

h 1Ax̃2
Lh

1Ax̃0
Lh

2Ax̃0
Lh8!, ~43!

C̃10~MW!5sin2uWAZR

1
1

2
~Ax̃2

Rh
1Ax̃0

Rh
2Ax̃0

Rh8!, ~44!

with

ALL
g 5ASM

LL 1AH2
LL

1Ag̃
LL

1Ax̃2
LL

1Ax̃0
LL , ~45!

ARR
g 5Ag̃

RR
1Ax̃2

RR
1Ax̃0

RR, ~46!

ALR
g 5ASM

LR 1AH2
LR

1Ag̃
LR

1Ax̃2
LR

1Ax̃0
LR , ~47!

ARL
g 5Ag̃

RL
1Ax̃2

RL
1Ax̃0

RL , ~48!
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AZL5ASM
ZL 1A

H2

ZL 1A
g̃

ZL1A
x̃2

ZL 1A
x̃0

ZL, ~49!

AZR5A
g̃

ZR1A
x̃2

ZR 1A
x̃0

ZR. ~50!

As the experimental results on semileptonic decaysB
→Xsl

1l 2 fit the SM well, new physics effects can be p
rametrized byRi and R̃i defined at the electroweak scale
su
c
W
to

th
a
o
th

vo
is
ity
-
S

05500
Ri5
Ci2Ci

SM

Ci
SM

, R̃i5
C̃i

Ci
SM

. ~51!

Note that there are no contributions toC̃i in the SM. The
non-resonant branching ratios can be expressed in term
the parametrization as@5#
tributions
s in the

ic than
ward
ass

to be
BR~B→Xse
1e2!57.2931026@110.35R710.179R910.714R1010.0947~R7

21R̃7
2!10.045~R9

21R̃9
2!10.357~R10

2 1R̃10
2 !

20.0313~R7R91R̃7R̃9!#, ~52!

BR~B→Xsm
1m2!54.8931026@110.0982R710.264R911.07R1010.0491~R7

21R̃7
2!10.0671~R9

21R̃9
2!10.535~R10

2

1R̃10
2 !20.0467~R7R91R̃7R̃9!#. ~53!

If Ri andR̃i are set to zero, the SM values for the semileptonic decays are recovered in these formulas. Resonant con
were studied in Ref.@15# and these can be avoided by excluding some special areas from the phase integration region
dilepton invariant mass.

We also consider the lepton pair energy asymmetry in the decayB→Xsl
1l 2 defined as

A l 1 l 25
N~El 2.El 1!2N~El 1.El 2!

N~El 2.El 1!1N~El 1.El 2!
, ~54!

where, for instance,N(El 2.El 1) is the number of the lepton pairs where the negative charged lepton is more energet
the positive charged lepton in theB rest frame. The energy asymmetry is equivalent to the ordinary forward-back
asymmetry. In a configuration wherel 1 is scattered in the forward direction, kinematically, in the dilepton center-of-m
frame, it is implied thatEl 1,El 2 in the B rest frame. With the above parametrization, the energy asymmetry is found

A l 1 l 25
0.4831026

RBR~B→Xsl
1l 2!

@120.625R710.884R910.911R1020.625~R7R101R̃7R̃10!10.884~R9R101R̃9R̃10!

20.00882~R10
2 1R̃10

2 !#, ~55!

where RBR(B→Xsl
1l 2)5BR(B→Xsl

1l 2)/BR(B→Xsl
1l 2)SM.
on,
ft
the
L
by

urn.
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s
e
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ed,
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IV. NUMERICAL ANALYSIS

We are interested in analyzing the case in which the
persymmetric partners have masses around the weak s
so we will assume relatively light superpartner masses.
diagonalize the neutralino, chargino, scalar quark and lep
mass matrices numerically and require in all calculations
the masses of gluinos, charginos, neutralinos, squarks
sleptons be above their experimental bounds. There are s
extra constraints in the non-supersymmetric sector of
theory, requiring the FCNC Higgs bosonFd to be heavy, but
no such constraints exist in the Higgsino sector@16#. We
constrain the lightest Higgs boson mass to be 115 GeV@17#.

As the first step, we assume the only source of fla
violation to come from the CKM matrix. This scenario
related to the minimal flavor violation case in supergrav
This restricted possibility of flavor violation will set impor
tant constraints on the parameter space of the LRSU
model.
-
ale,
e
n

at
nd
me
e

r

.

Y

We then allow, in the second stage of our investigati
for new sources of flavor violation, coming from the so
breaking terms. In the MSSM, this scenario is known as
unconstrained MSSM. We restrict all allowable LL, LR, R
and RR flavor mixings, assuming them to be dominated
mixings between the second and third squark family.

We now proceed to discuss both of these scenarios in t

A. The constrained LRSUSY model

By the constrained LRSUSY model, we mean the s
nario in which the only source of flavor violation come
from the quark sector, through the CKM matrix, which w
assume to be the same for both the left- and right-han
sectors~manifest left-right symmetry!, as explained below.

Before any meaningful numerical results can be obtain
explicit values for the parameters in the model must
specified. There are many parameters in the model, such
1-8
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it is hard, if not impossible, to get an illustrative presentat
of calculation results. If the LRSUSY model is embedded
a supersymmetric grand unification theory such asSO(10),
there exist some relationships among the parameters a
unification scaleMGUT . We can generally choose specifi
values for parameters at the mass scalem5MGUT , then use
renormalization group equations to run them down to the
energy scale which is relevant to phenomenology. But,
maintaining both simplicity and generality, we can present
analysis in which the LRSUSY model is not embedded i
another group. Then we can choose all parameters as i
pendently free variables, with the numerical results confro
ing experimental bounds directly.

To make the results tractable, we assume all trilinear s
lar couplings in the soft supersymmetry breaking Lagrang
as Ai j 5Ad i j and m i j 5md i j . We also set a common mas
parameter for all the squarksM0UL5M0UR5M0DL5M0DR

5m0q . We takeKCKM
L 5KCKM

R . This choice is conservative
and much larger values of mixing matrix elements are
lowed in scenarios that attempt to explain the decay pro
ties of theb quark as being saturated by the right-handeb
@6#. Our choice does not favor one handedness over
other, and has the added advantage that no new mi
angles are introduced in the quark matrices.

We investigate first the dependence of the branching r
on the values of tanb in Fig. 3. The braching ratios ar
normalized to the corresponding SM values. In the wh
parameter range, the branching ratio is greater than 1, w
means that large enhancements can be obtained in the
SUSY model with respect the SM. This feature is similar
the one in the MSSM and is due to the 1/cosb enhancemen
in the chargino interaction vertices. For example, when tab
is around 30, an enhancement of one order of magnitude
be obtained. This would make the rare semileptonic de
easier to observe in future experiments. Generally
branching ratio increases with tanb, and for larger values o

FIG. 3. BR(B→Xsl
1l 2) normalized to the corresponding SM

values as a function of tanb, obtained whenmg̃5300 GeV, m
5100 GeV, A550 GeV, ML5MR5500 GeV, m0q5300 GeV
andm0l5100 GeV. The experimental constraints are also show
05500
the

r
n
o
e-

t-

a-
n

l-
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e
ng

io

e
ch
R-
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y
e

tanb the branching ratio will exceed the acceptable ran
easily. The choice of parameters puts stringent restriction
the allowed values for tanb. For the electron, tanb should
be less than 11 if the branching ratio is to be below
experimental bounds, while for the muon tanb should be
less than 26, mainly due to the experimental bound of
muon being larger than that of the electron. The asymmet
corresponding to different values of tanb are shown in Fig.
4. A clear deviation from the SM model is also obtaine
Note that in the SM the asymmetry is normalized to 1. T
asymmetries tend to be large and negative with increas
tanb.

We investigate next the dependence of the branching r
and asymmetry on the gluino mass, for a light squark s
nario. The chargino and neutralino masses are light anm
.0, a scenario favored by recent analyses of the anoma
magnetic moment of the muon@18# and consistent withb
→sg @1#. We present the results in Fig. 5. As the mass of
gluino increases, the branching ratio will decrease, as
gluino is exchanged as a virtual particle in the process. Fr
the branching ratio into electrons, the gluino mass is c
strained to be heavier than 200 GeV, which is weaker th
other constraints, for example, fromb→sg; while from the
muon case there is no constraint onmg̃ . Therefore in the
LRSUSY model the contributions from gluino-exchang
graphs are not dominant, while this is generally so inb
→sg. The corresponding asymmetries are shown in Fig
It is found that the asymmetries for both the electron a
muon are less than the corresponding SM value. Althou
asymmetries do not help the experimentalists to observe
decay, they might, if observed, serve to distinguish
LRSUSY model from the SM.

The branching ratio ofB→Xsl
1l 2 is sensitive to the uni-

versal scalar massm0q in the region of small masses only,
feature shared withb→sg @1#. This dependence is shown i
Fig. 7. For the electron case,m0q is found to be greater than

.

FIG. 4. Energy asymmetry A(B→Xsl
1l 2) normalized to the

corresponding SM values as a function of tanb, obtained when
mg̃5300 GeV, m5100 GeV, A550 GeV, ML5MR5500 GeV,
m0q5300 GeV andm0l5100 GeV.
1-9
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MARIANA FRANK AND SHUQUAN NIE PHYSICAL REVIEW D 66, 055001 ~2002!
200 GeV, where the corresponding scalar quark masses
slightly above the current experimental bounds, while
the muon case there is no constraint onm0q . The lepton
asymmetries as a function of the universal scalar mass,
shown in Fig. 8, and there a small enhancement can be fo
whenm0q is less than 300 GeV.

In all the previous figures we set the left- and righ
handed gaugino masses to the same value. In Fig. 9 and
10 we investigate the dependence of the branching ratios
asymmetries on the gaugino mass. WhenMR>m0q , the re-
sults are not reliable, due to poles in the loop functions.
the branching ratio ofB→Xsl

1l 2 is dominated by the
chargino contribution for a large region of the parame

FIG. 5. BR(B→Xsl
1l 2) normalized to the corresponding SM

values as a function ofmg̃ , obtained when tanb55, m
5100 GeV, A550 GeV, ML5MR5500 GeV, m0q5300 GeV
andm0l5100 GeV. The experimental constraints are also show

FIG. 6. Energy asymmetry A(B→Xsl
1l 2) normalized to the

corresponding SM values as a function ofmg̃ , obtained when
tanb55, m5100 GeV, A550 GeV, ML5MR5500 GeV, m0q

5300 GeV andm0l5100 GeV.
05500
are
r

re
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space, one expects a restriction on the left- and right-han
gaugino mass parameters. There exist scenarios in which
right-handed symmetry is broken at the same scale as su
symmetry, so we expect in those cases to have approxima
ML5MR @19#. With the assumptionML>MR in the gaugino
sector, the restriction on the right-handed gaugino scal
found to beMR.4002500 GeV, for low to intermediate
squark masses.

In Fig. 11 and Fig. 12 we present the scatter plots of
branching ratio and the asymmetry for the decayB
→Xse

1e2 as a function of the lightest top squark mass. W
have chosen randomly relevant parameters: tanb changes
from 2 to 30, m0q takes values from 100 to 1000 GeV,m
also varies from 100 to 1000 GeV andA5m0q , while mg̃

.

FIG. 7. BR(B→Xsl
1l 2) normalized to the corresponding SM

values as a function ofm0, obtained whenmg̃5300 GeV, tanb
55, m5100 GeV, A550 GeV, ML5MR5500 GeV and m0l

5100 GeV. The experimental constraints are also shown.

FIG. 8. Energy asymmetry A(B→Xsl
1l 2) normalized to the

corresponding SM values as a function ofm0 , tanb55, obtained
when mg̃5300 GeV, m5100 GeV, A550 GeV, ML5MR

5500 GeV andm0l5100 GeV.
1-10
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5500 GeV,ML5MR5500 GeV andm0l5100 GeV. In ad-
dition to the current experimental bounds on the SUSY sp
tra, we also impose the constraints from the rare decab
→sg. It is found that the lightest top squark masses low
than 300 GeV are excluded. The branching ratio fits ea
within the experimental bound for largemt̃ , which explains
the large number of plot points in that region. An enhan
ment for the branching ratio of one order of magnitude
possible while the asymmetry could be 50% larger than
SM value.

In Fig. 13 we show the correlation between the branch
ratio of theb→sg and B→Xse

1e2 in the above specified
parameter ranges. Both branching ratios are normalize

FIG. 9. BR(B→Xsl
1l 2) normalized to the corresponding SM

values as a function ofMR , obtained whenmg̃5400 GeV, tanb
55, m5100 GeV, A550 GeV, m0q5300 GeV and m0l

5100 GeV. The experimental constraints are also shown.

FIG. 10. Energy asymmetry A(B→Xsl
1l 2) normalized to the

corresponding SM values as a function ofMR , obtained whenmg̃

5400 GeV, tanb55, m5100 GeV, A550 GeV, m0q

5300 GeV andm0l5100 GeV.
05500
c-

r
ly

-
s
e

g

to

the corresponding SM values. Although it seems poss
that b→sg is below the SM value, whileB→Xse

1e2 is
enhanced with respect to the SM value, there exists a re
of the parameter space in which both are significantly
hanced with respect to their SM values.

B. The unconstrained LRSUSY model

When supersymmetry is softly broken, there is no rea
to expect that the soft parameters would be flavor blind,
that they would violate flavor in the same way as in the S
Yukawa couplings generally form a matrix in the generati
space, and the off-diagonal elements will lead naturally
flavor changing radiative decays. Neutrino oscillations,
particular, indicate strong flavor mixing between the seco
and third neutrino generations, and various analyses h
been carried out assuming the same for the charged slep
In the quark/squark sector, the kaon system strongly lim

FIG. 11. BR(B→Xse
1e2) normalized to the corresponding SM

values versus the lightest top squark mass in the LRSUSY mo

FIG. 12. Energy asymmetry A(B→Xse
1e2) normalized to the

corresponding SM values versus the lightest top squark mass in
LRSUSY model.
1-11
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MARIANA FRANK AND SHUQUAN NIE PHYSICAL REVIEW D 66, 055001 ~2002!
mixings between the first and the second generations;
straints for the third generation fromb→sg in the LRSUSY
model are studied in Ref.@1#.

We parametrize all the unknown soft breaking paramet
coming mostly from the scalar mass matrices, using the m
insertion approximation~MI ! @20#. In this framework we
choose a basis for fermion and sfermion states in which
the couplings of these particles to neutral gauginos are fla
diagonal. Flavor changes in the squark sector arise from
non-diagonality of the squark propagators. These
diagonal squark mass matrix elements are assumed t
small and their higher orders can be neglected, and the
malized parameters used in the analysis are

dd,LL,i j 5
~md,LL

2 ! i j

m0q
2

, dd,RR,i j 5
~md,RR

2 ! i j

m0q
2

,

dd,LR,i j 5
~md,LR

2 ! i j

m0q
2

, dd,RL,i j 5
~md,RL

2 ! i j

m0q
2

,
~56!

where (md,AB
2 ) i j , A,B5L,R are the off-diagonal element

which mix down-squark flavors for both left- and righ
handed squarks. We assume significant mixings between
second and third generation in the down-squarks mass m
only. We also consider terms with one mass insertion o
Although it was shown in the MSSM that double mass
sertions could possibly enhance the decays of theK meson,
their effects onB meson decays are assumed to be negligi
This procedure allows an analysis of the graphs contribu
to b→sl1l 2 in terms of a small number of parameters. T
contribution of each graph with the MI is obtained from t
constrained case following these simple rules:

~i! A left gaugino-gaugino vertex has a factor ofdd,LL,23
associated with it; a right gaugino-gaugino vertex has a
tor of dd,RR,23.

FIG. 13. A correlation between BR(b→sg) and BR(B
→Xse

1e2) in the LRSUSY model. Experimental bounds are a
shown.
05500
n-
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ss
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g
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~ii ! A left gaugino Higgsino vertex has a factor ofdd,LR,23
associated with it; a right gaugino-Higgsino vertex has a f
tor of dd,RL,23.

~iii ! In addition, in the dipole contributions, the term com
ing from chirality being flipped on the fermion leg, propo
tional to mx̃ /mb or mg̃ /mb , has a factordd,LR,23 associated
with it for the LR contribution, anddd,RL,23 associated with it
for the RL contribution.

With the definition of the mass insertion as in Eq.~56!, we
can investigate the effects of intergenerational mixings
theB→Xsl

1l 2 decays. We keep our analysis general, but
show our results, we select only one possible source of fla
violation in the squark sector at a time, and assume the
ers vanish. In Fig. 14 we show the dependence ofB
→Xse

1e2 as a function ofdd,LR,23, when this is the only
source of flavor violation. The horizontal line represents
experimental bound on the branching ratio. The branch
ratio is plotted as a function of different values for the ma
ratio x5mg̃

2/m0q
2 . Fixing m0q5500 GeV, this correspond

to gluino masses of 400, 500 and 600 GeV respectiv
Constraints on positive and negative values ofdd,LR,23 are
slightly different, dd,LR,23 is constrained to be positive fo
small mass ratios, and the absolute value ofdd,LR,23 is less
than 10%. This flavor violating parameter can be stron
constrained fromb→sg because through thedd,LR,23 term,
the helicity flip needed forb→sg can be realized in the
exchange particle loop. The constraint obtained here is c
plimentary to that fromb→sg @1,21,22#. The results forB
→Xsm

1m2 are not restrictive, so we will not show them
here.

The situation is different when the only source of flav
violation is dd,RL,23, as shown in Fig. 15. Again, the mos
restrictive case is forB→Xse

1e2 and for the same values o
squark and gluino masses as before, only positive value

FIG. 14. BR(B→Xse
1e2) normalized to the corresponding SM

values as a function ofdd,LR,23, obtained when tanb55, m
5100 GeV, A550 GeV, ML5MR5500 GeV, m0q5500 GeV
andm0l5100 GeV. The different lines correspond to different va
ues ofx5mg̃

2/m0q
2 50.64~dashed!, 1 ~solid!, 1.44~dot-dashed!. The

experimental constraints are also shown.
1-12
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dd,RL,23 in a small interval close to zero would satisfy th
experimental bounds, namelydd,RL,23,4%.

The restrictions on the branching ratio ofB→Xsl
1l 2

from the chirality conserving mixingsdd,LL,23 and dd,RR,23
respectively, with the proviso that these are the only o
diagonal matrix elements in the squark mass matrix squa
are not as pronounced as the ones for chirality flipping
rameters.dd,LL,23 anddd,RR,23 can almost take all the value
in the range (21.0,1.0). We do not show the results here

V. CONCLUSIONS

We analyze the FCNC semileptonic decayB→Xsl
1l 2 in

a fully left-right supersymmetric model. Explicit expressio
for all the amplitudes involved in the process are given. C
straints on the parameter space of the model are obtaine
both the constrained case~where the only flavor violation
comes from the CKM matrix! and the unconstrained cas
~including soft supersymmetry breaking terms!. We also in-
clude and compare with constraints fromb→sg.

As a general feature, bothb→sg andB→Xsl
1l 2 exhibit

similar dependences on squark and gluino masses. From
strictions on both decays, we expectmg̃>2502300 GeV
andmq̃>200 GeV. A more careful analysis of the branchi
ratio of B→Xsl

1l 2 reveals that, varying all other paramete
in the model, the mass of the lightest scalar top should
>300 GeV, which is much more restrictive than the expe
mental bound@23#. The parameter that most sensitively a
fects the branching ratio ofB→Xsl

1l 2 is tanb. The con-
straint fromB→Xsl

1l 2 is slightly more restrictive than fo
b→sg, and the semileptonic branching ratio can exceed
experimental bound for tanb>10211, for low squark and
gluino masses. In all our analysis, we keepm.0, and in
regions allowed by both (g22)m andb→sg.

FIG. 15. BR(B→Xse
1e2) normalized to the corresponding SM

values as a function ofdd,LR,23, obtained when tanb55, m
5100 GeV, A550 GeV, ML5MR5500 GeV, m0q5500 GeV
andm0l5100 GeV. The different lines correspond to different va
ues ofx5mg̃

2/m0q
2 50.64~dashed!, 1 ~solid!, 1.44~dot-dashed!. The

experimental constraints are also shown.
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An analysis of the correlation between the branching ra
of B→Xsg and B→Xsl

1l 2 reveals that there is a large
region of parameter space in whichB→Xsl

1l 2 is enhanced
with respect to the SM value by factors of almost 10, wh
B→Xsg is at most 20% larger than the SM value. We exp
the enhancements to come mostly from regions of interm
diate or large tanb. The LRSUSY model shares the stron
tanb dependence with the MSSM, except that here the
hancement is even more pronounced. The asymmetry
shows different features from the MSSM@24#: it does not
peak when the Higgs and gauge induced flavor violation
of the same size (tanb535), since the contributions from
the gaugino sector are different. Also, for low and interm
diate values of supersymmetric masses (m0 ,mg̃ ,ML ,MR
52002500 GeV), this value of tanb is ruled out by con-
straints fromB→Xse

1e2.
In the unconstrained model, allowing for flavor-depende

soft mixing between the second and third generation
squarks~both chirality conserving and chiralty violating!, no
reliable limits are set on either the LL or the RR mixin
However, the chirality violating soft mixing parameters a
strongly constrained. In particular, the RL mixing,dd,RL,23 is
constrained within four percent to be close to zero from
bounds onB→Xse

1e2, for a variety of squark and gluino
masses; while the constraints ondd,LR,23 favor positive val-
ues up to 10%. It could be difficult to compare these valu
with the unconstrained MSSM@25#. The bound ondd,LR,23
appears to be much stronger in the unconstrained LRSU
model than in the MSSM, where maximum enhanceme
are obtained at values of the left-right splitting ruled out
the LRSUSY model. And certainly the restriction on th
dd,RL,23 coming fromB→Xse

1e2 is, to our knowledge, new
It appears likely that the most distinguishing factor of t

LRSUSY model from the SM would be the forward
backward lepton asymmetry. This asymmetry, like t
branching ratio, is most sensitive to variations in tanb and
could be spectacular even in regions of tanb allowed by
constraints on the branching ratio. The asymmetry tend
be large and negative with increasing tanb, whereas it is
small and positive when varying other parameters. As
ways, the regions of interest are regions of small to interm
diate values ~allowed for branching ratios! for gluino,
chargino and squark masses. These enhancements are
more pronounced in the LRSUSY model than in the MSS
and increases in the asymmetry by a factor of 2 with resp
to the SM value are allowed, for a large region of the para
eter space.

In conclusion, the decayB→Xsl
1l 2 would provide an

interesting, and complementary tob→sg, test of the LR-
SUSY model.
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APPENDIX

The relevant Feynman rules and loop functions used
the calculation are listed in this appendix. For further deta
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we refer to@1#. The terms relevant to the masses of chargin
in the Lagrangian are

LC52
1

2
~c1,c2!S 0 XT

X 0 D S c1

c2D 1H.c., ~A1!

where c15(2 ilL
1 ,2 ilR

1 ,f̃u1
1 ,f̃d1

1 ,D̃R
1)T and c2

5(2 ilL
2 ,2 ilR

2 ,f̃u2
2 ,f̃d2

2 ,d̃R
2)T, and

X5S ML 0 gLku 0 0

0 MR gRku 0 0

0 0 0 2m 0

gLkd gRkd 2m 0 0

0 A2gRvR 0 0 2m

D ~A2!

where we have taken, for simplification,m i j 5m. The
chargino mass eigenstatesx i are obtained by
05500
s x i
15Vi j c j

1 , x i
25Ui j c j

2 , i , j 51, . . . ,5, ~A3!

with V andU unitary matrices satisfying

U* XV215MD . ~A4!

The diagonalizing matricesU* andV are obtained by com-
puting the eigenvectors corresponding to the eigenvalue
X†X andXX†, respectively.

The terms relevant to the masses of neutralinos in
Lagrangian are

LN52
1

2
c0TYc01H.c., ~A5!

where c05(2 ilL
3 ,2 ilR

3 ,2 ilV ,f̃u1
0 ,f̃u2

0 ,f̃d1
0 ,f̃d2

0 ,D̃R
0 ,

d̃R
0)T, and
Y5

¨

ML 0 0
gLku

A2
0 0 2

gLkd

A2
0 0

0 MR 0
gRku

A2
0 0 2

gRkd

A2
2A2gRvR 0

0 0 MV 0 0 0 0 2A2gVvR 0

gLku

A2

gRku

A2
0 0 0 0 2m 0 0

0 0 0 0 0 2m 0 0 0

0 0 0 0 2m 0 0 0 0

2
gLkd

A2
2

gRkd

A2
0 2m 0 0 0 0 0

0 2A2gRvR A2gVvR 0 0 0 0 0 2m

0 0 0 0 0 0 0 2m 0

©
. ~A6!

The mass eigenstates are defined by

x i
05Ni j c j

0~ i , j 51,2, . . . ,9!, ~A7!

whereN is a unitary matrix chosen such that

N* YN215ND , ~A8!

andND is a diagonal matrix with non-negative entries.
In the interaction basis, (q̃L

i ,q̃R
i ), the squared-mass matrix for a squark of flavorf has the following forms. For U-type

squarks

MUk

2 5S m0
21MZ

2~Tu
32Qusin2uW!cos 2b muk

~A2m cotb!

muk
~A2m cotb! m0

21MZ
2Qusin2uWcos 2b

D ~A9!

and for D-type squarks
1-14
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MDk

2 5S m0
21MZ

2~Td
32Qdsin2uW!cos 2b mdk

~A2m tanb!

mdk
~A2m tanb! m0

21MZ
2Qdsin2uWcos 2b

D . ~A10!

The corresponding mass eigenstates are defined as

q̃L,R5GQ L,R
† q̃, ~A11!

whereGQ L,R
† are 633 mixing matrices. The same expressions, with the switchesQ→L, U→N and D→E exist for the

sleptons and sneutrinos. The chargino-quark-squark mixing matricesG andH are defined as

GUL
jki 5Vj 1* ~KCKM! i l ~GUL!kl ,

GUR
jki 5U j 2~KCKM! i l ~GUR!kl ,

HUL
jki 5

1

A2mW

S mul

sinb
U j 31

mdl

cosb
U j 4D ~KCKM! i l ~GUL!kl ,

HUR
jki 5

1

A2mW

S mul

sinb
Vj 3* 1

mdl

cosb
Vj 4* D ~KCKM! i l ~GUR!kl ~A12!

and the gaugino-sneutrino-leptonGNL,R are defined as

GNL,R
jki 5Vj 1* ~GNL,R!ki . ~A13!

The neutralino-quark-squark mixing matricesG0 andH0 are defined as

G0DL
jki 5FsinuWQdNj 18 1

1

cosuW
~Td

32Qdsin2uW!Nj 28 2
Acos 2uW

cosuW

Qu1Qd

2
Nj 38 G~KCKM! i l ~GDL!kl ,

G0DR
jki 52FsinuWQdNj 18 2

Qdsin2uW

cosuW
Nj 28 1

Acos 2uW

cosuW
~Td

32Qdsin2uW!Nj 38 G~KCKM! i l ~GDR!kl ,

H0DL
jki 5

1

A2mW

S mul

sinb
Nj 58 1

mdl

cosb
Nj 78 D ~KCKM! i l ~GDL!kl ,

H0DR
jki 5

1

A2mW

S mul

sinb
Nj 58* 1

mdl

cosb
Nj 78* D ~KCKM! i l ~GDR!kl ~A14!

and the gaugino-slepton-lepton mixing matricesG0EL , G0ER are defined as

G0EL
jki 5FsinuWQeNj 18 1

1

cosuW
~Te

32Qesin2uW!Nj 28 2
Acos 2uW

cosuW

Qe

2
Nj 38 G~GEL!ki ,

G0ER
jki 52FsinuWQeNj 18 2

Qesin2uW

cosuW
Nj 28 1

Acos2uW

cosuW
~Te

32Qesin2uW!Nj 38 G~GER!ki . ~A15!

The one, two and three variable functions appearing in the decayb→sl1l 2 are @26#

F1~x!5
1

12~x21!4
~x326x213x1216x logx!, ~A16!

F2~x!5
1

12~x21!4
~2x323x226x1126x2logx!, ~A17!
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F3~x!5
1

2~x21!3
~x224x1312 logx!, ~A18!

F4~x!5
1

2~x21!3
~x22122x logx!, ~A19!

F5~x!5
1

36~x21!4
@7x3236x2145x2161~18x212!logx#, ~A20!

F6~x!5
1

36~x21!4
~211x3118x229x1216x3logx!, ~A21!

F7~x!5
1

12~x21!4
@x3110x2229x1182~8x226x28!logx#, ~A22!

F8~x!5
1

12~x21!4
@27x318x2111x2122~2x3220x2124x!logx#, ~A23!

F9~x!5
1

2~x21!2
@x227x161~3x12!logx#, ~A24!

f ~x!52
2

3
2

z

x
15

2S 11
z

2x
DAz

x
21tan21HAz

x
21J 21

, if x,z

S 11
z

2x
DA12

z

x5 ln

12A12
z

x

12A12
z

x

2 ip6 , if x.z

~A25!

F0~x,y!5
1

x2y F x

x21
logx2~x→y!G , ~A26!

G0~x,y!5
1

x2y F x2

x21
logx2

3

2
x2~x→y!G , ~A27!

F~x,y!52
1

x2y F x

~x21!2
logx2

1

x21
2~x→y!G , ~A28!

G~x,y!5
1

x2y F x2

~x21!2
logx2

1

x21
2~x→y!G , ~A29!

G8~x,y,z!5
1

x2y H 1

x2z F x2

x21
logx2

3

2
x2~x→z!G2~x→y!J , ~A30!

F8~x,y,z!52
1

x2y H 1

x2z F x

x21
logx2~x→z!G2~x→y!J . ~A31!
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