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b—sy in the left-right supersymmetric model
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The rare decap— sy is studied in the left-right supersymmetric model. We give explicit expressions for all
the amplitudes associated with the supersymmetric contributions coming from gluinos, charginos, and neutrali-
nos in the model to one-loop level. The branching ratio is enhanced significantly compared to the standard
model and minimal supersymmetric standard model values by contributions from the right-handed gaugino and
squark sector. We give numerical results coming from the leading order contributions. If the only source of
flavor violation comes from the Cabibbo-Kobayashi-Mask&@iM) matrix, we constrain the scalar fermion-
gaugino sector. If intergenerational mixings are allowed in the squark mass matrix, we constrain such super-
symmetric sources of flavor violation. The deday sy sets constraints on the parameters of the model and
provides distinguishing signs from other supersymmetric scenarios.
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I. INTRODUCTION X SU(2)rXU(1)g_, which would then break spontane-
ously to SU(2) X U(1)y [10]. LRSUSY was originally seen
The experimental and theoretical investigation of the in-as a natural way to suppress rapid proton dg¢d@y and has
clusive decayB— Xy is an important benchmark for phys- recently received renewed attention for providing small neu-
ics beyond the standard mod&M). Experimentally, the in-  trino masses and lepton radiative decfd4]. In addition to
clusive decayB— X<y has been measured at ALEAH],  Peing a plausible symmetry itself, LRSUSY models have the
BELLE [2], and CLEO[3], with BABAR measurements added attractive features that they can be embedded in a

keenl ited, giving the followi ighted : supersymmetric grand unified theory such a_xs(EID[lS]._
eenly awalted, giving the loflowing weighted average Another support for left-right theories is provided by build-
BR(B—Xgy)=(3.23+0.41) X 10" *. (1)  ing realistic brane worlds from type | strings. This involves

left-right supersymmetry, with supersymmetry broken either
This present experimental average is in good agreement witat the string scaleMgysy=10"912 GeV, or at Mgysy

the next-to-leading order predictions in the $#: ~1 Te\[/, t]he difference having implications for gauge uni-
fication[16].
BR(B—Xsy)su=(3.60+0.30 X 10" 4. (2 In this paper we study all contributions of the LRSUSY

) _ model to the branching ratio &f— s+ at the one-loop level.
But th_|s value still allows a large acceptable range for therpe decayp— sy can be mediated by left-handed and right-
inclusive decay5]: handedw bosons and charged Higgs bosons as in the non-
- 4 supersymmetric case, but also by charginos, neutralinos, and
2X 1077 <BR(B—Xsy)<4.5x10"% ®) gluinos. The structure of LRSUSY provides a significant

Flavor changing neutral currentSCNCS are forbidden at  contribution to the decayp—sy from the right-handed

the tree level in the SM. The first SM contributions to the Squarks and an enlarged gaugino-Higgsino sector with right-
processb—sy appear at the one-loop level through the handed couplings, Wh_lch is not as constrz_imed as the right-
Cabibbo-Kobayashi-Maskaw&KM) flavor mixing. Despite hqnded gauge sector in Ieft-rlg.ht symmetric models. We an-
small uncertainties in the theoretical evaluation of theliciPate that these would contribute a large enhancement of

branching ratio, agreement between experiment and theory [§€ decay rate and would constrain some of the parameters of
impressive, and this fact is used to set constraints on thi'® model. _ _
parameters far beyond the SM scenarios, such as two-Higgs- | N€ Paper is organized as follows. We describe the struc-
doublet modelg[6], left-right symmetric model§LRM's) ture Qf the_merI in Sec. Il, with particular emphasis on t_he
[7], and the minimal supersymmetric standard mode@augino-Higgsino gnd squ_ark_struc_tures. In Sec. lll, we give
(MSSM) [8]. Although attempts have been made to reconcildN€ Supersymmetric contributions in LRSUSY to the decay
b—sy with right-handedb-quark decayg9], a complete bHS’)-/. We confront the calculation with exp_erlmental re-
analysis for a fully left-right supersymmetric model is still SUltS in Sec. IV, where we present the numerical analysis to
lacking. constrain the parameters of the modelifor two scenarios: one
The left-right supersymmetricLRSUSY) model is per- with CKM flavor mixing only, the other including supersym-
haps the most natural extension of the MSEN—13. Left- metric soft breaking flavor violation. We reach our conclu-
right supersymmetry is based on the group Sy(2) SIONSin Sec. V.

Il. THE MODEL
*Email address: mfrank@vax2.concordia.ca The LRSUSY electroweak symmetry group SU(2)
"Email address: sxnie@alcor.concordia.ca X SU(2)rXU(1)g_, has matter doublets for both left- and
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figﬂt'ﬂa”geg ferrlnions am(jsl their corrzspondi}r:g ?ft' andg,, A", andAg . The model also has 11 neutralinos, cor-
right-handed scalar partnefsleptons and squark$12]. In res : - Y Y 30 0 30 30 X0 RO

; ponding tovz, Nz/, Ny, b1y, dous Pigs Pags AL Ars
the gauge sector, corresponding to SY(&nd SU(2}, ~ ~ )
there are triplet gauge bosons W{,W~,W°), , 58 and 5%. Although A, is not necessary for symmetry

(W, W™, W05, respectively, and a singlet gauge bodsn breaking[13], and is inEroduced only for preserving left-right
corresponding to U(%)_,, together with their superpart- Symmetry, bothA ~ (A ") and its right-handed counter-
ners. The Higgs sector of this model consists of two HigggartsAg ™ (ZF;*) play very important roles in lepton phe-
bidoublets® ,(3,3,0) and®4(3,3,0), which are required to nomenology of the LRSUSY model. The doubly charged
give masses to the up and down quarks. The spontaneotiggs bosons and Higgsinos do not affect quark phenom-
symmetry breaking of the group SU¥U(1)s_, to the  €nology, but the neutral and singly charged components do,
hypercharge symmetry group U(l)s accomplished by giv- through mixings in the chargino and neutralino mass matri-
ing vacuum expectation values to a pair of Higgs tripletces. We include only thé contribution in the numerical
fields A, (1,0,2) andAg(0,1,2), which transform as the ad- analysis.

joint representation of SU(Z) The choice of two triplets The supersymmetric sources of flavor violation in the
(versus four doublejss preferred because with this choice a LRSUSY model come from either the Yukawa potential or
large Majorana mass can be generatilough the seesaw the trilinear scalar coupling.

mechanism for the right-handed neutrino and a small one The interaction of fermions with scaléfiggs) fields has

for the left-handed neutrinfll]. In addition to the triplets the following form

A g, the model must contain two additional triplets

5.(1,0~2) and 8x(0,1,—2), with quantum numbeB—L Ly=hQLP Qr+hyQ P ¢Qr
= —2, to ensure cancellation of the anomalies which would — —
otherwise occur in the fermionic sector. The superpotential +hL ®Lrthel PylptH.c,
for the LRSUSY model is » T 1 Tt
‘CM_IhLR(LLC TZALLL+ LRC T2ARLR)
Wirsusy= hé')QTTzq’iTch+ h{LT7,®; L +Hec., (5)

4 T + cT c
H(hepl AL L Mgl 728817 whereh,, hy, h,, andh, are the Yukawa couplings for the

+MRI[Tr(A 6. +ARSR)] up and dpwn quarks _and neutrino gnd elgctron, respectively,
T and h, g is the coupling for the triplet Higgs bosons. LR
+ uij Tr( @i 7o@) + Wy, (4) symmetry requires alh matrices to be Hermitian in genera-

. _ . tion space and thl g matrix to be symmetric. We present
whereWyg denotegpossiblg nonrenormalizable terms aris- oy the gaugino-Higgsino as well as the sfermion structure

ing from higher scale physics or Planck scale effddff. ot the model, before proceeding with calculation of the
The presence of these terms ensures that, when the SU$¥anching ratio ob—sy.

breaking scale is abovMWR, the ground state iR-parity

conserving 18]. A. Charginos
The neutral Higgs fields acquire nonzero vacuum expec-

tation valuesVEV’s) through spontaneous symmetry break- The terms relevant to the masses of charginos in the La-

ing: grangian are
ol Gl
0O O _ + -
Lo=—% , _|+H.c., 6
<A>L,R:(ULR 0) ¢ 2(¢ 4 )(X 0/\¢ ©
and where ¢t =(—iN,—iNg, b0 b0, AR)T and ¢ =
(=N, —iNg @2, da2,6r) ", and
Ku,d O
<q)>u,d: 0 K’ eiw . I\/IL 0 gLKu 0 0
ud 0 Mr grk, O O
(D) causes the mixing oML and Wgy _bospns with X = 0 0 0 —ux 0|, @
CP-violating phasew, which is set to zero in this analysis. _ 0 0
The nonzero Higgs VEV's break both parity and SU§2)n 9ukd  Orkd K
the first stage of breaking, the right-handed gauge bo#tns 0 \/EngR 0 0 —u
andZy acquire masses proportionaldq and become much o
heavier than the SMeft-handed gauge boson#/, andz,,  Where we have taken, for simplificationu;;=u. The

which pick up masses proportional &g and x4 at the sec- chargino mass eigenstatgsare obtained by

ond stage of breaking. TVt vy =U.d =
In the supersymmetric sector of the model there are six i =Vidio X =Ugdy . Li=Le5 (8

singly charged charginos, correspondingNp, \g, é,,  with V andU unitary matrices satisfying
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U*XV t=Mp, 9 B. Neutralinos

where Mp is a diagonal matrix with non-negative entries.  The terms relevant to the masses of neutralinos in the
Positive square roots of the eigenvaluesXéX (XX') will  Lagrangian are
be the diagonal entries &fl; such that

_ _ 1
VXIXV t=U*XXT(U*) " t=M3. (10 £N=—§¢°TY¢O+H.C., (11)

The diagonalizing matriced* andV are obtained by com-
puting the eigenvectors corresponding to the eigenvalues of
X"X and X X', respectively. where

YO= (=N, —INR —INv, bur Bup b1 B2 DR OR)

and

gLy gL Kd
M 0 0 0 0o - 0
) V2 V2
grKy IRrKd
0 M 0 Y0 0 - —V2grvg O
R N 2 9rUR
0 0 My 0 0 0 0 2y2gwr O
JLKy JRrKuy
0 0 0 0 — M 0 0
Y= 2 2 . (12
0 0 0 —u
0 0 0 —-uw 0 0 0 0
JLKd ORrKd
- — -w 0 0 0 0 0
V2 V2
0 —V20rvr V2gwr O 0 0 0 0 M
0 0 0 0 0 0 0 —u 0
The mass eigenstates are defined by
0_ 0 i
XI_NIJl//] (|,J—1,2,,9, (13)
whereN is a unitary matrix chosen such that
N*YN 1=Np, (14)

andNp is a diagonal matrix with non-negative entries. To deternhNineve take the square of E¢L4), obtaining
NY'YN"t=N3, (15)

which is similar to Eq.(10).
We found it convenient to define the neutralino states in terms of the photino and left and right zino states

Yo' =(—iN,, —iNg, I }\zRv;bgl Bu2 b1, baz AR BT, (16)
with
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N, =\{sindy+ A Esin 6+ hy/cos 20y,
Nz, =\{COSOy— \ESin Oy tan by, — Ay \/COS 2Btan by,

3 VCOS 20y

)\ZRz)\Rm—)\Vtane\N. (17)

Then the mass matriX would be replaced by a matrix’ found to be

m, 0 0 F 0 0 -F -2 2y O
0 m, 0 A, 0 0 A D 0
0 o mp, E 0O 0 C B 0
F A, E 0 0 —u 0 0
Y'= 0 0 0 0 —u O 0 o |, (18
0 0O 0 o0 w 0 0 0 0
-F A, C -—u 0 0 0 0
—-2y2e0p, D B 0 0O O O 0 — i
0 0 o0 0 0 o0 - 0

with The unitary matriXN would be replaced by a new matiix’,
) given by
M= Mycos 20+ (M +Mg)sinf by,
{1=Ni1sin O+ Ni,sin O+ N 3+/cos 20y,
Mg, =M,CoS 20y tar O+ M cos by, i R T2 EW S
+ M gsin Gy tar? 6y, j2= Nj1€0s6\y— Njzsin ytan by
—N;3\/cos 26\tanb,y,
m;_ = Mytarf by + Mg(1—tarffy), I3 W
NL= N o2 ang
, 137 Ni2 7 gggg  Nistantw,
Aj=——(k,COS Oy — KqSiN by), Costw
1 \/ECOSQW u W Kd w
Nj’k:Njk(k:4’5’ P ,9. (20)
g .
Azzm(KdCOSZHw— KkySinby), Similarly, N can be expressed in terms Nf by
Ni;=N{;sin O+ N/,cosbyy,
gl 2tar?aw e
~ g\cos 2 e, Neos Pw
= Ky, 13 cosfy
\/—cosew
J29./cos 20y, Nj3=Nj;vcos 20,y— Nj,tan fy,\/cos 20y
D=~ costy R’ —Njstany,
:g\/COSZHWK Njx=Nj(k=45,...,9. (21
J2cosby
C. Squarks
F=i(;<u+ Kg). (19) In the interaction basisgf ,qR), the squared-mass matrix
V2 for a squark of flavorf has the form:
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2 2
me +Fs i+ Dg (Mg r)+Fs LR
M2= > 5 . (22)
(mf r) +Frre  MirrtFirrTDirR

TheF terms are diagonal in the flavor spakg, | rr= mfz, (Far)ij= —,u(mditan,B) L, (Fur)ij= —,u(muicotﬂ)lij . TheD
terms was also flavor diagonal:

DyLL=M3Zcos 28(T7— QssirPby) 1,
D rr=M32c0s 28Q;Sir? 6y 1. (23)

The term 07| rp)ii= m(% 5

O mZ_z=A¥m;. To reduce the number of free parameters, we consider the parameters to be
universal, with (néL R)ijzméé-- Agij=Ad;

ijo ijs andAu‘ij:Aﬁ
The squared-mass matrix for type squarks reduces to

ij -

mg+M5(TS—Qsirfhy)cos 28 My (A= ucotp) )

M2 = 24
Yk my, (A= u cot) m3+ M2Q,sir? 6y,cos 28 29
with the diagonaF terms absorbed into theg. For D type squarks
, [ Me+MITE-Qesitby)cos 28 Mg (A~ ptanp)
Mp = . 25
P Mg, (A—p tanps) m3+ M2Qgsir? 6y,cos 28 (29
|
The corresponding mass eigenstates are defined as 4G,
_ L Her=— meK:;Ei CwQi(w). (29
dL.r=loLRra (26)

Wherel“ESL’R are 6x 3 mixing matrices. In the universal case, The operators relevant to the procéss sy in LRSUSY are

there are no intergenerational mixings for squarks and the

only source of flavor mixing comes from the CKM matrix. Q,=
. . . . 7 2

We will analyze this case first. Next we will look at the case 167

in which mixing in the squark sector is permitted and con-

sider the effect of intergenerational mixings on the rate of the e _

processb—sy. As is generally done in the mass insertion Q7=——Mmy(u)so,,PLbF*",

mb(/"’)so-,uvPRbF'uVy

approximation methodi19], where the off-diagonal squark 16w
mass matrix elements are assumed to be small and their
higher orders can be neglected, we use normalized param- _Os — ”
eters Q8_16772 Mp(p)so,, G4 " TAPRb,
(M3 )i (M3 rR)ij g
if :—1 if :—1 ! S " 14
G 2 GRRIT e Q5= 3Mb(#)S0,,, G4 T*PLb. (29
2 2
5 _ (Mg, R)ij s _ (Mg rUij (27 The Wilson coefficientsC/ q are initially evaluated at the
d.LR.j m d.RLj m electroweak or soft supersymmetry breaking scale, then

evolved down to the scalg. The Feynman diagrams con-
In our analysis, we use the mass eigenstate formalism, whickibuting to this decay in LRSUSY are illustrated in Fig. 1.
is valid no matter how large the intergenerational mixings The matrix elements responsible for the-sy decay ac-
are. We assume significant mixing between the second arfdire the following contributions from the supersymmetric
third generations in the down-squark mass matrix only. ~ Sector of the model. Fds, decay,
M, =AS+AR + AR (30)
Ill. SUPERSYMMETRIC CONTRIBUTIONS TO b—sy R g9 X~ X0

The low-energy effective Hamiltonian responsible for thewith the gluino, chargino, and neutralino contributions given
B-meson decay rates at the scalecan be written as by
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g i X5
N FIG. 1. The Feynman dia-
b dk s b ‘le s b ak s grams contributing to the de_cay
-t —t - — L - b—svy. The outgoing photon line
can be attached in all possible
ways.
Y Y Y
° 1
AL= - % —QqC(R) 2, —Z[FE%FBESFAX )- QFE%FBESH(xgd)] (3D
F -t mg,
To > 1
R w kb_ yjkb H ks
A-_=— — G' Hi Gyl' J Fq(x + X
T ;1 2 - ( HUR)( [F 1065+ QuF (%33,
W kb_ yyjkb k k
T (GLR—HED G~ HERIIFs06,5) + QuF G 1 (32
R WaW %~ 1 jkb jkb * jks__ *]ks -
A= g Q2 2, = (\V2GB5 — HEBR) (V2GE8°— HEbR)F 20655,
. =1 K=
Mo | |
+m—b<ﬁeak£R HES) (V2G4 — HEbR)F a0, | (33)

and for the decay obg:
L L L
MyLZAa'FA;(,'FA;(O, (34)

again with the following gluino, chargino, and neutralino contributions:

J_ Gr

A.'g:: ——2Q,C (R)E {rgtgrggslz (Xga) — ngDbLFBESH(x )} (35
k

5 6
Ta 1
A,II_: _ \/EGW JZ 2 m [ ka ka)(G*JkS *JkS)[Fl(XX uk)+QuF2(X}jak)]
F =1k
m;(J' jkb__ ]kb *jks__ *JkS
+ m_b(GUL HUR) (GUr IFs0G,G,) T QuF OG5 )] 1 (36)

(f 2GR~ Hb5L) (V2G585— HEd") F2(x503,)

m0
* iy (V26051 ~HbbR) (V2GEbR ~ H3B1) Fal505 )} (37)

where the vertex mixing matrice§, H, Gy, and Hy are  tal branching ratios, QCD corrections must be taken into
defined in the Appendix. The conventioq,bzmﬁ/mﬁ is account. We assume below the SM renormalization group
used.C(R)=4/3 is the quadratic Casimir operator of the evolution pattern; supersymmetric estimates exist for the
fundamental representation of SURI) gluino contributions only{20]. There is no mixing between

In order to compare the results obtained with experimenlieft- and right-handed contributions.
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116
AY(mp) = n‘le’”{ AT (M) + A o (7752 1)
58
28/23_
+ 1o 7 1) ] (38)

where 7=ag(my)/a(My) and Al=(ma,/2y2Gg)(1/
M\ZN). We choose the renormalization scale to e m,
=4.2 GeV.

PHYSICAL REVIEW D 65 114006

breaking terms. In the MSSM, this scenario is known as the
unconstrained MSSM and there the gluino contribution
dominates. This is not so in LRSUSY, where the chargino
contribution is important for low to intermediate values of
Mg, the right-handed gaugino mass parameter. We restrict
all allowable LL, LR, RL, and RR sflavor mixing, assuming
them to be dominated by mixings between the second and
third squark families.

We now proceed to discuss both these scenarios in turn.

The inclusive decay width for the procdss-sy is given
by A. The constrained LRSUSY

By the constrained LRSUSY model, we mean the sce-
nario in which the only source of flavor violation comes
from the quark sector, through the CKM matrix, which we
assume to be the same for both the left- and right-handed
sectors.

Before any meaningful numerical results can be obtained,
I explicit values for the parameters in the model must be
(b—sy) e .

————"BRg,, (40)  specified. There are many parameters in the model such that

I'si it is hard, if not impossible, to get an illustrative presentation

. of the calculation results. If LRSUSY is embedded in a su-

ratio RBR(b  porsymmetric grand unification theory such as(B@ there
exist some relationships among the parameters at the unifi-
cation scaleM 1. We can generally choose specific values
for many fewer parameters at mass scalesM 1, and
then use renormalization group equations to run them down
to the low-energy scale which is relevant to phenomenology.
But, to maintain both simplicity and generality, we can
present an analysis in which LRSUSY is not embedded into
another group. Then we can choose all parameters as inde-
pendently free parameters, with the numerical results con-

We are interested in analyzing the case in which the sufronting the experiments directly.
persymmetric partners have masses around the weak scale, To make the results tractable, we assume all trilinear sca-
so we will assume relatively light superpartner masses. Wér couplings in the soft supersymmetry breaking Lagrangian
diagonalize the neutralino and chargino mass matrices n&sAj;=Ad;; and u;;= ué;;, and we fixA to be 50 GeV in
merically and we require in all calculations that the massegll the analysis. We also set a common mass parameter for all
of gluinos, charginos, neutralinos, and squarks be above theihe squarksvl g, =Mgyr=Mop. =Mopr=Mo. The general
experimental boundi21]. There are some extra constraints range of these parameters is as discussed in the previous
in the nonsupersymmetric sector of the theory, requiring thearagraphs. We also taIIQKMz KEKM . This choice is con-
FCNC Higgs bosonb 4 to be heavy, but no such constraints servative, and much larger values of mixing matrix elements
exist in the Higgsino sectd22]. We choose the gluino mass are allowed in scenarios that attempt to explain the decay
mgz=300 GeV, and the left-handed gaugino malsk properties of theb quark as being saturated by the right-
=500 GeV. The mass of the lightest bottom squark will behanded [9]. Our choice does not favor one handedness over
in the 150-200 GeV range. We include in our numericalthe other, and has the added advantage that no new mixing
estimates the nonsupersymmetric LRM results, and for thisingles are introduced in the quark matrices.
we constrain the lightest Higgs boson mass to be 115 GeV We investigate first the dependence of the branching ratio
[23]. We analyze our results for low and moderate values obn the values of tag in Fig. 2. The solid line represents the
tang, although we study the dependence of the branchingupersymmetric contribution, the dashed the total contribu-
ratio on tan3. We also investigate the dependence of thetion (including the SM and LRM The experimental bounds
branching ratio on both positive and negative values ofithe are shown as horizontal lines in the figures. The universal
parameter. squark mass is around 200 GeV, and the chargino and neu-

As a first step, we assume the only source of flavor vio4ralino are light. The choice of parameters puts stringent re-
lation to come from the CKM matrix. This scenario is relatedstrictions on the allowed values for t@n either very low
to the minimal flavor violation scenario in supergravity. This (tanB=2-4) or intermediate in a very small range (fan
restricted possibility of flavor violation will set important =12-14) values are allowed. As tgnbecomes large, the
constraints on the parameter space of LRSUSY. branching ratio is almost linearly proportional to {&nFor

We then allow, in the second stage of our investigationJarger values of tap the branching ratio will exceed the
for new sources of flavor violation coming from the soft acceptable range easily. In our analysis, larger values of

mGr| KoKy 2

I'(b—sy)=
( i 327*

(M3 +M2), (39

where the caret means evolving down to the decay seale
=my . The branching ratio can be expressed as

BR(b—sy)=

where the semileptonic branching
—cev)=(10.49+0.46)% and

mgGIZZ| ch|2

s 9, (41)

SL™

wherez=mZ/m2 andg(z)=1-8z+8z°— z*— 127%log z.

IV. NUMERICAL RESULTS

114006-7



MARIANA FRANK AND SHUQUAN NIE PHYSICAL REVIEW D 65 114006

0.0015 T T T 0.0025
0.0020 -
0.0010 - =
_ o 0.0015 |
A
= I
T
® 4]
A Y
é 0.0010 |- N
o
o 0.0005
0.0005 -
\:\-\ ‘K:-;_J;’// S N
0.0000 1o - L = T e el I L L I - 0.0000 1 L il L
2.0 4.0 6.0 8.0 100 120 140 160 180 20.0 100.0 300.0 500.0 700.0 900.0

tan R

FIG. 2. Supersymmetric contributions to BR{sy) as a func-
tion of tang, obtained whemz=300 GeV, u=100 GeV, M_ FIG. 3. Supersymmetric contributions to BR{>sy) as a func-
=Mg=500 GeV, andn,=200 (300 GeV [dasheddot-dashel. tion of the mass of the gluinong, obtained when tag=5, u
The full contribution formy=200 GeV is also showfsolid). The =100 GeV, M =Mg=500 GeV, and my=100 (300 GeV

range of acceptable values of branching ratios is given. [dashed(dot-dashej]. The full contribution form,=100 GeV is
also shown(solid). The range of acceptable values of branching

tang are allowed only for a heavier supersymmetric masgatios is given.
spectrum. For sgn) <0, the range of acceptable interme-
diate values of tap increases. For example, = Note that foru—0 the branching ratio drops outside the
—100 GeV, the larger range t#h=22-33 is allowed. We allowed range. This phenomenon occurs because the mixing
note that constraints on supersymmetry with large@avere  term obtained from flipping chirality on the gaugino leg de-
studied in Ref.[24] where tanB—enhanced chargino and couples. We reject such small values of theparameter
charged Higgs contributions were resummed to all orders ipecause the chargino and neutralino masses are smaller than
perturbation theory. the existing experimental bounds.
In Fig. 2, we also present the curve correspondingigo The branching ratio fob— sy is sensitive to the universal
=300 GeV with the other parameters the same. It can b&calar massn, in the region of small masses only. Fag,
seen that the supersymmetric contributions to the branchings400 GeV, the branching ratio reaches its QCD-corrected
ratio are very small as the masses of scalar quarks are largealue and is stable against further variations in the scalar
than the present experimental limits. mass. In this scenario, the neutralinos and gluinos are light
As a general feature of the LRSUSY branching ratio, in a
large region of parameter space, the chargino contribution i 0.0015 ' ,
comparable to that of the gluino, while the neutralino contri-
bution is always smaller. We investigate the dependence o
the branching ratio on the gluino mass, for a light squark
scenario. The chargino and neutralino masses are light an
nI/M g~0O(1), a scenario favored by recent analyses of the
anomalous magnetic moment of the my@s]. We present =
the results in Fig. 3. The gluino is constrained to be heavier
than 300 GeV, albeit for a very light supersymmetric spec-
trum, close to experimental limits. 0,005 - |
In Figs. 4 and 5, we investigate the dependence of the ——
branching ratio ob—svy on the sign and magnitude of the U
Higgsino mixing parameter. There have been indications i
that the new accurate measurements of the anomalous may

0.0010

>$
N

BR(b—

netic moment of the muon restrict the parameter to be 0.0000 ‘ T
positive, while b—sy favors a negative sign. For a light 2000 2500 300.0 350.0 400.0
squark-gaugino scenario, and low f@nthe bound onb o (Gen

—sy is satisfied for either sign of the parameter. In Fig. 4 FIG. 4. Supersymmetric contributions to BR(sy) as a func-

one could see that a restricted region of intermediate valuson of «, obtained when tag=5, m;=300 GeV, M, =Mg

for u with sgn(u)>0 is allowed by the experimental con- =500 GeV, andm,= 100 (300) GeV [dashed(dot-dashef. The
straints onb— sy, in the 225-325 GeV region. The param- full contributionm,=100 GeV is also showfsolid). The range of
eter space is less restrictive far negative, to—175 GeV. acceptable values of branching ratios is given.
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0.00050 . . : 0.0015
0.00040 | |
= 0.0010 |
T 0.00030 2
® &
7 £
Fe] m
£
om
0.00020 |
L 0.0005 |
0.00010 - —.—. _ el 1 )
0-00009 300 1500 Z100.0 50,0 0.0 0:0%%00.0 600.0 800.0 1000.0 1200.0
W (GeV) Mgp (Gev)
FIG. 5. Supersymmetric contributions to BR{:sv) as a func- FIG. 7. Supersymmetric contributions to BR¢sy) as a func-

tion of u, obtained when tag=5, mz=300 GeV, M =My  tion of Mg, obtained when tag=5, my=300 GeV, u
=500 GeV, andmy=150 (300 GeV [dashed(dot-dashel. The =~ =100 GeV, my=100 (300 GeV [dashed(dot-dashed, and M

full contributionmy=150 GeV is also showfsolid). The range of =Mg is assumed. The full contributiom,=100 GeV is also
acceptable values of branching ratios is given. shown(solid). The range of acceptable values of branching ratios is
given.

and tarnB=5. This situation is not unlike the dependence of

the SM contribution on thé-quark masg4,8]. This depen- ~approximatelyM, =Mg [26]. For light squarks, Higgsinos,

dence is shown in Fig. 6. and gluinos, the gaugino mass must be heavy, in the 600—
In all the previous figures we set the left- and right- 800 GeV range.

handed gaugino masses to the same value. This allowed a

large contribution to the decay ratio bf-sy to come from B. The unconstrained LRSUSY

the right-handed sector. We investigate in Fig. 7 the depen-

dence of the branching ratio on the gaugino mass. Compared ;

to the right-handed gauge sector, the restriction on the rig expect that th? soft param.eters would be flavgr blind, or

handed gaugino scale is not as severe. There exist scenarfgét they would violate flavor in the same way as in the SM.

in which the right-handed symmetry is broken at the same’Ukawa couplings generally form a matrix in the generation

scale as supersymmetry; we expect in those cases to ha§Bace and the off-diagonal elements will lead naturally to
flavor changing radiative decays. Neutrino oscillations, in

particular, indicate strong flavor mixing between the second
and third neutrino generations, and various analyses have
been carried out assuming the same for the charged sleptons.
In the quark/squark sector, the kaon system strongly limits
0.0006 | 1 mixings between the first and the second generations; but
‘; constraints for the third generation are much weaker, and
0.0005 1 1 expected to come frorh—sy. The unconstrained LRSUSY
i JEEPPEEr e model, similar to the unconstrained MSSM, allows for new
0.0004 1 sources of flavor violation between the second and third
0.0003 || ] families only, both chirality conse_rvingLL and R_R) and
' ', chirality flipping (LR and RD. We will assume that intergen-
\"‘. 2 erational mixing occurs in the down-squark mass matrix only

When supersymmetry is softly broken, there is no reason

0.0008 T T

0.0007 |

Y)

BR(b—>s

o0 \ K and that the up-type squark mass matrix is diagonal.
0.0001 | \\/’ ] With the definition of the mass insertion as in E2j7), we
can investigate the effect of intergenerational mixing on the
0.0009 00 5000 7000 %0 b—>Sy.dec.ays. In the MSSM, thg branch.ing ra;io is domi-
nated in this case by the gluino diagram, in particular by the
Mo (@) chirality flip part of the gluino contribution, due to the,/«

FIG. 6. Supersymmetric contributions to BR¢-sy) as a func-  andMg/my, enhancements, respectively. In this case only the
tion of m,, obtained when tag=5, m;=300 GeV, M, =M,  9lUino scenario is analyzed in the MSSM, and found to be
=500 GeV, andu=100 GeV (dashedl The full contribution is dominated byc??gL [20]. In LRSUSY, the situation is differ-
also shown(solid). The range of acceptable values of branchingent: the chargino graph contribution is comparable to that of
ratios is given. the gluino for a large range of gaugino masses.
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0.0004 -
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0.0002
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0.0006

0.0005 -

0.0004

0.0003 |

0.0002

0.00010 0.0001

.05 0.00 0.05 0.05 0.00 0.05

8 d1Rr23 SdRL2a

FIG. 8. Dependence of BR{-sSy) 0n &y g 23, Obtained when FIG. 9. Dependence of BR(=Sy) 0N 8y g, 23, Obtained when
tang=5, u=500 GeV, andM =Mz=500 GeV. The different tang=5, =500 GeV, andM,=Mg=500 GeV. The different
lines correspond to different valuesxof m2/mg , 0.16(solid), 0.64 lines correspond to different valuesxof m2/m2, 0.16(solid), 0.64
(dashegi and 1.44(dot-dashell m, is fixed to be 500 GeV. The (dashed, and 1.44(dot-dashefl m, is fixed to be 500 GeV. The
range of acceptable values of branching ratios is given. range of acceptable values of branching ratios is given.

We keep our analysis general, but to show our results, we
select only one possible source of flavor violation in thegluino masses quite different from in the MSSM, where
squark sector at a time, and assume that the others vanistalues centered around | ,3=0 were favored20]. The
All diagonal entries in the squark mass matrix are set equa#ame is true for the parameté§ gg o3 Which in MSSM was
and we study the branching ratio as a function of their comfestricted slightly only for=100% values, but in LRSUSY
mon valuem(z) and the relevant off-diagonal element. In Fig. regions of restrictions are centered around 50%, and increase
8 we show the dependencelpf- sy as a function 0y | g -3 with gluino mass for fixed scalar mass; again, any negative
when this is the only source of flavor violation. The horizon-values are ruled out by the experimental bounds in the pa-
tal lines represent the range of values allowed experimentallj@meter region considered.

for the branching ratio. The ratio is plotted as a function of In Ref. [28], a detailed analysis of FCNC ar@P con-
different values for the ratiox:mg/mg. Fixing m, straints on these parameters was presented. For the decay

=500 GeV, this corresponds to gluino masses of 200 GeV_SY» Only poor constraints ondy, 3 existed, while
400 GeV, and 600 GeV, respectively. Negative values o15deRv23 was found to be constrained strongly. This is com-
d4.LRr 23 @re more constrained than positive values, but in any

case Jq r23=<4%. This flavor violating parameter is 0.00080 N ‘
strongly constrained because through &g 3 term the N ;
helicity flip needed forb—sy can be realized in the ex- NN :
change particle loop. Comparison with the MS$RD,27] 000050 1 AN D

shows that this parameter is more constrained in LRSUSY, . /
but only slightly. X

The situation is very different when the only source of
flavor violation is 84 |23, @s shown in Fig. 9. MSSM re-
sults for b—sy are symmetric aroundy g ,3=0 and the
experimental bounds are satisfied for any small values ol
dqrLz3- INn LRSUSY, essentially no negative values of
d4 rL 23 Satisfy the bounds, and this flavor violating param- 0.00020
eter is less restricted thafy | g o3 for the same values of the
squark and gluino masses.

In Figs. 10 and 11 we plot the dependence of the branch: 0.000t0
ing ratio of b—sy on the chirality conserving mixings ’
d4.LL 23aNd 0y R 23, respectively, with the proviso that these
are the only off-diagonal matrix elements in the squark mass FIG. 10. Dependence of BR(-+sy) on 8, | »3, Obtained when
matrix squared. Although the restriction is not as pronouncethn3=5, ©=400 GeV, andM, =Mz=500 GeV. The different
as the one for chirality flipping parameters, nonetheless thénes correspond to different values o mg/mg, 0.16(solid), 0.64
parameteBy | | »3is more restricted if it is negativieo 50%9 (dashed and 1.44(dot-dashefl m, is fixed to be 500 GeV. The
than if positive(where almost all values are allowed for large range of acceptable values of branching ratios is given.

)

0.00040 -

BR{b—>$

0.00030 - = .

05 0.0 0.5 1.0

S a0

114006-10



b—sy IN THE LEFT-RIGHT SUPERSYMMETRIC MODEL PHYSICAL REVIEW D 65 114006

0.00060 T

Ul

0.00050

0.00040

0.00030 |
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FIG. 12. The Feynman rules used in the calculation.

BR(b->s 7)

0.00020

the MSSM. Here, however, the chargino graphs are compa-
rable to the gluino contributions. The model puts stricter con-
straints on the chirality flipping mass mixing% | r 23 and
, ‘ , d4.rL23 than on the chirality conserving flavor mixing pa-
-05 0.0 0.5 1.0 rameters dq | 23 and 4 rro3. The difference between
BaAR2a LRSUSY and the MSSM is quite striking in restrictions on
FIG. 11. Dependence of BR(>Sy) On &,rrzs Obtained the chirality conservingy | »3 and dq rr23- AS opposed to
when tan3=5, =500 GeV, andM, =Mz=500 GeV. The dif- the MSSM where both negative and positive values of these
ferent lines correspond to different values ofmz/m2, 0.16  Parameters are allowed, LRSUSY severely restricts the range
(solid), 0.64(dashed, and 1.44(dot-dashef my is fixed to be 500 of negative values. This is understood as a consequence of

GeV. The range of acceptable values of branching ratios is given.the left-right structure of the gauge-gaugino sector. For
dd.rRr23, there seems to be a small range of disallowed val-

ues in a narrow range around 50%. If the dominant sources
of flavor violation come from chirality conserving sflavor
mixing, the MSSM and LRSUSY allow for a distinguishably
different range of parameters.

0.00010 |

0.00000
-1.0

patible with our analysis even though only the gluino-
mediated contribution to the decay was considered there.

V. CONCLUSIONS

We have presented a detailed and complete analysis of all ACKNOWLEDGMENTS
one-loop contributions to the branching ratiosf> sy in the
LRSUSY model. We analyzed separately the case in which This work was funded by NSERC of Canada
the only source of flavor violation comes from the quark (SAP0105354
sector(CKM matrix). We refer to that case as the constrained
LRSUSY model, in analogy with the MSSM. If we allow for APPENDIX
soft supersymmetry intergenerational mixing in the squark
sector, new sources of flavor violation can occur; we refer to The relevant Feynman rules used in the calculation are
that case as the unconstrained LRSUSY model and we anéisted in this appendix. The three vertices of gluino-quark-
lyze it and compare it to the MSSM under similar conditions.squark, chargino-quark-squark, and neutralino-quark-squark
The model contains too many parameters to allow for d@nteractions are represented in Fig. 12. From the first graph
precise restriction on any single one. However, as a general
feature, some constraints arise for low squark masses. In the — a (pki p ki
constrained LRSUSY case, for intermediate gluino- M Igs\/ET“ﬁ(FQLPL F'orPR). AD
neutralino masses, the parameter is favored to be such that
uIM| g~0O(1), and a largeregion of parameter space sat-
isfies the experimental constraints for sgi&0 than for
sgn(uw)>0. A small range of low or intermediate values o
tang is allowed for such a choice: for larger values of fan

whereP| = (1% vys5)/2, T? are SU3) color generators nor-
malized to Tr{r*T?) = 62/2; andl",  are mixing matrices
¢ for scalar quarks. From the second graph

the gaugino, Higgsino, and squark masses must be higher. (I=—igC (G —H{R P,
The branching ratio is relatively insensitive to values of ki i
squark masses above 500 GeV, where the branching ratio +(GUr—HULIPrI, (A2)

becomes equal to its QCD-corrected value. For a light
neutralino-chargino scenario, the mass of the gluino must beshereC is the charge conjugation operatan spinor space
=300 GeV. For a gluino mass of order 300 GeV and veryand the chargino-quark-squark mixing matri¢gandH are
light squarks =100 GeV), the left and/or right gaugino defined as
masses must be in the 600—800 GeV range.
For the unconstrained LRSUSY model, assuming flavor G =vx (Kekm) it Tul»
mixing only between the second and third generations in the
down-squark mass mixing matrix, the branching ratio is "
dominated by the internal chirality flipping diagrams, as in Glir=Uj2(Kckm)it (T ur)ki »
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Hik ey
= - ot .
Ut 2m,, \sing % cosp T

X (Kekm)it(Tu) s

jki ( m IRV m RV
= . x4 3
Hur 2my, sm,B’Vl3 cosg 14

X (Kekm)it(Tyr)ki - (A3)

Finally, the contribution from the third graph is

()=—ig[(v2G, +HLS )P
— (V2GS g—HES PR, (A4)

where the neutralino-quark-squark mixing matri¢gs and
H, are defined as

PHYSICAL REVIEW D 65 114006

iki i 4 1 3 H ’
GopL=| sin6ywQqyNj; + m(Td—QdSIHZGW)N]—Z
veos 20y, Qu+Qq
" oosty 2 Nis|(Kexmli(ToLw
R e
\cos 2y
_— 3 i ’
" cosby (T~ Qqsir?ow)Nj

X (Kekm)it(Tpr)i »

Hiki 1 m, N+ Mg, N/
0bL J2m,, \ sinB 15" cosp 17

X (Kekm)it(Tp )i s

OR™ 2m,,\sinB 1° " cosp 7
X (Kekm)it(Tpr)ki - (A5)
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