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Supersymmetric effects on the forward-backward asymmetries ofB\Kt¿tÀ
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Leptonic and semileptonic rare decays ofB mesons provide significant~both theoretically and experimen-
tally! signatures of any new physics beyond the standard model~SM!. More specifically the decayB
→K,2,1 has been theoretically observed to be very sensitive to new physics, as the forward-backward~FB!
asymmetry in this decay mode vanishes in the SM. Supersymmetry, however, predicts a nonvanishing value of
this asymmetry. In this work we will study the polarized lepton pair FB asymmetry, i.e. the FB asymmetry of
the lepton when one~or both! final state lepton~s! are polarized. We will study these asymmetries both within
the SM and for supersymmetric corrections to the SM.
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I. INTRODUCTION

Lately there has been enormous progress in the stud
flavor physics, where theB system has provided us with on
of the most ideal environments for this type of study. Of t
decay modes considered, theoretically and experiment
the study of the ‘‘rare decays’’ of B mesons is of particula
interest. Here the namerare has been given to those deca
modes which arise from flavor changing neutral curre
~FCNC!. FCNC processes are absent at the tree level in
standard model~SM! but can occur through loop diagram
their strength being proportional to the Fermi consta
FCNC processes involving, for exampleb→s and b→d
transitions are therefore more sensitive to the details of
SM interactions and thus are suited to the study of poss
new physics beyond the SM. Theoretically inclusive FCN
processes such asB→Xs(d),

1,2 are relatively cleaner than
their exclusive counterparts, since they are relatively in
pendent of the quark structure of the hadrons involved. T
are however difficult to measure experimentally~for details,
refer to Chap. 7 in Ref.@1#! and one may expect a substant
amount of experimental information regarding various exc
siveB decay processes fromB factories. Amongst the impor
tant FCNC exclusiveB-decay processes are B→ charmless
meson1g and B→ charmless meson1lepton pair. This sec-
ond process potentially provides a very rich set of exp
mental observables involving various momenta and spin
larization correlations. It is thus important to theoretica
calculate all possible measurable parameters of these
cesses.

In recent times there have been many calculations of s
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processes such asB→K(K* ),1,2 @2–4#, B→p(r),1,2

@5#, Bs,d→,1,2 @6# andBs,d→,1,2g @7#. Amongst these,
the ones involving a quark levelb→s transition are expected
to have relatively large branching ratios. For theB
→K* ,1,2 transition possible experimentally accessible p
rameters such as forward-backward asymmetry, lepton po
ization asymmetry, etc., have been studied@2,4,8,9#. In par-
ticular, polarization correlations between the two lepto
which were suggested recently by Bensalemet al. @10#, have
also been studied in the context of this process@11#. In this
paper we carry out an analysis of the polarized forwa
backward~FB! asymmetries in the processB→K,1,2.

The theoretical basis for the study of FCNCB-decay pro-
cesses is now a well established formalism based on the
erator product expansion and use of the renormaliza
group @12#. The formalism ultimately produces an effectiv
Hamiltonian for every process involving low dimension
hadronic operators, in the form of currents, with numeri
multiplying coefficients called the Wilson coefficients. Th
Wilson coefficients encrypt short distance properties of
weak Hamiltonian and are sensitive to physics beyond
SM at high energy scales, in particular, to supersymme
extensions of the SM. A great deal of theoretical work h
gone, in recent times, to evaluating their values both wit
the SM and in the context of the minimal extension of t
standard model~MSSM!. Evaluation of the matrix element
of the hadronic currents on the other hand involves the r
tively long distance quark structure of the hadrons. The m
ideal way to evaluate them would be through lattice gau
theory calculations, which do not exist for allB-meson pro-
cesses at the moment. Alternatively, one relies on evaluat
based on light cone sum rules and these also have been
piled for a variety of processes. We shall make extensive
of these in our calculations.

This paper is organized as follows. In Sec. II we w
discuss the effective Hamiltonian for the process under c
sideration. In Sec. III we will introduce our notation for th
©2004 The American Physical Society18-1
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polarized FB asymmetry. Finally, in Sec. IV we will prese
results of our numerical analysis and the conclusions.

II. EFFECTIVE HAMILTONIAN

In this paper we are interested in the processB
→K,2,1, which has the basic quark level transitionb
→s. The effective Hamiltonian for such a transition has be
summarized in the literature@12#. The effective Hamiltonian
is arrived at by integrating out the heavy degrees of freed
from the full theory. In the SM the heavy degrees of freed
areW6,Z and the top quark; in the MSSM all the new SUS
particles shall also be counted. From such considerations
arrive at the effective Hamiltonian@13,29–31#,

He f f5
4GF

A2
VtbVts* F(

i 51

10

Ci~m!Oi~m!1(
i 51

10

CQi
~m!Qi~m!G

~2.1!

where theOi are the current-current (i 51,2), penguin (i
53, . . . ,6), magnetic penguin (i 57,8) and semileptonic (i
59,10) operators, whereas theCi(m) are the corresponding
Wilson coefficients renormalized at scalem. The value of
these coefficients has been given in Refs.@14,15#. The addi-
tional operatorsQi ( i 51, . . . 10) andtheir corresponding
Wilson coefficients are due to the neutral Higgs bos
~NHB! exchange diagrams and are given in Refs.@6,13,30#.

Different FCNC decays involve different combinations
Ci ’s and CQi

’s and thus provide us with independent info
mation on these coefficients. At the quark level the transit
b→sg is sensitive only to the magnitude ofC7, whereas
the semileptonic transitionb→s,2,1 is sensitive to
C9 ,C10,CQ1

andCQ2
as well.1

From the effective Hamiltonian given in Eq.~2.1! the de-
cay amplitude forB→K,2,1 is calculated to be

M5
aGF

A2p
VtbVts* H 22C7

e f f mb

q2
~ s̄ismnqnPRb!~ ,̄gm, !

1C9
e f f~ s̄gmPLb!~ ,̄gm, !1C10~ s̄gmPLb!~ ,̄gmg5, !

1CQ1
~ s̄PRb!~ ,̄, !1CQ2

~ s̄PRb!~ ,̄g5, !J ~2.2!

where q is the momentum transferred to the lepton pa
given asq5p21p1 , wherep2 andp1 are the momenta o
,2 and,1 respectively. TheVtbVts* are the CKM factors and
PL,R5(17g5)/2. In writing the above matrix element~and
in future analysis! we will neglect the mass of the strang
quark, whereas lepton masses shall be retained.

The free quark decay amplitude given in Eq.~2.2! con-
tains certain long distance effects which are absorbed in

1It has also been shown in many works thatb→s,2,1 is sensi-
tive even to the signs of these Wilson coefficients and hence
decay channel will provide information not only on the magnitu
but also the sign of these coefficients.
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redefinition of theC9 Wilson coefficient~where we use the
prescription given in Ref.@16#!,

C9
e f f~ ŝ!5C91Y~ ŝ!. ~2.3!

TheY( ŝ) part has a perturbative as well as a nonperturba
part. The origin of the nonperturbative part is from the res
nance corrections to the perturbative quark loops@which
gives the perturbative contribution toY( ŝ)]. We will also use
the usual Breit-Wigner prescription to take care of the re
nant contribution@9,16#. This prescription implies adding
resonant terms toC9

e f f ,

C9
res}k (

V5c

m̂VBr~V→,2,1!Ĝ total
V

ŝ2m̂V
21 im̂VĜ total

V
~2.4!

where all the symbols above have been explained in
work of Krüger and Sehgal@9#. For the phenomenologica
factor,k, we will choose a value 2.3.

Using the definitions of the form factors given in Appe
dix A we can write the matrix element given in Eq.~2.2! as

M5
aGF

2A2p
VtbVts* $A~pK!m~ ,̄gm, !1B~pK!m~ ,̄gmg5, !

1C~ ,̄, !1D~ ,̄g5, !% ~2.5!

where the coefficientsA,B,C andD in Eq. ~2.11! are given
as2

A54 f T

m̂bC7
e f f

11m̂K

12 f 1C9
e f f ~2.6!

B52 f 1C10 ~2.7!

C5 f 0

12m̂K
2

m̂b

CQ1
~2.8!

D5 f 0

12m̂K
2

m̂b

CQ2
12m̂,C10f 1

22m̂, f 1

12m̂K
2

ŝ
C1012m̂, f 0

12m̂K
2

ŝ
C10. ~2.9!

With the above expression of the matrix element, E
~2.5!, we can obtain the expression for the differential dec
rate as

is
2In writing Eq. ~2.11! we have used the equations of motio

pm,̄gm,50; pm,̄gmg5,52m,( ,̄,).
8-2
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dG

dŝ
5

a2GF
2mB

5

212p5
uVtbVts* u2l1/2A12

4m̂,
2

ŝ
nup ~2.10!

where

n5
2

3
lS 11

2m̂,
2

ŝ
D uAu21

2

3 FlS 11
2m̂,

2

ŝ
D 124m̂K

2 m̂,
2G uBu2

14~ ŝ24m̂,
2!uCu214ŝuDu2

18m̂,~12m̂K
2 2 ŝ!Re~B* D ! ~2.11!

with l511m̂K
4 1 ŝ222m̂K

2 ŝ22m̂K
2 22ŝ. In the next section

we will use this expression for the differential decay rate
introduce and define the polarized FB asymmetries, follow
by our analytical expressions for these asymmetries.

III. POLARIZED FB ASYMMETRIES

Firstly we will define the polarization vectors of,2 and
,1, where in this definition we will use the convention fo
lowed in many earlier works@2,3,9,11#. In order to evaluate
the polarized FB asymmetries we introduce a spin projec
operator defined byN5(11g5S” x)/2 for ,2 and M5(1
1g5W” x)/2 for ,1, wherex5L, N, or T ~corresponding to
the longitudinal, normal and transverse polarization asym
tries respectively!. Next we define the orthogonal unit vec
torsSx for ,2 andWx for ,1 in the rest frames of,2 and,1

respectively as

SL
m[~0,eL!5S 0,

p2

up2u D
SN

m[~0,eN!5S 0,
pK3p2

upK3p2u D ~3.1!

ST
m[~0,eT!5~0,eN3eL!

WL
m[~0,wL!5S 0,

p1

up¿u D
WN

m[~0,wN!5S 0,
pK3p1

upK3p¿u D
WT

m[~0,wT!5~0,wN3wL! ~3.2!

wherep2,p1 and pK are the three momenta of,2,,1 and
the K-meson in the dilepton center-of-mass~CM! frame.
From the rest frames of the leptons we boost the four vec
Sx andWx to the dilepton CM frame. Only the longitudina
vectorsSL andWL will be boosted by the Lorentz transfo
mation, to a value of

SL
m5S up2u

m,
,

E,p2

m,upÀu D
WL

m5S up2u
m,

,2
E,p2

m,up2u D ~3.3!
05401
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whereE, is the energy of either of the leptons~both having
the same energy in this frame! in the dileptonic CM frame.

The definition of the differential forward-backward~FB!
asymmetry is given in Refs.@8,17#,

Ā~ ŝ!5E
0

1 d2G

dŝdz
dz2E

21

0 d2G

dŝdz
dz. ~3.4!

Consider the case where we shall not sum over the spin
the outgoing leptons. In general the FB asymmetry will b
function of the spins of the final state leptons, and as s
can be defined as

Ā~s2,s1,ŝ!5E
0

1 d2G~s2,s1!

dŝdz
dz2E

21

0 d2G~s2,s1!

dŝdz
dz.

~3.5!

From an experimental viewpoint the normalized FB asy
metry is more useful. Therefore we shall normalize the ab
expression@Eq. ~3.5!# for the FB asymmetry by dividing by
the total decay rate,

A~s2,s1,ŝ!5
Ā~s2,s1,ŝ!

dG/dŝ
. ~3.6!

In analogy to the prescription given in Bensalemet al. @10#
we can split this FB asymmetry into various polarizati
components,3

A~s2,s1!5A1Ai
2si

21Ai
1si

11Ai j si
1sj

2 ~3.7!

where i , j 5L,T,N are the longitudinal, transverse and no
mal components of the polarization. Using this definition w
can write the single and double lepton polarized FB asy
metries. From Eq.~3.7! the single polarized lepton FB asym
metry can be written as

Ai
25A~s25 i ,s15 j !1A~s25 i ,s152 j !

2A~s252 i ,s15 j !2A~s252 i ,s152 j !

~3.8!

Ai
15A~s25 j ,s15 i !1A~s252 j ,s15 i !

2A~s25 j ,s152 i !2A~s252 j ,s152 i !

~3.9!

and the doubly polarized FB asymmetry can be written a

Ai j 5A~s25 i ,s15 j !2A~s25 i ,s152 j !

2A~s252 i ,s15 j !1A~s252 i ,s152 j !.

~3.10!

3The convention followed is that the repeated index is summ
over.
8-3
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Using the above expressions of the FB asymmetries the
sults of the unpolarized FB asymmetry are evaluated to

A52m̂,lA12
4m̂,

2

ŝ

Re~A* C!

n
. ~3.11!

From the expression given above and Eq.~2.8!, we can see
that the unpolarized FB asymmetry is proportional toCQ1

.
This point has been emphasized in many earlier wo
@5,18#. In the SM, CQ1

is absent and hence for the dec

modesB→K(p),1,2 the FB asymmetry within the SM
vanishes. However, in SUSY~and 2HDM! extensions of the
SM there exists a nonvanishing value ofCQ1

, and hence a
nonvanishing value of the FB asymmetry@5,18# is possible.
Therefore a nonvanishing value of the FB asymmetry can
regarded as a clear signal of new physics beyond the SM

The analytical results of the polarized FB asymmetries

AL
25

4l1/2m̂,

nup
@m̂,~211m̂K

2 1 ŝ!Re~A* B!

2m̂,Re~A* D !# ~3.12!

AN
250 ~3.13!

AT
25

4m̂,

3ŝn
A12

4m̂,
2

ŝ
l Re~A* B! ~3.14!

AL
15AL

2 ~3.15!

AN
150 ~3.16!

AT
15AT

2 ~3.17!

ALL5A ~3.18!

ALN5
4m̂,

3Aŝn
A12

4m̂,
2

ŝ
l Im~A* B! ~3.19!

ALT5
4m̂,

3Aŝ
A12

4m̂,
2

ŝ
l

uAu2

n
~3.20!

ANL5ALN ~3.21!

ANN52A ~3.22!

ANT54m̂,l1/2
~12m̂K

2 2 ŝ!m̂,Im~A* B!1Im~A* D !

n
~3.23!

ATL52ALT ~3.24!

ATN5ANT ~3.25!

ATT5A ~3.26!
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wheren is given in Eq.~2.11! andA is the unpolarized FB
asymmetry given in Eq.~3.11!. We will discuss the above
obtained expressions of the various FB asymmetries
present our numerical analysis of the same in the next
tion.

IV. NUMERICAL ANALYSIS, RESULTS AND CONCLUSION

In this section we shall present our numerical analysis
the observables whose analytical expressions were give
the previous section. We will also present the variation of
the observables with the dilepton invariant mass.

As it is experimentally more useful to have the avera
values of these quantities we shall present our results as
average values of these quantities, where we will define
averages as

^A&[

E
(3.64610.02)2/mB

2

(mB2mK)2/mB
2

A
dG

dŝ
dŝ

E
(3.64610.02)2/mB

2

(mB2mK)2/mB
2 dG

dŝ
dŝ

~4.1!

which means that in calculating the average we have ta
the lower limit of integration to be above the first resonanc4

The input parameters of our numerical analysis are define
Appendix B, and our SM predictions of the integrated o
servables are given in Table I.

Before discussing our results we shall first elaborate
the models in which we have performed our numeri
analysis. We have worked with the minimal supersymme
extension of the standard model~MSSM!, this being the sim-
plest SUSY extension of the SM with the least number
parameters introduced@19#. But even in the MSSM we are
required to introduce a large number of parameters, over
above the number of parameters in the SM. To ease out
problem and to reduce such a large number of paramete
a more manageable level, many models have been in
duced such as the dilaton, moduli, minimal supergrav
~MSUGRA! @20#, AMSB ~anomaly mediated SUSY break
ing! @21# and the GMSB~gauge mediated SUSY breaking!
@22# models. The generic feature of all these models is t
they assume some sort of unification of the parameters of
MSSM at a higher scale. In the literature the MSUGR
model is also known as the CMSSM~constraint MSSM!
@23#. We shall further assume that the soft SUSY break
parameters are real. For our numerical analysis we will
two types of SUGRA ~supergravity! models, namely
MSUGRA and RSUGRA~relaxed SUGRA! which we de-

4The first resonance here means the resonance after the thre
of the decay, which iss>4mt

2 .

TABLE I. The SM predictions for the integrated observables

Br(B→Kt2t1) A AL
2 AT

2 ALN ALT ANT

1.1731027 0 0.363 20.097 0.023 0.187 .0847
8-4
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scribe. In both these models it is believed that the SU
breaking occurs in a hidden sector and is communicate
the visible sector only by gravitational-strength interactio
As such, soft breaking terms are assumed to be flavor b
~like gravitational interactions!.

In the MSUGRA model along with the unification of th
coupling constantsg1,2,3 @of the U~1!, SU~2! and SU~3!
gauge theories#, the other unification conditions are as fo
lows: ~i! unification of the gaugino masses (m1/2), ~ii ! unifi-
cation of the scalar~sfermion and Higgs! masses (m0), and
~iii ! unification of the trilinear couplings~A!, all at the GUT
scale. There are two other parameters. The first is the rat
VEV ~vacuum expectation value of two Higgs boson!,
namely tanb. The second arises in the process of evolv
the soft SUSY breaking parameters from the GUT scale
the electroweak scale and then imposing the correct low
ergy electroweak symmetry breaking condition. This con
tion fixes the magnitude ofm ~the two Higgs coupling pa-
rameter!, however, the sign still remains uncertain.5 The sign
of m thus also enters taken as a parameter.

Therefore, in all MSUGRA frameworks we have five p
rameters, namely

m1/2, m0 , A, tanb and sgn~m! ~4.2!

Unification of all the scalars and also all the gauginos is
an essential requirement of SUGRA models. One can h
models where either all the scalars do not have a unive
mass at GUT scale or there is a nonuniversality of gaug
masses at the GUT scale. We shall also explore suc
model, where we would relax the condition of the univers
ity of the scalar masses at the GUT scale@24#. In the litera-
ture these models are known as nonminimal SUGRA mod
@24#. We will call such a model the relaxed SUGR
~RSUGRA! model. We will assume that the values
squarks and the Higgs sector scalar masses differ at the
scale. This shall introduce another parameter into the mo
We will take this additional parameter as the mass of
pseudoscalar Higgs boson (mA). However for our numerica
analysis we will consider only the region of the SUGR
parameter space which is consistent with theB→Xsg 95%
C.L. @1,25#,

231024<Br~B→Xsg!<4.531024.

We present our results for the various decay rates and as
metry parameters considered in Figs. 1–21. The branc
fractions of the decays considered are of course too low to
observed with the current luminosities of theB factories, but
they will certainly be possible in the foreseeable future.
can be seen from the expressions of the polarized FB as
metry, they are sensitive to the Wilson coefficients that a
only beyond the standard model, and thus a measureme
these would be one more test of physics beyond the SM

5There are many conventions followed regarding the sign ofm.
Our convention is such thatm appears in the chargino mass matr
with a positive sign@where the (g22)m giving the parameterm a
negative sign is disfavored#.
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We now turn to the uncertainties in the estimates we
tained, where the Wilson coefficients we used are in the N
approximation and do not introduce significant uncertainti
The CKM parameters typically have uncertainties of the
der of 10%@26# while the other SM parameters involved d
not suffer from any large uncertainties. The SUSY para
eters are input parameters. For a particular choice of par
eters the major uncertainty in our results arises from the d
nition of the form factors used. They typically have a 15
uncertainty@27#. There are regions in the SUSY parame
space where SUSY effects exceed the kind of errors wh
are introduced by the form factor definition, for example t
graph of the branching ratio of the mode concerned,B
→K,2,1 in Figs. 1, 2, and 3. Of course, at the prese
level an uncertainty of 20% modifications arising fro
SUSY or any other physics beyond the SM, or levels le
than this, would not be distinguishable from SM results. W
however, emphasize that the null polarization results wh
we have pointed out for some of the double polarizat

FIG. 1. The differential decay ratedG/dŝ againstŝ. The param-
eters for the MSUGRA model arem05400 GeV, m1/2

5500 GeV, tanb540 andA50. The additional parameter for th
RSUGRA models is taken to bemA5345 GeV.

FIG. 2. Br(B→Kt2t1) variation with tanb in MSUGRA for
various values of m0. Other model parameters arem1/2

5500 GeV,A50.
8-5
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asymmetries~for a mixture ofB0 andB0̄) do not depend on
the parameters. The experimental deviation of these f
null values would indicate the presence of interactions
yond the one considered here, or may indicate the sourc
CP violation in the SUSY extension, for example a compl
value ofm.

Regarding our numerical analysis we have presented
the observables in Sec. III, where the plots are given for
the possible observables with the dilepton invariant m
( ŝ), in Figs. 1, 4, 7, 10, 13, 16, and 19 for the SM
MSUGRA and RSUGRA models. We have also tested
sensitivity of the observables to various MSSM paramet
For this purpose we have also presented the results of
averaged values of the observables. For averaging we
used the procedure defined in Eq.~4.1!. The plots of aver-
aged observables with tanb for various values ofm0 are
given in Figs. 2, 5, 8, 11, 14, 17, and 20 in the MSUGR
model. The other model parameters are given in respec
figure captions. In the RSUGRA model we have plotted
averaged value of the observables as a function of pse

FIG. 3. Br(B→Kt2t1) variation with mA in RSUGRA for
various tanb values. Other model parameters arem05500 GeV,
m1/25500 GeV,A50.

FIG. 4. Unpolarized FB asymmetry with dilepton invariant ma

ŝ. Other parameters are of MSUGRA and RSUGRA.
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scalar Higgs mass (mA) for various values of tanb in Figs.
3, 6, 9, 12, 15, 18, and 21.

As can be seen from the plots all the observables are v
sensitive to the various MSSM parameters, both in
MSUGRA and RSUGRA models, as may have been
pected. However, these plots of the deviation of the obse
ables from their respective SM values are more pronoun
for the RSUGRA model than the MSUGRA model. This
essentially due to the additional parameter in the RSUG
model, which is controlled by the pseudoscalar Higgs ma
The value of the new Wilson coefficients corresponding
scalar and pseudoscalar operators is directly proportiona
tan3b andmA

2 , and the lower the value ofmA , the higher the
value of those Wilson coefficients. Similarly, the higher t
tanb, the higher the new Wilson coefficients. We effective
have for the RSUGRA model a lowmA and high tanb re-
gion of MSSM parameter space also available which c
generate large values of the new Wilson coefficients. T
was not the case in the MSUGRA model.

In Fig. 2 we have plotted of the integrated branching ra
in the MSUGRA. The integrated branching ratio can, at be

FIG. 5. Integrated FB asymmetry variation with tanb in
MSUGRA model. Other parameters are the same as given in Fi

FIG. 6. Integrated FB asymmetry variation withmA in
RSUGRA model, with other model parameters as given in Fig.
8-6
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FIG. 7. AL
2 variation withŝ. Other parameters of MSUGRA an

RSUGRA model are the same as given in Fig. 1.

FIG. 8. ^AL
2& variation with tanb in MSUGRA model for vari-

ous values ofm0. Other model parameters are as given in Fig.

FIG. 9. ^AL
2& variation withmA in RSUGRA model for various

values of tanb. Other model parameters are as given in Fig. 3.
05401
FIG. 10. AT
2 with ŝ. Other parameters are the same as given

Fig. 1.

FIG. 11. ^AT
2& with tanb in MSUGRA, with other parameters

the same as in Fig. 9.

FIG. 12. ^AT
2& with mA in RSUGRA, with other parameters th

same as in Fig. 10.
8-7



t

io
S
c
o

o
on

t
a
u

t
o
e

i
-

in

CHOUDHURY et al. PHYSICAL REVIEW D 69, 054018 ~2004!
be 4 to 5 times the SM branching ratio for low values ofm1/2
and very high values of tanb. However, for the RSUGRA
model there can be a much higher enhancement to
branching ratio~as given in Fig. 3! when compared to the
SM value for lowmA and high tanb. As can be seen from
the other graphs of the averaged observables, the var
observables show marked deviation from their respective
values for a very wide region of the MSSM parameter spa
This deviation cannot be explained solely on the basis
uncertainties in the form factors~which are at worst 15%!.
Thus such variations, if observed in futureB factories, could
be very useful in testing the underlying operator structure
the theory and in fixing the numerical value of the Wils
coefficients.

There is also a further aspect to our results in relation
CP asymmetry. Consider the FB asymmetry of the conjug
processb→st1t2, where due to the smallness of the co
pling of theb-quark with theu-quark the CKM-factor in all
amplitudes involving theb→s transition, like the presen
one, will essentially be an overall factor. In the version
supersymmetry that we have considered and the param

FIG. 13. ALN with ŝ. Other parameters are the same as given
Fig. 1.

FIG. 14. ^ALN& with tanb in MSUGRA, with other parameters
the same as in Fig. 9.
05401
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f

f
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n
FIG. 15. ^ALN& with mA in RSUGRA model, with other param

eters the same as in Fig. 10.

FIG. 16. ALT with ŝ. Other parameters are the same as given
Fig. 1.

FIG. 17. ^ALT& with tanb in MSUGRA, with the other param-
eters being the same as in Fig. 9.
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FIG. 18. ^ALT& with mA , with the other parameters the same
in Fig. 10.

FIG. 19. ANT with ŝ. Other parameters are the same as given
Fig. 1.

FIG. 20. ^ANT& with tanb in MSUGRA, with other parameters
the same as in Fig. 9.
05401
space thereof, there are no extraCP-violating phases. Thus
in calculating decay rates the phase will be washed away
we have in effect aCP-invariant theory. The asymmetries o

the process b→st2t1 and the conjugate processb̄

→ s̄t1t2 are thus related. In fact the unpolarized FB asy
metry for theb→s transition will vanish in an untagged~CP
even! sample@28#. Defining the forward and backward direc
tions as referring to thet2 and denoting the asymmetries o

the conjugate process byĀ, we get

Āi j 5pi j Aji ~4.3!

with the parity factorpi j equaling21 for all i ’s and j ’s
except for the combinationsLN andNT. If we have an un-

tagged sample containing an equal number ofB’s and B̄’s,
then just as in the unpolarized sample, the asymmetries
served for the combinationsLL, NN, TT as well as for (LT
1TL) will vanish. However, for the combinations (LN
1NL) and (NT1TN), the asymmetries will add up. W
thus have a situation in these two cases wherein a meas
ment of FB asymmetry for an untagged sample can lead
meaningful non-null valued comparison between theory a
experiment.
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FIG. 21. ^ANT& with mA in RSUGRA model, with the other
parameters the same as in Fig. 10.
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APPENDIX A: FORM FACTORS

The form factors for theB→K transition are given in Ref
@8#:

^K~pK!us̄gmbuB~pB!&

5 f 1F ~pB1pK!m2
mB

22mK
2

q2
qmG1 f 0

mB
22mK

2

q2
qm

~A1!

^K~pK!us̄smnqnbuB~pB!&

5 i
f T

mB1mK
@~pB1pK!mq22qm~mB

22mK
2 !# ~A2!

where q(5p11p2) is the sum of four momenta,2 and
,1, i.e. the momentum transfer;f 1 , f 0 and f T are the form
factors. Multiplying Eq.~A1! by qm and by using the equa
tions of motion we get

^K~pK!us̄buB~pB!&5 f 0

~mB
22mK

2 !

mb
~A3!

where all the other matrix elements vanish.
For the form factorsf 1 , f 0 and f T we will take the pa-

rametrization
,

.

D

L.

D
tt.

05401
F~ ŝ!5F~0! exp~c1ŝ1c2ŝ21c3ŝ3! ~A4!

where the values of the parameters are given in Table II

APPENDIX B: INPUT PARAMETERS

mB55.26 GeV, mb54.8 GeV, mc51.4 GeV

mm50.106 GeV, mt51.77 GeV, mw580.4 GeV,

mz591.19 GeV

VtbVts* 50.0385, a5
1

129
, mK50.49 GeV,

GB54.22310213 GeV

GF51.1731025 GeV22.

TABLE II. Form factors forB→K transition.

f 1 f 0 f T

F(0) 0.319 0.319 0.355
c1 1.465 0.633 1.478
c2 0.372 20.095 0.373
c3 0.782 0.591 0.700
tt.

.

,

ev.
ll

ys.

od.
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