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Lepton polarization asymmetry in B˜K „* …l1l2
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We investigate the longitudinal lepton polarization asymmetry in the exclusive processesB→Kl1l2 and
B→K* l1l2. We include both short- and long-distance contributions to the asymmetry in our discussions. W
find that average values of the polarization asymmetries of the muon andt for B→K (* )m1m2 and
B→K (* )t1t2 are20.8 ~20.7! and20.2 ~20.5!, respectively.@S0556-2821~96!05321-0#
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I. INTRODUCTION

As is well known, the study ofB-meson physics is impor-
tant in the determination of the elements of the Cabibb
Kobayashi-Maskawa~CKM! @1# matrix of charged-current
weak couplings. In addition, it could shed light on physi
beyond the standard model. Recently, much interest@3# has
been centered on rareB-meson decays induced by the flavo
changing neutral currentb→s transition due to the CLEO
measurement of the radiativeb→sg decay@2#. In the stan-
dard model, these rare processes do not occur at tree
and appear only at the quantum~loop! level. The short-
distance~SD! contributions to the decays involving theb→s
transition are dominated by loops with the top quark a
they are basically free of the uncertainties in the CKM p
rameters. The rareB-meson decays are, thus, a good probe
heavy top quark physics as well as physics beyond the s
dard model.

It has been pointed out by Aliet al. @4# that, in the stan-
dard model, the measurement of the forward-backw
asymmetry of the dileptons in the inclusive deca
b→sl1l2 provides information on the short-distance cont
butions dominated by the top quark loops. Recently, it h
been emphasized by Hewett@5# that the longitudinal lepton
polarizations, which are other parity-violating observabl
are also important asymmetries. In particular, thet polariza-
tion in b→st1t2 mode could be accessible to theB facto-
ries currently under construction. It is interesting to note th
the dilepton forward-backward asymmetry of the exclus
decaysB→Ml1l2 is identically zero whenM are pseudo-
scalar mesons such asp andK, but nonzero whenM are
vector mesons such asr andK* . However, the longitudinal
lepton polarizations for the exclusive modes are nonzero
both cases of pseudoscalar and vector mesons. In this p
we will examine these lepton polarization asymmetries
the exclusive decays ofB→Kl1l2 and B→K* l1l2, in
which we only concentrate on the muon andt dileptonic
modes since the electron polarization is hard to be meas
experimentally. In our discussions, we will use the results
the relativistic quark model by the light-front formalism@6,7#
on the form factors in the hadronic matrix elements betwe
theB meson and the kaons.

The paper is organized as follows. In Sec. II, we give t
general effective Hamiltonian in the standard model for t
rare dilepton decays of interest. We study the exclusive
cays ofB→Kl1l2 andB→K* l1l2 in Sec. III and Sec. IV,
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respectively. Our conclusions are summarized in Sec. V.

II. EFFECTIVE HAMILTONIAN

The effective Hamiltonian relevant tob→sl1l2 based on
an operator product expansion is given by@8#

Heff5
4GFl t

A2 (
i51

10

Ci~m!Oi~m!, ~1!

whereGF denotes the Fermi constant,l t5VtbVts* are the
products of the CKM matrix elements. TheOi(m) are the
operators

O15~ s̄agmLba!~ c̄bgmLcb!,

O25~ s̄agmLbb!~ c̄bgmLca!,

O35~ s̄agmLba!@~ ūbgmLub!1•••1~ b̄bgmLbb!#,

O45~ s̄agmLbb!@~ ūbgmLua!1•••1~ b̄bgmLba!#,

O55~ s̄agmLba!@~ ūbgmRub!1•••1~ b̄bgmRbb!#,

O65~ s̄agmLbb!@~ ūbgmRua!1•••1~ b̄bgmRba!#,

O75
e

16p2 mb~ s̄asmnRba!Fmn ,

O85
e2

16p2 ~ s̄agmLba! l̄gml ,

O95
e2

16p2 ~ s̄agmLba! l̄gmg5l ,

O105
g

16p2 mb~ s̄asmnTab
a Rbb!Gmn

a , ~2!

whereR(L)5(16g5)/2. HereFmn andG mn
a are the electro-

magnetic and strong interaction field strength tensors, ande
andg are the corresponding coupling constants, respective
In the standard model with the dimension six operator bas
O1 andO2 are current-current operators,O3 ,...,O6 are usu-
ally QCD penguin operators,O7 andO10 are magnetic pen-
guin operators, andO8 andO9 are semileptonic electroweak
5636 © 1996 The American Physical Society
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operators. TheCi in Eq. ~1! are the corresponding Wilso
coefficients. They are calculated first at a renormaliza
scaleMW and then scaled down to a mass of ordermb using
the renormalization group equations. It is known that
coefficientsC3 ,...,C6 are small and, thus, the contributio
of the corresponding operators can be neglected. Moreo
the operatorO10 does not contribute to the decay
b→sl1l2. Hence, the relevant operators of our study
O1 , O2 , O7 , O8 , and O9 , respectively. At the scale
m5MW , one has@9#

C1~MW!50,

C2~MW!521,

C7~MW!5 1
2A~x!,

C8~MW!5
1

sin2uW
B~x!1

2114 sin2uW
sin2uW

C~x!

1D~x!2
4

9
,

C9~MW!5
21

sin2uW
B~x!1

1

sin2uW
C~x!, ~3!

wherex5mt
2/M W

2 and

A~x!5xF2x2/315x/1227/12

~x21!3
2
3x2/22x

~x21!4
lnxG ,

B~x!5
1

4 F 2x

x21
1

x

~x21!2
lnxG ,

C~x!5
x

4 Fx/223

x21
1
3x/211

~x21!2
lnxG ,

D~x!5
219x3/36125x2/36

~x21!3

1
2x4/615x3/323x2116x/924/9

~x21!4
lnx. ~4!

BecauseO1 and O2 produce dilepton via virtual~vector!
photon, they can be incorporated intoO8 in the later calcu-
lation. From Eq.~1! and Eq.~2!, we obtain the amplitude fo
the inclusive processB→Xsl

1l2 @5#:

M5
GFa

A2p
l t(C8

effs̄LgmbLl̄g
ml1C9s̄LgmbLl̄g

mg5l

22C7mbs̄Lismn

qn

q2
bRl̄g

ml ). ~5!

The coefficientsC8
eff , C9 , andC7 are given by@10#
n
tion

the
ns
ver,
of
are

r

C7~mb!5h216/23@C7~MW!2 58
135~h10/2321!C2~MW!

2 29
189~h28/2321!C2~MW!#,

C8
eff~mb!5C8~mb!1@3C1~mb!1C2~mb!#

3S h~m̂c ,ŝ!2
3

a2 k

3 (
Vi5J/c,c8

pG~Vi→ l l !MVi

q22MVi
1 iM Vi

GVi
D ,

C9~mb!5C9~MW!, ~6!

where

C1~mb!5 1
2 ~h26/232h12/23!C2~MW!,

C2~mb!5 1
2 ~h26/231h12/23!C2~MW!,

C8~mb!5C8~MW!1
4p

as~MW! F2
4

33
@12h211/23!

1
8

87
~12h229/23!GC2~MW!. ~7!

Here m̂c5mc/mb , h5as(mb)/as(MW), a5e2/4p, ŝ
5q2/mb

2 with q2 being the invariant mass of the dilepton,
andh(m̂c ,ŝ) arising from the one-loop contributions ofO1
andO2 is given by

h~z,ŝ!52 4
9 lnz

21 8
271 4

9 y2 2
9 ~21y!Au12yu

3FQ~12y!S ln 11A12y

12A12y
1 ip D

1Q~y21!2 arctanS 1

Ay21
D G , ~8!

wherey[4z2/ ŝ. The last term ofC8
eff(mb) in Eq. ~6! is the

long-distance~LD! contribution mainly due to theJ/c and
c8 resonances@11#, and the factork must be chosen such that
k[3C1(mb)1C2(mb)].21 in order to reproduce correctly
the branching ratio@4#

B~B→J/cX→Xll̄ !5B~B→J/cX!B~J/c→ l l̄ !. ~9!

III. LONGITUDINAL LEPTON POLARIZATION
IN B˜Kl1l2

The hadronic matrix elements of the operatorsO1 , O2 ,
O7 , O8 , andO9 between theB meson and the pseudoscala
K meson are given in terms of form factors as@6,7,10,12#

^pKus̄gm~17g5!bupB&5F1~q2!Pm1F2~q2!qm , ~10!

^pKus̄ismnq
n~16g5!bupB&

5
1

mB1mK
@Pmq

22~mB
22mK

2 !qm#FT~q
2!, ~11!
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whereP[pK1pB andq[pK2pB . In this paper, we use the
form factors given by the relativistic constituent quark mod
in Refs. @6# and @7#. The model is based on the light fron
formalism, in which the form factorsF1 , F2 , andFT are
taken to be approximately as

F~q2!5
F~0!

12q2/L1
21q4/L2

4 . ~12!

Here the parametersL1 andL2 are determined by the firs
and second derivative ofF(q2) atq250. The values ofF(0)
andL1,L2 for the various form factors used can be found
Table I of Ref. @7#. When lepton mass~for l5e or m! is
negligible,qm terms in Eqs.~10! and ~11! give no contribu-
tions to the decay rate and which is the case studied in R
@6# and @7#. However, the contributions have to be consi
ered for thet dileptonic channel ofB→Kt1t2. In this case,
one cannot takeF2 as zero. The form factorF2 has been
examined in Ref.@13#, and it is found to be

F2.2F1~mB
21mK

2 !/~mB
22mK

2 !. ~13!

F2 can be extracted from other methods, such as that fr
heavy quark symmetry~HQS! @14#. In this method, one has

F25F11
2mBFT

mB1mK
. ~14!

The differential decay rate is given by

dG~B→Kl1l2!

dŝ

5
GF
2 ul tu2mB

5a2

3•29p5 Df1/2F FUC8
effF12

2C7FT

11Ar U
2

1uC9F1u2GfS 11
2t

ŝ D 112uC9u2tF ~11r2 ŝ/2!F1
2

1~12r !F1F21
1

2
ŝF2

2 G G , ~15!

where

t5ml
2/mB

2, r5mK
2 /mB

2, ŝ5q2/mB
2,

f5~12r !222ŝ~11r !1 ŝ2, D5A124t/ ŝ. ~16!

We note that the rate in Eq.~15! is a general form with
mlÞ0 and it agrees with that given in Ref.@15#. The differ-
ential branching ratios,dB/dŝ[dG/~Gtotdŝ!, as a function of
ŝ for B→Km1m2 andB→Kt1t2 decays are displayed in
Figs. 1~a! and 1~b!, respectively. Here we have used th
mt5180 GeV and Gtot.mb

5GF
2 uVcbu

2/(64p3) with mB
.mb55 GeV. The dashed and solid lines in Figs. 1~a! and
1~b! represent the results with and without the LD contrib
tions from the resonance states, respectively. It is noted
the solid line for the decay ofB→Kt1t2 in Fig. 1~b! is
similar to the corresponding figure in Ref.@15#.
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For the dilepton decays of theB meson, the longitudinal
polarization asymmetry~LPA! of the lepton,PL , is defined
as

PL~ ŝ!5
dGh521 /dŝ2dGh51 /dŝ

dGh521 /dŝ1dGh51 /dŝ
, ~17!

where h511 (21) means right~left! handedl2 in the
final state anddG/dŝmeans the differential decay rate of the
B meson. In the standard model, the polarization asymme
tries in Eq.~17! for B→Kl1l2 andB→K* l1l2 come from
the interference of the vector or magnetic moment and axia
vector operators. For the decay ofB→Kl1l2, it is found that

PL~ ŝ!52DfF1C9S F1ReC8
eff22

FT

11Ar
C7D Y R, ~18!

whereR is given by

FIG. 1. Differential branching ratios for~a! B→Km1m2 and
~b! B→Kt1t2 as a function ofŝ5q2/mB

2 with mt5180 GeV. The
dashed and solid lines correspond to the results with and withou
the LD contributions from the resonance states, respectively.
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R5S UC8
effF12

2C7FT

11Ar U
2

1uC9F1u2D fS 11
2t

ŝ D
112uC9u2t@~11r2 ŝ/2!F1

2 1~12r !F1F21 1
2 ŝF2

2 #.

~19!

In Figs. 2~a! and 2~b!, takingmt5180 GeV, we show the
LPAs for B→Kl1l2 as a function ofŝ with l5m and t,
respectively. The LPAs for both cases vanish at the thre
olds and oscillate in the resonance regions ofq2.Mc(c8)

2

and they also reach zero at the end points. However, we
that if ml50, the LPA in Eq.~18! has a finite value at the
maximal end point ofŝmax5(12mK/mB)

2. From Figs. 2~a!
and 2~b!, we find that, away from the resonance regions a
end points,PL( ŝ) of the muon dilepton channel is aroun
20.9, while that of thet is between20.2 and20.3 for
0.6< ŝ<0.8. The average values of the LPAs are20.8 and
20.2, respectively. Finally, we remark that Figs. 1 and
were drawn by using the form factorF2 in Eq. ~13!. The
curves in Figs. 1 and 2 are nearly unchanged if one uses
form factor ofF2 formulated in Eq.~14!.

FIG. 2. Longitudinal polarization asymmetries of~a! the muon
in B→Km1m2 and ~b! the t in B→Kt1t2 as a function of
ŝ5q2/mB

2 with mt5180 GeV. Legend is the same as in Fig. 1.
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IV. LONGITUDINAL LEPTON POLARIZATION
IN B˜K* l1l2

The hadronic matrix elements of the operators in Eq.~5!
between the external statesB andK* for the exclusive decay
of B→K* l1l2 are @7#

^pK* us̄gm~17g5!bupB&5
1

mB1mK*
@ iV~q2!emnabe* nPaqb

6A0~q
2!~mB

22mK*
2

!em*6A1~q2!

3~e*P!Pm6A2~q2!~e*P!qm#,

~20!

^pK* us̄ismnq
n~16g5!bupB&5 ig~q2!emnabe* nPaqb

6a0~q
2!~mB

22mK
2 !

3Fem*2
1

q2
~e* q!qmG

6a1~q2!~e*P!

3FPm2
1

q2
~Pq!qmG , ~21!

where P5pB1pK* and q5pB2pK* . The terms corre-
sponding toA2 in Eqs.~20! and~21! are important only for
the mode ofB→K* t1t2. Similar to Eq.~13!, one has that
@13#

A2.2A1~mB
21mK*

2
!/~mB

22mK*
2

!. ~22!

From Eqs.~5!, ~20!, and ~21! we obtain the differential
decay rate ofB→K* l1l2 as

dG~B→K* l1l2!

dŝ
5
GF
2mB

5 ul tu2

8p3

a2

16p2 Df1/2

3F S 11
2t

ŝ D S ŝ

mB
2 a1

b

3
f D 1tdG ,

~23!

where the definitions ofa andb are the same as in Ref.@10#
with choosing zero values ofC78 , C88 , andC98 and

d5
uC9u2

2~11Ar !2
H 22fuVu223~12r !2uA0u2

1
f

4r
@2~11r !2 ŝ#uA1u21

f ŝ

4r
uA2u2

1
f

2r
~12r !Re~A0A1* 1A0A2* 1A1A2* !J . ~24!

The forms ofr andf are the same as that in Eq.~16! with
the replacementmK→mK* . The differential branching ratios
as a function ofŝ for B→K*m1m2 andB→K* t1t2 de-
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cays are shown in Figs. 3~a! and 3~b!, respectively, with
mt5180 GeV. In Eq.~23!, the lepton mass is kept to be
nonzero and it is consistent with the result given in@10# for
theB→K* l1l2 decay by taking the limit ofml50.

From Eq.~17!, the LPA inB→K* l1l2 is found to be

PL~ ŝ!5
D
3

C9

11Ar S ReC8
eff

11Ar
Sav2

2C7

ŝ
SatD Y R,

~25!

where

R5S 11
2t

ŝ D S ŝ

mB
2 a1

b

3
f D 1td,

Sav5V2FV1A0
2FA

01A1
2 FA

11A0A1FA
01 ,

Sat5gVFV1a0A0FA
01

a0A11a1A0

2
FA
011a1A1FA

1 ,

~26!

with

FIG. 3. Same as Fig. 1 but for~a! B→K*m1m2 and ~b!
B→K* t1t2.
FV5 ŝf,

FA
05

1

8r
~12r !2@~12r !222ŝ110rŝ1 ŝ2#,

FA
15

1

8r
f2,

FA
015

1

4r
f~12r !~12r2 ŝ!. ~27!

In Figs. 4~a! and 4~b!, we plot the LPAs as a function ofŝ for
B→K*m1m2 and K* t1t2, respectively, withmt5180
GeV. From Fig. 4, we see thatPL(B→K* l1l2) for both
l5m andt vanish at the minimal end point ofŝ54ml

2/mB
2

due to the kinematic factorD in Eq. ~25!. However, in con-
trast with the cases inB→Kl1l2 shown in Figs. 2~a! and
2~b!, PL(B→K* l1l2) with l5m and t are not zero at the
maximum ofŝmax5(12mK* /mB)

2. This is due to the fact that
the numerator in Eq.~18! has extra zero fromf at ŝmax
whereas it does not containf in Eq. ~25!. Similar to the
cases ofB→Kl1l2, PL(B→K*m1m2) has a large negative
value over most of the allowed range ofŝ, with an aver-
age value ^PL(B→K*m1m2)&520.7 while for the
t1t2 channel, the average t polarization is

FIG. 4. Same as Fig. 2 but for~a! B→K*m1m2 and ~b!
B→K* t1t2.
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^PL(B→K* t1t2)&520.5. Finally, we note that our result
in Figs. 3 and 4 are insensitive to the values ofA2 predicted
in the different form factor models.

V. CONCLUSIONS

We have investigated the longitudinal polarization asy
metries of the muon andt in the exclusive processes o
B→Kl1l2 andB→K* l1l2. The average values of the po
larization asymmetries of the muon andt are found to be
20.8 and20.2 forB→Km1m2 andB→Kt1t2, and20.7
and20.5 forB→K*m1m2 andB→K* t1t2, respectively.
These polarization asymmetries provide valuable inform
tion on the flavor changing loop effects in the standa
model. From Figs. 1 and 3, we find that the total integra
branching ratios ofB→K (* )l1l2 are 0.5~1.4!31026 and 1.3
s

m-
f
-

a-
rd
ted

~2.2!31027 with l5m and t, respectively. Experimentally
to measure an asymmetryA of a decay with the branching
ratio B at the ns level, the required number of events
N5n2/(BA2). For example, to observe thet polarizations at
the both exclusive channels ofB→K (* )t1t2, one needs a
least 1.83107n2 BB̄ decays. Therefore, at theB factories
under construction, some of the asymmetries could be ac
sible.

ACKNOWLEDGMENTS

We thank C. W. Hwang for showing their recent resu
@13# on the hadronic form factors to us. This work was su
ported in part by the National Science Council of the Rep
lic of China under Grant No. NSC-85-2112-M-007-031.
@1# N. Cabibbo, Phys. Rev. Lett.10, 531 ~1963!; M. Kobayashi
and T. Maskawa, Prog. Theor. Phys.49, 652 ~1973!.

@2# CLEO Collaboration, M. S. Alamet al., Phys. Rev. Lett.74,
2885 ~1995!.

@3# For a recent review, see J. L. Hewett, inSpin Structure in High
Energy Processes, Proceedings of the SLAC Summer Institute
on Particle Physics, Stanford, California, 1993, edited by L
DePorcel and C. Dunwoodil~SLAC Report No. 444, Stanford,
1994!, pp. 463–475, and references therein, Report No. he
ph/9406302~unpublished!.

@4# A. Ali, T. Mannel, and T. Morozumi, Phys. Lett. B273, 505
~1991!.

@5# J. L. Hewett, Phys. Rev. D53, 4964~1996!. See also F. Kru¨ger
and L. M. Sehgal, Phys. Lett. B380, 199 ~1996!.

@6# W. Jaus, Phys. Rev. D41, 3394~1990!.
@7# W. Jaus and D. Wyler, Phys. Rev. D41, 3405~1990!.
.

p-

@8# B. Grinstein, M. B. Wise, and M. Savage, Nucl. Phys.B319,
271 ~1989!.

@9# T. Inami and C. S. Lim, Prog. Theor. Phys.65, 297 ~1981!.
@10# C. Greub, A. Ioannissian, and D. Wyler, Phys. Lett. B346, 149

~1995!.
@11# C. S. Lim, T. Morozumi, and A. I. Sanda, Phys. Lett. B218,

343 ~1989!; N. G. Deshpande, J. Trampetic, and K. Panose,
Phys. Rev. D39, 1461 ~1989!; P. J. O’Donnell and H. K. K.
Tung, ibid. 43, R2067~1991!.

@12# N. G. Deshpande and J. Trampetic, Phys. Rev. Lett.60, 2583
~1988!; G. Burdman, Phys. Rev. D52, 6400~1995!; P. Colan-
gelo et al., ibid. 53, 3672 ~1996!; W. Roberts,ibid. 54, 863
~1996!.

@13# C. W. Hwang, in preparation; C. Y. Cheung, C. W. Hwang,
and W. M. Zhang, Report No. hep-ph/9602309~unpublished!.

@14# N. Isgur and M. B. Wise, Phys. Rev. D42, 2388~1990!.
@15# D. Du, C. Liu, and D. Zhang, Phys. Lett. B317, 179 ~1993!.


