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Lepton polarization asymmetry in B—K )|+~
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We investigate the longitudinal lepton polarization asymmetry in the exclusive prod@ssé&d “1~ and
B—K*1*1~. We include both short- and long-distance contributions to the asymmetry in our discussions. We
find that average values of the polarization asymmetries of the muon rafut B—>K(*),u+,uf and
B—K®)z* 7~ are —0.8(—0.7) and —0.2 (—0.5), respectively[S0556-282(96)05321-]

PACS numbd(s): 13.20.He, 13.88:¢e

I. INTRODUCTION respectively. Our conclusions are summarized in Sec. V.

As is well known, the study oB-meson physics is impor-
tant in the determination of the elements of the Cabibbo-
Kobayashi-MaskawdCKM) [1] matrix of charged-current  The effective Hamiltonian relevant to—sl*1~ based on
weak couplings. In addition, it could shed light on physicsan operator product expansion is given [}
beyond the standard model. Recently, much intei@shas
been centered on raB2meson decays induced by the flavor- AGpN 0
changing neutral curreri—s transition due to the CLEO Heir= N El Ci(pw)Oi(u), ()
measurement of the radiative— sy decay[2]. In the stan-

dard model, these rare processes do not occur at tree levghere G- denotes the Fermi constant,=V, V7, are the

and appear only at the quantufoop) level. The short-  products of the CKM matrix elements. TH@(u) are the
distance(SD) contributions to the decays involving the-s  operators
transition are dominated by loops with the top quark and

Il. EFFECTIVE HAMILTONIAN

they are basically free of the uncertainties in the CKM pa- O1=(sa¥*Lba)(cpy,Lcp),
rameters. The rarB-meson decays are, thus, a good probe of _ _
heavy top quark physics as well as physics beyond the stan- O2=(Sa7"Lbp)(Cpy,lca),
dard model. _ - —
It has been pointed out by A#t al.[4] that, in the stan- Oz=(S,v*Lbo)[(ugy,Lug)+ -+ +(bgy,Lbg)],

dard model, the measurement of the forward-backward o . —
asymmetry of the dileptons in the inclusive decays — Oa=(Sa¥“Lbg)[(Ugy,Lu,)+---+(bgy,Lb,)],
b—slI*I~ provides information on the short-distance contri- o o —

butions dominated by the top quark loops. Recently, it has ~ Os=(S,v*Lb,)[(ugy,Rug)+---+(bgy,Rbg)],
been emphasized by Hew¢8] that the longitudinal lepton .
polarizati_ons, which are othgr parity—vi_olating obser_vables, Op= (S, ¥*Lbp)[(Ugy,RU,) +---+(bgy,Rb,)],
are also important asymmetries. In particular, tgolariza-

tion in b—s7" 7~ mode could be accessible to tBefacto-

ries currently under construction. It is interesting to note that O7= 1572 Mo(Sa0™"RDo)F 1y,
the dilepton forward-backward asymmetry of the exclusive

decaysB— MI "1~ is identically zero wherM are pseudo- e2 -
scalar mesons such asand K, but nonzero wherM are OsZW (Sa¥*Lb )1yl
vector mesons such asandK*. However, the longitudinal

lepton polarizations for the exclusive modes are nonzero for 5

both cases of pseudoscalar and vector mesons. In this paper
we will examine these lepton polarization asymmetries for
the exclusive decays oB—KI*I~ and B—K*I"|7, in
which we only concentrate on the muon andlileptonic
modes since the electron polarization is hard to be measured
experimentally. In our discussions, we will use the results of
the relativistic quark model by the light-front formalig®,7] ~ whereR(L)= (1= ys)/2. HereF ,, andG f‘w are the electro-
on the form factors in the hadronic matrix elements betweemagnetic and strong interaction field strength tensors,eand
the B meson and the kaons. andg are the corresponding coupling constants, respectively.
The paper is organized as follows. In Sec. Il, we give theln the standard model with the dimension six operator basis,
general effective Hamiltonian in the standard model for theO; andO, are current-current operato@g,...,O are usu-
rare dilepton decays of interest. We study the exclusive deally QCD penguin operator§), and O,y are magnetic pen-
cays ofB—KI"1~ andB—K*| "1~ in Sec. lll and Sec. IV, guin operators, an@g andOg4 are semileptonic electroweak

e _ PR
Oo=15-2 (SaV“Lba)l v, sl

g _
Olozm mb(sacr””TiﬂRbB)GZV, 2
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operators. TheC; in Eq. (1) are the corresponding Wilson
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Cr(mp) = _16/2107(MW)_135(7710/23 1)Cy(My)

coefficients. They are calculated first at a renormalization

scaleMy, and then scaled down to a mass of ordgrusing

— Zs(779=1)Cy(Mw)],

the renormalization group equations. It is known that the

coefficientsCs, ...,

Cg are small and, thus, the contributions

CEfi(mp) = Cg(my) +[3C1(My) + Co(My)]

of the corresponding operators can be neglected. Moreover,

the operatorO,, does not contribute to the decay of
~. Hence, the relevant operators of our study are

b—sl*l
0;, O,, O;, Og, and Oy, respectively. At the scale
u=M,,, one haq9]

C1(My) =0,
Co(My)=—

Co(Mw)=32A(x),

1 —1+4sirf oy
Cs(Mw)—S?—B(X) B C(x)
4

+DX)— 3.

1
)+ SiPow C(x), 3

-1
CQ(MW):SWH_WB(X

wherex=m?/M 3, and

2x2/3+5x/12— 712 3x%/2—x
(x—1)° =) ™

A(X)=x

_1 X
B(X)— — 1+me

c X X/2_3+3X/2+1I
=71 %=1 x—1)2 ™)

—19x3/36+ 25x2/36
(x—1)3
—x*6+5x3/3— 3x%+ 16x/9— 4/9
(x—1)*

D(x)=

Inx.

(4)

BecauseO; and O, produce dilepton via virtualvecton
photon, they can be incorporated iy in the later calcu-
lation. From Eq(1) and Eq.(2), we obtain the amplitude for
the inclusive procesB— X 1~ [5]:

Gra
M = éw M(CE™S y, bl v+ CoSLy,bil vyl

—2C,mysiia,, %2 bl y41).

5

The coefficientsC§", Cy, andC,, are given by[10]

A 3
X h(mc,s)—? K
'n'l_'(Viﬂll)MVi

X .
+iMy Iy )’

V=l qz_ My
Co(mp) =Co(My), (6)
where

Ly OB 2B Cy(My,),

(,’7 6/23+ ,’712/2:‘5C (MW)

Cy(my) =

Ca(my) =

4 4
Cg(mp) =Cg(My) + as(—’\:w) {_@[1_ n~ 123

8
+§(1_ ﬂzg/z%}cz(Mw)- (7)

Here m.=mJmy, 7=aymy)/ayMy), a=e*4mr, §
=g%/m2 with g being the invariant mass of the dilepton,
andh(m,,s) arising from the one-loop contributions &f;
andO, is given by

h(z.8)=—35 InZ>+ 25 +5y—5(2+y)V[1-y]|
1+1-
X ®(l—y)< In —y+i7T
1-Vil-y

®

1
+0(y—1)2 arcta
wherey=47?/s. The last term ofC§"(m) in Eq. (6) is the
long-distanceLD) contribution mainly due to thé/ and
/' resonancegll], and the factok must be chosen such that
k[3C;(m,) +C5(my)]=—1 in order to reproduce correctly
the branching rati¢4]

B(B—JIyX—XI1)=B(B— I yX)BIIp—I11).  (9)

IIl. LONGITUDINAL LEPTON POLARIZATION
IN BoKIHI~

The hadronic matrix elements of the operat@s, O,
05, Og, andOg4 between théB8 meson and the pseudoscalar
K meson are given in terms of form factors[&s7,10,12

(Pk[S$Yu(1F ¥5)b|pe)=F . (q*)P,+F _(d?)a,, (10

(pklsio,,q" (1% ys)b|pg)

1 2 2 2 2
= mB+ Mg [Pﬂq _(mB_mK)q,u]FT(q )! (11)
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whereP=py+ pg andg=px—pg . In this paper, we use the 10
form factors given by the relativistic constituent quark model
in Refs.[6] and[7]. The model is based on the light front
formalism, in which the form factor& ., F_, andF are 8
taken to be approximately as _
. F(0) 1 £ °
(0= T q@AZ g AL (12 5
54
Here the parameters; and A, are determined by the first ;,f
and second derivative &f(q?) atg?=0. The values oF (0) o,
andA4,A, for the various form factors used can be found in
Table | of Ref.[7]. When lepton massfor |=e or w) is
negligible,q,, terms in Eqs(10) and(11) give no contribu- 00.0 1.0
tions to the decay rate and which is the case studied in Refs. (@)
[6] and[7]. However, the contributions have to be consid-
ered for ther dileptonic channel oB— K" . In this case, 3 :
one cannot tak& _ as zero. The form factoF _ has been | !
examined in Ref[13], and it is found to be i
Lo
F_=—F,.(m3+m2)/(mi—m2). (13 ~2| ,” |
s !
g |1 /)
F_ can be extracted from other methods, such as that from 5 ';' l‘
heavy quark symmetriHQS) [14]. In this method, one has = [
-~ |
[ ~1 Fi
2mBFT ,\[—12 ,'
F_—F++mB+mK. (14 =)
The differential decay rate is given by o , , ‘
0.5 0.6 0.7 0.8 0.9
dr(B—KI*17) (b) q/my’
ds

FIG. 1. Differential branching ratios fofa) B—Ku ™ u~ and
2 (b) B—K7" 7~ as a function o= g?/m3 with m,=180 GeV. The

2 2~25 2
= M D3 CgﬁF+— 2C7Fr dashed and solid lines correspond to the results with and without
3-2%m 1+ \/F the LD contributions from the resonance states, respectively.
2t . -
+|CoF 4|2 p| 1+ = | +12Cl?t| (1+r1—8/2)F2 For the dilepton decays of th& meson, the longitudinal
S polarization asymmetryLPA) of the lepton,P,, is defined
1 as
+(1—r)F+F_+§§F2_ : (15
b (3= dly-_1/ds—dl,-,/ds 1
where ()= 4, /d5rdr,_, /a5’ an
t=m?/m3, r=m2/m3, §=qg%mj,
y an ™ _ whereh=+1 (—1) means right(left) handed| ™ in the
¢=(1-r)"=2s(1+r)+s% D=yl-4t/s. (16) final state andil'/dS means the differential decay rate of the

B meson. In the standard model, the polarization asymme-

We note that the rate in Eq15) is a general form with
m,;#0 and it agrees with that given in R¢lL5]. The differ-

ential branching ratiogB/ds=dI'/(T,,d$), as a function of
sfor B»Ku'"u~ andB—K7" 7 decays are displayed in

tries in Eq.(17) for B—KI*1~ andB—K*|*I~ come from
the interference of the vector or magnetic moment and axial-
vector operators. For the decay®f K| *1~, it is found that

Figs. a and Xb), respectively. Here we have used that

m,=180 GeV and I'y=mGE|V,|?/(647°) with mg
=m,=5 GeV. The dashed and solid lines in Fig$a)land

1(b) represent the results with and without the LD contribu-

FTC) R, (18
+\/F7 !()

PL(8)=2D¢F ,Cqy| F,ReC"™—2 .

tions from the resonance states, respectively. It is noted that

the solid line for the decay oB—K 7" 7~ in Fig. 1(b) is
similar to the corresponding figure in R¢L5].

whereR is given by



1.0

0.7 0.8 0.9
2 2
q/mg

0.6

(b)

FIG. 2. Longitudinal polarization asymmetries @) the muon
in B—Ku*u~ and (b) the 7 in B—Kr" 7~ as a function of
$=g%/m3 with m,=180 GeV. Legend is the same as in Fig. 1.

C,F4|?

2
C§'F ., —

RN
+12/Co?[(1+r—8/2)F2 +(1—1)F,F_+38F2].
(19

2t
R: 1+T
S

+|C9F+|2>¢

In Figs. 4a) and Zb), takingm,=180 GeV, we show the
LPAs for B—KI*I~ as a function ofs with |=u and 7,

respectively. The LPAs for both cases vanish at the thresh-

olds and oscillate in the resonance regionsq?ﬁzMiW)

and they also reach zero at the end points. However, we note
that if m;=0, the LPA in Eq.(18) has a finite value at the

maximal end point 0,,,,=(1—mc/mg)2. From Figs. 2a)

and 2b), we find that, away from the resonance regions and
end points,P, (S) of the muon dilepton channel is around

—0.9, while that of ther is between—0.2 and —0.3 for
0.6<5=<0.8. The average values of the LPAs ar6.8 and
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IV. LONGITUDINAL LEPTON POLARIZATION
IN B>K*I %1~

The hadronic matrix elements of the operators in €.
between the external statBsandK* for the exclusive decay
of B-K*I"1™ are[7]

<pK* ’?)/;L(li 75)b| pB> = m [Iv(qz) euvaﬁe* Vpaq,B

+ Ao(G?) (M3 —mi,) €l £ A, (g?)

X(e*P)P,£A_(q%)(€*P)q,],

(20)
<pK* si O-,uvqy(li75)b|pB>:ig(qz)epvaﬁf*vpaqﬂ
+ao(q?)(mg—my)
X *_i *
i " q2 (6 q)q,u
+a,(q%)(e*P)
[ 1
X W (Pg)a,|, (2D

where P=pg+pk+ and q=pg—pk+. The terms corre-
sponding toA_ in Egs.(20) and(21) are important only for
the mode oB—K* r* 7~. Similar to Eq.(13), one has that
[13]

A =—A (mi+mi,)/(mi—mZ,). (22)

From Egs.(5), (20), and (21) we obtain the differential
decay rate oB—K*1*|~ as

dr'(B—K*I*17)  GEmgIn|* o?
ds - 87 1672

L 2t\( s B
+€ m—%a+§¢

D¢1/2

X +to

(23

where the definitions of and 8 are the same as in R¢fl0]
with choosing zero values &, Cg/, andCqy: and

_ |Col?
2(14 r)?

R S
w2 2 -8 AL R o AP

—2¢|V|>=3(1-1)%Aol?

2 (1—1)REAA* +AA* +A,A*) |

2r (24

—0.2, respectively. Finally, we remark that Figs. 1 and 2

were drawn by using the form factér_ in Eq. (13). The

curves in Figs. 1 and 2 are nearly unchanged if one uses thbe replacemernty— my« .

form factor of F_ formulated in Eq.(14).

The forms ofr and ¢ are the same as that in E@.6) with
The differential branching ratios
as a function ofs for B->K* " u~ andB—K* 7" 7~ de-
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FIG. 3. Same as Fig. 1 but fof@) BoK*u*u™ and (b)
B—K*7 7.

cays are shown in Figs.(8& and 3b), respectively, with

m,=180 GeV. In Eq.(23), the lepton mass is kept to be

nonzero and it is consistent with the result giverj 10] for
the B—K*1"1~ decay by taking the limit ofn,=0.
From Eq.(17), the LPA inB—K*| "1~ is found to be

/=

(29)

Re Cg

D Co (ReCg'
1+\/Fav

3 1+4r

2¢C,

PL(g): T Sat

where

+16,

2t\( s
R=(l+§>(ﬁa+[3—3¢)

B
Sa=V2Fy+AFS+AZF L +AA FOT,

a0A+ + a+A0

Sat:gVFV+ avoFg‘F 2

FOf+a, A Fj ,
(26)

with
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1.0

05 ¢

0.8

1.0

P.(a/mg%)

0.5 0.6 0.7
2
(b) q/mg

FIG. 4. Same as Fig. 2 but fofg) B—K*u"u~ and (b)
B—K*rt 7.

FV:§¢’

1 . A
ngg (1—r)?[(1—r)?—28+10r§+57],
1
+_ = 42
FA 8r ¢ ’

ch—i

= (1-r)(1—-r—5).

(27)

In Figs. 4a) and 4b), we plot the LPAs as a function sffor
B—K*u*u~ and K*7" 77, respectively, withm,=180
GeV. From Fig. 4, we see th&®, (B—K*I"17) for both
| = and 7 vanish at the minimal end point 6&=4m?2/m3
due to the kinematic factdP in Eq. (25). However, in con-
trast with the cases iB—KI "1~ shown in Figs. 21 and
2(b), P (B—K*1717) with | = and 7 are not zero at the
maximum ofS,,,= (1— My« /mg)?. This is due to the fact that
the numerator in Eq(18) has extra zero fromp at S,
whereas it does not contai#h in Eq. (25). Similar to the
cases 0B—KI ¥, P (B—K*u" u") has a large negative
value over most of the allowed range &f with an aver-
age value (P (B—K*u*u"))=—0.7 while for the
77~ channel, the average r polarization is
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(P (B—K*7%77))=—0.5. Finally, we note that our results (2.2)x10™" with |=pu and , respectively. Experimentally,
in Figs. 3 and 4 are insensitive to the valuedAaf predicted to measure an asymmet#y of a decay with the branching

in the different form factor models. ratio B at the no level, the required number of events is
N=n?/(BA?). For example, to observe thepolarizations at
V. CONCLUSIONS the both exclusive channels Bf~K®)7* 7, one needs at

least 1.8<10'n? BB decays. Therefore, at th® factories

We have investigated the longitudinal polarization asym-nder construction, some of the asymmetries could be acces-
metries of the muon and in the exclusive processes of gjple.

B—KI*I~ andB—K*I1"|~. The average values of the po-

larization asymmetries of+the muon anch+re found to be

—0.8 and—-0.2 forB—Ku"u~ andB—K7" 7, and—0.7

and—0.5 forB—K*u " u~ andB—K* 7" 77, respectively. ACKNOWLEDGMENTS
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