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Angular distribution and CP asymmetries in the decaysB̄\KÀp¿eÀe¿ and B̄\pÀp¿eÀe¿
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The short-distance Hamiltonian describingb→s(d)e2e1 in the standard model is used to obtain the decay

spectrum ofB̄→K2p1e2e1 and B̄→p2p1e2e1, assuming theKp and pp systems to be the decay
products ofK* andr respectively. The specific features calculated are~i! the angular distribution ofK2 ~or
p2) in theK2p1 ~or p2p1) center-of-mass~c.m.! frame,~ii ! the angular distribution ofe2 in thee2e1 c.m.
frame, and~iii ! the correlation between the meson and lepton planes. We also deriveCP-violating observables
obtained by combining the above decays with the conjugate processesB→K1p2e2e1 and B
→p2p1e2e1.

PACS number~s!: 13.20.He, 11.30.Er
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I. INTRODUCTION

The purpose of this paper is to investigate the angu

distribution of the decays B̄→K2p1e2e1 and B̄
→p2p1e2e1, when theKp andpp systems are the deca
products ofK* andr respectively. The aim is to derive th
detailed consequences of the effective short-distance Ha
tonian describing the four-fermion interactionb
→s(d)e2e1. This work may be regarded as an extension

previous studies of the exclusive processesB̄
→K* (r)e2e1@1,2# that were limited to the kinematica
variablessl ~the invariant mass of the lepton pair! and cosul

~the angular distribution ofl 2 in the l 2l 1 c.m. system!. The
additional information we provide is the distribution
cosuP , whereuP is the angle of theK2 (p2) in the K2p1

(p2p1) c.m. frame, and the dependence on the anglef
between thee2e1 andK2p1 or p2p1 planes. This infor-
mation is sensitive to the polarization state of the vec
mesonK* (r), and thus provides a new probe of the effe
tive Hamiltonian.

An important aspect of the calculation is the prediction
CP-violating observables that can be obtained by combin

information fromB andB̄ decays. These observables prob
term in the Hamiltonian proportional to Im (VubVus* /VtbVts* )
~in the case ofB→K* ) and Im (VubVud* /VtbVtd* ) ~in the case
of B→r). While the numerical estimates of these asymm
tries in the standard model turn out to be small, the form
ism we present is also applicable to more general Ham
nians transcending the standard model. The dependenc
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the variablef can be an especially useful probe ofCP vio-
lation, as has been demonstrated in the analogous cas
KL→p1p2e1e2@3,4#.

II. MATRIX ELEMENT

We are concerned with the matrix element of the dec
B̄(p)→P(k1)P8(k2) l 1(q1) l 2(q2), where PP85K2p1 or
p2p1 andl 5e,m. Introducing the linear combinations@5,6#

k5k11k2 , K5k12k2 , q5q11q2 , Q5q12q2 ,
~2.1!

the short-distance Hamiltonian forb→ f l 1l 2 ( f 5s or d) is
@2,7,8#

Heff5
GFa

A2p
VtbVt f* H c9

eff~ f̄ gmPLb! l̄ gml

1c10~ f̄ gmPLb! l̄ gmg5l

22c7
eff f̄ ismn

qn

q2
~mbPR1mf PL!b l̄gml J , ~2.2!

wherePL,R5(17g5)/2 and

c7
eff520.315,c10524.642, ~2.3!

c9
eff5c91~3c11c2!$g~mc ,sl !1lu@g~mc ,sl !

2g~mu ,sl !#%1•••

54.22410.361@~11lu!g~mc ,sl !2lug~mu ,sl !#1•••,

~2.4!

with
©2000 The American Physical Society28-1
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KRÜGER, SEHGAL, SINHA, AND SINHA PHYSICAL REVIEW D61 114028
lu[
VubVu f*

VtbVt f*
, ~2.5!

g~mi ,sl !52
8

9
ln~mi /mb!1

8

27
1

4

9
yi2

2

9
~21yi !Au12yi u

3H Q~12yi !XlnS 11A12yi

12A12yi
D 2 ipC1Q~yi21!2 arctan

1

Ayi21
J , ~2.6!

where sl[q2 and yi54mi
2/sl . The ellipses in the above represent numerically insignificant terms involving the W

coefficientsc3 , . . . ,c6 ~see, e.g., Ref.@2#!. The corresponding matrix element is

MSD5
GFa

A2p
VtbVt f* H F ~c9

eff2c10!^P~k1!P8~k2!u f̄ gmPLbuB̄~p!&

2
2c7

eff

q2
^P~k1!P8~k2!u f̄ ismnqn~mbPR1mf PL!buB̄~p!&G l̄ gmPLl 1@c10→2c10# l̄ gmPRl J . ~2.7!

Observe that the coefficientc9
eff contains both a weak phase~associated with the imaginary part oflu) and a strong phase

@connected with the imaginary part ofg(mi ,sl)], thus opening the way toCP-violating asymmetries betweenB andB̄ decays.
The hadronic part of the matrix element, describing the transitionB̄→PP8, can be written in terms ofB→V form factors

(V5K* or r)

^P~k1!P8~k2!u f̄ gmPLbuB̄~p!&52DV~k2!H i emnabKnpakbg~q2!1
1

2
Km f ~q2!1kmF ~q•W!a1~q2!2

1

2
j f ~q2!G1•••J ,

~2.8!

with the conventione0123511,

^P~k1!P8~k2!u f̄ ismnqnPR,LbuB̄~p!&5DV~k2!H2 i emnabKnpakbg1~q2!7
1

2
Km@g1~q2!D1q2g2~q2!#

6kmH ~q•W!Fg1~q2!1
1

2
q2h~q2!G1

1

2
j@g1~q2!D1q2g2~q2!#J 1•••J, ~2.9!
a
a
e

-

where the ellipses denote terms proportional toqm which
may be dropped in the case of massless leptons and

D5~MB
22MV

2 !, Wm5Km2jkm, j5
M P

2 2M P8
2

k2
.

~2.10!

Throughout this paper, we neglect the lepton mass, and
sume the above form factors to be real, the absorptive p
due to realcc̄ and uū states having been included in th
functions g(mc ,sl) and g(mu ,sl) appearing in the short
distance coefficientc9

eff @Eq. ~2.4!#. Furthermore, we will

limit ourselves to neutralB mesons, i.e.B̄[B̄0.
The functionDV(k2) appearing in Eqs.~2.8! and ~2.9! is

defined via

uDV~k2!u25
48p2

b3MV
2

d~k22MV
2 !, ~2.11!
11402
s-
rts

where we have used a narrow-width approximation, and

b5
l1/2~k2,M P

2 ,M P8
2

!

k2
, ~2.12!

with the triangle function

l~a,b,c!5a21b21c222~ab1bc1ac!. ~2.13!

We adopt theB→K* andB→r form factorsg, f, h, g6 , a1

given by Melikhov and Nikitin@9# ~see Appendix A!. The
matrix element~2.7! can then be written compactly as

MSD5
GFa

A2p
VtbVt f* $~ i emnabKnkaqbxL1KmyL

1kmzL! l̄ gmPLl 1~L→R!%, ~2.14!

where
8-2
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xL,R5DV~k2!H ~c9
eff7c10!g~q2!2

2c7
eff

q2
~mb1mf !g1~q2!J ,

~2.15!

yL,R52
1

2
DV~k2!H ~c9

eff7c10! f ~q2!2
2c7

eff

q2
~mb2mf !

3@g1~q2!D1q2g2~q2!#J , ~2.16!

zL,R5~q•W!zL,R8 2jyL,R , ~2.17!

with

zL,R8 52DV~k2!H ~c9
eff7c10!a1~q2!1

2c7
eff

q2
~mb2mf !

3Fg1~q2!1
1

2
q2h~q2!G J . ~2.18!

The matrix element for the corresponding antiparticle ch
nel can be obtained from Eq.~2.14! by means ofCPT invari-
ance. In fact, we have
11402
-

M̄SD5MSD~xL,R→2 x̄L,R ;yL,R→ ȳL,R ;

zL,R→ z̄L,R ;Q→2Q!, ~2.19a!

and

M̄SD5MSD~xL,R→2 x̄L,R ;yL,R→ ȳL,R ;zL,R→ z̄L,R ;Q→
2Q,K→2K !, ~2.19b!

for the conjugate processesB→K1p2e2e1 and B
→p2p1e2e1 respectively, whereQ and K are as in Eq.
~2.1!, and x̄,ȳ,z̄ are related tox,y,z by

fw→2fw , d→d. ~2.20!

Here fw and d denote the weak and strong phases resp
tively that appear in the matrix elementMSD.

III. DIFFERENTIAL DECAY RATE

Squaring the matrix element~2.14! and summing over
spins, we obtain for the decayB̄→PP8l 2l 1 @10#
uMSD~B̄→PP8l 2l 1!u25
GF

2a2

2p2
uVtbVt f* u2$2 Re~yL* zL1yR* zR!@~k•q!~q•K !2~k•Q!~K•Q!2sl~k•K !#

12 Re~xL* zL2xR* zR!@~k•q!~k•Q!~q•K !1slsP~K•Q!2~k•q!2~K•Q!

2sl~k•K !~k•Q!#12 Re~xRyR* 2xLyL* !@slK
2~k•Q!2~k•Q!~q•K !2

1~k•q!~q•K !~K•Q!2sl~k•K !~K•Q!#1~xL
21xR

2 !@22~k•q!~k•Q!~q•K !~K•Q!

2slsP~K•Q!21~k•q!2~K•Q!22slK
2~k•Q!21~k•Q!2~q•K !2

12sl~k•K !~k•Q!~K•Q!#1~yL
21yR

2 !@2slK
21~q•K !22~K•Q!2#

1~zL
21zR

2 !@2slsP1~k•q!22~k•Q!2#12emnabkmKnqaQb@~K•Q!Im ~xLyL* 1xRyR* !

1Im ~yR* zR2yL* zL!2~k•Q!Im ~xL* zL1xR* zR!#%, ~3.1!
with sP[k2. Introducing the shorthand notation

X5@~k•q!22slsP#1/25
1

2
l1/2~MB

2 ,sl ,sP!, ~3.2!

we find that (ml50)

k•K5M P
2 2M P8

2
5jsP , ~3.3a!

k•q5
1

2
~MB

22sl2sP!, ~3.3b!

k•Q5X cosu l , ~3.3c!
q•K5bX cosuP1j~k•q!, ~3.3d!

q•W5bX cosuP , ~3.3e!

K•Q5j~k•Q!1b@~k•q!cosu l cosuP

2~slsP!1/2 sinu l sinuP cosf#, ~3.3f!

emnabkmKnqaQb52~slsP!1/2bX sinu l sinuP sinf,
~3.3g!

K252~M P
2 1M P8

2
!2sP5~j22b2!sP , Q252sl .

~3.3h!
8-3
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To write the differential decay rate in compact form, w
define the auxiliary functions

F1L,R5b@X2zL,R8 1~k•q!yL,R#, ~3.4!

F2L,R5b~slsP!1/2yL,R , ~3.5!

F3L,R5bX~slsP!1/2xL,R , ~3.6!

so that

d5G5
GF

2a2

216p8MB
3

3uVtbVt f* u2bXI~sl ,sP ,u l ,uP ,f!

3dsl dsP dcosu l dcosuP df, ~3.7!

with

I 5I 11I 2 cos 2u l1I 3 sin2u l cos 2f1I 4 sin 2u l cosf

1I 5 sinu l cosf1I 6 cosu l1I 7 sinu l sinf

1I 8 sin 2u l sinf1I 9 sin2u l sin 2f. ~3.8!

The functionsI 1 , . . . ,I 9 have the following form~see Ap-
pendix B for details!:

I 15F3

2
~ uF3Lu21uF2Lu2!sin2uP1uF1Lu2cos2uPG1~L→R!,

~3.9a!

I 25F1

2
~ uF3Lu21uF2Lu2!sin2uP2uF1Lu2cos2uPG1~L→R!,

~3.9b!

I 35~ uF3Lu22uF2Lu2!sin2uP1~L→R!, ~3.9c!

I 45Re~F1LF2L* !sin 2uP1~L→R!, ~3.9d!

I 552 Re~F1LF3L* !sin 2uP2~L→R!, ~3.9e!

I 654 Re~F2LF3L* !sin2uP2~L→R!, ~3.9f!

I 752 Im ~F1LF2L* !sin 2uP2~L→R!, ~3.9g!

I 85Im ~F1LF3L* !sin 2uP1~L→R!, ~3.9h!

I 9522 Im ~F2LF3L* !sin2uP1~L→R!. ~3.9i!

The physical region of phase space is defined through

0<sl<~MB2AsP!2, ~M P1M P8!
2<sP<MB

2 , ~3.10a!

0<f<2p, 21<cosuP<1, 21<cosu l<1. ~3.10b!

Note thatu l is the angle of thel 2 in the l 2l 1 c.m. frame;uP
is the angle ofp2 ~or K2) in thep2p1 ~or K2p1) system;
f is the angle betweenpp23pp1 andpl 23pl 1 ~in the case
of the p2p1 final state! and betweenpK23pp1 and pl 2

3pl 1 ~in the case of theK2p1 final state!, pi denoting the
11402
3-momentum vectors of the corresponding particles in thB̄
rest frame. Thez-axis is chosen along the total momentu
vector of thePP8 system in theB̄ rest frame. This definition
will also be retained in the case of the antiparticle reactio
B→p2p1e2e1 and B→K1p2e2e1 ~with pK1 replacing
pK2 in the latter case!.

The amplitudesFiL ,R ( i 51,2,3) defined in Eqs.~3.4!–
~3.6! are closely related to the transversity amplitud
A0 ,Ai ,A' sometimes used in connection with the angu
distribution of the four-body final state arising from deca
of the formB→V1V2 @11#. The differential decay rate in this
alternative notation is again given by Eqs.~3.7!–~3.9!, with
the functionsFiL ,R written in terms ofA0 ,Ai ,A' as follows:

F1L,R5
A0L,R

N
, ~3.11a!

F2L,R5
AiL,R

NA2
, ~3.11b!

F3L,R5
A'L,R

NA2
, ~3.11c!

where the normalization factor

N5
1

3 F GF
2a2

211p7MB
3

uVtbVt f* u2bXG 1/2

, ~3.12!

has been chosen in such a way thatG5uA0u21uAiu2
1uA'u2.

IV. ANGULAR DISTRIBUTIONS

We derive from the differential decay rate, Eq.~3.7!, one-
dimensional angular distributions of interest, name
dG/d cosuP , dG/d cosul , and dG/df. These distributions,
as well as the observables calculated in Sec. V, depend
different combinations of the short-distance coefficientsc7

eff ,
c9

eff , c10 and the form factorsg, f, h, g6 , a1 .

A. Decay rate as a function of cosuP

Integratingd5G over the variablessl , sP , cosul , andf,
we obtain

dG

dcosuP
5

GF
2MB

5a2

214p7
uVtbVt f* u2S J12

1

3
J2D , ~4.1!

with ~i51,2!

TABLE I. Values of the functionsJi
s,c @Eq. ~4.2!#, using r

50.19 andh50.35 @12#.

J1
s J1

c J2
s J2

c

B̄→p2p1e2e1 76.2 76.8 25.4 276.8

B̄→K2p1e2e1 261.4 278.8 87.2 2278.8
8-4
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TABLE II. Estimate of the functionsKi according to Eq.~4.5!.

K1 K2 K3 K4 K5 K6 K7 K8 K9

B̄→p2p1e2e1 152.8 217.3 214.1 0 0 261.8 0 0 20.05

B̄→K2p1e2e1 534.4 269.6 264.6 0 0 2179.0 0 0 20.4
.

ca
s

les,

e

Ji[Ji
s sin2uP1Ji

c cos2uP , Ji
s,c5

1

MB
8E I i

s,cbXdsl dsP ,

~4.2!

whereI i
s,c stand for the coefficients of sin2uP and cos2uP in

the expressions forI 1,2 given in Eqs.~B1! and ~B2! of the
Appendix. The absence of a term odd in cosuP is connected
with the fact that thePP8 system is in a pureL51 state. As
a consequence, the forward-backward~FB! asymmetry in the
PP8 system, defined as

AFB
P 5

E
0

1 dG

d cosuP
d cosuP2E

21

0 dG

d cosuP
d cosuP

E
0

1 dG

d cosuP
d cosuP1E

21

0 dG

d cosuP
d cosuP

,

~4.3!

vanishes. The predictions forJi
s,c are contained in Table I.

B. Decay rate as a function of cosul

Integration ofd5G over sl , sP , cosuP , andf yields

dG

d cosu l
5

GF
2MB

5a2

215p7
uVtbVt f* u2~K11K2 cos 2u l1K6 cosu l !,

~4.4!

where

Ki5
1

MB
8E I ibXdsl dsPd cosuP . ~4.5!

Our results for the parametersKi are tabulated in Table II
Observe thatK4 , K5 , K7, andK8 vanish in our model. The
FB asymmetry ofl 2 in the l 2l 1 c.m. system is

AFB5
K6/2

K12K2/3
5H 20.19 forp2p1,

20.16 forK2p1.
~4.6!

This result reproduces the FB asymmetry of the lepton
culated in previous analyses of the exclusive channelB̄
→K* (r)e2e1 @1,2#.
11402
l-

C. Decay rate as a function off

Finally, the distribution in the anglef between the lepton
and meson planes, after integration over other variab
takes the simple form

dG

df
5

GF
2MB

5a2

215p8
uVtbVt f* u2F S K12

1

3
K2D1

2

3
~K3 cos 2f

1K9 sin 2f!G , ~4.7!

with the Ki ’s shown in Table II.

V. CP-VIOLATING OBSERVABLES

We now focus onCP-violating observables that can b
constructed by combining information onB̄ and B decays:
namely,

B̄→K2p1e2e1 andB→K1p2e2e1, ~5.1a!

or

B̄→p2p1e2e1 andB→p2p1e2e1. ~5.1b!

With the definition of cosuP , cosul , andf given after Eq.
~3.10!, the differential decay rate forB̄ andB decays is

d5GuB̄5N I ~sl ,sP ,u l ,uP ,f!bXdPS, ~5.2a!

d5GuB5N Ī ~sl ,sP ,u l ,uP ,f!bXdPS, ~5.2b!

whereN is a normalization factor

N5
GF

2a2

216p8MB
3

uVtbVt f* u2, ~5.3!

anddPS represents the phase-space element

dPS5dsl dsP d cosu l d cosuP df. ~5.4!

The functionI is given in Eq.~3.8!, whereas the functionĪ is
obtained fromI by the substitution
I 1, . . . ,6~xL,R ;yL,R ;zL,R!→I 1, . . . ,6~ x̄L,R ; ȳL,R ; z̄L,R![ Ī 1, . . . ,6, ~5.5a!

I 7,8,9~xL,R ;yL,R ;zL,R!→2I 7,8,9~ x̄L,R ; ȳL,R ; z̄L,R![2 Ī 7,8,9, ~5.5b!
8-5
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wherex̄, ȳ, z̄ are defined via Eq.~2.20!.
We now define the sum and the difference of the differential spectrad5GuB̄ andd5GuB as follows:

dGdiff5N @~ I 12 Ī 1!1~ I 22 Ī 2! cos 2u l1~ I 32 Ī 3! sin2u l cos 2f1~ I 42 Ī 4! sin 2u l cosf1~ I 52 Ī 5! sinu l cosf

1~ I 62 Ī 6! cosu l1~ I 71 Ī 7! sinu l sinf1~ I 81 Ī 8! sin 2u l sinf1~ I 91 Ī 9! sin2u l sin 2f#bXdPS, ~5.6!

dGsum5N @~ I 11 Ī 1!1~ I 21 Ī 2! cos 2u l1~ I 31 Ī 3! sin2u l cos 2f1~ I 41 Ī 4! sin 2u l cosf1~ I 51 Ī 5! sinu l cosf

1~ I 61 Ī 6! cosu l1~ I 72 Ī 7! sinu l sinf1~ I 82 Ī 8! sin 2u l sinf1~ I 92 Ī 9! sin2u l sin 2f#bXdPS. ~5.7!
a

ged

cts
Recalling Eq.~4.5! and defining

Ki
D5

1

MB
8E bXdsl dsPF E

21

0

2E
0

1G I idcosuP , ~5.8!

we can then construct the followingCP-violating observ-
ables:

^ACP&5
1

I 0
F ~K12K̄1!2

1

3
~K22K̄2!G , ~5.9a!

^A3&5
1

I 0
~K32K̄3!, ~5.9b!

^A4&5
1

I 0
~K4

D2K̄4
D!, ~5.9c!

^A5&5
1

I 0
~K5

D2K̄5
D!, ~5.9d!

^A6&5
1

I 0
~K62K̄6!, ~5.9e!

^A7&5
1

I 0
~K7

D2K̄7
D!, ~5.9f!
ni
he
n

o

11402
^A8&5
1

I 0
~K8

D2K̄8
D!, ~5.9g!

^A9&5
1

I 0
~K92K̄9!, ~5.9h!

in which the quantityI 0 is defined as

I 05~K11K̄1!2
1

3
~K21K̄2!. ~5.10!

Note that the asymmetrieŝACP&, ^A3, . . . ,6& involving the
differences (I i2 Ī i), i 51, . . . ,6, can be obtained from
measurement of the differencedGdiff . On the other hand, the
asymmetrieŝ A7,8,9& require only a measurement ofdGsum
and, in principle, can be determined even for an untag
equal mixture ofB and B̄.

The asymmetrŷ ACP& is simply the asymmetry in the
partial decay rates of B̄→K2p1e2e1 and B

→K1p2e2e1 ~or B̄→p2p1e2e1 andB→p2p1e2e1).
The other asymmetries representCP-violating effects in the
angular distribution of these processes. All of these effe
have their origin in theCP-violating imaginary part of the
coefficient
lu[
VubVu f*

VtbVt f*
'2l2~r2 ih! for f 5s,

r~12r!2h2

~12r!21h2
2

ih

~12r!21h2
for f 5d. ~5.11!
or
In the casef 5d, this imaginary part is of orderh, but in the
casef 5s it is reduced by an extra factorl2. In both cases,
the weak phase present in the coefficientc9

eff @Eq. ~2.4!# is
further suppressed by a factor of order (3c11c2)/c9
.0.085. All of these factors explain the very small mag
tude of the asymmetries listed in Table III. The result for t
partial width asymmetrŷACP& reproduces that obtained i
previous literature@2#.

The small value of̂ A6& implies that the coefficientsK6

andK̄6 are almost equal, and therefore the FB asymmetry
-

f

the electron is essentially the same forB and B̄ decay@Eq.
~4.6!#. ~This corrects a statement in Ref.@13# that suggested
that these asymmetries are opposite in sign.!

VI. CONCLUSIONS

Our results fordG/dcosuP and dG/df are new conse-
quences of the short-distance Hamiltonian forb
→s(d)e2e1, which test the polarization state of the vect
meson inB̄→K* (r)e2e1. The asymmetrieŝAk& are CP-
8-6
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TABLE III. Estimates of the averageCP-violating asymmetrieŝAk& in units of 1024 (1022) for the B
→K* (B→r) transition.

^ACP& ^A3& ^A4& ^A5& ^A6& ^A7& ^A8& ^A9&

B̄→K2p1e2e1

vs

B→K1p2e2e1

2.7 20.6 22.0 5.2 24.6 0 0.6 20.04

B̄→p2p1e2e1

vs

B→p2p1e2e1

21.7 0.1 0.4 21.4 1.2 0 20.1 0.006
ar

in
al
e

l

u-

ct

ch

ey

et-

r

violating observables that can be obtained from a comp
son of the angular distribution inB and B̄ decays in the
conjugate channels. Numerical estimates have been obta
within the framework of the standard model, but the form
ism presented can be applied to other Hamiltonians. As s
from Table III, the asymmetries predicted forB→K* are
exceedingly small, and any significant effect would signa
non-standard source ofCP violation. In the case ofB→r,
asymmetries of 1–2 % are predicted for^ACP&, ^A5&, and
^A6&. It should be noted that our predictions apply toK* (r)
production on the mass shell. This implies that thePP8 sys-
tem is in a purep-wave state, and explains why the distrib
tion in cosuP given in Eq.~4.1! is forward-backward sym-
metric. In the continuum region ofKp or pp masses, there
will be additional partial waves, as well as long-range effe
associated with bremsstrahlung fromB→Kp and B→pp,
followed by internal conversion of the photon. While su
11402
i-

ed
-
en

a

s

effects are difficult to calculate, it is conceivable that th
lead to largerCP-violating asymmetries in the continuum
region ofB→Kpeē andB→ppeē.
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APPENDIX A: FORM FACTORS

In this Appendix we list theB→K* andB→r form fac-
tors of Melikhov and Nikitin@9# using their ‘‘Set 2’’ of the
Isgur-Scora-Grinstein-Wise parameters@14#. ~See Table IV.!

APPENDIX B: THE FUNCTIONS I 1 , . . . ,I 9

The functionsI 1 , . . . ,I 9 appearing in the expression fo
I (sl ,sP ,u l ,uP ,f), Eq. ~3.8!, are given by
TABLE IV. The B→K* andB→r form factors of Melikhov and Nikitin@9#.

Form factors B→K* B2→r2

g(q2)
0.048 GeV21S 12

q2

6.672D 22.61

0.036 GeV21S 12
q2

6.552D 22.75

f ~q2!
1.61GeVS 12

q2

5.862
1

q4

7.664D 21

1.10 GeVS 12
q2

5.592
1

q4

7.104D 21

a1(q2)
20.036 GeV21S 12

q2

7.332D 22.85

20.026 GeV21S 12
q2

7.292D 23.04

h(q2)
0.0037 GeV22S 12

q2

6.572D 23.28

0.003 GeV22S 12
q2

6.432D 23.42

g1(q2)
20.28S 12

q2

6.672D 22.62

20.20S 12
q2

6.572D 22.76

g2(q2)
0.24S 12

q2

6.592D 22.58

0.18S 12
q2

6.502D 22.73
8-7
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I 15b2H 3

2
slsP@X2~ uxLu21uxRu2!1~ uyLu21uyRu2!#sin2uP

1@~k•q!2~ uyLu21uyRu2!1X4~ uzL8 u21uzR8 u2!12X2~k•q! Re~yL* zL81yR* zR8 !#cos2uPJ , ~B1!

I 25b2H 1

2
slsP@X2~ uxLu21uxRu2!1~ uyLu21uyRu2!# sin2uP

2@~k•q!2~ uyLu21uyRu2!1X4~ uzL8 u21uzR8 u2!12X2~k•q! Re~yL* zL81yR* zR8 !#cos2uPJ , ~B2!

I 35b2slsP$X2~ uxLu21uxRu2!2~ uyLu21uyRu2!% sin2uP , ~B3!

I 45b2~slsP!1/2$X2 Re~yL* zL81yR* zR8 !1~k•q!~ uyLu21uyRu2!% sin 2uP , ~B4!

I 552b2X~slsP!1/2$X2 Re~xL* zL82xR* zR8 !1~k•q! Re~xL* yL2xR* yR!% sin 2uP , ~B5!

I 654b2XslsP Re~xL* yL2xR* yR! sin2uP , ~B6!

I 752b2X2~slsP!1/2 Im ~yL* zL82yR* zR8 ! sin 2uP , ~B7!

I 85b2X~slsP!1/2$X2 Im ~xL* zL81xR* zR8 !1~k•q! Im ~xL* yL1xR* yR!% sin 2uP , ~B8!

I 9522b2XslsP Im ~xL* yL1xR* yR! sin2uP , ~B9!

wherek•q5(MB
22sl2sP)/2.
-
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@13# F. Krüger and L. M. Sehgal, Proceedings of the Internatio
Europhysics Conference on High-Energy Physics, Jerusa
Israel, 1997, hep-ph/9711301, p. 745.

@14# N. Isgur, D. Scora, B. Grinstein, and M. B. Wise, Phys. Rev.
39, 799 ~1989!; D. Scora and N. Isgur,ibid. 52, 2783~1995!.
8-8


