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Azimuthal angle distribution in B\K* „\Kp…l ¿l À in the low invariant ml ¿l À region
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We present the angular distribution of the rareB decay,B→K* (→Kp)l 1l 2. By studying the azimuthal
angle distribution in the low invariant mass region of dileptons, we can probe new physics effects efficiently.
In particular, this distribution is found to be quite sensitive to the ratio of the contributions from two indepen-
dent magnetic moment operators, which also contribute toB→K* g. Therefore, our method can be very useful
when new physics is introduced without changing the total decay rate of theb→sg. The angular distributions
are compared with the predictions of the standard model, and are shown for the cases when the aforementioned
ratio is different from the standard model prediction.

PACS number~s!: 13.20.He, 12.60.Cn
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I. INTRODUCTION

RareB decays are suitable for testing the standard mo
~SM! and models beyond the SM. The exclusive decayB
→K* g and the corresponding inclusive decayB→Xsg
place strong constraints on the parameters of models be
the SM, for example, the left-right symmetric mod
~LRSM!, supersymmetry~SUSY!, the multi-Higgs doublet
model, etc.@1,2#. However, if the decay rate is not chang
drastically from the prediction of the SM, it would be ve
difficult to probe new physics effects from theB→K* g de-
cay. In this regard, new methods have been proposed, w
consist of observables sensitive to chiral structure, such
mixing-inducedCP asymmetry inBd,s→M0g decay@3# and
L polarization in theLb→Lg decay@4#. And these methods
also have been applied to search for the new physics
shown in@5,6#: The B→K* g decay occurs through the e
fective interaction of two magnetic moment operators,

mb~C7Ls̄LsmnbRFmn1C7Rs̄RsmnbLFmn!. ~1!

In the SM, the first term is dominant and the second term
suppressed byO(ms /mb). In the LRSM, the contribution of
both operators can be equally important@2#. The new contri-
butions for C7R and C7L in this model are enhanced a
mt /mb . Because the probability forB meson decaying to
left-handed~or right-handed! circular polarizedK* is pro-
portional touC7Lu2 ~or uC7Ru2), the polarization measuremen
of K* andg is useful for extracting the ratio ofuC7Lu/uC7Ru.
However, since the polarizations of high energy real pho
(g) cannot be measured easily, we have to develop m
elaborated method for extracting the aforementioned ra
Therefore, we propose another new method, which is v
efficient when we cannot find the new physics effects fr
the total decay rate ofB→K* g.

*Email address: kim@cskim.yonsei.ac.kr
†Email address: lucd@theo.phys.sci.hiroshima-u.ac.jp
‡Email address: morozumi@theo.phys.sci.hiroshima-u.ac.jp
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Let us imagine the decay configuration whenK* from the
decayB→K* g* is emitted to the direction of1z andg* is
emitted to the opposite direction in the rest frame ofB me-
son. Hereg* is off-shell photon and it further decays int
l 1l 2, andK* subsequently decays intoKp. If we ignore
the small mixture of the longitudinal component, the angu
momentum ofK* is eitherJz511 or Jz521, and the cor-
responding production amplitude is proportional toC7R or
C7L , respectively. Suppose the finalK meson is emitted to
the direction of (uK , f) in the rest frame ofK* , whereuK
is a polar angle andf is an azimuthal angle between th
decay plane of (Kp) and the decay plane of (l 1l 2). The
decay amplitude for the whole process is proportional to

AC7L exp~2 if!1BC7R exp~1 if!1C.

Here,A, B, andC are the real functions of the other angle
andC corresponds to the amplitude for theB meson decay-
ing into the longitudinally polarizedK* , which is possible
only for the off-shell photon. By squaring the amplitude, w
can show that in the azimuthal distribution the coefficient
cos(2f) @and that of sin(2f)# is Re(C7RC7L* ) @and
Im(C7RC7L* )#. Therefore, from the angular dependence
may extract the ratioC7L /C7R . Note that for on-shell photon
the dependence on the azimuthal anglef does not appear fo
the B→K* (→Kp)1g decay because of rotational symm
try of the decay configuration with respect toz axis. This
naturally leads us to investigate the angular distribution
the B→K* (→Kp)1g* (→l 1l 2). However, once we
consider off-shell photon, some complications arise and
argument discussed above has to be modified. The other
grams like box andZ penguin diagrams now contribute t
the same final state through the process,B→K* (→Kp)
1l 11l 2. They do not contribute toB→K* g. Though in
the low invariant mass region of dileptons the decay throu
the magnetic moment interactions may be dominant, we
have to take into account the effect of the box andZ penguin
diagrams, which have the form of the local four-fermi inte
actions in the effective Hamiltonian.

The paper is organized as follows: In Sec. II, we der
the angular distribution formulas in terms of the helicity am
plitudes. In Sec. III, our numerical analyses for azimuth
angle are shown. Concluding remarks are also in Sec. II
©2000 The American Physical Society13-1
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II. ANGULAR DISTRIBUTION
OF B\K* „\Kp…¿l ¿¿l À

The short distance contribution to decayB→K*
(→Kp)l 1l 2 is governed by the quark level decayb
→sl 1l 2 as

M~b→sl 1l 2!5
GFa

A2p
Vts* Vtb

3S ~C9
e f f2C10!s̄LgmbL l̄ Lgml L

1~C9
e f f1C10!s̄LgmbL l̄ Rgml R

22C7Ls̄Lismn

Ln

L2
mbbRl̄ gml

22C7Rs̄Rismn

Ln

L2
mbbL l̄ gml D , ~2!

where we assume that new physics effect does not cha
the Wilson coefficientsC9 andC10 and only can change th
coefficients of nonlocal four-fermi interactions which are d
noted byC7. The latter also contributes tob→sg. In the SM,
C7L5C7e f f , C7R5(ms/mb)C7e f f , whereC7e f f is given in
Ref. @7#. Although there are overwhelming resonance con
butions fromJ/c andc8, etc., the short distance contributio
still dominates the low invariant mass region of the lept
pair @8#. The effective Hamiltonian for the correspondingb
→sl 1l 2 is @7#

He f f~b→sl 1l 2!5He f f~b→sg!2
GF

A2
VtbVts*

a

p(
i 59

10

CiOi ,

where

He f f~b→sg!52
GF

A2
VtbVts* @C7LO7L1C7RO7R#. ~3!

The operatorsOi relevant for us are

O95~ s̄b!L~ l̄ l !V , ~4!

O105~ s̄b!L~ l̄ l !A , ~5!

O7L5
emb

4p2
~ s̄LsmnbR!Fmn, ~6!

O7R5
emb

4p2
~ s̄RsmnbL!Fmn, ~7!

where in addition to the SM operatorsO9 , O10, andO7L ,
we include also a new operatorO7R . The new physics ef-
fects can contribute to any of the operators. For example,
LRSM @9# based upon the electroweak gauge gro
SU(2)L3SU(2)R3U(1) can lead to interesting new physic
03401
ge

-

i-

e
p

effects in the operatorsO7L and O7R . Due to the extended
gauge structure there are both new neutral and charged g
bosons,ZR and WR , as well as a right-handed gauge co
pling g

R
. After the symmetry breaking, the chargedWR

mixes withWL of the SM to form the mass eigenstatesW1,2
with eigenvaluesM1,2. And this mixing is described by two
parameters; a real mixing anglez and a phasea,

S W1
1

W2
1D 5S cosz e2 ia sinz

2sinz e2 ia cosz D S WL
1

WR
1D . ~8!

In this model the charged current interactions of the rig
handed quarks are governed by a right-handed Cabib
Kobayashi-Maskawa~CKM! matrix VR , which, in principle,
need not be related to its left-handed counterpartVL .

If we neglect the charged physical scalar contributio
the magnetic moment operator coefficients in the LRSM
given by

C7L~mb!5C7L
SM~mb!1Atb@h16/23F̃~xt!

1 8
3 ~h14/232h16/23!G̃~xt!#1Acb(

i
hi8h

pi8,

~9!

C7R~mb!5~Ats!* @h16/23F̃~xt!1 8
3 ~h14/232h16/23!G̃~xt!#

1~Acs!* (
i

hi8h
pi8, ~10!

where

C7L
SM~mb!5h16/23F~xt!1 8

3 ~h14/232h16/23!G~xt!1(
i

hih
pi,

~11!

Atq5zeia
mt

mb

VR
tq

VL
tq

, Acq5zeia
mc

mb

VR
cq

VL
cq

, ~12!

with h5as(MW1
)/as(mb) and xt5(mt /mb)2. The various

functions ofxt and the coefficientshi
(8) and powerspi

(8) can
be found in Ref.@2#. In this paper, we will not constrain
ourselves to the LRSM, but discuss the general effects
new physics.

Working for the exclusive decayB→K* l 1l 2, we need
form factors for theB→K* transition. These form factors
can be written@10# as

^K* ~p8!us̄gmbuB~p!&5 ig«mnlse* n~p1p8!l~p2p8!s,
~13!

^K* ~p8!us̄gmg5buB~p!&5 f em* 1a1~e* •p!~p1p8!m

1a2~e* •p!~p2p8!m , ~14!

^K* ~p8!us̄smnbuB~p!&5g1«mnlse* l~p1p8!s

1g2«mnlse* l~p2p8!s

1h«mnls~p1p8!l

3~p2p8!s~e* •p!,
3-2
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^K* ~p8!us̄smng5buB~p!&52 ig1@en* ~p1p8!m2em*

3~p1p8!n#2 ig2@en* ~p2p8!m

2em* ~p2p8!n#22ih

3~pmpn82pnpm8 !~e* •p!, ~15!

where we have usedsmn52( i /2)«mnlsslsg5. We also use
the following definitions,g55 ig0g1g2g3 and«012351. The
K* meson subsequently decays toK and p, with effective
Hamiltonian

He f f5gK* Kp~pK2pp!•eK* . ~16!

In the following analysis, we neglect the masses of lepto
kaon, and pion. The final four-body decay amplitude can
written as the sum of two amplitudes,

A5AR1AL ,

where

AR5
GF

A2
VtbVts* gK* Kp

amb

pL2
~ l̄ Rgml R!~aRgmn2bRPmLn

1 icRemnabPaLb!
gna2PnPa/mK*

2

P22mK*
2

1 imK* GK*
~pK2pp!a ,

~17!

AL5
GF

A2
VtbVts* gK* Kp

amb

pL2
~ l̄ Lgml L!~aLgmn2bLPmLn

1 icLemnabPaLb!3
gna2PnPa/mK*

2

P22mK*
2

1 imK* GK*

3~pK2pp!a , ~18!

with P5pK1pp , L5p11p2 . The aR ,bR ,cR , and
aL ,bL ,cL can be expressed as
03401
s,
e

aL52C72@2~P•L !g11L2~g11g2!#2
~C92C10! f

2mb
L2,

~19!

bL522C72~g12L2h!1
~C92C10!a1

mb
L2, ~20!

cL522C71g11
~C92C10!g

mb
L2, ~21!

aR52C72@2~P•L !g11L2~g11g2!#2
~C91C10! f

2mb
L2,

~22!

bR522C72~g12L2h!1
~C91C10!a1

mb
L2, ~23!

cR522C71g11
~C91C10!g

mb
L2, ~24!

whereC725C7R2C7L andC715C7R1C7L .
The decay rate is computed and the result is

d5G

dp2dl2d cosuKd cosu1df
5

2Al

1283256p6mB
3

3~ uARu21uALu2!, ~25!

with p5AP2, l 5AL2, andl5(mB
22p22 l 2)2/42p2l 2. We

introduce the various angles asuK is the polar angle of theK
momentum in the rest system of theK* meson with respec
to the helicity axis, i.e., the outgoing direction ofK* . Simi-
larly u1 is the polar angle of the positron in theg* rest
system with respect to the helicity axis of theg* . And f is
the azimuthal angle between the planes of the two dec
K* →Kp andg* →l 1l 2. And then,
uARu25UGF

A2
VtbVts* gK* Kp

amb

pL2U2
1

~P22mK*
2

!21~mK* GK* !2 FUaRU2H ~Q•L !22~Q•N!22
~L22N2!Q2

2 J
12 Re~aRbR* !$2~Q•L !2~P•L !1~Q•N!~P•N!~Q•L !%1UbRU2H ~P•L !2~Q•L !22~P•N!2~Q•L !2

2
L22N2

2
P2~Q•L !2J 1UcRU2H 2~NPLQ̃!~NPLQ̃!2

L22N2

2
~PLQ̃!•~PLQ̃!J 12Im~bRcR* !~P•N!~Q•L !

3~NPLQ̃!12Im~cRaR* !~Q•N!~NPLQ̃!22Im~bRaR* !~Q•L !~NPLQ̃!22 Re~cRaR* !~LQÑ!•~QPL̃!

12 Re~bRcR* !~Q•L !~LPÑ!•~QPL̃!G , ~26!

and
3-3
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uALu25UGF

A2
VtbVts* gK* Kp

amb

pL2U2
1

~P22mK*
2

!21~mK* GK* !2 FUaLU2H ~Q•L !22~Q•N!22
~L22N2!Q2

2 J
12 Re~aLbL* !$2~Q•L !2~P•L !1~Q•N!~P•N!~Q•L !%1UbLU2H ~P•L !2~Q•L !22~P•N!2~Q•L !2

2
L22N2

2
P2~Q•L !2J 1UcLU2H 2~NPLQ̃!~NPLQ̃!2

L22N2

2
~PLQ̃!•~PLQ̃!J 12Im~bLcL* !~P•N!~Q•L !~NPLQ̃!

12Im~cLaL* !~Q•N!~NPLQ̃!12Im~bLaL* !~Q•L !~NPLQ̃!12 Re~cLaL* !~LQÑ!•~QPL̃!22 Re~bLcL* !~Q•L !

3~LPÑ!•~QPL̃!G , ~27!
re
re
-

where (ABC̃)m5«mabgAaBbCg, (ABCD̃)
5«abgdAaBbCgDd, Q5pK2pp , and N5p12p2 . We
use Tr(gagbgggdg5)514i«abgd. Comparing uALu2 with
uARu2, we see that the signs of the corresponding last th
terms are opposite to each other. We can simplify the exp
sion by introducing the helicity amplitudes. The helicity am
plitudes are defined as

H (61,0)
L 52eV

(6,0)n* eg
(6,0)m*

3~aLgmn2bLPmLn1 icL«mnabPaLb!,

H (61,0)
R 52eV

(6,0)n* eg
(6,0)m*

3~aRgmn2bRPmLn1 icR«mnabPaLb!. ~28!

We define the following polarization vectors:

eV
15~0, 1, i , 0!/A2,

eV
25~0, 1, 2 i , 0!/A2,

eV
05S Al

mB
, 0, 0, A l

mB
2

1p2D /p,
03401
e
s-

eg
15~0, 1, 2 i , 0 !/A2,

eg
25~0, 1, 1 i , 0!/A2,

eg
05S Al

mB
, 0, 0, 2A l

mB
2

1 l 2D / l .

~29!

Substituting them into Eq.~28!, we obtain the following he-
licity amplitudes:

H11
L 5~aL1cLAl!, H21

L 5~aL2cLAl!,

H0
L52aL

P•L

pl
1

bLl

pl
, H11

R 5~aR1cRAl!,

H21
R 5~aR2cRAl!, H0

R52aR

P•L

pl
1

bRl

pl
.

~30!

Applying the Eqs.~19!–~21!, we have
H11
L 52g1@2C72~P•L !2C71Al#2C72l 2~g11g2!2

~C92C10!l
2

2mb
~ f 22gAl!,

H21
L 52g1@2C72~P•L !1C71Al#2C72l 2~g11g2!2

~C92C10!l
2

2mb
~ f 12gAl!,

H0
L5

lC72

p
@2p2g11~P•L !~g11g2!12lh#1

~C92C10!l

2mbp
@ f ~P•L !12a1l#, ~31!

where P•L5Al1p2l 25(mB
22p22 l 2)/2. The formulas forH11

R , H21
R , H0

R are the same as above except thatC10°
2C10. Using the variablesuK , u1 , f, p and l, we find

Q•L5Al cosuK , P•N5Al cosu1 , P•L5Al1p2l 2,

Q•N5Al1p2l 2 cosuK cosu12pl sinuK sinu1cosf,~NPLQ̃!52plAl sinuK sinu1sinf. ~32!
3-4
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Using these equations, we can get the results for Eqs.~26!, ~27!, whose sum makes the decay angular distribution oB
→K* (→Kp)l 1l 2,

d5G

dp2dl2d cosuKd cosu1df
5

a2GF
2gK* Kp

2 Alp2mb
2uVtbVts* u2

6438~2p!8mB
3 l 2@~p22mK*

2
!21mK*

2 GK*
2

#
3$4 cos2uK sin2u1~ uH0

Ru21uH0
Lu2!

1sin2uK~11cos2u1!~ uH11
L u21uH21

L u21uH11
R u21uH21

R u2!

22 sin2uK sin2u1@cos 2f Re~H11
R H21

R* 1H11
L H21

L* !2sin 2f Im~H11
R H21

R* 1H11
L H21

L* !#

2sin 2uK sin 2u1@cosf Re~H11
R H0

R* 1H21
R H0

R* 1H11
L H0

L* 1H21
L H0

L* !2sinf Im~H11
R H0

R*

2H21
R H0

R* 1H11
L H0

L* 2H21
L H0

L* !#22 sin2uK cosu1~ uH11
R u22uH21

R u22uH11
L u21uH21

L u2!

12 sinu1sin 2uK@cosf Re~H11
R H0

R* 2H21
R H0

R* 2H11
L H0

L* 1H21
L H0

L* !2sinf Im ~H11
R H0

R*

1H21
R H0

R* 2H11
L H0

L* 2H21
L H0

L* !#%. ~33!

If we integrate out the anglesuK andu1 , we get thef distribution

dG

df
5E a2GF

2gK* Kp
2 Alp2mb

2uVtbVts* u2

9316~2p!8mB
3 l 2@~p22mK*

2
!21mK*

2 GK*
2

#
$uH0

Ru21uH11
R u21uH21

R u2uH0
Lu21uH11

L u21uH21
L u2

2cos 2fRe~H11
R H21

R* 1H11
L H21

L* !1sin 2f Im~H11
R H21

R* 1H11
L H21

L* !%dp2dl2. ~34!

Even if the new physics gives the same total decay rate forb→sg compared to the SM, i.e., we cannot see new physics f
theb→sg decay, we can still tell new physics effects from the angular distribution ofB→Kpl 1l 2. If we integrate out the
anglesu1 andf, we get theuK distribution

dG

d cosuK
5E ~2p!a2GF

2gK* Kp
2 Alp2mb

2uVtbVts* u2

3364~2p!8mB
3 l 2@~p22mK*

2
!21mK*

2 GK*
2

#
$2 cos2uK~ uH0

Ru21uH0
Lu2!1sin2uK~ uH11

R u21uH21
R u21uH11

L u2

1uH21
L u2!%dp2dl2. ~35!

Taking the narrow resonance limit ofK* meson, i.e., using the equations

GK* 5
gK* Kp

2 mK*

48p
, lim

GK* →0

GK* mK*

~p22mK*
2

!21mK*
2 GK*

2 5pd~p22mK*
2

!, ~36!

we can perform the integration overp2 and obtain the double differential branching ratio with respect to dilepton mass sq
l 2 and azimuthal anglef,

dBr

dl2df
5tB

a2GF
2

384p5
Al

mb
2

mB
3l 2

uVtsVtbu2
1

2p
$uH0

Ru21uH11
R u21uH21

R u21uH0
Lu21uH11

L u21uH21
L u2

2cos 2f Re~H11
R H21

R* 1H11
L H21

L* !1sin 2f Im~H11
R H21

R* 1H11
L H21

L* !%, ~37!

and

dBr

dl2
5tB

a2GF
2

384p5
Al

mb
2

mB
3l 2

uVtsVtbu2$uH0
Ru21uH11

R u21uH21
R u21uH0

Lu21uH11
L u21uH21

L u2%, ~38!

wheretB is the life time ofB meson, and we replace allp by mK* due to thed function.
We further define the distributionr (f,ŝ) as

r ~f,ŝ![F dBr

dl2df
G /FdBr

dl2
G5

1

2p H 12
cos 2f Re~H11

R H21
R* 1H11

L H21
L* !2sin 2f Im ~H11

R H21
R* 1H11

L H21
L* !

uH0
Ru21uH11

R u21uH21
R u21uH0

Lu21uH11
L u21uH21

L u2 J , ~39!
034013-5
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TABLE I. Form factors in zero momentum transfer and parameters of revolution formula@11#.

g f a1 a2 g1 g2 h
f i(0) 0.063 2.01 -0.0454 0.053 -0.3540 0.313 -0.002

s1 0.0523 0.0212 0.039 0.044 0.0523 0.053 0.0657
s2 0.00066 0.00009 0.00004 0.00023 0.0007 0.00067 0.001
of

r

rm

to

e

in
the
p-
y

ss
where ŝ5 l 2/mB
2 . The distributionr (f,ŝ) is the probability

for finding K meson per unit radian region in the direction
azimuthal anglef. Thereforer (f,ŝ) oscillates around its
average value given by 1/2p.0.16.

III. NUMERICAL ANALYSES AND CONCLUSIONS

In the numerical calculations, we use the form facto
calculated in Ref.@11#. They are listed in Table I for zero
momentum transfer. The revolution formula for these fo
factors is

f i~ l 2!5
f i~0!

12s1l 21s2l 4
, ~40!

where l 25(pl 11pl 2)2. The corresponding valuess1 and
s2 for each form factors are also listed in Table I.

The analytic Wilson coefficientsC7
e f f(m), C9

e f f(m), and
C10(m) in the SM are given in Ref.@7#. Under the leading
logarithmic approximation, we get the numerical results@12#
at m5mb :

C7
e f f520.311, C10524.546, ~41!

and to the next-to-leading order,

C9
e f f54.15310.381g~mc /mb ,ŝ!10.033g~1,ŝ!

10.032g~0,ŝ!, ~42!

where ŝ5 l 2/mb
2 . The functiong(z,ŝ) can be found in Ref.

@7#. Here for numerical evaluation, we usemtop
5175 GeV, mb54.8 GeV, mc51.4 GeV, LQCD
5214 MeV. We include theJ/c contribution as done in@8#,

C9
e f f→C98

e f f5C9
e f f2C0k

3pG@c→l 1l 2#mc

a2~ l 22mc
21 imcGc!

. ~43!

wherek52.3 andC(0)50.381.
The decay width for inclusiveb→sg decay in terms of

operatorsO7L andO7R is given by

G~b→sg!5
GF

2mb
5

32p4 aemuVts* Vtbu2~ uC7L~mb!u2

1uC7R~mb!u2!. ~44!

It is convenient to normalize this radiative partial width
the semileptonic rate
03401
s

G~b→cen̄ !5
GF

2mb
5

192p3 uVcbu2f ~mc /mb!

3F12
2

3p
as~mb!g~mc /mb!G , ~45!

where f (x)5128x2224x4 ln x18x62x8 represents a phas
space factor, and the functiong(x) encodes next-to-leading
order QCD correction effects@13#. In terms of the ratioR,

R[
G~b→sg!

G~b→cen̄ !

5
6

p

uVts* Vtbu2

uVcbu2

aem

f ~mc /mb!

uC7L~mb!u21uC7R~mb!u2

12
2

3p
as~mb!g~mc /mb!

,

~46!

the b→sg branching fraction is obtained by

B~b→sg!.B~B→Xcln!exp.3R.~0.105!3R. ~47!

For B(b→sg), we use the present experimental value@14#
of the branching fraction forB→Xsg decay,

B~B→Xsg!5~3.1560.3560.3260.26!31024. ~48!

Constrained by this experiment, we derive from Eq.~46!

uC7L~mb!u21uC7R~mb!u250.08160.014. ~49!

In general, we can parametrizeC7L and C7R as follows by
introducing parameters (x, u, v),

C7L52AuC7L~mb!u21uC7R~mb!u2cosx expi ~u1v !,

C7R5AuC7L~mb!u21uC7R~mb!u2 sinx expi ~u2v !,
~50!

whereu is a common phase ofC7L andC7R , andv denotes
the relative phase betweenC7L and C7R . In Figs. 1–6, we
show the distributionr (f,ŝ) for different sets of (x,u,v).
The minimum of the invariant mass is set to be 0.7 GeV
the figures. We can understand the qualitative features in
region of small invariant mass by comparing with an a
proximate formula for the azimuthal angle distribution. B
using Eq.~50!, we can show that in the small invariant ma
limit, r (f,ŝ) defined in Eq.~39! is written as
3-6
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r ~f,ŝ!.
1

2p H 11cos 2f
Re~C7RC7L* !

uC7Ru21uC7Lu2

2sin 2f
Im~C7RC7L* !

uC7Ru21uC7Lu2J
5

1

2p
$12 1

2 sin 2x cos 2~f2v !%. ~51!

The equation follows from the fact that the helicity amp
tudes are dominated by the two coefficientsC7R andC7L in
the region of low invariant mass,

H11
L,R.24g1C7RAl,

H21
L,R.4g1C7LAl,

H0
L,R.0. ~52!

FIG. 1. The distributionr (f,ŝ) for (x,u,v)5(0,0,0), i.e.,
C7R /C7L50. This case corresponds to the standard model c
Heref is the azimuthal angle between the decay plane of (Kp) and

the decay plane of (l 1l 2), and ŝ5(pl 11pl 2)2/mb
2 .

FIG. 2. The distributionr (f,ŝ) for (x,u,v)5(p/2,0,0), i.e.,
C7L /C7R50.
03401
The SM case (C7R.0) corresponds to (x,u,v)5(0,0,0),
andr (f,ŝ) is shown in Fig. 1. In the SM there are only sma
phase shifts from theg(z,ŝ) in Eq. ~42! @7#, which are prac-
tically negligible because of Im(H11

R H21
R* 1H11

L H21
L* ).0.

The last term of Eq.~39! vanishes for anyŝ. It is shown in
Fig. 1 that there is only (2cos 2f) behavior for largerŝ. We
can also note that asŝ is getting smaller, thef dependence
even vanishes. This is consistent with formula~51!, sincex
50 in the SM. Another extreme case,C7L50, is shown in
Fig. 2. There still remainsf dependence even in low invar
ant mass region. We checked thatf dependence vanishes b
going further to smaller invariant massl !1 GeV, which is
not shown in the figure. This shows that there is large c
tribution fromC9 andC10 even for rather low invariant mas
l;1 GeV. For largerŝ, near 0.4, there is some disord
appearing in Fig. 2. It represents the interference effect of
short distance contribution with the long distance contrib
tion from J/c resonance.

If uC7Ru/uC7Lu5O(1), the approximate formula~51!
works qualitatively well@see Figs. 3–6#. There we change
the relative phase ofC7R and C7L by setting uC7Ru/uC7Lu

e.
FIG. 3. The distributionr (f,ŝ) for (x,u,v)5(p/4,0,0), i.e.,

C7R /C7L521.

FIG. 4. The distributionr (f,ŝ) for (x,u,v)5(2p/4,0,0), i.e.,
C7R /C7L511.
3-7
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51. In Fig. 3,u5v50, then there is no imaginary part. W
can read from Fig. 3 the (2cos 2f) behavior forC7R /C7L

521 in the region of smallŝ. For largerŝ, there is interfer-
ence from theC9 and C10 contributions, and the resultin
figure is not so simple. From Fig. 4, we can see th
(1cos 2f) behavior forC7R /C7L51 in the region of small
ŝ. This is consistent with the approximate formula~51!. It is
the inverse case of Fig. 3. Finally we introduceCP violating
phasev betweenC7L and C7R , which leads to the phas
shifts. In Figs. 5 and 6, we choosev56p/8. According to
Eq. ~51!, it amounts to6p/4 in the phase shift, which ca
be seen in Figs. 5 and 6. We do not show figures for nonz
values ofu, which is the relative phase betweenC7i ’s andC9
(C10). The nonzero value of this angleu will not change the
r ( ŝ,f) behavior at lowŝ @see Eq.~51!#, but will change it at
higher ŝ. This area is affected by the interference ofC7i ’s
andC9 (C10).

Using Eq.~38!, we do the integration withl from 0.4 GeV
to 1.2 GeV, we get the branching ratio ofB→Kpl 1l 2 at
this region: 131027. From the figures we know that in th
above region, it is effective to distinguish the new phys
contribution. The number ofB mesons we need is aroun
1010, which can not be produced in the currentB factories,
but possible in the future CERN LHC-B, etc. More co
cretely, dividing the region off into 10 bins, we expect 102

events in each bin in the standard model. If the distribut
follows from the formulas Eq.~51! with sin 2x51, the num-
bers of the event of each bin are no more flat and it oscilla
between 50 and 150. If this is the case, we can surely dis
guish the distribution from the flat one of the standard mod

To summarize, we studied the angular distribution ofB
→K* (→Kp)l 1l 2. We showed that the azimuthal ang
(f) distribution is very useful for probing possible ne

FIG. 5. The distributionr (f,ŝ) for (x,u,v)5(p/4,0,p/8), i.e.,
C7R /C7L52exp(2ip/4).
s.

03401
ro

s

n

s
n-
l.

physics effects and for confirming the SM through th
flavor-changing neutral current process. Heref is the angle
between the decay plane of (Kp) and the decay plane o
(l 1l 2). In particular, if the two operatorsO7L and O7R ,
which contribute toB→K* g, are equally important, then th
f dependence is significant. In the SM case, there is on
weak (2cos 2f) dependence for the region of smallŝ, but
the term proportional to (2cos 2f) becomes dominant fo
the region of largerŝ. When new physics is introduced with
out changing the decay rate of theb→sg, we can nonethe-
less have quite different angular distribution forB
→Kpl 1l 2. We also showed that the phase shift results
the appearance of (sin 2f) term, the latter thus being a clea
signature of the presence ofCP violating phase. Even if we
cannot probe new physics fromB→K* g, it is possible to see
the new physics effects through the azimuthal angle distri
tion of B→Kpl 1l 2. We also note thatC9 and C10 are
about ten times larger thanC7’s. Therefore, even in the re
gion of small dilepton mass, their effect cannot be neglec
In our analysis, their effect has been fully incorporated.
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