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CP violation for B˜Xsl
1l2 including long-distance effects
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We consider theCP-violating effects for theB→Xsl
1l2 process, including both short- and long-distance

effects. We obtain theCP asymmetry parameter and present its variation over the dilepton mass.@S0556-
2821~96!04611-5#
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As is well known, the flavor-changing proces
b→sl1l2 can serve as an excellent ‘‘window’’ for precise
testing the standard model or for finding new physics bey
it. This process occurs through one-loop diagrams. There
three types of Feynman diagrams for theb→sl1l2 transi-
tion: they are electromagnetic~photonic! penguin diagrams
weak (Z0 boson! penguin diagrams, and box diagrams@1,2#.
These diagrams produce the short-distance contribution
this process. The short-distance contribution to the branch
ratio of the inclusive processB→Xsl

1l2 is estimated to be
about 1025 at the large mass of the top quark@2,3#. In addi-
tion to the short-distance contributions, there are lo
distance contributions tob→sl1l2 through physical inter-
mediate states:

b→s~uū,cc̄!→sl1l2.

The intermediate states can be vector mesons such asr, v,
J/c, andc8. The long-distance contribution to the branc
ing ratio of b→sl1l2 is calculated to be as large as 1023

@4,5#. So the long-distance effect is not negligible. In th
paper, we study the long-distance effect in theCP violation
of the inclusive processB→Xsl

1l2. Our work is different
from previous ones in two aspects. First, in Ref.@1#, the
authors studied theCP violation effect ofB→Xsl

1l2 by
considering only photonic penguin diagrams; here, we c
sider all three types of diagrams~electromagnetic, weak, an
box diagrams! and include QCD corrections within the lea
ing logarithmic approximation@6#. Secondly, we conside
both short- and long-distance contributions.

The effective Hamiltonian relevant tob→sl1l2 transi-
tions is @3,6–8#
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Vi@Ais̄gm~12g5!bl̄g

m~12g5!l

1Bis̄gm~12g5!bl̄g
m~11g5!l

22imbSW
2 F2

i s̄smnq
n~11g5!/q

2bl̄gmg5l #, ~1!

where Vi5Uis*Uib ( i5u,c,t) is the product of Cabibbo-
Kobayaski-Maskawa~CKM! matrix elements,SW5sinuW,
whereuW is the Weinberg angle,l5e, m, andq is the mo-
mentum of the lepton pair.

At the scalem'MW , the coefficientsAt andBt take the
forms

At522B~x!12C~x!2SW
2 @4C~x!1D~x!24/9#,

Bt52SW
2 @4C~x!1D~x!24/9#, ~2!

wherex5mt
2/MW

2 ,

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!5F219x3/36125x2/36

~x21!3

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

~x21!4
lnxG . ~3!

Here,B(x) arises from the box diagram, andC(x) from the
Z0 penguin diagram, whileD(x) is contributed from theg
penguin diagram. We can see from Eq.~3! that with increas-
ing x, the contribution from the box andg penguin diagrams
will decline, whileC(x) will become dominant. Then using
the renormalization group equation to scale the effect
Hamiltonian down to the order of theb quark mass, one
obtains
882 © 1996 The American Physical Society
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At~x,j!5At~x!1
4p

as~MW! H 2
4

33
~12j211/23!

1
8

87
~12j229/23!JSW2 ,

Bt~x,j!5Bt~x!1
4p

as~MW! H 2
4

33
~12j211/23!

1
8

87
~12j229/23!JSW2 , ~4!

wherej5as(mb)/as(MW)51.75.
Moreover, the coefficient for the magnetic-moment oper

tor is given by
lu
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a-

F2
t ~x,j!5j216/23F2

1

12

8x315x227x

~x21!3
1
3x3/22x2

~x21!4
lnx

2
116

135
~j10/2321!2

58

189
~j28/2321!G . ~5!

In our numerical calculation, we takemt5174 GeV@9#.
Furthermore, the nonresonant coefficientsAi and Bi
( i5u,c) are represented by

Ai5Bi5a2SW
2 gSmi

2

mb
2 ,
q2

mb
2D , ~6!

with @6,8#
g~r i ,s!55
4

3
lnr i2

8

9
2
4

3

4r i
s

1
2

3
A12

4r i
s S 21

4r i
s D S ln11A124r i /s

12A124r i /s
1 ip D S 4r is ,1D ,

4

3
lnr i2

8

9
2
4

3

4r i
s

1
4

3
A4r i

s
21S 21

4r i
s Darctan 1

A4r i /s21
S 4r is .1D .

~7!
Here a25C21C1/3 is the coupling for the neutralbs̄qq̄
(q5u,c) four-quark operator.

In addition to the short-distance contribution, the inc
sive decayB→Xsl

1l2 involves the long-distance contribu
tions arising fromuū and cc̄ resonances, such asr(770),
v(782), J/c(3100), andc8(3700), etc. The long-distanc
contribution to the coefficientsA andB in Eq. ~1! can be
taken as@4,5,10,11#

AV5BV5
16p2

3 S f V
MV

D 2 a2SW
2

q22MV
21 iM VGV

e2ifV, ~8!

whereMV and GV are the mass and width of the releva
vector mesonr, v, J/c, andc8, respectively.e2if is the
relevant phase between the resonant and nonresonant a
tudes. The decay constantf V is defined as

^0uc̄gmcuV~e!&5 f Vem . ~9!

We can determinef V through the measured partial width fo
the decays of the mesons to lepton pairs@12#:

G~v→ l1l2!5
4p

3

~Qca!2

MV
3 f V

2 , ~10!

with Qc5
2
3. For the parametera2 , there is the CLEO value

ua2u50.2660.03 @13#. In this work, a2 should be taken as
a252(0.2660.03) and fV50 or a250.2660.03,
fV5p/2 @11#.

The differential decay width of the inclusive proce
B→Xsl

1l2 over the dilepton mass is given by@4#

d

dz
G~B→Xsl

1l2!5
GF
2mb

5

192p3 F a

4pSW
2 G2Fb~z!, ~11!
-
-

t

pli-

r
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wherez5q2/mb
2 ,

Fb~z!5@ uViAi~z!u21uViBi~z!u2# f 1
b~z!1SW

2 $Vi*Vj@Ai~z!

1Bi~z!#*F2
j 1H.c.% f 12

b ~z!12SW
4 uViF2

i u2f 2
b~z!,

~12!

and

f 1
b~z!52~12z!~11z22z2!,

f 12
b ~z!56~12z!2, ~13!

TABLE I. CP asymmetries for some ‘‘best values’’ of (r,h).
ACP
S denotes the cases without long-distance contributions,ACP

S1L

with long-distance contributions.

(r,h) ACP
S ACP

S1L

~-0.48, 0.10! 1.8131024 1.6031025

~-0.44, 0.12! 2.1731024 1.9231025

~-0.40, 0.15! 2.7131024 2.4031025

~-0.36, 0.18! 3.2531024 2.8831025

~-0.32, 0.21! 3.7931024 3.3531025

~-0.28, 0.24! 4.3431024 3.8331025

~-0.23, 0.27! 4.8831024 4.3131025

~-0.17, 0.29! 5.2431024 4.6331025

~-0.11, 0.32! 5.7831024 5.1131025

~-0.04, 0.33! 5.9631024 5.2731025

~10.03, 0.33! 5.9631024 5.2731025

~-0.12, 0.34! 6.1431024 5.4331025
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f 2
b~z!54~12z!S 1/z2

1
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2z/2D .

We define theCP violating asymmetry through the rat
difference betweenB and B̄:

ACP5
G b̄2Gb

G b̄1Gb

~14!
s

whereGb is obtained by integrating Eq.~11! over the dilep-
ton mass squaredz from zmin5(2ml /mb)

2 to zmax
5(12ms /mb)

2. The CKM matrix in Eq.~12! can be written
in terms of four parametersl, A, r, andh in the Wolfen-
stein parametrization@14#. There have been definite results
for l and A, which are l50.220560.0018 @15# and
A50.8060.12 @16#. But for r andh, there are no definite
results. So we express theCP-violating parameter for
B→Xse

1e2 in terms ofr andh,
ACP
S1L5

7.61831023h

1.79912.99131023r145.876~110.04842h2!11.471831024~r21h2!
~15!

for the case of including long-distance effects, and

ACP
S 5

3.138931023h

1.70213.34531023r13.60731022~110.04842h2!11.437331024~r21h2!
~16!
e
-
r

t

o-
for the case without long-distance effects. Equations~15! and
~16! indicate thath affects theCP asymmetry mainly, and
r does not.

In Table I, we give the results ofACP for some ‘‘best
values’’ of (r,h) @16#. We can see the following.~i! Without
the long-distance effects, theCP violating asymmetryACP
is about (1.826.1)31024, while, in Ref. @1#, the relevant
CP asymmetry is about 1.331022. Our result is about 20
times smaller than theirs. The reason is that in Ref.@1# only
the photonic penguin diagram is considered. But in fact
Z0 penguin diagram will give a big contribution to the am
plitude at largemt(; 174 GeV! @2#; at the same time, it doe
not provide a largeCP-nonconserving phase.~ii ! Including
the long-distance effects, the result of theCP asymmetry

FIG. 1. The dilepton mass distribution of theCP asymmetry
parameter for theB→Xse

1e2 process without resonances~solid
line! and with resonances~dotted line!.
the
-

parameterACP is about (1.625.4)31025. It is reduced
about one order of magnitude by the resonant effects. Th
main difference between the cases with and without long
distance effects resides in the third term of the denominato
of Eqs. ~15! and ~16!, which comes from the integration of
the first term of Eq. ~12!, i.e., *zmin

zmaxdz$uVcu2u(Ac(z)

1Bc(z))u2f 1
b(z)%. Without resonant contributions,

E
zmin

zmax
dz$uVcu2u@Ac~z!1Bc~z!#Su2f 1

b~z!%50.12uVcu2,

~17!

while with resonant contributions,

E
zmin

zmax
dz$uVcu2u@Ac~z!1Bc~z!#S1Lu2f 1

b~z!%5152.9uVcu2.

~18!

Because the total decay width ofJ/c or c8 is narrow
(GJ/c588 KeV, Gc85277 KeV!, when the dilepton mass
squaredz is near the mass squared ofJ/c or c8, the reso-
nance will give a big contribution. At the same time, the firs
term of Eq.~12! only contributes to the decay widthGb and
G b̄ ; it does not give a contribution to theCP violation. So
with the resonant effects theCP violation will be greatly
reduced.

We also calculated the distribution of theCP asymmetry
over the dilepton mass for (r,h) taking the ‘‘preferred
value’’ of (20.12,0.34)@16#:

aCP5
F b̄~z!2Fb~z!

F b̄~z!1Fb~z!
. ~19!

The result is plotted in Fig. 1. The solid line is for the case
without resonances and the dotted line for the case with res
nances. We can see that, in general, theCP asymmetry is
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suppressed by the resonance effect, and in the region nea
resonances, theCP violating parameter is severely sup
pressed.

Golowich and Pakvasa have discussed the long-range
fects inB→K* g @17#, which are relevant to the condition o
the squared massq250. They found a small effect by re-
specting gauge invariance. It should be noted that there is
controversy between their results and ours. That is, in Fig
v

the

ef-

no
1,

it is shown that whenq2→0 the long-distance effect is also
very small in the case ofB→Xsl

1l2.
Finally, we want to point out that for the case ofl5m, the

CP asymmetry parameter is smaller than in thel5e case.
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