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CP asymmetry of B\Xsl
¿lÀ in the low invariant mass region
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Department of Physical Science, Hiroshima University, Higashi Hiroshima 739-8526, Japan

~Received 5 February 2001; published 10 August 2001!

I analyze theCP asymmetry ofB→Xsl
1l 2 based on a model-independent analysis, which includes 12

independent four-Fermi operators. TheCP asymmetry is suppressed in the standard model; however, if some
new physics makes it much larger, the present or the next generation ofB factories may catch theCP violation
in this decay mode. In this paper, we study the correlation of the asymmetry and the branching ratio, and then
we find only a type of interaction which can enlarge the asymmetry. Therefore, in comparison with experi-
ments, we have the possibility that we can constrain models beyond the standard model.
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I. INTRODUCTION

The inclusive rareB decayB→Xsl
1l 2 has already been

studied by many researchers. It is attractive to investig
this process experimentally or theoretically. This decay m
is experimentally clean as well asB→Xsg, especially in the
low invariant mass region, and, when we can use a pa
model to study this process theoretically, it is a semilepto
decay. In the standard model~SM!, a flavor changing neutra
current ~FCNC! process appears only through one or mo
loops. SinceB→Xsl

1l 2 is also a FCNC, new physics ca
clarify itself to measure this decay. The extended mod
beyond the SM, such as the minimal supersymmetri
model~MSSM! and the two Higgs doublets model~2HDM!,
predict some deviation form the SM@1–14#. The SM predic-
tion shows that, forl 5e or m, this mode will be found at the
KEKB and the SLACe1e2 storage ring PEP-II B factorie
in the near future. Therefore, in order to search new phys
the study of this process is one of the most interesting top
In this paper, the final leptons will be muons or electro
throughout.

The CP-violating asymmetry of this decay is also a su
ject that many physicists investigate. This observable is v
sensitive to the complex phase of the Cabibbo-Kobaya
Maskawa~CKM! matrix elements, so that we have the po
sibility to find effects beyond the SM. The SM predicts th
the CP asymmetry is suppressed, about 1023 or smaller
@15,16#. If some non-SM interactions enlarge for the asy
metry to get sizable, we can know the existence beyond
This observable has been calculated in MSSM and 2H
@10–14#. In these models, as well as the SM, the distribut
is a function of fewer Wilson coefficients than the full o
erator basis. In our previous work, we analyzed the bran
ing ratio and the forward-backward~FB! asymmetry, which
is an observable corresponding to the size of parity violat
in the decay B→Xsl

1l 2, with a most general model
independent method@17,18#. Generally, the matrix elemen
for the decayb→sl1l 2 includes all types of local and
bsg-induced four-Fermi operators. That is,
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M5
GFa

A2p
Vts* VtbFCSLs̄ismn

qn

q2
~msL !b l̄gml

1CBRs̄ismn

qn

q2
~mbR!b l̄gml 1CLLs̄LgmbL l̄ Lgml L

1CLRs̄LgmbL l̄ Rgml R1CRLs̄RgmbRl̄ Lgml L

1CRRs̄RgmbRl̄ Rgml R1CLRLRs̄LbRl̄ Ll R

1CRLLRs̄RbL l̄ Ll R1CLRRLs̄LbRl̄ Rl L1CRLRLs̄RbL l̄ Rl L

1CTs̄smnb l̄smnl 1 iCTEs̄smnb l̄sabl emnabG , ~1!

whereCXX’s are the coefficients of the four-Fermi intera
tions. Among them, there are twobsg induced four-Fermi
interactions denoted byCSL andCBR , which correspond to
22C7

eff in the SM, and which are constrained by the expe
mental data ofb→sg. There are four vector-type interac
tions denoted byCLL , CLR , CRL , andCRR. Two of them
(CLL , CLR! are already present in the SM as the combin
tions of (C92C10, C91C10!. Therefore, they are regarde
as the sum of the contributions from the SM and the n
physics deviations (CLL

new,CLR
new). The other vector interac

tions, denoted byCRL andCRR, are obtained by interchang
ing the chirality projectionsL↔R. There are four scalar-type
interactions,CLRLR, CRLLR, CRLLR, and CRLRL. The re-
maining two denoted byCT and CTE correspond to tenso
type. The indicesL and R are chiral projections,L5 1

2 (1
2g5) and R5 1

2 (11g5). Then, we can get the differentia
branching ratio of the FCNC processb→sl1l 2,

dB
ds

5
1

2mb
8
B0Re @S1~s!$ms

2uCSLu21mb
2uCBRu2%1S2~s!

3$2mbmsCSLCBR* %1S3~s!$2ms
2CSL~CLL* 1CLR* !

12mbmsCBR~CRL* 1CRR* !%1S4~s!$2mb
2CBR~CLL*

1CLR* !12mbmsCSL~CRL* 1CRR* !%1M2~s!$uCLLu2

1uCLRu21uCRLu21uCRRu2%1M6~s!$22~CLLCRL*
©2001 The American Physical Society10-1
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S. FUKAE PHYSICAL REVIEW D 64 054010
1CLRCRR* !1~CLRLRCRLLR* 1CLRRLCRLRL* !%1M8~s!

3$uCLRLRu21uCRLLRu21uCLRRLu21uCRLRLu2%

1M9~s!$16uCTu2164uCTEu2%#. ~2!

Here, we ignore terms including lepton massml , because we
take only massless~anti-! lepton into consideration. A set o
the kinematic functionsSi(s) ( i 51,2,3,4,5,6) andMn(s)
(n52,6,8) is shown in the Appendix. The normalization fa
tor B0 is given by

B0[B sl

3a2

16p2

uVts* Vtbu2

uVcbu2

1

f ~mĉ!k~mĉ!
, ~3!

where the other factorsf (mĉ) andk(mĉ) are the phase-spac
factor and theO(as) QCD correction factor@19#. The factor
Bsl denotes the branching ratio of the semileptonic dec
and we set it to 10.4%. We can also have the FB asymm
from Eq. ~1!. Thus, by numerical analysis, we obtained us
ful information to pin down new physics beyond the stand
model. However, we set all the new Wilson coefficients
real when we carried out the numerical analysis. This me
that we assume that there is no newCP-violating source in
the decayB→Xsl

1l 2. TheCP asymmetry is sensitive to th
imaginary part of the coefficients. Therefore, it is wor
treating theCP asymmetry based on our previous analys

This paper is organized as follows. In Sec. II, we find ho
to obtain the generalCP asymmetry, study the correlatio
between the asymmetry and the branching ratio to pin do
the type of interactions, and give some discussions. We
a summary in Sec. III.

II. GENERAL CP ASYMMETRY

We assume the semileptonic decayb→cl2n̄ l is an ap-
proximatelyCP-conserving mode; in fact, experiments sho
they correspond with each other within about 1022 @20#. The
partonic approximation predicts noCP-violating asymmetry
in the SM. That is, we can use the same normalization fa
as Eq.~3! to express the branching ratio ofb→sl1l 2 and
b̄→ s̄l 1l 2. For a general Wilson coefficientCXX , we can
defineBXX , lXX , andAXX by

CXX[BXX1lXXAXX , ~4!

wherelXX is theCP-violating phase and generally bothBXX
andAXX are complex. In the case of the SM, only the CK
matrix elements give theCP-violating weak phase and th
strong phase appears through the QCD penguin correc
Conventionally, these effects are included in the Wilson
efficients C9

eff of the vector-type current-current interactio
@21#. Explicitly it is expressed by@21,22#

C9
eff5B91luA9 , ~5!

where, without thecc̄ long-distant contribution,
05401
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B95S 11a
w~s!

p DC9
NDR1Y~s!. ~6!

Only lu[(VubVus* )/(VtbVts* ) includes theCP-violating
phase. SinceluA9 is very small except for thecc̄ resonance
region, the SM predicts that theCP asymmetry is very neg-
ligible @15#.

We must takecc̄ resonance into consideration to discu
the branching ratio and theCP asymmetry@23#, otherwise
avoid the region whereJ/c andc8 poles contribute@16#. In
this paper, we take the latter stand. The residual region is
lower region before theJ/c resonance or higher region afte
c8 resonance@13#. We restrict our discussion to only the low
invariant mass region, 1,s,8 ~GeV2), where s[(pl 1

1pl 2)2. We then introduce the partially integratedCP
asymmetryACP defined by

ACP[
B~B→Xsl

1l 2!2B~B̄→Xsl
1l 2!

B~B→Xsl
1l 2!1B~B̄→Xsl

1l 2!
[

NCP

DCP
, ~7!

where B(B→Xsl
1l 2) is the partially integrated branchin

ratio for the processB→Xsl
1l 2, defined by

E
1(GeV2)

8

ds
dB~B→Xsl

1l 2!

ds
;3.73.31026

@at m5~mb!MS̄#.

In the same way, we define the partially integrated branch
ratio for B̄→Xsl

1l 2. We set (C7
eff ,C9

NDR,C10)5
(20.317,4.52,24.29) for numerical calculation. We liste
its value for the SM at the renormalization scalem
5(mb)MS̄54.2 GeV in Table I, where we set Wolfenstein
CKM parameters@24# to (r,h)5(0.12,0.25), (0.16,0.33)
and (0.27,0.40). We should note that there is a huge un
tainty about theCP asymmetry predicted by the SM befor
we discuss the sensitivity to new physics from our numeri
results. The asymmetry in the SM is uncertain by alm
100%@16#. So, we must get at least a 10 times larger size
the SM prediction for theCP asymmetry to find the signal o
new physics; otherwise we fail to do so. Then, from Eq.~1!,
we can get the numeratorNCP of the CP asymmetry by
replacing Re(CXXCYY* ) in the branching ratio given in Eq
~2! with

22 Im~lXX!Im~BYY* AXX!22 Im~lYY!Im~BXX* AYY!

22 Im~lXXlYY* !Im~AXXAYY* !,

TABLE I. The partially integratedCP asymmetry for (r,h)
5(0.12,0.25), (0.16,0.33), and (0.27,0.40) and in the SM atm
5(mb)MS̄ .

(r,h) A CP
SM

(0.12,0.25) 0.8531023

(0.16,0.33) 1.1231023

(0.27,0.40) 1.3631023
0-2
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and, for the dominatorDCP , with

2 Re~BXXBYY* !12 Re~lXX!Re~BYY* AXX!

12 Re~lYY!Re~BXX* AYY!12 Re~lXXlYY* !Re~AXXAYY* !.

The resultantCP asymmetry takes the most general mod
independent form. We show the explicit expression of t
asymmetry in the Appendix. TheCP asymmetry does no
vanish, if and only ifBXX or AXX has a different phase from
AYY and lYY or lXXlYY* has an imaginary part. Here,XX
and YY denote types of interactions, whether they are
same type or not. However, in the most interesting mod
like the 2HDM @13,14# and the MSSM@1,11#, the strong
phase does not play such an important role to theCP asym-
metry. Therefore, we assume that we can ignore a se
strong phases introduced by new physics@9#. Then, for new
vector, scalar, and tensor-type interactions, we can rede
the Wilson coefficients as

CXX5BXX
SM1~lXX1lu!~A91AXX! for XX5LLor LR,

~8!

CXX5lXXAXX for others. ~9!
05401
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Here, AXXs are real andlXXs are phase factors defined b
exp(ifXX), where 0<fXX,2p, and BLL

SM[B92C10 and
BLR

SM[B91C10. In the same way, we can redefineCBR and
CSL , and have other constraints from the measuremen
B→Xsg,

4uC7
effu2~mb

21ms
2!5mb

2~ uASL
N u21uABRu2!, ~10!

whereASL
N 5(mb /ms)ASL @18#. The definitions ofABR and

ASL and fBR and fSL follow Eq. ~9!. Thus if there is an
interference between such coefficients and theC9

eff it can
enlarge theCP asymmetry. Otherwise, the new interactio
suppress the observable according to the above assump
In this case, the explicit form of the partially integratedCP
asymmetry is given by

ACP[

E
1 GeV2

8

ds@dNCP~s!/ds#

E
1 GeV2

8

ds@dDCP~s!/ds#

[
NCP

DCP
, ~11!

where
dNCP~s!

ds
52

1

mb
8

B0@S3~s!$2ms
2@ Im~lSL!Im~ASLB9* !1Im~lSLlLL* !Im~ASLA9* !1Im~lSL!Im~ASLB9* !

1Im~lSLlLR* !Im~ASLA9* !#%1S4~s!$2mb
2@ Im~lBR!Im~ABRB9* !1Im~lBRlLL* !Im~ABRA9* !

1Im~lBR!Im~ABRB9* !1Im~lBRlLR* !Im~ABRA9* !#%

1M2~s!$2~ Im~lLL!Im„~B92C10!~A91ALL!* …1Im~lLR!„~B91C10!~A91ALR!* !…%

1M6~s!$22~ Im~lRL!Im„~B9* 2C10!ARL!1Im~lLLlRL* !Im~A9ARL* !

1Im~ Im~lRR!Im~~B9* 1C10!ARR!1Im~lLRlRR* !Im„~A91ALR!ARR* …!% ~12!

and

dDCP~s!

ds
5

1

mb
8
B0@S1~s!$ms

2uASLu21mb
2uABRu2%1S2~s!$2mbmsRe~lSLlBR* !Re~ASLABR* !%1S3~s!$2ms

2$Re~lSL!Re@ASL~B9

2C10!* #1Re@lSLlLL* !Re~ASL~A91ALL!* #1Re~lSL!Re@ASL~B91C10!* #1Re~lSLlLR* !Re@ASL~A91ALR!* #%

12mbms@Re~lBRlRL* !Re~ABRARL* !1Re~lBRlRR* !Re~ABRARR* !#%1S4~s!$2mb
2$Re~lBR!Re@ABR~B92C10!* #

1Re~lBRlLL* !Re~ABR@A91ALL!* #1Re~lBR!Re@ABR~B91C10!* #1Re~lBRlLR* !Re@ABR~A91ALR!* #%

12mbms@Re~lSLlRL* !Re~ASLARL* !1Re~lSLlRR* !Re~ASLARR* !#%1M2~s!$uB92C10u21uA91ALLu2

12 Re~lLL!Re@~B92C10!~A91ALL!* #1uB91C10u1uA91ALRu212 Re~lLR!Re@~B91C10!~A91ALR!* #

1uARLu21uARRu2%1M6~s!$22$Re~lRL!Re@~B92C10!* ARL#1Re~lLLlRL* !Re@~A91ALL!ARL* #

1Re~lRR!Re@~B91C10!* ARR#1Re~lLRlRR* !Re@~A91ALR!ARR* #%1@Re~lLRLRlRLLR* !Re~ALRLRARLLR* !

1Re~lLRRLlRLRL* !Re~ALRRLARLRL* !#%1M8~s!$uALRLRu21uARLLRu21uALRRLu21uARLRLu2%

1M9~s!$16uATu2164uATEu2%#. ~13!
0-3
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S. FUKAE PHYSICAL REVIEW D 64 054010
Here, we omittedlu because it is very small.
We will analyze the partially integratedCP asymmetry

defined by Eq.~7! and examine its sensitivity to each Wilso
coefficient. For numerical estimation, we set (r,h)
5(0.16,0.33). At first, we investigate vector, scalar, a
tensor-type interactions, which are collectivelynew local in-
teractions. The results of Ref.@17# make us predict the sen
sitivity of the CP asymmetry to each Wilson coefficient. Th
branching ratio is the most sensitive to the vector-type in
actions, especiallyCLL , and the contribution due toCRL and
CRR is positive. Only theCLL and CLR have the weak and
strong phases, so we can expect that only two types of in
actions can makeCP asymmetry large, we can especial
expect that theCP asymmetry is sizable by appropriateCLL .
However,CRL andCRR would suppress theCP asymmetry.
The scalar and tensor-type interactions hardly interfere w
each other or a vector-type interaction in the massless le

FIG. 1. The correlation betweenB/B SM andACP asALL moves,
and fLL50 ~thin solid line!, p/4 ~dotted line!, p/2 ~thick solid
line!, and 3p/4 ~dashed line!. The marksL, 1, h, and3 show
the prediction forfLL50, p/4, p/2, and 3p/4 with ALL50.
d

si-

on

05401
d

r-

r-

h
on

limit. Thus, if a scalar or tensor-type interaction enters in
our decay mode, it would suppress theCP asymmetry. In
Figs. 1 and 2, the correlation between the branching ratio
the CP asymmetry whenCLL or CLR moves is plotted. Be-
cause the flow of each interaction depends on the type of
interaction, we can pin down the type of interaction th
contributes to the processes once we measure those ob
able. These show behavior as expected in the above dis
sion. We should pay attention to Fig. 1, which shows theCP
asymmetry can get much larger as the branching ratio
predicted by the SM. It is because the partially integratedCP
asymmetry for the SM is so suppressed that it is enlarged
102. For fLL5p/4, p/2, or 3p/4, the asymmetry is the
most enlarged whenALL;21.2uC10u, 0 or 1.1uC10u. If we
ignore the SMCP-violating contribution,A9 and lu , CLL
enters into the asymmetry as in the following:

FIG. 2. The correlation betweenB/B SM andACP asALR moves,
and fLR50 ~thin solid line!, p/4 ~dotted line!, p/2 ~thick solid
line!, and 3p/4 ~dashed line!. L shows the standard model predi
tion. L, 1, h, and3 show the prediction forfLR50, p/4, p/2,
and 3p/4 with ALR50.
2E ds$Im@M2~B92C10!22M4C7
eff#~A9* 1ALL!%sinfLL

2mb
8BSM1E dsM2uA91ALLu212E ds$Re@M2~B92C10!22M4C7

eff#~A9* 1ALL!%cosfLL

, ~14!
e
re

,
be-

n,
where M2(s) and M4(s) are shown in the Appendix, an
2mb

8BSM;0.72. By choosing an approximate set ofALL and
fLL to hold

E dsM2ALL;22E dsM2 Re~B92C10!cosfLL ,

the asymmetry can become 1021. That is, if there is new
physics throughCLL with a weak phase, there is the pos
bility that we may pin down this type of interaction at theB
factory in the near future, even if there is no contradicti
with present experiments. Equation~14! shows the correla-
tion is very sensitive to whetherfLL is infinitesimal or not.
Thus, the SM prediction point is far from other lines. In th
same way, someALR andfLR enlarge the asymmetry and a
sensitive tofLR but, becauseB91C10!B92C10, its contri-
bution is smaller thanALL and fLL . And, in order to see
how much the coefficientALR contributes to the asymmetry
we check when the absolute value of the asymmetry
comes the maximum. By analogy with the analysis forALL
and Eq. ~14!, we find that it has the largest value whe
roughly,

2E ds M2Re~A9!;2E ds M2ALR ,
0-4
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numericallyALR;21.4uC10u or 21.5uC10u for fLR5p/4 or
p/2 and 3p/4. @Note we ignored the term includin
M2Re(B91C10)22M4C7

eff because it is much smaller tha
the remains in the dominator.#

For CRL and CRR, the terms fromM2CRL
2 and M2CRR

2

disappear in the numerator, so that the other terms,

2M6~s!~C9
eff2C10!CRL* , ~15!

2M6~s!~C9
eff1C10!CRL* , ~16!

which we ignored when we discussed the sensitivity ofCRL
andCRR to the branching ratio, give significant effect to th
CP asymmetry, so that the asymmetry may depend onfRL
andfRR. Here,M6(s) is given in the Appendix. Equation
~15! and ~16! give similar contributions to the asymmetr
except that it includes not onlyM2 but M6. SinceM6!M2
due to strange quark massms , its sensitivity is small. We can
also consider the correlation whereARL and ARR are very
small strong phases, that is

ARL5A91ARL8 , ~17!

ARR5A91ARR8 , ~18!

where ARL8 and ARR8 are real. In this case, the sign of th

FIG. 3. The correlation betweenB/B SM andACP asu moves,
and fBR50 ~thin solid line!, p/4 ~dotted line!, p/2 ~thick solid
line!, and 3p/4 ~dashed line!, where tanu5ABR /ASL

N . We setfSL

50. And, for ASL522C7
eff and ABR522C7

eff , plotted some
marks, L (fBR50), 1 (fBR5p/4), h (fBR5f/2), and 3
(fBR53p/4).
05401
imaginary part of (B92C10)(A91ARL8 ) and (B91C10)(A9

1ARR8 ) yields the difference between the correlations, ho
ever, the sensitivity is still small.

For scalar and tensor interactions, in the massless le
limit, Wilson coefficients appear only through the squar
absolute. So, the asymmetry is almost independent offS
(S5LRLR, LRRL, RLLR, RLRL), fT , and fTE and it
gets only more suppressed asAS , AT , or ATE gets larger.
Moreover, the sensitivity is very small because the cor
sponding kinematic functions include a factorml .

Next, consider onlyCBR and CSL , which is constrained
by Eq. ~10!. Generally, without a strong phase, these coe
cients are expressed by

CBR5ABReifBR, CSL5ASLe
ifSL, ~19!

wherefBR andfSL are independent weak phases. As sho
in Ref. @18#, the partially integrated branching ratioB is
more sensitive toCBR than CSL

N [(mb /ms)CSL because of
the strange quark massms . This is true for the partially
integratedCP asymmetryACP . In other words, it is almost
independent of the phasefSL in comparison withfBR . The
asymmetry cannot be enlarged byASL ~or ABR) with fBR
50. We can find this feature by comparing Fig. 3 with Fi
4. In the former, we setfSL to 0; in the latter, however, we
setfSL5fBR[fNL . By contrast withCSL , the form of the
correlation depends onCBR considerably. Ignoring the SM
contribution, in the case offSL5fBR5fNL , the asymmetry
takes the form

FIG. 4. The correlation betweenB/B SM andACP asu moves,
and fNL50 ~thin solid line!, p/4 ~thin dotted line!, p/2 ~thick
solid line!, and 3p/4 ~thick solid line!, where tanu5ABR /ASM

N . We
set fNL[fSL5fBR . For ASL522C7

eff and ABR522C7
eff : L

(fNL50), 1 (fNL5p/4), h (fNL5f/2), and3 (fNL53p/4).
8mbC7
effFmsE dsS3cosuIm~B9!1mbE dsS4sinuIm~B9!GsinfNL

2mb
8BNL12mb

8BL28mbC7
effFmsE dsS3cosuRe~B9!1mbE dssinuS4Re~B9!GcosfNL

, ~20!
0-5
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S. FUKAE PHYSICAL REVIEW D 64 054010
whereBNL andBL are the partially integrated branching r
tios. For the former, only nonvanishing new Wilson coef
cients areABR and the latter hasASL andABR5ASL50. We
set tanu5ABR /ASL

N and ignored the higher-order terms abo
ms /mb . The definition ofS3 andS4 is given in the Appen-
dix. Since Im(B9)!Re(B9), the partially integrated branch
ing ratio is expressed by

1

2mb
8
B0HBNL1BL28mbC7

effFmsE dsS3Re~B9!cosu

1mbE dsS4Re~B9!sinu GcosfNLJ . ~21!

Equations~20! and~21! show that, whenfNL rounds from 0
to 2p, so does the ellipse of the correlation, as shown in F
4. The size ofABR , and alsoASL , is not so significant to
enlarge the partially integratedCP asymmetry. Thus, thes
two types of interactions do not give a great influence to
partially integratedCP asymmetry even if there is anothe
type of new interaction, sayCLL . For example, when we se
fLL5p/2 and we check the dependency offNL on the
asymmetry, it does not largely change the form of the co
lation betweenB andA asALL moves negligibly, as shown
in Fig. 5, so we must note, if and only if very minute expe
ments are done.

III. SUMMARY

The model-independent analysis of the partially integra
CP asymmetry of the inclusive rareB decayB→Xsl

1l 2

was presented.CP violation is one of the most interestin
topics to research new physics and understand barioge
in the early universe, and many researchers have studied
observable through both the experimental and theoretica
proaches. The processB→Xsl

1l 2 is experimentally clean
and there is a possibility that this mode is found by KEK
and PEP-IIB factories. BecauseB→Xsl

1l 2 is a FCNC pro-
cess, it is the most sensitive to the various extensions of
SM. Our analysis includes the full operator basis, i.e.,

FIG. 5. The correlation ofB/B0 andACP /A CP
SM as ALL moves

for fLL5p/2 andfNL50 ~thin solid line!, p/4 ~dotted line!, p/2
~thick solid line!, and 3p/4 ~dashed line!. Here the definition of
fNL is the same as Fig. 4.
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independent four-Fermi operators. In the SM, only thr
types of Wilson coefficients contribute toB→Xsl

1l 2, and
the partially integratedCP asymmetry has an order of 1023.
We investigated the correlation of the partially integrat
branching ratio and the partially integratedCP asymmetry,
and then can conclude that onlyCLL , the coefficient of the
operator (s̄LgmbL l̄ Lgml L), can be a meaningful contributio
to our process. This cause is the same as the branching
@17#, i.e., the large interference between (B92C10) andCLL .
Since (B91C10)!(B92C19), the contribution ofCLR , the
coefficient of the operator (s̄LgmbL l̄ Rgml R), is less than
CLL . However, the Wilson coefficients of the other new l
cal interactions beyond SM work only to suppress the asy
metry, because we assumed there was no new strong p
and then they have no interference with the SM interactio
In order to contrast with the left-right symmetric model, w
madeCRL andCRR have very small strong phases; howev
it changes the size of theCP asymmetry a little. As forCBR
andCSL , the coefficients of theB→Xsg operators, although
the asymmetry depends largely on the weak phasefBR of
CBR , their size makes little contribution to the asymmet
Thus, the dependency of two coefficients is much sma
than that ofALL . Note that the branching ratio also depen
on thefBR .

Our analysis contains the special cases such as the MS
and the 2HDM. In the MSSM, a special case isCBR5CSL

52C7 , CLL5C9
eff2C10, and CLR5C9

eff1C10. This is ex-
pressed as an example in Fig. 4. Therefore, the asymmet
very suppressed like the standard model, although
branching ratio can be large~or not!. However, the model has
the possibility of conversion of the sign ofC10. In this case,
Figs. 1 and 2 show that theCP asymmetry may be enlarged
Large contributions toACP were pointed out by Ref.@10#.
Figure 4 includes the rough character of 2HDM, where
new weak phase enters intoCBR andCSL with the deviation
from the SM prediction for the numerical values ofCBR ,
CSL , CLL , andCLR . When sinfNL is small, the asymmetry
is suppressed; however, when sinfNL is close to unity, it
changes with the sign ofCBR @14#. Once theCP asymmetry
is measured, we will be able to constrain the extended m
els by comparing the data with our numerical analysis. If
get the signature of the asymmetry in it, we can conclu
that there is a new (V2A) ^ (V2A) interaction and/or a
sizable strong coupling. Otherwise, the analysis of
present paper cannot constrain us within some models, so
have to wait for future experiments to get some informat
on theCP from B→Xsl

1l 2.
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APPENDIX: KINEMATIC FUNCTIONS

We list a set of kinematic functions, which decide th
behavior of the branching ratio and theCP asymmetry for
the decayb→sl1l 2, and show the general expression of t
direct CP asymmetry. The ratio is shown by Eq.~2!. We
0-6
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follow Refs. @17,25# with regard to notation. That is, th
functions are given by

S1~s!52
4

s
u~s!H s22

1

3
u~s!22~mb

22ms
2!2J ,

S2~s!5216u~s!mbms ,

S3~s!54u~s!~s1mb
22ms

2!,

S4~s!54u~s!~s2mb
21ms

2!,

M1~s!5~ms
21mb

2!S1~s!12mbmsS2~s!,

M2~s!52u~s!@2 1
3 u~s!22s21~mb

22ms
2!2#,

M4~s!5ms
2S3~s!1mb

2S4~s!,
05401
M6~s!5mbms@S3~s!1S4~s!#,

M8~s!52u~s!~mb
21ms

22s!s,

M9~s!52u~s!@2 2
3 u~s!222~mb

21ms
2!s12~mb

22ms
2!2#,

~A1!

where we neglect lepton mass.
With the above functions, we can express the partia

integratedCP asymmetry delivered from the matrix eleme
@Eq. ~1!#, that is,

ACP[

E
1GeV2

8

ds@dNCP~s!/ds#

E
1GeV2

8

ds@dDCP~s!/ds#

[
NCP

DCP
, ~A2!

where
dNCP~s!

ds
52

1

mb
8
B0@S1~s!$2ms

2Im~lSL!Im~BSLASL* !12mb
2Im~lBR!Im~BBRABR* !%1S2~s!$2mbms@ Im~lSL!Im~ASLBBR* !

1Im~lBR!Im~BSL* ABR!1Im~lSLlBR* !Im~ASLABR* !#%1S3~s!$2ms
2@ Im~lSL!Im~ASLBLL* !

1Im~lLL!Im~BSL* ALL!1Im~lSLlLL* !Im~ASLALL* !1Im~lSL!Im~ASLBLR* !1Im~lLR!Im~BSL* ALR!

1Im~lSLlLR* !Im~ASLALR* !#12mbms~ Im~lBR!Im~ABRBRL* !1Im~lRL!Im~BBR* ARL!

1Im~lBRlRL* !Im~ABRARL* !1Im~lBR!Im~ABRBRR* !1Im~lRR!Im~BBR* ARR!1Im~lBRlRR* !Im~ABRARR* !#%

1S4~s!$2mb
2@ Im~lBR!Im~ABRBLL* !1Im~lLL!Im~BBR* ALL!1Im~lBRlLL* !Im~ABRALL* !1Im~lBR!Im~ABRBLR* !

1Im~lLR!Im~BBR* ALR!1Im~lBRlLR* !Im~ABRALR* !#12mbms@ Im~lSL!Im~ASLBRL* !1Im~lRL!Im~BSL* ARL!

1Im~lSLlRL* !Im~ASLARL* !1Im~lSL!Im~ASLBRR* !1Im~lRR!Im~BSL* ARR!1Im~lSLlRR* !Im~ASLARR* !#%

1M2~s!$2@ Im~lLL!Im~BLLALL* !1Im~lLR!Im~BLRALR* !1Im~lRL!Im~BRLARL* !1Im~lRR!Im~BRRARR* !#%

1M6~s!$22@ Im~lLL!Im~ALLBRL* !1Im~lRL!Im~BLL* ARL!1Im~lLLlRL* !Im~ALLARL* !1Im~lLR!Im~ALRBRR* !

1Im~lRR!Im~BLR* ARR!1Im~lLRlRR* !Im~ALRARR* !#1@ Im~lLRLR!Im~ALRLRBRLLR* !

1Im~lRLLR!Im~BLRLR* ARLLR!1Im~lLRLRlRLLR* !Im~ALRLRARLLR* !1Im~lLRRL!Im~ALRRLBRLRL* !

1Im~lRLRL!Im~BLRRL* ARLRL!1Im~lLRRLlRLRL* !Im~ALRRLARLRL* !#%1M8~s!$2@ Im~lLRLR!Im~BLRLRALRLR* !

1Im~lRLLR!Im~BRLLRARLLR* !1Im~lLRRL!Im~BLRRLALRRL* !1Im~lRLRL!Im~BRLRLARLRL* !#%1M9~s!

3$32Im~lT!Im~BTAT* !1128 Im~lTE!Im~BTEATE* !%, ~A3!

and

dDCP~s!

ds
52

dB~s!

ds U
CXX→BXX

1
1

mb
8
B0@S1~s!$ms

2@ uASLu212 Re~lSL!Re~BSLASL* !#1mb
2@ uABRu212 Re~lBR!Re~BBRABR* !#%

1S2~s!$2mbms@Re~lSL!Re~ASLBBR* !1Re~lBR!Re~BSL* ABR!1Re~lSLlBR* !Re~ASLABR* !#%1S3~s!

3$2ms
2@Re~lSL!Re~ASLBLL* !1Re~lLL!Re~BSL* ALL!1Re~lSLlLL* !Re~ASLALL* !1Re~lSL!Re~ASLBLR* !

1Re~lLR!Re~BSL* ALR!1Re~lSLlLR* !Re~ASLALR* !#12mbms@Re~lBR!Re~ABRBRL* !1Re~lRL!Re~BBR* ARL!
0-7



S. FUKAE PHYSICAL REVIEW D 64 054010
1Re~lBRlRL* !Re~ABRARL* !1Re~lBR!Re~ABRBRR* !1Re~lRR!Re~BBR* ARR!1Re~lBRlRR* !Re~ABRARR* !#%1S4~s!

3$2mb
2@Re~lBR!Re~ABRBLL* !1Re~lLL!Re~BBR* ALL!1Re~lBRlLL* !Re~ABRALL* !1Re~lBR!Re~ABRBLR* !

1Re~lLR!Re~BBR* ALR!1Re~lBRlLR* !Re~ABRALR* !#12mbms@Re~lSL!Re~ASLBRL* !1Re~lRL!Re~BSL* ARL!

1Re~lSLlRL* !Re~ASLARL* !1Re~lSL!Re~ASLBRR* !1Re~lRR!Re~BSL* ARR!1Re~lSLlRR* !Re~ASLARR* !#%1M2~s!

3$uALLu212 Re~lLL!Re~BLLALL* !1uALRu212 Re~lLR!Re~BLRALR* !1uARLu212 Re~lRL!Re~BRLARL* !1uARRu2

12 Re~lRR!Re~BRRARR* !%1M6~s!$22@Re~lLL!Re~ALLBRL* !1Re~lRL!Re~BLL* ARL!1Re~lLLlRL* !Re~ALLARL* !

1Re~lLR!Re~ALRBRR* !1Re~lRR!Re~BLR* ARR!1Re~lLRlRR* !Re~ALRARR* !#1@Re~lLRLR!Re~ALRLRBRLLR* !

1Re~lRLLR!Re~BLRLR* ARLLR!1Re~lLRLRlRLLR* !Re~ALRLRARLLR* !1Re~lLRRL!Re~ALRRLBRLRL* !

1Re~lRLRL!Re~BLRRL* ARLRL!1Re~lLRRLlRLRL* !Re~ALRRLARLRL* !#%1M8~s!$uALRLRu2

12 Re~lLRLR!Re~BLRLRALRLR* !1uARLLRu212 Re~lRLLR!Re~BRLLRARLLR* !1uALRRLu2

12 Re~lLRRL!Re~BLRRLALRRL* !1uARLRLu212 Re~lRLRL!Re~BRLRLARLRL* !%1M9~s!$16@ uATu2

12 Re~lT!Re~BTAT* !#164@ uATEu212 Re~lTE!Re~BTEATE* !#%. ~A4!

The first termdB/dsuCXX→BXX
in Eq. ~A4! is the differential branching ratio given by Eq.~2! after replacing all Wilson

coefficientsCXX with BXX , respectively.
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