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More model-independent analysis ofb\s processes
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We study model-independently the implications of nonstandard scalar and pseudoscalar interactions for the
decaysb→sg, b→sg, b→s,1,2 (,5e,m) andBs→m1m2. We find sizable renormalization effects from
scalar and pseudoscalar four-quark operators in the radiative decays and atO(as) in hadronicb decays.
Constraints on the Wilson coefficients of an extended operator basis are worked out. Further, the ratiosRH

5B(B→Hm1m2)/B(B→He1e2), for H5K (* ),Xs , and their correlations with theBs→m1m2 decay are
investigated. We show that the standard model prediction for these ratios defined with the same cut on the
dilepton mass for electron and muon modes,RH511O(mm

2 /mb
2), has a much smaller theoretical uncertainty

(&1%) than the one for the individual branching fractions. The present experimental limitRK<1.2 puts
constraints on scalar and pseudoscalar couplings, which are similar to the ones from current data onB(Bs

→m1m2). We find that new physics corrections toRK* andRXs
can reach 13% and 10%, respectively.

DOI: 10.1103/PhysRevD.69.074020 PACS number~s!: 13.20.He, 13.25.Hw
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I. INTRODUCTION

Flavor-changing neutral currents~FCNCs! are forbidden
in the standard model~SM! at the tree level and arise only a
one loop. Hence, they are sensitive to quantum correct
from heavy degrees of freedom at and above the electrow
scale. The rare decaysb→sg, b→sg and b→s,1,2,
where,5e or m, are such promising probes. Measureme
of these processes are rapidly improving by the present
eration ofB experiments and in the not too distant future
the Fermilab Tevatron and the CERN Large Hadron Colli
~LHC!. The analysis ofb→s transitions can be systemat
cally performed in terms of an effective low-energy theo
with the Hamiltonian~see, e.g., Ref.@1#!

Heff52
4GF

A2
VtbVts* (

i
@Ci~m!Oi~m!1Ci8~m!Oi8~m!#.

~1.1!

The operatorsOi
(8) in Eq. ~1.1! include dipole couplings with

a photon and a gluon and dilepton operators with vector
axial-vector, as well as with scalar and pseudoscalar Lore
structures. They are given as1

O75
e

gs
2

mb~ s̄smnPRb!Fmn,

O85
1

gs
mb~ s̄asmnTab

a PRbb!Gamn,

*Electronic address: hiller@theorie.physik.uni-muenchen.de
†Electronic address: fkrueger@ph.tum.de
1Our definition ofOS,P is different from that of Refs.@2–4# ~i.e.,

without the factor ofmb) in order forCS,P to be dimensionless. As
a consequence, the scalar and pseudoscalar operators have a
nishing anomalous dimension.
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O95
e2

gs
2 ~ s̄gmPLb!~ ,̄gm, !,

O105
e2

gs
2 ~ s̄gmPLb!~ ,̄gmg5, !,

OS5
e2

16p2
~ s̄PRb!~ ,̄, !,

OP5
e2

16p2
~ s̄PRb!~ ,̄g5, !. ~1.2!

The operatorsO126 can be seen in Ref.@5#. The primed
operators in Eq.~1.1! can be obtained from their unprime
counterparts by replacingPL↔PR . In the SM as well as in
models with minimal flavor violation~MFV! where flavor
violation is entirely ruled by the Cabibbo-Kobayash
Maskawa~CKM! matrix, the Wilson coefficientsCi8 are sup-
pressed by the strange quark Yukawa coupling

Ci8;
ms

mb
Ci . ~1.3!

Furthermore, the SM contributions to scalar and pseu
scalar operators due to neutral Higgs-boson exchange
tiny even for taus since

CS,P
SM;

m,mb

mW
2

. ~1.4!

Thus, in the context of the SM only the operatorsO7210
matter for semileptonic and radiativeb→s transitions.

Our plan is to determine the coefficientsCi
(8) from a fit to

the data and thereby testing the SM@6#. At present the num-
nva-
©2004 The American Physical Society20-1
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TABLE I. Branching fractions for various rareB decays@16–19#. The inclusive measurements as well
the corresponding theoretical predictions have been obtained forme1e2.0.2 GeV. The SM predictions are
taken from Ref.@9# updated withB(B→Xc,n,)50.108.

Decay modes SM Belle BaBar

B→Xse
1e2 (4.360.7)31026 (5.062.321.1

11.3)31026 (6.661.921.6
11.9)31026

B→Xsm
1m2 (4.360.7)31026 (7.962.121.5

12.1)31026 (5.762.821.4
11.7)31026

B→Ke1e2 (3.661.2)31027 (4.821.3
11.560.360.1)31027 (7.421.6

11.860.5)31027

B→Km1m2 (3.661.2)31027 (4.821.1
11.260.360.2)31027 (4.521.9

12.360.4)31027

B→K* e1e2 (16.465.1)31027 (14.924.6
15.2

21.3
11.260.2)31027 (9.824.2

15.061.1)31027

B→K* m1m2 (12.464.0)31027 (11.723.1
13.660.960.5)31027 (12.726.1

17.661.6)31027
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ber of measured independent observables is not sufficien
one currently has to simplify the program and deal with
restricted set of operators. In this work we analyze the
cays B→Xsg, B→Xs,

1,2, B→K (* ),1,2, Bs→m1m2

with the following assumptions:
~i! The effects of right-handed currents can be neglec

i.e., Ci8.0.
~ii ! The Wilson coefficients of scalar and pseudosca

operators are proportional to the lepton massCS,P}m, such
that the coupling to electrons is negligible. This is automa
cally satisfied ifCS,P are generated by neutral Higgs-bos
exchange, but not in general within SUSY models with b
ken R parity.2

~iii ! There are noCP-violating phases from physics be
yond the SM.

Therefore we take into account the Wilson coefficie
C7210 andCS,P . Model-independent analyses of the deca
b→sg andb→s,1,2 in the framework of the SM operato
basis withO7210 have been previously performed in Ref
@8–10#. Distributions with an extended basis includingOS,P
were analyzed forB→Xs,

1,2 in Refs. @7,11# and for B
→K* ,1,2 decays in Refs.@12,13# to illustrate possible new
physics effects. In these works, however, no correlations
tween the just-mentioned decay modes andBs→,1,2 de-
cays have been considered. In Ref.@3# the decaysBs
→m1m2 and B→K (* )m1m2 have been studied mode
independently. It has been shown that the Wilson coefficie
CS,P can be of O(1) while respecting data on theBs
→m1m2 branching fraction, and thus are comparable in s
to the vector and axial-vector couplings. For a combin
study ofBs→m1m2 andB→Xsm

1m2 decays in the mini-
mal supersymmetric standard model~MSSM!, see@14#.

We perform here a combined analysis of theBs
→m1m2 branching ratio and the observables

RH[

E
4mm

2

qmax
2

dq2
dG~B→Hm1m2!

dq2

E
4mm

2

qmax
2

dq2
dG~B→He1e2!

dq2

, H5Xs ,K (* ),

~1.5!

2Some R-parity-violating SUSY models with horizontal flavo
symmetries do haveCS,P}m, . They can generate in general als
helicity-flipped coefficientsCi8 @7#.
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where qmax
2 5(mB2mK(* ))2 for B→K (* ),1,2 and qmax

2

'mb
2 for the inclusive decay modes. We also examine

low dilepton invariant mass region of the inclusive deca
below theJ/c mass withqmax

2 56 GeV2. Note that we use
the lower cut of 4mm

2 for both electron and muon modes
order to remove phase space effects in the ratioRH . Within
the SM, we obtain clean predictions even for the exclus
decays

RH
SM511O~mm

2 /mb
2!, ~1.6!

which holds also outside the SM ifCS,P.0. The normaliza-
tion to the e1e2 mode in Eq.~1.5! was also discussed in
Ref. @15# for the inclusive decays.

This paper is organized as follows. In Sec. II we summ
rize the current experimental status and constraints on
decay modes of interest. Section III contains a discussio
new physics contributions to scalar and pseudoscalar f
quark operators and their impact on the Wilson coefficie
of the SM operator basis. We investigate new physics effe
in the decaysb→sg and b→sg. Model-independent con
straints on the coefficients of the operatorsO7210 in the pres-
ence ofOS andOP are derived in Sec. IV. In Sec. V we stud
correlations between the branching ratios of the decaysBs
→m1m2, B→Xs,

1,2 and B→K (* ),1,2. In particular,
quantitative predictions are obtained for the ratiosRK(* ),Xs

.
We summarize and conclude in Sec. VI. The anomalous
mensions, decay distributions forb→s,1,2 processes and
auxiliary coefficients are given in Appendixes A–D.

II. EXPERIMENTAL STATUS OF b\s TRANSITIONS

We summarize recent results on the inclusive and ex
sive b→s,1,2 decay modes in Table I. These measu
ments are in agreement with the SM prediction@9# within
errors. The experimental constraints we use in our numer
calculations are given below. Note that throughout this wo
we do not distinguish betweenB and B̄.

~i! The combined results of Belle@19# and BaBar@16# for
the inclusiveb→s,1,2 decays yield the 90% confidenc
level intervals

2.831026<B~B→Xse
1e2!<8.831026, ~2.1!

3.531026<B~B→Xsm
1m2!<10.431026.

~2.2!
0-2
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The statistical significance of the Belle~BaBar! measure-
ments of B(B→Xse

1e2) and B(B→Xsm
1m2) is

3.4s (4.0s) and 4.7s (2.2s), respectively. To be conserva
tive, we also use in our analysis the 90% C.L. limits@20#

B~B→Xse
1e2!,10.131026, ~2.3!

B~B→Xsm
1m2!,19.131026, ~2.4!

and compare their implications with those of Eqs.~2.1! and
~2.2!.

~ii ! For the exclusive decay channels@17,18# we obtain
the following 90% C.L. ranges

3.931027<B~B→Ke1e2!<7.731027, ~2.5!

3.031027<B~B→Km1m2!<6.531027, ~2.6!

and

6.531027<B~B→K* e1e2!<17.931027, ~2.7!

6.731027<B~B→K* m1m2!<17.031027. ~2.8!

~iii ! Using the experimental results displayed in Table
we find for the ratiosRH

RXs
51.2060.52, RK50.8160.24,

RK* uno cut50.9860.38, ~2.9!

which translates into the 90% C.L. intervals

0.34<RXs
<2.06, 0.42<RK<1.20,

0.35<RK* uno cut<1.60. ~2.10!

Here,RK* uno cut is defined asRK* with the lower integration
boundary in the electron mode taken to be 4me

2 , since ex-
perimental data on theB→K* e1e2 branching ratios are
published only for the full phase space region. We do
include effects from the small difference between the low
cut me1e250.2 GeV of the experimental analysis@16,19#
and 2mm used here. Furthermore, we neglect contributions
B→Ke1e2 from the region belowq254mm

2 , where the rate
is tiny due to the absence of the photon pole. The ab
ratios should be compared with the predictions of the SM

RXs

SM50.98760.006, RK
SM5160.0001,

RK*
SMuno cut50.7360.01, ~2.11!

and

RXs

SMu low q250.97760.009, RK*
SM

50.99160.002,

~2.12!
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where ‘‘low q2’’ denotes a cut below 6 GeV2. The errors on
the inclusive and exclusive ratios are due to a variation of
renormalization scale and of the form factors, respectiv
see Secs. IV and V.

~iv! The current world average of the inclusiveb→sg
branching ratio is@21,22#

B~B→Xsg!5~3.3460.38!31024 ~2.13!

with a photon energy cutEg.mb/20.
~v! For the purely leptonic decays only upper limits exi

The branching ratio of theBs→m1m2 decay is constrained
at 90% C.L. as@23#

B~Bs→m1m2!,2.031026. ~2.14!

Note that there are preliminary 90% confidence level lim
of 9.531027 and 1631027 from CDF and DO” , respectively
@24#.

III. NEW PHYSICS CONTRIBUTIONS TO FOUR-QUARK
OPERATORS

In this section we address the question whether new ph
ics contributions to four-quark operators can spoil o
model-independent analysis. First, the QCD penguin op
tors O326 appear in the SM and many extensions to low
order only through operator mixing. They enter the mat
element ofb→sg andb→s,1,2 decays at the loop level
Hence, their impact is subdominant and new physics effe
in QCD penguins are negligible for our analysis within cu
rent precision. Secondly, and this will be the important eff
discussed in the remainder of this section, it is conceiva
that the dynamics which generates large couplings to di
tons, i.e., to the operatorsOS,P , induces contributions to
4-Fermi operators with diquarks as well. We introduce t
following fermion f dependent operators

OL
f 5~ s̄PRb!~ f̄ PL f !, OR

f 5~ s̄PRb!~ f̄ PRf !, ~3.1!

where for muons we identify the coefficientsCL,R
m

5e2/(16p2)(CS7CP). We generalize here our assumptio
~ii ! in the sense that the coupling strength is proportiona
the fermionmassmf , which naturally arises in models with
Higgs-boson exchange. In particular, the corresponding W
son coefficients forb quarks proportional tomb can be po-
tentially large. As will be discussed in the next section, c
rent experimental data on the branching fraction ofBs
→m1m2 imply3

3In the MSSM with large tanb there are corrections to the down
type Yukawa coupling~see, e.g., Refs.@25,26#!. These corrections
can be substantial inB decays, and have the form 1/(11ebtanb)
with uebu&0.01 @26#.
0-3
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AuCL
b~mW!u21uCR

b~mW!u2

<
e2

16p2

mb~mW!

mm

A2„uCS~mW!u21uCP~mW!u2
…&0.06.

~3.2!

Here, we anticipated our result in Eq.~4.4!, i.e., an upper
bound on uCS,Pu and evolved according to
d„CS,P(m)/mb(m)…dm50, with the runningb-quark mass in
the MS scheme given in Eq.~A2!.

The Wilson coefficientsCL,R
b are nonzero to lowest orde

interactions at the electroweak scalem;mW and can be sig-
nificantly larger than the ones of the QCD penguin opera
C326(mb);O(1022). Hence, we have to study the potent
impact of the operatorsOL,R

f on our analysis ofb→sg and
b→s,1,2 decays.

A. One-loop mixing with pseudoscalar and scalar operators

Scalar and pseudoscalar four-quark operators enter ra
tive and semileptonic rareb→s decays at one-loop level a
shown in Fig. 1. To estimate their impact, we insertOL

b and
OR

b into the penguin diagrams with an internalb quark and
use fully anticommutingg5. The contributions from the dia
gram with closed fermion loop vanish by Dirac trace and
gauge invariance or vector current conservation, i.e., a
contraction with the lepton current. For simplicity, we wo
in the ‘‘standard’’ operator basisÕi given in Appendix A. We
obtain nonvanishing contributions fromOR

b and OL
b to Õ7

andÕ9, respectively. The diagrams with an internals quark
contribute to the helicity-flipped coefficients. They are su
pressed by a factorms /mb and therefore can be neglecte
We obtain the following corrections to the Wilson coef
cients at the scalemb5mb

dC̃7~mb!5
1

6
ln

mW
2

mb
2

CR
b~mW!, ~3.3!

dC̃9~mb!5
1

9
ln

mW
2

mb
2

CL
b~mW!. ~3.4!

These infinite renormalization contributions survive in t
limit as→0, which is similar to what happens in the SM fo

FIG. 1. Diagrams with an insertion of four-quark operato
which contribute to the renormalization and the matrix elemen

the operatorÕ9, and with an on-shell photon and no leptons toÕ7.
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the mixing ofÕ2 onto Õ9 @27#. With the upper bound in Eq
~3.2! we find that the new physics effect fromOL,R

b is small,

of the order of one percent forÕ9, but a few3O(10%) for
Õ7. The reason is simply thatC̃7

SM(mb) is more than an

order of magnitude smaller thanC̃9
SM(mb), which in addition

has a smaller anomalous dimension.
Other operators contributing in the SM but subleading

the decaysb→sg andb→s,1,2 are also subject to simila
new physics effects. To be specific, the Wilson coefficients
the chromomagnetic dipole operator and the QCD peng
operators receive corrections from the diagrams in Fig
with diquarks instead of leptons and the intermediate pho
replaced by a gluon. We find

dC̃8~mb!52
1

2
ln

mW
2

mb
2

CR
b~mW!, ~3.5!

dC̃3,5~mb!52
1

18

as

4p
ln

mW
2

mb
2

CL
b~mW!,

~3.6!

dC̃4,6~mb!5
1

6

as

4p
ln

mW
2

mb
2

CL
b~mW!, ~3.7!

which are relevant to hadronicB decays.4 Quantitatively, the
renormalization of the gluon dipole operator can be or
one.~We study this in more detail below.! The impact on the
QCD penguin operators can be up to several percent.
mentioned earlier, new physics contributions to the opera
Õ326 are subdominant inb→sg and b→s,1,2 decays.
Since the renormalization ofÕ9 by scalar and pseudoscala
operators is small, too, we can safely neglect the effects
induced four-quark operators of the typeOL

b in our analysis
of semileptonic and radiativeb→s decays. We remark tha
scalar and pseudoscalar operators also mix with the e
troweak penguin operatorsÕ7210

e ~see Appendix A! at order
a/4p. We have calculated for completeness the correspo
ing anomalous dimensions, which can be seen in Appen
B.

To get a more accurate estimate of the new physics
rections to the magnetic penguin operators, we resum
leading logarithms in Eqs.~3.3! and ~3.5! by means of the
renormalization group equations in theMS scheme@1#. Both
operatorsOR

b and OL
b induce additional operators unde

renormalization~see Appendix B!. The anomalous dimen
sions of each set are known at next-to-leading order~NLO!
@29#, with no mixing between the sets. We have calcula

4The decayB→fKS has been studied in Ref.@28# including
O(as) corrections to the matrix element. The leading logarithm
contributions in Eqs.~3.5!–~3.7!, however, have not been takin
into account, which explains the hugem dependence found in thes
papers. We checked that the ln(mb /m) terms of theO(as) correc-
tions are canceled by the contributions in Eqs.~3.5!–~3.7!.

f

0-4
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FIG. 2. Constraints onj7,8(mb) from B(b→sg) for CR
b(mW)50 ~left plot! andCR

b(mW)50.06~right plot!. We also show the upper and
lower bounds onj8(mb) for the experimental limitB(B→Xsg),9% @33# ~dashed lines! and for an assumed value ofB(B→Xsg),3%
~dash-dotted lines!.
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the leading-order mixing ofOL,R
b onto Õ329.5 The anoma-

lous dimensions are given in Appendix B together with t
respective leading-order self-mixing of bothOR

b andOL
b sets.

Numerically, we obtain

dC̃7~mb!.0.71CR
b~mW!, dC̃8~mb!.22.95CR

b~mW!,

~3.8!

which implies sizeable contributions to the branching rat
of the radiative decays. We study the phenomenology in S
III B.

The mixing of scalar and pseudoscalar operators in
~B1! onto the dipole operators has been studied previousl
the context of the two-Higgs-doublet model@31# and in su-
persymmetry with gluino contributions tob→sg @32#. While
our results agree with the ones presented in Ref.@32#, they
are at variance with those given in Ref.@31#. In particular,
we disagree with the conclusion made therein that the sc
and pseudoscalar operators do not mix withÕ9.

B. Implications for the decaysb\sg and b\sg

We now investigate the phenomenological consequen
of the mixing effects presented above for radiativeB decays.
To illustrate how large these corrections can be, we norm
ize the Wilson coefficients in the presence of new physics
the ones in the SM, and denote this ratio byj, such that
jSM51. We obtain to next-to-leading order in the SM ope
tor basis and to leading logarithmic approximation inCR

b

5The computation of the anomalous dimensions at NLO is be
performed in Ref.@30#.
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j7~mb!50.51410.450j7~mW!10.035j8~mW!

22.319CR
b~mW!, ~3.9!

j8~mb!50.54210.458j8~mW!119.790CR
b~mW!. ~3.10!

Given the upper bound in Eq.~3.2! corrections of up to 14%
and 119% toj7 andj8 can arise. We work out correlation
betweenj7 andj8 from B(B→Xsg) given in Eq.~2.13! and
B(B→Xsg),9% at 90% C.L.@33#, using the analytical for-
mulas of Refs.@34–36#. We obtain the allowed regions at th
mb scale shown in Fig. 2 forCR

b(mW)50 ~left plot! and
CR

b(mW)50.06 ~right plot!. The theoretical uncertainty from
the prescription of the charm-quark mass has been taken
account by including both solutions obtained formc /mb
50.22 and 0.29@37#. From Fig. 2 we see thatA750 for
CR

b(mW)50.06 is allowed by present data on theb→sg
branching fraction. This particular scenario could be e
cluded by an improved experimental analysis ofb→sg.
Also, if CR

b(mW) is near its upper bound, it implies a contr

bution to the matching conditions forC̃7,8(mW) in order to
be consistent with experimental data.

In summary, we find that the impact ofCL
b on the matrix

element ofÕ9 is small, at most a few percent, and thus c
be neglected. On the other hand, contributions to the dip
operators are in general non-negligible. They can be avoi
assumingCR

b(mW).0, i.e.,

CS1CP50. ~3.11!

In the remainder of this work we discuss the phenomenol
with and without this constraint. Note that the absence

g

0-5
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logarithms in the matching conditions forC̃7,8(mW) from
neutral Higgs-boson exchange in a two-Higgs-doublet mo
type II @26,38# is consistent with the fact that in this mod
Eq. ~3.11! is satisfied@2#. This is also the case for the MSSM
with MFV at large tanb @3#.

IV. MODEL-INDEPENDENT ANALYSIS

In this section we give the theoretical framework that
use to analyze the decaysB→Xsg, B→Xs,

1,2, B
→K (* ),1,2, Bs→m1m2. We then work out model-
independent constraints on the coefficients of the opera
O7210 andOS,P .

A. Wilson coefficients and matrix elements

The matrix element of inclusiveb→s,1,2 decays con-
tains contributions from the photon dipole operatorO7, the
dilepton operatorsO9,10 and in models beyond the SM als
from OS,P . The decay distributions in the SM are known
next-to-next-to-leading order~NNLO! @5,39–41#, which cor-
responds to NLO inb→sg. We use the NNLO expression
for the operatorsO7,9,10and lowest order ones forOS,P since
O(as) corrections to the matrix elements of leptonic sca
and pseudoscalar operators in these decays are not kno

Further, we assume that the contribution from interme
ate charmonia has been removed with experimental c
Nonperturbative corrections@42# affect the branching ratio
by at most few percent and we do not consider them h
We neglect the mass of the strange quark but keep the m
mass consistently, because according to our assumption~ii !
alsoCS,P counts as one power ofml and can be enhanced i
models beyond the SM.

The dilepton invariant mass spectra for inclusive and
clusive b→s,1,2 decays are given in Appendix C. Th
effective coefficients which enter the decay distributions
written as@5,39#

C̃7
eff5F11

as~m!

p
v7~ ŝ!GA7~m!

2
as~m!

4p F (
i 51,2

Fi
(7)~ ŝ!Ci

(0)~m!1F8
(7)~ ŝ!A8

(0)~m!G ,
~4.1!

C̃9
eff5F11

as~m!

p
v9~ ŝ!G@A9~m!1T9h~m̂c

2 ,ŝ!

1U9h~1,ŝ!1W9h~0,ŝ!#

2
as~m!

4p F (
i 51,2

Fi
(9)~ ŝ!Ci

(0)~m!1F8
(9)~ ŝ!A8

(0)~m!G ,
~4.2!

C̃10
eff5F11

as~m!

p
v9~ ŝ!GA10~m!, ~4.3!
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wherem̂c5mc /mb , ŝ5q2/mb
2 andAi ,T9 ,U9 ,W9 are given

in Appendix D. The functionh(z,ŝ) originates from the one-
loop matrix elements of the four-quark operatorsO126 ~see
Fig. 1! and can be found in Ref.@5#. The functionsv i ,Fi j
arise from real and virtualas corrections. They can be see
in Refs.@5,39# together withv79 which replacesv7 andv9

in the interference term Re(C̃7
effC̃9

eff* ) in the decay rate. In
the calculation of the decay rate we expand in powers ofas
and retain only linear terms. Note that thev i include only
that part from real gluon emission which is required to ca
cel the divergence from the virtual corrections to the mat
element of theOi . Further gluon bremsstrahlung correctio
in b→s,1,2 decays @40,43# are subdominant over th
whole phase space except for very low dilepton mass and
not taken into account here. In our numerical analysis
choose a low value for the renormalization scale,mb
52.5 GeV, because this approximates the full NNLO dile
ton spectrum by the partial one, i.e., with the virtualO(as)
correctionsF1,2,8

(7,9)50 in Eqs.~4.1! and~4.2! switched off@9#.
This is beneficial since theFi j are known in a compact ana
lytical form only for the low dilepton invariant mass regio
@39#. For the exclusiveB→K (* ),1,2 decays we setv i
50, since these corrections are already included in the
responding form factors. We do not take into account h
spectator interactions@44#.

Below we work out model-independent bounds onAi

[Ai
SM1Ai

NP. They differ from the ‘‘true’’ Wilson coeffi-
cientsCi by penguin contributions that restore the renorm
ization scheme independence of the matrix element@27#. In
additionA9 contains logarithms from insertions of the fou
quark operatorsO126 into the diagrams of Fig. 1. Explici
formulas relatingAi and Ci are given in Appendix D. As
discussed in Sec. III, we neglect new physics contribution
the QCD penguin operators. In our numerical study we
f Bs

5200 MeV and 238 MeV@45# and the parameters give

in Table II of Ref. @9# except forB(B→Xc,n,)510.80%
@46#. Form factors and their variation are taken from R
@10#. We give the SM values for completenes
A7

SM(2.5 GeV)520.330, A9
SM(2.5 GeV)54.069 and A10

SM

524.213.

B. Constraints from Bs\µ¿µÀ

An upper limit on theBs→m1m2 branching ratio con-
strains the scalar and pseudoscalar couplings

AuCS~m!u21uCP~m!1d10~m!u2

<3.3FB~Bs→m1m2!

2.031026 G 1/2F uVtbVts* u

0.04
G 2F mb~m!

4.4 GeV
G

3F238 MeV

f Bs

G F1/133

a
G . ~4.4!

Here, we neglected the factor (124mm
2 /mBs

2 ) in front of

uCSu2, see Eq. ~C3!, and defined d10(m)
52mmmb(m)/mBs

2 A10. The bound given in Eq.~2.14! also

implies the upper limits
0-6
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FIG. 3. Allowed regions in theA9–A10 plane in the presence of scalar and pseudoscalar operators from data on inclusiveb→s,1,2 and
b→sg decays for different values ofA7. The shaded areas are obtained from the upper bound onB(B→Xse

1e2) and the lower bound on
B(B→Xsm

1m2), Eqs.~4.7! and ~4.9! with f Bs
5200 MeV. The two remaining contours indicate the allowed regions from the 90%

measurement ofB(B→Xse
1e2) given in Eq.~4.8!. Since the bounds fromB(B→Xsm

1m2) for f Bs
5238 MeV give very similar results, we

do not show the corresponding contours.
ts
u

on

.
B~Bs→e1e2!<4.7310211, B~Bs→t1t2!<4.231024.

~4.5!

C. Constraints from b\sg

The measuredb→sg branching fraction puts constrain
on the dipole operators. In the absence of scalar and pse
scalar couplingsCR

b ~see Sec. III!, which renormalize both
electromagnetic and gluonic operators, the two soluti
07402
do-

s

A7(mb);6A7
SM(mb) are allowed. This is the case if Eq

~3.11! is satisfied. We update the NLO analyses of@9,35#
with the inclusiveb→sg measurement in Eq.~2.13! and
B(B→Xc, n̄,)510.80% and obtain the ranges (mb
52.5 GeV)

20.36<A7<20.17 or 0.21<A7<0.42. ~4.6!

The corresponding correlation betweenA7 and A8 can be
0-7
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seen in the left plot of Fig. 2. ForCR
b(mW)50.06, on the

other hand, the experimental constraints onA7 are much
weaker~right plot of Fig. 2!.

D. Constraints from b\sl¿lÀ

In the presence of new physics contributions proportio
to the lepton mass we use data on the electron mode
constrain the dilepton couplingsA9,10. From the upper
bound onB(B→Xse

1e2) given in Eq.~2.3! we obtain

AuA9 11.05
20.58u21uA10u2<H 9.0 for A7,0

8.9 for A7.0

AuA910.15u21uA10u2<9.1 for A750.
~4.7!

The range onB(B→Xse
1e2) given in Eq.~2.1! yields upper

and lower bounds

3.8
3.3J <AuA9 11.05

20.58u21uA10u2<H 8.4 for A7,0

8.3 for A7.0

4.8<AuA910.15u21uA10u2<8.5 for A750.
~4.8!

Similar bounds can be obtained from data on the mu
modes together with the upper limit onCS,P in Eq. ~4.4!. The
lower limit on B(B→Xsm

1m2) in Eq. ~2.2! yields

AuA9 11.9
21.4u21uA10u2>H 3.8 ~3.5! for A7,0

3.5 ~3.2! for A7.0

AuA910.15u21uA10u2>4.7 ~4.4! for A750
~4.9!

for f Bs
5238 MeV (200 MeV). Our constraints onA9,10

given in Eqs.~4.7!–~4.9! are displayed in Fig. 3. Like in the
analysis with the restricted SM basis in@9#, A95A1050 is
excluded even in the presence of new scalar and pse
scalar interactions.

TABLE II. Upper bounds on the ratiosRH for different CS,P

scenarios forA9,10 being SM-like and in parentheses without th
constraint. Data onb→sg, b→s,1,2, Bs→m1m2 and RK are
taken into account.

Ratio SM CS,P50 CS52CP CSÞ2CP

RK 1.00 1.00~1.00! 1.20 ~1.20! 1.20 ~1.20!
RK* 0.99 1.00~1.00! 1.11 ~1.12! 1.12 ~1.12!
RK* uno cut 0.74 0.91~0.97! 1.01 ~1.07! 1.11 ~1.12!
RXs

0.98 0.99~0.99! 1.08 ~1.08! 1.08 ~1.08!
RXs

u low q2 0.97 0.99~0.99! 1.05 ~1.06! 1.07 ~1.07!
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E. Constraints from RK

The experimental boundRK<1.2 in Eq. ~2.10! provides
constraints on the scalar and pseudoscalar Wilson co
cients complementary to those from theBs→m1m2 branch-
ing fraction given in Eq.~4.4!. Varying A7,9,10 according to
Eqs.~4.6!, ~4.7!–~4.9! we obtain (mb52.5 GeV)

AuCSu21uCP1D10u2<4.5. ~4.10!

Here,D10 stems from the interference term ofCP andA10 in
the B→Km1m2 rate, see Eq.~C4!, which can be neglected
for large values ofCS,P . If the bound onRK improves e.g. to
1.1, then the value on the right-hand side of the above eq
tion changes to 3.2.

V. CORRELATION BETWEEN Bs\µ¿µÀ AND b\sø¿øÀ

DECAYS

In this section we study correlations between the rat
RH defined in Eq.~1.5! andB(Bs→m1m2). We restrict our-
selves to the caseCS52CP , hence a vanishingA7 is ex-
cluded as shown in Sec. III B. We further assume thatA9,10
are SM valued whileA7 is allowed to vary in the intervals
given in Eq.~4.6!. This particular scenario is, for example
realized in the MSSM with MFV at large tanb. The maxi-
mum values ofRH are summarized in Table II~see Sec. VI
for further details! for different new physics scenarios.

The correlations depend sensitively on the decay cons
of the Bs meson. We display our results forf Bs

5200 MeV
and 238 MeV except for the inclusive decays, where we v
between these two values. As described in Sec. IV we use
partial NNLO expressions. Therefore, the plots are obtai
for fixed renormalization scalemb52.5 GeV. For the analy-
sis of the exclusive decays we show the uncertainty from
form factors.

The SM predictions for the ratiosRH are summarized in
Eqs. ~2.11! and ~2.12!. The theoretical uncertainty for th
inclusive decays is due to the variation of the renormali
tion scale between 2.5 GeV and 10 GeV. Since we are u
the partial NNLO expressions this small error below o
percent onRXs

SM might even be overestimated. For compa

son, we give the corresponding numbers at NLORXs

SM,NLO

50.97460.006 andRXs

SM,NLOu low q250.97260.005. The SM

prediction for theBs→m1m2 branching ratio is (3.661.4)
31029, where the main theoretical uncertainty results fro
the Bs decay constant. It can be considerably reduced o
the Bs

0–B̄s
0 mass difference is known@47#.

A. Exclusive B\Kø¿øÀ decays

Figure 4 shows the correlation betweenRK and theBs
→m1m2 branching ratio for two values of theBs-meson de-
cay constant and different signs ofA7 andCP . As illustrated
by the solid lines in the upper left plot, the dependence ofRK
on the form factors is very small and hence this observabl
useful for testing the SM. For comparison, the uncertainty
theB→K,1,2 branching fraction due to the form factors
;30% @9#. While being consistent withBs→m1m2 data
given in Eq. ~2.14!, an enhancement ofRK

SM by ;60% is
excluded by the current upper limit onRK ~dotted lines!.
0-8
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FIG. 4. Correlation betweenRK and theBs→m1m2 branching ratio for different signs ofA7 andCP , two values off Bs
in MeV and

A9,105A9,10
SM . The shaded areas have been obtained by varying theB→K form factors according to Ref.@10# andA7 as given in Eq.~4.6!.

In the upper left plot, the form factor uncertainty is illustrated for fixedA75A7
SM and f Bs

5200 MeV by solid lines. The dotted line
correspond to the 90% C.L. upper limit onRK in Eq. ~2.10!. Dashed lines denote the SM prediction forRK .
L.
Furthermore, the ratioRK provides a bound onCS,P
which is competitive with the limit fromB(Bs→m1m2) in
Eq. ~4.4!. For two values ofRK we find (mb52.5 GeV)

AuCSu21uCP20.4u2<H 3.2 for RK51.2,

2.3 for RK51.1,
~5.1!

whereas data onBs→m1m2 decays give
07402
AuCSu21uCP20.15u2<3.8FB~Bs→m1m2!

2.031026 G 1/2F238MeV

f Bs

G .

~5.2!

We recall thatRK51.2 corresponds to the current 90% C.
upper limit, see Eq.~2.10!.
0-9
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FIG. 5. Correlation betweenRK* and theBs→m1m2 branching ratio~see Fig. 4 for details!. The dotted lines represent the maximu
value ofRK* consistent with the experimental upper limitRK<1.2. Dashed lines denote the SM prediction forRK* .
m

es

d

ta on
B. ExclusiveB\K* ø¿øÀ decays

The results forRK* versus the branching ratio ofBs

→m1m2 are shown in Fig. 5. Note that the variation fro
the form factors is much larger than inRK . This is caused by
the form factorA0, which drives theCS,P contributions to
RK* . Its theoretical uncertainty in light cone QCD sum rul
@10#, which we use in our analysis, is twice as large as inf 0
relevant forRK . New physics effects inRK* can be as large
as 30%@allowed byBs→m1m2 data in Eq.~2.14!# but are
restricted to be less than 12% once data onRK are taken into
account. For the ratio with no lower cut on the electron mo
we find including all constraintsRK* uno cut<1.01, an en-
hancement of 36% over its SM value.
07402
e

C. Inclusive B\Xsø
¿øÀ decays

In Fig. 6 we show the correlation ofRXs
with the Bs

→m1m2 branching ratio for the full spectrum withŝmax'1
~upper plots! and for the low dilepton mass withŝmax
50.26 ~lower plots!. Order one effects inRXs

from scalar
and pseudoscalar interactions are excluded by current da
Bs→m1m2, contrary to the results of Ref.@15# but in agree-
ment with Ref.@48#. We find a maximum value ofRXs

of
1.08 ~full spectrum! and 1.05~low dilepton mass! from the
experimental upper limit onRK . These bounds on theB
→Xsm

1m2 branching ratio are similar to the ones fromBs
→m1m2 data previously obtained in@48#. While an en-
hancement of theB→Xsm

1m2 branching ratio ofO(10%)
0-10
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FIG. 6. The dependence ofRXs
on theBs→m1m2 branching ratio for different signs ofA7 andCP , andA9,105A9,10

SM . The upper plots
correspond to the whole dilepton invariant mass spectrum while the lower ones correspond to the low-q2 region as described in the text. Th
shaded areas have been obtained by varyingf Bs

between 200 MeV and 238 MeV andA7 according to Eq.~4.6!. In the left plots, the solid
lines indicate the uncertainty from the variation off Bs

for fixed A75A7
SM and CP,0. The dotted lines represent the maximum allow

values ofRXs
obtained forRK<1.2. Dashed lines denote the SM prediction forRXs

.

d
e

n
th

or

e

-
the
riven
is within the uncertainty of the SM prediction, a correspon
ing effect in the ratiosRXs

can be well distinguished from th
SM ones.

VI. SUMMARY

We performed for the first time a model-independe
analysis ofb→s processes in an extended operator basis,
SM one withO7210 plus scalar and pseudoscalar operat
07402
-

t
e
s

OS,P with dileptons. In our phenomenological analysis w
took into account experimental constraints from inclusiveb
→sg, b→s,1,2 (,5e,m) and Bs→m1m2 decays. Fur-
ther, we used data on the ratio ofB→Km1m2 to B
→Ke1e2 branching ratios,RK . We made a few assump
tions to facilitate this analysis: no right-handed currents,
couplings to the scalar and pseudoscalar operators are d
by the respective fermion mass and noCP violation beyond
the CKM matrix.
0-11
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We studied the effects of scalar and pseudoscalar op
tors involvingb quarksOL,R

b . Already at zeroth order in the
strong coupling constant these operators mix onto the
basis:OL

b proportional toCS2CP onto the 4-Fermi operator
with dileptons andOR

b proportional toCS1CP onto the pho-
tonic and gluonic dipole operators. Furthermore, we find t
the QCD penguins get renormalized atO(as) by OL

b . While
being negligible inb→s,1,2, these corrections are impo
tant for hadronicb decays. In particular, they cancel th
strongm dependence of theB→fKS amplitude reported re
cently in Ref.@28#. The lowest order anomalous dimensio
involving OR

b and the dipole operators have been calcula
before in Ref. @32#, whereas the ones withOL

b and the
4-Fermi operators are a new result of this work. Numerica
we find that forCS52CP the effects ofOL,R

b are negligible
for our model-independent analysis. However, forCS
Þ2CP there is a significant impact from scalar and pseu
scalar couplings on the dipole operators. In particular,
branching ratio for the decayb→sg can be obtained com
pletely without any contribution from the electromagne
dipole operatorO7. This rather extreme scenario could b
excluded by improved data on theb→sg branching ratio, as
illustrated in Fig. 2. Except for the case ofA7.0, the
bounds we obtain on the coefficientsA9,10 are similar to pre-
vious results in the SM operator basis@9#. The nontrivial
renormalization effects we encountered show that a mo
independent analysis can be quite involved in an enlar
operator basis.

We worked out correlations between the ratiosRH defined
in Eq. ~1.5! and the Bs→m1m2 branching ratio forCS
52CP andA9,10 being SM-like, summarized in Figs. 4–6
This particular scenario also applies to the MSSM with MF
at large tanb. Figure 4 shows that a bound onRK implies a
bound onB(Bs→m1m2) and vice versa. Current data o
these observables yield very similar constraints onCS,P
given in Secs. IV and V. Note that in the above-mention
MSSM scenarioB(Bs→m1m2) andBs

0-B̄s
0 mixing are cor-

related@26#. A similar correlation betweenRK and in general
with larger theoretical errors also with the otherR’s and
Bs

0-B̄s
0 mixing then holds in this model, too. We stress that

our analysis we take into account information on branch
ratios only from inclusive decays. The data on exclusive
cays enter our analysis only viaRK which depends only
weakly on the form factors, as can be seen from Fig. 4. T
largest theoretical uncertainty in the correlations is due to
Bs-meson decay constant.

We further calculated the maximal allowed values of t
ratiosRH , summarized in Table II. Since we use the part
NNLO expressions for the Wilson coefficients, they ha
been obtained at the scalemb52.5 GeV. We see that large
order one corrections to the respective SM values are alre
excluded. Note that these upper bounds are insensitive tof Bs

because current data onRK<1.2 are here more constrainin
thanB(Bs→m1m2). The effect fromCS,P on B→K decays
is always bigger than onB→K* and B→Xs decays. The
reason is that besides different hadronic matrix element
these decays the photon poleuA7u2/ ŝ, which is absent in the
07402
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B→K decay, dominates the rate for very low dilepton ma
The inclusive decay with the spectrum integrated only o
the low dilepton invariant mass is even less sensitive, si
the lepton-mass-dependent contributions are suppresse
small ŝ, see Eq.~C18!.

Contributions from scalar and pseudoscalar operators w
V1A handedness can be included in theBs→,1,2 branch-
ing ratio by CS,P→CS,P2CS,P8 and into theB→K,1,2

spectrum byCS,P→CS,P1CS,P8 . Hence, the correlations w
presented betweenB(Bs→m1m2) and RK break down if
both chirality contributionsCS,P andCS,P8 are non-vanishing.
SinceRK constrains the sum andBs→m1m2 the difference
of the coefficients, combining these two@Eqs. ~4.4! and
~4.10!# yields an upper bound on the magnitude of the in

vidual coefficients ofuCS,P
(8) u<4.3. This excludes large can

cellations and holds even with right-handed contributions
the SM operator basis.

In conclusion,b→s,1,2 induced decays can have
splitting in the branching ratios depending on the final lep
flavor from physics beyond the SM. Hence, averaging
electron and muon data has to be done carefully in order
to yield a model-dependent result. The effect from scalar
pseudoscalar couplings is best isolated in the theoretic
clean observablesRH with the same cuts on the dilepto
mass. On the other hand, the ratioRK* uno cutconstructed with
physical phase space boundaries is also sensitive to
physics not residing inCS,P , as can be seen from Table II

Note added.The lowest order mixing of scalar and pse
doscalar operators onto the SM basis calculated in Sec. I
has been taken into account in a revised version of the
paper of Ref.@28#.
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APPENDIX A: STANDARD OPERATOR BASIS

In this appendix we give the ‘‘standard’’ operator basis@1#

Õ15~ s̄agmPLcb!~ c̄bgmPLba!,

Õ25~ s̄agmPLca!~ c̄bgmPLbb!,

Õ35~ s̄agmPLba! (
q5u,d,s,c,b

~ q̄bgmPLqb!,
0-12
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Õ45~ s̄agmPLbb! (
q5u,d,s,c,b

~ q̄bgmPLqa!,

Õ55~ s̄agmPLba! (
q5u,d,s,c,b

~ q̄bgmPRqb!,

Õ65~ s̄agmPLbb! (
q5u,d,s,c,b

~ q̄bgmPRqa!,

Õ7
e5

3

2
~ s̄agmPLba!(

q
Qq~ q̄bgmPRqb!,

Õ8
e5

3

2
~ s̄agmPLbb!(

q
Qq~ q̄bgmPRqa!,

Õ9
e5

3

2
~ s̄agmPLba!(

q
Qq~ q̄bgmPLqb!,

Õ10
e 5

3

2
~ s̄agmPLbb!(

q
Qq~ q̄bgmPLqa!,
a

ng

07402
Õ75
e

16p2
mb~ s̄asmnPRba!Fmn,

Õ85
gs

16p2
mb~ s̄asmnTab

a PRbb!Gamn,

Õ95
e2

16p2
~ s̄agmPLba!~ ,̄gm, !,

Õ105
e2

16p2
~ s̄agmPLba!~ ,̄gmg5, !. ~A1!

HereQq denotes the charge of theq quark in units ofe, a, b
are color indices,a labels the SU~3! generators,PL,R

5(17g5)/2 andmb5mb(m) is the running mass in theMS
scheme,
mb~m!5mb
poleF12

as~mb
pole!

4p

16

3 GF as~m!

as~mb
pole!

G gm
(0)/2b0H 11F gm

(1)

2b0
2

b1gm
(0)

2b0
2 Gas~m!2as~mb

pole!

4p J , ~A2!
ns
with gm
(0)58, gm

(1)51012/9,b0523/3, b15116/3.

APPENDIX B: NEW OPERATORS AND MIXING

The new physics operators containing scalar, pseudosc
and tensor interactions are written as

Õ115~ s̄aPRba!~ b̄aPLba!,

Õ125~ s̄aPRbb!~ b̄bPLba!,

Õ135~ s̄aPRba!~ b̄aPRba!,

Õ145~ s̄aPRbb!~ b̄bPRba!,

Õ155~ s̄asmnPRba!~ b̄asmnPRba!,

Õ165~ s̄asmnPRbb!~ b̄bsmnPRba!, ~B1!

wheresmn5( i /2)@gm ,gn# andÕ11,13[OL,R
b in Eq. ~3.1!. For

completeness, we give their lowest order self-mixi
@29,32,49#, i.e., amongÕ11,Õ12
lar

g5
as

4p S 216 0

26 2D , ~B2!

and amongÕ13, . . . ,Õ16

g5
as

4p S 216 0 1/3 21

26 2 21/2 27/6

16 248 16/3 0

224 256 6 238/3

D . ~B3!

We obtain the following lowest order anomalous dimensio
for the mixing ofÕ13, . . . ,Õ16 onto Õ7,8

g13216,75Qd~1,Nc ,2@418Nc#,2@4Nc18# !,

g13216,85~1,0,24,28!, ~B4!

and ofÕ11,12 onto Õ3 , . . . ,Õ6 ,Õ9

g11,3265
as

4p

1

3 S 1

Nc
,21,

1

Nc
,21D , g12,32650,

g11,95
2Qd

, g12,95Nc

2Qd
, ~B5!
3 3
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whereNc is the number of colors. Note that Eq.~B4! is in
agreement with@32#. For the mixing ofÕ11,12 onto the elec-
troweak penguin operatorsÕ7

e , . . . ,Õ10
e , we find

g11,7210
e 52

a

4p

4Qd

9
~1,0,1,0!,
07402
g12,7210
e 52

a

4p
Nc

4Qd

9
~1,0,1,0!. ~B6!

The remaining leading order anomalous dimensions van
rs can be
APPENDIX C: DIFFERENTIAL DECAY DISTRIBUTIONS

We neglect thes-quark mass and introduce the notation

m̂i5mi /mB , ŝ5q2/mB
2 , û~ ŝ!5AlS 12

4m̂,
2

ŝ
D , ~C1!

l[11m̂K(* )
4

1 ŝ222ŝ22m̂K(* )
2

~11 ŝ!

for the exclusive decays and

m̂i5mi /mb
pole, ŝ5q2/~mb

pole!2 ~C2!

for the inclusive modes. Then, the various decay distributions in the presence of scalar and pseudoscalar operato
written as follows.

1. Bs\ø¿øÀ

G~Bs→,1,2!5
GF

2a2mBs

3 f Bs

2

64p3
uVtbVts* u2A12

4m,
2

mBs

2 H S 12
4m,

2

mBs

2 D UmBs
CS

mb
U2

1UmBs
CP

mb
1

2m,

mBs

A10U2J , ~C3!

with A10 defined in Eq.~D4! andCS,P[CS,P(m), mb[mb(m).

2. B\Kø¿øÀ

dG~B→K,1,2!

dŝ
5

GF
2a2mB

5

210p5
uVtbVts* u2û~ ŝ!H ~ uA8u21uC8u2!Fl2

û~ ŝ!2

3
G14uC8u2m̂,

2~212m̂K
2 2 ŝ!

18Re~C8D8*!m̂,
2~12m̂K

2 !14uD8u2m̂,
2ŝ1uTPu2ŝ1uTSu2~ ŝ24m̂,

2!

14Re~D8TP* !m̂,ŝ14Re~C8TP* !m̂,~12m̂K
2 !J , ~C4!
ef.
with
A85C̃9

eff~ ŝ! f 1~ ŝ!1
2m̂b

11m̂K

C̃7
efff T~ ŝ!, ~C5!

C85C̃10
efff 1~ ŝ!, ~C6!

D85
12m̂K

2

ŝ
C̃10

eff@ f 0~ ŝ!2 f 1~ ŝ!#, ~C7!
TS,P5
12m̂K

2

m̂b

CS,Pf 0~ ŝ!, ~C8!

where the definition of the form factors can be found in R

@10#. The Wilson coefficientsC̃i
eff can be obtained from the

ones in Eqs.~4.1!–~4.3! with v7,9,7950.
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3. B\K* ø¿øÀ

dG~B→K* ,1,2!

dŝ
5

GF
2a2mB

5

210p5
uVtbVts* u2û~ ŝ!H 1

3 F uAu2ŝlS 11
2m̂,

2

ŝ
D 1uEu2ŝû~ ŝ!2G

1
1

4m̂K*
2 S uBu2Fl2

û~ ŝ!2

3
18m̂K*

2
~ ŝ12m̂,

2!G1uFu2Fl2
û~ ŝ!2

3
18m̂K*

2
~ ŝ24m̂,

2!G D
1

l

4m̂K*
2 S uCu2Fl2

û~ ŝ!2

3
G1uGu2Fl2

û~ ŝ!2

3
14m̂,

2~212m̂K*
2

2 ŝ!G D
2

1

2m̂K*
2 FRe~BC* !Fl2

û~ ŝ!2

3
G ~12m̂K*

2
2 ŝ!1Re~FG* !S Fl2

û~ ŝ!2

3
G ~12m̂K*

2
2 ŝ!14m̂,

2l D G
22m̂,

2@Re~FH* !2Re~GH* !~12m̂K*
2

!#
l

m̂K*
2 1m̂,

2uHu2ŝ
l

m̂K*
2 1uXPu2ŝ

l

4m̂K*
2

1uXSu2~ ŝ24m̂,
2!

l

4m̂K*
2 2m̂,@Re~FXP* !2~12m̂K*

2
!Re~GXP* !2 ŝRe~HXP* !#

l

m̂K*
2 J . ~C9!

Here,

A5
2

11m̂K*
C̃9

eff~ ŝ!V~ ŝ!1
4m̂b

ŝ
C̃7

effT1~ ŝ!, ~C10!

B5~11m̂K* !F C̃9
eff~ ŝ!A1~ ŝ!1

2m̂b

ŝ
~12m̂K* !C̃7

effT2~ ŝ!G , ~C11!

C5
1

12m̂K*
2 H ~12m̂K* !C̃9

eff~ ŝ!A2~ ŝ!12m̂bC̃7
effFT3~ ŝ!1

12m̂K*
2

ŝ
T2~ ŝ!G J , ~C12!

E5
2

11m̂K*
C̃10

effV~ ŝ!, ~C13!

F5~11m̂K* !C̃10
effA1~ ŝ!, ~C14!

G5
1

11m̂K*
C̃10

effA2~ ŝ!, ~C15!

H5
1

ŝ
C̃10

eff@~11m̂K* !A1~ ŝ!2~12m̂K* !A2~ ŝ!22m̂K* A0~ ŝ!#, ~C16!

XS,P52
2m̂K*

m̂b

A0~ ŝ!CS,P , ~C17!

with the form factors defined in Ref.@10#. The C̃i
eff’s are given in Eqs.~4.1!–~4.3! with v7,9,7950.
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4. B\Xsø
¿øÀ

dG~B→Xs,
1,2!

dŝ
5

GF
2a2~mb

pole!5

3328p5
uVtbVts* u2~12 ŝ!2A12

4m̂,
2

ŝ2

3H F12 Re~C̃7
effC̃9

eff* !1
4uC̃7

effu2~21 ŝ!

ŝ
G S 11

2m̂,
2

ŝ
D 16m̂,

2~ uC̃9
effu22uC̃10

effu2!

1~ uC̃9
effu21uC̃10

effu2!F112ŝ1
2m̂,

2~12 ŝ!

ŝ
G1

3

2
ŝF S 12

4m̂,
2

ŝ
D uCSu21uCPu2G16m̂,Re~CPC̃10

eff* !J ,

~C18!

with C̃i
eff defined in Eqs.~4.1!–~4.3!. @Equation~C18! agrees with Ref.@7# for ms50.#

APPENDIX D: AUXILIARY COEFFICIENTS

A75
4p

as~m!
C7~m!2

1

3
C3~m!2

4

9
C4~m!2

20

3
C5~m!2

80

9
C6~m!, ~D1!

A8
(0)5C8

(1)~m!1C3
(0)~m!2

1

6
C4

(0)~m!120C5
(0)~m!2

10

3
C6

(0)~m!, ~D2!

A95
4p

as~m!
C9~m!1(

i 51

6

Ci~m!g i9
(0)ln

mb

m
1

4

3
C3~m!1

64

9
C5~m!1

64

27
C6~m!, ~D3!

A105
4p

as~m!
C10~m!, ~D4!

T95
4

3
C1~m!1C2~m!16C3~m!160C5~m!, ~D5!

U952
7

2
C3~m!2

2

3
C4~m!238C5~m!2

32

3
C6~m!, ~D6!

W952
1

2
C3~m!2

2

3
C4~m!28C5~m!2

32

3
C6~m!, ~D7!

whereCi(m)5Ci
(0)(m)1as(m)/(4p)Ci

(1)(m)1••• and theg i9
(0)’s can be found in Ref.@5#.
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