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Lepton polarization asymmetry in radiative dileptonic B-meson decays
in the minimal supersymmetric standard model
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In this paper we study the polarization asymmetries of the final state lepton in the radiative dileptonic decay
of theB meson (Bs→,1,2g) in the framework of the minimal supersymmetric standard model~MSSM! and
various other unified models within the framework of the MSSM, e.g., MSUGRA, SUGRA~where the con-
dition of universality of scalar masses is relaxed!, etc. Lepton polarization, in addition to having a longitudinal
component (PL), can have two other componentsPT and PN lying in and perpendicular to the decay plane,
which are proportional tom, and hence are significant for the final state beingm1m2 or t1t2. We analyze the
dependence of these polarization asymmetries on the parameters of the various models.
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I. INTRODUCTION

Flavor changing neutral current~FCNC! inducedB-meson
rare decays provide a unique testing ground for the stan
model ~SM! improved by QCD corrections via operato
product expansion~for a review and complete set of refe
ences see@1#!. Studies of rareB decays can give precis
information about various fundamental parameters of the
such as Cabibbo-Kobayashi-Maskawa~CKM! matrix ele-
ments, leptonic decay constants, etc. In addition to this,
B decays can also give information about various extens
of the SM such as the two Higgs doublet model~2HDM!
@2–5#, minimal supersymmetric standard model~MSSM!
@6–13#, etc. After the first observation of the penguin i
duced decayB→Xsg and the corresponding exclusive dec
channelB→K* g by CLEO @14#, rare decays have begun
play an important role in particle physics phenomenology

Among the rareB decays,Bs→,1,2g (,5e,m,t) are of
special interest due to their relative cleanliness and sens
ity to new physics. They have been extensively stud
within the SM @16–18# and beyond@2#. In the modeBs
→,1,2g, one can study many experimentally accessi
quantities associated with final state leptons and a pho
e.g., lepton pair invariant mass spectrum, lepton pair forw
backward asymmetry, photon energy distribution, and v
ous polarization asymmetries~like longitudinal, transverse
and normal!. The final state leptons in the radiative dec
modeBs→,1,2g, apart from having longitudinal polariza
tion, can have two more components of polarization (PT is
the component of the polarization lying in the decay pla
and PN is the one that is normal to the decay plane! @19#.
Both PN andPT remain nontrivial for them1m2 andt1t2

channel since they are proportional to the lepton mass,m, .
The different components of the polarization, i.e.,PL , PN ,
PT involve different combinations of Wilson coefficients an
hence contain independent information. For this reason c
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fronting the polarization results with experiments are imp
tant investigations of the structure of SM and for establish
new physics beyond it. The radiative processBs→,1,2g
has been extensively studied in 2HDM and SUSY by vario
people@2,7# and the importance of the neutral Higgs boso
~NHBs! has been emphasized in the decay mode withm and
t pairs in the final state. In this work we study various p
larization asymmetries associated with final state lep
~considering lepton to be either muon or tau! with special
focus on the NHB effects.

Bs→,1,2g decay is induced by the pure leptonic dec
Bs→,1,2 which suffers from helicity suppression for ligh
leptons (,5e,m). But in the radiative mode (Bs
→,1,2g) this helicity suppression is overcome because
lepton pair by itself does not carry the available four mome
tum. For this reason, one can expectBs→,1,2g to have a
relatively large branching ratio compared to the nonradiat
mode despite an extra factor ofa. In MSSM, the situation for
pure dileptonic modes (Bs→,1,2) becomes different, spe
cially if ,5m, t and tanb is large@4,6,7#. This is because in
MSSM the scalar and pseudoscalar Higgs coupling to
leptons is proportional tom, tanb and thus can be large fo
,5m, t and for large tanb. The effect of NHBs has been
studied in great detail in various leptonic decay mod
@2–9,11,15#. The effect of NHBs on radiative modeBs
→,1,2g has also been studied in 2HDM@2# and SUSY@7#.
Here we will focus on the NHB effects on various polariz
tion asymmetries within the framework of the MSSM.

This paper is organized as follows. In Sec. II we fir
present the leading order~LO! QCD corrected effective
Hamiltonian for the quark level processb→s,1,2g includ-
ing NHB effects leading to the corresponding matrix elem
and dileptonic invariant mass distribution. In Sec. III, th
three polarization asymmetries associated with the final s
lepton are calculated. Section IV contains a discussion of
numerical analysis of the polarization asymmetries and th
dependence on various parameters of the theory, focu
again mainly on NHB effects in the large tanb regime.

II. DILEPTON INVARIANT MASS DISTRIBUTION

The exclusive decayBs→,1,2g can be obtained from
the inclusive decayb→s,1,2g and further from b
©2002 The American Physical Society03-1
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→s,1,2. To do this a photon has to be attached to a
charged internal or external line in the Feynman diagrams
b→s,1,2. As pointed out by Eilamet al. @16#, contribu-
tions coming from the attachment of a photon to any char
internal line will be suppressed by a factor ofmb

2/MW
2 in the

Wilson coefficient and hence can be safely neglected. So
only consider the cases when the photon is hooked to in
quark lines and final lepton lines. To start off, the effecti
Hamiltonian relevant forb→s,1,2 is @2–4,6–9#:

Heff5
aGF

2&p
VtbVts* H 22C7

eff mb

p2 s̄ismnpn~11g5!b,̄gml

1C9
effs̄gm~12g5!b,̄gm,

1C10s̄gm~12g5!b,̄gmg5,

1CQ1
s̄~11g5!b,̄,1CQ2

s̄~11g5!b,̄g5,J , ~2.1!

wherep5p11p2 is the sum of momenta of,2 and,1 and
Vtb , Vts are CKM factors. The Wilson coefficientsC7

eff ,
C9

eff , andC10 are given in@12,20#. Wilson coefficientsCQ1

andCQ2
are given in@6–8,11#. In addition to the short dis-

tance corrections included in the Wilson coefficients, th
are some long distance effects also, associated with reacc̄
resonances in the intermediate states. This is taken into
count by using the prescription given in@21#, namely by
using the Breit-Wigner form of resonances that add on
C9

eff :
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C9
~res!5

23p

a2 kV (
V5J/c,c8,...,

MVBr~V→,1,2!G total
V

~s2MV
2 !1 iG total

V MV
,

~2.2!

there are six known resonances in thecc̄ system that can
contribute.1 The phenomenological factorkV is taken as 2.3
in numerical calculations@19,21#.

Using Eq.~2.1! we calculate the matrix elements for th
decay modeBs→,1,2g. When the photon is hooked to th
initial quark lines, the corresponding matrix element can
written as

M15
a3/2GF

A2p
VtbVts* $@A«mabse* apbqs1 iB„em* ~pq!

2~e* p!qm…# ,̄gm,

1@C«mabse* apbqs1 iD „em* ~pq!

2~e* p!qm…# ,̄gmg5,%, ~2.3!

whereA, B, C, andD are related to the form factor definitio
and are defined in Appendix Eqs.~B1!–~B4!. Here em and
qm are the polarization vector and four momentum of t
photon, respectively, andp is the momentum transfer to th
lepton pair, i.e., the sum of momenta of,1 and,2. We can
very easily see from the structure of Eq.~2.3! that neutral
scalars do not contribute toM1 . This is due to Eq.~B4!
given in Appendix B.

When the photon is radiated from either of the lept
lines we get the contribution due toC10 along with scalar and
pseudoscalar interactions, i.e.,CQ1

and CQ2
. Using Eqs.

~B6!–~B8! of Appendix B @2,7# the corresponding matrix
element is
M25
a3/2GF

A2p
VtbVts* i2m, f Bs

H S C101
mBs

2

2m,mb
CQ2

D ,̄F e”P” Bs

2p2q
2

P” Bs
e”

2p1q
Gg5,

1
mBs

2

2m,mb
CQ1

F2m,S 1

2p1q
1

1

2p2qD ,̄e”,1 ,̄S e”P” Bs

2p2q
2

P” Bs
e”

2p1q
D ,G J , ~2.4!

wherePBs
and f Bs

are the four momentum and decay constant of theBs meson andp1 andp2 are the four momenta of,2 and

,1, respectively.
The final matrix element ofBs→,1,2g decay thus is

M5M11M2 . ~2.5!

From this matrix element we can get the square of the matrix element as

1All these six resonances will contribute to the channelBs→m1m2g whereas in the modeBs→t1t2g all but the lowest oneJ/C(3097)
will contribute because the mass of this resonance is less than the invariant mass of the lepton pair (4m,

2).
3-2
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uMu25uM1u21uM2u212 Re~M1M2* ! ~2.6!

with

uM1u254Ua3/2GF

A2p
VtbVts*U2

$@ uAu21uBu2#@p2
„~p1q!21~p2q!2

…12m,
2~pq!2#1@ uCu21uDu2#@p2

„~p1q!21~p2q!2
…

22m,
2~pq!2] 12 Re~B* C1A* D !p2

„~p2q!22~p1q!2
…%, ~2.7!

uM2u254Ua3/2GF

A2p
VtbVts*U2

f Bs

2 m,
2F S C101

mBs

2

2m,mb
CQ2

D H 81
1

~p1q!2 „22mBs

2 m,
22mBs

2 p21p412p2~p2q!…

1
1

~p1q!
„6p214~p2q!…1

1

~p2q!2 „22mBs

2 m,
22mBs

2 p21p412p2~p1q!…1
1

~p2q!
„6p214~p1q!…

1
1

~p1q!~p2q!
~24mBs

2 m,
212p4!J

1S mBs

2

2m,mb
CQ1

D H 81
1

~p1q!2 „6mBs

2 m,
218m,

42mBs

2 p228m,
2p21p428m,

2~p2q!12p2~p2q!…

1
1

~p1q!
„240m,

216p214~p2q!…1
1

~p2q!2 „6mBs

2 m,
218m,

42mBs

2 p228m,
2p21p428m,

2~p1q!

12p2~p1q!…1
1

~p2q!
„240m,

216p214~p1q!…1
1

~p1q!~p2q!
~4mBs

2 m,
2116m,

4216m,
2p212p4!J G , ~2.8!

2 Re~M1M2* !516Ua3/2GF

A2p
VtbVts*U2

f Bs
m,

2F S C101
mBs

2

2m,mb
CQ2

D H 2Re~A!
~p1q1p2q!3

~p1q!~p2q!

1Re~D !
~pq!2~p1q2p2q!

~p1q!~p2q! J 1S mBs

2

2m,mb
CQ1

D H Re~B!
1

~p1q!~p2q!
„2~pq!322~p1p2!~p1q!2

22~p1p2!~p2q!214m,
2~p1q!~p2q!…1Re~C!

~pq!2~p1q2p2q!

~p1q!~p2q! J G . ~2.9!

The differential decay rate ofBs→,1,2g as a function of invariant mass of dileptons is given by

dG

dŝ
5Ua3/2GF

2A2p
VtbVts*U2 mBs

5

16~2p!3 ~12 ŝ!A12
4m̂,

2

ŝ
D, ~2.10!

with D defined as
054003-3
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D5
4

3
mBs

2 ~12 ŝ!2@~ uAu21uBu2!~2m̂,
21 ŝ!1~ uCu21uDu2!~24m̂,

21 ŝ!#

1

64f Bs

2 m̂,
2

mBs

2 S C101

mBs

2

2m,mb

CQ2
D 2 F ~124m̂,

21 ŝ2!ln~ ẑ!22ŝA12
4m̂,

2

ŝ
G

~12 ŝ!2A12
4m̂,

2

ŝ

2

64f Bs

2 m̂,
2

mBs

2 S mBs

2

2m,mb

CQ1
D 2 F ~21112m̂,

2216m̂,
42 ŝ2!ln~ ẑ!1~22ŝ28m̂,

2ŝ14ŝ2!A12
4m̂,

2

ŝ
G

~12 ŝ!2A12
4m̂,

2

ŝ

132 f Bs
m̂,

2S C101

mBs

2

2m,mb

CQ2
D Re~A!

ln~ ẑ!

A12
4m̂,

2

ŝ

232 f Bs
m̂,

2S mBs

2

2m,mb

CQ1
D Re~B!

F ~124m̂,
21 ŝ!ln~ ẑ!22ŝA12

4m̂,
2

ŝ
G

A12
4m̂,

2

ŝ

, ~2.11!

whereŝ5p2/mBs

2 , m̂,
25m,

2/mBs

2 , and ẑ5@11A12(4m̂,
2/ ŝ)#/@12A12(4m̂,

2/ ŝ)# are dimensionless quantities.
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III. LEPTON POLARIZATION ASYMMETRIES

We now compute the lepton polarization asymmetr
from the four Fermi interaction defined in the matrix eleme
Eqs.~2.3! and~2.4!. For this we need to calculate the pola
ized rates corresponding to different lepton polarizatio
These rates are obtained by introducing spin projection
erators defined byN51/2(11g5S” x), where indexx5L, N,
T and corresponds to longitudinal, normal, and transve
polarization states, respectively. The orthogonal unit vect
Sx , defined in the rest frame of,2 read@19#

SL
m[~0,eL!5S 0,

p1

up1u D ,

SN
m[~0,eN!5S 0,

q3p1

uq3p1u D , ~3.1!

ST
m[~0,eT!5~0,eN3eL!,

wherep1 andq are the three momenta of,2 and the photon
in the center-of-mass~c.m.! frame of the,2,1 system. Fur-
thermore, it is quite obvious to note thatSx•p150. Now
boosting all three vectors given in Eq.~3.1! to the dilepton
rest frame, only the longitudinal vector will get booste
05400
s
t
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e
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while the other two~normal and transverse! will remain the
same. The longitudinal vector after boost becomes2

SL
m5S up1u

m,
,

E1p1

m,up1u D . ~3.2!

We can now calculate the polarization asymmetries by us
the spin projectors for,2 as 1/2(11g5S” ). The lepton polar-
ization asymmetries are defined as

Px~ ŝ![

dG~Sx!

dŝ
2

dG~2Sx!

dŝ

dG~Sx!

dŝ
1

dG~2Sx!

dŝ

, ~3.3!

where the indexx is L, T, or N, representing, respectively, th
longitudinal asymmetry, the asymmetry in the decay pla
and the normal component to the decay plane. From the d
nition of the lepton polarization we can see thatPL and PT
are P-odd, T-even, andCP-even observable whilePN is
P-even,T-odd, and henceCP-odd observable.3

2This particular choice of polarization is called helicity.
3Because time reversal operation changes the signs of mome

and spin, and parity transformation changes only the sign of m
mentum.
3-4
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Our results for the polarization asymmetries are

PL~ ŝ!5F 8

3
mBs

2 Re~A* C1B* D !A12
4m̂,

2

ŝ
ŝ~12 ŝ!22

128f Bs

2 m̂,
2

mBs

2 S C101
mBs

2

2m,mb
CQ2

D

3S mBs

2

2m,mb
CQ1

D 1

~12 ŝ!2~ ŝ24m̂,
2!

H ~ ŝ24m̂,
2ŝ22ŝ224m̂,

2ŝ213ŝ3!A12
4m̂,

2

ŝ

1~2m̂,
228m̂,

42 ŝ18m̂,
2ŝ28m̂,

4ŝ12m̂,
2ŝ22 ŝ3!ln~ ẑ!J

132 f Bs
m̂,

2S C101
mBs

2

2m,mb
CQ2

D 1

~4m̂,
22 ŝ!

H Re~B!S ~2 ŝ13ŝ2!A12
4m̂,

2

ŝ
12~m̂,

21m̂,
2ŝ2 ŝ2!ln~ ẑ! D

2Re~C!~12 ŝ!S ŝA12
4m̂,

2

ŝ
1~2m̂,

22 ŝ!ln~ ẑ! D J 132 f Bs
S mBs

2

2m,mb
CQ1

D m̂,
2~12 ŝ!

ŝS 12
4m̂,

2

ŝ D
3H Re~A!S 2 ŝA12

4m̂,
2

ŝ
12m̂,

2 ln~ ẑ! D 1Re~D !S ŝA12
4m̂,

2

ŝ
1~2m̂,

22 ŝ!ln~ ẑ! D J G /D, ~3.4!

PT~ ŝ!5pm̂lF22mBs

2 Re~A* B!Aŝ~12 ŝ!22
64f Bs

2

mBs

2 m̂,S C101
mBs

2

2m,mb
CQ2

D S mBs

2

2m,mb
CQ1

D ~124m̂,
2!

~12 ŝ!

18 f Bs
S C101

mBs

2

2m,mb
CQ2

D H Re~B!
~12 ŝ!~ ŝ14m̂,

2!

~2m̂,1Aŝ!
1Re~C!~22m̂,1Aŝ!~11 ŝ!J

18 f Bs
S mBs

2

2m,mb
CQ1

D H Re~A!
~4m̂,

21 ŝ212m̂,
2ŝ1 ŝ2!

~2m̂,1Aŝ!
2Re~D !~2m̂,2Aŝ!~12 ŝ!J G /D, ~3.5!

PN5pm̂,
F 2mBs

2 Im~A* D1B* C!~12 ŝ!2Aŝ24m̂,
2

18 f Bs
S C101

mBs

2

2m,mb
CQ2

D ŝA12
4m̂,

2

ŝ

~2m̂,1Aŝ!
$Im~A!~11 ŝ!1Im~D !~12 ŝ!%

18 f Bs
S mBs

2

2m,mb
CQ1

D Aŝ24m̂,
2

~2m̂,1Aŝ!
$Im~B!~12 ŝ!1Im~C!~128m̂,

21 ŝ!%G /D, ~3.6!
po
a

do
eter
arge
the

f

with D as defined in Eq.~3.1! andm̂,5m, /mBs
.

IV. NUMERICAL RESULTS AND DISCUSSION

We have performed the numerical analysis of various
larization asymmetries whose analytical expressions
given in Eqs.~3.4!–~3.6!.
05400
-
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Although MSSM is the simplest~and the one having the
least number of parameters! SUSY model, it still has a very
large number of parameters making it rather difficult to
any meaningful phenomenology in such a large param
space. Many choices are available to reduce such a l
number of parameters. The most favorite among them is
supergravity~SUGRA! model. In this model, universality o
3-5
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all the masses and couplings is assumed at the grand un
theory ~GUT! scale. The minimal SUGRA~MSUGRA!
model has only five parameters~in addition to SM param-
eters! to deal with. They are:m ~the unified mass of all the
scalars!, M ~unified mass of all the gauginos!, tanb ~ratio of
vacuum expectation values of the two Higgs doublets!, A
~the universal trilinear coupling constant!, and finally,
sgn(m).4

It has been well emphasized in many works@6,9,10# that
it is not necessary to have a common mass for all the sca
at the GUT scale. To have required suppression inK02K̄0

mixing, it is sufficient to have common masses of all t
squarks at the GUT scale. So the condition of universality
all scalar masses at the GUT is not a very strict one
SUGRA. Thus we also explore a more relaxed kind
MSUGRA model where the condition of universality of a
the scalar masses at the GUT scale is relaxed with the

4Our convention of the sgn(m) is thatm enters the chargino mas
matrix with a positive sign.

FIG. 1. Branching ratios forBs→,1,2g with ,5m ~above!
and ,5t ~below!. MSUGRA parameters arem5200 GeV, M
5450 GeV, A50, and tanb540. An additional parameter fo
SUGRA ~the pseudo-scalar Higgs mass! is taken to be mA

5306 GeV.
05400
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sumption that universal squark and Higgs boson masses
different. For the Higgs sector we take the pseudosc
Higgs boson mass (mA) to be a parameter. Over the who
MSSM parameter space we have imposed a 95% C.L. bo
@23#, consistent with CLEO and ALEPH results:

231024,Br~B→Xsg!,4.531025.

Figure 1 shows plots of the differential braching ratios
Bs→,1,2g for leptons to bem andt. The prediction of the
branching ratios forBs→,1,2g are shown in Table I.

FIG. 2. Longitudinal polarization asymmetry forBs→,1,2g
with ,5m ~above! and ,5t ~below!. MSUGRA parameters are
m5200 GeV, M5450 GeV, A50, and tanb540. An additional
parameter for SUGRA~the pseudo-scalar Higgs mass! is taken to be
mA5306 GeV.

TABLE I. Branching ratios forBs→,1,2g (,5m,t).

Model Br(Bs→m1m2g) Br(Bs→t1t2g)

Standard model 5.5331028 6.5731028

MSUGRAa 6.8631028 3.5931027

SUGRAa 1.2131027 1.3131026

aThe MSUGRA and SUGRA parameters are defined in Fig.
These values are of the same order as estimated by Xionget al. @7#.
3-6
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We have plotted various polarization asymmetries (PL ,
PT , and PN) in the three models: SM, MSUGRA, an
SUGRA in Figs. 2–4 forBs→m1m2g andBs→t1t2g as a
function of ŝ ~scaled invariant mass of the dilepton pair!.

Now we try to analyze the behavior of the polarizati
asymmetries on the parameters of the models cho
~MSUGRA and SUGRA!. For this analysis we consider th
polarization asymmetries at dilepton invariant mass (ŝ) away
from the resonances~the J/C resonances! ~we chooseŝ
50.68 for our analysis!. The main focus of the analysis i
NHB effects on polarization asymmetries. These effects c
cially depend on tanb and pseudoscalar Higgs boson ma
(mA).

In the MSUGRA model the Higgs boson mass~at elec-
troweak scale! depends crucially on the universal mass of t
scalars and tanb. To illustrate this crucial behavior, we hav
plotted various polarization asymmetries as a function
tanb for different values of unified scalar mass~m! in Figs.
5–7. As can be seen from these figures,PL shows large
deviations from the SM values and over a significant port
of the allowed region even shows a sign flip provided tanb is
sufficiently large. Similar behavior is also there forPT . On

FIG. 3. Normal polarization asymmetry forBs→,1,2g with
,5m ~above! and ,5t ~below!. MSUGRA parameters arem
5200 GeV,M5450 GeV,A50, and tanb540. An additional pa-
rameter for SUGRA~the pseudo-scalar Higgs mass! is taken to be
mA5306 GeV.
05400
en
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the other hand, the predictions forPN do not differ substan-
tially from SM results but the MSUGRA predictions ca
changePN by more than 50% with an appreciable increase
tanb.

FIG. 4. Transverse polarization asymmetry forBs→,1,2g
with ,5m ~above! and ,5t ~below!. MSUGRA parameters are
m5200 GeV, M5450 GeV, A50, and tanb540. An additional
parameter for SUGRA~the pseudo-scalar Higgs mass! is taken to be
mA5306 GeV.

FIG. 5. PL vs tanb at ŝ50.68 forBs→t1t2g in the MSUGRA
model, other parameters areM5450 GeV andA50.
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FIG. 6. PN vs tanb for Bs→t1t2g at ŝ50.68 in MSUGRA,
other parameters areM5450 GeV andA50.

FIG. 7. PT vs tanb for Bs→t1t2g at ŝ50.68 in MSUGRA,
other parameters areM5450 GeV andA50.

FIG. 8. PL vs mA at ŝ50.68 forBs→t1t2g in SUGRA, other
parameters arem5200 GeV,M5450 GeV, andA50.
05400
For the SUGRA model we have plotted~Figs. 8–10! the
polarization asymmetries as a function of pseudoscalar H
boson mass (mA) for various values of tanb. In SUGRA we
expect more variation of all the polarization asymmetries
compared to their SM values because here we have H
boson mass~pseudoscalar Higgs mass! as an additional pa-
rameter along with tanb. As we can see from Fig. 8 th
variation ofPL is more substantial in the SUGRA model. I
fact for a fairly large region of SUGRA parameter space,PL
can be opposite in sign as compared to the SM case.PT can
vary up to five in magnitude when compared with the S
value over the large region of allowed parameter space,
for the parameter space we have taken into consideration
predicted value ofPT in SUGRA is opposite in sign to the
SM value. AgainPN does not show as much deviation
observed forPL andPT but the variation can still be up to a
order in certain regions.

Summarizing the results of the numerical analysis.
~1! From Figs. 2 and 4 it is clear that the longitudinal a

transverse polarization asymmetries (PL ,PT) can have sub-
stantial deviation from their respective standard model v

FIG. 9. PN vs mA at ŝ50.68 forBs→t1t2g in SUGRA, other
parameters arem5200 GeV,M5450 GeV, andA50.

FIG. 10. PT vs mA for Bs→t1t2g at ŝ50.68 in SUGRA, other
parameters arem5200 GeV,M5450 GeV, andA50.
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ues over the whole region of dilepton invariant mass (ŝ),
while Fig. 3 indicates deviation forPN from SM values for a
limited region of the dilepton invariant mass.

~2! As we have pointed out earlier@9#, for the inclusive
processB→Xs,

1,2 there is not much deviation from SM
results in the MSUGRA model. But in the radiative dile
tonic decay mode, MSUGRA predictions also show la
deviations~at least ofPL andPT) from SM results, making it
possible to use polarization asymmetries to test
MSUGRA model. This is mainly because in th
bremmstrahlung part of the matrix element (M2), the Wil-
son coefficientCQ2

adds on toC10 via the combination

(C101mBs

2 /2m,mbCQ2
) which effectively increases the SM

value of C10. This does not happen for the processB
→Xs,

1,2 and this numerically is the reason for the sca
exchanges affecting theBs→,1,2g process more than th
semileptonic one.

~3! From Figs. 5–7 we can see that the polarization asy
metries show a general enhancement with an increas
tanb and they decrease as the universal scalar mass~m! is
increased. This is expected because the Higgs boson
increases withm and thus the contributions of scalar (CQ1

)

and pseudoscalar (CQ2
) type interactions decrease.

~4! As can be seen from the structure of the analyti
expressions for various polarization asymmetries@Eqs.~3.4!,
~3.5!, and ~3.6!#, they are all different analytic functions o
various Wilson coefficients and hence contain independ
information. These asymmetries, hence, can also be use
accurate determination of various Wilson coefficients.

In conclusion, we can say that the observation of the
larization asymmetries can be a very useful probe for find
out the new physics effects and testing the structure of
effective Hamiltonian.
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APPENDIX A: INPUT PARAMETERS

mBs
55.26 GeV, mc51.4 GeV, ms50.2 GeV,

mm50.106 GeV, mt51.77 GeV, mb54.8 GeV,

mw580.4 GeV, mt5176 GeV, uVtbVts* u50.045,

GF51.1731025 GeV22, a5
1

129
,

t~mBs
!51.6310212 s.
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APPENDIX B

The definitions ofA, B, C, andD defined in Eq.~2.3! are

A5
1

mBSs

2 FC9
effG1~p2!22C7

eff mb

p2 G2~p2!G ,
B5

1

mBs

2 FC9
effF1~p2!22C7

eff mb

p2 F2~p2!G ,
C5

C10

mBs

2 G1~p2!,

D5
C10

mBs

2 F1~p2!, ~B1!

where the form factors definition chosen is@22#

^gus̄gm~16g5!buBs&5
e

mBs

2 $«mabsea* pbqsG1~p2!

7 i @„em* ~pq!2~e* p!qm…#F1~p2!%,

~B2!

^gus̄ismnpn~16g5!buBs&

5
e

mBs

2 $«mabsea* pbqsG2~p2!

6 i @„em* ~pq!2~e* p!qm…#

3F2~p2!%. ~B3!

Multiplying Eq. ~B2! with pm and using equation of motion
we can get the relation

^gus̄~16g5!buBs&50. ~B4!

The definition of form factors we are using for numeric
analysis is@22#

G1~p2!5
1

12p2/5.62 GeV, G2~p2!5
3.74

12p2/40.5
GeV2,

~B5!

F1~p2!5
0.8

12p2/6.52 GeV, F2~p2!5
0.68

12p2/30
GeV2.

Identities used in the calculation of the matrix eleme
when a photon is radiated from the lepton leg:

^0us̄buBs&50, ~B6!

^0us̄smn~11g5!buBs&50, ~B7!

^0us̄gmg5buBs&52 i f Bs
PBsm

. ~B8!
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