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1 Physics Department, Middle East Technical University, 06531 Ankara, Turkey
2 Gazi University, Faculty of Arts and Science, Department of Physics, 06100, Teknikokullar Ankara, Turkey

Received: 10 April 2003 / Revised version: 10 June 2003 /
Published online: 25 August 2003 – c© Springer-Verlag / Società Italiana di Fisica 2003

Abstract. Using the most general model independent form of the effective Hamiltonian, the rare Bs →
γ �+�− decays are studied by taking into account the polarization of the photon. The total and the dif-
ferential branching ratios for these decays, when the photon is in the positive or the negative helicity
state, are presented. The dependence of these observables on the new Wilson coefficients is studied. Also
is investigated the sensitivity of the “photon polarization asymmetry” in Bs → γ �+�− decays to the new
Wilson coefficients. It has been shown that all these physical observables are very sensitive to the existence
of new physics beyond SM and their experimental measurements can give valuable information on it.

1 Introduction

The rare B-meson decays induced by the flavor-changing
neutral currents have always been important channels for
obtaining information on the fundamental parameters of
the standard model (SM), testing its predictions at loop
level and probing possible new physics.

The observation of radiative penguin mediated pro-
cesses, in both the exclusive B → K∗γ [2] and inclu-
sive B → Xsγ [3] channels have prompted the investi-
gation of the radiative rare B-meson decays with a new
momentum. Among these, the semileptonic Bs → γ �+�−
(� = e, µ, τ) decays have received special interest due to
their relative cleanliness and sensitivity to new physics
as well as ongoing experiments at the two B-factories
[4, 5]. It is well known that the corresponding pure lep-
tonic processes Bs → �+�− have helicity suppression so
that their decay widths are too small to be measured for
the light lepton modes. In SM the branching ratios are
BR(Bs → e+e−, µ+µ−) � 4.2 × 10−14 and 1.8 × 10−9,
respectively. Although the τ channel is free from this sup-
pression, its experimental detection is quite hard due to
the low efficiency. In Bs → τ+τ−γ decay, helicity suppres-
sion is overcome by the photon emission in addition to
the lepton pair. Therefore, one expects for Bs → γ�+�−
decay a larger branching ratio and this makes its inves-
tigation interesting. Indeed, Bs → γ�+�− decays have
been widely investigated in the framework of the SM for
light and heavy lepton modes [6–9], and one reported
BR(Bs → γ e+e−, γ µ+µ−, γ τ+τ−) = 2.35× 10−9, 1.9×
10−9 and 9.54×10−9, respectively. The new physics effects
in these decays have also been studied in some models,

like the minimal supersymmetric standard model (MSSM)
[10–12] and the two Higgs doublet model [14–17], and it
was shown that different observables, like the branching
ratio, forward–backward asymmetry, etc., are very sensi-
tive to the physics beyond the SM. An investigation of the
polarization effects may provide another efficient way to
establish the new physics. Along this line, the polariza-
tion asymmetries of the final state lepton in Bs → γ�+�−
decays have been studied in MSSM in [13], and it was
concluded that they can be very useful for an accurate
determination of the various Wilson coefficients.

In a radiative decay mode like ours, the final state
photon can also emerge with a definite polarization and
provide another kinematical variable to study the new
physics effects [11]. In this paper, we will study the rare
Bs → γ �+�− decay by taking into account the photon po-
larization. Although an experimental measurement of this
variable would be much more difficult than that of e.g., the
polarization of the final leptons in Bs → γ �+�− decay, this
is still another kinematical variable for studying radiative
decays. In our work we will investigate the sensitivity of
such a “photon polarization asymmetry” in Bs → γ �+�−
decay to the new Wilson coefficients, in addition to the
study of the total and differential branching ratios with
a polarized final state photon. Doing this we use a most
general model independent effective Hamiltonian, which
contains the scalar and tensor type interactions as well as
the vector types (see (1) below). We note that in a recent
work [18] we have studied the related mode Bs → γ νν̄
with a polarized photon in a similar way and showed that
the spectrum is sensitive to the types of the interactions
so that it is useful to discriminate the various new physics
effects.
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This paper is organized as follows. In Sect. 2, we pre-
sent the most general, model independent form of the ef-
fective Hamiltonian and the parameterization of the
hadronic matrix elements in terms of the appropriate form
factors. We then calculate the differential decay width and
the photon polarization asymmetry for the B → γ �+�−
decay when the photon is in the positive and negative he-
licity states. Section 3 is devoted to a numerical analysis
and a discussion of our results.

2 Matrix element for the Bs → γ �+�− decay

The matrix element for the process Bs → γ �+�− can be
obtained from that of the purely leptonic B → �+�− decay.
Therefore, we start with the effective Hamiltonian for the
b → s�+�− transition written in terms of twelve model
independent four-Fermi interactions as follows [19]:

Heff =
Gα√
2π

VtsV
∗
tb

×
{

CSL s̄iσµν
qν

q2 L b �̄γµ� + CBR s̄iσµν
qν

q2 R b �̄γµ�

+ Ctot
LL s̄LγµbL �̄Lγµ�L + Ctot

LR s̄LγµbL �̄Rγµ�R

+ CRL s̄RγµbR �̄Lγµ�L + CRR s̄RγµbR �̄Rγµ�R

+ CLRLR s̄LbR �̄L�R + CRLLR s̄RbL �̄L�R (1)

+ CLRRL s̄LbR �̄R�L + CRLRL s̄RbL �̄R�L

+ CT s̄σµνb �̄σµν� + iCTE εµναβ s̄σµνb �̄σαβ�

}
,

where L and R are the chiral projection operators defined
as (1±γ5)/2, respectively. In (1), CX are the coefficients of
the four-Fermi interactions with X = LL, LR, RL, RR de-
scribing vector-, X = LRLR, RLLR, LRRL, RLRL scalar-
and X = T, TE tensor-type interactions. We note that
several of the Wilson coefficients in (1) do already ex-
ist in the SM: in the SM, CLL and CLR are in the form
Ceff

9 − C10 and Ceff
9 + C10 for the b → s�+�− decay, while

the coefficients CSL and CBR correspond to −2msC
eff
7 and

−2mbC
eff
7 , respectively. Therefore, writing

Ctot
LL = Ceff

9 − C10 + CLL ,

Ctot
LR = Ceff

9 + C10 + CLR ,

we see that Ctot
LL and Ctot

LR contain contributions from the
SM and also from new physics.

Having established the general form of the effective
Hamiltonian, we proceed to calculate the matrix element
of the Bs → γ �+�− decay. This exclusive decay can receive
short-distance contributions from the box, Z, and photon
penguin diagrams for the b → s transition by attaching
an additional photon line to any internal or external lines.
As pointed out before [7,8], contributions coming from the
release of the free photon from any charged internal line

will be suppressed by a factor of m2
b/M

2
W and we neglect

them in the following analysis. When a photon is released
from the initial quark lines it contributes to the so-called
“structure dependent” (SD) part of the amplitude, MSD.
Then it follows from (1) that, in order to calculate MSD,
the matrix elements needed and their definitions in terms
of the various form factors are as follows [7, 20]:

〈γ(k) |s̄γµ(1 ∓ γ5)b|B(pB)〉

=
e

m2
B

{εµνλσε
∗νqλkσg(q2)

±i [ε∗µ(kq) − (ε∗q)kµ] f(q2)} , (2)

〈γ(k) |s̄σµνb|B(pB)〉

=
e

m2
B

εµνλσ
[
Gε∗λkσ + Hε∗λqσ + N(ε∗q)qλkσ

]
, (3)

〈γ(k) |s̄(1 ∓ γ5)b|B(pB)〉 = 0 , (4)

〈γ |s̄iσµνqνb|B(pB)〉 =
e

m2
B

i εµναβqνεα∗kβG , (5)

and

〈γ(k) |s̄iσµνqν(1 + γ5)b|B(pB)〉

=
e

m2
B

{
εµαβσ εα∗qβkσg1(q2)

+i
[
ε∗
µ(qk) − (ε∗q)kµ

]
f1(q2)

}
, (6)

where ε∗
µ and kµ are the four vector polarization and four

momentum of the photon, respectively, q is the momentum
transfer, pB is the momentum of the B-meson, and G, H
and N can be expressed in terms of the form factors g1 and
f1 by using (3), (5) and (6). The matrix element describing
the structure dependent part can be obtained from (2)–
(6):

MSD =
αGF

4
√

2 π
VtbV

∗
ts

e

m2
B

× {
�̄γµ(1 − γ5)�

× [
A1εµναβε

∗νqαkβ + iA2(ε∗
µ(kq) − (ε∗q)kµ)

]
+ �̄γµ(1 + γ5)� (7)

× [
B1εµναβε

∗νqαkβ + i B2(ε∗
µ(kq) − (ε∗q)kµ)

]
+ i εµναβ �̄σµν�

[
Gε∗αkβ + Hε∗αqβ + N(ε∗q)qαkβ

]
+ i �̄σµν�

[
G1(ε∗µkν − ε∗νkµ) + H1(ε∗µqν − ε∗νqµ)

+ N1(ε∗q)(qµkν − qνkµ)
]}

,

where

A1 =
1
q2 (CBR + CSL)g1 + (Ctot

LL + CRL)g ,
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A2 =
1
q2 (CBR − CSL)f1 + (Ctot

LL − CRL)f ,

B1 =
1
q2 (CBR + CSL)g1 + (Ctot

LR + CRR)g ,

B2 =
1
q2 (CBR − CSL)f1 + (Ctot

LR − CRR)f ,

G = 4CTg1 , N = −4CT
1
q2 (f1 + g1) ,

H = N(qk) , G1 = −8CTEg1 ,

N1 = 8CTE
1
q2 (f1 + g1) , H1 = N1(qk) .

When a photon is radiated from the lepton line we get
the so-called “internal Bremsstrahlung” (IB) contribution,
MIB. Using the expressions

〈0|s̄γµγ5b|B(pB)〉 = − ifBpBµ ,

〈0|s̄σµν(1 + γ5)b|B(pB)〉 = 0 ,

and conservation of the vector current, we get

MIB =
αGF

4
√

2 π
VtbV

∗
tsefB i

{
F �̄

( �ε∗ �pB
2p1k

− �pB �ε∗

2p2k

)
γ5� (8)

+ F1 �̄

[ �ε∗ �pB
2p1k

− �pB �ε∗

2p2k
+ 2m�

(
1

2p1k
+

1
2p2k

)
�ε∗
]

�

}
,

where

F = 2m�(Ctot
LR − Ctot

LL + CRL − CRR)

+
m2
B

mb
(CLRLR − CRLLR − CLRRL + CRLRL) ,

F1 =
m2
B

mb
(CLRLR − CRLLR + CLRRL − CRLRL) . (9)

Finally, the total matrix element for the Bs → γ �+�−
decay is obtained as a sum of the MSD and MIB terms,

M = MSD + MIB. (10)

The next task is the calculation of the differential de-
cay rate of Bs → γ �+�− decay as a function of the dimen-
sionless parameter x = 2Eγ/mB , where Eγ is the photon
energy. In the center of mass (c.m.) frame of the dilep-
tons �+�−, where we take z = cos θ, and θ is the angle
between the momentum of the Bs-meson and that of �−,
the double differential decay width is found to be

dΓ

dxdz
=

1
(2π)364

x v mB |M|2 , (11)

with

|M|2 = |MSD|2 + |MIB|2 + 2Re(MSDM∗
IB), (12)

where v =
√

1 − 4r
1−x and r = m2

�/m2
B . We note that the

|MIB|2 term has an infrared singularity due to the emis-
sion of soft photons. In order to obtain a finite result, we

follow the approach described in [8] and impose a cut on
the photon energy, i.e., we require Eγ ≥ 25 MeV, which
corresponds to the detectection of only hard photons ex-
perimentally. This cut requires that Eγ ≥ δ mB/2 with
δ = 0.01.

In such a radiative decay, the final state photon can
emerge with a definite polarization and there follows the
question of how sensitive the branching ratio is to the new
Wilson coefficients when the photon is in the positive or
negative helicity state. To find an answer to this question,
we evaluate dΓ (ε∗=ε1)

dx and dΓ (ε∗=ε2)
dx for Bs → γ �+�− de-

cay, in the c.m. frame of �+�−, in which the four-momenta
and polarization vectors, ε1 and ε2, are as follows:

PB = (EB , 0, 0, Ek) , k = (Ek, 0, 0, Ek) ,

p1 = (p, 0, p
√

1 − z2,−pz) ,

p2 = (p, 0,−p
√

1 − z2, pz) ,

ε1 = (0, 1, i, 0)/
√

2 , ε2 = (0, 1,−i, 0)/
√

2 , (13)

where EB = mB(2 − x)/2
√

1 − x, Ek = mBx/2
√

1 − x,
and p = mB

√
1 − x/2. Using the above forms, we obtain

dΓ (ε∗ = εi)
dx

=
∣∣∣∣ αGF

4
√

2 π
VtbV

∗
ts

∣∣∣∣
2

α

(2 π)3
π
4

mB ∆(εi),

(14)

where

∆(εi) =
vx

3
{4 x((8r + x) |H1|2 − (4r − x) |H|2)

− 6m�(1 − x)2 Im [(A2 ± A1 + B2 ± B1)G∗
1]

+
2
x

(1 − x)2(2r + x)(|G1|2 + |G|2 ± 2 Im [−G1G
∗]))

− 12m�(1 − x)x Im [(A2 ± A1 + B2 ± B1)H∗
1 ]

± 4(1 − x)((8r + x) Im [GH∗
1 ] + (4r − x) Im [G1H

∗])

+ 6m2
�(1 − x)2 Re [(A1 ± A2)(B1 ± B2)]

+ m2
B(1 − x)2(x − r)

× (|A1|2 + |A2|2 + |B1|2 + |B2|2 ± 2 Re [A1A
∗
2 + B1B

∗
2 ])

− 6m�(1 − x)2 Re [(A2 ± A1 + B2 ± B1)G∗]

+ 4(1 − x)((8r + x) Re [G1H
∗
1 ] − (4r − x) Re[GH∗])}

+
2x

(1 − x)2
f2
B{(−2vx + (1 − 4r + x2) ln[u]) |F |2

± 2(1 − x)(2vx − (1 − 4r + x) ln[u]) Re [FF ∗
1 ]

+ (2vx(4r − 1)

+ (1 + 16r2 + x2 − 4r(1 + 2x)) ln[u] |F1|2)}
+ 2xfB {±(vx + 2r ln[u]) Im [−FH∗

1 ]

± m�(1 − x) ln[u] Re [(A2 ± A1 + B2 ± B1)F ∗]
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− m�(2vx + (1 − 4r − x) ln[u])

× Re [(A2 ± A1 + B2 ± B1)F ∗
1 ]

− 2(v − 2r ln[u]) Im [(−F1 ± F )(G∗
1 ± G∗)]

± 2(vx − 2r ln[u]) Re [F1H
∗]

+
2

(1 − x)

× ((vx(1 + x) + 2r(1 − 3x) ln[u]) Im [F1H
∗
1 ]

− (1 + x)(vx − 2r ln[u]) Re [F1H
∗])} , (15)

where +(−) is for i = 1(2) and u = 1 + v/1 − v.
The effects of the polarized photon can be also stud-

ied through the variable “photon polarization asymme-
try” [11]:

H(x) =
dΓ (ε∗=ε1)

dx − dΓ (ε∗=ε2)
dx

dΓ (ε∗=ε1)
dx + dΓ (ε∗=ε2)

dx

=
∆(ε1) − ∆(ε2)

∆0
, (16)

where

∆(ε1) − ∆(ε2)

= 4
3x2v

{
2x(1 + 2r − x)

(−1 + x)
Im [G1G

∗]

− 3m�x(Im [(A1 + B1)G∗
1] + Re [(A2 + B2)G∗])

}

− 6m�(1 − x)((Im [(A1 + B1)H∗
1 ])

+ 2((1 + 8r − x) Im [GH∗
1 ] − (1 − 4r − x) Im [G1H

∗])

+ m2
Bx(3r(Re [A2B

∗
1 + A1B

∗
2 ]

+ (1 − r − x) Re [B1B
∗
2 + A1A

∗
2])

+ 8f2
B(2v(1 − x) − (2 − 4r − x) ln[u])

+ 4fBx{2(v(x − 1) − 2r ln[u]) Im [FH∗
1 ]

+ m�x ln[u] Re [(A2 + B2)F ∗] + m�(2v(x − 1)

+ (4r − x) ln[u]) Re [(A1 + B1)F ∗
1 ]

+ 2(v − 2r ln[u]) Re [F1G
∗] − Im [FG∗

1]

+ 2(v(1 − x) − 2r ln[u]) Re [F1H
∗]} (17)

and

∆0 =

{
x3v

(
4m� Re ([A1 + B1]G∗)

− 4m2
Br Re (A1B

∗
1 + A2B

∗
2)

− 4
[
|H1|2 (1 − x) + Re (G1H

∗
1 ) x

] (1 + 8r − x)
x2

− 4
[
|H|2 (1 − x) + Re (GH∗) x

] (1 − 4r − x)
x2

+ 1
3m2

B

[
2 Re (GN∗) + m2

B |N |2 (1 − x)
]
(1 − 4r − x)

+ 1
3m2

B

[
2 Re (G1N

∗
1 ) + m2

B |N1|2 (1 − x)
]
(1 + 8r − x)

− 2
3m2

B

(
|A1|2 + |A2|2 + |B1|2 + |B2|2

)
(1 − r − x)

− 4
3

(
|G|2 + |G1|2

) (1 + 2r − x)
(1 − x)

+ 2m� Im([A2 + B2]

× [
6H∗

1 (1 − x) + 2G∗
1x − m2

B N∗
1 x(1 − x)

]
)
1
x

)

+ 4fB (2v

[
Re (FG∗)

1
(1 − x)

− Re (FH∗)

+ m2
B Re (FN∗) + m� Re ([A2 + B2]F ∗

1 )
]

x(1 − x)

+ ln[u]
[
m� Re ([A2 + B2]F ∗

1 ) x(x − 4r)

+ 2 Re (FH∗) [1 − x + 2r(x − 2)]

− 4rx Re (FG∗) + m2
B Re (FN∗) x(x − 1)

− m� Re ([A1 + B1]F ∗) x2
]

+ 2
[
m2
B Im (F1N

∗
1 ) (v(1 − x) + (x − 1 − 2rx)ln[u])

+ Im (F1H
∗
1 )
(

v(x − 1) +
1 − x − 4r(2x − 1)ln[u]

x

)

+ Im (F1G
∗
1) (v − 2rln[u])]

+ 4f2
B

(
2v
(
|F |2 + (1 − 4r) |F1|2

) (1 − x)
x

+ ln[u]

[
|F |2

(
2 +

4r

x
− 2

x
− x

)
(18)

+ |F1|2
(

2(1 − 4r) − 2
(
1 − 6r + 8r2

)
x

− x

)])}
.

The expression in (17) agrees with [11] for the SM case
with neutral Higgs contributions.

3 Numerical analysis and discussion

We present here our numerical analysis of the branching
ratios (BR) and the photon polarization asymmetries (H)
for the Bs → γ�+�− decays with � = µ, τ . We first give
the input parameters used in our numerical analysis:

mB = 5.28 GeV , mb = 4.8 GeV , mµ = 0.105 GeV ,

mτ = 1.78 GeV , fB = 0.2 GeV , |VtbV ∗
ts| = 0.045 ,

α−1 = 137 , GF = 1.17 × 10−5 GeV−2, (19)
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Table 1. Values of the SM Wilson coefficients at the µ ∼ mb scale

C1 C2 C3 C4 C5 C6 Ceff
7 C9 C10

−0.248 +1.107 +0.011 −0.026 +0.007 −0.031 −0.313 +4.344 −4.624

τBs = 1.54 × 10−12 s , Ceff
9 = 4.344 , C10 = −4.669.

As for the values of the new Wilson coefficients, which
are responsible for the new physics beyond the SM, they
are free parameters in this work. However, it is possible
to establish ranges out of the experimentally measured
branching ratios of the semileptonic rare B-meson decays
B → K �+�− and B → K∗ �+�−, recently announced by
the BaBar Collaboration [21]:

BR(B → K �+�−) = (0.78+0.24+0.11
−0.20−0.18) × 10−6 ,

BR(B → K∗ �+�−) = (1.68+0.68
−0.58 ± 0.28) × 10−6 .

The B → K �+�− decay has been also observed by the
BELLE Collaboration [22] with the branching ratio BR
(B → K �+�−) = (0.75+0.25

−0.21 ± 0.09) × 10−6. In addition,
there is now available an upper bound of pure leptonic
rare B decays in the B0 → µ+µ− mode [23]:

BR(B0 → µ+µ−) ≤ 2.0 × 10−7 .

Using these available experimental data we find that the
right order of magnitude for the new Wilson coefficients is
in the range −4 ≤ CX ≤ 4, assuming that they are real.
We further note that some of the new Wilson coefficients
in (1) appear in some well known models beyond the SM,
like some MSSM scenarios, and in the literature there ex-
ist studies to establish the ranges out of constraints under
various precision measurements for these coefficients (see,
e.g., [24]). Our choice for the range of the new Wilson
coefficients above are also in agreement with these calcu-
lations.

It should be noted here that the value of the Wilson co-
efficient Ceff

9 above corresponds only to the short-distance
(SD) contributions. Ceff

9 also receives long-distance (LD)
contributions due to the conversion of the real c̄c into the
lepton pair �+�− and they are usually absorbed into a
redefinition of the short-distance Wilson coefficients:

Ceff
9 (µ) = C9(µ) + Y (µ) , (20)

where

Y (µ)

= Yreson + h(z, s)[3C1(µ) + C2(µ) + 3C3(µ) + C4(µ)

+ 3C5(µ) + C6(µ)] − 1
2h(1, s)

× (4C3(µ) + 4C4(µ) + 3C5(µ) + C6(µ))

− 1
2h(0, s) [C3(µ) + 3C4(µ)] (21)

+ 2
9 (3C3(µ) + C4(µ) + 3C5(µ) + C6(µ)) ;

z = mc/mb, s = q2/mB2 and the values of the individ-
ual Wilson coefficients are listed in Table 1. The functions

h(z, s) arise from the one loop contributions of the four
quark operators O1,...,O6 and their explicit forms can be
found in [25]. It is possible to parameterize the resonance
c̄c contribution Yreson(s) in (21) using a Breit–Wigner
shape with normalizations fixed by data which is given
by [26]

Yreson(s) = − 3
α2
em

κ
∑

Vi=J/ψ,ψ,,...

πΓ (Vi → �+�−)mVi

sm2
B − mVi + imViΓVi

×[(3C1(µ) + C2(µ) + 3C3(µ) + C4(µ)

+3C5(µ) + C6(µ))
]
, (22)

where the phenomenological parameter κ is usually taken
as ∼ 2.3.

To make some numerical predictions, we also need the
explicit forms of the form factors g, f , g1 and f1. They are
calculated in the framework of light-cone QCD sum rules
in [7, 20], and also in [27] in terms of the two parameters
F (0) and mF . In our work we have used the results of [7],
in which the q2 dependences of the form factors are given
by

g(q2) =
1 GeV(

1 − q2

5.62

)2 , f(q2) =
0.8 GeV(
1 − q2

6.52

)2 ,

g1(q2) =
3.74 GeV2(
1 − q2

40.5

)2 , f1(q2) =
0.68 GeV2(
1 − q2

30

)2 .

We present the results of our analysis in a series of
figures. Before their discussion we give our SM predictions
for the unpolarized BRs without LD effects, for reference:

BR(Bs → γµ+µ−) = 1.52 × 10−8 ,

BR(Bs → γτ+τ−) = 1.19 × 10−8 ,

which are in good agreement with the results of [15].
In Figs. 1 and 2, we present the dependence of BR(1)

and BR(2) for Bs → γµ+µ− decay on the new Wilson co-
efficients, where the superscripts (1) and (2) correspond to
the positive and negative helicity states of photon, respec-
tively. From these figures we see that BR(1) and BR(2) are
more sensitive to all types of scalar interactions as com-
pared to the vector and tensor types, receiving the max-
imum contribution from the one with coefficient CRLRL
and CLRLR, respectively. From Fig. 2, we also observe that
the dependence of BR(2) on all the new Wilson coeffi-
cients is symmetric with respect to the zero point, while
for BR(1), this symmetry is slightly lifted for the vector-
type interactions (Fig. 1). It follows that BR(2) decreases



202 U. O. Yılmaz et al.: New physics effects in the rare Bs → γ �+�− decays with a polarized photon

CRLLR

CRLRL

CLRLR

CLRRL

CLL

CLR

CRL

CRR

CTE

CT

CX

10
8
×

B
R

(1
) (

B
→

γ
µ

+
µ
−
)

420-2-4

8

6

4

2

0

Fig. 1. The dependence of the integrated branching ratio for
the Bs → γ µ+µ− decay with the photon in the positive helicity
state on the new Wilson coefficients with LD effects
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Fig. 2. The same as Fig. 1, but with the photon in the negative
helicity state
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Fig. 3. The dependence of the differential branching ratio for
the Bs → γ µ+µ− decay with the photon in the positive helicity
state on the dimensionless variable x = 2Eγ/mB at different
values of vector interaction with coefficient CLL without LD
effects

in the region −4 ≤ CX ≤ 0 and tends to increase in be-
tween 0 ≤ CX ≤ +4. BR(1) exhibits a similar behavior,
except for the vector interactions with coefficients CLL,
CRL and CLR: it is almost insensitive to the existence of
vector-type CLR interactions and slightly increases with
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Fig. 4. The same as Fig. 3, but with the photon in the negative
helicity state
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Fig. 5. The dependence of the differential branching ratio for
the Bs → γ µ+µ− decay with the photon in the positive helicity
state on the dimensionless variable x = 2Eγ/mB at different
values of the tensor interaction with coefficient CTE without
LD effects
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Fig. 6. The same as Fig. 5, but with the photon in the negative
helicity state

increasing values of CLL and CRL, receiving a value lower
than the SM one between −4 and 0.

The differential branching ratio can also give useful in-
formation on new physics effects. Therefore, in Figs. 3–8
we present the dependence of the differential branching
ratio with a polarized photon for the Bs → γ µ+µ− decay
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Fig. 7. The dependence of the differential branching ratio for
the Bs → γ µ+µ− decay with the photon in the positive helicity
state on the dimensionless variable x = 2Eγ/mB at different
values of the scalar interaction with coefficient CRLRL without
LD effects
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Fig. 8. The same as Fig. 7, but with the photon in the negative
helicity state

on the dimensionless variable x = 2Eγ/mB at different
values of vector, tensor and scalar interactions with co-
efficients CLL, CTE and CRLRL. We observe that tensor-
(scalar-) type interactions change the spectrum near the
large- (small-) recoil limit, x → 1 (x → 0), as seen from
Figs. 5 and 6 (Figs. 7 and 8). However, the vector-type in-
teractions increase the spectrum in the center of the phase
space and do not change it at the large- or small-recoil
limit (Figs. 3 and 4). We also see from Figs. 3 and 4 that
when CLL > 0, the related vector interaction gives a con-
structive contribution to the SM result, but for negative
values of CLL the contribution is destructive. Therefore,
it is possible to get information on the sign of new Wilson
coefficients from a measurement of the differential branch-
ing ratio.

From Figs. 1–8, we also see that the branching ratios
with a positive helicity photon are greater than those with
a negative helicity one. To see this we rewrite (15) for the
SM in the limit m� → 0,

∆(εi) =
m2
B

3
x2(−1 + x)2 (23)
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Fig. 9. The dependence of the integrated photon polarization
asymmetry for the Bs → γ µ+µ− decay on the new Wilson
coefficients with LD effects

CRL = −4
CRL = −2

CRL = 4
CRL = 2
CRL = 0

x

H
(x

)(
B

→
γ

µ
+
µ
−
)

10.80.60.40.20

1

0.8

0.6

0.4

0.2

0

Fig. 10. The dependence of the differential photon polariza-
tion asymmetry for the Bs → γ µ+µ− decay on the dimension-
less variable x = 2Eγ/mB for different values of CRL without
LD effects
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(1 − x)m2
B
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2

+
∣∣∣∣(Ceff
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B

mb(g1 ± f1)
∣∣∣∣
2
}

,

where +(−) is for i = 1(2). It obviously follows that
BR(1) > BR(2). We note that this fact can be seen more
clearly from the comparison of the differential BRs for the
(1) and (2) cases for the vector interactions with the co-
efficient CLL, given in Figs. 3 and 4, where dBR(1)/dx is
larger by about four times as compared to dBR(2)/dx.

In addition to the total and differential branching ra-
tios, for radiative decays like ours, studying the effects of
a polarized photon may provide useful information on the
new Wilson coefficients. For this purpose, we present the
dependence of the integrated photon polarization asym-
metry H for Bs → γ µ+µ− decay on the new Wilson co-
efficients in Figs. 9 and 10. We see from Fig. 9 that the
spectrum of H is almost symmetrical with respect to the
zero point for all the new Wilson coefficients, except the
CRL. The coefficient CRL, when it is between −2 and 0,
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Fig. 11. The dependence of the integrated branching ratio for
the Bs → γ τ+τ− decay with the photon in the positive helicity
state on the new Wilson coefficients with LD effects
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Fig. 12. The same as Fig. 11, but with the photon in the
negative helicity state

is also the only one which gives the constructive contribu-
tion to the SM prediction of H, which we find H(Bs →
γ µ+µ−) = 0.74. This behavior is also seen from Fig. 10, in
which we plot the differential photon polarization asym-
metry H(x) for the same decay as a function of x for the
different values of the vector interaction with coefficients
CRL. From these two figures, we can conclude that per-
forming a measurement of H at different photon energies
can give information on the signs of the new Wilson coef-
ficients, as well as their magnitudes.

Note that the results presented in this work can easily
be applied to the Bs → γ τ+τ− decay. For example, in
Figs. 11 and 12, we present the dependence of the BR(1)

and BR(2) for the Bs → γτ+τ− decay on the new Wilson
coefficients. We observe that contrary to the µ+µ− final
state, the spectrum of BR(1) and BR(2) for the τ+τ− final
state is not symmetrical with respect to the zero point, ex-
cept for the coefficient CTE. Otherwise, we observe three
types of behavior for BR(2) from Fig. 12: as the new Wilson
coefficients CLRRL, CRLLR, CLL and CRR increase, BR(2)

also increases. This behavior is reversed for the coefficients
CLRLR, CRLRL, CLR and CRL, i.e., BR(2) decreases with
increasing values of these coefficients. However, the situ-
ation is different for the tensor-type interactions: BR(2)
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Fig. 13. The dependence of the integrated photon polarization
asymmetry for the Bs → γ τ+τ− decay on the new Wilson
coefficients with LD effects
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Fig. 14. The dependence of the differential photon polariza-
tion asymmetry for the Bs → γ τ+τ− decay on the dimen-
sionless variable x = 2Eγ/mB for different values of CLRRL

without LD effects

decreases when CT and CTE increase from −4 to 0 and
then increases in the positive half of the range. We also
observe from Fig. 11 that the spectrum of BR(1) is iden-
tical to that of BR(2) for the coefficients CLRLR, CLRRL,
CRLLR, CLL, CRR and CTE in between −4 ≤ CX ≤ +4.
For the rest of the coefficients, namely CRLRL, CLR, CT,
it stands slightly below and almost parallel to the SM
prediction in the positive half of the range, although its
behavior is the same as BR(2) when −4 ≤ CX ≤ 0.

Finally we present two more figures related to the pho-
ton polarization asymmetry H for the Bs → γ τ+τ− de-
cay. Figure 13 shows the dependence of the integrated pho-
ton polarization asymmetry H on the new Wilson coef-
ficients. We present the differential photon polarization
asymmetry H(x) for the same decay as a function of x for
the different values of the scalar interactions with coeffi-
cients CLRRL in (14). We see from Fig. 13 that contrary to
the µ+µ− final state, the spectrum of H for the τ+τ− final
state is not symmetrical with respect to the zero point. It
also follows that when 0 ≤ CX ≤ 4 the dominant contri-
bution to H for Bs → γ τ+τ− decay comes from CRLRL
and CLR. However, for the negative part of the range H
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receives constructive contributions mostly from CLRRL, as
clearly seen also from Fig. 14.

In conclusion, we have studied the total and the dif-
ferential branching ratios of the rare Bs → γ �+�− de-
cay by taking into account the polarization effects of the
photon. Doing this we use a most general model inde-
pendent effective Hamiltonian, which contains the scalar-
and tensor-type interactions as well as the vector types.
We have also investigated the sensitivity of “photon po-
larization asymmetry” in this radiative decay to the new
Wilson coefficients. It has been shown that all these phys-
ical observables are very sensitive to the existence of new
physics beyond SM and their experimental measurements
can give valuable information on it.
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