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New physis upper bound on the branhing ratio of Bs → l+l−γ.
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We onsider the e�et of new physis on the branhing ratio of Bs → l+l−γ where

l = e, µ. If the new physis is of the form salar/pseudosalar, then it makes no on-

tribution to Bs → l+l−γ, unlike in the ase of Bs → l+l−, where it an potentially

make a very large ontribution. If the new physis is in the form of vetor/axial-vetor

operators, then present data on B → (K,K∗)l+l−, does not allow a large enhane-

ment for B(Bs → l+l−γ). If the new physis is in the form of tensor/pseudotensor

operators, then the data on B → (K,K∗)l+l− gives no useful onstraint but the

data on B → K∗γ does. Here again, a large enhanement of B(Bs → l+l−γ), muh

beyond the Standard Model expetation, is not possible. Hene, we onlude that

the present data on b → s transitions allow a large boost in B(Bs → l+l−) but not

in B(Bs → l+l−γ).

The quark level transition b → sl+l− an lead to a number of important �avour hanging

neutral urrent (FCNC) deays in B mesons. Among them are the semi-leptoni modes B →
(K,K∗)l+l−, the purely leptoni mode Bs → l+l− and the leptoni radiative mode Bs →
l+l−γ. The relationship between the semi-leptoni and purely leptoni modes was disussed

in [1℄. It was shown that, if the new physis ours in the form of vetor/axial-vetor

operators, then present data on semi-leptoni branhing ratios [2, 3℄ onstrain the branhing

ratio for Bs → l+l− to be of the same order of magnitude as that of the Standard Model

(SM). On the other hand, if the new physis operators are in the form of salar/pseudosalar,

then the semi-leptoni branhing ratios do not lead to any useful onstraint on the rate for

the purely leptoni mode. Hene a large enhanement of Bs → l+l− is possible only if the

new physis is in the form of salar/psuedosalar operators. Tensor/pseudotensor operators

do not ontribute to Bs → l+l−. In this letter, we examine the relation between the rates

for e�etive b → s transitions and Bs → l+l−γ.

In the SM, the deay Bs → l+l− has small branhing ratio due to heliity suppression.

The radiative deay Bs → l+l−γ is free from heliity suppression due to emission of a photon
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in addition to the lepton pair. Thus the branhing ratio for this leptoni radiative mode

is muh higher than that for the purely leptoni mode despite an additional fator of α.

Beause of this higher rate, this mode will be an important probe of b → sl+l− transitions

whih will be studied at present and future experiments. The deays Bs → l+l−γ have been

studied in several papers [4, 5, 6, 7, 8, 9, 10℄ within the framework of SM. The e�etive new

physis Lagrangian for b → sl+l− transition is the sum of three terms: vetor/axialvetor,

salar/pseudosalar and tensor/pseudotensor. The �rst two terms an arise both via penguin

and box diagrams but the last term arises only via the penguin diagram for b → sγ, in whih

the real photon is replaed by a virtual photon oupling to a lepton-antilepton pair. In [5, 6℄,

the e�etive b → sl+l− interation was dressed with an on-shell photon in all possible ways.

Heliity suppression is operative for the ase where the photon is emitted from the �nal

lepton and the resultant amplitude is proportional to the lepton mass and is negligible. For

the ase where the photon is emitted from the internal lines of the b → s loop transition, the

amplitude is suppressed by fators m2
b/m

2
W and is also negligible. The main ontribution to

the Bs → l+l−γ amplitude omes from the diagrams where the �nal state photon is emitted

from either b or s quark in the e�etive b → sl+l− interation. With this proedure, the SM

predition for B (Bs → e+e−γ) is alulated, in [5, 6℄, to be about (2 − 7)× 10−9
, with the

rate for Bs → µ+µ−γ being a little lower.

In ref.[7℄ a higher value of branhing ratio for Bs → l+l−γ is predited within SM. This

higher value is due to a di�erent parametrization of the form fators fV , fA, fTV and fTV .

The parametrization of form fators in [5℄ is based on QCD sum rules whereas in [6℄ it is

based on light front models. But ref.[7℄ uses the parametrization based on perturbative QCD

methods ombined with heavy quark e�etive theory [11℄. In ref.[10℄, it was argued that

there are additional ontributions to the Bs → l+l−γ amplitude. The most important one

omes from the ase where the real photon is emitted from the b → s loop transition and the

virtual photon, whih pair produes the leptons, is emitted from the initial quarks. Due to

this additional amplitude, the SM predition for B (Bs → e+e−γ) in [10℄, is about 2× 10−8
,

with the branhing ratio for Bs → µ+µ−γ, being a little smaller ompared to Bs → e+e−γ.

In the present alulation, we are interested on how the urrent data on b → s transi-

tions, due to the e�etive interations b → sl+l− and b → sγ, onstrain the new physis

ontribution to the leptoni radiative deays Bs → l+l−γ.

As mentioned earlier, new physis in the form of salar/pseudosalar operators an give a
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large enhanement to the leptoni deay mode Bs → l+l−. The question then follows: What

is the e�et of these operators on the leptoni radiative modes Bs → l+l−γ? Unfortunately,

salar/pseudosalar operators do not ontribute to Bs → l+l−γ. The photon has J = 1.

Hene the l+l− pair also must be in J = 1 state so that the angular momentum of the

�nal state an be zero. However, by Wigner-Ekert theorem, the matrix element 〈l+l−(J =

1)|l̄(gs + gpγ5)l|0〉 is zero. This result also follows from diret alulation, as we illustrate

below.

We parametrize the salar/pseudosalar operator for b → sl+l− transition as

LSP (b → sl+l−) =
GF√
2

(

α

4πs2W

)

s̄(gS + gPγ5)b l̄(g
′

S + g
′

Pγ5)l. (1)

The matrix element for Bs → l+l−γ is given by

M(B → l+l−γ) =
GF√
2

(

α

4πs2W

)

[gS〈γ |sb|Bs(p)〉+ gP 〈γ |sγ5b|Bs(p)〉] ū(pl)(g
′

S + g
′

Pγ5)v(pl̄).

(2)

To alulate the matrix elements of the quark operators in the above equation, we need to

�rst onsider the following vetor and axial-vetor matrix elements [7, 8℄,

〈γ(k) |sγµb|Bs(p)〉 = eǫµνρσǫ
∗νpρkσfV (q

2)/mBs
,

〈γ(k) |sγµγ5b|Bs(p)〉 = −ie
[

ǫ∗µ(p · k)− (ǫ∗ · p)kµ
]

fA(q
2)/mBs

, (3)

where q = pl + pl. Dotting the above equations with the momentum of Bs meson pµ, we get

the salar and pseudosalar matrix elements to be identially zero,

〈γ(k) |sb|Bs(p)〉 = 0 = 〈γ(k) |sγ5b|Bs(p)〉. (4)

That this amplitude vanishes, was also demonstrated in [12℄. So, even if a large enhanement

of Bs → l+l− is observed at LHC-b [13℄ due to new physis operators in salar/psuedosalar

form, there will be no orresponding enhanement of Bs → l+l−γ.

A legitimate question to ask at this stage is: Is it possible to have a large enhanement

of Bs → l+l−γ for any type of new physis operator? Here we onsider vetor/axial-vetor

operators and tensor/pseudo-tensor operators one at a time and examine their ontribution

to Bs → l+l−γ given the urrent experimental results on the b → s transitions.

First we will assume that the new physis Lagrangian ontains only vetor and axial-

vetor ouplings. We parametrize it as

LV A(b → sl+l−) =
GF√
2

(

α

4πs2W

)

s̄(gV + gAγ5)γµb l̄(g
′

V + g
′

Aγ5)γ
µl, (5)
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where g and g
′

are e�etive ouplings whih haraterise the new physis.

The vetor and axial-vetor matrix elements are shown in Eq. (3) [7, 8℄. The q2 depen-

dene of the formfators is parametrized as [8, 10℄,

fi(q
2) = βi

fBs
mBs

∆i + 0.5mBs

(

1− q2/m2
Bs

) , (6)

where i = V,A, TA, TV and the parameters β and ∆ are given in Table I.

Table I: Parameters for the form fators

Parameter fV fTV fA fTA

β(GeV −1) 0.28 0.30 0.26 0.33

∆(GeV ) 0.04 0.04 0.30 0.30

The alulation of deay rate gives

ΓNP

(

Bs → l+l−γ
)

=

(

G2
Fα

3m5
Bs
f 2
Bs

3072π4s4W

)

[

g2V
(

g
′2
V + g

′2
A

)

β2
V IV + g2A

(

g
′2
V + g

′2
A

)

β2
AIA

]

, (7)

where Ii (i = V,A) are the integrals over the dilepton invariant mass (z = q2/m2
Bs
). They

are given by

Ii =
∫ 1

0
dz

z(1 − z)3

[(∆i/mBs
) + 0.5(1− z)]2

(8)

Here we have negleted the lepton masses in omparison to mB as we are only onsidering

l = e, µ. We will work under this approximation throughout the paper.

In order to put bounds on BNP (Bs → l+l−γ) we need to know the values of g2V
(

g
′2
V + g

′2
A

)

and g2A
(

g
′2
V + g

′2
A

)

. For this we will have to onsider the semi-leptoni deay modes B →
(K, K∗)l+l−. The values of these quantities were alulated in [1℄,

g2V (g
′2
V + g

′2
A ) = (1.36+0.53

−0.44)× 10−2

g2A(g
′2
V + g

′2
A ) = (6.76+4.04

−3.48)× 10−3. (9)

These values were alulated under the assumption that BNP [B → (K, K∗)l+l−] =

BExp [B → (K, K∗)l+l−] i.e. the experimentally measured semi-leptoni branhing ratios

are saturated by the new physis ouplings. Putting these values in Eq. (7), we get

BNP

(

Bs → l+l−γ
)

= 2.06+0.84
−0.76 × 10−9. (10)
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Therefore the upper bounds on the branhing ratios are,

BNP

(

Bs → l+l−γ
)

≤ 2.90× 10−9 at 1σ

BNP

(

Bs → l+l−γ
)

≤ 4.58× 10−9 at 3σ. (11)

These values are of the same order of magnitude as SM predition. Thus we see that

we an't boost BNP (Bs → l+l−γ) above its SM predition even after assuming that the

ontribution to the deay rate is totally due to new physis. The fat, that the experimentally

measured values of the semileptoni branhing ratios B(B → (K, K∗)l+l−) are lose to their

SM preditions, doesn't allow BNP (Bs → l+l−γ) to have a value muh di�erent from its SM

preditions if the new physis responsible for this deay is of the form vetor/axial-vetor.

A more stringent upper bound is obtained if we equate the new physis branhing ratio to

be the di�erene between the experimental value and the SM predition. In fat, this upper

bound is onsistent with zero at 1 σ and is BNP (Bs → l+l−γ) ≤ 2 × 10−9
at 3 σ. Thus we

an't boost BNP (Bs → l+l−γ) muh above its SM predition if new physis is of the form

vetor/axial-vetor.

We now onsider new physis interation in the form of tensors/pseudo-tensor operators.

We parametrize this Lagrangaian as,

LT (b → sl+l−) =
GF√
2

(

α

4πs2W

)(

imb

q2

)

s̄σµνq
ν(gTV + gTAγ5)b l̄γ

µl. (12)

The neessary matrix element for Bs → l+l−γ is given by,

〈γ(k) |siσµνq
νb|Bs(p)〉 = −eǫµνρσǫ

∗νpρkσfTV (q
2),

〈γ(k) |siσµνγ5q
νb|Bs(p)〉 = −ie

[

ǫ∗µ(p · k)− (ǫ∗ · p)kµ
]

fTA(q
2). (13)

The q2 dependene of the formfators is given in Eq. (6). The alulation of deay rate gives,

ΓNP

(

Bs → l+l−γ
)

=

(

G2
Fα

3m5
Bs
f 2
Bs

3072π4s4W

)

[

g2TV β
2
TV ITV + g2TAβ

2
TAITA

]

, (14)

where Ii (i = TV, TA) are the integrals over the dilepton invariant mass (z = q2/m2
Bs
).

They are given by

Ii =
∫ 1

(4m2

l
/m

B2
s

)
dz

(1− z)3

z [(∆i/mBs
) + 0.5(1− z)]2

. (15)

Here again we have negleted the lepton masses everywhere exept in the lower limit of the

integral Ii due to the presene of term 1/z in the integrand. Thus we expet larger value for
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ΓNP (Bs → e+e−γ) in omparison to ΓNP (Bs → µ+µ−γ) due to presene of term lnz in the

expression of deay rate. We need to know the values of g2TV and g2TA in order to obtain the

upper bound on BNP (Bs → l+l−γ). For this we will onsider �rst the semi-leptoni deays

B → (K, K∗)l+l− and then the radiative deay B → K∗γ.

In order to obtain bounds on g2TV , we will have to onsider the proess B → Kl+l−. The

neessary matrix element in this ase is [14, 15℄ ,

〈K(pk) |siσµνq
νb|B(pB)〉 =

1

(mB +mK∗)
q2(pB + pk)µfT (q

2). (16)

In above equation we have dropped a term proportional to qµ as it will give rise to a term

proportional to (ml/mB)
2
in the deay rate. The q2 dependene of the formfator is assumed

to be

fT (q
2) =

fT (0)

(1− q2/m2
B)

. (17)

The alulation of deay rate gives,

ΓNP (B → Kl+l−) = g2TV

(

G2
Fm

5
B

192π3

)(

α

4πs2W

)2

f 2
T (0)I

BK , (18)

where IBK is the integral over the dilepton invariant mass (z = q2/m2
Bs
). This integral is

given by

IBK =
∫ zmax

zmin

dz
φ(z)3/2

2(1 + k)2(1− z)2
, (19)

where φ(z) = (z − 1− k2)
2 − 4k2

with k = mK/mB and the limits of integration for z are

given by zmin = 4m2
l /m

2
B and zmax = (1− k)2.

Here again we make the approximation ΓNP = ΓExp . Under this approximation we get

from Eq. (18),

g2TV =
BExp(B → Kl+l−)

2.35 [f+(0)]2
× 104. (20)

In order to obtain bounds on g2TA, we will have to onsider the proess B → K∗l+l−. The

neessary matrix elements in this ase are [14, 15℄,

〈K∗(pk) |siσµνq
νb|B(pB)〉 = iT1(q

2)ǫµνρσǫ
∗ν(pB + pk)

ρ(pB − pk)
σ,

〈K∗(pk) |siσµνq
νγ5b|B(pB)〉 = T2(q

2)(m2
B −m2

K∗)ǫ∗µ + T3(q
2)(ǫ∗ · pB)(pB + pK∗)µ. (21)

Here again we have dropped the terms proportional to qµ. The q2dependene of the form-

fators is assumed to have the from,

Ti(q
2) =

Ti(0)

(1− q2/m2
B)

, (22)
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where i = 1, 2, 3.

The alulation of deay rate gives,

ΓNP (B → K∗l+l−) =

(

G2
Fm

5
B

192π3

)(

α

4πs2W

)2
[

g2TV T
2
1 (0)I

BK∗

TV + g2TAT
2
2 (0)I

BK∗

TA

]

, (23)

where IBK∗

i (i = TV, TA) are the integrals over the dilepton invariant mass (z = q2/m2
Bs
).

They are given by

IBK∗

TV =
∫ zmax

zmin

dz

z(1 − z)2
φ(z)3/2

IBK∗

TA =
∫ zmax

zmin

dz

z2(1− z)2
φ(z)3/2

[

(1− k∗2)2

2φ(z)

{

2z +
(1− k∗2 − z)2

4k∗2

}

+
1

8k∗2
+

(1− k∗2)(1− z − k∗2)

4k∗2

]

(24)

with k∗ = mK∗

mB

. Here we assumed T2(0) ≃ T3(0). φ(z) and zmax are the same as in the ase

of B → Kl+l− with k replaed by k∗
. For B → K∗l+l−, the experimental branhing ratio is

given with a lower ut on the di-lepton invariant mass, mll̄ > 0.14 GeV, in order to supress

bakground from photon onversions and π0 → e+e−γ [3℄. We use this ut as the lower limit

of integration for z. In all previous kinemati integrals, zmin, the lower limit of intergration

for z = q2/m2
B is taken to be the theoretial minimum 4m2

l /m
2
B. The kinemati integral,

IBK∗

TA in Eq. (24), ontains a 1/z2 term whih omes from the propagator of virtual photon

pair produing a lepton anti-lepton pair. At very small values of z, this term dominates

the integral and makes it very large. However, experimentally the lower limit on q2 is muh

larger than the theoretial lower limit. Therefore, in alulating the bounds on new physis,

the lower limit of q2 in the theoretial alulation should be the same as the experimental

lower limit.

Under the assumption ΓNP = ΓExp and using Eq. (23), we get

g2TA =
BExp(B → K∗l+l−)× 103 − 1.37IBK∗

TV T 2
1 (0)g

2
TV

1.37IBK∗

TA T 2
2 (0)

. (25)

In our alulation we take the formfators to be [16℄, fT (0) = 0.355+0.016
−0.055, T1(0) = 0.379+0.058

−0.045,

T2(0) = 0.379+0.058
−0.045. The experimentally measured values of the branhing ratios are [3℄,

BExp(B → Kl+l−) = (4.8+1.0
−0.9±0.3±0.1)×10−7

and BExp(B → K∗l+l−) = (11.5+2.6
−2.4±0.8±

0.2) × 10−7
. Adding all errors in quadrature, we get g2TV = 1.63+0.39

−0.60 × 10−2
for l = e, µ.

The best �t values for g2TA turn out to be negative and very small (O ≃ 10−6
). The fat
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that these ome out to be negative means that the semi-leptoni deay rates an not be

explained purely in terms of tensor/pseudo-tensor operators. Imposing the ondition that

g2TV and g2TA should be non-negative, gives us the onditions

g2TA = 0, and g2TV = 1.63+0.39
−0.60 × 10−2 for l = e, µ. (26)

The branhing ratio for Bs → l+l−γ, due to LT is,

BNP

(

Bs → l+l−γ
)

=
[

3.15 ITV g
2
TV + 3.81 ITAg

2
TA

]

f 2
Bs

× 10−6. (27)

Substituting fBs
= 240± 30 MeV [17℄ and the values of g2TV and g2TA in Eq. (27), we get

BNP

(

Bs → e+e−γ
)

= 1.91+0.66
−0.85 × 10−7

BNP

(

Bs → µ+µ−γ
)

= 6.45+2.24
−2.86 × 10−8. (28)

Therefore the upper bounds on the branhing ratios are,

BNP

(

Bs → e+e−γ
)

≤ 2.57× 10−7,

BNP

(

Bs → µ+µ−γ
)

≤ 8.69× 10−8
(29)

at 1σ and

BNP

(

Bs → e+e−γ
)

≤ 3.89× 10−7,

BNP

(

Bs → µ+µ−γ
)

≤ 1.32× 10−7
(30)

at 3σ. These branhing ratios are about 40-50 times greater than the preditions in [4,

6℄. Thus the data on semileptoni deays allows an enhanement of one to two orders of

magnitude inBNP (Bs → l+l−γ) if new physis interations are of type tensor/pseudo-tensor.

Here we note that b → sγ transition also has a tensor operator and we onsider the

onstraint on the tensor/pseudotensor ontribution to Bs → l+l−γ from the experimentally

measured value of the branhing ratio of B → K∗γ. For this we onsider the quark level

intertion b → sγ. We parametrize new physis e�etive Lagrangian for b → sγ as

L(b → sγ) =

(

GF√
2

)(

iemB

16π2s2W

)

sσµνq
ν(gTV + gTAγ5)b ǫ

(γ)µ. (31)

where ǫ(γ)µ is the polarization vetor of the photon and qν is its momentum. Replaing

ǫ(γ)µ by (e/q2)l̄γµl gives rise to b → sl+l− tensor/pseudotensor operators. Thus the present
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experimental limit on B → K∗γ leads to a bound on Bs → l+l−γ arising from new physis

operators of tensor/pseudotensor form.

The amplitude for B → K∗γ is given by,

A(B → K∗γ) =

(

GF√
2

)(

emB

16π2s2W

)

ǫ(γ)µ 〈K∗(pk) |sσµνq
ν(gTV + gTAγ5)b|B(p)〉 . (32)

The neessary matrix elements are given in Eq. (21) with T1(0) = T2(0) for real photon

emission. The alulation of deay rate gives,

ΓNP (B → K∗γ) = (g2TV + g2TA)

(

G2
Fα

1024π4s4W

)

m5
B(1− k∗2)3T 2

1 (0). (33)

The proess B → K∗γ has been observed with a branhing ratio [18℄,

BExp(B → K∗γ) = (3.92± 0.20± 0.24)× 10−5. (34)

Under the assumption ΓNP (B → K∗γ) = ΓExp(B → K∗γ), we get

g2TV + g2TA = 1.92+0.59
−0.48 × 10−4. (35)

Comparing this onstraint with those in Eq. (26) we see that the proess B → K∗γ puts

a muh stronger onstraint on the g2TV in omparison to that from B → (K,K∗)l+l−. We

substitute the above limit in Eq. (14) along with the approximation βTV ≃ βTA = 0.33

GeV

−1
. The phase spae integrals ITV and ITA are essentially equal to eah other. For

eletrons their value is 64 and for muons their value is 22. Then we get the branhing ratios

to be

BNP (Bs → e+e−γ) = 2.71+1.10
−0.95 × 10−9,

BNP (Bs → µ+µ−γ) = 9.18+3.64
−3.25 × 10−10. (36)

These values are of the same order as SM preditions. Thus the stronger onstraint on

tensor/pseudo-tensor ouplings oming from the experimentally measured value of B(B →
K∗γ) doesn't allow an enhanement of BNP (Bs → l+l−γ).

Conlusions. The quark level interation b → sl+l− is responsible for the three types

of deays (a) semi-leptoni B → (K,K∗)l+l−, (b) purely leptoni Bs → l+l− and also ()

leptoni radiative Bs → l+l−γ. It was shown in previously [1℄ that if the purely leptoni

branhing ratio B(Bs → µ+µ−)≥ 10−8
then new physis operators responsible for this have

to be of the form salar/pseudosalar. Here we have shown that suh salar/pseudosalar
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operators have no e�et on the leptoni radiative modes Bs → l+l−γ. Regarding other types

of new physis operators, the vetor/axial-vetor operators an not enhane the branhing

ratios of Bs → l+l−γ muh beyond their SM values, given the onstraints oming from

the measured semi-leptoni rates. New physis operators in the form of tensor/pseudo-

tensor also an not enhane Bs → l+l−γ branhing ratios given the onstraints oming from

B → K∗γ. Thus we are led to the onlusion that the present data on b → s

transitions allow a large boost in B(Bs → l+l−) but not in B(Bs → l+l−γ).
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