
Eur. Phys. J. C (2018) 78:571
https://doi.org/10.1140/epjc/s10052-018-6044-1

Regular Article - Theoretical Physics

New gauge boson W ′ and radiative leptonic decays of charged B
and D mesons

Ya-Bing Zuoa, Chong-Xing Yueb, Wei Yang, Yan-Nan Hao, Wei-Rong Zhang

School of Physics and Electronic Technology, Liaoning Normal University, Dalian 116029, People’s Republic of China

Received: 30 December 2017 / Accepted: 2 July 2018 / Published online: 12 July 2018
© The Author(s) 2018

Abstract Considering the constraints on model parameters
from the latest experimental data, we study the contributions
of new gauge boson W ′ predicted by the general 221 models
to the radiative leptonic decays of charged B and D mesons.
It is found that the largest contributions of W ′ in the non-
universal 221 model to the branching fractions occur in the
decay modes B− → γμ−ν̄μ and B− → γ τ−ν̄τ , which can
reach to about 8% of the corresponding SM values in the up-
quark mixing scenario. In contrast, the relative corrections of
W ′ predicted by the un-unified 221 model to the branching
fractions are very tiny and identical for all the decay modes.

1 Introduction

In spite of the tremendous success of the standard model
(SM), there are still open questions which imply the exis-
tence of new physics beyond it. One of the most common
ways of building new physics models is to extend the gauge
structure of the SM. An additionalU (1)X gauge symmetry is
introduced in the simplest extension. One of the next simplest
extensions involves an additional SU (2) such as the left–right
[1–3], leptophobic, hadrophobic, fermiophobic [4–6], non-
universal [7–11] and un-unified models [12,13], which are
called the general 221 models in the literature [14]. The most
important feature of these models is the existence of new
heavy gauge bosons W ′ and Z ′ which are relevant to the low
energy charged and neutral current processes, respectively.
These new gauge bosons can have rich phenomenology in
the current and future collider experiments.

The study of heavy meson decays is one of the most
interesting and challenging fields in high energy physics,
which involves both strong and weak interactions. In recent
years, both experimental and theoretical studies have been
improved greatly. However, the limitation in understanding
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and controlling the strong interactions in non-perturbative
region is so far still a problem. Compared with hadronic
decays, the leptonic decays are simpler due to the fact that
strong interaction only occurs in the initial state. The pure lep-
tonic decays of heavy mesons H → lνl (H = B, Bs, D, Ds

and l = e, μ, τ ) can be used to determine the decay con-
stants fH if the CKM matrix elements |VQq | (Q = b, c and
q = u, d, s) are known. Conversely, if we know the values
of decay constants from other methods, e.g. the lattice cal-
culation, these decays can also be used to extract the CKM
matrix elements. In order to cancel the infrared divergences
appearing in the loop calculations, the corresponding radia-
tive leptonic decays H → γ lνl should be considered. More
importantly, the radiative leptonic decays are of interest in
themselves, which may be separated properly and compared
with measurements directly as long as the theoretical softness
of the photon corresponds to the experimental resolutions.
As well known, the measurement of pure leptonic decays is
very difficult because of the helicity suppression and only
one detected final state particle. However, having an extra
real photon emitted in the final state, the radiative leptonic
decays escape from the helicity suppression and therefore
can be as large as, or even larger than the pure leptonic
mode. Furthermore, with the extra photon to identify, the
reconstruction of these decays is easier to do. For these rea-
sons, the radiative leptonic decays have so far received a
great deal of attention and been studied with various meth-
ods in the literature including the constituent quark model
[15–22], light front quark model [23,24], QCD factorization
[25–30], pQCD [31], light cone sum rules [32,33], disper-
sion approach [34–37] and so on, as a means of probing
aspects of the strong and weak interactions in a heavy meson
system. Concretely, the radiative leptonic decays have been
used as an alternative and more viable way for the determi-
nation of fH and |VQq |. In addition, the branching fractions
of these decays are sensitive to the inverse moment λH of
the leading twist light cone distribution amplitude of heavy
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mesons which also enters the QCD factorization formulae
for hadronic decays. A measurement of Br(H → γ lνl) thus
provides a determination of λH free of hadronic final state
uncertainties. Moreover, the radiative leptonic decays play a
peculiar role in understanding the dynamics of annihilation
processes occurring in heavy meson decays which are rel-
evant for many important quantities. Apart from the above,
these decays also provide a good opportunity to study the
factorization approach, where many ingredients required for
the hadronic decays already appear but in a simplified setting.

Besides those aspects in the SM, these decays provide
a way of probing possible new physics effects related to
the charged current interactions. In Ref. [38], the effects of
charged Higgs bosons in the two Higgs doublet model type II
(2HDMII) on the radiative leptonic decays of charged B and
D mesons were studied based on the factorization procedure.
Using the constraints on the free parameters of the 2HDMII
given in previous works, it was found that the corrections
of charged Higgs boson to the decay B → γ τντ could be
as large as 13%. To our knowledge, there is little informa-
tion available in the literature about the contributions of new
charged gauge boson W ′ to the radiative leptonic decays of
heavy mesons. In the present paper, we intend to study the
corrections of W ′ predicted by the general 221 models to the
radiative leptonic decays of charged B and D mesons. The
extensions to the contributions of W ′ in other models to these
decays are straightforward with simply changing the mass
and relevant couplings. The remaining part of this paper is
organized as follows. In Sect. 2, we describe the general 221
models briefly and give the corresponding couplings related
to these decays. In Sect. 3, we give the formulae for the decay
rates including the contributions of W ′ and define the rela-
tive corrections to the branching fractions. The numerical
results and discussions are given in Sect. 4. Section 5 is our
summary.

2 General 221 models and couplings relevant for the
radiative leptonic decays of charged B and D mesons

As mentioned above, the general 221 models are extensions
of the SM by introducing an additional SU (2) gauge symme-
try. Here we only briefly revisit the basics and some aspects
of particular importance to the present work and refer the
reader to the original papers for a more thorough descrip-
tion [1–14]. The most important feature of these models is
the existence of new heavy gauge bosons W ′ and Z ′ which
are relevant to the low energy charged and neutral current
processes, respectively. According to the patterns of gauge
symmetry breaking, the 221 models can be divided into two
classes. The first stage gauge symmetry breaking in the mod-
els of class I and II are SU (2)2 × U (1)X → U (1)Y and
SU (2)1 × SU (2)2 → SU (2)L , respectively. The charge

assignments of the SM fermions and the Higgs represen-
tation used to achieve the gauge symmetry breaking can be
found in Ref. [14].

After gauge symmetry breaking, the Lagrangian involving
the gauge boson masses and fermionic gauge interactions can
be written as [14]

L = L1 + L2 + L3 + L4 (1)

with

L1 = 1

2

(
M̃2

Z − δM̃4
Z

M̃2
Z ′

)
ZμZ

μ

+
(
M̃2

W − δM̃4
W

M̃2
W ′

)
W+μW−

μ , (2)

L2 = 1

2

(
M̃2

Z ′ + ΔM̃2
Z ′ + δM̃4

Z

M̃2
Z ′

)
Z ′

μZ
′μ

+
(
M̃2

W ′ + ΔM̃2
W ′ + δM̃4

W

M̃2
W ′

)
W ′+μW ′−

μ , (3)

L3 = Zμ

(
J 0μ − δM̃2

Z

M̃2
Z ′

K 0μ

)

+Z ′
μ

(
K 0μ + δM̃2

Z

M̃2
Z ′

J 0μ

)
+ Aμ J

μ, (4)

L4 =
[
W+

μ

(
J+μ − δM̃2

W

M̃2
W ′

K+μ

)

+W ′+
μ

(
K+μ + δM̃2

W

M̃2
W ′

J+μ

)
+ (+ ↔ −)

]
. (5)

In Eqs. (1)–(5), the L1 and L2 correspond to the mass terms
of the ordinary (Z , W ) and heavy (Z ′, W ′) gauge bosons,
respectively. The L3 denotes the neutral current fermionic
gauge interactions and L4 represents the charged current
gauge interactions. M̃2

Z ′,W ′ are the mass squared of heavy
gauge bosons obtained after the first stage symmetry break-
ing. The parameters ΔM̃2

Z ′,W ′ denote the additional contri-
butions to the mass squared of heavy gauge bosons after the
second stage symmetry breaking, while δM̃2

Z ,W are related
to the mixing effects between the ordinary and heavy gauge
bosons. Comparing with M̃2

Z ′,W ′ , these four parameters are

all at the next leading order of v2/u2 expansion where v

and u are the scales of the first and second stage symme-
try breaking, respectively. Therefore, at the leading order of
v2/u2 expansion, the heavy gauge bosons W ′ and Z ′ in the
221 model of class II are degenerate in mass,

M2
W ′ = M̃2

W ′ = M2
Z ′ = M̃2

Z ′

= 1

4
(g2

1 + g2
2)u2 = 1

4
g2u2 1

sin2 θE cos2 θE
. (6)
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Table 1 The charged current K+
μ for the LR, LP, HP, FP, NU and UU models. For the NU and UU models, the mixing angle of the extended gauge

group θE is defined as tan θE = g1/g2

Quark part Lepton part

LR g2√
2
(ūγ μPRd + c̄γ μPRs + t̄γ μPRb)

g2√
2
(ν̄eγ

μPRe + ν̄μγ μPRμ + ν̄τ γ
μPRτ)

LP g2√
2
(ūγ μPRd + c̄γ μPRs + t̄γ μPRb) 0

HP 0 g2√
2
(ν̄eγ

μPRe + ν̄μγ μPRμ + ν̄τ γ
μPRτ)

FP 0 0

NU 1√
2
[g1 sin θE (ūγ μPLd + c̄γ μPLs) − g2 cos θE t̄γ μPLb] 1√

2
[g1 sin θE (ν̄eγ

μPLe + ν̄μγ μPLμ) − g2 cos θE ν̄τ γ
μPLτ ]

UU g1 sin θE√
2

(ūγ μPLd + c̄γ μPLs + t̄γ μPLb) − g2 cos θE√
2

(ν̄eγ
μPLe + ν̄μγ μPLμ + ν̄τ γ

μPLτ)

The J±
μ , J 0

μ and Jμ mainly couple to the ordinary gauge
bosons (Z , W , A) and are corresponding to the weak and
electromagnetic currents in the SM. The K±

μ and K 0
μ mainly

couple to the heavy gauge bosons, the explicit expressions
of which depend on the specific models and can be found in
Ref. [14].

Note that the subject of this work is to investigate the con-
tributions of heavy gauge boson W ′ to the radiative leptonic
decays of charged B and D mesons. We list the charged cur-
rent K+

μ for the left–right (LR), leptophobic (LP), hadropho-
bic(HP), fermiophobic (FP), non-universal (NU) and un-
unified (UU) models in Table 1. The current K−

μ is just the
Hermitian conjugate of K+

μ . It is easily seen from Eqs. (1)–(5)
and Table 1 that the heavy gauge boson W ′ in the LR, LP, HP,
FP models does not couple to the ordinary left-handed neu-
trinos and therefore makes no contributions to these decays
at the leading order of v2/u2 expansion. Therefore, we only
need to consider the contributions from W ′ in the NU and
UU models.

In the fermion mass eigenstate basis, the gauge couplings
of W ′ with fermions in the NU and UU models have the
following forms at the leading order of v2/u2 expansion [10,
11,14],

gNU (Ū , D,W ′) = g√
2
γ μ

[
sin θE

cos θE
VCKM

− T †
UΔTD

sin θE cos θE

]
PL , (7)

gNU (N̄ , E,W ′) = g√
2
γ μ

[
sin θE

cos θE
− T †

EΔTE
sin θE cos θE

]
PL ,

(8)

gUU (Ū , D,W ′) = g√
2
γ μ sin θE

cos θE
VCKM PL , (9)

gUU (N̄ , E,W ′) = − g√
2
γ μ cos θE

sin θE
PL , (10)

where U = (u, c, t)T , D = (d, s, b)T , N = (νe, νμ, ντ )
T ,

E = (e, μ, τ)T , Δ = diag(0, 0, 1). TU , TD and TE are uni-

tary transformation matrices between the gauge and mass
eigenstate basis for the up type quarks, down type quarks
and charged leptons, respectively. VCKM = T †

UTD is the
usual CKM mixing matrix in the SM. The gauge couplings
of W with fermions are the same as those in the SM at the
leading order of v2/u2 expansion and therefore are not listed
here.

For the quark sector, the unitary transformation matrices
TU , TD satisfy

T †
UΔTD = T †

UTDT
†
DΔTD = VCKMT †

DΔTD

= T †
UΔTUT

†
UTD = T †

UΔTUVCKM . (11)

As analyzed in Ref. [11], the flavor changing neutral cur-
rents must occur in the interaction of quarks to gauge bosons,
which can be realized in three possible ways, i.e. in the down-
quark sector only, in the up-quark sector only and in both
sectors. Here we only consider the first two ways for simplic-
ity, known as the down-quark mixing scenario and up-quark
mixing scenario, respectively. In the down-quark mixing sce-
nario,

T †
UΔTU = Δ (12)

and the additional charged currents mixing matrix for quarks

T †
UΔTD = T †

UΔTUVCKM = ΔVCKM

=
⎛
⎝ 0 0 0

0 0 0
Vtd Vts Vtb

⎞
⎠ . (13)

In the up-quark mixing scenario,

T †
DΔTD = Δ (14)

and correspondingly

T †
UΔTD = VCKMT †

DΔTD = VCKMΔ

=
⎛
⎝ 0 0 Vub

0 0 Vcb
0 0 Vtb

⎞
⎠ . (15)
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ū(d̄)

b(c)
W−(W+)

l−(νl)

ν̄l(l+)

γ

(a) (b)

(c) (d)

Fig. 1 The Feynman diagrams of the radiative leptonic decays of
charged B and D mesons at tree level in the SM

For the lepton sector, the unitary transformation matrix
TE can be written as

TE =
⎛
⎝ T11 T12 T13

T21 T22 T23

T31 T32 T33

⎞
⎠ . (16)

It is easy to show that the currents mixing matrix for leptons

T †
EΔTE =

⎛
⎝ |T31|2 T ∗

31T32 T ∗
31T33

T ∗
32T31 |T32|2 T ∗

32T33

T ∗
33T31 T ∗

33T32 |T33|2

⎞
⎠ . (17)

Thus, the interaction of leptons to gauge bosons only depends
on the third row of unitary matrix TE , i.e. T31, T32 and T33.

3 Decay rates and relative corrections to the branching
fractions

In the radiative leptonic decays of charged B and D
mesons, the strong interactions are involved only in the ini-
tial states. The Feynman diagrams of these decays at tree
level in the SM are given in Fig. 1. The tree level diagrams
corresponding to the contributions of W ′ are similar to those
in Fig. 1 with simply replacing W with W ′. Extending the
expression for the amplitude in the SM given in Ref. [38] to
include the contributions of W ′ by using Eqs. (7)–(10), we
have

A = eGF√
2

[
VQq + m2

W

m2
W ′

(
f NU (UU )
Q

)
Qq

(
f NU (UU )
L

)
lνl

]

×〈γ |q̄ΓμQ|P〉(l̄γ μ(1 − γ5)νl) (18)

with

f NU
Q = sin θE

cos θE
VCKM − T †

UΔTD
sin θE cos θE

,

f NU
L = sin θE

cos θE
− T †

EΔTE
sin θE cos θE

,

f UU
Q = sin θE

cos θE
VCKM ,

f UU
L = −cos θE

sin θE
, (19)

and

〈γ |q̄ΓμQ|P〉 = εμνρσ εν pρ
P p

σ
γ (FV + Fc1)

+i(εμ pP · pγ − pγμε · pP )(FA + Fc1)

+Fc2 pPμ. (20)

P denotes the charged B or D meson and ε is the polariza-
tion vector of the photon in final state. pP and pγ are the
4-momentum of P and the photon, respectively. The form
factors FV , FA correspond to the contributions of diagrams
(a), (b) in Fig. 1, while Fc1, Fc2 come from diagram (c). The
contribution of (d) is suppressed by a factor of 1/m2

W and
thus is neglected here. Among these quantities,

Fc1 = − fP
2pγ · pl , Fc2 = i fP

(
ε · pP
pγ · pP − ε · pl

pγ · pl
)

.

(21)

For the form factors FV , FA, the fitted numerical results
based on the factorization procedure [38] are

FB
V (Eγ ) =

[
0.28

ΛQCD

Eγ

− 0.73

(
ΛQCD

Eγ

)2
]

GeV−1,

(22)

FB
A (Eγ ) =

[
0.25

ΛQCD

Eγ

+ 0.39

(
ΛQCD

Eγ

)2
]

GeV−1,

(23)

FD
V (Eγ ) =

[
0.39

ΛQCD

Eγ

+ 0.04

(
ΛQCD

Eγ

)2
]

GeV−1,

(24)

FD
A (Eγ ) =

[
− 0.10

ΛQCD

Eγ

+ 0.76

(
ΛQCD

Eγ

)2
]

GeV−1,

(25)

where Eγ is the energy of the photon and ΛQCD denotes the
characteristic energy scale of strong interaction.

In the present work, we only consider the contributions of
W ′ to the leading order ofv2/u2 expansion. Correspondingly,
according to Eqs. (18) and (20), (21), the amplitude squared
is

|M|2 = 4e2G2
F

[
|VQq |2 + 2

m2
W

m2
W ′

× Re

(
VQq

(
f NU (UU )
Q

)∗
Qq

(
f NU (UU )
L

)∗
lνl

) ]

×
{

2
[
m2

P (pγ · pl)2 + (pP · pγ )2(pP · pl)
− (pP · pγ )2(pγ · pl) − 2(pP · pγ )(pP · pl)
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× (pγ · pl)
] [

(FV + Fc1)
2 + (FA + Fc1)

2
]

+ 4
[
−(pP · pl)(pP · pγ )2 − (pγ · pl)(pP · pγ )2

+m2
P (pγ · pl)(pP · pγ )

]
(FV + Fc1)(FA + Fc1)

+ 2 fP (FV + Fc1)

[
−m2

l
(pP · pγ )2

pγ · pl + 2(pP · pl)

× (pP · pγ ) − m2
P pγ · pl

]
+ 2 fP (FA + Fc1)

×
[
−2

m2
P (pP · pl)(pγ · pl)

pP · pγ

+ m4
P
pγ · pl
pP · pγ

+ 4(pP · pl)2 − m2
P (2pP · pl + pγ · pl)

+ 2(pP · pγ )(pP · pl) − m2
l
(pP · pγ )2

pγ · pl
+m2

Pm
2
l
pP · pγ

pγ · pl − 2m2
l
(pP · pγ )(pP · pl)

pγ · pl
]

+ f 2
P

[
−2(pP · pl)2 + m2

P (pP · pl)
− 2(pP · pγ )(pP · pl) + m2

P (pγ · pl) + m2
Pm

2
l

]

×
[
− m2

P

(pγ · pP )2 + 2
pP · pl

(pγ · pP )(pγ · pl)

− m2
l

(pγ · pl)2

]}
. (26)

In the rest frame of P , the initial and final state 4-momenta
can be written as

pP = (mP , 0, 0, 0), pγ = (Eγ , 0, 0,−Eγ ),

pl = (El , plx , 0, plz), (27)

where the momentum of the photon has been chosen to be in
the − z direction as shown in Fig. 2. El is the energy of the
charged lepton in final state. Then, we have

pP · pγ = mP Eγ , pP · pl = mP El ,

pγ · pl = Eγ (El + plz). (28)

pγ

pν

pl

P
z

x

Fig. 2 The sketch for kinematics of the radiative leptonic decays of
charged B and D mesons

Note that the sum of momenta is conserved in the decay and
the particles in the initial and final state are on mass shell,
the plz can be expressed in terms of Eγ and El , i.e.

plz = 2mP Eγ + 2mP El − 2Eγ El − m2
P − m2

l

2Eγ

. (29)

With the amplitude squared in Eq. (26) and relevant
expressions given above, we can calculate the differential
decay rates for radiative leptonic decays of charged B and D
mesons by using the formula [39]

dΓ = 1

(2π)3

1

8mP
|M|2dEldEγ . (30)

The total decay rates can be obtained by integrating the dif-
ferential decay rates over Eγ and El ,

Γ = 1

(2π)3

1

8mP

[∫ Elmid

ml

dEl

∫ Eγmax

Eγmin

dEγ

+
∫ Elmax

Elmid

dEl

∫ Eγmax

ΔEγ

dEγ

]
|M|2 (31)

with the integral limits

Eγmax = 2mP El − m2
P − m2

l

2(El −
√
E2
l − m2

l − mP )

,

Eγmin = 2mP El − m2
P − m2

l

2(El +
√
E2
l − m2

l − mP )

,

Elmid = 4mPΔEγ − 4ΔE2
γ − m2

P − m2
l

2(2ΔEγ − mP )
,

Elmax = m2
P + m2

l

2mP
. (32)

Note that since there are IR divergences in the radiative lep-
tonic decays when the photon is soft or collinear with the
emitted lepton, the total decay rates depend on the experi-
mental resolution to the energy of the photon ΔEγ . By using
the lifetimes of charged B and D mesons, we can obtain the
branching fractions from the total decay rates for all relevant
decay modes.

To see the corrections of W ′ predicted by the NU and UU
models more clearly and reduce the possible uncertainties
stemming from the CKM matrix elements and form factors,
we define the relative corrections of W ′ to the branching
fractions of these decays

R = Brtotal − Br SM

Br SM
, (33)

where Brtotal and Br SM are the branching fractions of these
decays with and without the contributions ofW ′, respectively.
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4 Numerical results and discussions

Before performing the actual calculations, we need to con-
sider the constraints on the model parameters from the lat-
est experimental data. As stated above, the mixing angle of
the extended gauge group θE is defined as tan θE = g1/g2.
Assuming the perturbativity of all the gauge couplings,
g2

1,2/4π < 1, we have 0.03 < sin2 θE < 0.96 [40,41]. It
is easily seen from Eq. (6) that the mass of heavy gauge
boson mW ′ is relevant to sin2 θE . Considering the latest
constraints from the CKM unitarity, lepton flavor violating
processes and direct search for heavy gauge bosons at the
LHC [40–42], mW ′ can be chosen as mW ′ > 1800 GeV
and mW ′ > 3000 GeV in the small and large sin2 θE region,
respectively. The T31, T32, T33 in the currents mixing matrix
for leptons T †

EΔTE are constrained by considering the uni-
tarity of TE and lepton flavor violating processes [40]. It is
concluded that one of the matrix elements T31, T32, T33 is
close to 1 and the others are sufficiently small. It is more
natural to assume the mixing strength between leptons to
be directly related to their masses. So we only consider
the cases that T33 ≈ 1 or T32 ≈ 1. Actually, we choose
T33 = 1, T31 = T32 = 0 or T32 = 1, T31 = T33 = 0 for
simplicity in our calculations.

Other input parameters are as follows [39],

mB− = 5.279 GeV, mD+ = 1.870 GeV,

me = 0.511 × 10−3 GeV, mμ = 0.106 GeV,

mτ = 1.777 GeV, mW = 80.385 GeV,

τB− = 1.638 × 10−12 s, τD+ = 1.04 × 10−12 s,
ΛQCD = 0.2 GeV, GF = 1.166 × 10−5 GeV−2,

|Vub| = 4.09 × 10−3, |Vcd | = 0.220.

For the decay constants of charged B and D mesons, we
use the same values as Ref. [38], i.e. fB− = 0.19357 GeV,
fD+ = 0.20498 GeV, which are calculated using the same
wave function and parameters as what used in calculating
the form factors FV , FA. Considering that the characteristic
energy scales of these decays are a few GeV, we choose the
fine structure constant α = e2/4π = 1/132.

With these considerations, we calculate the relative cor-
rections of heavy gauge boson W ′ predicted by the NU
and UU models to the branching fractions of the decays
B− → γ l−ν̄l(l = e, μ, τ) and D+ → γ l+νl(l = e, μ).

First of all, we give the branching fractions of these decays
in the SM and corresponding experimental upper limits [39]
in Table 2. Since the branching fraction of D+ → γ τ+ντ is
too small due to the phase space suppression, we only con-
sider the decay modes D+ → γ e+νe and D+ → γμ+νμ for
the D decays. We can see that the branching fractions are all
within their experimental upper limits and decrease slightly
with the increase of ΔEγ . The theoretical uncertainties can
come from the CKM matrix elements |Vub|, |Vcd | and the
form factors FV , FA, which are about 10–20% via roughly
estimation. Considering that the main concern of this work is
the relative corrections ofW ′ and the uncertainties mentioned
above can be canceled to a large extent in this quantity, we
only give the central values for the branching fractions here.

In the NU model, it is easily seen from Eqs. (18) and (19)
that the contributions of W ′ to the radiative leptonic decays
of charged B and D mesons depend on the mixing angle
of the extended gauge group θE and the charged currents
mixing matrices T †

UΔTD, T †
EΔTE . Considering the relevant

arguments given above, we obtain the relative corrections of
W ′ to the branching fractions of these decays, which are all
independent of the experimental resolution to the energy of
the photon ΔEγ due to the fact that the relative corrections
is defined via the ratio of branching fractions, c.f. Eq. (33),
and therefore the effects of ΔEγ are canceled.

For the decay B− → γ e−ν̄e, we can see from Eqs. (17)–
(19) that the contributions of W ′ to the branching fractions
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Fig. 3 The relative corrections of W ′ predicted by the NU model to the
decay B− → γ e−ν̄e as functions of sin2 θE in the down-quark mixing
scenario

Table 2 The branching
fractions of the decays
B− → γ l−ν̄l (l = e, μ, τ) and
D+ → γ l+νl (l = e, μ) in the
SM and corresponding
experimental upper limits [39]

ΔEγ (GeV) 0.005 0.010 0.015 0.020 0.025 0.030 Exp.

Br(B− → γ e−ν̄e)(10−7) 5.73 5.00 4.59 4.29 4.07 3.89 < 61

Br(B− → γμ−ν̄μ)(10−7) 6.07 5.30 4.86 4.55 4.31 4.12 < 34

Br(B− → γ τ−ν̄τ )(10−6) 1.46 1.26 1.14 1.06 0.99 0.94 –

Br(D+ → γ e+νe)(10−5) 2.97 2.49 2.23 2.05 1.91 1.81 –

Br(D+ → γμ+νμ)(10−5) 4.12 3.42 3.03 2.76 2.56 2.40 –
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Table 3 The numerical results for the relative corrections of W ′ pre-
dicted by the NU model to the decay B− → γ e−ν̄e in the down-quark
mixing scenario, in unit of 10−2

sin2 θE 0.6 0.7 0.8 0.9 0.95

R(mW ′ = 3500 GeV) 0.16 0.25 0.42 0.95 2.00

R(mW ′ = 4000 GeV) 0.12 0.19 0.32 0.73 1.53

R(mW ′ = 4500 GeV) 0.10 0.15 0.26 0.57 1.21

R(mW ′ = 5000 GeV) 0.08 0.12 0.21 0.47 0.98

Table 4 The numerical results for the relative corrections of W ′ pre-
dicted by the NU model to the decay B− → γ e−ν̄e in the up-quark
mixing scenario, in unit of 10−2

mW ′ (GeV) 2000 2500 3000 3500

R − 0.32 − 0.21 − 0.14 − 0.11

are related with T31 which we have chosen to be zero as
stated above. In the down-quark mixing scenario, the rel-
ative corrections R as functions of sin2 θE are shown in
Fig. 3. Apparently, the contributions of W ′ to this decay
mode are positive and become more significant in the large
sin2 θE region. Hence we choose 0.5 < sin2 θE < 0.96 and
mW ′ > 3000 GeV. The numerical results for R correspond-
ing to different values ofmW ′ and sin2 θE in the above regions
are given in Table 3. We can see that the relative corrections
of W ′ to this decay mode in the down-quark mixing scenario
are insignificant, 2% for the largest possible case. In the up-
quark mixing scenario, the corrections of W ′ to the branch-
ing fractions of B− → γ e−ν̄e are independent of sin2 θE
which can be illuminated by scrutinizing Eqs. (15), (17)–
(19), and we choose relatively low values for mW ′ , requiring
mW ′ > 1800 GeV. The corresponding numerical results for
R are given in Table 4. We can observe that the corrections
of W ′ to the branching fractions of this decay mode in the
up-quark mixing scenario are negative and tiny, around 0.3%
of the values in the SM for the largest possible case.

For the decay B− → γμ−ν̄μ, the corrections of W ′ in the
NU model to the branching fractions depend on the parameter
T32 which can be chosen to be 0 or 1 as stated above. Choosing
T32 = 0, it is found that the relative corrections of W ′ to the
branching fractions of this decay mode are identical to those
of B− → γ e−ν̄e which are shown in Tables 3 and 4 for
the down-quark and up-quark mixing scenario, respectively.
This is due to the fact that the relative corrections R is defined
via the ratio of branching fractions and thus the effects of the
mass of charged lepton in the final state are canceled. For
the same reason, we shall have the same results for the decay
B− → γ τ−ν̄τ under the condition that T33 = 0. Under the
condition that T32 = 1, the relative corrections of W ′ to the
branching fractions are independent of sin2 θE in the down-
quark mixing scenario and this can be seen by inspecting
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Fig. 4 The relative corrections of W ′ in the NU model to the decay
B− → γμ−ν̄μ as functions of sin2 θE with T32 = 1 in the up-quark
mixing scenario

Table 5 The numerical results for the relative corrections of W ′ pre-
dicted by the NU model to the decay B− → γμ−ν̄μ with T32 = 1 in
the up-quark mixing scenario, in unit of 10−2

sin2 θE 0.04 0.1 0.2 0.3 0.4

R(mW ′ = 2000 GeV) 7.75 2.91 1.29 0.75 0.49

R(mW ′ = 2500 GeV) 4.96 1.86 0.83 0.48 0.31

R(mW ′ = 3000 GeV) 3.45 1.29 0.57 0.34 0.22

R(mW ′ = 3500 GeV) 2.53 0.95 0.42 0.25 0.16

Eqs. (13), (17)–(19). RequiringmW ′ > 1800 GeV, we obtain
the same numerical results for R as those shown in Table 4. It
is worth mentioning that not only the relative corrections to
the branching fractions but also the genuine ones are identical
for the case T32 = 0 in the up-quark mixing scenario and
T32 = 1 in the down-quark mixing scenario. In contrast, the
relative corrections ofW ′ to the branching fractions of B− →
γμ−ν̄μ decrease with the increase of sin2 θE in the up-quark
mixing scenario and therefore are more significant in the
small sin2 θE region as shown in Fig.4. Correspondingly, we
choose 0.03 < sin2 θE < 0.5 and mW ′ > 1800 GeV. The
numerical results for R are given in Table 5. We can observe
that the largest possible corrections of W ′ to the decay B− →
γμ−ν̄μ are about 8% of the corresponding values in the SM.

For the decay B− → γ τ−ν̄τ , the corrections of W ′ pre-
dicted by the NU model to the branching fractions of this
decay mode depend on the parameter T33. As inferred above,
under the condition that T33 = 0, the relative corrections
of W ′ to the branching fractions are the same as those of
B− → γ e−ν̄e, c.f. Tables 3 and 4 for the down-quark and
up-quark mixing scenario, respectively. By the same token,
under the condition that T33 = 1, the relative corrections of
W ′ to this decay mode are identical to those of B− → γμ−ν̄μ

with T32 = 1 which are shown in Tables 4 and 5 for the down-
quark and up-quark mixing scenario, respectively. Similar to
the decay B− → γμ−ν̄μ, the genuine corrections to the
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Table 6 The numerical results for the relative corrections of W ′ pre-
dicted by the UU model to the decays B− → γ l−ν̄l (l = e, μ, τ) and
D+ → γ l+νl (l = e, μ), in unit of 10−2

mW ′ (GeV) 2000 2500 3000 3500

R − 0.32 − 0.21 − 0.14 − 0.11

branching fractions of B− → γ τ−ν̄τ are the same for the
case T33 = 0 in the up-quark mixing scenario and T33 = 1
in the down-quark mixing scenario.

For the decays D+ → γ l+νl(l = e, μ), it is found that
the relative corrections of W ′ predicted by the NU model to
the branching fractions are the same in the down-quark and
up-quark mixing scenarios, owing to the fact that the relevant
matrix elements of T †

UΔTD for the D decays are both zero in
these two scenarios, c.f. Eqs. (13) and (15). With T31 = 0, we
have the same numerical results for the relative corrections
of W ′ to the branching fractions of D+ → γ e+νe as those
shown in Table 3. The effects of the mass difference between
D and B mesons in the initial state are canceled due to the
fact that the relative corrections R is defined via the ratio of
branching fractions. As mentioned above, the effects of the
mass of charged lepton in the final state are also canceled
in the relative corrections. And indeed the numerical results
for the relative corrections to the decay D+ → γμ+νμ with
T32 = 0 are identical to those shown in Table 3 as well.
Under the condition that T32 = 1, the contributions of W ′ to
the branching fractions of this decay mode are independent
of sin2 θE . Choosing mW ′ > 1800 GeV, we obtain the same
numerical results for the relative corrections as those given
in Table 4.

Now we calculate the contributions of W ′ predicted by the
UU model to the branching fractions of B− → γ l−ν̄l(l =
e, μ, τ) and D+ → γ l+νl(l = e, μ). For this model, it
is easily seen from Eqs. (18) and (19) that the corrections
of W ′ to the branching fractions of these decays are inde-
pendent of sin2 θE and the charged current mixing matrices
T †
UΔTD, T †

EΔTE . In other words, our results in this model
only depend on mW ′ . Moreover, the relative corrections of
W ′ predicted by this model to the branching fractions are all
the same for these decay modes owing to the fact that the
effects of the mass difference between B and D in the initial
state as well as those of the mass of charged lepton in the
final state are all canceled. Choosing mW ′ > 1800 GeV, we
have the numerical results for R as shown in the Table 6. We
can observe that the corrections of W ′ in the UU model to
the branching fractions of B− → γ l−ν̄l(l = e, μ, τ) and
D+ → γ l+νl(l = e, μ) are negative and very insignificant,
about 0.3% of the corresponding values in SM for the largest
possible case.

5 Summary

In the present work, we study the contributions of new heavy
gauge boson W ′ predicted by the general 221 models to the
radiative leptonic decays of charged B and D mesons. Due to
the fact that the heavy gauge boson W ′ in the LR, LP, HP and
FP models does not couple to the ordinary left-handed neu-
trinos and therefore makes no contributions to these decays
at the leading order of v2/u2 expansion, we only calculate
the contributions of W ′ in the NU and UU models. To see the
corrections of W ′ more clearly and reduce the uncertainties
stemming from the CKM matrix elements and form factors,
we define the relative corrections R via the ratio of branching
fractions. Considering the constraints on the model param-
eters from the latest experimental data, we give the relative
corrections of W ′ to the branching fractions of these decays.
Due to the fact that the effects on R coming from the mass
difference between B and D mesons in the initial state as well
as those of the mass of charged lepton in the final state are
all canceled, the numerical results for many decay modes are
identical as noted above. Specially, the relative corrections
of W ′ predicted by the NU model to the branching fractions
of B− → γ l−ν̄l(l = e, μ, τ) are all the same under the
condition that T31 = 0, T32 = 0 and T33 = 0, respectively.
For the decays D+ → γ l+νl(l = e, μ), the contributions
of W ′ in the NU model are equal in the down-quark and
up-quark mixing scenarios. The largest corrections of W ′ in
the NU model to the branching fractions occur in the decay
modes B− → γμ−ν̄μ and B− → γ τ−ν̄τ , which can reach
to about 8% of the values in the SM in the up-quark mix-
ing scenario under the condition that T32 = 1 and T33 = 1,
respectively. For the time being, these effects are still smaller
compared with the corresponding theoretical uncertainties of
the SM branching fractions and thus difficult to discern in
experiments. It is noteworthy that the near future BELLE II
experiment at SuperB will be able to improve the accuracy of
measurement on the CKM matrix element |Vub| significantly
[43,44]. In addition, it is possible to achieve a better control
on the uncertainties of the form factors in the future. Under
these circumstances, the theoretical uncertainties of branch-
ing fractions in the SM could be reduced to below 5% and
our results may be tested by future more precise experiments
such as BELLE II, LHCb upgraded. In contrast, the contri-
butions of W ′ predicted by the UU model only depend on
mW ′ and the relative corrections to the branching fractions
are the same for all the decay modes which are negative and
very tiny, about 0.3% for the largest possible case.
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