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Motivated by recent results from the LHCb, BABAR, and Belle Collaborations on B → Dð�Þl−ν̄l decays,
which significantly deviate from the Standard Model and hint at the possible new physics beyond the
Standard Model, we probe the R-parity violating supersymmetric effects in B−

c → l−ν̄l and B → Dð�Þl−ν̄l
decays. We find the following: (i) BðB−

c → e−ν̄eÞ and BðB−
c → μ−ν̄μÞ are sensitive to the constrained

slepton exchange couplings. (ii) The normalized forward-backward asymmetries of B → De−ν̄e decays
have been greatly affected by the constrained slepton exchange couplings, and their signs could be
changed. (iii) All relevant observables in the exclusive b → cτ−ν̄τ decays and ratios RðDð�ÞÞ are sensitive
to the slepton exchange coupling, and RðD�Þ could be enhanced by the constrained slepton exchange
coupling to reach each 95% confidence level experimental ranges from BABAR, Belle, and LHCb but not
the lower limit of the 95% confidence level experimental average. Our results in this work could be used to
probe R-parity violating effects and will correlate with searches for direct supersymmetric signals at the
running LHCb and the forthcoming Belle-II.
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I. INTRODUCTION

The semileptonic decays B → Dð�Þl−ν̄l are very impor-
tant processes in testing the Stand Model (SM) and in
searching for the new physics (NP) beyond the SM, for
example, the extraction of the Cabbibo-Kobayashi-
Maskawa matrix element jVcbj. The semileptonic decays
B → Dð�Þl−ν̄l have been measured by the CLEO [1], Belle
[2,3], BABAR [4–7], and LHCb [8] Collaborations.

For ratios RðDð�ÞÞ≡ BðB→Dð�Þτ−ν̄τÞ
BðB→Dð�Þl0−ν̄l0 Þ

with l0 ¼ e or μ, the

experimental averages from the Heavy Flavor Averaging
Group [9] are

RðDÞExp ¼ 0.391� 0.050;

RðD�ÞExp ¼ 0.322� 0.021: ð1Þ

The SM predictions [10,11] are

RðDÞSM ¼ 0.297� 0.017;

RðD�ÞSM ¼ 0.252� 0.003: ð2Þ

The experimental measurements ofRðDÞ andRðD�Þ differ
from their SM predictions by 1.7σ and 3.0σ deviations,
respectively, and these hint at the possible NP beyond
the SM.
The exclusive b → cl−ν̄l decays have been studied

extensively in the framework of the SM and various NP

models, see Refs. [12–39]. Supersymmetry (SUSY) is
one of the most widely discussed options of NP, in both
its R-parity conserving and R-parity violating (RPV)
incarnations [40,41]. In the SUSY with R-parity con-
servation, the charged Higgs contribution could enter at
tree level, similar to the exclusive b → ul−ν̄l studied in
Ref. [42]. The charged Higgs contributions can slightly
reduce BðB → Dð�Þτ−ν̄τÞ, but the effects of the charged
Higgs will not significantly affect the light leptonic
decays. Therefore, the charged Higgs effects could let
RðDð�ÞÞ deviate more from their experimental data. In
fact, none of the 2HDMs with natural flavor conserva-
tion can explain the excess in RðD�Þ [43]. In the SUSY
with R-parity violation, B meson decays have been
extensively investigated, see Refs. [44–52]. In this paper,
we explore the RPV effects in the leptonic and semi-
leptonic exclusive b → cl−ν̄l decays. We constrain
relevant RPV parameter spaces from present experimen-
tal measurements and analyze their contributions to the
branching ratios, differential branching ratios, normalized
forward-backward (FB) asymmetries of the charged
leptons, and ratios of the branching ratios of relevant
semileptonic B decays.
The paper is organized as follows. In Sec. II, we briefly

review the theoretical results of the exclusive b → cl−ν̄l
decays in the RPV SUSY model. In Sec. III, using the
constrained parameter spaces from relevant experimental
measurements, we make a detailed classification research
on the RPV effects on the quantities which have not been
measured or not been well measured yet. Our conclusions
are given in Sec. IV.
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II. THE EXCLUSIVE b → cl−ν̄l DECAYS IN THE SUSY WITHOUT R-PARITY

Regarding the RPV SUSY model, similar processes b → ul−ν̄l have been studied in Ref. [42], so we only give the final
expressions in this section.
The branching ratio for the pure leptonic decays B−

c → l−
mν̄ln can be written as [42]
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where μBc
≡m2

Bc
=ðm̄b þ m̄cÞ.

The differential branching ratios for the semileptonic decays B → Dl−
mν̄ln could be written as [42]
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The differential branching ratios for the semileptonic decays B → D�l−
mν̄ln could be written as [42]
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where s ¼ q2 ¼ ðpB − pDð�Þ Þ2, the kinematic factor
λDð�Þ ¼m4

Bþm4
Dð�Þ þ s2−2m2

Bm
2
Dð�Þ −2m2

Bs−2m2
Dð�Þs, and

θ is the angle between the momentum of B meson and
the charged lepton in the c.m. system of l − ν.
The normalized forward-backward asymmetries of the

charged lepton ĀDð�Þ
FB are given as [42]

ĀFBðB → Dð�Þl−
mν̄lnÞ ¼

NDð�Þ
1

2NDð�Þ
0 þ 2=3NDð�Þ

2

: ð12Þ

From the above expressions, we can see that, unlike
the contributions of the squark exchange couplings
λ0n3i ~λ

0�
m2i and the SM contributions, the slepton exchange

couplings λinm ~λ
0�
i23 will not be suppressed by s and

helicity.

III. NUMERICAL RESULTS AND DISCUSSIONS

In the numerical calculations, the main theoretical
input parameters are the transition form factors, decay
constant of B−

c meson, masses, mean lives, CKM matrix
element, etc. For the transition form factors, the tradi-
tional approaches to calculate the relevant transition form
factors are the heavy quark effective theory [10,28],
lattice QCD techniques [15,16], and pQCD factorization
approach with and without lattice QCD input [31–33].
We use the form factors based on the heavy quark
effective theory [10,28]. The decay constant of B−

c meson
is taken from Ref. [53], and the rest of the theoretical
input parameters are taken from the Particle Data Group
(PDG) [54]. Notice that we assume the masses of the
corresponding slepton are 500 GeV. For other values of
the slepton masses, the bounds on the couplings in this
paper can be easily obtained by scaling them by
factor ~f2 ≡ ð m ~l

500 GeVÞ2.
In our calculation, we consider only one NP coupling

at one time and keep its interference with the SM

amplitude to study the RPV SUSY effects. To be
conservative, the input parameters and the experimental
bounds except for BðB → D�τ−ν̄τÞ and RðD�Þ at a
95% confidence level (C.L.) are used to constrain
parameter spaces of the relevant new couplings. Note
that we do not impose the experimental bounds from
BðB → D�τ−ν̄τÞ and RðD�Þ since their experimental
measurements obviously deviate from their SM predic-
tions. We leave them as predictions of the restricted
parameter spaces of the RPV couplings and then compare
them with the experimental results.
Due to the strong helicity suppression, the squark

exchange couplings have no very obvious effects on
the differential branching ratios and the normalized
FB asymmetries of the semileptonic exclusive b →
cl−

mν̄ln decays. So, we only focus on the slepton
exchange couplings in our following discussions. For
the slepton exchange couplings, λi11 ~λ

0�
i23 and λi22 ~λ

0�
i23,

which contribute to both b → cl0−
mν̄l0

n
and b → sl0þ

ml0−
n

transitions, the stronger constraints are from the exclu-
sive b → sl0þ

ml0−
n decays [46,49]; nevertheless, the RPV

weak phases of the two slepton exchange couplings are
not obviously constrained by current experimental
measurements.

A. Exclusive b → ce−ν̄e decays

First, we focus on slepton exchange couplings
λi11 ~λ

0�
i23 contributing to five decay modes, B−

c → e−ν̄e,
B−
u → D0

ue−ν̄e, B−
u → D�0

u e−ν̄e, B0
d → Dþ

d e
−ν̄e, and B0

d →
D�þ

d e−ν̄e decays. The branching ratios of four semileptonic
processes have been accurately measured by CLEO [1],
Belle [2], and BABAR [5,6] Collaborations. The 95% C.L.
ranges of the experimental average values from the PDG
[54] are listed in the second column of Table I. The SM
predictions at the 95% C.L. are presented in the third
column of Table I.
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Using the experimental bounds of relevant exclusive
b → cl−ν̄l decays at the 95% C.L.,1 we obtain the slepton
exchange couplings jλi11 ~λ0�i23j ≤ 0.22. At present, the
strongest bounds on the slepton exchange couplings come
from the exclusive b → seþe− decays, jλi11 ~λ0�i23j ≤ 5.75 ×
10−4 with 500 GeV slepton masses [46], which will be used
in our numerical results. In addition, the experimental
bounds at the 95% C.L. listed in the second column of
Table I are also considered to further constrain the slepton
exchange couplings. Our numerical results of the relevant
branching ratios, which consider the constrained slepton
exchange couplings, are listed in the last column of Table I,
and we can see that the constrained slepton exchange
coupling has significant effects on BðB−

c → e−ν̄eÞ, which
could be suppressed 2 orders or enhanced 3 orders by the
constrained slepton exchange couplings. Nevertheless,
the constrained slepton exchange couplings have no sig-
nificant effects on the branching ratios of relevant semi-
leptonic decays.
For B−

u → Dð�Þ0
u e−ν̄e and B0

d → Dð�Þþ
d e−ν̄e decays, since

the SUð2Þ flavor symmetry impliesMðB−
u →Dð�Þ0

u e−ν̄eÞ≃
MðB0

d→Dð�Þþ
d e−ν̄eÞ, the slepton exchange RPV contri-

butions to B−
u → Dð�Þ0

u e−ν̄e and B0
d → Dð�Þþ

d e−ν̄e are very

similar to each other. So, we take B−
u → Dð�Þ0

u e−ν̄e decays
as examples. This is similar in the exclusive b → cμ−ν̄μ and
b → cτ−ν̄τ decays.
Figure 1 shows the constrained RPV effects of

λi11 ~λ
0�
i23 on BðB−

c → e−ν̄eÞ, dBðB−
u →Dð�Þ0e−ν̄eÞ=ds and

ĀFBðB−
u → Dð�Þ0e−ν̄eÞ. The SM results are also displayed

for comparing. Comparing the RPV SUSY predictions to
the SM ones, we have the following remarks:

(i) As shown in Figs. 1(a) and 1(b), BðB−
c → e−ν̄eÞ is

very sensitive to both the moduli and weak phases of
the λi11 ~λ

0�
i23 couplings, and this is because the slepton

exchange coupling effects on BðB−
c → e−ν̄eÞ is

increased by mB=me.
(ii) As displayed in Figs. 1(c) and 1(d), there are no

obvious RPV effects on dBðB−
u → Dð�Þ0

u e−ν̄eÞ since
the present accurate experimental measurements of
BðB−

u→D�0
u e−ν̄e;B0

d→D�þ
d e−ν̄eÞ give very strongly

constraints on the slepton exchange couplings. For
the same reason, the branching ratios of relevant
semileptonic decays are not sensitive to both the
moduli and weak phases of the λi11 ~λ

0�
i23 couplings, so

we do not display them in Fig. 1.
(iii) Figure 1(e) shows us that the constrained

λi11 ~λ
0�
i23 couplings provide quite obvious effects on

ĀFBðB−
u → D0

ue−ν̄eÞ. Its sign could be changed;
nevertheless, this quantity is tiny. Figure 1(f)
shows that there is no obvious RPV effect
on ĀFBðB−

u → D�0
u e−ν̄eÞ.

B. Exclusive b → cμ−ν̄μ decays

Now, we pay attention to the contributions of the slepton
exchange couplings λi22 ~λ

0�
i23 to B−

c → μ−ν̄μ, B−
u → D0

uμ
−ν̄μ,

B−
u → D�0

u μ−ν̄μ, B0
d → Dþ

d μ
−ν̄μ, and B0

d → D�þ
d μ−ν̄μ

decays. The four semileptonic decay branching ratios have
been accurately measured by CLEO [1], Belle [2], and
BABAR [5,6] Collaborations. The experimental average
values and the SM predictions at the 95% C.L. are listed in
the second and third columns of Table II, respectively.
We get the slepton exchange couplings jλi22 ~λ0�i23j < 0.24

from the exclusive b → cl−ν̄l decays, which are a lot
weaker than ones from the exclusive b → sμþμ− decays,
jλi22 ~λ0�i23j < 2.0 × 10−4 with 500 GeV slepton masses [49].
Taking the strongest bounds from the exclusive b → sμþμ−
decays and further considering the experimental bounds
from the exclusive b → cl−ν̄l decays, we predict the
constrained slepton exchange effects in the exclusive

TABLE I. Branching ratios of the exclusive b → ce−ν̄e decays (in units of 10−2) except for BðB−
c → e−ν̄eÞ (in units of 10−9).

The experimental ranges and the SM predictions at the 95% C.L. are listed in the second and third columns, respectively. In the last
column, “SUSY=λi11 ~λ

0�
i23” denotes the SUSY predictions considering the constrained λi11 ~λ

0�
i23 couplings. Similar terms are used in

Tables II and III.

Observable Exp. data SM predictions SUSY=λi11 ~λ
0�
i23

BðB−
c → e−ν̄eÞ � � � [1.39, 2.72] ½1.49 × 10−2; 1068�

BðB−
u → D0

ue−ν̄eÞ [2.05, 2.49] [1.81, 2.91] [2.10, 2.49]
BðB−

u → D�0
u e−ν̄eÞ [5.32, 6.06] [4.78, 5.81] [5.34, 5.61]

BðB0
d → Dþ

d e
−ν̄eÞ [1.95, 2.43] [1.68, 2.69] [1.96, 2.33]

BðB0
d → D�þ

d e−ν̄eÞ [4.71, 5.15] [4.44, 5.38] [4.89, 5.15]

1In general, we should use all present experimental bounds of
the exclusive b → ce−νe decay, i.e., BðB → Dð�Þe−ν̄eÞ, to con-
strain parameter spaces of the relevant new couplings for the
exclusive b → ce−νe decays. In addition, the experimental bound
of RðDÞ ¼ BðB → Dτ−νÞ=BðB → De−νÞ is also considered to
constrain parameter spaces for the exclusive b → ce−νe decays.
To obtain the best constrained RðDÞ, the experimental
bound constrained on BðB → Dτ−νÞ, R0ðDÞ ¼ BðB → Dτ−νÞ=
BðB → Dμ−νÞ and BðB → Dμ−νÞ must be considered, too.
Therefore, we use all present experimental bounds of relevant
exclusive b → clν decays except for BðB → D�τ−ν̄τÞ and
RðD�Þ. This is similar in exclusive b → cμ−ν̄μ and b → cτ−ν̄τ
decays.
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b → cμ−ν̄μ decays, which are given in the last column of
Table II and displayed in Fig. 2. From Table II and Fig. 2,
we make the following points:

(i) As displayed in Figs. 2(a) and 2(b), BðB−
c → μ−ν̄μÞ

has some sensitivities to both modulus and weak
phases of the λi22 ~λ

0�
i23 couplings, and it has maximum

at ϕRPV ∈ ½−60°; 60°�.
(ii) Figure 2(c) and 2(d) shows that the constrained

slepton exchange couplings have no obvious con-

tribution to dBðB−
u → Dð�Þ0

u μ−ν̄μÞ=ds, and they are
strongly constrained by present experimental data.

(iii) As displayed in Figs. 2(e) and 2(f), the constrained
slepton exchange couplings also have no obvious
contribution to ĀFBðB−

u → Dð�Þ0
u μ−ν̄μÞ at all s

ranges. Note that the slepton exchange coupling
effects on ĀFBðB−

u → D0
uμ

−ν̄μÞ are very different

from the ones on ĀFBðB−
u → D0

ue−ν̄eÞ displayed in

Figs. 1(e) and 1(f) since the bounds on jλi22 ~λ0�i23j are
about 3 times smaller than ones on jλi11 ~λ0�i23j (the
same order of magnitude), and ĀFBðB−

u → D0
uμ

−ν̄μÞ
is 1000 times larger than ĀFBðB−

u → D0
ue−ν̄eÞ.

(a) (b)

(c) (d)

(e) (f)

FIG. 1. Constrained slepton exchange coupling effects in the exclusive b → ce−ν̄e decays.

TABLE II. Branching ratios of the exclusive b → cμ−ν̄μ decays (in units of 10−2) except for BðB−
c → μ−ν̄μÞ (in units of 10−4).

Observable Exp. data SM predictions SUSY=λ�i22 ~λ
0�
i23

BðB−
c → μ−ν̄μÞ � � � [0.59, 1.16] [0.51, 1.17]

BðB−
u → D0

uμ
−ν̄μÞ [2.05, 2.49] [1.81, 2.89] [2.09, 2.48]

BðB−
u → D�0

u μ−ν̄μÞ [5.32, 6.06] [4.76, 5.77] [5.32, 5.59]
BðB0

d → Dþ
d μ

−ν̄μÞ [1.95, 2.43] [1.68, 2.67] [1.96, 2.32]
BðB0

d → D�þ
d μ−ν̄μÞ [4.71, 5.15] [4.42, 5.35] [4.87, 5.13]
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C. Exclusive b → cτ−ν̄τ decays

In this subsection, we concentrate on the contributions of
the slepton exchange couplings λi33 ~λ

0�
i23 in B−

c → τ−ν̄τ,
B−
u → D0

uτ
−ν̄τ, B−

u → D�0
u τ−ν̄τ, B0

d → Dþ
d τ

−ν̄τ, and B0
d →

D�þ
d τ−ν̄τ decays. The precise measurements of these semi-

leptonic branching ratios have been reported by BABAR,
Belle, and LHCb [3,4,7,8] Collaborations. The 95% C.L.
experimental ranges of the average data from PDG [54] and

the 95% C.L. SM predictions are listed in the second and
the third columns of Table III, respectively.
Figure 3 displays the allowed parameter spaces of the

couplings λi33 ~λ
0�
i23 from the 95% C.L. experimental bounds

of the exclusive b → cl−ν̄l decays. Both the moduli and
the weak phases of λi33 ~λ

0�
i23 are obviously constrained by

current experimental measurement. The bounds on λi33 ~λ
0�
i23

are obtained for the first time.

(a) (b)

(c) (d)

(e) (f)

FIG. 2. Constrained slepton exchange coupling effects in the exclusive b → cμ−ν̄μ decays.

TABLE III. Branching ratios of the exclusive b → cτ−ν̄τ decays (in units of 10−2).

Observable Exp. data SM predictions SUSY=λi33 ~λ
0�
i23

BðB−
c → τ−ν̄τÞ � � � [1.42, 2.78] [0.87, 100]

BðB−
u → D0

uτ
−ν̄τÞ [0.28, 1.26] [0.52, 0.90] [0.64, 1.20]

BðB−
u → D�0

u τ−ν̄τÞ [1.49, 2.27] [1.21, 1.47] [1.21, 1.53]
BðB0

d → Dþ
d τ

−ν̄τÞ [0.60, 1.46] [0.48, 0.84] [0.60, 1.12]
BðB0

d → D�þ
d τ−ν̄τÞ [1.41, 2.27] [1.12, 1.36] [1.12, 1.41]
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Now, we discuss the constrained λi33 ~λ
0�
i23 effects in the

exclusive b → cτ−ν̄τ decays. Our numerical predictions are
given in the last column of Table III. Figure 4 shows the
sensitivities of the branching ratios to both the moduli and
weak phases of λi33 ~λ

0�
i23, and Fig. 6 shows the constrained

slepton exchange effects on the differential branching ratios

and the normalized FB asymmetries of B−
u → Dð�Þ0

u τ−ν̄τ
decays.
As displayed in Figs. 4(a) and 4(b), BðB−

c → τ−ν̄τÞ is
very sensitive to both the moduli and weak phases of
λi33 ~λ

0�
i23, so the future experimental measurements on

BðB−
c → τ−ν̄τÞ will give a quite strong bound on λi33 ~λ

0�
i23.

As displayed in Figs. 4(c) and 4(d), BðB−
u → D0

uτ
−ν̄τÞ is

sensitive to jλi33 ~λ0�i23j but not sensitive to their weak phases.
As shown in Fig. 3, we get quite a strong constraint on both
the modulus and weak phase of λi33 ~λ

0�
i23 from the exper-

imental bounds of BðB → Dτ−ν̄τÞ andRðDÞ. Nevertheless,
from Figs. 4(c) and 4(d), we can see that the experimental
bound of BðB → Dτ−ν̄τÞ does not give any effective
constraint to both the modulus and weak phase of
λi33 ~λ

0�
i23, therefore, the present experimental measurement

of RðDÞ gives quite strong bounds on λi33 ~λ
0�
i23 and

BðB−
u → D0

uτ
−ν̄τÞ. As displayed in Figs. 4(e) and 4(f),

BðB−
u → D�0

u τ−ν̄τÞ is very sensitive to both the moduli and
weak phases of λi33 ~λ

0�
i23 couplings. In fact, jλi33 ~λ0�i23j and its

FIG. 3. Allowed parameter spaces of λi33 ~λ
0�
i23 from the 95% C.L.

experimental bounds of the exclusive b → cl−ν̄l decays.

(a) (b)

(c) (d)

(e) (f)

FIG. 4. Constrained effects of the slepton exchange coupling λi33 ~λ
0�
i23 in the exclusive b → cτ−ν̄τ decays.
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phase ϕRPV are not independent of each other, and the
three-dimensional scatter plots shown in Fig. 5 are more
suitable ways to display the dependence. From Fig. 5, we
can see that when jλi33 ~λ0�i23j ∈ ½0.11; 0.35� and its phase
ϕRPV ∈ ½−83°; 71°� at the same time, BðB−

u → D�0
u τ−ν̄τÞ

could be equal or greater than its lower limits of the present
95% C.L. experimental average.
In Fig. 6(a), we show another RPV prediction with the

green “−” labeled as “SMþ RPVII”, which is constrained
by all the above mentioned 95% C.L. experimental mea-
surements except RðDÞ. We can see that the constrained
λi33 ~λ

0�
i23 couplings have very large effects on dBðB−

u →
D0

uτ
−ν̄τÞ=ds at whole s regions, and the 95% C.L. exper-

imental bound of RðDÞ gives quite obvious constraints
at middle and high s regions. Figure 6(b) shows us that
the constrained λi33 ~λ

0�
i23 couplings have some effects on

dBðB−
u → D�0

u τ−ν̄τÞ=ds at themiddle s region. As displayed
in Figs. 6(c) and 6(d), the constrained λi33 ~λ

0�
i23 couplings have

significant effects on ĀFBðB−
u → Dð�Þ0

u τ−ν̄τÞ at the whole s
region.

D. Ratios RðDÞ and RðD�Þ
For the exclusive b → cl−ν̄l decays, the ratios of the

branching ratios have been accurately measured by LHCb,
BABAR, and Belle [3,4,7,8] Collaborations. At the
95% C.L., their experimental averaged ranges, SM pre-
dictions, and RPV SUSY predictions are listed in Table IV.
We can see that RðDÞ is constrained by its 95% C.L.

FIG. 5. The λi33 ~λ
0�
i23 coupling effects on BðB−

u → D�0τ−ν̄τÞ.
This plot shows the change trends of BðB−

u → D�0τ−ν̄τÞ with
jλi33 ~λ0�i23j and its weak phase ϕRPV with blue little balls. We also
give projections on three perpendicular planes. The jλi33 ~λ0�i23j −
ϕRPV plane displays the allowed regions of λi33 ~λ

0�
i23, which is the

same as Fig. 3. The BðB−
u → D�0τ−ν̄τÞ − jλi33 ~λ0�i23j plane displays

the sensitivity of BðB−
u → D�0τ−ν̄τÞ to jλi33 ~λ0�i23j, which is the

same as Fig. 4(e), and the BðB−
u → D�0τ−ν̄τÞ − ϕRPV is the same

as Fig. 4(f).

FIG. 6. Constrained slepton exchange effects on the differential branching ratios and the normalized FB asymmetries of B−
u →

Dð�Þ0
u τ−ν̄τ decays.
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experimental measurements. As for RðD�Þ, the maximum
of the RPV prediction almost reaches the lower limit of its
95% C.L. experimental measurements.
In order to compare easily, we display the 95% C.L. SM

predictions, 95% C.L. RPV SUSY predictions, 95% C.L.

experimental measurements from BABAR as well as Belle,
and their experimental average from the Heavy Flavor
Averaging Group [9] listed in Eq. (1) within 5σ on the
RðDÞ −RðD�Þ plane in Fig. 7, and we can clearly see that
our RPV SUSY predictions have about 2σ deviations from
the experimental averaged values on the RðDÞ −RðD�Þ
plane. At the 95% C.L., the RPV SUSY predictions of
RðDÞ and RðD�Þ are consistent with each experimental
measurement from BABAR and Belle. Note that since
LHCb only reported the measurement of RðD�Þ but not
RðDÞ, we do not display the measurement of RðD�Þ from
LHCb in Fig. 7, nevertheless, at the 95% C.L., RðD�Þ ∈
½0.257; 0.415� from LHCb also agrees with our RPV SUSY
prediction. The error of the experiential average is much
smaller than each one of the measurements from BABAR,
Belle, and LHCb Collaborations, at the 99% C.L., and the
RPV SUSY predictions for RðDÞ and RðD�Þ agree with
the experimental averages.
Now, we give the sensitivities of RðDð�ÞÞ to the slepton

exchange couplings. We plot RðDÞ and RðD�Þ as func-
tions of the moduli and weak phases of λi11 ~λ

0�
i23, λi22 ~λ

0�
i23,

and λi33 ~λ
0�
i23, and we found that ratiosRðDÞ andRðD�Þ are

not sensitive to λi11 ~λ
0�
i23 and λi22 ~λ

0�
i23 couplings. Therefore,

we only show the sensitivities to the moduli and weak
phases of λi33 ~λ

0�
i23 couplings in Fig. 8. As displayed in

Figs. 8(a) and 8(b), the SUSY prediction with λi33 ~λ
0�
i23

couplings exactly match the experimental upper and lower
limits since the experimental average of RðDÞ at the
95% C.L. gives a strong bound on this SUSY prediction.
Moreover, we can see thatRðDÞ is sensitive to the jλi33 ~λ0�i23j

FIG. 7. Ratios RðDÞ and RðD�Þ. The theoretical predictions
and experimental measurements from BABAR and Belle are
shown at the 95% C.L., and the experiential average from the
Heavy Flavor Averaging Group [9], which are listed in Eq. (1),
are given within 5σ. Noted that, since LHCb only reported the
measurement of RðD�Þ but not RðDÞ, we do not display the
measurement from LHCb in this plot.

(a) (b)

(c) (d)

FIG. 8. Constrained effects of RPV coupling λi33 ~λ
0�
i23 due to the slepton exchange in ratios RðDð�ÞÞ.

TABLE IV. Ratios RðDÞ and RðD�Þ in the exclusive b →
cl−ν̄l decays.

Observable Exp. data SM predictions SUSY=λi33 ~λ
0�
i23

RðDÞ [0.294, 0.488] [0.251, 0.343] [0.294, 0.488]
RðD�Þ [0.280, 0.364] [0.242, 0.263] [0.226, 0.278]

PROBING R-PARITY VIOLATING SUPERSYMMETRIC … PHYSICAL REVIEW D 93, 094023 (2016)

094023-9



coupling, and the experimental bound of RðDÞ gives
obvious constraints on jλi33 ~λ0�i23j. In Figs. 8(c) and 8(d),
RðD�Þ is very sensitive to both the moduli and weak phases
of the λi33 ~λ

0�
i23 couplings, and it could have a maximum at

jλi33 ~λ0�i23j ∈ ½0.11; 0.35� and ϕRPV ∈ ½−83°; 71°�.

IV. CONCLUSION

Motivated by the recent experimental data of ratios
RðDð�ÞÞ reported by LHCb, BABAR, and Belle Collabora-
tions, we have studied the RPV SUSY effects in
the leptonic and semileptonic decays, B−

c →l−ν̄l, B−
u→

D0
ul−ν̄l,B−

u→D�0
u l−ν̄l,B0

d→Dþ
d l

−ν̄l, andB0
d→D�þ

d l−ν̄l.
Considering the theoretical uncertainties and the experimen-
tal errors at the 95% C.L., we have constrained the parameter
spaces of relevant RPV couplings from the present exper-
imental data. We have found that the effects of the squark
exchange couplings could be neglected in the exclusive
b → cl−ν̄l decays. As for the slepton exchange couplings,
the strongest bounds on λi11~λ

0�
i23 and λi22~λ

0�
i23 came from the

exclusive b → slþl− decays, and the bounds on λi33~λ
0�
i23

have been obtained from the exclusive b → cl−ν̄l decays for
the first time.
Furthermore, we have predicted the constrained slepton

exchange effects on the branching ratios, differential branch-
ing ratios, normalized FB asymmetries of the charged
leptons, and ratios of the semilepton decay branching ratios.
We have found that BðB−

c → l−ν̄lÞ and BðB → D�τ−ν̄τÞ
are very sensitive to the constrained slepton exchange
couplings, and the constrained slepton exchange couplings
have great effects ondBðB→Dτ−ν̄τÞ=ds, ĀFBðB→De−ν̄eÞ,
ĀFBðB → Dτ−ν̄τÞ, and ĀFBðB → D�τ−ν̄τÞ; in addition, the

sign of ĀFBðB → De−ν̄eÞ could be changed by the large
slepton exchange couplings λi11 ~λ

0�
i23.

For RðDÞ and RðD�Þ, they are very sensitive to the
constrained λi33 ~λ

0�
i23 couplings but not sensitive to the

constrained λi11 ~λ
0�
i23 and λi22 ~λ

0�
i23 couplings from the exclu-

sive b → slþl− decays. The constrained λi33 ~λ
0�
i23 couplings

could enhance RðDÞ to its 95% C.L. experimental range.
Although the constrained λi33 ~λ

0�
i23 couplings may enhance

RðD�Þ, its maximum still has a 2σ deviation from the
95% C.L. experimental average. Nevertheless, the con-
strained slepton exchange couplings could letRðD�Þ reach
each 95% C.L. experimental range from BABAR, Belle,
and LHCb Collaborations. In addition, at the 99% C.L., the
RPV prediction for RðD�Þ agrees with the experimental
averages.
With the running LHCb and the forthcoming Belle-II

experiments, heavy flavor physics is entering a precision
era, which would present new features to examine various
NP models, including the RPV SUSY model studied in this
paper. Our results could be useful for probing the RPV
SUSY effects and will correlate strongly with searches for
the direct RPV SUSY signals in future experiments.
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