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The tree-level b → clν̄l based hadronic transitions have been the focus of much attention since
recording significant deviations of the experimental data, on the ratios of the branching fractions in τ and
e − μ channels of the semileptonic B → D transition, from the SM predictions by the BABAR Collaboration
in 2012. It can be of great importance to look whether similar discrepancies take place in the semileptonic
baryonic Λb → Λclν̄l decay channel or not. In this accordance we estimate the decay width as well as the
ratios of the branching fractions in τ and e − μ channels of this baryonic transition by calculating the form
factors, entering the amplitude of this transition as the main inputs, in the framework of QCD sum rules in
full theory. We compare the obtained results with the predictions of other theoretical studies. Our results
may be compared with the corresponding future experimental data to look for possible deviations of data
from the SM predictions.
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I. INTRODUCTION

One of the main goals of the LHC, after the discovery of
Higgs, is to search for the new physics (NP) effects. This is
done via two ways: direct search at colliders and indirect
search for the NP effects in hadronic decay channels.
Recently, there have been recorded significant deviations
from the SM predictions: the BABAR measurements [1] on
the ratios of the branching fractions of the semileptonic
B → D decay in τ channel to those of the e or μ had shown
to deviate at the global level of 3.4σ from the SM
predictions [2,3]. One of the most important results newly
obtained at LHC is the sign of the lepton flavor universality
violation (LFUV) in the semileptonic B decays. The LHC
data [4] on

Rk ¼
BrðBþ → KþμμÞ
BrðBþ → KþeeÞ

¼ 0.745þ0.090
−0.074ðstatÞ � 0.036ðsystÞ ð1Þ

lies 2.6σ below the SM prediction in the window
q2 ∈ ½1; 6� GeV2. Similar indications have been newly
reported in semileptonic decay, B → K [5]. Hence, the
semileptonic B decays seem to be good probe to search for

the new physics beyond the SM. In principle, similar
behaviors and deviations from the SM predictions can
occur in other b-hadron decays. In [6], it was shown that
some experimental data on the differential branching
ratio as well as lepton forward-backward asymmetry in
Λb → Λμþμ− channel cannot be described by the SM
predictions provided by the lattice QCD and QCD sum
rules. Although there previously were predictions of differ-
ent models in heavy quark effective theory limit, the form
factors of Λb → Λlþl− were first calculated in 2010 in full
theory including all twelve form factors in Ref. [7]. The
obtained results on the order of branching fractions at
different lepton channels had shown that these channels
were accessible at hadron colliders. One year later, the CDF
Collaboration observed this baryonic flavor-changing neu-
tral current decay in μ channel [8]. In 2015 the LHCb
Collaboration measured the differential branching ratio and
made angular analysis of the same decay mode [9]. In 2016,
the lattice predictions became available, where the form
factors, differential branching fraction, and angular observ-
ables with relativistic b quarks associated to this channel
were calculated [10]. Considering the new experimental
developments on the spectroscopy and decays properties of
heavy hadrons, it seems that the b-baryon decays, espe-
cially the Λb baryon decay modes become important not
only for exact determinations of different SM parameters
but as essential sources of the physics BSM: very recently
the LHCb Collaboration has found evidence for CP
violation in Λb to pπ−πþπ− decays with a statistical
significance corresponding to 3.3 standard deviations
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including systematic uncertainties. This represents the first
evidence for CP violation in the baryon sector [11].
Many parameters related to different decay channels of

the Λb state have been previously studied using different
approaches such as relativistic quark model, soft-collinear
effective theory, heavy quark effective theory, covariant
quark model, zero recoil sum rule, lattice QCD and QCD
sum rules (see for instance Refs. [7,12–26] and references
therein). The tree-level b → clν̄l based semileptonicΛb →
Λclν̄l transition is one of the prominent decay channels of
the Λb baryon. This channel has been investigated using
different quark models and lattice QCD [16–24]. We
analyze this decay in e, μ, and τ channels. In particular
we calculate all six form factors entering the matric
elements of the effective Hamiltonian sandwiched between
the initial and final baryonic states in full QCD without
making the heavy quark effective theory approximation.
We calculate the decay width and branching ratios in all
lepton channels and compare the results with the predic-
tions of other theoretical approaches as well as existing
experimental data. We compute the ratio of the branching
fractions in τ channel to those of the e or μ associated to this
transition, as well.
This paper is organized as follows. In Sec. II, we

calculate the six form factors defining the Λb → Λclν̄l
transition using the technique of QCD sum rules [27]. In
Sec. III we numerically analyze the form factors and find
their q2-dependent fit functions. Section IV is devoted to
calculations of different physical observables related to the
decays under consideration and comparison of the results
obtained with the predictions of other theoretical studies as
well as existing experimental data. Section V is reserved for
our concluding remarks and, finally, we move some
analytic expressions for the spectral densities used in the
calculations to the Appendix.

II. TRANSITION FORM FACTORS

The Λb → Λclν̄l decay channel proceeds via b → clν̄l
at quark level. The low-energy effective Hamiltonian
describing this transition can be written as

Heff ¼
GFffiffiffi
2

p Vcbc̄γμð1 − γ5Þbl̄γμð1 − γ5Þν; ð2Þ

where GF is the Fermi coupling constant and Vcb is one of
the elements of the CKM matrix. The amplitude of this
channel is found by sandwiching this effective Hamiltonian
between the initial and final baryonic state,

M ¼ hΛcjHeff jΛbi; ð3Þ

where the pointlike particles immediately go out of the
matrix element and remaining parts are parametrized
in terms of six form factors F1ðq2Þ, F2ðq2Þ, F3ðq2Þ, and
G1ðq2Þ, G2ðq2Þ, G3ðq2Þ in full QCD:

hΛcðp0; s0ÞjVμjΛbðp; sÞi

¼ ūΛc
ðp0; s0Þ

�
F1ðq2Þγμ þ F2ðq2Þ

pμ

mΛb

þ F3ðq2Þ
p0μ

mΛc

�

× uΛb
ðp; sÞ;

hΛcðp0; s0ÞjAμjΛbðp; sÞi

¼ ūΛc
ðp0; s0Þ

�
G1ðq2Þγμ þ G2ðq2Þ

pμ

mΛb

þG3ðq2Þ
p0μ

mΛc

�

× γ5uΛb
ðp; sÞ: ð4Þ

In above equation, Vμ ¼ c̄γμb and Aμ ¼ c̄γμγ5b are the
vector and axial vector parts of the transition current,
q ¼ p − p0 is the momentum transferred to the leptons; and
uΛc

ðp; sÞ and uΛc
ðp0; s0Þ are Dirac spinors of the initial and

final baryonic states.
The main goal in the following is to calculate the six

transition form factors in full QCD using the technique of
the three-point sum rule as one of the powerful and
applicable nonperturbative tools to hadron physics. As
usual prescriptions, the starting point is to consider an
appropriate correlation function of interpolating and tran-
sition currents in a time ordered manner. The sum rules for
transition form factors are found by equating the phenom-
enological or physical representation of this three point
function to the theoretical or QCD side of the same function
which is obtained using the operator product expansion
(OPE). The three-point correlation function for our aim is

Πμðp;p0; qÞ ¼ i2
Z

d4xe−ip·x
Z

d4yeip
0·y

× h0jT jJ ΛcðyÞJ tr;VðAÞ
μ ð0ÞJ †ΛbðxÞj0i; ð5Þ

where T is the time-ordering operator, J tr;VðAÞ
μ ¼

c̄γμbðc̄γμγ5bÞ is the vector (axial-vector) part of the
transition current and J ΛQðxÞ with Q being b or c quark
is the interpolating current for the Λb or Λc baryon. It is
given in its more general form as:

J ΛQðxÞ ¼ 1ffiffiffi
6

p ϵabcf2½ðqaT1 ðxÞCqb2ðxÞÞγ5QcðxÞ þ βðqaT1 ðxÞCγ5qb2ðxÞÞQcðxÞ� þ ðqaT1 ðxÞCQbðxÞÞγ5qc2ðxÞ

þ βðqaT1 ðxÞCγ5QbðxÞÞqc2ðxÞ þ ðQaTðxÞCqb2ðxÞÞγ5qc1ðxÞ þ βðQaTðxÞCγ5qb2ðxÞÞqc1ðxÞg; ð6Þ
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wherea,b and c are color indices,C is the charge conjugation
operator, q1 and q2 areu and d quark fields, respectively. The
β is a general mixing parameter with β ¼ −1 being corre-
sponding to Ioffe current. The physical or phenomenological

side is found by inserting complete sets of the initial and final
baryonic states with the same quantum numbers as the
interpolating currents into the correlation function. By
performing integrals over four-x and -y we end up with

ΠPhys
μ ðp; p0; qÞ ¼ h0jJ Λcð0ÞjΛcðp0ÞihΛcðp0ÞjJ tr;VðAÞ

μ ð0ÞjΛbðpÞihΛbðpÞjJ †Λbð0Þj0i
ðp02 −m2

Λc
Þðp2 −m2

Λb
Þ þ � � � ; ð7Þ

where � � � stands for the contributions of the higher states
and continuum. Besides the transition matrix elements we
need to define the following matrix elements in terms of the
residues of the initial and final states:

h0jJ Λcð0ÞjΛcðp0Þi ¼ λΛc
uΛc

ðp0; s0Þ;
hΛbðpÞjJ̄ Λbð0Þj0i ¼ λþΛb

ūΛb
ðp; sÞ: ð8Þ

The final step is to put all the matrix elements defined
above into Eq. (7) and use the summation over Dirac
spinors

uΛc
ðp0; s0ÞūΛc

ðp0; s0Þ ¼ =p0 þmΛc
;

uΛb
ðp; sÞūΛb

ðp; sÞ ¼ =pþmΛb
: ð9Þ

As a result we find the following representation for the final
form of the physical side in terms of the structures used in
the calculations in Borel transformed form that has been
applied to suppress the contributions of the higher states
and continuum:

B̂ΠPhys
μ ðp; p0; qÞ

¼
�
mΛb

F1=p0γμ þ
1

mΛb

F2pμ=p0=pþ 1

mΛc

F3p0
μ=p0=p

þmΛb
mΛc

G1γμγ5 −
1

mΛb

G2pμ=p0=pγ5

−
1

mΛb

G3p0
μ=p0=pγ5 þ � � �

�
λΛb

λΛc
e−

m2
Λb
M2 e−

m2
Λc

M02 ; ð10Þ

where M2 and M02 are Borel parameters that should be
fixed later and we kept only the structures that will be used
in further analyses.
To find the correlation function in terms of quark-gluon

degrees of freedom on QCD side, i.e., by utilizing the light
and heavy propagators, we use the interpolating current
given by Eq. (6) in Eq. (5), and contract the related quark
fields. After some manipulations including the contraction
of the quark fields, we find the QCD side in terms of the
heavy and light quarks’ propagators in coordinate space.
Thus, for the light quark we use

Sabq ðxÞ ¼ iδab
=x

2π2x4
− δab

mq

4π2x2
− δab

hq̄qi
12

þ iδab
=xmqhq̄qi

48

− δab
x2

192
hq̄gσGqiþ iδab

x2=xmq

1152
hq̄gσGqi

− i
gGαβ

ab

32π2x2
½=xσαβ þ σαβ=x�− iδab

x2=xg2hq̄qi2
7776

− δab
x4hq̄qihg2G2i

27648
þ � � � ; ð11Þ

and the heavy quark propagator is given as [28];

SabQ ðxÞ ¼ i
Z

d4k
ð2πÞ4 e

−ikx
�
δabð=kþmQÞ
k2 −m2

Q

−
gGαβ

ab

4

σαβð=kþmQÞ þ ð=kþmQÞσαβ
ðk2 −m2

QÞ2

þ g2G2

12
δabmQ

k2 þmQ=k

ðk2 −m2
QÞ4

þ � � �
�
; ð12Þ

where we used the following notations

Gαβ
ab ¼ Gαβ

A tAab; G2 ¼ GA
αβG

A
αβ; ð13Þ

with a, b ¼ 1, 2, 3 being the color and A; B;C ¼ 1; 2…8

being the flavor indices. In Eq. (13) tA ¼ λA=2, λA are the
Gell-Mann matrices and the gluon field strength tensor
GA

αβ ≡GA
αβð0Þ is fixed at x ¼ 0.

By replacing the heavy and light quark propagators we
apply the following Fourier transformation:

1

½ðy − xÞ2�n ¼
Z

dDt
ð2πÞD e−it·ðy−xÞið−1Þnþ12D−2nπD=2

×
ΓðD=2 − nÞ

ΓðnÞ
�
−
1

t2

�
D=2−n

: ð14Þ

Then, the four-dimensional x and y integrals are performed
in the sequel of the replacements xμ → i ∂

∂pμ
and

yμ → −i ∂
∂p0

μ
. This procedure brings two four-dimensional

Dirac delta functions which are used to perform the four-
integrals over k and k0 coming from the heavy b and c
quarks propagators. Then the Feynman parametrization and
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Z
d4t

ðt2Þβ
ðt2þLÞα ¼

iπ2ð−1Þβ−αΓðβþ2ÞΓðα−β−2Þ
Γð2ÞΓðαÞ½−L�α−β−2 ; ð15Þ

are used to carry out the remaining four-integral over t. The
function ΠQCD

μ ðp; p0; qÞ includes twenty-four different
structures that not all of them are written here:

ΠQCD
μ ðp;p0;qÞ ¼ΠQCD

p0γμ
ðp2;p02;q2Þ=p0γμ

þΠQCD
pμp0pðp2;p02;q2Þpμ=p0=pþ�� � ·; ð16Þ

where, the invariant functions ΠQCD
i ðp2; p02; q2Þ, with i

representing different structures, are represented in terms of
a double dispersion integral as

ΠQCD
i ðp2; p02; q2Þ ¼

Z
∞

smin

ds
Z

∞

s0min

ds0
ρQCDi ðs; s0; q2Þ

ðs − p2Þðs0 − p02Þ
þ subtracted terms; ð17Þ

where smin ¼ ðmu þmd þmbÞ2, s0min ¼ ðmu þmd þmcÞ2
and ρQCDi ðs; s0; q2Þ are the spectral densities corresponding
to different structures. These spectral densities that
are obtained by taking the imaginary parts of the
ΠQCD

i ðp2; p02; q2Þ functions according to the standard
prescriptions of the method used, include two different
parts and can be classified as

ρQCDi ðs; s0; q2Þ ¼ ρPert:i ðs; s0; q2Þ þ
X5
n¼3

ρni ðs; s0; q2Þ; ð18Þ

where by ρni ðs; s0; q2Þ we denote the nonperturbative
contributions to ρQCDi ðs; s0; q2Þ: n ¼ 3, 4 and 5 stand for
the quark, gluon and mixed condensates, respectively. Due
to the lengthy expressions of the spectral densities, we
present only the explicit forms of the spectral densities
ρPertp0γμ

ðs; s0; q2Þ and ρnp0γμ
ðs; s0; q2Þ corresponding to the

Dirac structure =p0γμ in the Appendix.
After applying the double Borel transformation on the

variables p2 and p02 in QCD side and subtracting the
contribution of the higher resonances and continuum states
supported by the quark-hadron duality assumption and
matching the coefficients of different structures from the
physical and QCD sides of the correlation function, we find
the required sum rules for the form factors that will be used
in numerical calculations.

III. NUMERICAL RESULTS
FOR FORM FACTORS

In this section, we shall give our numerical results for the
form factors and find their fit functions in terms of q2. In
our calculations, we set mu and md equal to zero. Other
input parameters used in our evaluation are collected in

Table I. The sum rules for form factors contain extra four
auxiliary parameters: the Borel parameters M2 and M02 as
well as the continuum thresholds s0 and s00. According to
the standard prescriptions of the method, the results of form
factors should be practically independent of these param-
eters. Hence their working regions are settled such that the
results of form factors depend possibly weakly on these
parameters.
The continuum thresholds s0 and s00 are not entirely

arbitrary parameters and they are in correlation with the
energy of the first excited states in the initial and final
channels. We choose then the intervals

ðmΛb
þ 0.1Þ2 GeV2 ≤ s0 ≤ ðmΛb

þ 0.5Þ2 GeV2;

and

ðmΛc
þ 0.1Þ2 GeV2 ≤ s00 ≤ ðmΛc

þ 0.5Þ2 GeV2:

The working regions for the Borel mass parameters are
determined such that the results show good stability with
respect to the variations of these auxiliary parameters. The
are a lot of ways to fix these mathematical quantities (see
[33] for one of these ways). To find the working regions of
these parameters we apply the requirements that not only
the higher state and continuum contributions are sup-
pressed but also the contributions of the higher order
operators are small, i.e., the sum rules are convergent.
Thus, the upper bound of the Borel parameters are found
demanding that the ground state contributions in the initial
and final channels exceed the contributions of the higher
states and continuum, i.e., we impose the condition

R
s0
smin

ds
R s0

0

s0min
ds0e−s=M2

e−s
0=M02

ρiðs; s0; q2ÞR∞
smin

ds
R∞
s0min

ds0e−s=M2

e−s
0=M02

ρiðs; s0; q2Þ
>

1

2
: ð19Þ

TABLE I. Input parameters used in calculations.

Parameters Values

mc ð1.28� 0.03Þ GeV [29]
mb ð4.180.042.29Þ GeV [29]
me 0.000 51 GeV [29]
mμ 0.1056 GeV [29]
mτ 1.776 GeV [29]
mΛb

ð5619.51� 0.23Þ MeV [29]
mΛc

ð2286.46� 0.14Þ GeV [29]
GF 1.17 × 10−5GeV−2 [29]
Vcb ð39� 1.1Þ × 10−3 [29]
m2

0 ð0.8� 0.2Þ GeV2 [30,31]
τΛb 1.47 × 10−12 [29]
huūi ¼ hdd̄i ð0.24� 0.01Þ3 GeV3 [32]
h0j 1π αsG2j0i ð0.012� 0.004Þ GeV4 [32]
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To find the lower bounds on the Borel parameters we
demand that the perturbative part exceeds the total non-
perturbative contributions and the highest order operator
constitutes maximally 10% of the total contribution in each
case. With these requirements, the working regions for the
Borel parameters are found to be

6 GeV2 ≤ M2 ≤ 10 GeV2;

and

4 GeV2 ≤ M02 ≤ 6 GeV2:

The aforesaid intervals for the Borel and threshold
parameters prompts the below window to the parameter β:

−0.5 ≤ x ≤ þ0.5;

where we utilize x ¼ cos θ with θ ¼ tan−1β to examine the
full region i.e., −∞ to∞ for β by changing x in the interval
½−1; 1�. Note that the Ioffe current with x ¼ −0.71 stays out
of the trustworthy region in this evaluation.
Having determined the working regions for the auxiliary

parameters we proceed to find the behaviors of the form
factors in terms of q2. Our analysis shows that the form
factors are well fitted to the function

F ðq2Þ ¼ F ð0Þ	
1 − ξ1

q2

m2
Λb
þ ξ2

q4

m4
Λb
þ ξ3

q6

m6
Λb

þ ξ4
q8

m8
Λb


 ; ð20Þ

where the average values of the parameters, F ð0Þ, ξ1, ξ2,
ξ3, and ξ4 for Λb → Λclν̄ transition are presented in the
Table II. Note that to find the average values for different
parameters presented in Table II, we first find their values at
different values of the auxiliary parameters M2, M02, s0, s00
and x in their working intervals then take the average of the
obtained values at various points.
Figures 1 and 2 show the dependence of the form factors

Fi andGi onq2 in its allowed region,m2
l ≤q2≤ðmΛb

−mΛc
Þ2

and at average values of auxiliary parameters. As is seen we
encounter the uncertainties of the form factors in these
figures. The solid lines show the average behavior of the
form factors. From these figures we see that the form factors
demonstrate a good behavior and gradually increase with
increasing the transferred momentum squared. The fit
functions of form factors will be used as the main input
parameters to evaluate different physical observables in the
next section.

IV. DECAY WIDTH AND BRANCHING RATIO
OF Λb → Λclν̄l

In this section wewould like to evaluate the decay widths
and branching fractions of the semileptonic Λb → Λblν̄l
transitions in all lepton channels. To this end we use the
previously defined amplitude [see Eqs. (2) and (3)], i.e.,

M ¼ GFffiffiffi
2

p Vcbl̄γμð1 − γ5ÞνhΛcðp0Þjc̄γμð1 − γ5ÞbjΛbðpÞi;

ð21Þ

TABLE II. Parameters of the fit function for different form factors corresponding to Λb → Λc transition.

F1ðq2Þ F2ðq2Þ F3ðq2Þ G1ðq2Þ G2ðq2Þ G3ðq2Þ
F ðq2 ¼ 0Þ 1.220� 0.293 −0.256� 0.061 −0.421� 0.101 0.751� 0.180 −0.156� 0.037 0.320� 0.077
ξ1 1.03 2.17 2.18 1.41 1.46 2.36
ξ2 −4.60 −8.63 −1.02 −3.30 −6.50 −2.90
ξ3 28 51.40 18.12 21.90 41.20 28.20
ξ4 −53 −85.2 −32 −40.10 −74.82 −45.2

0 2 4 6 8 10
0

1

2

3

4

q2 GeV2

F
1

0 2 4 6 8 10

1.5

1.0

0.5

0.0

q2 GeV
2

F
2

0 2 4 6 8 10
2.0

1.5

1.0

0.5

0.0

q2 GeV
2

F
3

FIG. 1. F1, F2, and F3 form factors as a function of q2 at average values of auxiliary parameters.
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as well as definitions of the transition matrix elements in
terms of form factors from Eq. (4). By applying the Fermi
golden rule and using the square of the above amplitude,
after lengthy calculations according to the standard pre-
scriptions, the angular distribution of the decay Λb →
ΛcW−ð→l−ν̄lÞ is obtained as (see also [18,19,21,34]):

dΓðΛb → Λclν̄lÞ
dq2d cos θ

¼ G2
F

ð2πÞ3 jVcbj2
λ1=2ðq2 −m2

lÞ2
48m3

Λb
q2

Wðθ; q2Þ;

ð22Þ

where, ml is the lepton mass, θ is the angle between the
momenta of lepton l− and W−,

λ≡λðm2
Λb
;m2

Λc
;q2Þ

¼m4
Λb
þm4

Λc
þq4−2ðm2

Λb
m2

Λc
þm2

Λc
q2þm2

Λb
q2Þ; ð23Þ

and

Wðθ; q2Þ ¼ 3

8

�
ð1þ cos2θÞHUðq2Þ − 2 cos θHPðq2Þ

þ 2sin2θHLðq2Þ þ
m2

l

q2
ð2HSðq2Þ

þ sin2θHUðq2Þ þ 2cos2θHLðq2Þ

− 4 cos θHSLðq2ÞÞ
�
: ð24Þ

The parity conserving helicity structures entering the above
equations are defined [18] as

HUðq2Þ ¼ jHþ1=2;þ1j2 þ jH−1=2;−1j2;
HLðq2Þ ¼ jHþ1=2;0j2 þ jH−1=2;0j2;
HSðq2Þ ¼ jHþ1=2;tj2 þ jH−1=2;tj2;
HSLðq2Þ ¼ ReðHþ1=2;0H

†
þ1=2;t þH−1=2;0H

†
−1=2;tÞ; ð25Þ

where, the parity violating helicity structure is given
by [18]

HPðq2Þ ¼ jHþ1=2;þ1j2 − jH−1=2;−1j2: ð26Þ

The helicity amplitudes entered the above relations are
also defined in terms of the corresponding form factors
as [18,34]

HV;A
þ1=2;0 ¼

1ffiffiffiffiffi
q2

p ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2mΛb

mΛc
ðw∓ 1Þ

q

× ½ðmΛb
�mΛc

ÞFV;A
1 ðwÞ�mΛc

ðw�1ÞFV;A
2 ðwÞ

�mΛb
ðw�1ÞFV;A

3 ðwÞ�;
HV;A

þ1=2;1 ¼−2
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
mΛb

mΛc
ðw∓ 1Þ

q
FV;A
1 ðwÞ;

HV;A
þ1=2;t ¼

1ffiffiffiffiffi
q2

p ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2mΛb

mΛc
ðw�1Þ

q

× ½ðmΛb
∓mΛc

ÞFV;A
1 ðwÞ�ðmΛb

−mΛc
wÞFV;A

2 ðwÞ
�ðmΛb

w−mΛc
ÞFV;A

3 ðwÞ�; ð27Þ

with

w ¼ m2
Λb

þm2
Λc

− q2

2mΛb
mΛc

;

where the upper and lower sings corresponds to V and A,
respectively and FV

i ≡ Fi, FA
i ≡Gi (i ¼ 1, 2, 3). Here,

HV;A
λ0;λW

are the helicity amplitudes for weak transitions
generated by vector and axial vector currents, while λ0
and λW are the helicities of the final baryon and the virtual
W-boson, respectively. λW ¼ t for total angular momentum
J ¼ 0, with t meaning temporal. The amplitudes for
negative values of the helicities can be purchased using [18]

HV;A
−λ0;−λW

¼ �HV;A
λ0;λW

;
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FIG. 2. G1, G2, and G3 form factors as a function of q2 at average values of auxiliary parameters.
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and the total helicity amplitude for the vector-axial vector
current can be written as [18]

Hλ0;λW ¼ HV
λ0;λW

−HA
λ0;λW

: ð28Þ

Performing the integral over cos θ in Eq. (22), the
differential decay width is obtained as [18,21,34]:

dΓðΛb → Λclν̄lÞ
dq2

¼ G2
F

ð2πÞ3 jVcbj2
λ1=2ðq2 −m2

lÞ2
48m3

Λb
q2

Htotðq2Þ;

ð29Þ

where

Htotðq2Þ ¼ ½HUðq2Þ þ HLðq2Þ�
�
1þ m2

l

2q2

�
þ 3m2

l

2q2
HSðq2Þ:

ð30Þ

Now, using the fit functions of the form factors pre-
viously found and other inputs we are able to estimate the
decay width and branching ratios of the transitions under
consideration. The numerical values for the decay widths
and branching ratios at different channels are shown in
Table III. In this table, we also present the predictions of
other theoretical methods (in some cases we have changed
the original unit to GeV) as well as the existing exper-
imental data. From this table we see that the order of
magnitude for the widths and branching fractions from
different theoretical predictions are the same, though they
show considerable differences in values in some cases. Our
result on the branching ratio in e, μ channel is in nice
agreement with average experimental value presented in
PDG [29]. Our predictions at τ channel can be checked by
future experiments.
As a final task we would like to report the ratio of

branching fraction in τ channel to that of the e, μ:

R ¼ Br½Λb → Λcðe; μÞν̄ðe;μÞ�
Br½Λb → Λcτν̄τ�

¼ 0.31� 0.11; ð31Þ

which may also be checked by future experiments.

V. CONCLUSION

The recent serious deviations of the experimental data
from the theoretical productions made in the context of SM
on the ratios of the branching fractions of the mesonic
B → Dð�Þ decays in τ channel to that of the ðe; μÞ have put
this subject in the focus of the much attention. While direct
searches end up with null results in the search of NP effects
at different colliders, these can be considered as significant
indications for the NP effects beyond the SM. The
corresponding b → clν̄l based transition at baryon sector
that is possible to study in future experiments is the
semileptonic Λb → Λclν̄l transition. we shall look at
different experiments whether similar deviations is the
case in this transition or not? In this connection we studied
this transition at all lepton channels by calculating the
responsible form factors in full QCD. we used the fit
functions of the form factors to estimate the corresponding
decay rates and branching fractions. We found the ratio
R¼ Br½Λb→Λcτν̄τ �

Br½Λb→Λcðe;μÞν̄ðe;μÞ�¼0.31�0.11, which may be checked

in future experiments. If we observe serious deviations of
data on this ratio from the SM predictions, like those of the
mesonic channels, this will increase our desire to indirectly
search for new physics effects in heavy hadronic decay
channels.
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APPENDIX: THE SPECTRAL DENSITIES

In the following we present the explicit forms of spectral
densities corresponding to the form factor F1:

TABLE III. Decay width (in GeV) and branching ratio of the semileptonic Λb → Λclν̄l transition.

Parameter Present Work [18] [19,21] [22] [20] [23] [16] Experiment [29]

Λb → Λcðe; μÞν̄ðe;μÞ
Γ × 1014 2.32� 0.64 2.91 3.03 2.23
Br (%) 6.04� 1.70 6.48 6.9 4.83 6.3 6.2þ1.4

−1.3

Λb → Λcτν̄τ
Γ × 1015 7.35� 2.06 9.15 1.25 7.34
Br (%) 1.87� 0.52 2.03 2.0 1.63
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ρPert=p0γμ
ðs; s0; q2Þ ¼

Z
1

0

du
Z

1−u

0

dv

�
β2
�

1

1536π4ðuþ v − 1Þ2 ½−16m
3
bðu − 1Þvðuþ vÞ þ 16m2

bmcuvðuþ vÞ

þmbð−7s0ðu − 1Þ2u2 þ ðu − 1Þu½8ðsþ s0Þ − 7ðsþ 2s0Þuþ q2ð23u − 8Þ�v
þ ½−9sþ 8ð−3q2 þ 3sþ s0Þuþ ð23q2 − 7ð2sþ s0ÞÞu2�v2 þ sð9 − 7uÞv3 − 16m2

cðu − 1Þuðuþ vÞÞ
þmcuðsðuþ v − 1Þ½uþ 7uvþ vð2þ 7vÞ� þ u½16m2

cðuþ vÞ þ s0ðuþ v − 1Þð1þ 7uþ 7vÞ�

− q2u½uþ 23uvþ vð23v − 6Þ − 1�Þ
��

þ 1

768π4ðuþ v − 1Þ2 f−12m
3
bðu − 1Þvðuþ vÞ þ 12m2

bmcuvðuþ vÞ þmb½−7s0ðu − 1Þ2u2

þ ðu − 1Þuð6ðsþ s0Þ − 7ðsþ 2s0Þuþ q2ð19u6ÞÞvþ ð−5sþ 6ð−3q2 þ 3sþ s0Þu
þ ½19q2 − 7ð2sþ s0Þ�u2Þv2 þ sð5 − 7uÞv3 − 12m2

cðu − 1Þuðuþ vÞ�
þmcu½q2uðu − 19uvþ ð8 − 19vÞv − 1Þ þ sðuþ v − 1Þðvð7v − 2Þ þ uð7v − 1ÞÞ
þ uð12m2

cðuþ vÞ þ s0ðuþ v − 1Þð7uþ 7v − 1ÞÞ�g�Θ½Lðs; s0; q2Þ�; ðA1Þ

ρ3p0γμ
ðs; s0; q2Þ ¼ 1

192π2

Z
1

0

du
Z

1−u

0

dvfhdd̄ið2β2ð4þ 3uÞ − βð4 − 12uÞ12uÞþhuūið−3β2ð2þ uÞ þ 4βð3u − 1Þ þ 2Þg

× Θ½Lðs; s0; q2Þ�; ðA2Þ

ρ4p0γμ
ðs; s0; q2Þ ¼ 0; ðA3Þ

ρ5p0γμ
ðs; s0; q2Þ ¼ 0; ðA4Þ

where,

Lðs; s0; q2Þ ¼ −m2
cuþ s0u − s0u2 −m2

bvþ svþ q2uv − suv − s0uv − sv2 ðA5Þ

with Θ½…� being the unit-step function.
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