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Form factors of the rare ΛbðΛ�
bÞ → Nlþl− decays are calculated in the framework of the light cone

QCD sum rules by taking into account the contributions from the negative parity baryons. Using the
obtained results on the form factors, the branching ratios of the considered decays are estimated. The
numerical survey for the branching ratios of theΛb → Nlþl− and Λ�

b → Nlþl− decays indicate that these
transitions could be measurable in LHCb in near future. Comparison of our predictions on the form factors
and branching ratios with those existing in the literature is also performed.
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I. INTRODUCTION

Lately, impressive experimental progress has been made
in investigation of the rare decays of heavy Λb baryon. The
CDF Collaboration [1] announced the first evidence of the
rare Λb → Λμþμ− decay [2]. Very recently, the suppressed
Λb → pπ−μ−μþ decay, excluding J=ψ and ψð2SÞ → μþμ−
resonance is observed [3]. This is the first observation
of a b → d transition in a baryonic decay. The
measured branching ratio is BðΛb → pπ−μþμ−Þ ¼
ð6.9� 1.9� 1.1þ1.3

−1.0Þ × 10−8. Next, the LHCb Col-
laboration performed a detailed analysis of differential
branching ratio, forward–backward angular distributions,
and asymmetries in the meson and hadronic systems [4].
This evidence stimulated the search of other similar decays,
such as Λb → Nμ−μþ, which can in principle be discovered
in the near future at LHCb.
The detailed study of Λb baryon decays receives special

attention for two reasons. The first reason is due to the fact
that the Λb baryon has spin one-half and therefore can give
essential information about the helicity structure of the
effective Hamiltonian. The second reason is that, many
aspects of the effective theory can be tested.
In the present work, we study the Λb → Nμ−μþ decay

within light cone QCD sum rules (LCSR) [5]. This method
was applied to study the electromagnetic form factors of the

nucleon [6,7], and Σ, Λ baryons [8,9], as well as to the
study of the rare Λb → Λlþl− transition [10]. This rare
decay has comprehensively been studied in the framework
of the different approaches, such as the relativistic quark
model [11], lattice QCD [12], soft collinear effective theory
[13], heavy quark effective theory [14], etc.
The plan of this work is organized as follows. In

Sec. II, the LCSR for the ΛbðΛ�
bÞ → N form factors are

derived. The numerical analysis of the LCSR for the form
factors obtained in the previous section is presented in
Sec. III. Using these form factors, in this section we also
calculate the decay widths ΛbðΛ�

bÞ → Nlþl− (l ¼ e, μ, τ)
transitions.

II. TRANSITION FORM FACTORS FOR THE
ΛbðΛ�

bÞ → Nl+l− DECAYS IN LIGHT
CONE SUM RULES

At the quark level, ΛbðΛ�
bÞ → Nlþl− decay is governed

by the flavor changing neutral current b → d transition.
The hadronic matrix elements responsible for ΛbðΛ�

bÞ → N
transition are determined by considering the transition
current between ΛbðΛ�

bÞ and N states. The relevant form
factors of the vector, axial-vector, and tensor currents are
defined as

hΛQðp − qÞjb̄γμð1 − γ5ÞdjNðpÞi

¼ ūΛðp − qÞ
�
f1ðq2Þγμ þ i

f2ðq2Þ
mΛb

σμνqν þ
f3ðq2Þ
mΛb

qμ

− g1γμγ5ðq2Þ − i
g2ðq2Þ
mΛb

σμνγ5qν −
g3ðq2Þ
mΛb

qμγ5

�
uNðpÞ;

ð1Þ

and
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hΛðp − qÞjb̄iσμνqνð1þ γ5ÞdjNðpÞi ¼ ūΛðp − qÞ
�
fT1 ðq2Þ
mΛb

ðγμq2 − qμ=qÞ þ ifT2 ðq2Þσμνqν

þ gT1 ðq2Þ
mΛb

ðγμq2 − qμ=qÞγ5 þ igT2 ðq2Þσμνγ5qν
�
uNðpÞ; ð2Þ

In order to determine the form factors fi, fTi in Eqs. (1) and (2), we introduce the following correlation functions,

ΠI
αðp; qÞ ¼ i

Z
d4xeiqxh0jTfηΛb

ð0ÞJαðxÞgjNðpÞi; ð3Þ

where ηΛb
is the interpolating current of Λb-baryon, JαðxÞ is the heavy–light transition current, and α index corresponds to

the choice of form of interpolating current. For the decays at hand these currents are Jα ¼ b̄γμð1 − γ5Þd
or b̄iσμνqνð1þ γ5Þd.
The most general form of the interpolating current for the Λb baryon is given as

ηΛb
¼ 1ffiffiffi

6
p ϵabcf2½ðuaTðxÞCdbðxÞÞγ5bcðxÞ þ βðuaTðxÞCγ5dbðxÞÞbcðxÞ� þ ðuaTðxÞCbbðxÞÞγ5dcðxÞ

þ βðuaTðxÞCγ5bbðxÞÞdcðxÞ þ ðbaTðxÞCdbðxÞÞγ5ucðxÞ þ βðbaTðxÞCγ5dbðxÞÞucðxÞg; ð4Þ

where a, b, and c are the color indices, C is the charge
conjugation operator, and β is an arbitrary parameter with
β ¼ −1 corresponding to the Ioffe current.
The first step in deriving the sum rules for the transition

form factors is to insert the full set of beauty-baryon states
between the interpolating current ηΛb

, and the transition
current Jα, and then the ground state contributions are
isolated. At this point we meet the following problem
which is absent for the mesonic system. The interpolating
current of the baryon has nonzero overlap not only with the
ground state with JP ¼ 1

2
þ, but also with the negative parity

JP ¼ 1
2
− baryon. Calculations show that the mass difference

between the negative and positive parity states of the heavy
Λb baryon is about (250–300) MeV [15]. Therefore
negative parity baryons can give considerable contribution
to the sum rules. For this reason the standard quark-hadron
duality approximation should be modified, which leads to
the strong dependence of the sum rules predictions on the
choice of interpolating current. Keeping these preliminary
remarks in mind, the expression for the physical part of the
correlation can be written as

ΠI
μðp; qÞ ¼

X
i¼þ;−

h0jηΛb
ð0ÞjΛi

bðp − q; sÞihΛi
bðp − q; sÞjb̄γμð1 − γ5ÞdjNðpÞi

m2
i − ðp − qÞ2 ; ð5Þ

ΠII
μ ðp; qÞ ¼ ΠI

μðp; qÞ½γμð1 − γ5Þ → iσμνqνð1þ γ5Þ�; ð6Þ

where summation is performed over the positive and negative parity Λb baryons. The first matrix element in Eqs. (5) and (6)
is defined in terms of the residues of Λb and Λ�

b baryons as follows

h0jηΛb
jΛbðp − qÞi ¼ λΛb

uΛb
ðp − qÞ; ð7Þ

h0jηΛ�
b
jΛ�

bðp − qÞi ¼ λΛ�
b
γ5uΛ�

b
ðp − qÞ: ð8Þ

Using Eqs. (1), (2), (7), and (8), the hadronic part of the correlation function can be written as

ΠI
μðp; qÞ ¼

λΛb

m2
Λb

− ðp − qÞ2
�
f1ðq2Þð2pμ −mNγμ − 2qμ þ γμ=qþmΛb

γμÞ

−
f2ðq2Þ
mΛb

½2pμ=qþ γμðm2
Λb

−m2
NÞ þ ðmΛb

þmNÞγμ=q − ðmΛb
þmNÞqμ − qμ=q�
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þ f3ðq2Þ
qμ
mΛb

ðmΛb
þmN − =qÞ − g1ðq2Þ½2pμγ5 þ ðmΛb

þmNÞγμγ5 − 2qμγ5

þ γμ=qγ5� þ
g2ðq2Þ
mΛb

½2pμ=qγ5 þ γμγ5ðm2
Λb

−m2
NÞ þ ðmΛb

−mNÞγμ=qγ5

− ðmΛb
−mNÞqμγ5 − qμ=qγ5� − g3ðq2Þ

qμ
mΛb

½ðmΛb
−mNÞγ5 − =qγ5�

�

þ λΛ�
b

m2
Λ�
b
− ðp − qÞ2

�
f̃1ðq2Þð−2pμ þmNγμ þ 2qμ − γμ=qþmΛ�

b
γμÞ

þ f̃2ðq2Þ
mΛ�

b

½2pμ=qþ γμðm2
Λ�
b
−m2

NÞ − ðmΛ�
b
−mNÞγμ=qþ ðmΛ�

b
−mNÞqμ − qμ=q�

þ f̃3ðq2Þ
qμ
mΛ�

b

ðmΛ�
b
−mN þ =qÞ − g̃1ðq2Þ½−2pμγ5 þ ðmΛ�

b
−mNÞγμγ5 þ 2qμγ5

− γμ=qγ5� þ
g̃2ðq2Þ
mΛ�

b

½−2pμ=qγ5 − γμγ5ðm2
Λ�
b
−m2

NÞ þ ðmΛ�
b
þmNÞγμ=qγ5

− ðmΛ�
b
þmNÞqμγ5 þ qμ=qγ5� − g̃3ðq2Þ

qμ
mΛ�

b

½ðmΛ�
b
þmNÞγ5 þ =qγ5�

�
; ð9Þ

ΠII
μ ðp; qÞ ¼

λΛb

m2
Λb

− ðp − qÞ2
�
fT1 ðq2Þ
mΛb

½ððmΛb
−mNÞγμ þ γμ=qþ 2pμÞq2

− ððmΛb
−mNÞ=q − ðm2

Λb
−m2

N − 2q2ÞÞqμ� þ fT2 ½ð−2pμ þ qμÞ=q
− ðm2

Λb
−m2

NÞγμ − ðmΛb
þmNÞγμ=qþ ðmΛb

þmNÞqμ�

þ
�
gT1 ðq2Þ
mΛb

�
ððmΛb

þmNÞγμγ5 þ γμ=qγ5 þ 2pμγ5Þq2

− ððmΛb
þmNÞ=qγ5 − ðm2

Λb
−m2

N − 2q2Þγ5Þqμ
�
þ gT2 ½−ðm2

Λb
−m2

NÞγμγ5

− ðmΛb
−mNÞγμ=qγ5 − 2=qγ5pμ þ ððmΛb

−mNÞγ5 þ =qγ5Þqμ
��

þ λΛ�
b

m2
Λ�
b
− ðp − qÞ2

�
f̃T1 ðq2Þ
mΛ�

b

½ððmΛ�
b
þmNÞγμ − =qγμ − 2pμÞq2

− ððmΛ�
b
þmNÞ=qþ ðm2

Λ�
b
−m2

N − 2q2ÞÞqμ� þ f̃T2 ½ð2pμ − qμÞ=q
þ ðm2

Λ�
b
−m2

NÞγμ − ðmΛ�
b
−mNÞγμ=qþ ðmΛ�

b
−mNÞqμ�

þ g̃T1 ðq2Þ
mΛ�

b

½ððmΛ�
b
−mNÞγμγ5 − γμ=qγ5 − 2γ5pμÞq2

− ððmΛ�
b
−mNÞ=qγ5 þ ðm2

Λ�
b
−m2

N − 2q2Þγ5Þqμ� þ g̃T2 ½ðm2
Λ�
b
−m2

NÞγμγ5

− ðmΛ�
b
þmNÞγμ=qγ5 þ 2=qγ5pμ þ ðmΛ�

b
þmNÞγ5qμ − =qγ5qμ�

�
: ð10Þ

We proceed now calculating the correlation functions [see Eq. (3)] for the ΛbðΛ�
bÞ → Nlþl− transitions from the QCD

sides. Note that, in the rest of the study, the masses of the light quarks are neglected. Moreover the external momenta (p − q)
and q are both spacelike i.e., ðp − qÞ ≪ m2

b and q ≪ m2
b, in order to justify the operator product expansion (OPE) near the

light cone x2 ≃ 0. The OPE is performed over the twist of the nonlocal operators and it includes the nucleon distribution
amplitudes (DAs). Contracting the b-quark fields for the correlation functions, from the QCD side we get,
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Πi
μ ¼

iffiffiffi
6

p ϵabc
Z

d4xeiqxf½2ðCÞαγðγ5Þρτ þ ðCÞατðγ5Þργ þ ðCÞτγðγ5Þαρ�

þ β½2ðCγ5ÞαγðIÞρτ þ ðCγ5ÞατðIÞργ þ ðCγ5ÞτγðIÞαρ�gðΓiÞσβðSbð−xÞÞτσh0juaαð0ÞdbβðxÞdcγð0ÞjNðpÞi; ð11Þ

where

Γi ¼
�
γμð1 − γ5Þ i ¼ I;
iσμνð1þ γ5Þqν i ¼ II:

The heavy quark operator SQðxÞ is obtained in [16], whose expression is given as

SQðxÞ ¼
m2

Q

4π2
K1ðmQ

ffiffiffiffiffiffiffiffi
−x2

p
Þffiffiffiffiffiffiffiffi

−x2
p − i

m2
Q=x

4π2x2
K2ðmQ

ffiffiffiffiffiffiffiffi
−x2

p
Þ

− igs

Z
d4k
ð2πÞ4 e

−ikx
Z

1

0

dv

�
=kþmQ

ðm2
Q − k2Þ2G

μνðvxÞσμν þ
1

m2
Q − k2

vxμGμνγν

�
; ð12Þ

where Ki are the modified Bessel functions, and Gμν is the
gluon field strength tensor. It follows from Eq. (11) that in
order to calculate the correlator function the matrix element
ϵabch0juaαð0ÞdbβðxÞdcγð0ÞjNðpÞi, of the three quark field
operators between vacuum and nucleon near light
cone x2 → 0 is needed. This matrix element is parametrized
in terms of the nucleon DAs and is given in [6,7] (for
more details about the nucleon DAs, see also [17]).
Substituting the parametrization of the matrix element
ϵabch0juaαð0ÞdbβðxÞdcγð0ÞjNðpÞi in terms of the nucleon

DAs and the heavy b-quark propagator, the correlation
function from the QCD side can be calculated straightfor-
wardly.
In order to suppress the higher states and continuum

contributions, we perform the Borel transformation over
−ðp − qÞ2 to the expressions of correlation function from
the hadronic and the QCD sides, and matching the
coefficients of the relevant structures, we get the following
sum rules for the form factors:
(a) For the γμ current,

2λΛb
f1ðq2Þe−m

2
Λb

=M2

− 2λΛ�
b
f̃1ðq2Þe

−m2
Λ�
b
=M2

¼ ΠðIÞB
1 ðp; qÞ

−2λΛb

f2ðq2Þ
mΛb

e−m
2
Λb

=M2 þ 2λΛ�
b

f̃2ðq2Þ
mΛ�

b

e
−m2

Λ�
b
=M2

¼ ΠðIÞB
2 ðp; qÞ

λΛb
e−m

2
Λb

=M2

�
ðmΛb

−mNÞ
�
f1ðq2Þ −

f2ðq2Þ
mΛb

ðmΛb
þmNÞ

��

þλΛ�
b
e
−m2

Λ�
b
=M2

�
ðmΛ�

b
þmNÞ

�
f̃1ðq2Þ þ

f̃2ðq2Þ
mΛ�

b

ðmΛ�
b
−mNÞ

��
¼ ΠðIÞB

3 ðp; qÞ

λΛb
e−m

2
Λb

=M2

�
f1ðq2Þ −

f2ðq2Þ
mΛb

ðmΛb
þmNÞ

�
þ λΛ�

b
e
−m2

Λ�
b
=M2

�
−f̃1ðq2Þ −

f̃2ðq2Þ
mΛ�

b

ðmΛ�
b
−mNÞ

�
¼ ΠðIÞB

4 ðp; qÞ

λΛb
e−m

2
Λb

=M2

�
−2f1ðq2Þ þ

ðf2ðq2Þ þ f3ðq2ÞÞ
mΛb

ðmΛ�
b
þmNÞ

�

þλΛ�
b
e
−m2

Λ�
b
=M2

�
2f̃1ðq2Þ þ

ðf̃2ðq2Þ þ f̃3ðq2ÞÞ
mΛ�

b

ðmΛ�
b
−mNÞ

�
¼ ΠðIÞB

5 ðp; qÞ

λΛb

mΛb

e−m
2
Λb

=M2ðf2ðq2Þ − f3ðq2ÞÞ −
λΛ�

b

mΛ�
b

e
−m2

Λ�
b
=M2

ðf̃2ðq2Þ − f̃3ðq2ÞÞ ¼ ΠðIÞB
6 ðp; qÞ; ð13Þ
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where superscript I represents transition current γμ.

Here, ΠðIÞB
1 ðp; qÞ, ΠðIÞB

2 ðp; qÞ, ΠðIÞB
3 ðp; qÞ, ΠðIÞB

4 ðp; qÞ,
ΠðIÞB

5 ðp; qÞ, and ΠðIÞB
6 ðp; qÞ are the invariant functions

for the Lorentz structures, pμ, pμ=q, γμ,γμ=q, qμ, and qμ=q
structures, respectively.

The results for γμγ5 current are obtained from
Eq. (13) with the following replacements: fi → gi, f̃i → g̃i,

mN → −mN , and ΠðIÞB
i → ΠðIÞ1B

i .
For the sum rules for the form factors induced by the

iσμνqν current, we get

−2λΛb
fT2 ðq2Þe−m

2
Λb

=M2 þ 2λΛ�
b
f̃T2 ðq2Þe

−m2
Λ�
b
=M2

¼ ΠðIIÞB
1 ðp; qÞ

λΛb
e−m

2
Λb

=M2

�
−
fT1 ðq2Þ
mΛb

ðmΛb
−mNÞ þ fT2 ðq2Þ

�
þ λΛ�

b
e
−m2

Λ�
b
=M2

�
−
f̃T1 ðq2Þ
mΛ�

b

ðmΛ�
b
þmNÞ − f̃T2 ðq2Þ

�
¼ ΠðIIÞB

2 ðp; qÞ

λΛb
e−m

2
Λb

=M2

�
fT1 ðq2Þ
mΛb

ðm2
Λb

−m2
N − 2q2Þ þ fT2 ðq2ÞðmΛb

þmNÞ
�

þλΛ�
b
e
−m2

Λ�
b
=M2

�
−
f̃T1 ðq2Þ
mΛ�

b

ðm2
Λ�
b
−m2

N − 2q2Þ þ f̃T2 ðq2ÞðmΛ�
b
−mNÞ

�
¼ ΠðIIÞB

3 ðp; qÞ

λΛb
e−m

2
Λb

=M2ðmΛb
−mNÞ

�
fT1 ðq2Þ
mΛb

q2 − fT2 ðq2ÞðmΛb
þmNÞ

�

þλΛ�
b
e

−m2
Λ�
b

M2 ðmΛ�
b
þmNÞ

�
f̃T1 ðq2Þ
mΛ�

b

q2 þ f̃T2 ðq2ÞðmΛ�
b
−mNÞ

�
¼ ΠðIIÞB

4 ðp; qÞ; ð14Þ

where ΠðIIÞB
1 , ΠðIIÞB

2 , ΠðIIÞB
3 , and ΠðIIÞB

4 are the invariant
functions for the structures pμ=q, qμ=q, qμ, and γμ, respec-
tively. The sum rules for iσμνqνγ5 transition current can be
obtained from equation (14) by making the replacements

fTi → gTi , f̃
T
i → g̃Ti ,mN → −mN , andΠ

ðIIÞB
i → ΠðIIÞ1B

i . The
explicit form of these invariant functions are quite lengthy,
and for this reason we do not present them in this work.
Few remarks about calculations of the Borel trans-

formation from the QCD side are in order. After performing
the Fourier transformation, the invariant amplitudes get the
following form,

Πiððp − qÞ2; q2Þ ¼
Z

1

0

dx
Dððp − qÞ2; q2Þ

Δn ; ð15Þ

where the denominator is given by Δ¼m2
b−ð−xpþqÞ2¼

m2
b−x̄q2þxx̄m2

N−xðp−qÞ2, and x̄ ¼ 1 − x. In order to
perform the Borel transformation, we rewrite the denom-
inator in the form

Δ ¼ xðsðxÞ − ðp − qÞ2Þ; ð16Þ

where sðxÞ ¼ ðm2
b − x̄q2 þ xx̄m2

NÞ=x. Following this
replacement, the Borel transformation and continuum
subtraction are performed [6],

Z
dx

DðxÞ
Δ

→
Z

1

x0

dx
x
DðxÞe−sðxÞ

M2

Z
dx

DðxÞ
Δ2

→
1

M2

Z
1

x0

dx
x2

DðxÞe−sðxÞ
M2 þ Dðx0Þe

−s0
M2

m2
b þ x20m

2
N − q2

Z
dx

DðxÞ
Δ3

→
1

2M4

Z
1

x0

dx
x3

DðxÞe−sðxÞ
M2 þ 1

2M2

Dðx0Þe
−s0
M2

x0ðm2
b þ x20m

2
N − q2Þ

−
1

2

x20e
−s0
M2

m2
b þ x20m

2
N − q2

d
dx

�
DðxÞ

xðm2
b þ x2m2

N − q2Þ
�				

x¼x0

; ð17Þ

FORM FACTORS FOR THE RARE … PHYS. REV. D 98, 035033 (2018)

035033-5



where x0 is the solution of the equation

s0 ¼
m2

b − x̄q2 þ xx̄m2
N

x
: ð18Þ

Solving Eqs. (13) and (14), we obtain the desired sum
rules for the transition form factors fi, gi, fTi , g

T
i , f̃i, g̃i, f̃

T
i ,

and g̃Ti .
One can easily see that the expressions of the form

factors contain the residues λΛb
and λΛ�

b
of the Λb and Λ�

b
baryons, respectively. These residues are determined from
the analysis of the following two-point correlation function,

T¼ i
Z

d4xeiqxh0jTfηΛb
ðxÞη̄Λb

gð0Þj0i¼T1ðq2Þ=qþT2ðq2Þ:

ð19Þ

Note that this correlator is used to calculate the residue of
the Λb baryon when for the pseudoscalar- and axial-vector
currents are used [11]. We also use this correlator to
calculate the residues of the ΛbðΛ�

bÞ baryons by using
the most general form of the interpolating current of the Λb
baryon. Following the standard method, i.e., performing the
Borel transformation and continuum subtraction proce-
dures, we obtain

λΛb
e−m

2
Λb

=M2 þ λΛ�
b
e
−m2

Λ�
b
=M2

¼ TB
1

λΛb
mΛb

e−m
2
Λb

=M2

− λΛ�
b
mΛ�

b
e
−m2

Λ�
b
=M2

¼ TB
2 ; ð20Þ

where, λΛb
ðλΛ�

b
Þ, andmΛb

ðmΛ�
b
Þ are the residues and masses

of ΛbðΛ̃bÞ baryons. Solving these two equations for the
residues λΛb

and λΛ�
b
we obtain,

λΛb
¼ em

2
Λb

=M2

mΛb
þmλ�b

ðmΛ�
b
TB
1 þ TB

2 Þ; ð21Þ

λΛ�
b
¼ e

m2
Λ�
b
=M2

mΛb
þmλ�b

ðmΛb
TB
1 − TB

2 Þ: ð22Þ

The expressions of the invariant functions TB
1 , and TB

2 can
be obtained from the results presented in [18].

III. NUMERICAL ANALYSIS

In this section, we present the numerical results of the
form factors of the rareΛbðΛ�

bÞ → Nlþl− decays, and their
total decay rates and branching ratios. The main input
parameters used in the numerical calculations are,
mN¼0.938GeV, mΛb

¼5.620GeV, and mΛ�
b
¼5.920GeV

[19]. For the mass of the b-quark, we take its MSmass value
m̄b¼ð4.16�0.03ÞGeV [19], hūuið1GeVÞ¼hd̄dið1GeVÞ¼
−ð246þ28

−19MeVÞ3.
The input parameters entering the DAs of the nucleon are

taken from [5,6], whose values are

fN ¼ ð5.0� 0.5Þ × 10−3 GeV2; λ1 ¼ −ð27� 9Þ × 10−3 GeV2;

λ2 ¼ ð54� 19Þ × 10−3 GeV2; Au
1 ¼ 0.13;

Vd
2 ¼ 0.30; fd1 ¼ 0.33;

fu1 ¼ 0.09; fd2 ¼ 0.25: ð23Þ

As has already been noted in further numerical analysis,
the value of residues λΛb

ðλΛ�
b
Þ of the ΛbðΛ�

b baryons are
needed. In this regard, the mass sum rules for the ΛbðΛ�

b
baryons for the most general form of the interpolating
current contain three auxiliary parameters, namely, Borel
mass parameter M2, continuum threshold s0, and the
arbitrary parameter β. The working region of M2 for
the residue is determined by using the standard criteria;
i.e., the power corrections and continuum contributions
should be suppressed at the chosen values of s0 and β.
As a result of these requirements the working region
of the Borel mass parameter is found to be
4 GeV2 ≤ M2 ≤ 6 GeV2. The continuum threshold can
be obtained from the condition that the mass sum rules

reproduce the lowest baryon mass with an accuracy of
10%, for a given value of β. The numerical analysis
performed in this regard, determines the working region of
the continuum threshold to be s0 ¼ ð40� 1Þ GeV2.
Finally, in order to find the working region for the
parameter β, we studied the dependence of ΛbðΛ�

bÞ on
cos θ, where tan θ ¼ β. We observe that the residue
demonstrates a good stability to the variation of cos θ
in the domain −1 ≤ cos θ ≤ −0.5, within an uncertainty of
less than 4%. Therefore, in the proceeding analysis we
shall use β ¼ −1. Taking into account the working regions
of the aforementioned parametersM2, s0 and β, the values
of the residues λΛb

and λΛ�
b
which we shall use our analysis

are found to be,
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λΛb
¼ ð6.5� 1.5Þ × 10−2 GeV3;

λΛ�
b
¼ ð7.5� 2.0Þ × 10−2 GeV3: ð24Þ

We now turn our attention to the calculation of the
ΛbðΛ�

bÞ → N transition form factors. The working region
of M2 for these form factors is determined in accordance
with the aforementioned requirement, i.e., sufficient sup-
pression of the power correction and continuum contribu-
tions. Our analysis shows that these conditions are
simultaneously satisfied when M2 lies in the domain
15 GeV2 ≤ M2 ≤ 25 GeV2. For the continuum threshold

and the arbitrary parameter β, we use s0 ¼ ð40� 1Þ GeV2

and β ¼ −1, respectively.
The LCSR predictions, unfortunately, do not work in the

entire physical region. The prediction of LCSR for the form
factors are reliable up to q2 ¼ ð10–11Þ GeV2. Since at
large q2 the contributions of higher twists become sizable
and convergence of OPE is questionable. In order to extend
the LCSR prediction for the form factors to the entire
physical domain q2 ¼ ðmΛb

−mNÞ2 GeV2, we use the z-
series parametrization suggested in [20], where

zðq2; t0Þ ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
tþ − q2

p
−

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
tþ − t0

p
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
tþ − q2

p
þ ffiffiffiffiffiffiffiffiffiffiffiffiffiffi

tþ − t0
p ; ð25Þ

with t0 ¼ q2max ¼ ðmΛb
−mNÞ2, tþ ¼ ðmB þmπÞ2.

The best parametrization of the form factors, with which
the predictions of the LCSR are reproduced with a high
accuracy in the q2 ≤ 11 GeV2 region, is given as

fðq2Þ¼ 1

1−q2=ðmf
poleÞ2

½af0þaf1 zðq2; t0Þþaf2 ½zðq2; t0Þ�2�:

ð26Þ

For the pole masses, we use

mpole ¼

8>>>>><
>>>>>:

mB� ¼ 5.325 GeV for the form factors f1; f2; fT1 ; f
T
2 ; g̃1; g̃2; g̃

T
1 ; g̃

T
2

mB1
¼ 5.723 GeV for the form factors g1; g2; gT1 ; g

T
2 ; f̃1; f̃2; f̃

T
1 ; f̃

T
2

mB0
¼ 5.749 GeV for the form factors f3; g̃3

mB ¼ 5.280 GeV for the form factors g3; f̃3

ð27Þ

Our analysis predicts the following values of fit param-
eters af0 , af1 , and af2 for the Λb → Nlþl− and Λ�

b →
Nlþl− form factors, respectively, which are presented in
Tables I and II.

Having the transition form factors at hand, we can now
calculate the branching ratio of the ΛbðΛ�

bÞ → Nlþl−

decays. The effective Hamiltonian for the b → dlþl−

transition has the following form [17]:

TABLE I. Form factors of the Λb → lþl− decay.

fið0Þ a0 a1 a2

f1 −0.075� 0.005 0.17� 0.03 −1.56� 0.09 2.46� 1.00
f2 0.11� 0.01 0.79� 0.05 −3.15� 1.30 3.35� 1.40
f3 0.08� 0.00 0.78� 0.06 −3.5� 1.3 4.3� 1.4
g1 −0.090� 0.002 0.21� 0.04 −1.96� 0.90 3.18� 1.30
g2 0.08� 0.003 0.80� 0.06 −3.5� 1.3 4.1� 1.3
g3 0.14� 0.04 1.10� 0.03 −4.6� 1.4 5.0� 1.6
fT1 0.11� 0.02 11� 3 −66� 15 100� 25
fT2 −0.13� 0.03 −2.6� 1.0 14� 3 19� 6
gT1 0.12� 0.03 2.5� 0.9 −13� 3 17� 6
gT2 −1.8� 0.03 −1.0� 0.2 −0.60� 0.14 0.10� 0.02

TABLE II. The same as Table I, but for the Λ�
b → lþl− decay.

f̃ið0Þ a0 a1 a2

f̃1 −0.002� 0.001 0.60� 0.20 −2.71� 0.5 3.04� 0.70
f̃2 −0.040� 0.001 −0.36� 0.10 1.19� 0.24 −1.0� 0.2
f̃3 −0.052� 0.002 0.0085� 0.0002 −0.53� 0.12 1.1� 0.23
g̃1 −0.030� 0.006 −0.11� 0.02 0.28� 0.06 −0.230� 0.045
g̃2 −0.044� 0.002 −0.11� 0.02 0.11� 0.02 0.19� 0.03
g̃3 −0.020� −0.004 −0.085� 0.002 0.24� 0.05 0.170� 0.032
f̃T1 0.070� 0.003 −11� 52� 1 −65� 15
f̃T2 −0.030� 0.004 −2.7� 0.6 12.5� 2.5 −15� 3
g̃T1 −0.080� 0.002 −3.0� 0.7 −13.5� 3.5 −15.3� 3.5
g̃T2 −0.060� 0.002 0.040� 0.008 −0.90� 0.05 −1.8� 0.4
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Heff ¼
4GFffiffiffi

2
p VtbV�

td

�X10
i¼1

CiðμÞOiðμÞ þ VubV�
ud

X2
i¼1

CiðOi −Ou
i Þ
�
; ð28Þ

where, Ci are the Wilson coefficients and set Oi represent local operators. The matrix element responsible for the Λb →
Nlþl− transition can be obtained from the effective Hamilton by sandwiching it between Λb and N states, after which the
matrix element responsible for Λb → Nlþl− decay takes the following form,

M ¼ GFαffiffiffi
2

p
π
jV�

tdVtbj
�
ūNðpÞ

�
γμF1 þ

iσμνqν

mΛb

F2 −
qμ
mΛb

F3 − γμγ5G1 þ
iσμνqν

mΛb

γ5G2

−
qμ
mΛb

γ5G3

�
uΛb

ðpþ qÞðl̄γμlÞ þ ūNðpÞ
�
γμF4 þ

iσμνqν

mΛb

F5 −
qμ
mΛb

F6 − γμγ5G4

þ iσμνqν

mΛb

γ5G5 −
qμ
mΛb

γ5G6

�
uΛb

ðpþ qÞðl̄γμγ5lÞ
�
; ð29Þ

where

F1 ¼ c9f1 −
2mb

mΛb

c7fT1 ;

F2 ¼ c9f2 þ
2mb

q2
mΛb

fT2 ;

F3 ¼ c9f3 −
2mb

q2
c7ðmΛb

−mNÞfT1 ;

G1 ¼ c9g1 −
2mb

mΛb

c7gT1 ;

G2 ¼ c9g2 þ
2mb

q2
mΛb

gT2 ;

G3 ¼ c9g3 −
2mb

q2
c7ðmΛb

þmNÞgT1 ;

F4 ¼ c10f1;

F5 ¼ c10f2;

F6 ¼ c10f3;

G4 ¼ c10g1;

G5 ¼ c10g2;

G6 ¼ c10g3: ð30Þ

The matrix element for the Λ�
b → Nlþl− transition can

be obtained from the matrix element for the Λb → Nlþl−

by first making the following replacements, Fi → G̃i,
Gi → F̃i, mN → −mN , mΛb

→ mΛ�
b
, and further making

the following ones, fi → f̃i, fTi → f̃Ti , gi → g̃i, gTi → g̃Ti .
Our final goal is to calculate the differential width of the

Λ�
b → Λlþl− decay, whose expression is given as

dΓðsÞ
ds

¼G2α2emmΛb

4096π5
jVtbV�

tdj2v
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
λð1;r;sÞ

p �
Γ1ðsÞþ

1

3
Γ2ðsÞ

�
;

ð31Þ

where α is the fine structural constant, vl ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 − 4m2

l=q
2

q
is the lepton velocity, λð1;r;sÞ¼1þr2þs2−2r−2s−2rs,
s ¼ q2=mΛb

, and r ¼ m2
Λ=m

2
Λb
, and the expressions of

Γ1ðsÞ and Γ2ðsÞ are given in the Appendix.
We also calculate the differential decaywidth for theΛ�

b →
Nlþl− transition whose expression can easily be obtained
from the differential decay width of the Λb → Nlþl−

transition with the help of appropriate replacements.
The differential branching ratios for the Λb → Nμþμ−,

Λb → Nτþτ−, Λ�
b → Nμþμ−, and Λ�

b → Nτþτ− decays at
s0 ¼ 40 GeV2 and M2 ¼ 25 GeV2 are presented in
Figs. 1–4, respectively.
In order to calculate the branching ratios of the

ΛbðΛ�
bÞ → Nlþl− transitions, the differential decay width

of the respective decays should be integrated over s in the

FIG. 1. The dependence of the differential branching
ratio for the Λb → Nμþμ− transition on s, at s0 ¼ 40 GeV2

and M2 ¼ 25 GeV2.

T. M. ALIEV, T. BARAKAT, and M. SAVCı PHYS. REV. D 98, 035033 (2018)

035033-8



domain 4m2
l=m

2
Λb

≤ s ≤ ð1 − ffiffiffi
r

p Þ2, and this results should
be multiplied with the total lifetime of the ΛbðΛ�

bÞ
baryons, reactively. In these calculations, we neglect the
long distance contributions coming from the J=Ψ family
to the c9. The values of Wilson coefficients are taken
from [17]: c9 ¼ 4.34, c10 ¼ −4.669, and c7 ¼ −0.313.

As the result of these considerations, the branching ratios
for the Λb → Nlþl−ðe; μ; τÞ transitions are calculated
to have the values BrðΛb → Neþe−Þ ¼ ð8� 2Þ × 10−8,
BrðΛb→Nμþμ−Þ¼ð7�2Þ×10−8, and BrðΛb→Nτþτ−Þ¼
ð2�0.4Þ×10−8, respectively.
In determining the branching ratios of the Λ�

b →
Nlþl−ðe; μ; τÞ decay, the lifetime of the Λ�

b is needed,
which approximately has the same value as that of the Λb
baryon. So multiplying the branching ratios of the Λb →
Nlþl−ðe; μ; τÞ with the factor τðΛbÞ=τðΛ�

bÞ will yield
more precise values for these transitions.
At the end of this section we would like to make few

comments on the results of the Λb → N transition form
factors with the ones existing in the literature. The form
factors of Λb → Nlν transition has already been calculated
in framework of the LCSR in [17], by taking into account
the contributions of the Λb and Λ�

b decays. Our results for
the form factors f1, f2, g1, and g2 are different compared
to the ones presented in [17]. This can be attributed to the
fact that, in the present work, we have used different form
of the interpolating current than that used in [17]. As we
have already noted, the results for the Λ�

b baryon are very
sensitive to the choice of the interpolating current. We have
also checked that if interpolating current presented in [17]
were used, our results on the form factors coincide with the
predictions of the work [17]. The Λb → N transition is
studied in [21] in framework of the LCSR, but without
taking into account the contributions of Λ�

b baryons. And
also the continuum subtraction procedure is performed
rather in an inconsistent manner. For this reason, our
predictions for the branching ratios are a bit off compared
to the ones presented in [21], due to the considerable
differences on the predictions of the form factors.
Moreover, the Λb → Nlþl− decay is studied within the
relativistic quark-diquark picture in [22]. When compared,
our predictions on the relevant form factors are different than
those predicted in [22], where the results for the branching
ratios are, approximately, 2 times smaller compared to our
predictions.
The sum rules for the form factors can further be

improved by taking into account the αs corrections to
the DAs, and improvements on the input parameters present
in these DAs. The results we obtain for branching ratios of
the CKM suppressedΛb → Nlþl andΛ�

b → Nlþl decays
governed by the b → dlþl− transition, give confidence
that these decays can be discovered at LHCb at near future.

IV. CONCLUSION

In the present work, we calculate the transition form
factors of Λb → Nlþl− decay in the framework of the
LCSR. We take into account the contribution of negative
parity Λ�

b baryon to the sum rules. Using the obtained
results for the form factors we estimate the branching ratios
of Λb → Nlþl−, and Λ�

b → Nlþl− decays. We also
compare our predictions on the form factors and branching

FIG. 2. The same as in Fig. 1, but for the Λb → Nτþτ−
transition.

FIG. 3. The same as in Fig. 1, but for Λ�
b → Nμþμ− transition.

FIG. 4. The same as in Fig. 2, but for the Λ�
b → Nτþτ−

transition.
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ratios with the ones existing in the literature. From these
results we can conclude that these decays can be observed
at the near future at LHCb.
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APPENDIX: DIFFERENTIAL DECAY WIDTHS
FOR THE Λb → Nl+l− AND Λ�

b → Nl+l−
TRANSITIONS

In this Appendix, we present the differential decay
widths for the Λb → Nlþl− and Λ�

b → Nlþl− transitions.

After lengthy but straightforward calculations, for the
differential decay rate of the Λb → Nlþl−, we get

dΓðsÞ
ds

¼G2α2emmΛb

4096π5
jVtbV�

tdj2v
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
λð1;r;sÞ

p �
Γ1ðsÞþ

1

3
Γ2ðsÞ

�
;

where s¼q2=m2
Λb
, r¼m2

N=m
2
Λb
, GF ¼ 1.17 × 10−5 GeV−2

is the Fermi coupling constant, v ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1 − 4m2

l=q
2

q
is the

lepton velocity, and λða; b; cÞ ¼ a2 þ b2 þ c2 − 2ab −
2ac − 2bc is the usual triangle function. For the element
of the CKMmatrix jVtbV�

tdj ¼ ð8.2� 0.6Þ × 10−3 has been
used [19]. The functions Γ1ðsÞ and Γ2ðsÞ are given as

Γ1ðsÞ ¼ 8m2
Λb
fð1 − 2

ffiffiffi
r

p þ r − sÞ½4m2
l þm2

Λb
ð1þ 2

ffiffiffi
r

p þ rþ sÞ�jF1j2
− ½4m2

lð1 − 6
ffiffiffi
r

p þ r − sÞ −m2
Λb
ðð1 − rÞ2 − 4

ffiffiffi
r

p
s − s2Þ�jF4j2

þ ð1 − 2
ffiffiffi
r

p þ r − sÞ½4m2
lð1þ

ffiffiffi
r

p Þ2 þm2
Λb
sð1þ 2

ffiffiffi
r

p þ rþ sÞ�jF2j2
þm2

Λb
s½ð−1þ rÞ2 − 4

ffiffiffi
r

p
s − s2�v2jF4j2

þ 4m2
lð1þ 2

ffiffiffi
r

p þ r − sÞsjF6j2
þ ð1þ 2

ffiffiffi
r

p þ r − sÞ½4m2
l þm2

Λb
ð1 − 2

ffiffiffi
r

p þ rþ sÞ�jG1j2
− ½4m2

lð1þ 6
ffiffiffi
r

p þ r − sÞ −m2
Λb
ðð1 − rÞ2 þ 4

ffiffiffi
r

p
s − s2Þ�jG4j2

þ ð1þ 2
ffiffiffi
r

p þ r − sÞ½4m2
lð1 −

ffiffiffi
r

p Þ2 þm2
Λb
sð1 − 2

ffiffiffi
r

p þ rþ sÞ�jG2j2
þm2

Λb
s½ð1 − rÞ2 þ 4

ffiffiffi
r

p
s − s2�v2jG5j2

þ 4m2
lð1 − 2

ffiffiffi
r

p þ r − sÞsjG6j2
− 4ð1þ ffiffiffi

r
p Þð1 − 2

ffiffiffi
r

p þ r − sÞð2m2
l þm2

Λb
sÞRe½F�

1F2�
− 4m2

Λb
ð1þ ffiffiffi

r
p Þð1 − 2

ffiffiffi
r

p þ r − sÞsv2Re½F�
4F5�

− 8m2
lð1 −

ffiffiffi
r

p Þð1þ 2
ffiffiffi
r

p þ r − sÞRe½F�
4F6�

− 4ð1 − ffiffiffi
r

p Þð1þ 2
ffiffiffi
r

p þ r − sÞð2m2
l þm2

Λb
sÞRe½G�

1G2�
− 4m2

Λb
ð1 − ffiffiffi

r
p Þð1þ 2

ffiffiffi
r

p þ r − sÞsv2Re½G�
4G5��

þ 8m2
lð1þ

ffiffiffi
r

p Þð1 − 2
ffiffiffi
r

p þ r − sÞRe½G�
4G6�g;

Γ2ðsÞ ¼ −8m4
Λb
v2λð1; r; sÞ½jF1j2 þ jF4j2 þ jG1j2 þ jG4j2 − sðjF2j2 þ jF5j2 þ jG2j2 þ jG5j2Þ�:

The differential decay width for the Λ�
b → Nlþl− transition cam be obtained from the differential decay width for the

Λb → Nlþl− by making the following replacements: Fi → G̃i,Gi → F̃i,mN → −mN , and by changing the sign in front of
the terms Re½F�

4F5�, Re½F�
4F6�, and Re½G�

4G5�, as well as mΛb
→ mΛ�

b
, s → s0 ¼ q2=m2

Λ�
b
, and r → r0 ¼ m2

N=m
2
Λ�
b
.
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