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The strong coupling form factors related to the strong vertices of the positive and negative parity
nucleons with the heavy Λb½c�½Σb½c�� baryons and heavy B�½D�� vector mesons are calculated using a three-
point correlation function. Using the values of the form factors at Q2 ¼ −m2

meson, we compute the strong
coupling constants among the participating particles.
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I. INTRODUCTION

The recently achieved progress in the experimental
sector related to the charm and bottom baryons has
provided important clues and motivations for the theoretical
studies in this area. The necessity for a better understanding
of the properties of these baryons such as their masses,
structures, and interactions with other particles has
increased the theoretical interest in them. Their various
properties were studied using different methods. For
instance, their masses were studied in Refs. [1–5] (see
also the references therein) via various methods such as
quenched lattice nonrelativistic QCD, the QCD sum rule
approach within the framework of the heavy quark effective
theory, the constituent quark model, QCD sum rules, and a
theoretical approach based on modeling the color hyperfine
interaction. References [6–19] and references therein pro-
vide some examples in which their strong and weak decays
were studied.
This work provides an analysis of the strong couplings of

the heavy ΛbðcÞ and ΣbðcÞ baryons to the positive parity
nucleon N=negative parity nucleon N� and heavy B�=D�
vector meson. Here, by N� we mean the excited Nð1535Þ
nucleon with JP ¼ 1

2
−. Such couplings occur in a low-

energy regime that precludes us from the usage of the
perturbative approach. The strong coupling constants are
the basic parameters to determine the strength of the strong
interactions among the participated particles. They also
provide us a better understanding of the structure and
nature of the hadrons participating in the interaction. They
can also provide valuable insights to improve our under-
standing of the perturbative and nonperturbative nature of
the strong interaction. Furthermore, these coupling con-
stants may be useful for explanation of the observation of
various exotic events by different collaborations. In

addition, one may turn to these results in order to explain
the properties of B� and D� mesons in the nuclear medium.
The nucleon cloud may affect the properties of these
mesons, such as their masses and decay constants in the
nuclear medium, due to their interactions with nucleons
(see, for instance, the Refs. [20–25]). Therefore, the present
study is also helpful in identifying the properties of these
particles in the nuclear medium.
Here, we calculate the strong form factors defining the

strong vertices ΛbNB�, ΛbN�B�, ΣbNB�, ΣbN�B�, ΛcND�,
ΛcN�D�, ΣcND�, and ΣcN�D� in the framework of the
QCD sum rule [26] as one of the powerful and applicable
nonperturbative tools in hadron physics. By using
Q2 ¼ −m2

meson, we then obtain the strong coupling con-
stants among the participating particles. This method has
been previously applied to investigate some other vertices
(for instance, see Refs. [6,17,27–29] and references
therein).
The paper contains three sections. In the next section, we

calculate the strong coupling form factors in the context of
the QCD sum rule approach. Section III is devoted to the
numerical analysis of the results and discussion.

II. THE STRONG COUPLING FORM FACTORS

In this section we calculate the coupling form factors
defining the vertices among the hadrons under consider-
ation using the QCD sum rule method. The starting point is
to consider the following three-point correlation function:

ΠμðqÞ ¼ i2
Z

d4x
Z

d4ye−ip·xeip
0·y

× h0jT ðJNðyÞJμMð0ÞJ̄BðxÞÞj0i; ð1Þ

where T is the time-ordering operator and q ¼ p − p0 is
the transferred momentum. In this equation, Ji denote the
interpolating fields of different particles,M symbolizes the
B� orD� meson, B stands for theΛbðcÞ or ΣbðcÞ baryons, and
N shows the nucleon with both parities.
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The three-point correlation function can be calculated
both in terms of the hadronic degrees of freedom and in
terms of the QCD degrees of freedom. These two different
types of calculation are called the physical side and the
OPE side, respectively. The results obtained from both
sides are equated to acquire the QCD sum rules for the
coupling form factors. For the suppression of the contri-
butions coming from the higher states and continuum, a
double Borel transformation with respect to the variables

p2 and p02 is applied to both sides of the obtained
sum rules.

A. Physical side

For the physical side of the calculation, one inserts
complete sets of appropriate M, B, and N hadronic states,
which have the same quantum numbers as the correspond-
ing interpolating currents, into the correlation function.
Integrals over x and y give

ΠPhy
μ ðqÞ ¼ h0∣JN∣Nðp0; s0Þih0∣JμM∣MðqÞihNðp0; s0ÞMðqÞ∣Bðp; sÞihBðp; sÞ∣J̄B∣0i

ðp2 −m2
BÞðp02 −m2

NÞðq2 −m2
MÞ

þ h0∣JN∣N�ðp0; s0Þih0∣JμM∣MðqÞihN�ðp0; s0ÞMðqÞ∣Bðp; sÞihBðp; sÞ∣J̄B∣0i
ðp2 −m2

BÞðp02 −m2
N� Þðq2 −m2

MÞ þ � � � ; ð2Þ

where � � � stands for the contributions coming from the higher states and continuum and the contributions of both positive
and negative parity nucleons have been included. The matrix elements in this equation are parametrized as

h0∣JN ∣Nðp0; s0Þi ¼ λNuNðp0; s0Þ;
h0∣JN∣N�ðp0; s0Þi ¼ λN�γ5uN�ðp0; s0Þ;

hBbðcÞðp; sÞ∣J̄BbðcÞ ∣0i ¼ λBbðcÞ ūBbðcÞ ðp; sÞ;
h0∣JμM∣MðqÞi ¼ mMfMϵ�μ;

hNðp0; s0ÞMðqÞ∣Bðp; sÞi ¼ ϵνūNðp0; s0Þ
�
g1γν −

iσνα
mB þmN

qαg2

�
uBðp; sÞ; hN�ðp0; s0ÞMðqÞ∣Bðp; sÞi

¼ ϵνūN� ðp0; s0Þγ5
�
g�1γν −

iσνα
mB þmN�

qαg�2

�
uBðp; sÞ; ð3Þ

where λNðN�Þ and λB are the residues of the related baryons, uNðN�Þ and uB are the spinors for the nucleon, ΛbðΛcÞ and
ΣbðΣcÞ are the baryons, and fM represents the leptonic decay constant of B�ðD�Þ. Here g1 and g2 are strong coupling form
factors related to the couplings of the B baryon and M meson to the positive parity nucleon N, and g�1 and g�2 are those
related to the strong vertices of the B baryon andM meson with the negative parity nucleon N�. Application of the double
Borel transformation with respect to the initial and final momenta squared yields

B̂ΠPhy
μ ðqÞ ¼ λBfMe−

m2
B

M2e
−
m2
N
þm2

N�
M02 ½Φ1γμ þ Φ2pqμ þ Φ3qpμ þ Φ4qγμ� þ � � � ; ð4Þ

where

Φ1 ¼
mM

ðmB þmN�Þðm2
M − q2Þ

�
e
m�2
N

M02 λNðg1 þ g2ÞðmB þmN� Þð−m2
N þmNmB þ q2Þ þ e

m2
N

M02 λN� ðg�1ðmB þmN� Þ

þ g�2ðmB −mN� ÞÞðm2
N� þmN�mB − q2Þ

�
;

Φ2 ¼
1

mMðmB þmN� Þðm2
M − q2Þ

�
e
m�2
N

M02 λNðg1ðm2
N −m2

BÞ þ g2m2
MÞðmB þmN� Þ

þ e
m2
N

M02 λN� ðmB −mN�Þðg�1ðmB þmN� Þ2 − g�2m
2
MÞ

�
;

Φ3 ¼ −
2mM

ðmM þmNÞðmB þmN�Þðm2
M − q2Þ

�
e
m�2
N

M02 λNðmB þmN� Þðg1ðmB þmNÞ þ g2mNÞ

− e
m2
N

M02 λN�ðmB þmNÞðg�1ðmB þmN� Þ − g�2mN�Þ
�
;

Φ4 ¼
mBmM

ðmB þmN�Þðm2
M − q2Þ

�
−e

m�2
N

M02 λNðg1 þ g2ÞðmB þmN� Þ þ e
m2
N

M02 λN�ðg�1ðmB þmN� Þ þ g�2ðmB −mN� ÞÞ
�
; ð5Þ

with M2 and M02 being the Borel mass parameters.
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B. OPE side

For the OPE side of the calculation, the basic ingredients are the explicit expressions of the interpolating currents in terms
of the quark fields, which are taken as

JΛb½c� ðxÞ ¼ ϵabcua
T ðxÞCγ5dbðxÞðb½c�ÞcðxÞ;

JΣb½c� ðxÞ ¼ ϵabcðuaT ðxÞCγνdbðxÞÞγ5γνðb½c�ÞcðxÞ;
JNðyÞ ¼ εijlðuiT ðyÞCγβujðyÞÞγ5γβdlðyÞ;

JB�½D��ð0Þ ¼ ūð0Þγμb½c�ð0Þ; ð6Þ

with C being the charge conjugation operator. By replacing these interpolating currents in Eq. (1) and doing contractions of
all quark pairs via Wick’s theorem, we get

ΠOPE
μ ðqÞ ¼ i2

Z
d4x

Z
d4ye−ip·xeip

0·yϵabcϵijlfγ5γβScjd ðy − xÞγ5CSbiTu ðy − xÞCγβSahu ðyÞγμShlb½c�ð−xÞ

− γ5γβS
cj
d ðy − xÞγ5CSaiTu ðy − xÞCγβSbhu ðyÞγμShlb½c�ð−xÞg; ð7Þ

for ΛbNð�ÞB� and ΛcNð�ÞD� vertices and

ΠOPE
μ ðqÞ ¼ i2

Z
d4x

Z
d4ye−ip·xeip

0·yϵabcϵijlfγ5γβScjd ðy − xÞγνCSbiTu ðy − xÞCγβSahu ðyÞγμShlb½c�ð−xÞγνγ5
− γ5γβS

cj
d ðy − xÞγνCSaiTu ðy − xÞCγβSbhu ðyÞγμShlb½c�ð−xÞγνγ5g ð8Þ

for the ΣbNð�ÞB� and ΣcNð�ÞD� vertices. In these equations, Sijb½c�ðxÞ and Siju½d�ðxÞ correspond to the heavy and light quark

propagators, respectively. The heavy quark propagator in the coordinate space is used as [30]

Sijb½c�ðxÞ ¼
i

ð2πÞ4
Z

d4ke−ik·x
�

δij
k−mb½c�

−
gsG

αβ
ij

4

σαβðkþmb½c�Þ þ ðkþmb½c�Þσαβ
ðk2 −m2

b½c�Þ2
þπ2

3

�
αsGG
π

�
δijmb½c�

k2 þmb½c�k
ðk2 −m2

b½c�Þ4
þ � � �

�
;

ð9Þ

where we take the heavy quark mass to be finite and do not use any approximation. For the light quark propagator, we use [30]

Sijq ðxÞ ¼ i
x

2π2x4
δij −

mq

4π2x2
δij −

hq̄qi
12

�
1 − i

mq

4
x

	
δij −

x2

192
m2

0hq̄qi
�
1 − i

mq

6
x

	
δij −

igsG
ij
θη

32π2x2
½xσθη þ σθηx� þ � � � ;

ð10Þ

where q is either a u or d quark. Using these propagators in Eqs. (7) and (8), we get the OPE sides of different vertices in
coordinate space, after which we perform Fourier transformations to go to the momentum space. For this, first we use

1

½A2�n ¼
Z

dDt
ð2πÞD e−it·Aið−1Þnþ12D−2nπD=2 ΓðD=2 − nÞ

ΓðnÞ
�
−
1

t2

	
D=2−n

ð11Þ

in the D dimension. Then, the four-integrals over x and y are performed after the replacements xμ → i ∂
∂pμ

and yμ → −i ∂
∂p0

μ
.

This procedure brings two Dirac Deltas that are used in performing other two integrals existing in the calculations. Finally, the
Feynman parametrization and the formulaZ

d4t
ðt2Þβ

ðt2 þ LÞα ¼
iπ2ð−1Þβ−αΓðβ þ 2ÞΓðα − β − 2Þ

Γð2ÞΓðαÞ½−L�α−β−2 ð12Þ

are used to perform the last four-integral. After lengthy calculations (see also Refs. [28,29]), we get
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ΠOPE
μ ðqÞ ¼ Π1ðq2Þγμ þ Π2ðq2Þpqμ þ Π3ðq2Þqpμ þ Π4ðq2Þqγμ þ other structures; ð13Þ

where theΠiðq2Þ functions contain contributions coming from both the perturbative and nonperturbative parts and are given as

Πiðq2Þ ¼
Z

ds
Z

ds0
ρperti ðs; s0; q2Þ þ ρnon–perti ðs; s0; q2Þ

ðs − p2Þðs0 − p02Þ : ð14Þ

The spectral densities ρiðs; s0; q2Þ appearing in this equation are obtained from the imaginary parts of the Πi functions as
ρiðs; s0; q2Þ ¼ 1

π Im½Πi�. Here, as examples, only the results of the spectral densities corresponding to the Dirac structure γμ for
the ΛbNB� vertex are presented, which are

ρpert1 ðs; s0; q2Þ ¼ mbmus0
2

64π4Q
Θ½L1ðs; s0; q2Þ� þ

Z
1

0

dx
Z

1−x

0

dy
1

64π4X3
fm4

bx
2ðX 0 þ 2xÞ

× ðX þ yÞ þ q4xy½3yðX 0 − 1ÞX 0ðX 0 þ 4xÞ − 2X 02ð3xþ X 0Þ þ 2y2ð15x2 − 14xþ 2Þ�
− 2q2X ½xyX 0ðsð2þ 15x2 − 18xÞ − s0ðX 0 − 3ÞÞ þ y2ð2sxð1 − 10xþ 15x2Þ
− 4sx2X 02 − s0ð1 − 21xþ 41x2 − 15x3ÞÞ þ s0y3ð1 − 17xþ 30x2Þ − 4sx2X 02 �
þm3

bxðmuð3 − 5xþ 2x2 − 2xyÞ þ 3mdðX 0 þ xÞXÞ þ X 2½s02yð5y − 8xX 0

− 34xy − 6y2 þ 15x2yþ 30xy2Þ þ 3s2x2ð1 − 4y − 6xþ 5x2 þ 10xyÞ þ 2ss0x

× ð5y − 9y2 − 4xX 0 þ 15x2y − 26xyþ 30xy2Þ� þ 2m2
bx½q2ð3xX 0 − 3yþ 16xy

þ 8x2y − 4y2 þ 16xy2Þ þ Xðs0ð3y − 3xX 0 − 16yþ 8xy − 4y2 þ 16xy2Þ
þ 2sxð1 − 3y − 5xþ 4x2 þ 8xyÞÞ� þmb½3mdXðsxXðX 0 − 1Þ þ yðs0u − q2xÞ
× ð3y − 1ÞÞ þmuðsxXð6 − 9xþ 3x2 − 3xyÞ þ yðq2xð4x − 3x2 þ 3xyþ y − 1Þ
þ 3s0XX 02 − 3s0yXðX 0 þ 2ÞÞÞ�gΘ½L2ðs; s0; q2Þ�; ð15Þ

and

ρnon–pert1 ðs; s0; q2Þ ¼ huūi
16π2Q

½s0ðmu − 2mbÞ − q2md�Θ½L1ðs; s0; q2Þ�

þ
Z

1

0

dx
Z

1−x

0

dy
1

8π2X
½hdd̄iðmdð2xþ X 0ÞX −mbðxþ XX 0Þ −muXÞ

þ huūiðmuð3xyþ 3xX 0 − yÞ −mbðxþ X 0Þ − 2mdXÞ�Θ½L2ðs; s0; q2Þ�

−
�
αs

G2

π

�
1

1152π2Q4
½9mbQ3ðmd − 2muÞ þ s0Q2ð3mbðmd þmuÞ þ 2q2Þ

þ 3s02ðm4
b − 2q2mbðmb −muÞ þ q4Þ�Θ½L1ðs; s0; q2Þ�

þ
Z

1

0

dx
Z

1−x

0

dy

�
αs

G2

π

�
1

192π2X3
½3X 03ð2xþ X 0Þ þ y2ð15þ xð39X 0 − 20ÞÞ

þ yð2xþ X 0Þ þ X 0ð11X 0 − 1Þ þ 6y3ð2xþ X 0Þ�Θ½L2ðs; s0; q2Þ�

−
1

192π2Q
½m2

0hdd̄ið6mb þ 4mdÞ þm2
0huūið7mu − 3md − 18mbÞ�Θ½L1ðs; s0; q2Þ�; ð16Þ

where

X ¼ xþ y − 1;

X 0 ¼ x − 1;

Q ¼ m2
b − q2;

L1ðs; s0; q2Þ ¼ s0;

L2ðs; s0; q2Þ ¼ −m2
bxþ sx − sx2 þ s0yþ q2xy − sxy − s0xy − s0y2: ð17Þ
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The Θ½…� in these equations is the unit-step function. As already stated, the match of the results obtained from the physical
and OPE sides of the correlation function gives the QCD sum rules for the strong coupling form factors. As examples, for the
form factors related to the ΛbNB� and ΛbN�B� vertices, we get

g1ðq2Þ ¼ e
m2
Λb
M2 e

m2
N

M02 ðm2
B� − q2Þ
λNH

fm2
B� ½m4

Λb
ðΠ3 − 2Π2Þ − 2VmNmN�Π4 − 2m3

Λb
ðmN�Π2 þ Π4Þ

þmΛb
ð2q2Π4 þ ðm2

N −mNmN� ÞðmN�Π3 þ 2Π4ÞÞ
−m2

Λb
ðmNmN�ð2Π2 − Π3Þ þm2

N�Π3 þm2
NðΠ3 − 2Π2Þ þ 2mN�Π4 − 2Π1Þ�

þ ðmΛb
−mN� ÞðmΛb

þmN� Þ½mΛb
mNmN�VΠ3 − 2mNmN�VΠ4 þm4

Λb
Π3 þ 2q2mΛb

Π4

þm2
Λb
ð2Π1 − ðmNV þm2

N� ÞΠ3Þ�g;

g2ðq2Þ ¼ e
m2
Λb
M2 e

m2
N

M02
ðm2

B� − q2ÞðmN þmΛb
Þ

λNH
f−m5

Λb
Π3 þmNm4

Λb
Π3 þmΛb

m3
N�VΠ3

þmN�m3
Λb
ð2mN�Π3 −mNΠ3 − 2Π4Þ þ 2mΛb

ðmNðm2
N� − q2Þ þmN�q2ÞΠ4 − 2m3

N�VΠ4

þm2
B� ðmΛb

− VÞðmΛb
ð2mΛb

Π2 −mΛb
Π3 þmN�Π3Þ þ 2ðmΛb

−mN�ÞΠ4Þ
−m2

Λb
ðmN� ðmNmN�Π3 − 4mNΠ4 þ 4mN�Π4Þ þ 2VΠ1Þg;

g�1ðq2Þ ¼ e
m2
Λb
M2 e

m2
N

M02 ðm2
B� − q2Þ
λN�H

fðmΛb
−mNÞðmΛb

þmNÞ½m4
Λb
Π3 þmΛb

mNmN�VΠ3

þ 2mNmN�VΠ4 þ 2mΛb
q2Π4 þm2

Λb
ð2Π1 − ðmNV þm2

N� ÞΠ3Þ�
þm2

B� ½mNmN�mΛb
VΠ3 þ 2m3

Λb
ðmNΠ2 − Π4Þ − 2mNmN�VΠ4

þm4
Λb
ðΠ3 − 2Π2Þ − 2mΛb

ðmN�V − q2ÞΠ4 þm2
Λb
ðm2

N� ð2Π2 − Π3Þ −m2
NΠ3

þmNð2Π4 þmN�Π3 − 2mN�Π2Þ þ 2Π1Þ�g;

g�2ðq2Þ ¼ e
m2
Λb
M2 e

m2
N

M02
ðm2

B� − q2ÞðmΛb
þmN� Þ

λN�H
fðm5

Λb
þmΛb

m3
NV þm4

Λb
mN� ÞΠ3 þm3

Λb
mN

× ððV −mNÞΠ3 − 2Π4Þ − 2m3
NVΠ4 þ 2mΛb

ðm2
NmN� þ q2VÞΠ4 −m2

B� ðmΛb
− VÞ

× ½mΛb
ð2mΛb

Π2 − ðmΛb
þmNÞΠ3Þ þ 2ðmΛb

þmNÞΠ4� −m2
Λb
½mNðmNmN�Π3

− 4mNΠ4 þ 4mN�Π4Þ − 2VΠ1�g; ð18Þ

where

H ¼ 2fB�λΛb
mB�m2

Λb
ðmΛb

− VÞðmN þmN� Þðm2
B� þm2

Λb
−mNmΛb

−m2
N þmN� ðmN þmΛb

Þ −m2
N� Þ;

V ¼ ðmN −mN� Þ: ð19Þ

III. NUMERICAL RESULTS

To numerically analyze the sum rules for the strong
coupling form factors and to find their behavior with
respect to Q2 ¼ −q2, we need some inputs as presented
in Table I. Besides, we also need to determine the working
regions corresponding to the four auxiliary parameters,M2,
M02, s0 and s00. The M2 and M02 emerge from the double
Borel transformation and s0 and s00 originate from con-
tinuum subtraction. These are auxiliary parameters; there-
fore, we need a region of them through which the strong
coupling form factors have weak dependency on these

parameters. The continuum thresholds are in relation to the
first excited states in the initial and final channels. To
determine them the energy that characterizes the beginning
of the continuum is considered. Table II presents intervals
of the continuum thresholds used in the calculations. To
determine the working regions for the Borel mass param-
eters, we need to take into account the criteria that the
contributions of the higher states and continuum are
sufficiently suppressed and the contributions of the oper-
ators with higher dimensions are small. The intervals
obtained based on these considerations are also given in
Table II. As an example, we show the dependence of the
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strong coupling form factor g1ΛbNB� on M2 and M02 at fixed

values of Q2, s0 and s00 in Fig. 1. From this figure we see
that the dependence of the coupling form factor g1ΛbNB� on

the Borel parameters is weak at their working intervals.
In this part, we use the working regions of auxiliary

parameters together with the other inputs to obtain the
variation of the coupling form factors in terms of Q2. Our
calculations show that the couplings are truncated at some
points and we need to extrapolate the results to the regions

that the strong coupling constants are calculated. For this
purpose, the following fit functions are used:

(i) fit function 1

gBNMðQ2Þ ¼ c1 þ c2 exp

�
−
Q2

c3

�
; ð20Þ

(ii) fit function 2

gBNMðQ2Þ ¼ g0
1 − a Q2

m2
B
þ bðQ2

m2
B
Þ2
; ð21Þ

(iii) fit function 3

gBNMðQ2Þ ¼ B0 þ B1Q2 þ B2ðQ2Þ2; ð22Þ

where c1, c2, c3, g0, a, b, B0, B1, and B2 for different
vertices are given in Tables III–XIV. To see how the above
functions fit to the QCD sum rule results in reliable regions
and how they differ from each other in the extrapolated
region, we depict the dependence of, for instance,
g1ΛbNB� ðQ2Þ on Q2 at fixed values of the auxiliary param-

eters and for all fit functions in Fig. 2. From this figure we
see that all parametrizations fit well the sum rule results, but
differ slightly from each other at the extrapolated region.
The fit functions are used to attain the coupling constants at
Q2 ¼ −m2

M for all structures. The results for different
coupling constants and different fit functions are presented
in Tables XV–XVII. The presented errors in the results
arise due to the uncertainties of the input parameters as well
as uncertainties coming from the determination of the
working regions of the auxiliary parameters. From these
tables we see that the results obtained via different fit
functions over all are close to each other, although we see
some small differences in some values obtained using

TABLE I. Input parameters used in the calculations.

Parameters Values

hūuið1 GeVÞ ¼ hd̄dið1 GeVÞ −ð0.24� 0.01Þ3 GeV3 [31]

hαsG2

π i ð0.012� 0.004Þ GeV4 [32]

m2
0ð1 GeVÞ ð0.8� 0.2Þ GeV2 [32]

mb ð4.18� 0.03Þ GeV [33]
mc ð1.275� 0.025Þ GeV [33]
md 4.8þ0.5

−0.3 MeV [33]
mu 2.3þ0.7

−0.5 MeV [33]
mB� ð5325.2� 0.4Þ MeV [33]
mD� ð2006.96� 0.10Þ MeV [33]
mN ð938.272046� 0.000021Þ

MeV [33]
mN� 1525TO1535 MeV [33]
mΛb

ð5619.5� 0.4Þ MeV [33]
mΛc

ð2286.46� 0.14Þ MeV [33]
mΣb

ð5811.3� 1.9Þ MeV [33]
mΣc

ð2452.9� 0.4Þ MeV [33]
fB� ð210:3þ0.1

−1.8Þ MeV [34]
fD� ð241:9þ10.1

−12.1 Þ MeV [34]
λ2N 0.0011� 0.0005 GeV6 [35]
λN� 0.019� 0.0006 GeV3 [36]
λΛb ð3.85� 0.56Þ10−2 GeV3 [37]
λΣb ð0.062� 0.018Þ GeV3 [38]
λΛc ð3.34� 0.47Þ10−2 GeV3 [37]
λΣc ð0.045� 0.015Þ GeV3 [38]

FIG. 1. Left: g1ΛbNB� ðQ2 ¼ 0Þ as a function of M2. Right: g1ΛbNB� ðQ2 ¼ 0Þ as a function of M02 .
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TABLE II. Working intervals for auxiliary parameters.

Vertex s0ðGeV2Þ s00ðGeV2Þ M2ðGeV2Þ M02ðGeV2Þ
ΛbNð�ÞB� 32.71≤s0≤35.04 1.04≤s00≤1.99 10≤M2≤20 1≤M02≤3
ΣbNð�ÞB� 34.91≤s0≤37.40 1.04≤s00≤1.99 10≤M2≤20 1≤M02≤3
ΛcNð�ÞD� 5.71≤s0≤6.72 1.04≤s00≤1.99 2≤M2≤6 1≤M02≤3
ΣcNð�ÞD� 6.51≤s0≤7.62 1.04≤s00≤1.99 2≤M2≤6 1≤M02≤3

TABLE III. Parameters appearing in the fit function 1 of the
coupling form factors related to the ΛbNð�ÞB� vertex.

c1 c2 c3ðGeV2Þ
g1ðQ2Þ −2.44� 0.68 −0.34� 0.10 −17.88� 5.18
g2ðQ2Þ 22.92� 6.64 3.87� 1.12 16.85� 4.89
g�1ðQ2Þ −6.21� 1.73 −26.76� 8.01 −193.72� 56.17
g�2ðQ2Þ 88.27� 25.60 9.65� 2.70 24.32� 7.05

TABLE IV. Parameters appearing in the fit function 1 of the
coupling form factors related to the ΣbNð�ÞB� vertex.

c1 c2 c3ðGeV2Þ
g1ðQ2Þ 297.08� 89.12 −282.66� 81.97 −225.11� 67.53
g2ðQ2Þ −18.12� 5.07 −3.82� 1.14 14.06� 4.08
g�1ðQ2Þ 87.60� 25.40 −82.34� 23.87 −24.88� 7.21
g�2ðQ2Þ 31.80� 9.22 0.90� 0.26 −6.70� 1.94

TABLE V. Parameters appearing in the fit function 1 of the
coupling form factors related to the ΛcNð�ÞD� vertex.

c1 c2 c3ðGeV2Þ
g1ðQ2Þ 1.28� 0.36 0.92� 0.27 −155.98� 45.24
g2ðQ2Þ 3.88� 1.13 1.27� 0.38 3.60� 1.04
g�1ðQ2Þ 3.01� 0.87 ð17.97� 5.21Þ10−4 −2.77� 0.80
g�2ðQ2Þ 11.52� 3.23 −2.38� 0.71 2.26� 0.66

TABLE VI. Parameters appearing in the fit function 1 of the
coupling form factors related to the ΣcNð�ÞD� vertex.

c1 c2 c3ðGeV2Þ
g1ðQ2Þ −6.94� 2.01 11.18� 3.35 8.30� 2.41
g2ðQ2Þ −4.64� 1.35 −ð1.41� 0.4Þ10−2 1.53� 0.45
g�1ðQ2Þ 26.37� 7.65 −23.18� 6.49 −11.03� 3.20
g�2ðQ2Þ 15.47� 4.48 2.22� 0.67 −6.34� 1.84

TABLE VIII. Parameters appearing in the fit function 2 of the
coupling form factors for ΣbNð�ÞB� vertex.

g0 a b

g1ðQ2Þ 14.42� 4.32 −2.45� 0.71 8.18� 2.37
g2ðQ2Þ −21.93� 6.58 −0.35� 0.09 −0.21� 0.06
g�1ðQ2Þ 11.81� 3.54 −3.61� 1.05 4.95� 1.39
g�2ðQ2Þ 32.71� 9.81 0.13� 0.04 −0.20� 0.06

TABLE IX. Parameters appearing in the fit function 2 of the
coupling form factors for ΛcNð�ÞD� vertex.

g0 a b

g1ðQ2Þ 2.26� 0.63 −0.31� 0.09 −1.55� 0.46
g2ðQ2Þ 5.12� 1.53 −0.31� 0.09 −0.09� 0.03
g�1ðQ2Þ 3.32� 0.99 −0.17� 0.05 −0.08� 0.02
g�2ðQ2Þ 8.89� 2.49 0.69� 0.19 0.64� 0.19

TABLE X. Parameters appearing in the fit function 2 of the
coupling form factors for ΣcNð�ÞD� vertex.

g0 a b

g1ðQ2Þ 4.23� 1.23 −1.80� 0.54 6.72� 2.02
g2ðQ2Þ −4.69� 1.31 −0.08� 0.02 −0.19� 0.06
g�1ðQ2Þ 1.66� 0.46 53.52� 14.98 −342.74� 95.97
g�2ðQ2Þ 17.98� 5.03 0.05� 0.01 −0.11� 0.03

TABLE VII. Parameters appearing in the fit function 2 of the
coupling form factors for ΛbNð�ÞB� vertex.

g0 a b

g1ðQ2Þ −2.79� 0.81 0.21� 0.06 −0.19� 0.05
g2ðQ2Þ 26.79� 8.03 −0.27� 0.07 −0.18� 0.05
g�1ðQ2Þ −32.97� 9.89 0.13� 0.04 0.013� 0.003
g�2ðQ2Þ 97.93� 29.37 −0.13� 0.04 −0.07� 0.02

TABLE XI. Parameters appearing in the fit function 3 of the
coupling form factors for ΛbNð�ÞB� vertex.

B0 B1ðGeV−2Þ B2ðGeV−4Þ
g1ðQ2Þ −2.79� 0.81 ð−18.65� 5.59Þ10−3 ð−7.02� 2.11Þ10−4
g2ðQ2Þ 26.78� 8.02 −0.22� 0.06 ð5.23� 1.50Þ10−3
g�1ðQ2Þ−32.97� 9.89 −0.14� 0.05 ð−3.66� 1.10Þ10−4
g�2ðQ2Þ 97.92� 29.36 −0.39� 0.11 ð6.66� 1.86Þ10−3

STRONG COUPLINGS OF NEGATIVE AND POSITIVE … PHYSICAL REVIEW D 92, 014022 (2015)

014022-7



different fit functions. These small differences in the central
values mainly belong to the fit function 3 and the strong
coupling constant g2. By considering the uncertainties in
the results we can say that the numerical values of different
strong coupling constants corresponding to various vertices
obtained via different fit functions are roughly consistent
with each other and are roughly independent from the
choices of the fit functions. The maximum value belongs
to the coupling constant g�2 associated with the vertex

TABLE XIII. Parameters appearing in the fit function 3 of the
coupling form factors for ΛcNð�ÞD� vertex.

B0 B1ðGeV−2Þ B2ðGeV−4Þ
g1ðQ2Þ 2.20� 0.61 ð6.27� 1.88Þ10−3 ð−1.10� 0.33Þ10−5
g2ðQ2Þ 5.13� 1.54 −0.31� 0.09 0.03� 0.01
g�1ðQ2Þ 3.10� 0.93 ð−24.94� 7.84Þ10−3 ð2.33� 6.99Þ10−4
g�2ðQ2Þ 9.03� 2.53 0.97� 0.27 −0.11� 0.03

TABLE XIV. Parameters appearing in the fit function 3 of the
coupling form factors for ΣcNð�ÞD� vertex.

B0 B1ðGeV−2Þ B2ðGeV−4Þ
g1ðQ2Þ 4.22� 1.21 −1.44� 0.40 0.11� 0.03
g2ðQ2Þ −4.86� 1.41 0.16� 0.05 −0.04� 0.01
g�1ðQ2Þ 1.40� 0.42 −1.37� 0.38 −0.19� 0.06
g�2ðQ2Þ 17.46� 5.24 0.39� 0.12 0.04� 0.01

TABLE XII. Parameters appearing in the fit function 3 of the
coupling form factors for ΣbNð�ÞB� vertex.

B0 B1ðGeV−2Þ B2ðGeV−4Þ
g1ðQ2Þ 14.41� 4.30 −1.25� 0.37 ð−2.85� 1.01Þ10−3
g2ðQ2Þ −21.94� 6.59 0.27� 0.08 ð−9.25� 2.77Þ10−3
g�1ðQ2Þ 5.25� 1.57 −3.28� 0.95 −0.06� 0.02
g�2ðQ2Þ 32.43� 9.52 0.17� 0.05 ð16.45� 4.93Þ10−3

FIG. 2 (color online). g1ΛbNB� ðQ2Þ as a function ofQ2 at average
values of the continuum thresholds and Borel mass parameters.

TABLE XV. Values of the strong coupling constants for the vertices under consideration for fit function 1.

Vertex jg1ðQ2 ¼ −m2
MÞj jg2ðQ2 ¼ −m2

MÞj jg�1ðQ2 ¼ −m2
MÞj jg�2ðQ2 ¼ −m2

MÞj
ΛbNð�ÞB� 2.51� 0.75 43.73� 13.11 29.32� 8.78 119.26� 35.77

ΣbNð�ÞB� 47.87� 14.35 46.83� 14.04 61.25� 18.37 31.81� 9.54

ΛcNð�ÞD� 2.05� 0.61 7.78� 2.33 3.01� 0.90 2.60� 0.78
ΣcNð�ÞD� 11.21� 3.36 4.64� 1.39 10.29� 3.08 16.65� 4.99

TABLE XVI. Values of the strong coupling constants for the vertices under consideration for fit function 2.

Vertex jg1ðQ2 ¼ −m2
MÞj jg2ðQ2 ¼ −m2

MÞj jg�1ðQ2 ¼ −m2
MÞj jg�2ðQ2 ¼ −m2

MÞj
ΛbNð�ÞB� 2.68� 0.77 43.58� 13.07 29.17� 8.68 117.55� 32.91

ΣbNð�ÞB� 45.67� 13.71 49.05� 13.74 59.58� 17.28 35.12� 10.54

ΛcNð�ÞD� 2.41� 0.75 7.22� 2.17 4.03� 1.17 3.66� 1.10
ΣcNð�ÞD� 10.51� 3.15 5.46� 1.53 8.97� 2.69 18.25� 5.29

TABLE XVII. Values of the strong coupling constants for the vertices under consideration for fit function 3.

Vertex jg1ðQ2 ¼ −m2
MÞj jg2ðQ2 ¼ −m2

MÞj jg�1ðQ2 ¼ −m2
MÞj jg�2ðQ2 ¼ −m2

MÞj
ΛbNð�ÞB� 2.82� 0.87 37.35� 10.47 29.36� 8.81 114.38� 32.03

ΣbNð�ÞB� 47.64� 13.81 37.15� 11.14 53.17� 15.42 40.89� 12.27

ΛcNð�ÞD� 2.18� 0.65 6.77� 2.03 3.23� 0.97 3.40� 1.02

ΣcNð�ÞD� 11.71� 3.51 6.11� 1.83 8.90� 2.67 16.51� 4.95
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ΛbN�B�, and the minimum value corresponds to the
coupling g1 related to theΛcND� vertex for all fit functions.
In conclusion, we calculated the values of the strong

coupling constants related to the vertices ΛbNB�, ΛbN�B�,
ΣbNB�, ΣbN�B�, ΛcND�, ΛcN�D�, ΣcND�, and ΣcN�D�
in the framework QCD sum rules. We used different fit
functions to extrapolate the results to the regions of Q2

where the strong coupling constants under consideration
are calculated. It has been found that the results are roughly
independent of the choices of the fit functions for all the
vertices. Our results may be checked via other nonpertur-
bative approaches. The presented results can be helpful in

explaining different exotic events observed via different
experiments. These results may also be useful in the
analysis of the results of heavy ion collision experiments
as well as in exact determinations of the modifications in
the masses, decay constants, and other parameters of the B�
and D� mesons in the nuclear medium.
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