
�Q�Q� coupling constant in light cone QCD sum rules

K. Azizi,* M. Bayar,† and A. Ozpineci‡

Physics Department, Middle East Technical University, 06531, Ankara, Turkey
(Received 7 November 2008; published 5 March 2009)

The strong coupling constants g�Q�Q� (Q ¼ b and c) are studied in the framework of the light cone

QCD sum rules using the most general form of the baryonic currents. The predicted coupling constants are

used to estimate the decay widths for the �Q ! �Q� decays which are compared with the predictions of

the other approaches and existing experimental data.
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I. INTRODUCTION

In recent years, we havewitnessed advances in the heavy
baryon spectroscopy, with the discoveries of the heavy
baryons involving the b and c quarks. Since the spin of
the baryon carries information on the spin of the heavy
quark, the study of the heavy baryons might also lead us to
study the spin effects at the loop level in the standard
model.

To study the meson-baryon couplings, a nonperturbative
method is needed. Among all nonperturbative approaches,
the QCD sum rules approach [1–3] has received special
attention in studying the properties of hadrons. In the case
of the light baryons, this method has been successfully
applied for the calculation of the meson-baryon coupling
constants. The pion-nucleon coupling constant has been
studied in traditional three-point QCD sum rules [4–12].
The kaon-baryon coupling constants have also been calcu-
lated in the same framework in [13–16]. The latter has also
been studied in light cone QCD sum rules (LCQSR) in
[17]. The coupling constants for K meson-octet baryons
and � meson-octet baryons have also been calculated in
[18] in LCQSR.

The QCD sum rules are also applied to the study of the
heavy hadron mass spectrum (see e.g. [19]). The masses
are also studied in the QCD string model [20] and using the
quark model in [21,22]. In [22], sum rules between the
masses of the heavy baryons derived using the quark model
have been analyzed, and experimental tests of sum rules for
heavy baryon masses have been discussed in [23]. In the
present work, using the general form of the current for �Q

and �Q baryons, we calculate the g�Q�Q� (Q ¼ b and c)

coupling constants in the framework of the LCQSR ap-
proach. Having computed the coupling constants, we also
evaluate the total decay widths for strong �Q ! �Q�
decays and compare our results with the predictions of
the relativistic three-quark model (RTQM) [24], the light-
front quark model (LFQM) [25], chiral perturbation theory
(�PT) [26], and existing experimental data. In the next

section, we calculate the LCQSR for the coupling constant
g�Q�Q�. Section III is devoted to the numerical analysis of

the coupling constant g�Q�Q�, our prediction for the total

decay rates, and a discussion.

II. LIGHT CONE QCD SUM RULES FOR THE
COUPLING CONSTANT g�Q�Q�

To calculate the coupling constant g�Q�Q� in LCQSR,

one starts with a suitably chosen correlation function. In
this work, the following correlation function is chosen:

� ¼ i
Z

d4xeipxh�ðqÞ j T f��Q
ðxÞ ���Q

ð0Þg j 0i; (1)

where ��Q
and ��Q

are the interpolating currents of the

heavy baryons �Q and �Q. In this correlator, the hadrons

are represented by their interpolating quark currents. This
correlation function can be calculated in two different
ways: on the one hand, inserting complete sets of hadronic
states into the correlation function, it can be expressed in
terms of hadronic parameters such as the masses, residues,
and the coupling constants. On the other hand, it can be
calculated in terms of quark-gluon parameters in the deep
Euclidean region when p2 ! �1 and ðpþ qÞ2 ! �1.
The coupling constant is determined by matching these
two different representations of the correlation function
and applying double Borel transformation with respect to
the momentum of both hadrons to suppress the contribu-
tions of the higher states and continuum.
The derivation of the physical (or phenomenological)

representation of the correlation function follows along the
same lines as in the case of light hadrons (see e.g. [18]). For
completeness, we repeat the derivation below. First, one
inserts two complete sets of states between the interpolat-
ing currents in (1) with quantum numbers of the �Q and

�Q baryons.

� ¼ h0 j ��Q
j �Qðp2Þi

p2
2 �m2

�Q

h�Qðp2Þ�ðqÞ j �Qðp1Þi

� h�Qðp1Þ j ��Q
j 0i

p2
1 �m2

�Q

þ . . . ; (2)
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where p1 ¼ pþ q, p2 ¼ p, and . . . stands for the contri-
butions of higher states and continuum. The vacuum to
baryon matrix elements of the interpolating currents are
defined as

h0 j �B j Bðp; sÞi ¼ �BuBðp; sÞ; (3)

where B ¼ �Q or �Q, uBðp; sÞ is a spinor describing the

baryon B, and �B is the residue of the B baryon. The last
ingredient is the matrix element h�Qðp2Þ�ðqÞ j �Qðp1Þi
which can be parametrized in terms of the coupling con-
stant g�Q�Q� as

h�Qðp2Þ�ðqÞ j �Qðp1Þi ¼ g�Q�Q�
�u�Q

ðp2Þi�5u�Q
ðp1Þ:

(4)

Using Eqs. (2)–(4) and summing over the spin of the
baryons, the following representation of the correlator for
the phenomenological side is obtained:

� ¼ i
g�Q�Q���Q

��Q

ðp2
1 �m2

�Q
Þðp2

2 �m2
�Q

Þ ½�p6 q6 �5 �m�Q
q6 �5

þ ðm�Q
�m�Q

Þp6 �5 þ ðm�Q
m�Q

� p2Þ�5�: (5)

Note that the structures p6 �5 and �5 have very small
coefficients due to the fact that m�Q

’ m�Q
; hence they

will not yield reliable sum rules.
To calculate the representation of the correlation func-

tion, Eq. (1), from the QCD side, we need the explicit

expressions of the interpolating currents for �Q and �Q

baryons. In principle, any operator having the same quan-
tum numbers as the corresponding baryon can be used. It is
well known that there is a continuum of choices for the
heavy spin- 12 baryon interpolating currents that does not

contain any derivatives. The general form of the �Q and

�Q currents can be written as (see also [27])

��Q
¼ � 1ffiffiffi

2
p �abcfðuaTCQbÞ�5d

c þ �ðuaTC�5Q
bÞdc

� ½ðQaTCdbÞ�5u
c þ �ðQaTC�5d

bÞuc�g;
��Q

¼ 1ffiffiffi
6

p �abcf2½ðuaTCdbÞ�5Q
c þ �0ðuaTC�5d

bÞQc�

þ ðuaTCQbÞ�5d
c þ �0ðuaTC�5Q

bÞdc
þ ðQaTCdbÞ�5u

c þ �0ðQaTC�5d
bÞucg; (6)

where � and �0 are arbitrary parameters. Note that SUð4Þf
symmetry would require that � ¼ �0. Even though this
symmetry is broken, for simplicity we assume they are
equal. � ¼ �1 corresponds to the Ioffe current, and C is
the charge conjugation operator; a, b, and c are color
indices.
After contracting out all quark pairs in Eq. (1), the

following expression for the correlation function in terms
of the quark propagators is obtained:

� ¼ iffiffiffi
3

p �abc�a0b0c0
Z

d4xeipxh�ðqÞ j f�5S
ca0
Q S0ab0u Sbc

0
d �5 � �5S

cb0
Q S0ba0d Sac

0
u �5 � 1=2ð�5S

ca0
d S0bb0Q Sac

0
u �5 � �5S

cb0
u S0aa0Q Sbc

0
d �5

þ Tr½Sba0Q S0ab0u ��5S
cc0
d �5 � Tr½Sba0d S0ab0Q ��5S

cc0
u �5Þ þ �½�5S

ca0
Q �5S

0ab0
u Sbc

0
d � �5S

cb0
Q �5S

0ba0
d Sac

0
u

þ Sca
0

Q S0ab0u �5S
bc0
d �5 � Scb

0
Q S0ba0d �5S

ac0
u �5 þ 1=2ð�5S

cb0
u �5S

0aa0
Q Sbc

0
d � �5S

ca0
d �5S

0bb0
Q Sac

0
u � Sca

0
d S0bb0Q �5S

ac0
u �5

þ Scb
0

u S0aa0Q �5S
bc0
d �5 � Scc

0
d �5 Tr½�5S

ba0
Q S0ab0u � þ Scc

0
u �5 Tr½�5S

ba0
d S0ab0Q � � �5S

cc0
d Tr½Sba0Q �5S

0ab0
u �

þ �5S
cc0
u Tr½Sba0d �5S

0ab0
Q �Þ� þ �2½Sca0Q �5S

0ab0
u �5S

bc0
d þ Scb

0
Q �5S

0ba0
d �5S

ac0
u þ 1=2ðScb0u �5S

0aa0
Q �5S

bc0
d � Sca

0
d �5S

0bb0
Q �5S

ac0
u

� Tr½�5S
ab0
u �5S

0ba0
Q �Scc0d þ Tr½�5S

ab0
Q �5S

0ba0
d �Scc0u Þ�g j 0i; (7)

where S0 ¼ CSTC and SQðqÞ (q ¼ u, d) is the full heavy
(light) quark propagator. Note that, Eq. (7) is a schematical
representation for the full expression. To obtain the full
expression from Eq. (7), one should replace Su by uð0Þ �uðxÞ
to calculate the emission from the u quark, and then add to
this the result obtained by replacing Sd by dð0Þ �dðxÞ. From
Eq. (7), it follows that the expressions of the light and
heavy quark propagators are needed.

The light cone expansion of the quark propagator in the
external field is calculated in [28]. The propagator receives
contributions from higher Fock states proportional to the
condensates of the operators �qGq, �qGGq, and �qq �qq,
where G is the gluon field-strength tensor. In this work,
we neglect contributions with two gluons as well as four-
quark operators due to the fact that their contributions are

small [29]. In this approximation, the heavy and light quark
propagators have the following expressions:

SQðxÞ¼SfreeQ ðxÞ� igs
Z d4k

ð2�Þ4e
�ikx

Z 1

0
dv

�
k6 þmQ

ðm2
Q�k2Þ2

�G�	ðvxÞ
�	þ 1

m2
Q�k2

vx�G
�	�	

�
;

SqðxÞ¼Sfreeq ðxÞ�h �qqi
12

� x2

192
m2

0h �qqi� igs
Z 1

0
du

�
�

x6
16�2x2

G�	ðuxÞ
�	�ux�G�	ðuxÞ�	 i

4�2x2

�
:

(8)
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The expressions of the free light and heavy quark propa-
gators in the x representation are

Sfreeq ¼ ix6
2�2x4

;

SfreeQ ¼ m2
Q

4�2

K1ðmQ

ffiffiffiffiffiffiffiffiffi
�x2

p
Þffiffiffiffiffiffiffiffiffi

�x2
p � i

m2
Qx6

4�2x2
K2ðmQ

ffiffiffiffiffiffiffiffiffi
�x2

p
Þ;

(9)

where Ki are the Bessel functions.

In order to calculate the contributions of the pion emis-
sion, the matrix elements h�ðqÞ j �q�iq j 0i are needed.
Here, �i is any member of the complete set of Dirac

matrices f1; �5; ��; i�5��; 
��=
ffiffiffi
2

p g. These matrix ele-

ments are determined in terms of the pion distribution
amplitudes (DA’s) as follows [30,31].

h�ðpÞj �qðxÞ���5qð0Þj0i ¼ �if�p�

Z 1

0
duei �upx

�
’�ðuÞ þ 1

16
m2

�x
2AðuÞ

�
� i

2
f�m

2
�

x�

px

Z 1

0
duei �upxBðuÞ;

h�ðpÞj �qðxÞi�5qð0Þj0i ¼ ��

Z 1

0
duei �upx’PðuÞ;

h�ðpÞj �qðxÞ
���5qð0Þj0i ¼ i

6
��ð1� ~�2

�Þðp�x� � p�x�Þ
Z 1

0
duei �upx’
ðuÞ;

h�ðpÞj �qðxÞ
�	�5gsG��ðvxÞqð0Þj0i ¼ i��

�
p�p�

�
g	� � 1

px
ðp	x� þ p�x	Þ

�
� p�p	

�
g�� � 1

px
ðp�x� þ p�x�Þ

�

� p�p�

�
g	� � 1

px
ðp	x� þ p�x	Þ

�
þ p�p	

�
g�� � 1

px
ðp�x� þ p�x�Þ

��

�
Z

D�eið� �qþv�gÞpxT ð�iÞ;

h�ðpÞj �qðxÞ���5gsG��ðvxÞqð0Þj0i ¼ p�ðp�x� � p�x�Þ 1

px
f�m

2
�

Z
D�eið� �qþv�gÞpxAkð�iÞ

þ
�
p�

�
g�� � 1

px
ðp�x� þ p�x�Þ

�
� p�

�
g�� � 1

px
ðp�x� þ p�x�Þ

��
f�m

2
�

�
Z

D�eið� �qþv�gÞpxA?ð�iÞ;

h�ðpÞj �qðxÞ��igsG��ðvxÞqð0Þj0i ¼ p�ðp�x� � p�x�Þ 1

px
f�m

2
�

Z
D�eið� �qþv�gÞpxV kð�iÞ

þ
�
p�

�
g�� � 1

px
ðp�x� þ p�x�Þ

�
� p�

�
g�� � 1

px
ðp�x� þ p�x�Þ

��
f�m

2
�

�
Z

D�eið� �qþv�gÞpxV?ð�iÞ; (10)

where �� ¼ f�
m2

�

muþmd
, ~�� ¼ muþmd

m�
; the functions ’�ðuÞ,

AðuÞ, BðuÞ, ’PðuÞ, ’
ðuÞ, T ð�iÞ, A?ð�iÞ, Akð�iÞ,
V?ð�iÞ, and V kð�iÞ are functions of definite twist, and
their expressions will be given in the numerical analysis
section. The measure D� is defined as

Z
D� ¼

Z 1

0
d� �q

Z 1

0
d�q

Z 1

0
d�g�ð1� � �q � �q � �gÞ:

(11)

Note that, in the approximation of this work where we
neglect the light quark masses, m2

� ¼ 0, ~�� ¼ 0, �� ¼
�h �uui=f� ¼ �h �ddi=f�.

Using the expressions of the light and heavy full propa-
gators and the pion DA’s, the correlation function, Eq. (1),
can be calculated in terms of QCD parameters. Separating
the coefficient of the structure p6 q6 �5 in both representa-

tions and equating them, the sum rules for the coupling
constant g�Q�Q� are obtained. The contribution of the

higher states is subtracted using quark hadron duality,
and in order to further suppress their contribution, Borel
transformation with respect to the variables p2

2 ¼ p2 and
p2
1 ¼ ðpþ qÞ2 is applied. Here, we should mention that we

have also studied the other structure in Eq. (5), i.e., q6 �5,
but its result for the coupling constant is not stable and only
the p6 q6 �5 structure leads to a reliable prediction of the
coupling constant g�Q�Q�.

The sum rules for the coupling constant are obtained as

��Q
��Q

e
�ðm2

�Q
þm2

�Q
Þ=2M2

g�Q�Q� ¼ �; (12)

where the function � is
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� ¼
Z s0

m2
Q

e�s=M2
ðsÞdsþ e�m2

Q
=M2

�; (13)

with

ðsÞ ¼ ðh �ddi þ h �uuiÞ 1

12
ffiffiffi
6

p f�ð�� 1Þ�’�ðu0Þc 00 � 1

96
ffiffiffi
6

p
�2

�
mQð�� 1Þ

�
�6

�
�2ðc 20 � c 31ÞmQ��½��5ð1þ 2�Þ

þ �6ð1þ �Þ� � c 10mQ��½3�5ð1þ �Þ � 4�6� �mQ��ð3�5ð1þ �Þ � 4�6Þ ln
�m2

Q

s

��

þ 6f�m
2
Qð1þ �Þ½2c 10 � c 20 þ c 31 þ 2 ln

�m2
Q

s

�
’�ðu0Þ þ 2ðc 20 � c 31ÞmQ��ð1þ 2�Þ’
ðu0Þ

��
(14)

and

� ¼ m2
0

192
ffiffiffi
6

p ðh �ddi þ h �uuiÞ
�
2f�
9

½�11� 17�þ ð7þ �Þ�

� ð�� 1Þ’�ðu0Þ �
8m2

Q

3M2
mQ��ð�2 þ �þ 1Þ’
ðu0Þ

� 4mQ

9M2
f9f�mQð�� 1Þ�’�ðu0Þ

���ð3�2 þ 2�þ 3Þ’
ðu0Þg
�
þ 1

6
ffiffiffi
6

p ðh �ddi

þ h �uuiÞmQ��ð�2 þ �þ 1Þ’
ðu0Þ: (15)

The other functions entering Eqs. (14) and (15) are given as

�j ¼
Z

D�i

Z 1

0
dvfjð�iÞ�ð�q þ v�g � u0Þ;

� 0j ¼
Z

D�i

Z 1

0
dvgjð�iÞ�0ð�q þ v�g � u0Þ;

c nm ¼ ðs�m2
QÞn

smðm2
QÞn�m

; (16)

and f1ð�iÞ ¼ V kð�iÞ, f2ð�iÞ ¼ vV kð�iÞ, f3ð�iÞ ¼
V?ð�iÞ, f4ð�iÞ ¼ vV?ð�iÞ, g1ð�iÞ ¼ T ð�iÞ, and
g2ð�iÞ ¼ vT ð�iÞ are the pion distribution amplitudes.
Note that, in the above equations, the Borel parameter
M2 is defined as M2 ¼ M2

1M
2
2

M2
1
þM2

2

and u0 ¼ M2
1

M2
1
þM2

2

. Since the
masses of the initial and final baryons are close to each
other, we can set M2

1 ¼ M2
2 ¼ 2M2 and u0 ¼ 1

2 . The con-
tributions of the terms �hG2i are also calculated, but their
numerical values are very small. Therefore, as is custom-
ary, these terms are omitted.

For the calculation of the coupling constants of the
considered baryons, their residues, ��Qð�QÞ, are needed.

Their expressions are obtained as

� �2
�Qð�QÞe

�m2
�Qð�QÞ=M

2

¼
Z s0

m2
Q

e�s=M2
1ð2ÞðsÞds

þ e�m2
Q
=M2

�1ð2Þ; (17)

with

1ðsÞ ¼ ðh �ddi þ h �uuiÞ ð�
2 � 1Þ
64�2

�
m2

0

4mQ

ð6c 00 � 13c 02

� 6c 11Þ þ 3mQð2c 10 � c 11 � c 12 þ 2c 21Þ
�

þ m4
Q

2048�4
½5þ �ð2þ 5�Þ�

�
12c 10 � 6c 20

þ 2c 30 � 4c 41 þ c 42 � 12 ln

�
s

m2
Q

��
;

(18)

2ðsÞ ¼ ðh �ddi þ h �uuiÞ ð�� 1Þ
192�2

�
m2

0

4mQ

½6ð1þ �Þc 00

� ð7þ 11�Þc 02 � 6ð1þ �Þc 11� þ ð1þ 5�ÞmQ

� ð2c 10 � c 11 � c 12 þ 2c 21Þ
�
þ m4

Q

2048�4

� ½5þ �ð2þ 5�Þ�
�
12c 10 � 6c 20 þ 2c 30

� 4c 41 þ c 42 � 12 ln

�
s

m2
Q

��
; (19)

�1 ¼ ð�� 1Þ2
24

h �ddih �uui
�m2

Qm
2
0

2M4
þ m2

0

4M2
� 1

�
;

�2 ¼ ð�� 1Þ
72

h �ddih �uui
�m2

Qm
2
0

2M4
ð13þ 11�Þ

þ m2
0

4M2
ð25þ 23�Þ � ð13þ 11�Þ

�
: (20)

III. NUMERICAL ANALYSIS

This section is devoted to the numerical analysis of the
coupling constant g�Q�Q� and the calculation of the total

decay width for �Q ! �Q�. The input parameters used in

the analysis of the sum rules are h �uuið1GeVÞ¼ h �ddi�
ð1GeVÞ¼�ð0:243Þ3 GeV3, h �ssið1 GeVÞ ¼ 0:8h �uui�
ð1 GeVÞ, mb ¼ 4:7 GeV, mc ¼ 1:23 GeV, m�b

¼
5:805 GeV, m�c

¼ 2:439 GeV, m�b
¼ 5:622 GeV,
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m�c
¼ 2:297 GeV, andm2

0ð1 GeVÞ ¼ ð0:8� 0:2Þ GeV2 [32]. From the sum rules for the coupling constant, it is clear that

the �-meson wave functions are needed. These wave functions are given as [30,31]

��ðuÞ ¼ 6u �uð1þ a�1C1ð2u� 1Þ þ a�2C
3=2
2 ð2u� 1ÞÞ; T ð�iÞ ¼ 360�3� �q�q�

2
g

�
1þ w3

1

2
ð7�g � 3Þ

�
;

�PðuÞ ¼ 1þ
�
30�3 � 5

2

1

�2
�

�
C1=2
2 ð2u� 1Þ þ

�
�3�3w3 � 27

20

1

�2
�

� 81

10

1

�2
�

a�2

�
C1=2
4 ð2u� 1Þ;

�
ðuÞ ¼ 6u �u

�
1þ

�
5�3 � 1

2
�3w3 � 7

20
�2

� � 3

5
�2

�a
�
2

�
C3=2
2 ð2u� 1Þ

�
;

V kð�iÞ ¼ 120�q� �q�gðv00 þ v10ð3�g � 1ÞÞ; Akð�iÞ ¼ 120�q� �q�gð0þ a10ð�q � � �qÞÞ;
V?ð�iÞ ¼ �30�2

g

�
h00ð1� �gÞ þ h01ð�gð1� �gÞ � 6�q� �qÞ þ h10ð�gð1� �gÞ � 3

2
ð�2

�q þ �2
qÞÞ

�
;

A?ð�iÞ ¼ 30�2
gð� �q � �qÞ

�
h00 þ h01�g þ 1

2
h10ð5�g � 3Þ

�
; BðuÞ ¼ g�ðuÞ ���ðuÞ;

g�ðuÞ ¼ g0C
1=2
0 ð2u� 1Þ þ g2C

1=2
2 ð2u� 1Þ þ g4C

1=2
4 ð2u� 1Þ;

AðuÞ ¼ 6u �u

�
16

15
þ 24

35
a�2 þ 20�3 þ 20

9
�4 þ

�
� 1

15
þ 1

16
� 7

27
�3w3 � 10

27
�4

�
C3=2
2 ð2u� 1Þ

þ
�
� 11

210
a�2 � 4

135
�3w3

�
C3=2
4 ð2u� 1Þ

�
þ

�
� 18

5
a�2 þ 21�4w4

�
½2u3ð10� 15uþ 6u2Þ lnu

þ 2 �u3ð10� 15 �uþ 6 �u2Þ ln �uþ u �uð2þ 13u �uÞ�; (21)

where Ck
nðxÞ are the Gegenbauer polynomials,

h00 ¼ v00 ¼ � 1

3
�4; a10 ¼ 21

8
�4w4 � 9

20
a�2 ;

v10 ¼ 21

8
�4w4; h01 ¼ 7

4
�4w4 � 3

20
a�2 ;

h10 ¼ 7

4
�4w4 þ 3

20
a�2 ; g0 ¼ 1;

g2 ¼ 1þ 18

7
a�2 þ 60�3 þ 20

3
�4;

g4 ¼ � 9

28
a�2 � 6�3w3:

(22)

The constants appearing in the wave functions are cal-
culated at the renormalization scale� ¼ 1 GeV2, and they
are given as a�1 ¼ 0, a�2 ¼ 0:44, �3 ¼ 0:015, �4 ¼ 10,
w3 ¼ �3, and w4 ¼ 0:2.

The sum rules for the coupling constant also contain
three auxiliary parameters: the Borel mass parameter M2,
the continuum threshold s0, and the general parameter �
which enters the expressions of the interpolating currents.
In principle,M2 and � are completely arbitrary, and hence
the coupling constant, which is a physical observable,
should be independent of their exact values. In practice,
though, due to the approximations made in the calcula-
tions, there is a residual dependence of the predictions on
these unphysical parameters. Hence, a range for these
parameters should be found where the predictions are
practically insensitive to variations of these parameters.
To find the working region for M2, we proceed as follows.

The upper bound is obtained, requiring that the contribu-
tion of the higher states and continuum should be less than
that of the ground state. The lower bound of M2 is deter-
mined from the condition that the highest power of 1=M2

be less than, say, 30% of the highest power of M2. These
two conditions are both satisfied in the region 15 GeV2 �
M2 � 30 GeV2 and 4 GeV2 � M2 � 10 GeV2 for bary-
ons containing b and c quarks, respectively. The third
parameter, s0, has a physical meaning, and it should have
a value near the first excited state. The value of the con-
tinuum threshold is calculated from the two-point sum
rules. We choose the intervals s0 ¼ ð6:02–6:22Þ GeV2

and s0 ¼ ð2:52–2:72Þ GeV2 for baryons containing the b
and c quarks, respectively.
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FIG. 1. The dependence of g�b�b� on the Borel parameter M2

at a fixed value of the continuum threshold s0 ¼ 6:02.
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In Figs. 1 and 2, we present the dependence of the
coupling constants g�b�b� and g�c�c�, at fixed values of

the continuum threshold s0 and the general parameter �.
From these figures, we see a good stability for the coupling
constants g�b�b� and g�c�c� with respect to the Borel mass

square M2 in the working region. The next step is to
determine the working region for the auxiliary parameter
�. For this aim, in Figs. 3 and 4 we depict the dependence
of the coupling constants g�b�b� and g�c�c� on cos�,

where tan� ¼ �, at two fixed values of M2. From these
figures, we see that the best stability for the coupling
constants g�b�b� and g�c�c� is in the region �0:5 �
cos� � 0:2.

Our final results for the coupling constants g�b�b� and

g�c�c� are

g�b�b� ¼ 23:5� 4:9; g�c�c� ¼ 10:8� 2:2: (23)

The quoted errors are due to the uncertainties in the input
parameters as well as the variation of the Borel parameter
M2, the continuum threshold s0, and the general parameter
�.

Having computed the coupling constant g�Q�Q�, the

next step is to calculate the total decay width for �b !
�b� and �c ! �c� decays. From Eq. (4) the transition

amplitude isM ¼ g�Q�Q�
�ui�5u, and the differential decay

width is found in terms of the coupling constant as

� ¼ jg�Q�Q�j2
8�m2

�Q

ðm�Q
�m�Q

Þ2j ~qj; (24)

where j ~qj¼ ðm2
�Q

�m2
�Q

Þ=2m�Q
. The numerical values of

the decay rates are given in Table I. In order to compare
with the predictions of other methods, in the same table we
present the predictions of the RTQM [24], the LFQM [25],
�PT [26], and existing experimental data [33]. This table
depicts a good consistency among the methods and the
experimental data in order of magnitudes for the charm
case. Note that, due to the isospin symmetry, the decays of

different charges, �þþ;þ
c !�þ

c �
þ;0;� (�þ;0;�

b !
�b�

þ;0;�), have the same decay widths. Experimentally,

only the widths for �þþ;0
c ! �þ

c �
þ;� are measured, and

the value in the table is the average of their central value.
Only the upper bound for �þ

c ! �þ
c �

0 is known, and it is
consistent with other decay modes. Our prediction for the
decay rate of the bottom case can be tested in future
experiments.
In summary, we calculated the g�b�b� and g�c�c� cou-

pling constants in the light cone QCD sum rules approach.
Using these coupling constants, we also evaluated the total
decay width for the strong �b ! �b� and �c ! �c�
decays and compared it with the predictions of the other
approaches and existing experimental data.
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FIG. 2. The same as Fig. 1, but for g�c�c� and a fixed value of
the continuum threshold s0 ¼ 2:52.
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FIG. 3. The dependence of jg�b�b�j on cos� at a fixed value of
the continuum threshold s0 ¼ 6:02.
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FIG. 4. The same as Fig. 3, but for jg�c�c�j and a fixed value
of the continuum threshold s0 ¼ 2:52.

TABLE I. Results for the decay rates of �Q ! �Q� in differ-
ent approaches in MeV.

�ð�c ! �c�Þ �ð�b ! �b�Þ
Present work 2:16� 0:85 3:93� 1:5
RTQM [24] 3:63� 0:27 � � �
LFQM [25] 1:555� 0:165 � � �
�PT [26] 2.45 � � �
Experiment [33] 2:21� 0:40 � � �
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