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We calculate the coupling constants between the light vector mesons and heavy mesons within the

framework of the light-cone QCD sum rule in the leading order of heavy quark effective theory. The sum

rules are very stable with the variations of the Borel parameter and the continuum threshold. The extracted

couplings will be useful in the study of the possible heavy meson molecular states. They may also helpful

in the interpretation of the proximity of Xð3872Þ, Yð4260Þ, and Zð4430Þ to the threshold of two charmed

mesons through the couple-channel mechanism.
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I. INTRODUCTION

A number of hadronic states, which can not be easily
accommodated in the conventional quark model, have been
observed experimentally in recent years, such as Xð3872Þ
[1], Yð4260Þ [2], and Zþð4430Þ [3]. Their masses are very
close to the thresholds of D �D�, D� �D�, and D� �D1, respec-
tively. It was speculated that the coupled-channel effect
may play an important role because of the attraction be-
tween theseDmesons. Alternatively, they were considered
to be possible candidates of the heavy molecular states
composed of twoDmesons. These loosely bound states are
formed by exchanging light mesons such as�,�, �, and!,
etc. Up until now, the pion heavy meson strong interaction
is relatively known due to chiral symmetry. However, the
vector meson heavy meson strong interaction has not be
extensively studied yet, which accounts for the relatively
short distance interaction between two heavy mesons.

Heavy quark effective theory (HQET) [4] is a systematic
approach to study the spectra and transition amplitudes of
heavy hadrons. In HQET, the expansion is performed in
terms of 1=mQ, where mQ is the mass of the heavy quark

involved. In the limit mQ ! 1, heavy hadrons form a

series of degenerate doublets due to heavy quark symme-
try. The two states in a doublet share the same quantum
number jl, the angular momentum of the light components.
The BðDÞ meson doublets ð0�; 1�Þ, ð0þ; 1þÞ, and ð1þ; 2þÞ
are conventionally denoted as H, S, and T.

Light-cone QCD sum rules (LCQSR) [5] is a very useful
nonperturbative approach to determine various hadronic
transition form factors. One considers the T product of
the two interpolating currents sandwiched between the
vacuum and an hadronic state in this framework. Now
the operator product expansion is performed near the
light-cone rather than at a small distance as in the conven-
tional QCD sum rules [6]. The double Borel transformation

is always invoked to suppress the excited state and the
continuum contribution.
The � coupling constant between D and D� was calcu-

lated with LCQSR in full QCD in Ref. [7]. The couplings
gH�H��, fH�H��, gHH�, and fH�H� were calculated in full

QCD in Ref. [8]. Their values in the limitmQ ! 1 are also

discussed in this paper. The � coupling between doublets T
andH are studied in the leading order of HQET in Ref. [9].
In this work, we use LCQSR to calculate the � coupling

constants between three doublets H, S, T and within the
two doublets H, S. Because of the covariant derivative in
the interpolating currents of the T doublet, the contribution
from the 3-particle light-cone distribution amplitudes of
the � meson has to be included when dealing with the �
decay between doublets T and HðSÞ. We work in HQET to
differentiate the two states with the same JP value yet quite

different decay widths. The interpolating currents J
�1����j

j;P;jl

adopted in our work have been properly constructed in
Ref. [10]. They satisfy

h0jJ�1����j

j;P;jl
ð0Þjj0; P0; j0li ¼ fPjl�jj0�PP0�jlj

0
l
��1����j ; (1)

ih0jTfJ�1����j

j;P;jl
ðxÞJy�1����j0

j;P;jl
ð0Þgj0i

¼ �jj0�PP0�jlj
0
l
ð�1ÞjSg�1�1

t � � � g�j�j

t

�
Z

dt�ðx� vtÞ�P;jlðxÞ; (2)

in the limit mQ ! 1. Here ��1����j is the polarization

tensor for the spin j state, v is the velocity of the heavy

quark, g��t ¼ g�� � v�v�, S denotes symmetrizing the
indices and subtracting the trace terms separately in the
sets ð�1 � � ��jÞ and ð�1 � � ��jÞ.

II. SUM RULES FOR THE � COUPLING
CONSTANTS

We shall perform the calculation to the leading order of
HQET. According to Ref. [10], the interpolating currents
for doublets H, S, and T read as
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Jy0;�;ð1=2Þ ¼
ffiffi
1
2

q
�hv�5q; (3)

Jy�1;�;ð1=2Þ ¼
ffiffi
1
2

q
�hv�

�
t q; (4)

Jy0;þ;ð1=2Þ ¼
ffiffi
1
2

q
�hvq; (5)

Jy�1;þ;ð1=2Þ ¼
ffiffi
1
2

q
�hv�5�

�
t q; (6)

Jy�1;þ;ð3=2Þ ¼
ffiffi
3
4

q
�hv�5ð�iÞfD�

t � 1
3�

�
t D̂tgq; (7)

Jy�1�2

2;þ;ð3=2Þ ¼
ffiffi
1
8

q
�hvð�iÞf��1

t D�2
t þ ��2

t D�1
t � 2

3g
�1�2
t D̂tgq;

(8)

where hv is the heavy quark field in HQET, �
	
t � �	 �

v̂v	, D	
t � D	 � ðD � vÞv	, g

	

t � g	
 � v	v
, and

v	 is the velocity of the heavy quark.
We consider the � decay of T1 to H1 to illustrate our

calculation. Here the subscript of TðHÞ indicates the spin of
the meson involved. Owing to the conservation of the
angular momentum of light components in the limitmQ !
1, there are three independent � coupling constants be-
tween doublets T and H. We denote them as gs1TH�, g

d1
TH�,

and gd2TH�, where s; d; and the number following them

indicates the orbital and total angular momentum ðl; jhÞ
of the final � meson, respectively. All of these three
coupling constants appear in the decay process under
consideration. The decay amplitude can now be written as

MðT1 ! H1 þ �Þ
¼ Iif����e�vgs1T1H1�

þ ½����qvðe� � qtÞ � 1
3�

���e�vq2t �gd1T1H1�

þ ½��e�qvð�� � qtÞ þ ��
�e�qvð� � qtÞ�gd2T1H1�

g; (9)

where �, ��, and e� denote the polarization vector of T1,
H1, and �, respectively, q is the momentum of the �

meson, q2 ¼ m2
�, and q	t � q	 � ðq � vÞv	. I ¼ 1, 1=

ffiffiffi
2

p
for the charged and neutral � meson, respectively. The
vector notations in the Levi-Civita tensor come from an
index contraction between the Levi-Civita tensor and the

vectors, for example, ���
�e�v � �	
���	�

�

e

�
�v�.

To obtain the sum rules for the coupling constants
gs1T1H1�

, gd1T1H1�
, and gd2T1H1�

, we consider the correlation

functions

Z
d4xe�ik�xh�ðqÞjTfJ�1;�;ð1=2Þð0ÞJy�1;þ;ð3=2ÞðxÞgj0i

¼ Ii

�
���e

�vGs1
T1H1�

ð!;!0Þ

þ
�
���qvðe� � qtÞ � 1

3
���e

�vq2t

�
Gd1

T1H1�
ð!;!0Þ

þ ½��e�qvq�t þ ��e
�qvq�t �Gd2

T1H1�
ð!;!0Þ

�
; (10)

where ! � 2v � k, !0 � 2v � ðk� qÞ. In the leading order
of HQET, the heavy quark propagator reads as

h0jTfhvð0Þ �hvðxÞgj0i ¼ 1þ v̂

2

Z
dt�4ð�x� vtÞ: (11)

The correlation function can now be expressed as

�
ffiffiffi
3

8

s Z
dxe�ik�x Z 1

0
dt�ð�x� vtÞ

� Tr

�
��
t

1þ v̂

2
ð�i�5Þ

�
D�

t � 1

3
��
t D̂t

�

� h�ðqÞjqðxÞ �qð0Þj0i
�
: (12)

It can be further calculated using the light-cone wave
functions of the � meson. To our approximation, we need
the 2- and 3-particle light-cone wave functions. Their
definitions are collected in Appendix B.
At the hadron level, the G’s in (10) has the following

pole terms:

GT1H1�ð!;!0Þ ¼ f�;1=2fþ;3=2gT1H1�

ð2 ���;1=2 �!0Þð2 ��þ;3=2 �!Þ

þ c

2 ���;1=2 �!0 þ
c0

2 ��þ;3=2 �!
; (13)

where ���;1=2 � mH �mQ,
��þ;3=2 � mT �mQ, f�;1=2,

etc. are the overlap amplitudes of their interpolating cur-
rents with the heavy mesons.
GT1H1�ð!;!0Þ can now be expressed by the � meson

light-cone wave functions. After the Wick rotation and the
double Borel transformation with! and!0, the single-pole
terms in (13) are eliminated. We arrive at
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ffiffiffi
6

p
gs1T1H1�

f�;ð1=2Þfþ;ð3=2Þe�ðð ��þ;3=2þ ���;1=2Þ=TÞ

¼ 1

3
fT�m

4
�h

s½1�
k ð �u0Þ 1T � 1

3
fT�m

4
�ðuhskÞ½1�ð �u0Þ

1

T
� 2

3
fT�m

4
�S½�1;0�ðu0Þ 1T þ 1

24
fT�m

4
�ATð �u0Þ 1T � 1

24
fT�m

4
�ATð �u0Þ �u0 1T

þ 2

3
fT�m

4
�B

½3�
T ð �u0Þ 1T � 1

4
fT�m

2
�C

½1�
T ð �u0ÞTf0

�
!c

T

�
� 1

4
fT�m

2
�h

s
kð �u0ÞTf0

�
!c

T

�
� 1

12
fT�m

2
�h

sð1Þ
k ð �u0ÞTf0

�
!c

T

�

þ 1

12
fT�m

2
�ðuhskÞ0ð �u0ÞTf0

�
!c

T

�
þ 1

3
fT�m

2
�S½1;0�ðu0ÞTf0

�
!c

T

�
� 1

6
fT�m

2
�’?ð �u0ÞTf0

�
!c

T

�
þ 1

6
fT�m

2
�’?ð �u0Þ �u0Tf0

�
!c

T

�

� 1

96
fT�m

2
�A

ð2Þ
T ð �u0ÞTf0

�
!c

T

�
þ 1

96
fT�m

2
�ðuATÞð2Þð �u0ÞTf0

�
!c

T

�
� 1

6
fT�m

2
�B

½1�
T ð �u0ÞTf0

�
!c

T

�
þ 1

24
fT�’

ð2Þ
? ð �u0ÞT3f2

�
!c

T

�

� 1

24
fT�ð’?uÞð2Þð �u0ÞT3f2

�
!c

T

�
þ 1

3
fT�m

4
�T ½�1;0�ðu0Þ 1T � 4

3
fT�m

4
�T

½�1;0�
2 ðu0Þ 1T þ 1

12
fT�m

2
�T ½1;0�ðu0ÞTf0

�
!c

T

�

þ 1

6
fT�m

2
�T

½1;0�
2 ðu0ÞTf0

�
!c

T

�
� 2

3
fT�m

4
�T

½�1;0�
3 ðu0Þ 1T � 1

6
fT�m

2
�T

½1;0�
3 ðu0ÞTf0

�
!c

T

�
þ 1

12
f�m

5
�A

½2�ð �u0Þ 1

T2

� 1

12
f�m

5
�A

½1�ð �u0Þ 1

T2
þ 1

12
f�m

5
�ðuAÞ½1�ð �u0Þ 1

T2
þ 4

3
f�m

5
�C

½4�ð �u0Þ 1

T2
� 2

3
f�m

5
�C

½3�ð �u0Þ 1

T2
þ 2

3
f�m

5
�ðuCÞ½3�ð �u0Þ 1

T2

þ 1

24
f�m

3
�Að �u0Þ þ 1

48
f�m

3
�A

0ð �u0Þ � 1

48
f�m

3
�ðuAÞ0ð �u0Þ � 1

3
f�m

3
�A½0;0�ðu0Þ þ 1

6
f�m

3
�C

½2�ð �u0Þ þ 1

6
f�m

3
�C

½1�ð �u0Þ

� 1

6
f�m

3
�ðuCÞ½1�ð �u0Þ þ 1

12
f�m

3
�g

ðaÞ½1�
? ð �u0Þ � 1

12
f�m

3
�g

ðaÞ
? ð �u0Þ þ 1

12
f�m

3
�g

ðaÞ
? ð �u0Þ �u0 þ 1

3
f�m

3
�g

ðvÞ½2�
? ð �u0Þ

� 1

12
f�m�A½2;0�ðu0ÞT2f1

�
!c

T

�
þ 1

2
f�m

3
�V ½0;0�ðu0Þ þ 1

6
f�m�V ½2;0�ðu0ÞT2f1

�
!c

T

�
� 1

3
f�m

3
�’

½2�
k ð �u0Þ

þ 1

3
f�m

3
�’

½1�
k ð �u0Þ � 1

3
f�m

3
�ðu’kÞ½1�ð �u0Þ þ 4

3
f�m

5
��

½�2;0�ðu0Þ 1

T2
þ 1

6
f�m

3
�V ½0;0�ðu0Þ � 1

3
f�m

3
��

½0;0�ðu0Þ

þ 4

3
f�m

5
�
~�½�2;0�ðu0Þ 1

T2
� 1

3
f�m

3
�
~�½0;0�ðu0Þ þ 1

24
f�m�g

ðaÞð1Þ
? ð �u0ÞT2f1

�
!c

T

�
þ 1

48
f�m�g

ðaÞð2Þ
? ð �u0ÞT2f1

�
!c

T

�

� 1

48
f�m�ðgðaÞ? uÞð2Þð �u0ÞT2f1

�
!c

T

�
þ 1

6
f�m�g

ðvÞ
? ð �u0ÞT2f1

�
!c

T

�
� 1

6
f�m�’kð �u0ÞT2f1

�
!c

T

�

� 1

12
f�m�’

0
kð �u0ÞT2f1

�
!c

T

�
þ 1

12
f�m�ðu’kÞ0ð �u0ÞT2f1

�
!c

T

�
; (14)

ffiffiffi
6

p
gd1T1H1�

f�;ð1=2Þfþ;ð3=2Þe�ðð ��þ;3=2þ ���;1=2Þ=TÞ

¼ �fT�m
2
�h

s½1�
k ð �u0Þ 1T þ fT�m

2
�ðuhskÞ½1�ð �u0Þ

1

T
þ 2fT�m

2
�S½�1;0�ðu0Þ 1T þ 1

16
fT�m

2
�ATð �u0Þ 1T � 1

16
fT�m

2
�ATð �u0Þ �u0 1T

� 2fT�m
2
�B

½3�
T ð �u0Þ 1T � 1

4
fT�’?ð �u0ÞTf0

�
!c

T

�
þ 1

4
fT�’?ð �u0Þ �u0Tf0

�
!c

T

�
� fT�m

2
�T ½�1;0�ðu0Þ 1T þ fT�m

2
�T

½�1;0�
2 ðu0Þ 1T

� fT�m
2
�T

½�1;0�
3 ðu0Þ 1T � 1

4
f�m

3
�A

½2�ð �u0Þ 1

T2
þ 1

4
f�m

3
�A

½1�ð �u0Þ 1

T2
� 1

4
f�m

3
�ðuAÞ½1�ð �u0Þ 1

T2
� 4f�m

3
�C

½4�ð �u0Þ 1

T2

þ 2f�m
3
�C

½3�ð �u0Þ 1

T2
� 2f�m

3
�ðuCÞ½3�ð �u0Þ 1

T2
� 1

2
f�m�A½0;0�ðu0Þ � 1

4
f�m�g

ðaÞ½1�
? ð �u0Þ � 1

8
f�m�g

ðaÞ
? ð �u0Þ

þ 1

8
f�m�g

ðaÞ
? ð �u0Þ �u0 � f�m�g

ðvÞ½2�
? ð �u0Þ þ f�m�V ½0;0�ðu0Þ þ f�m�’

½2�
k ð �u0Þ � f�m�’

½1�
k ð �u0Þ þ f�m�ðu’kÞ½1�ð �u0Þ

� 4f�m
3
��

½�2;0�ðu0Þ 1

T2
� 4f�m

3
�
~�½�2;0�ðu0Þ 1

T2
; (15)
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ffiffiffi
6

p
gd2
T 1H1�

f�;ð1=2Þfþ;ð3=2Þe�ðð ��þ;3=2þ ���;1=2Þ=TÞ

¼ 3

16
fT�m

2
�ATð �u0Þ 1T � 3

16
fT�m

2
�ATð �u0Þ �u0 1T � 3

4
fT�’?ð �u0ÞTf0

�
!c

T

�
þ 3

4
fT�’?ð �u0Þ �u0Tf0

�
!c

T

�

� 3fT�m
2
�T

½�1;0�
2 ðu0Þ 1T � 3fT�m

2
�T

½�1;0�
3 ðu0Þ 1T þ 3

2
f�m�A½0;0�ðu0Þ � 3

8
f�m�g

ðaÞ
? ð �u0Þ þ 3

8
f�m�g

ðaÞ
? ð �u0Þ �u0; (16)

where fnðxÞ ¼ 1� e�x
P

n
k¼0

xk

k! is the continuum subtraction factor, and !c is the continuum threshold, u0 ¼ T1

T1þT2
,

T ¼ T1T2

T1þT2
, and �u0 ¼ 1� u0. T1 and T2 are the two Borel parameters. We have used the Borel transformation

~BT
!e

�! ¼ �ð�� 1
TÞ to obtain (14)–(16). In the above expressions, we have used the following functions: F ½a�ð �u0Þ and

F ½a;b�ðu0Þ. They are defined as

F ½n�ð �u0Þ �
Z �u0

0
� � �

Z x3

0

Z x2

0
F ðx1Þdx1dx2 � � � dxn; (17)

F ½0;0�ðu0Þ �
Z u0

0

Z 1��2

u0��2

F ð1��2 ��3;�2;�3Þ
�3

d�3d�2; (18)

F ½1;0�ðu0Þ �
Z u0

0

F ð1� u0; �2; u0 � �2Þ
u0 � �2

d�2 �
Z 1�u0

0

F ðu0; 1� u0 � �3; �3Þ
�3

d�3; (19)

F ½2;0�ðu0Þ �
Z u0

0
d�2

@½F ð1� �2 � �3; �2; �3Þ�=@�2

�3

���������3¼u0��2

�
Z 1�u0

0
d�3

@½F ð1� �2 � �3; �2; �3Þ�=@�2

�3

���������2¼u0

;

(20)

F ½�1;0�ðu0Þ �
Z u0

0

Z u0��2

0
F ð1� �2 � �3; �2; �3Þd�3d�2 þ

Z u0

0

Z 1��2

u0��2

ðu0 � �2ÞF ð1� �2 � �3; �2; �3Þ
�3

d�3d�2;

(21)

F ½�2;0�ðu0Þ �
Z u0

0

Z u0��2

0

Z �3

0
F ð1� �2 � x; �2; xÞdxd�3d�2 þ 1

2

Z u0

0

Z u0��2

0
�3F ð1� �2 � �3; �2; �3Þd�3d�2

þ 1

2

Z u0

0

Z 1��2

u0��2

ðu0 � �2Þ2
�3

F ð1� �2 � �3; �2; �3Þd�3d�2; (22)

F ½�3;0�ðu0Þ �
Z u0

0

Z u0��2

0

Z �3

0

Z x2

0
F ð1��2 � x1;�2; x1Þdx1dx2d�3d�2

þ 1

2

Z u0

0

Z u0��2

0

Z �3

0
xF ð1��2 � x;�2; xÞdxd�3d�2 þ 1

6

Z u0

0

Z u0��2

0
�2
3F ð1��2 ��3;�2;�3Þd�3d�2

þ 1

6

Z u0

0

Z 1��2

u0��2

ðu0 ��2Þ3
�3

F ð1��2 ��3;�2;�3Þd�3d�2: (23)

III. NUMERICAL ANALYSIS

In our numerical analysis, we need the mass parameters
��’s and f’s, the overlapping amplitudes of these interpo-

lating currents. We adopt ���;1=2 from Ref. [11]: ���;1=2 ¼
0:5 GeV, f�;1=2 ¼ 0:25� 0:04 GeV3=2. ��þ;1=2, fþ;1=2,
��þ;3=2, and fþ;3=2 are given in Ref. [12]:

��þ;1=2 ¼ 1:15 GeV;

fþ;1=2 ¼ �0:40� 0:06 GeV3=2;

��þ;3=2 ¼ 0:82 GeV;

fþ;3=2 ¼ 0:19� 0:03 GeV5=2:
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The parameters that appear in the distribution amplitudes of the �meson take the values from Ref. [13]. We use the values
at the scale	 ¼ 1 GeV in our calculation under the consideration that the heavy quark behaves almost as a spectator of the
decay processes in our discussion in the leading order of HQET:

fk� [MeV] f?� [MeV] ak2 a?2 �k3� ~!k
3� !k

3� !?
3� �k4 ~!k

4 �?4 ~�?4
216(3) 165(9) 0.15(7) 0.14(6) 0.030(10) �0:09ð3Þ 0.15(5) 0.55(25) 0.07(3) �0:03ð1Þ �0:03ð5Þ �0:08ð5Þ

Wewill work at the symmetry point, i.e., T1 ¼ T2 ¼ 2T,
u0 ¼ 1=2. This comes from the observation that the mass
differences between H, S, and T are less than 0.4 GeV in
the leading order of HQET. They are much smaller than the
Borel parameter T1, T2 � 3 GeV used below. On the other
hand, every reliable sum rule has a working window of the
Borel parameter T within which the sum rule is insensitive
to the variation of T. So it is reasonable to choose a
common point T1 ¼ T2 at the overlapping region of T1

and T2. Furthermore, choosing T1 ¼ T2 will enable us to
subtract the continuum contribution cleanly, while the
asymmetric choice will lead to the very difficult continuum
substraction [14].

From the requirement that the pole contribution is larger
than 60%, we get the upper bound of the Borel parameter.
This leads to T < 1:7 GeV. The convergence requirement
of the operator product expansion leads to the lower bound
of the Borel parameter T ¼ 1:3 GeV, starting from which
the stability of the sum rule develops. The resulting sum
rules are plotted in Figs. 1–3 in the working interval
1:3 GeV< T < 1:7 GeV and !c ¼ 2:8, 3.0, 3.2 GeV.
Other � coupling constants between H, S, and T dou-

blets can be calculated in the same way as gT1H1�. Their

definitions and the relevant correlators are given in
Appendix A. Here we simply present the sum rules for
these coupling constants:
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f2�;ð1=2Þ ¼

1

4
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�
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3
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T2
þ 4fT�m

2
�h

s½1�
k ð �u0Þ 1T

þ 4f�m�’
½1�
k ð �u0Þ

�
; (24)

gp1H1H1�
f2�;ð1=2Þ ¼

1

8
eðð2 ���;1=2Þ=TÞ

�
fT�m

2
�ATð �u0Þ 1T

� 2f�m�g
ðaÞ
? ð �u0Þ

� 4fT�’?ð �u0ÞTf0
�
!c

T

��
; (25)
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FIG. 3. The sum rule for gd2T1H1�
f�;1=2fþ;3=2 with !c ¼ 2:8,

3.0, 3.2 GeV.
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FIG. 1. The sum rule for gs1T1H1�
f�;1=2fþ;3=2 with !c ¼ 2:8,

3.0, 3.2 GeV.
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f�;1=2fþ;3=2 with !c ¼ 2:8,

3.0, 3.2 GeV.
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gp0S1S1�f
2
þ;ð1=2Þ ¼

1
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2
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Because of heavy quark symmetry, the � coupling con-
stants with the same ðl; jhÞ between two doublets are not
independent in the leading order of HQET. The values of
these coupling constants multiplied by the decay constants
of the initial and the final heavy mesons are
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(33)

where ~g
p0

H0H0
� g

p0

H0H0
f2�;1=2, etc. The errors come from the

variations of T and !c in the working region and the
central value corresponds to T ¼ 1:5 GeV and !c ¼
3:0 GeV. The g’s with their errors are
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The second error comes from the uncertainty of f’s. The
above relations between coupling constants are consistent
with the HQET leading order expectation.
Replacing the � meson parameters by those for the !

meson, one obtains the ! meson couplings with the heavy
mesons:
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H0H0!
¼�gp0

H1H1!
¼�3:3�0:4�0:9GeV�1;

gp1

H1H0!
¼gp1

H1H1!
¼�4:7�0:2�1:1GeV�1;

gs1S0H1!
¼�gs1S1H0!

¼�gs1S1H1!
¼2:5�0:2�0:6;

gd1S0H1!
¼�gd1S1H0!

¼�gd1S1H1!
¼2:3�0:4�0:6GeV�2;

g
p0

S0S0!
¼�g

p0

S1S1!
¼�1:3�0:2�0:4GeV�1;

gp1

S1S0!
¼�gp1

S1S1!
¼�1:7�0:1�0:4GeV�1;

gs1T1H0!
¼�2gs1T1H1!

¼�2

ffiffiffi
2

3

s
gs1T2H1!

¼�0:6�0:03�0:2;

gd1T1H0!
¼2gd1T1H1!

¼�2

ffiffiffi
2

3

s
gd1T2H1!

¼�6:4�0:9�1:6GeV�2;

gd2T1H1!
¼

ffiffiffi
3

2

s
gd2T2H0!

¼ ffiffiffi
6

p
gd2T2H1!

¼�2:0�0:1�0:5GeV�2;

gp1

T1S0!
¼2gp1

T1S1!
¼2

ffiffiffi
2

3

s
gp1

T2S1!
¼2:3�0:2�0:6GeV�1;

gp2

T1S1!
¼�

ffiffiffi
3

2

s
gp2

T2S0!
¼� ffiffiffi

6
p

gp2

T2S1!
¼�2:3�0:2�0:6GeV�1;

gf2T1S1!
¼�

ffiffiffi
3

2

s
gf2T2S0!

¼� ffiffiffi
6

p
gf2T2S1!

¼2:5�0:3�0:6GeV�3:

(36)
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Here we take the following values for the parameters f!,
fT! [15], and m!: f! ¼ 0:195 GeV, fT! ¼ 0:145 GeV, and
m! ¼ 0:78 GeV.

IV. CONCLUSION

We have calculated the light vector meson couplings
with heavy mesons in the leading order of HQETwithin the
framework of LCQSR. The sum rules are stable with the
variations of the Borel parameter and the continuum
threshold. Some possible sources of the errors in our
calculation include the inherent inaccuracy of LCQSR:
the omission of the higher order terms in operator product
expansion, the choice of !c, the variation of the coupling
constant with the Borel parameter T in the working inter-
val, and the approximation in the light-cone distribution

amplitudes of the � meson. The uncertainty in f’s and ��’s
also leads to errors.

The 3-particle light-cone distribution amplitudes of the
� meson are not as well known as the 2-particle ones. This
may lead to additional systematical errors in our calcula-
tion of the � couplings involving the T doublet. However,
the covariant derivative D	 has to be introduced to con-

struct the appropriate interpolating currents for the T dou-
blet. This demands the inclusion of these 3-particle light-
cone distribution amplitudes for the completeness of our
calculation, which is another error source.

The � coupling constants between H1 and H0 have been
calculated with the LCQSR approach in full QCD in
Ref. [8]. We quote the numerical results below [8]:

fB�B�� ¼ 0:82 GeV�1; fB�B� ¼ 0:85 GeV�1;

fD�D�� ¼ 0:78 GeV�1; fD�D� ¼ 0:81 GeV�1:
(37)

To the leading order of HQET, these four coupling
constants share one common asymptotic value

�gp1H1H0�
=4

ffiffiffi
2

p ¼ 0:93 GeV�1 in Eq. (34), where the factor

4
ffiffiffi
2

p
arises from different definitions of the coupling con-

stants in the present work and Ref. [8]. In other words, the
1=mQ correction to our calculation is expected to be within

20% as far as the final numerical results are concerned.
The extracted vector meson heavy meson coupling con-

stants may be helpful in the study of the interaction be-
tween two BðDÞ mesons. They may play an important role
in the formation of these possible molecular candidates
composed of two BðDÞ mesons. They may also play a role
in the interpretation of the proximity of Xð3872Þ, Yð4260Þ,
and Zð4430Þ to the threshold of two charmed mesons
through the couple-channel mechanism.
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APPENDIX A: THE � DECAYAMPLITUDES OF
HEAVY MESONS

The definitions of the � coupling constants not presented
in the text are

M ðH0 ! H0 þ �Þ ¼ Iðe� � qtÞgp0H0H0�
; (A1)

M ðH1 ! H0 þ �Þ ¼ I��e
�qvgp1H1H0�

; (A2)

MðH1 ! H1 þ �Þ ¼ Iðe� � qtÞð�� � �tÞgp0H1H1�

þ I½ðe� � �tÞð�� � qtÞ
� ðe� � ��t Þð� � qtÞ�gp1H1H1�

; (A3)

M ðS0 ! S0 þ �Þ ¼ Iðe� � qtÞgp0S0S0�; (A4)

M ðS1 ! S0 þ �Þ ¼ I��e
�qvgp1S1S0�; (A5)

MðS1 ! S1 þ �Þ ¼ Iðe� � qtÞð�� � �tÞgp0S1S1�
þ I½ðe� � �tÞð�� � qtÞ
� ðe� � ��t Þð� � qtÞ�gp1S1S1�; (A6)

MðS0 ! H1 þ �Þ ¼ Iðe� � ��t Þgs1S0H1�

þ I½ð�� � qtÞðe� � qtÞ
� 1

3ðe� � ��t Þq2t �gd1S0H1�
; (A7)

MðS1 ! H0 þ �Þ ¼ Iðe� � �tÞgs1S1H0�

þ I½ð� � qtÞðe� � qtÞ
� 1

3ðe� � �tÞq2t �gd1S1H0�
; (A8)

MðS1 ! H1 þ �Þ ¼ I���
�e�vgs1S1H1�

þ I½����qvðe� � qtÞ
� 1

3�
���e�vq2t �gd1S1H1�

; (A9)

MðT1 ! H0 þ �Þ ¼ Iðe� � �tÞgs1T1H0�

þ I½ð� � qtÞðe� � qtÞ
� 1

3ðe� � �tÞq2t �gd1T1H0�
; (A10)

MðT1 ! H1 þ �Þ ¼ I���
�e�vgs1T1H1�

þ I½����qvðe� � qtÞ
� 1

3�
���e�vq2t �gd1T1H1�

þ I½��eqvðqt � ��Þ
þ ��

�eqvðqt � �Þ�gd2T1H1�
; (A11)
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M ðT1 ! S0 þ �Þ ¼ I��e
�qvgp1T1S0�

; (A12)

MðT1 ! S1 þ �Þ ¼ I½ðe� � �tÞð�� � qtÞ � ðe� � ��t Þð� � qtÞ�gp1T1S1�

þ I

�
ðe�t � �Þðqt � ��Þ þ ðqt � �Þðe�t � ��Þ � 2

3
ðe�t � �Þðe� � qtÞ

�
gp2T1S1�

þ I

�
ðqt � �Þðqt � ��Þðe� � qtÞ � q2t

5
½ð�t � ��Þðe� � qtÞ þ ðe�t � �Þðqt � ��Þ þ ðqt � �Þðe�t � ��Þ�

�
gf2T1S1�

;

(A13)

M ðT2 ! H0 þ �Þ ¼ I��1�2
ð��1e

�qvq�2
t þ ��2e

�qvq�1
t Þgd2T2H0�

; (A14)

MðT2 !H1 þ�Þ ¼ I��1�2
½���1e��2

t þ ���2e��1
t � 2

3g
�1�2
t ðe�t � ��Þ�gs1T2H1�

þ I��1�2
f½���1q�2

t þ ���2q�1
t � 2

3g
�1�2
t ðqt � ��Þ�ðe� �qtÞ

� 1
3½���1e��2

t þ ���2e��1
t � 2

3g
�1�2
t ðe�t � ��Þ�q2t ggd1T2H1�

þ I��1�2
f2½e��1

t q�2
t ðqt � ��Þþ q�1

t e��2
t ðqt � ��Þ� 2q�1

t q�2
t ðe�t � ��Þ�

þ ½���1
t q�2

t þ ���2
t q�1

t � 2g�1�2
t ðqt � ��Þ�ðe� �qtÞ� ½���1

t e��2
t þ ���2

t e��1
t � 2g�1�2

t ðe�t � ��Þ�q2t ggd2T2H1�
;

(A15)

MðT2 ! S0 þ �Þ ¼ I��1�2

�
e��1
t q�2

t þ q�1
t e��2

t � 2

3
g�1�2
t ðe� � qtÞ

�
gp2T2S0�

þ I��1�2

�
q�1
t q�2

t ðe� � qtÞ � q2t
5
½g�1�2

t ðe� � qtÞ þ e��1
t q�2

t þ q�1
t e��2

t �
�
gf2T2S0�

; (A16)

MðT2 ! S1 þ �Þ ¼ I��1�2

�
���1e

�qv���2
t � ��2e

�qv���1
t þ 2

3
g�1�2
t ��

�e�qv
�
gp1T2S1�

þ I��1�2
½��1�

�e�vq�2
t þ ��2�

�e�vq�1
t þ ��1�

�qve�2
t þ ��2�

�qve��1
t �gp2T2S1�

þ I��1�2

�
��1�

�qvq�2
t ðe� � qtÞ þ ��2�

�qvq�1
t ðe� � qtÞ

� q2t
5
½��1�

�qve��2
t þ ��2�

�qve��1
t þ ��1�

�e�vq�2
t þ ��2�

�e�vq�1
t �

�
gf2T2S1�

: (A17)

Note that these decay amplitudes may be organized in
another way. For example, the tensor structure correspond-
ing to gp0H1H1�

was defined as ðe� � vÞð�� � �tÞ in Eq. (28) of
Ref. [8] rather than ðe� � qtÞð�� � �tÞ in Eq. (A3). Since we
have ðe� � qtÞ ¼ �ðq � vÞðe� � vÞ, the essentially same sum
rule as Eq. (24) of Ref. [8] can be obtained if we isolate the
tensor structure ðe� � vÞð�� � �tÞ.

To derive sum rules for these coupling constants, we
consider the following correlators:

Z
d4xe�ik�xh�ðqÞjTfJ0;�;ð1=2Þð0ÞJy0;�;ð1=2ÞðxÞgj0i

¼ ðe� � qtÞGp0
H0H0�

ð!;!0Þ; (A18)

Z
d4xe�ik�xh�ðqÞjTfJ0;�;ð1=2Þð0ÞJy�1;�;ð1=2ÞðxÞgj0i

¼ ��e
�qvGp1

H1H0�
ð!;!0Þ; (A19)

Z
d4xe�ik�xh�ðqÞjTfJ�1;�;ð1=2Þð0ÞJy�1;�;ð1=2ÞðxÞgj0i
¼ g��t ðe� � qtÞGp0

H1H1�
ð!;!0Þ

þ ðe��t q�t � q�t e
��
t ÞGp1

H1H1�
ð!;!0Þ; (A20)

Z
d4xe�ik�xh�ðqÞjTfJ0;þ;ð1=2Þð0ÞJy0;þ;ð1=2ÞðxÞgj0i

¼ ðe� � qtÞGp0
S0S0�

ð!;!0Þ; (A21)
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Z
d4xe�ik�xh�ðqÞjTfJ0;þ;ð1=2Þð0ÞJy�1;þ;ð1=2ÞðxÞgj0i

¼ ��e
�qvGp1

S1S0�
ð!;!0Þ; (A22)

Z
d4xe�ik�xh�ðqÞjTfJ�1;þ;ð1=2Þð0ÞJy�1;þ;ð1=2ÞðxÞgj0i
¼ g��t ðe� � qtÞGp0

S1S1�
ð!;!0Þ

þ ðe��t q�t � q�t e
��
t ÞGp1

S1S1�
ð!;!0Þ; (A23)

Z
d4xe�ik�xh�ðqÞjTfJ�1;�;ð1=2Þð0ÞJy0;þ;ð1=2ÞðxÞgj0i
¼ e��t Gs1

S0H1�
ð!;!0Þ

þ
�
q�t ðe� � qtÞ � 1

3
e��t q2t

�
Gd1

S0H1�
ð!;!0Þ; (A24)

Z
d4xe�ik�xh�ðqÞjTfJ0;�;ð1=2Þð0ÞJy�1;þ;ð1=2ÞðxÞgj0i
¼ e��t Gs1

S1H0�
ð!;!0Þ

þ
�
q�t ðe� � qtÞ � 1

3
e��t q2t

�
Gd1

S1H0�
ð!;!0Þ; (A25)

Z
d4xe�ik�xh�ðqÞjTfJ�1;�;ð1=2Þð0ÞJy�1;þ;ð1=2ÞðxÞgj0i
¼ ���e

�vGs1
S1H1�

ð!;!0Þ

þ
�
���qvðe� � qtÞ � 1

3
���e

�vq2t

�
Gd1

S1H1�
ð!;!0Þ;

(A26)

Z
d4xe�ik�xh�ðqÞjTfJ0;�;ð1=2Þð0ÞJy�1;þ;ð3=2ÞðxÞgj0i
¼ e��t Gs1

T1H0�
ð!;!0Þ

þ
�
q�t ðe� � qtÞ � 1

3
e��t q2t

�
Gd1

T1H0�
ð!;!0Þ; (A27)

Z
d4xe�ik�xh�ðqÞjTfJ0;þ;ð1=2Þð0ÞJy�1;þ;ð3=2ÞðxÞgj0i

¼ ��e
�qvGp1

T1S0�
ð!;!0Þ; (A28)

Z
d4xe�ik�xh�ðqÞjTfJ�1;þ;ð1=2Þð0ÞJy�1;þ;ð3=2ÞðxÞgj0i
¼ g��t ðe� � qtÞGp0

T1S1�
ð!;!0Þ

þ ðe��t q�t � q�t e
��
t ÞGp1

T1S1�
ð!;!0Þ; (A29)

Z
d4xe�ik�xh�ðqÞjTfJ0;�;ð1=2Þð0ÞJy�1�2

2;þ;ð3=2ÞðxÞgj0i
¼ ð��1e

�qvq�2
t þ ��2e

�qvq�1
t ÞGd2

T2H0�
ð!;!0Þ; (A30)

Z
d4xe�ik�xh�ðqÞjTfJ�1;�;ð1=2Þð0ÞJy�1�2

2;þ;ð3=2ÞðxÞgj0i

¼
�
g�1�
t e��2

t þ g�2�
t e��1

t � 2

3
g�1�2
t e��t

�
Gs1

T2H1�
ð!;!0Þ þ

��
g�1�
t q�2

t þ g�2�
t q�1

t � 2

3
g�1�2
t q�t

�
ðe� � qtÞ

� 1

3

�
g�1�
t e��2

t þ g�2�
t e��1

t � 2

3
g�1�2
t e��t

�
q2t

�
Gd1

T2H1�
ð!;!0Þ þ ½2ðe��1

t q�2
t q�t þ q�1

t e��2
t q�t � 2q�1

t q�2
t e��t Þ

þ ðg�1�
t q�2

t þ g�2�
t q�1

t � 2g�1�2
t q�t Þðe� � qtÞ � ðg�1�

t e��2
t þ g�2�

t e��1
t � 2g�1�2

t e��t Þq2t �Gd2
T2H1�

ð!;!0Þ; (A31)

Z
d4xe�ik�xh�ðqÞjTfJ0;þ;ð1=2Þð0ÞJy�1�2

2;þ;ð3=3ÞðxÞgj0i

¼
�
e��1
t q�2

t þ q�1
t e��2

t � 2

3
g�1�2
t ðe� � qtÞ

�
Gp2

T2S0�
ð!;!0Þ þ

�
q�1
t q�2

t ðe� � qtÞ

� q2t
5

�
g�1�2
t ðe� � qtÞ þ e��1

t q�2
t þ q�1

t e��2
t

��
Gf2

T2S0�
ð!;!0Þ; (A32)
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Z
d4xe�ik�xh�ðqÞjTfJ�1;þ;ð1=2Þð0ÞJy�1�2

2;þ;ð3=2ÞðxÞgj0i

¼
�
���1e

�qvg�2�
t � ��2e

�qvg�1�
t þ 2

3
g�1�2
t ��e

�qv
�
Gp1

T2S1�
ð!;!0Þ

þ ½��1�e
�vq�2

t þ ��2�e
�vq�1

t þ ��1�qve��2
t þ ��2�qve��1

t �Gp2
T2S1�

ð!;!0Þ

þ
�
��1�qvq�2

t ðe� � qtÞ þ ��2�qvq�1
t ðe� � qtÞ � q2t

5

�
��1�qve��2

t þ ��2�qve��1
t þ ��1�e

�vq�2
t þ ��2�e

�vq�1
t

��
�Gf2

T2S1�
ð!;!0Þ: (A33)

APPENDIX B: THE DEFINITIONS OF THE � MESON LIGHT-CONE DISTRIBUTION AMPLITUDES

The definitions of the distribution amplitudes used in the text read as [15]

h0j �uðzÞ�	dð�zÞj��ðP; 
Þi ¼ f�m�

�
p	

eð
Þ � z
p � z

Z 1

0
duei�p�z’kðu;	2Þ þ eð
Þ?	

Z 1

0
duei�p�zgðvÞ? ðu;	2Þ

� 1

2
z	

eð
Þ � z
ðp � zÞ2 m

2
�

Z 1

0
duei�p�zg3ðu;	2Þ

�
; (B1)

h0j �uðzÞ�	�5dð�zÞj��ðP; 
Þi ¼ 1

2
f�m��


��
	 eð
Þ?
p�z�

Z 1

0
duei�p�zgðaÞ? ðu;	2Þ; (B2)

h0j �uðzÞ�	
dð�zÞj��ðP; 
Þi ¼ ifT�

�
ðeð
Þ?	p
 � eð
Þ?
p	Þ

Z 1

0
duei�p�z’?ðu;	2Þ þ ðp	z
 � p
z	Þ

� eð
Þ � z
ðp � zÞ2 m

2
�

Z 1

0
duei�p�zhðtÞk ðu;	2Þ þ 1

2
ðeð
Þ?	z
 � eð
Þ?
z	Þ

m2
�

p � z
Z 1

0
duei�p�zh3ðu;	2Þ

�
;

(B3)

h0j �uðzÞdð�zÞj��ðP; 
Þi ¼ �ifT�ðeð
ÞzÞm2
�

Z 1

0
duei�p�zhðsÞk ðu;	2Þ: (B4)

The vector and tensor decay constants f� and fT� are
defined as

h0j �uð0Þ�	dð0Þj��ðP; 
Þi ¼ f�m�e
ð
Þ
	 ; (B5)

h0j �uð0Þ�	
dð0Þj��ðP; 
Þi ¼ ifT�ðeð
Þ	 P
 � eð
Þ
 P	Þ:
(B6)

The distribution amplitude ’k and ’? are of twist-2, gðvÞ? ,
gðaÞ? , hðsÞk , and hðtÞk are twist-3 and g3, h3 are twist-4. All
functions � ¼ f’k; ’?; g

ðvÞ
? ; gðaÞ? ; hðsÞk ; hðtÞk ; g3; h3g are nor-

malized to satisfy
R
1
0 du�ðuÞ ¼ 1.

The 3-particle distribution amplitudes are defined as
[15]

h0j �uðzÞg ~G	
���5dð�zÞj��ðP; 
Þi
¼ f�m�p�½p
e

ð
Þ
?	 � p	e

ð
Þ
?
�Aðv; pzÞ

þ f�m
3
�

eð
Þ � z
pz

½p	g
?
�
 � p
g

?
�	� ~�ðv; pzÞ

þ f�m
3
�

eð
Þ � z
ðpzÞ2 p�½p	z
 � p
z	� ~�ðv; pzÞ (B7)

h0j �uðzÞgG	
i��dð�zÞj��ðPÞi
¼ f�m�p�½p
e

ð
Þ
?	 � p	e

ð
Þ
?
V ðv; pzÞ

þ f�m
3
�

eð
Þ � z
pz

½p	g
?
�
 � p
g

?
�	��ðv; pzÞ

þ f�m
3
�

eð
Þ � z
ðpzÞ2 p�½p	z
 � p
z	��ðv; pzÞ; (B8)
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?
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2
�½p�e

ð
Þ
?	g
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�
 � p�e

ð
Þ
?	g

?
�
 � p�e

ð
Þ
?
g

?
�	 þ p�e

ð
Þ
?
g

?
�	�Tð4Þ

1 ðv; pzÞ
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2
�½p	e

ð
Þ
?�g

?
�
 � p	e

ð
Þ
?�g

?
�
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e

ð
Þ
?�g

?
�	 þ p
e

ð
Þ
?�g

?
�	�Tð4Þ

2 ðv; pzÞ

þ fT�m
2
�

pz
½p�p	e

ð
Þ
?�z
 � p�p	e

ð
Þ
?�z
 � p�p
e

ð
Þ
?�z	 þ p�p
e

ð
Þ
?�z	�Tð4Þ

3 ðv; pzÞ

þ fT�m
2
�

pz
½p�p	e

ð
Þ
?
z� � p�p	e

ð
Þ
?
z� � p�p
e

ð
Þ
?	z� þ p�p
e

ð
Þ
?	z��Tð4Þ

4 ðv; pzÞ þ . . . (B9)

h0j �uðzÞgG	
ðvzÞdð�zÞj��ðP; 
Þi ¼ ifT�m
2
�½eð
Þ?	p
 � eð
Þ?
p	�Sðv; pzÞ; h0j �uðzÞig ~G	
ðvzÞ�5dð�zÞj��ðP; 
Þi

¼ ifT�m
2
�½eð
Þ?	p
 � eð
Þ?
p	�~Sðv; pzÞ; (B10)

where

A ðv; pzÞ ¼
Z

D�e�ipzð�u��dþv�gÞAð�Þ; (B11)

etc. The integration measure is

Z
D� �

Z 1

0
d�d

Z 1

0
d�u

Z 1

0
d�g�

�
1�X

�i

�
: (B12)

The distribution amplitudes A, V , and T are twist-3 and the others are twist-4.
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