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In this work, we have investigated whether Yð4260Þ and Zþ
2 ð4250Þ could be D1D or D0D

� molecules in

the framework of meson exchange model. The off-diagonal interaction induced by � exchange plays a

dominant role. The � exchange has been taken into account, which leads to diagonal interaction. The

contribution of � exchange is not favorable to the formation of the molecular state with IGðJPCÞ ¼
0�ð1��Þ; however, it is beneficial to the binding of the molecule with IGðJPÞ ¼ 1�ð1�Þ. Light vector
meson exchange leads to diagonal interaction as well. For Zþ

2 ð4250Þ, the contribution from � and !

exchange almost cancels each other. For the currently allowed values of the effective coupling constants

and a reasonable cutoff � in the range 1–2 GeV, we find that Yð4260Þ could be accommodated as a D1D

and D0D
� molecule, whereas the interpretation of Zþ

2 ð4250Þ as a D1D or D0D
� molecule is disfavored.

The bottom analog of Yð4260Þ and Zþ
2 ð4250Þmay exist, and the most promising channels to discover them

are �þ��� and �þ�b1, respectively.
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I. INTRODUCTION

In the past years, a number of charmoniumlike X, Y, Z
states have been observed, which stimulate a lot of dis-
cussion about the structures and properties of these reso-
nances. In particular, the Zþð4430Þ observed in the �þc 0
invariant spectrum [1] carries one unit electric charge.
Consequently, it cannot be simple charmonium. Recently,
two new resonancelike structures Zþ

1 ð4051Þ and
Zþ
2 ð4250Þ in the �þ�c1 mass distribution in exclusive
�B0 ! K��þ�c1 have been reported by the Belle
collaboration [2]. Their masses and widths are determined
to be M1 ¼ ð4051� 14þ20

�41Þ MeV, �1 ¼ ð82þ21þ47
�17�22Þ MeV,

M2 ¼ ð4248þ44þ180
�29�35 Þ MeV, and �2 ¼ ð177þ54þ316

�39�61 Þ MeV,
respectively, with the product branching fractionsBð �B0 !
K�Zþ

1;2Þ �BðZþ
1;2 ! �þ�c1Þ ¼ ð3:0þ1:5þ3:7

�0:8�1:6Þ � 10�5 and

ð4:0þ2:3þ19:7
�0:9�0:5 Þ � 10�5, respectively. Both Zþ

1 ð4051Þ and

Zþ
2 ð4250Þ carry one unit electric charge like Zþð4430Þ,

hence they must be states beyond quark model, if these
states are confirmed in future. Since �þ is an isovector
with negative G parity, and �c1 is a isospin singlet with
positive G parity, the quantum numbers of Zþ

1 ð4051Þ and
Zþ
2 ð4250Þ are IG ¼ 1�. It is remarkable that some states

are in the vicinity of the S-wave threshold of two charmed
mesons, e.g., Xð3872Þ and Zþð4430Þ are very close to the
thresholds of D�D and D1D

�, respectively, therefore it is
tempting to interpret these states as molecular states [3,4].
Particularly, Yð4260Þ and Zþ

2 ð4250Þ are close to the D1D
and D0D

� thresholds, which inspires the theoretical inter-
pretations of Yð4260Þ as a D0D

� molecule [5] and
Zþ
2 ð4250Þ as a D1D molecule [6].
Yð4260Þwas reported by the BABAR collaboration in the

�þ��J=c invariant spectrum of the reaction eþe� !
�ISR�

þ��J=c [7], which has been confirmed by both
the CLEO and the Belle collaboration [8,9]. A fit to the
peak with a single Breit-Wigner resonance shape yields a

mass M ¼ ð4259� 10Þ MeV and the full width � ¼
ð88� 24Þ MeV. Evidently the state is a vector with c �c
flavor, and its quantum numbers are determined to be
IGðJPCÞ ¼ 0�ð1��Þ. Although it is above the threshold
for decaying into D �D, D �D�ðD� �DÞ, or D� �D� meson pairs,
there is no evidence for Yð4260Þ in these channels [10–12].
Therefore Yð4260Þ appears not to be a canonical
charmonium.
The observation of the Yð4260Þ has sparked many theo-

retical speculations. It has variously been identified as a
conventional c ð4SÞ based on a relativistic quark model
[13], a tetraquark c �cs�s state [14] which decays predomi-
nantly into Ds

�Ds, or a charmonium hybrid [15]. The data
on eþe� ! Ds

�Ds show a peaking above threshold around
4 GeV but no evidence of affinity for a structure at
4.26 GeV [16]. If these data are confirmed, then the inter-
pretation of Yð4260Þ as a c �cs�s tetraquark would be ruled
out. Moreover, dynamical calculation of tetraquark states
indicated that Yð4260Þ cannot be interpreted as a P-wave
1�� state of charm-strange diquark-antidiquark, because
the corresponding mass is found to be 200 MeV heavier
[17]. Although the charmonium hybrid is a very attractive
interpretation, the lattice QCD simulations predict that the
lightest charmonium hybrid is about 4.4 GeV [18], which is
very close to the new charmoniumlike state Yð4360Þ [19].
As has been proposed in Ref. [20], a possible resolution to
this issue is that Yð4360Þ is the candidate of the charmo-
nium hybrid, while Yð4260Þ is a D1D hadronic molecule.
In Ref. [21], Swanson emphasized that we should exam-

ine the D1D molecular interpretation before finally con-
cluding that Yð4260Þ is a charmonium hybrid.
Furthermore, he pointed out that � exchange does not
lead to a diagonal interaction in the D1D channel, and
certain a novel mechanism such as off-diagonal interaction
may be required. In Refs. [22,23], Close showed that parity
conservation requires the � vertex to link D $ D� and
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D1 $ D0, then the � exchange gives an off-diagonal po-
tential linking D1

�D $ D0
�D� or D �D1 $ D� �D0. This �

exchange attraction possibly results in a 1�� hadronic
molecule near the D1D threshold. In this work, we shall
investigate whether Yð4260Þ and Zþ

2 ð4250Þ could be a
hadronic molecule due to the off-diagonal � exchange
effect in the framework of heavy quark effective theory.
The contribution of � exchange has been considered,
which results in diagonal interaction. The light vector
mesons � and ! exchange is discussed as well.

The paper is organized as follows. In Sec. II, we present
the formalism to include both heavy meson and anti-meson
fields in the heavy meson chiral perturbation theory
(HM�PT), and the complete Lagrangian is written out
explicitly. Section III illustrates the systematic procedure
for converting a general T-matrix into an equivalent po-
tential operator. Later we follow this to derive the effective
potential. In Sec. IV, we present both the diagonal and
nondiagonal potential related with Yð4260Þ and
Zþ
2 ð4250Þ. In Sec. V, we investigate the possible bound

states of theD1D andD0D
� system by solving the coupled-

channel Schrödinger equations, and the structures of
Yð4260Þ and Zþ

2 ð4250Þ are discussed. Moreover, the bot-
tom analog of Yð4260Þ and Zþ

2 ð4250Þ is studied. We
present our conclusions and some relevant discussions in
Sec. VI. Finally, the potential from � and ! exchange is
shown in the Appendix.

II. FORMALISM FOR THE SYSTEM CONTAINING
BOTH MESON AND ANTI-MESON FIELDS IN

HM�PT

The strong interaction between pseudo-Goldstone bo-
sons and the mesons containing a heavy quark is described
by the so-called heavy meson chiral perturbation theory
(HM�PT) [24–26]. The heavy meson chiral perturbation
theory is constructed starting from the spin-flavor symme-
try occurring in QCD in the infinite heavy quark mass
limit, and from the chiral symmetry valid in the massless
limit for the light quarks. In HM�PT, the heavy-light
meson field appears in a covariant form, which is repre-
sented by a 4� 4 Dirac-type matrix. The negative and
positive parity doublets containing a heavy quark Q and
a light antiquark of flavor a, can be, respectively, described
by the superfields Ha, Sa, and T

�
a as follows:

HðQÞ
a ¼ 1þ v6

2
½P�ðQÞ�

a �� � PðQÞ
a �5�

SðQÞ
a ¼ 1þ v6

2
½P0ðQÞ�

1a ���5 � P�ðQÞ
0a �

TðQÞ�
a ¼ 1þ v6

2

�
P�ðQÞ��
2a �� �

ffiffiffi
3

2

s
PðQÞ
1a��5

�
�
g�� � 1

3
��ð�� � v�Þ

��
: (1)

The above various operators annihilate mesons of four-
velocity v which is conserved in strong interaction pro-
cesses. The heavy field operators contain a factor

ffiffiffiffiffiffiffiffi
MP

p
and

have dimension 3=2. Under a heavy quark spin SUð2Þ
transformation S and a generic light flavor transformation
U [i.e., U 2 SUð3Þ],

HðQÞ
a ! SHðQÞ

b Uy
ba; SðQÞ

a ! SSðQÞ
b Uy

ba;

T
ðQÞ�
a ! ST

ðQÞ�
b Uy

ba:
(2)

The conjugate field, which creates heavy-light mesons
containing a heavy quark Q and a light antiquark of flavor
a, is defined as

�H ðQÞ
a ¼ �0H

ðQÞy
a �0; �SðQÞ

a ¼ �0S
ðQÞy
a �0;

�T
ðQÞ�
a � �0T

ðQÞ�y
a �0

(3)

which transforms under S and U as

�H ðQÞ
a ! Uab

�HðQÞ
b Sy; �SðQÞ

a ! Uab
�SðQÞ
b Sy;

�TðQÞ�
a ! Uab

�TðQÞ�
b Sy:

(4)

The octet of light pseudoscalar mesons can be introduced
using the nonlinear representation � ¼ �2 and � ¼
expðiM=f�Þ with f� ¼ 132 MeV. The matrix M con-
tains �, K, 	 fields, which is a 3� 3 Hermitian and
traceless matrix

M ¼
�0ffiffi
2

p þ 	ffiffi
6

p �þ Kþ

�� � �0ffiffi
2

p þ 	ffiffi
6

p K0

K� �K0 �
ffiffi
2
3

q
	

0
BBB@

1
CCCA: (5)

Under the chiral symmetry, the field � transforms as

� ! gL�U
y ¼ U�gyR; (6)

where gL and gR are left-handed and right-handed global
SUð3Þ transformation, respectively.
The effective QCD Lagrangian is constructed by impos-

ing invariance under both heavy quark spin-flavor trans-
formation and chiral transformation; it is [24–28]

LP ¼ ighHðQÞ
b A6 ba�5

�HðQÞ
a i þ ikhTðQÞ�

b A6 ba�5
�TðQÞ
a� i

þ i~khSðQÞ
b A6 ba�5

�SðQÞ
a i þ

�
ihhSðQÞ

b A6 ba�5
�HðQÞ
a i

þ i~hhTðQÞ�
b A�ba�5

�SðQÞ
a i

þ i
h1
��

hTðQÞ�
b ðD�A6 Þba�5

�HðQÞ
a i

þ i
h2
��

hTðQÞ�
b ðD6 A�Þba�5

�HðQÞ
a i þ H:c:

�
; (7)

where h� � �i means trace over the 4� 4 matrices, the co-
variant derivativeD� ¼ @� þV�, the vector currentV�,

and the axial current A� are defined by
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V � ¼ 1
2ð�y@��þ �@��

yÞ
A� ¼ 1

2ð�y@��� �@��
yÞ: (8)

In order to describe mesons containing heavy antiquark �Q,

we have to introduce six new fields P�ð �QÞ
a� , Pð �QÞ

a , P0ð �QÞ
1a�, P

�ð �QÞ
0a ,

P�ð �QÞ
2a��, and P

ð �QÞ
1a� which destroy mesons containing a heavy

antiquark �Q. The phase of the field P�ð �QÞ
a� relative to P�ðQÞ

a� ,

Pð �QÞ
a to PðQÞ

a etc. can be fixed by the following charge
conjugation convention:

P�ð �QÞ
a� ¼ �CP�ðQÞ

a� C�1; Pð �QÞ
a ¼ CPðQÞ

a C�1;

P0ð �QÞ
1a� ¼ CP0ðQÞ

1a�C
�1; P�ð �QÞ

0a ¼ CP�ðQÞ
0a C�1;

P�ð �QÞ
2a�� ¼ �CP�ðQÞ

2a��C
�1; Pð �QÞ

1a� ¼ CPðQÞ
1a�C

�1;

C�C�1 ¼ �T; CV�C�1 ¼ �V T
�;

CA�C�1 ¼ AT
�:

(9)

The mesons containing a heavy antiquark �Q and a light
quark of flavor a can be included into the theory by
applying the charge conjugation operation to the above

heavy-light meson superfields HðQÞ
a , SðQÞ

a , and TðQÞ
a� [29]:

Hð �QÞ
a ¼ CðCHðQÞ

a C�1ÞTC�1 ¼ ½P�ð �QÞ�
a �� � Pð �QÞ

a �5� 1� v6
2

Sð
�QÞ

a ¼ CðCSðQÞ
a C�1ÞTC�1 ¼ ½P0ð �QÞ�

1a ���5 � P�ð �QÞ
0a � 1� v6

2

T
ð �QÞ�
a ¼ CðCTðQÞ

a� C�1ÞTC�1 ¼
�
P
ð �QÞ��
2a �� �

ffiffiffi
3

2

s
Pð �QÞ
1a��5

�
�
g�� � 1

3
ð�� � v�Þ��

��
1� v6
2

: (10)

The matrix C is the charge conjugation matrix for Dirac
spinors with C ¼ i�2�0, and the transpose is on the spinor
matrix indices. Under the heavy quark spin transformation
S and light quark SUð3Þ flavor symmetry U,

Hð �QÞ
a ! UabH

ð �QÞ
b Sy; Sð

�QÞ
a ! UabS

ð �QÞ
b Sy;

Tð �QÞ
a� ! UabT

ð �QÞ
b� Sy:

(11)

Similarly the Hermitian conjugate fields are defined by

�H ð �QÞ
a ¼ �0H

ð �QÞy
a �0; �Sð

�QÞ
a ¼ �0S

ð �QÞy
a �0;

�Tð �QÞ
a� ¼ �0T

ð �QÞy
a� �0:

(12)

Under the symmetry transformation S and U,

�H ð �QÞ
a ! S �Hð �QÞ

b Uy
ba;

�Sð
�QÞ

a ! S �Sð
�QÞ

b Uy
ba;

�Tð �QÞ
a� ! S �Tð �QÞ

b�U
y
ba:

(13)

For the system including both a heavy meson and a heavy
anti-meson field in the HM�PT, the total effective
Lagrangian should be invariant under the charge conjuga-
tion transformation. The interaction between the pseudo-
Goldstone bosons and the meson containing one heavy
antiquark can be obtained from Eq. (7) by applying the
charge conjugation operator,

L0
P ¼ igh �Hð �QÞ

a A6 ab�5H
ð �QÞ
b i þ ikh �Tð �QÞ�

a A6 ab�5T
ð �QÞ
b� i

þ i~kh �Sð �QÞ
a A6 ab�5S

ð �QÞ
b i þ

�
ihh �Hð �QÞ

a A6 ab�5S
ð �QÞ
b i

þ i~hh �Sð �QÞ
a A6 �ab�5T

ð �QÞ�
b i

þ i
h1
��

h �Hð �QÞ
a ðA6 DQ 0

�Þab�5T
ð �QÞ�
b i

þ i
h2
��

h �Hð �QÞ
a ðA�D6Q 0Þab�5T

ð �QÞ�
b i þ H:c:

�
; (14)

where D0
� ¼ @� �V�. After expanding the effective

Lagrangian in Eq. (7) and (14) to the leading order of the
pseudo-Goldstone field, we can obtain the following effec-
tive interactions, which is needed in our work:

LDD�P ¼ gDD�PDbð@�MÞbaD��y
a þ gDD�PD

��
b ð@�MÞbaDy

a þ g �D �D�P �D��y
a ð@�MÞab �Db þ g �D �D�P �Dy

a ð@�MÞab �D��
b

LD0D1P ¼ gD0D1PD
�
1bð@�MÞbaDy

0a þ g �D0
�D1P

�Dy
0að@�MÞab �D�

1b þ H:c:

LDD0P ¼ igDD0PðD0b@
$
�D

y
a Þ@�Mba þ ig �D �D0P

ð �D0b@
$
�
�Dy
a Þ@�Mab þ H:c:

LD�D1P ¼ gD�D1P

�
3D�

1bð@�@�MÞbaD��y
a �D�

1bð@�@�MÞbaD�y
a� þ 1

MD�MD1

@�D�
1bð@�@
MÞba@
D�y

a�

�

þ g �D� �D1P

�
3 �D��y

a ð@�@�MÞab �D�
1b � �D��y

a ð@�@�MÞab �D1b� þ 1

MD�MD1

@� �D��y
a ð@�@
MÞab@
 �D1b�

�
þ H:c:

(15)

In the chiral and heavy quark limit, the above coupling constants are
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gDD�P ¼ �g �D �D�P ¼ � 2g

f�

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
MDMD�

p

gD0D1P ¼ g �D0
�D1P

¼ � 2
ffiffiffi
6

p
3

~h

f�

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
MD0

MD1

q

gDD0P ¼ g �D �D0P
¼ � h

f�

gD�D1P ¼ g �D� �D1P
¼ �

ffiffiffi
6

p
3

h1 þ h2
��f�

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
MD�MD1

q
:

(16)

We would like to stress that theDD�P coupling constant is
the negative of the �D �D�P coupling constant, because of the
phase convention for charge conjugation chosen in Eq. (9).
The effective Lagrangian between � and heavy meson
(anti-meson) are [30]

L� ¼ g�hHðQÞ
a � �HðQÞ

a i þ g0�hSðQÞ
a � �SðQÞ

a i
þ g00�hTðQÞ�

a � �TðQÞ
a� i þ

�
h�
f�

hSðQÞ
a ��ð@��Þ �HðQÞ

a i

þ h0�
f�

hTðQÞ�
a ð@��Þ �HðQÞ

a i þ H:c:

�
þ g�h �Hð �QÞ

a �Hð �QÞ
a i

þ g0�h �Sð �QÞ
a �Sð

�QÞ
a i þ g00�h �Tð �QÞ�

a �Tð �QÞ
a� i

þ
�
�h�

f�
h �Hð �QÞ

a ��ð@��ÞSð �QÞ
a i

þ h0�
f�

h �Hð �QÞ
a ð@��ÞTð �QÞ�

b i þ H:c:

�
: (17)

The coupling constants are estimated as follows [30]:

g� ¼ � g�

2
ffiffiffi
6

p ; g0� ¼ � g�

2
ffiffiffi
6

p ; h� ¼ gAffiffiffi
3

p ; (18)

where g� ¼ 3:73 and gA ¼ 0:6. As in Ref. [31], we take
jg00�j ¼ jg�j and jh0�j ¼ jh�j approximately when perform-
ing the numerical analysis. Expanding the LagrangianL�,
we get the interactions associated with �:

LDD� ¼ gDD�DaD
y
a�þ g �D �D�

�Da
�Dy
a�

LD1D1� ¼ gD1D1�D
�
1aD

y
1a��þ g �D1

�D1�
�D
�
1a

�Dy
1a��

LDD1� ¼ gDD1�D
�
1aD

y
a@��þ g �D �D1�

�D
�
1a

�Dy
a@��þ H:c:

LD�D�� ¼ gD�D��D
��
a D�y

a��þ g �D� �D�� �D
��
a �D�y

a��

LD0D0� ¼ gD0D0�D0aD
y
0a�þ g �D0

�D0�
�D0a

�Dy
0a�

LD�D0� ¼ gD�D0�D0aD
��y
a @��þ g �D� �D0�

�D0a
�D
��y
a @��

þ H:c: (19)

The relevant coupling constants are

gDD� ¼ g �D �D� ¼ �2g�MD

gD1D1� ¼ g �D1
�D1�

¼ �2g00�MD1

gDD1� ¼ g �D �D1�
¼ � 2

ffiffiffi
6

p
3

h0�
f�

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
MDMD1

q

gD�D�� ¼ g �D� �D�� ¼ 2g�MD�

gD0D0� ¼ g �D0
�D0�

¼ 2g0�MD0

gD�D0� ¼ �g �D� �D0�
¼ � 2h�

f�

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
MD�MD0

q
: (20)

III. CONVERTING THE T-MATRIX INTO THE
EFFECTIVE POTENTIAL

The T-matrix for the Aðp1ÞBðp2Þ ! Cðp0
1ÞDðp0

2Þ scatter-
ing process can be represented by an equivalent Born-order
potential operator Vbnðr1 � r2;r1;r2Þ between pointlike
particles; the definition of this potential operator is [32,33]

�3ðp0
1 þ p0

2 � p1 � p2ÞTfiðp1;p2;p
0
1;p

0
2Þ

¼ 1

ð2�Þ3
ZZ

d3r1d
3r2e

�iðp0
1
�r1þp0

2
�r2Þ

� Vbnðr1 � r2;r1;r2Þeiðp1�r1þp2�r2Þ; (21)

where Tfiðp1;p2;p
0
1;p

0
2Þ is the T-matrix for the process

Aðp1ÞBðp2Þ ! Cðp0
1ÞDðp0

2Þ. In general, Tfi depends on all

the involved momentum p1, p2, p
0
1, and p0

2. For conve-

nience, we introduce

P 1 � 1
2ðp1 þ p0

1Þ; P2 � 1
2ðp2 þ p0

2Þ;
q � p0

1 � p1 � p2 � p0
2:

(22)

In the center of mass frame P1 ¼ �P2. The amplitude Tfi

can be expanded as a power series in P1i and P2i:

Tfiðp1;p2;p
0
1;p

0
2Þ ¼ Tð0ÞðqÞ þ Tð1;0Þ

i ðqÞP1i þ Tð0;1Þ
i ðqÞP2i

þ Tð1;1Þ
ij ðqÞP1iP2j þ � � � : (23)

This procedure produces the full Breit-Fermi Hamiltonian
when it is applied to the photon exchanged electron-
electron scattering amplitude expanded to OðP2Þ. The

leading term Tð0ÞðqÞ is a function of q only; its Fourier
transformation gives us a local potential VðrÞ that is a
function of r1 � r2 � r only. The relation between

Tð0ÞðqÞ and VðrÞ is

VðrÞ ¼ 1

ð2�Þ3
Z

d3qTð0ÞðqÞeiq�r; (24)

For the higher terms of the T-matrix expansion, P1i and P2i

are replaced by left and right gradients in the equivalent
potential operator defined implicitly by Eq. (21) [32].
Following this systematic procedure, we can convert a
general T-matrix into an equivalent potential operator. In
this work, we obtain the local potential by Fourier trans-
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forming the leading terms Tð0ÞðqÞ of the scattering ampli-
tude Tfi, which is common in the potential model [34,35].

Since the propagators are off shell, we introduce a form
factor at each vertex when writing out the scattering am-
plitude, the usual form factor is expressed as [36,37]

FðqÞ ¼ �2 �m2

�2 � q2
; (25)

where � is an adjustable constant within a reasonable
range of 1–2 GeV, which models the off-shell effects at
the vertices due to the internal structure of the meson. m
and q are the mass and the four momentum of the ex-
changed meson, respectively.

IV. THE EFFECTIVE POTENTIALS RELATED
WITH Yð4260Þ AND Zþ

2 ð4250Þ
Recently, the meson exchange model based on the

HM�PT has been used to study possible heavy flavor
molecule [31,38]. In this section, we will follow the gen-
eral procedure shown above to derive the effective poten-
tial associated with Yð4260Þ and Zþ

2 ð4250Þ in the
framework of HM�PT. From the effective interaction in
Eqs. (15) and (19), we can write down the corresponding
scattering amplitude for each diagram, including the form
factor at each vertex. Then we get the equivalent potential
in momentum space following the general formalism pre-
sented in Sec. III. Finally, we make a Fourier transforma-
tion to derive the potentials in coordinate space. Because of
parity conservation, pseudoscalar � and 	 exchange only
contributes to the off-diagonal interaction, whereas � ex-
change and light vector mesons �, ! exchange result in
diagonal interaction only. The corresponding scattering
diagrams are shown in Fig. 1.

Under the ansatz of Yð4260Þ as aD1D orD0D
� hadronic

molecule, we can write down its flavor wave function:

jYð4260Þi ¼ 1
2½jD0

1
�D0i þ jDþ

1 D
�i � jD0 �D0

1i � jDþD�
1 i�

jY0ð4260Þi ¼ 1
2½jD0

0
�D�0i þ jDþ

0 D
��i þ jD�0 �D0

0i
þ jD�þD�

0 i�: (26)

We stress that the phase convention under charge conjuga-
tion is consistent with Eq. (9). In the same way, the flavor
wave function of Zþ

2 ð4250Þ is

jZþ
2 ð4250Þi ¼

1ffiffiffi
2

p ½jDþ
1
�D0i þ jDþ �D0

1i�

jZ0þ
2 ð4250Þi ¼ 1ffiffiffi

2
p ½jDþ

0
�D�0i � jD�þ �D0

0i�:
(27)

In this case, its quantum number is IGðJPÞ ¼ 1�ð1�Þ.
Following the procedure discussed above, we can calculate
the effective potential in momentum space; it is a lengthy
and tedious calculation.
For Yð4260Þ, the exchange potential in momentum space

is

V12ðqÞ ¼ V21ðqÞ ¼
ffiffiffi
6

p
6

g~h

f2�

�
�2 �m2

�

q2 þ X2
1

�
2 q2

q2 þ�2
1

þ
ffiffiffi
6

p
54

g~h

f2�

�
�2 �m2

	

q2 þ X2
1

�
2 q2

q2 þ�2
2

V11ðqÞ ¼
�
�2 �m2

�

q2 þ�2

�
2 g�g

00
�

q2 þm2
�

þ 2h02�
9f2�

�
�2 �m2

�

q2 þ X2
2

�
2 q2

q2 þ�2
3

V22ðqÞ ¼
�
�2 �m2

�

q2 þ�2

�
2 g�g

0
�

q2 þm2
�

þ h2�
3f2�

�
�2 �m2

�

q2 þ X2
3

�
2 q2

q2 þ�2
4

;

(28)

where we have included the monopole form factor in Eq. (25) to regularize the potential. The diagonal potential V11ðqÞ and
V22ðqÞ is induced by � exchange, and the nondiagonal potential V12ðqÞ [or V21ðqÞ] arises from the pseudo-Goldstone
bosons � and 	 exchange. The effective potential from �, ! exchange is shown in the Appendix. The potential for
Zþ
2 ð4250Þ in momentum space is

FIG. 1. The scattering diagrams with pseudoscalars �, 	 ex-
change, � exchange, and light vector mesons �, ! exchange.

ARE Yð4260Þ AND Zþ
2 ð4250Þ D1D OR . . . PHYSICAL REVIEW D 79, 014001 (2009)

014001-5



V12ðqÞ ¼ V21ðqÞ ¼ �
ffiffiffi
6

p
18

g~h

f2�

�
�2 �m2

�

q2 þ X2
1

�
2 q2

q2 þ�2
1

þ
ffiffiffi
6

p
54

g~h

f2�

�
�2 �m2

	

q2 þ X2
1

�
2 q2

q2 þ�2
2

V11ðqÞ ¼
�
�2 �m2

�

q2 þ�2

�
2 g�g

00
�

q2 þm2
�

� 2h02�
9f2�

�
�2 �m2

�

q2 þ X2
2

�
2 q2

q2 þ�2
3

V22ðqÞ ¼
�
�2 �m2

�

q2 þ�2

�
2 g�g

0
�

q2 þm2
�

� h2�
3f2�

�
�2 �m2

�

q2 þ X2
3

�
2 q2

q2 þ�2
4

:

(29)

The various parameters appearing in the above formulas are defined as follows:

X2
1 ¼ �2 � ðMD� �MDÞðMD1

�MD0
Þ X2

2 ¼ �2 � ðMD1
�MDÞ2 X2

3 ¼ �2 � ðMD0
�MD� Þ2

�2
1 ¼ m2

� � ðMD� �MDÞðMD1
�MD0

Þ �2
2 ¼ m2

	 � ðMD� �MDÞðMD1
�MD0

Þ
�2

3 ¼ m2
� � ðMD1

�MDÞ2 �2
4 ¼ m2

� � ðMD0
�MD� Þ2:

(30)

After performing Fourier transformation, we obtain the potential forms in configuration space. For Yð4260Þ, the potential
in coordinate space is

V12ðrÞ ¼ V21ðrÞ ¼
ffiffiffi
6

p
6

g~h

f2�
Zð�; X1; �1; m�; rÞ þ

ffiffiffi
6

p
54

g~h

f2�
Zð�; X1; �2; m	; rÞ

V11ðrÞ ¼ g�g
00
�Hð�; m�; rÞ þ 2h02�

9f2�
Zð�; X2; �3; m�; rÞ V22ðrÞ ¼ g�g

0
�Hð�; m�; rÞ þ h2�

3f2�
Zð�; X3; �4; m�; rÞ:

(31)

The potential in coordinate space for Zþ
2 ð4250Þ is

0 1 2 3 4
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(a) (b)
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(c) (d)

FIG. 2 (color online). The effective potential for the D1D and D0D
� system from pseudoscalar �, 	 exchange, and scalar �

exchange. The solid line represents the nondiagonal potential V12ðrÞ [or V21ðrÞ], short dashed and dash dotted lines respectively
correspond to the diagonal potential V11ðrÞ and V22ðrÞ. (a) and (b) are related with Yð4260Þ, and (b) shows the long range behavior of
the potential. (c) and (d) are related with Zþ

2 ð4250Þ, and (d) is the long rang shape of the potential.
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V12ðrÞ ¼ V21ðrÞ ¼ �
ffiffiffi
6

p
18

g~h

f2�
Zð�; X1; �1; m�; rÞ þ

ffiffiffi
6

p
54

g~h

f2�
Zð�; X1; �2; m	; rÞ

V11ðrÞ ¼ g�g
00
�Hð�; m�; rÞ � 2h02�

9f2�
Zð�; X2; �3; m�; rÞ V22ðrÞ ¼ g�g

0
�Hð�; m�; rÞ � h2�

3f2�
Zð�; X3; �4; m�; rÞ:

(32)

Here the functions Hð�; m; rÞ and Zð�; X;�;m; rÞ are
defined as

Hð�; m; rÞ ¼ 1

4�

1

r
ðe�mr � e��rÞ ��2 �m2

8��
e��r

Zð�; X;�;m; rÞ ¼ 1

4�

1

r
ðX2e�Xr ��2e��rÞ

þ�2 �m2

8�

�
X � 2

r

�
e�Xr: (33)

We take the typical values of the coupling constants g~h ¼
0:85, g�g

0
� ¼ 0:58, g�g

00
� ¼ 0:58, and jh�j ¼ jh0�j ¼

0:35, and � ¼ 1:5 GeV is chosen for an illustration, the
variation of the effective potential with respect to r is
shown in Fig. 2. It is obvious that the magnitude of the
diagonal potentials from � exchange is smaller than that of
the off-diagonal potential from � and 	 exchange, this is
mainly because m� is small than m�. Moreover, the mag-
nitude of the off-diagonal potential related with Yð4260Þ is
larger than associated with Zþ

2 ð4250Þ, the latter is about
one-third of the former. This is consistent with results from
the chiral quark model [36]; consequently, the IGðJPCÞ ¼
0�ð1��Þ configuration is easier to bind than the IGðJPÞ ¼
1�ð1�Þ configuration.

V. THE STRUCTURES OF Yð4260ÞAND Zþ
2 ð4250Þ

AND THE BOTTOM ANALOG

A. The bound states of the D1D and D0D
� system with

the structure of Yð4260Þ and Zþ
2 ð4250Þ

With the above effective potential, we shall explore
whether there are bound states with IGðJPCÞ ¼ 0�ð1��Þ
or IGðJPÞ ¼ 1�ð1�Þ in the D1D and D0D

� system, by

means of solving the two channels coupled Schrödinger
equation. There are various methods to integrate the
coupled-channel Schrödinger equation numerically. In
this work we shall employ two packages, MATSCS [39]
and FESSDE2.2 [40], to perform the numerical calculation
so that the results obtained by one program can be checked
by another. The first package is a MATLAB software, and the
second is written in FORTRAN77. Both packages can fastly
and accurately solve the eigenvalue problem for systems of
coupled Schrödinger equations, and the results obtained by
two codes are the same within error.
The masses of the involved mesons are taken from PDG

[41]: MD ¼ 1869:3 MeV, MD� ¼ 2006:7 MeV, MD1
¼

2422 MeV, MD0
¼ 2308 MeV, m� ¼ 135 MeV, m	 ¼

547:5 MeV, m� ¼ 600 MeV, m� ¼ 775:5 MeV, and

m! ¼ 782:65 MeV. The effective coupling constants in
HM�PT have been studied from various phenomenologi-

cal and theoretical approaches, and the estimates for g, ~h
are listed in Table I. It is obvious that there are still large
uncertainties in their values. In the following, we shall first
consider whether one pseudoscalar � and 	 exchange can
result in a bound state in the D1D and D0D

� system, then
the contribution of � exchange is included.
The numerical results with only one pseudoscalar ex-

change are presented in Table II. For several typical values

of g~h, we vary the cutoff� from a small value until we find
a solution which lies below the D1D threshold. Here the
mass M is measured with respect to the D1D threshold
MD1

þMD ’ 4291:3 MeV, rrms is the root of mean square

radius, and R denotes the ratio between theD1D andD0D
�

components in the bound state solutions. By comparing the
results with different� for the same value of the parameter

TABLE I. Summary of theoretical estimates for the effective coupling g and ~h.

Reference g Remark

[42] 0:59� 0:07� 0:01 Combining CLEO’s results on D� decay width

[43] 0:46� 0:04 Through a constituent quark-meson model

[44] 0.53 Including one loop corrections without positive parity states

[44] 0.65 Including one loop corrections with positive parity states

[27] 0:44� 0:16 From QCD sum rule

[45] 0:39� 0:16 From QCD sum rule

[46] 0:32� 0:02
[28] 0.75 From nonrelativistic quark model

Reference ~h Remark

[28] j~hj ¼ 0:87 From nonrelativistic quark

[47] 0:91þ0:5
�0:3 In a constituent quark-meson model in soft pion limit
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g~h, one notes that the magnitude of M increases with �,
whereas the reverse is true for rrms and R. The bound state

mass is sensitive to the parameter g~h as well, larger g~h is
helpful to form a molecular state. From the numerical
results in Table II, we see that one can get a molecular
state consistent with Yð4260Þ, given an appropriate value

for g~h and a reasonable cutoff � in the range 1–2 GeV.
However, the existence of a bound state with IGðJPÞ ¼
1�ð1�Þ requires that the value of� should be at least larger
than 4 GeV. The cutoff parameter � is a typical hadronic
scale, which is generally expected to be in the range 1–
2 GeV. If � is required to be much larger than 2 GeV in
order to form a bound state, we tend to conclude that such a
bound state should not exist. Therefore, it is not appropri-

ate to assign Zþ
2 ð4250Þ as aD1D orD0D

� molecule, if only
the nondiagonal interaction from � and 	 exchange is
considered.
Then we include the contribution coming from � ex-

change, which leads to only the diagonal interaction. The
corresponding numerical results are shown in Table III.
The radial wave functions �ðrÞ ¼ rRðrÞ for certain pa-
rameter values are shown in Fig. 3. The wave function
corresponding to other solutions in Tables III and IV has
similar shape with that in Fig. 3. We find that the �
exchange interaction has significant effects; the variations
ofM, rrms, and Rwith respect to� have the same pattern as
those in the only pseudoscalar exchange case. Varying the

parameters g~h, g�g
0
�, g�g

00
�, and h� in the reasonable

TABLE II. The mass, the root of mean square radius (rms), and the ratio (R) between the DD1 and D
�D0 components for the bound

state solutions of the DD1 and D�D0 system with one pseudoscalar exchange, and the mass is measured with respect to the D1D
threshold MD þMD1

’ 4291:3 MeV.

Ycc with IGðJPCÞ ¼ 0�ð1��Þ Zþ
cc with IGðJPÞ ¼ 1�ð1�Þ

g~h � (GeV) M (MeV) rrms (fm) R � (GeV) M (MeV) rrms (fm) R

0.23

3.3 �4:04 1.39 2.63 14.5 �2:40 1.76 3.27

3.4 �12:20 0.82 1.71 14.6 �7:53 0.98 2.02

3.5 �23:86 0.63 1.41 14.7 �14:71 0.71 1.60

0.35

2.3 �3:29 1.56 2.90 9.6 �3:53 1.45 2.76

2.4 �11:32 0.86 1.74 9.7 �9:24 0.89 1.87

2.5 �24:95 0.63 1.40 9.8 �16:99 0.68 1.54

0.54

1.6 �1:79 2.17 3.88 6.3 �5:53 1.17 2.29

1.7 �10:33 0.95 1.84 6.4 �12:13 0.80 1.71

1.8 �24:66 0.67 1.41 6.5 �20:82 0.63 1.45

0.85

1.2 �7:43 1.15 2.11 4.0 �3:45 1.50 2.81

1.3 �22:69 0.76 1.46 4.1 �9:28 0.93 1.88

1.4 �46:18 0.57 1.24 4.2 �17:42 0.71 1.53

(a) (b)

FIG. 3 (color online). The radial wave function �ðrÞ ¼ rRðrÞ for the molecular states with IGðJPCÞ ¼ 0�ð1��Þ and IGðJPÞ ¼
1�ð1�Þ, respectively. (a) corresponds to the former state, and (b) is for the latter. We have taken g~h ¼ 0:85, g�g

0
� ¼ 0:58, g�g

00
� ¼

0:58, and jh�j ¼ h0� ¼ 0:35; � is chosen to be 1.4 and 3.4 GeV, respectively.
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TABLE III. The mass, the root of mean square radius (rms), and the ratio (R) between the DD1 and D
�D0 components for the bound

state solutions of the DD1 and D�D0 system with both one pseudoscalar exchange and � exchange, and the mass is measured with
respect to the D1D threshold MD þMD1

’ 4291:3 MeV.

Ycc with IGðJPCÞ ¼ 0�ð1��Þ Zþ
cc with IGðJPÞ ¼ 1�ð1�Þ

g~h g�g
0
� g�g

00
� h� � (GeV) M (MeV) rrms (fm) R � (GeV) M (MeV) rrms (fm) R

0.23

0.58 0.58

0.35

4.7 �3:43 1.48 2.81 6.1 �5:43 1.09 1.47

4.8 �10:87 0.84 1.81 6.2 �15:82 0.66 1.00

4.9 �21:42 0.62 1.50 6.3 �29:69 0.51 0.84

0.50

8.7 �5:49 1.16 2.43 4.0 �5:49 1.06 1.19

8.8 �12:52 0.78 1.82 4.1 �18:45 0.62 0.74

8.9 �21:75 0.61 1.58 4.2 �36:23 0.48 0.59

0.58 �0:58

0.35

4.5 �3:65 1.50 3.49 5.9 �4:22 1.33 2.52

4.6 �9:70 0.93 2.31 6.0 �11:84 0.80 1.59

4.7 �18:27 0.70 1.86 6.1 �22:48 0.60 1.25

0.50

8.4 �8:62 0.98 2.62 3.9 �5:62 1.14 1.94

8.5 �15:03 0.75 2.14 4.0 �16:19 0.70 1.17

8.6 �23:09 0.62 1.88 4.1 �31:14 0.53 0.90

�0:58 0.58

0.35

4.6 �7:02 1.02 1.80 5.9 �8:06 0.87 0.95

4.7 �15:40 0.72 1.41 6.0 �18:32 0.61 0.73

4.8 �26:34 0.58 1.25 6.1 �31:34 0.50 0.64

0.50

8.4 �3:81 1.37 2.32 3.9 �11:21 0.74 0.65

8.5 �9:37 0.88 1.67 4.0 �25:48 0.54 0.50

8.6 �16:74 0.68 1.42 4.1 �43:76 0.45 0.43

�0:58 �0:58

0.35

4.4 �6:47 1.11 2.32 5.7 �5:35 1.15 1.69

4.5 �13:31 0.80 1.78 5.8 �12:98 0.75 1.17

4.6 �22:33 0.64 1.53 5.9 �23:10 0.59 0.96

0.50

8.0 �3:13 1.60 3.37 3.8 �8:99 0.88 1.12

8.1 �7:05 1.06 2.36 3.9 �20:74 0.62 0.78

8.2 �12:35 0.82 1.92 4.0 �36:29 0.50 0.64

0.35

0.58 0.58

0.35

2.8 �2:15 1.91 3.38 5.2 �8:56 0.90 1.48

2.9 �9:48 0.93 1.85 5.3 �19:71 0.62 1.13

3.0 �20:76 0.66 1.46 5.4 �34:24 0.50 0.98

0.50

3.7 �6:18 1.12 2.19 3.6 �3:77 1.34 1.87

3.8 �14:57 0.76 1.64 3.7 �14:71 0.72 1.07

3.9 �25:91 0.59 1.42 3.8 �30:46 0.53 0.85

0.58 �0:58

0.35

2.8 �9:66 0.95 2.15 5.0 �6:18 1.12 2.38

2.9 �19:82 0.70 1.70 5.1 �14:42 0.76 1.68

3.0 �33:45 0.56 1.48 5.2 �25:58 0.58 1.38

0.50

3.5 �3:96 1.45 3.20 3.5 �4:65 1.29 2.55

3.6 �10:06 0.93 2.18 3.6 �13:97 0.77 1.54

3.7 �18:66 0.70 1.77 3.7 �27:47 0.57 1.18

�0:58 0.58

0.35

2.8 �8:07 0.99 1.74 5.0 �7:24 0.95 1.25

2.9 �18:21 0.70 1.36 5.1 �16:94 0.66 0.94

3.0 �31:84 0.56 1.21 5.2 �29:51 0.53 0.82

0.50

3.6 �7:83 0.99 1.77 3.5 �5:98 1.03 1.19

3.7 �16:23 0.72 1.42 3.6 �17:51 0.65 0.80

3.8 �27:23 0.59 1.26 3.7 �33:14 0.51 0.66

�0:58 �0:58

0.35

2.7 �8:08 1.03 2.05 4.9 �11:84 0.81 1.44

2.8 �17:20 0.74 1.59 5.0 �21:48 0.63 1.17

2.9 �29:48 0.59 1.38 5.1 �33:64 0.52 1.03

0.50

3.4 �5:08 1.27 2.51 3.4 �5:68 1.14 1.80

3.5 �11:34 0.87 1.84 3.5 �15:32 0.72 1.16

3.6 �19:83 0.69 1.55 3.6 �28:71 0.56 0.93
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range results in a large change of the predictions, which
indicates that the results are sensitive to the effective

coupling constants. We can see that large g~h, negative
g�g

0
� and g�g

00
� are favorable to binding the molecular

states. Comparing the results in Tables II, III, and IV, we
find that � exchange is against the formation of the bound
state with IGðJPCÞ ¼ 0�ð1��Þ; nevertheless, it is beneficial
to the formation of the IGðJPÞ ¼ 1�ð1�Þ molecular state.

Ycc with IGðJPCÞ ¼ 0�ð1��Þ Zþ
cc with IGðJPÞ ¼ 1�ð1�Þ

g~h g�g
0
� g�g

00
� h� � (GeV) M (MeV) rrms (fm) R � (GeV) M (MeV) rrms (fm) R

0.54

0.58 0.58

0.35

1.8 �2:42 1.84 3.21 4.2 �9:99 0.86 1.59

1.9 �11:03 0.91 1.75 4.3 �21:32 0.62 1.25

2.0 �24:76 0.66 1.39 4.4 �36:09 0.50 1.10

0.50

2.1 �8:24 1.02 1.92 3.2 �12:62 0.78 1.38

2.2 �19:25 0.71 1.47 3.3 �26:99 0.57 1.08

2.3 �34:54 0.57 1.30 3.4 �45:95 0.47 0.95

0.58 �0:58

0.35

1.8 �6:29 1.19 2.42 4.1 �13:88 0.78 1.83

1.9 �16:88 0.78 1.69 4.2 �24:83 0.61 1.50

2.0 �32:31 0.60 1.43 4.3 �38:79 0.50 1.32

0.50

2.0 �5:65 1.25 2.51 3.1 �11:78 0.85 1.87

2.1 �14:59 0.82 1.77 3.2 �24:09 0.62 1.43

2.2 �27:44 0.64 1.49 3.3 �40:53 0.51 1.21

�0:58 0.58

0.35

1.8 �5:35 1.25 2.11 4.1 �13:94 0.74 1.18

1.9 �15:93 0.78 1.44 4.2 �25:68 0.58 1.00

2.0 �31:41 0.60 1.23 4.3 �40:44 0.48 0.91

0.50

2.0 �4:61 1.33 2.20 3.1 �12:19 0.79 1.16

2.1 �13:49 0.83 1.50 3.2 �25:70 0.59 0.92

2.2 �26:33 0.64 1.27 3.3 �43:37 0.48 0.81

�0:58 �0:58

0.35

1.8 �9:78 0.98 1.88 3.9 �8:33 0.98 1.84

1.9 �22:04 0.70 1.46 4.0 �16:85 0.71 1.42

2.0 �39:09 0.56 1.28 4.1 �28:01 0.58 1.22

0.50

2.0 �9:66 0.98 1.87 3.0 �10:72 0.87 1.60

2.1 �20:31 0.72 1.48 3.1 �22:23 0.64 1.22

2.2 �34:80 0.58 1.31 3.2 �37:53 0.52 1.04

0.85

0.58 0.58

0.35

1.3 �11:86 0.93 1.72 3.2 �10:84 0.86 1.67

1.4 �28:73 0.67 1.34 3.3 �22:29 0.64 1.34

1.5 �53:33 0.53 1.20 3.4 �37:36 0.52 1.19

0.50

1.3 �5:27 1.31 2.29 2.6 �9:21 0.94 1.76

1.4 �16:97 0.81 1.52 2.7 �21:74 0.65 1.32

1.5 �34:96 0.62 1.28 2.8 �38:91 0.52 1.13

0.58 �0:58

0.35

1.3 �14:66 0.87 1.71 3.1 �11:85 0.86 1.99

1.4 �32:74 0.64 1.38 3.2 �22:30 0.66 1.61

1.5 �58:63 0.52 1.24 3.3 �35:98 0.54 1.41

0.50

1.3 �7:58 1.14 2.13 2.5 �7:56 1.07 2.38

1.4 �20:52 0.76 1.53 2.6 �17:94 0.73 1.70

1.5 �39:78 0.60 1.31 2.7 �32:49 0.57 1.40

�0:58 0.58

0.35

1.3 �14:13 0.87 1.56 3.1 �10:85 0.85 1.44

1.4 �32:23 0.64 1.26 3.2 �21:69 0.64 1.17

1.5 �58:16 0.52 1.13 3.3 �35:80 0.53 1.05

0.50

1.3 �7:04 1.15 1.95 2.5 �6:58 1.08 1.74

1.4 �19:98 0.76 1.38 2.6 �17:47 0.71 1.23

1.5 �39:26 0.59 1.20 2.7 �32:64 0.56 1.03

�0:58 �0:58

0.35

1.2 �4:75 1.40 2.51 3.0 �11:33 0.87 1.75

1.3 �16:97 0.82 1.56 3.1 �21:18 0.67 1.42

1.4 �36:26 0.62 1.29 3.2 �33:99 0.56 1.25

0.50

1.3 �9:47 1.03 1.87 2.5 �13:90 0.81 1.62

1.4 �23:58 0.72 1.41 2.6 �26:68 0.62 1.30

1.5 �44:09 0.58 1.23 2.7 �43:54 0.51 1.14

TABLE III. (Continued)
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As for Yð4260Þ, the conclusion reached with only pseudo-
scalar exchange remains. Yð4260Þ could be accommodated
as a molecule state for appropriate effective coupling con-
stants and cutoff. A IGðJPÞ ¼ 1�ð1�Þ bound state around
4250 MeV requires � should be at least 3 GeV, therefore
we conclude that the interpretation of Zþ

2 ð4250Þ as a D1D
or D0D

� molecule is disfavored. This conclusion is con-
sistent with the general observations from the chiral quark
model. It is found that the isoscalar channel is easier to
bind than the isovector channel for the same components
[48].

B. The bottom analog of Yð4260Þ and Zþ
2 ð4250Þ

The bottom analog Ybb and Z
þ
bb, respectively, denote the

states obtained by replacing both the charm quark and
antiquark with bottom quark and antiquark in Yð4260Þ
and Zþ

2 ð4250Þ. The above calculation can be easily ex-
tended to study these states. The shape of both the diagonal
and the nondiagonal potential is similar to that of the charm
system, except that the former is larger than the latter in
magnitude. Furthermore, since the kinetic energy is greatly
reduced because of the heavier mass of the B meson, a
molecular state is more easily formed. We choose the same
set of parameters as in the previous section. The numerical
results with only pseudoscalar �, 	 exchange are shown in
Table IV, and the results with both pseudoscalar and �
exchange are listed in Tables Vand VI. As is expected, the
magnitudeM of the bottom analog is larger than that of the
corresponding charmed state for the same parameters. The
variation ofM, rrms, and R with� is the same as the charm

system, large g~h, negative g�g
0
� and g�g

00
� are beneficial to

molecule formation as well. From the results in Tables V
and VI, we note that both the bottom analog Ybb and Zþ

bb

may exist.
Since Yð4260Þ has a large branch ratio into �þ��J=c ,

the bottom analog Ybb should be searched for in the

�þ��� channel. Specifically, the state Ybb can be
searched for at B factories and future Super B factory via
initial state radiation (ISR) eþe� ! �ISR�

þ��� or by
eþe� ! �þ��� direct scan [49]. Furthermore, Ybb may
be searched for at Tevatron via p �p ! Ybb ! �þ���, and
LHC is more promising. Similarly, for the bottom analog
Zþ
bb, the most hopeful discovery channel would be Zþ

bb !
�þ�b1, where �b1 is in turn detected by its decay into ��
[41]. Because of the large mass of this state, it is difficult to
produce such a state via decay of a certain particle [i.e.,
Zþ
2 ð4250Þ is produced in B decay [2] ], consequently large

hadron collides such as Tevatron and LHC are a good place
to search for this state.

VI. CONCLUSION AND DISCUSSIONS

In this work, we have performed a dynamical study of
Yð4260Þ and Zþ

2 ð4250Þ simultaneously to see whether they
could be a D1D or a D0D

� hadronic molecule. We have
employed the HM�PT, which combines the heavy quark
symmetry and the chiral symmetry. Since both the heavy
meson and heavy anti-meson are involved, the interaction
related with the heavy anti-meson has been included ex-
plicitly, and the total effective Lagrangian is invariant
under the charge conjugation transformation.
The off-diagonal interaction from pseudoscalar �, 	

exchange plays a dominant role, which is a straightforward
support to the off-diagonal interaction mechanism pro-
posed by Swanson and Close. � exchange leads to only
diagonal interaction; its contribution has been taken into
account in this work. We find that � exchange is not
favorable to the formation of the molecular state with
IGðJPCÞ ¼ 0�ð1��Þ, whereas it is helpful to the binding
of the molecule with IGðJPÞ ¼ 1�ð1�Þ. For an appropriate
value of the effective coupling constants and a reasonable
cutoff �, Yð4260Þ could be accommodated as a D1D and
D0D

� molecule. However, the existence of a molecule

TABLE IV. The mass, the root of mean square radius (rms), and the ratio (R) between the BB1 and B�B0 components for the bound
state solutions of the BB1 and B�B0 system with one pseudoscalar exchange, and the mass is measured with respect to the B1B
threshold MB þMB1

’ 11004 MeV.

Ybb with IGðJPCÞ ¼ 0�ð1��Þ Zþ
bb with IGðJPÞ ¼ 1�ð1�Þ

g~h � (GeV) M (MeV) rrms (fm) R � (GeV) M (MeV) rrms (fm) R

0.23

1.8 �5:60 0.81 3.08 6.2 �7:90 0.63 2.53

1.9 �14:96 0.53 2.03 6.3 �13:45 0.49 2.04

2.0 �28:27 0.42 1.63 6.4 �20:22 0.40 1.76

0.35

1.4 �8:76 0.70 2.57 4.2 �5:17 0.88 3.08

1.5 �21:93 0.49 1.79 4.3 �10:31 0.57 2.29

1.6 �40:65 0.39 1.48 4.4 �16:95 0.45 1.89

0.54

1.1 �11:29 0.66 2.35 2.9 �6:55 0.73 2.81

1.2 �29:05 0.47 1.65 3.0 �12:79 0.54 2.13

1.3 �54:93 0.38 1.38 3.1 �20:87 0.44 1.77

0.85

0.8 �3:49 1.13 4.14 2.0 �7:38 0.72 2.72

0.9 �18:98 0.58 1.94 2.1 �14:97 0.53 2.03

1.0 �46:04 0.43 1.46 2.2 �25:03 0.44 1.69
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TABLE V. The mass, the root of mean square radius (rms), and the ratio (R) between the BB1 and B�B0 components for the bound
state solutions of the BB1 and B�B0 system with both one pseudoscalar exchange and � exchange, and the mass is measured with
respect to the B1B threshold MB þMB1

’ 11004 MeV.

Ybb with IGðJPCÞ ¼ 0�ð1��Þ Zþ
bb with IGðJPÞ ¼ 1�ð1�Þ

g~h g�g
0
� g�g

00
� h� � (GeV) M (MeV) rrms (fm) R � (GeV) M (MeV) rrms (fm) R

0.23

0.58 0.58

0.35

2.4 �8:16 0.65 2.47 3.1 �4:84 0.76 2.21

2.5 �17:22 0.47 1.89 3.2 �14:28 0.59 1.41

2.6 �29:14 0.39 1.63 3.3 �27:06 0.36 1.11

0.50

3.8 �4:40 0.87 3.44 2.3 �11:53 0.52 1.42

3.9 �9:54 0.59 2.50 2.4 �27:04 0.38 0.94

4.0 �16:34 0.46 2.07 2.5 �47:66 0.31 0.74

0.58 �0:58

0.35

2.2 �5:63 0.84 3.87 2.9 �5:32 0.83 4.34

2.3 �12:07 0.59 2.73 3.0 �11:82 0.57 2.78

2.4 �20:93 0.47 2.19 3.1 �20:94 0.44 2.05

0.50

3.5 �7:67 0.73 3.76 2.2 �11:16 0.60 2.84

3.6 �12:17 0.58 3.02 2.3 �23:19 0.44 1.78

3.7 �17:83 0.49 2.57 2.4 �39:83 0.35 1.29

�0:58 0.58

0.35

2.3 �8:15 0.65 2.17 3.0 �10:11 0.52 1.16

2.4 �16:87 0.48 1.69 3.1 �21:07 0.39 0.88

2.5 �28:20 0.40 1.46 3.2 �34:78 0.33 0.75

0.50

3.6 �5:80 0.75 2.61 2.2 �10:04 0.54 1.08

3.7 �10:92 0.56 2.05 2.3 �24:96 0.38 0.71

3.8 �17:38 0.45 1.76 2.4 �44:59 0.32 0.56

�0:58 �0:58

0.35

2.1 �5:02 0.88 3.59 2.8 �7:04 0.71 2.64

2.2 �11:16 0.61 2.48 2.9 �14:49 0.51 1.78

2.3 �19:60 0.48 1.98 3.0 �24:44 0.41 1.38

0.50

3.3 �8:23 0.70 3.10 2.1 �8:20 0.67 2.43

3.4 �12:63 0.57 2.56 2.2 �19:40 0.46 1.40

3.5 �18:04 0.49 2.21 2.3 �35:11 0.37 0.99

0.35

0.58 0.58

0.35

1.6 �8:48 0.68 2.46 2.7 �8:38 0.61 2.01

1.7 �19:80 0.49 1.81 2.8 �19:05 0.43 1.46

1.8 �35:44 0.39 1.53 2.9 �33:04 0.35 1.21

0.50

1.9 �8:79 0.66 2.43 2.1 �11:60 0.54 1.72

2.0 �17:95 0.49 1.89 2.2 �26:56 0.40 1.19

2.1 �30:10 0.41 1.63 2.3 �46:60 0.33 0.96

0.58 �0:58

0.35

1.5 �5:95 0.84 3.48 2.5 �6:02 0.79 3.99

1.6 �15:06 0.57 2.32 2.6 �13:16 0.55 2.65

1.7 �28:17 0.45 1.85 2.7 �23:07 0.44 2.02

0.50

1.8 �9:31 0.69 2.89 2.0 �10:45 0.62 2.98

1.9 �17:68 0.52 2.23 2.1 �22:30 0.45 1.95

2.0 �28:77 0.43 1.89 2.2 �38:74 0.37 1.47

�0:58 0.58

0.35

1.6 �12:71 0.58 1.94 2.6 �10:35 0.55 1.44

1.7 �25:80 0.44 1.54 2.7 �21:35 0.41 1.10

1.8 �43:15 0.37 1.35 2.8 �35:32 0.35 0.94

0.50

1.8 �6:49 0.76 2.51 2.0 �8:08 0.62 1.59

1.9 �14:61 0.54 1.85 2.1 �21:54 0.42 1.02

2.0 �25:57 0.43 1.56 2.2 �39:85 0.35 0.80

�0:58 �0:58

0.35

1.5 �8:80 0.71 2.68 2.4 �6:03 0.78 3.09

1.6 �19:49 0.51 1.94 2.5 �13:31 0.54 2.05

1.7 �34:19 0.42 1.61 2.6 �23:26 0.43 1.58

0.50

1.7 �6:61 0.80 3.08 1.9 �6:54 0.76 3.03

1.8 �13:96 0.58 2.23 2.0 �16:80 0.50 1.77

1.9 �23:92 0.47 1.84 2.1 �31:57 0.40 1.27
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TABLE VI. The mass, the root of mean square radius (rms), and the ratio (R) between the BB1 and B�B0 components for the bound
state solutions of the BB1 and B�B0 system with both one pseudoscalar exchange and � exchange, and the mass is measured with
respect to the B1B threshold MB þMB1

’ 11 004 MeV.

Ybb with IGðJPCÞ ¼ 0�ð1��Þ Zþ
bb with IGðJPÞ ¼ 1�ð1�Þ

g~h g�g
0
� g�g

00
� h� � (GeV) M (MeV) rrms (fm) R � (GeV) M (MeV) rrms (fm) R

0.54

0.58 0.58

0.35

1.1 �4:16 0.99 3.49 2.2 �6:67 0.70 2.45

1.2 �15:49 0.58 2.00 2.3 �16:59 0.48 1.70

1.3 �33:34 0.44 1.56 2.4 �30:12 0.38 1.39

0.50

1.2 �6:93 0.79 2.73 1.8 �6:41 0.73 2.56

1.3 �18:44 0.53 1.87 1.9 �18:58 0.47 1.60

1.4 �35:15 0.43 1.55 2.0 �36:01 0.37 1.24

0.58 �0:58

0.35

1.1 �6:49 0.84 3.19 2.1 �8:66 0.68 3.21

1.2 �19:23 0.55 2.03 2.2 �17:54 0.50 2.29

1.3 �38:42 0.43 1.62 2.3 �29:56 0.41 1.83

0.50

1.2 �10:20 0.69 2.60 1.7 �5:05 0.88 4.32

1.3 �23:12 0.51 1.90 1.8 �14:36 0.56 2.48

1.4 �41:24 0.41 1.60 1.9 �28:38 0.43 1.79

�0:58 0.58

0.35

1.1 �5:38 0.88 2.98 2.1 �5:49 0.76 2.23

1.2 �17:94 0.55 1.81 2.2 �14:76 0.50 1.49

1.3 �37:11 0.43 1.44 2.3 �27:44 0.40 1.20

0.50

1.2 �8:84 0.71 2.35 1.8 �12:06 0.56 1.62

1.3 �21:63 0.51 1.69 1.9 �27:02 0.41 1.16

1.4 �39:68 0.41 1.42 2.0 �47:05 0.34 0.96

�0:58 �0:58

0.35

1.1 �7:79 0.78 2.81 2.0 6.63 0.76 3.06

1.2 �21:69 0.52 1.85 2.1 �14:74 0.54 2.07

1.3 �42:15 0.42 1.50 2.2 �25:89 0.43 1.62

0.50

1.2 �12:19 0.65 2.30 1.7 �8:44 0.69 2.75

1.3 �26:32 0.49 1.73 1.8 �20:06 0.49 1.76

1.4 �45:74 0.40 1.49 1.9 �36:41 0.39 1.35

0.85

0.58 0.58

0.35

0.9 �15:10 0.63 2.09 1.8 �14:35 0.54 1.93

1.0 �37:85 0.46 1.53 1.9 �27:75 0.42 1.53

1.1 �71:44 0.37 1.31 2.0 �45:31 0.35 1.32

0.50

0.9 �12:39 0.67 2.24 1.5 �5:80 0.80 2.90

1.0 �31:80 0.48 1.60 1.6 �17:64 0.51 1.79

1.1 �60:44 0.39 1.36 1.7 �35:09 0.40 1.39

0.58 �0:58

0.35

0.9 �16:45 0.62 2.10 1.7 �11:83 0.62 2.67

1.0 �40:19 0.45 1.56 1.8 �23:08 0.47 2.00

1.1 �74:91 0.37 1.35 1.9 �38:13 0.39 1.66

0.50

0.9 �13:70 0.65 2.25 1.5 �11:33 0.64 2.73

1.0 �34:09 0.48 1.64 1.6 �24:92 0.47 1.91

1.1 �63:85 0.39 1.40 1.7 �43:85 0.38 1.53

�0:58 0.58

0.35

0.9 �15:93 0.62 2.01 1.7 �9:30 0.64 2.04

1.0 �39:56 0.45 1.47 1.8 �20:77 0.47 1.49

1.1 �74:25 0.37 1.27 1.9 �36:20 0.39 1.25

0.50

0.9 �13:17 0.66 2.15 1.5 �9:18 0.65 2.11

1.0 �33:43 0.48 1.54 1.6 �23:12 0.46 1.44

1.1 �63:13 0.39 1.31 1.7 �42:63 0.38 1.16

�0:58 �0:58

0.35

0.9 �17:27 0.61 2.02 1.6 �7:05 0.77 3.02

1.0 �41:88 0.45 1.51 1.7 �16:42 0.54 2.04

1.1 �77:70 0.37 1.30 1.8 �29:47 0.43 1.61

0.50

0.9 �14:47 0.64 2.16 1.5 �14:85 0.57 2.14

1.0 �35:71 0.47 1.57 1.6 �30:27 0.44 1.57

1.1 �66:52 0.38 1.35 1.7 �51:10 0.36 1.30
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around 4250 MeV with IGðJPÞ ¼ 1�ð1�Þ requires that �
should be at least 3 GeV, given the currently allowed values
of the coupling constants. Consequently, the interpretation
of Zþ

2 ð4250Þ as a D1D or D0D
� molecule is disfavored. Its

structure should be studied further. Through calculating the
masses of excited heavy tetraquarks with hidden charm in
the diquark-antidiquark picture, the authors in Ref. [50]
suggested that Zþ

2 ð4250Þ could be the charged partner of

the 1� 1P state S �S or as the 0� 1P state of the ðS �A�
�SAÞ= ffiffiffi

2
p

tetraquark. QCD sum rule analysis for Zþ
2 ð4250Þ is

performed in Ref. [51].
The effective potential from vector meson �, ! ex-

change has been presented analytically. Because of the
accidental coincidence of m� and m!, the contribution

from � and ! exchange almost cancels in the potential
related with Zþ

2 ð4250Þ. For Yð4260Þ, the situation is not the
same. A number of effective coupling constants are in-
volved. Because some of them have not been determined
so far, we cannot give a quantitative estimate about the
contribution from vector meson exchange. Qualitatively, it
should be smaller than the contribution coming from pseu-
doscalar and � exchange in magnitude. It is necessary and
interesting to examine the effect of vector meson exchange
on Yð4260Þ in the future.

The bottom analog of Yð4260Þ and Zþ
2 ð4250Þ denoted by

Ybb and Zþ
bb, respectively, may exist. Ybb can be searched

for in eþe� ! �ISR�
þ��� or by eþe� ! �þ��� direct

scan. The direct production of Ybb at Tevatron or LHC via
p �p ! Ybb ! �þ��� is a hopeful approach as well. For
Zþ
bb, the most promising discovery channel is Zþ

bb !
�þ�b1.
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APPENDIX: THE POTENTIAL FROM LIGHT
VECTOR MESONS � AND ! EXCHANGE

The light vector mesons nonet can be introduced by
using the hidden gauge symmetry approach, and the
Lagrangian containing these particles is as follows:
[27,52,53]

L V ¼ i�hHðQÞ
b v�ðV� � ��Þba �HðQÞ

a i þ i
hHðQÞ
b ���F��ð�Þba �HðQÞ

a i þ i�1hSðQÞ
b v�ðV� � ��Þba �SðQÞ

a i
þ i
1hSðQÞ

b ���F��ð�Þba �SðQÞ
a i þ i�2hTðQÞ


b v�ðV� � ��Þba �TðQÞ
a
 i þ i
2hTðQÞ


b ���F��ð�Þba �TðQÞ
a
 i

þ ½i�hHðQÞ
b ��ðV� � ��Þba �SðQÞ

a i þ i�hHðQÞ
b �
�F
�ð�Þba �SðQÞ

a i þ i�1hTðQÞ�
b ðV� � ��Þba �HðQÞ

a i
þ�1hTðQÞ�

b ��F��ð�Þba �HðQÞ
a i þ H:c:�; (A1)

where F��ð�Þ ¼ @��� � @��� þ ½��; ���, and �� is defined as

�� ¼ i
gVffiffiffi
2

p V�: (A2)

V� is a Hermitian 3� 3 matrix analogous to Eq. (5) containing �, K�, !, and �:

V ¼
�0ffiffi
2

p þ !ffiffi
2

p �þ K�þ

�� � �0ffiffi
2

p þ !ffiffi
2

p K�0

K�� �K�0 �

0
BB@

1
CCA: (A3)

By imposing the Kawarabayashi-Suzuki-Riazuddin-Fayyazuddin relations, one obtains gV ’ 5:8. For the same reason, the
interaction between the light vector resonances and heavy anti-mesons should be included via applying the charge
conjugation transformation:

L 0
V ¼ �i�h �Hð �QÞ

a v�ðV� � ��ÞabHð �QÞ
b i þ i
h �Hð �QÞ

a ���F��ð�ÞabHð �QÞ
b i � i�1h �Sð �QÞ

a v�ðV� � ��ÞabSð �QÞ
b i

þ i
1h �Sð �QÞ
a ���F��ð�ÞabSð �QÞ

b i � i�2h �Tð �QÞ
a
 v

�ðV� � ��ÞabTð �QÞ

b i þ i
2h �Tð �QÞ

a
 �
��F��ð�ÞabTð �QÞ


b i
þ ½i�h �Sð �QÞ

a ��ðV� � ��ÞabHð �QÞ
a i þ i�h �Sð �QÞ

a �
�F
�ð�ÞabHð �QÞ
b i � i�1h �Hð �QÞ

a ðV� � ��ÞabTð �QÞ�
b i

þ�1h �Hð �QÞ
a ��F��ð�ÞabTð �QÞ�

b i þ H:c:�; (A4)

where we have used the property CV�C�1 ¼ �VT
�. Then the effective interactions relevant to the concerned tree level

scattering diagrams are as follows:
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LDDV ¼ igDDVðDb@
$
�D

y
a ÞV�

ba þ ig �D �DVð �Db@
$
�
�Dy
a ÞV�

ab
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1b@
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�D

y
1a�ÞV�
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ðD�

1bD
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1a �D

�y
1a D

�
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$
�
�D�y
1a ÞV�

ab

þ ig0�D1
�D1V

ð �D�
1b

�D�y
1a � �D

�y
1a

�D�
1bÞð@�V� � @�V�Þab

LDD1V ¼ gDD1VD
�
1bV�baD

y
a þ g0DD1V

ðD�
1b@

$�Dy
a Þð@�V� � @�V�Þba þ g �D �D1V

�Dy
aV�ab

�D�
1b

þ g0�D �D1V
ð �D�

1b@
$� �Dy

a Þð@�V� � @�V�Þab þ H:c:

LD�D�V ¼ igD�D�VðD�
b�@

$
�D

��y
a ÞV�
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b D��y

a �D��y
a D��
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$
�
�D��y
a ÞV�

ab

þ ig0�D� �D�Vð �D��
b

�D��y
a � �D

��y
a �D��

b Þð@�V� � @�V�Þab
LD0D0V ¼ igD0D0VðD0b@

$
�D

y
0aÞV�

ba þ ig �D0
�D0V

ð �D0b@
$
�
�Dy
0aÞV�

ab

LD�D0V ¼ gD�D0VD
��
b V�baD

y
0a þ g0D�D0V

ðD��
b @

$�Dy
0a �D��

b @
$�Dy

0aÞð@�V� � @�V�Þba þ g �D� �D0V
�Dy
0aV�ab

�D��
b

þ g0�D� �D0V
ð �D��

b @
$� �Dy

0a � �D
��
b @

$� �Dy
0aÞð@�V� � @�V�Þab þ H:c: (A5)

The coupling constants are as follows [54]:

gDDV ¼ �g �D �DV ¼ 1ffiffiffi
2

p �gV gD1D1V ¼ �g �D1
�D1V

¼ 1ffiffiffi
2

p �2gV g0D1D1V
¼ �g0�D1

�D1V
¼ 5
2gV

3
ffiffiffi
2

p MD1

gDD1V ¼ �g �D �D1V
¼ � 2ffiffiffi

3
p �1gV

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
MDMD1

q
g0DD1V

¼ �g0�D �D1V
¼ 1ffiffiffi

3
p �1gV

gD�D�V ¼ �g �D� �D�V ¼ � 1ffiffiffi
2

p �gV g0D�D�V ¼ �g0�D� �D�V ¼ � ffiffiffi
2

p

gVMD� gD0D0V ¼ �g �D0

�D0V
¼ � 1ffiffiffi

2
p �1gV

gD�D0V ¼ g �D� �D0V
¼ ��gV

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2MD�MD0

q
g0D�D0V

¼ g0�D� �D0V
¼ � 1ffiffiffi

2
p �gV:

(A6)

From the above effective interactions, following the general procedure presented in Sec. III, we can calculate the effective
potential from � and ! exchange. For Yð4260Þ, the potential in coordinate space is

V�;!
12 ðrÞ ¼ V�;!

21 ðrÞ ¼ 0

V�;!
11 ðrÞ ¼ 1

4
��2g

2
V½3Hð�; m�; rÞ þHð�; m!; rÞ� þ

��2g
2
VðM2

D þM2
D1
Þ

32M2
DM

2
D1
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� 1

6
g2V

�
�1 þ

�1ðM2
D �M2

D1
Þ

2
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
MDMD1

p
�
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g2V�
2
1ðMD þMD1

Þ2
72MDMD1
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2
1

18

�
3

m2
�

Zð�; X2; �5; m�; rÞ þ 1

m2
!

Zð�; X2; �6; m!; rÞ
�

V
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22 ðrÞ ¼ 1

4
��1g

2
V½3Hð�; m�; rÞ þHð�; m!; rÞ� þ
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Þ
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MD�MD0

p
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2ðMD� þMD0

Þ2
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�
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�

Zð�; X3; �7; m�; rÞ þ 1

m2
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(A7)

The potential in coordinate space for Zþ
2 ð4250Þ is
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(A8)

where the parameters �i (i ¼ 5, 6, 7, 8) are given by

�2
5 ¼ m2

� � ðMD1
�MDÞ2

�2
6 ¼ m2

! � ðMD1
�MDÞ2

�2
7 ¼ m2

� � ðMD0
�MD� Þ2

�2
8 ¼ m2

! � ðMD0
�MD� Þ2:

(A9)

The new functions Gð�; m; rÞ and Yð�; X;�;m; rÞ are
defined as follows:

Gð�; m; rÞ ¼ 1

4�

1

r
ð�2e��r �m2e�mrÞ

þ�2 �m2

8�

�
�� 2

r

�
e��r

Yð�; X;�;m; rÞ ¼ 1

4�

1

r
ðe��r � e�XrÞ ��2 �m2

8�X
e�Xr:

(A10)

As is demonstrated in Eqs. (A7) and (A8), light vector
mesons � and ! exchange leads to diagonal interaction,
and the off-diagonal components of the effective potential
are zero because of parity conservation. For Zþ

2 ð4250Þ, it is
obvious that the potential coming from � exchange almost
cancels that from ! exchange, because of the accidental

coincidence of m� and m!, i.e., m� ’ 775:5 MeV and
m! ’ 782:7 MeV [41].
There are a number of parameters �, �1, �2, �, �1, � ,

and �1 involved in the effective potential. The information
about the effective coupling constants between the heavy
meson and the light vector mesons is very scarce until now,
especially those related with the P-wave heavy mesons. By
vector meson dominance, � is estimated to be about 0.9
[42]. Reference [27] gives� ¼ �0:1 GeV�1 and � ¼ 0:1.
The remaining parameters have not been determined as far
as we know, and we even do not know the ranges which
they are in. So at present we cannot give a quantitative
estimate about the vector meson exchange contribution to
the potential associated with Yð4260Þ. Since the light vec-
tor meson mass m�, m! is larger than m�, m	, and m�, we

expect that the potential induced by vector meson ex-
change should be smaller than that due to pseudoscalar
and scalar exchange in magnitude. In principle, we can
determine these coupling constants following the methods
of QCD sum rule, nonrelativistic potential model, and so
on, by means of which certain coupling constants in
HM�PT have been estimated. In the future, if we could
get a reliable estimate about these coupling constants from
both phenomenological and theoretical approaches, the
effective potential arising from �, ! exchange and its
effect on the structure of Yð4260Þ could be analyzed in
the same way as in Sec. V.
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