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1 ÚÚÚóóó

32003c§Belle Ü�|3B± → K±π+π−J/ψH
ÞL§¥�π+π−J/ψØC�þÌp¡§*ÿ�a
ìâfX(3872)"

·��lË�PCX(3872) → γJ/ψ, γψ′¥í�
Ñ>Ö�ÝC = +"

d	§éπ+π−J/ψ�'é©Û�L²X(3872)�
þfê�JPC = 1++"

L. Maiani�<rX(3872)w�d��IþV§��
Ú��¶¥þV§��|¤�o§��"
d	§Ù§)º�éõ§Ñk�n§ùpØ2�
Þ"
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8cSU§BESIIIÜ�|3e+e− → π+π−J/ψÑ
�L§¥�π±J/ψ�þÌp¡*ÿ�Zc(3900)§
*ÿ���þ�(3899.0 ± 3.6 ± 4.9) MeV§°Ý
�(46± 10± 20) MeV"

¢�(J����BelleÜ�|ÚCLEOÜ�|�
y¢§(áZc(3900)"

R. Faccini�<rZc(3900)w�ÚX(3872)éA�K
>Ö�Ý¶¥o§��"

d	§Ù§)º�éõ§Ñk�n§ùpØ2�
Þ"
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�C§BESIIIÜ�|3e+e− → πDD̄∗Ñ�L§¥
�(DD̄∗)±�þÌp¡*ÿ�Zc(3885)"

*ÿ���þÚ°Ý©O�(3883.9 ± 1.5 ±
4.2) MeVÚ(24.8± 3.3± 11.0) MeV"éπZc(3885)�
©Ù©Û|±þfêJP = 1+"

�Ä��þÚ°Ý�Ø(½Ý§·�@
�Zc(3900)ÚZc(3885)�U´Ó��¶¥âf"
��¶¥o§���±PC�DD̄∗ÚπJ/ψ"
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d	§BESIIIÜ�|3e+e− → (D∗D̄∗)±π∓Ñ�
L§¥�π∓�À�þÌp¡�(D∗D̄∗)±K�N
C*ÿ�Z±c (4025)"*ÿ���þÚ°Ý©O
�(4026.3±2.6±3.7) MeVÚ(24.8±5.6±7.7) MeV"

�k§BESIIIÜ�|3e+e− → π+π−hcÑ�L§
¥�π±hc�þÌp¡*ÿ�Zc(4020)§*ÿ��
�þÚ°Ý©O�(4022.9±0.8±2.7) MeVÚ(7.9±
2.7± 2.6) MeV"

3π±hc�þÌp¡vk*ÿ�Zc(3900)"
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·��1��A´µSÅD∗D̄∗XÚ�þfê
�JPC = 0++, 1+−, 2++§SÅπ±hcþfê�JPC =
1−−§Zc(4025)ÚZc(4020)´ØÓâf"

éuPÅD∗D̄∗XÚ§þfê��±�JPC = 1−±,
1+±"·�ØUüØZc(4025)ÚZc(4020)�Ó�¥
þâf"

Zc(4025)ÚZc(4020)´Ö>aìâf§§��§�
(��cc̄ud̄½öcc̄dū"
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32007c§BelleÜ�|3e+e− → π+π−ψ′Ñ
� L § ¥π+π−ψ′Ø C � þ © Ù p ¡ * ÿ
�Y (4360)ÚY (4660)"Y (4360)ÚY (4660)� þ f
êÑ�JPC = 1−−"

32008c§BelleÜ�|3e+e− → Λ+
c Λ−cÑ

� L § ¥Λ+
c Λ−c� Ø C � þ © Ù p ¡ * ÿ

�Y (4630)" � Ä � � þ Ú ° Ý � Ø ( ½
Ý§Y (4660)ÚY (4630)�U´Ó�âf"
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·��ó�´µ«©¥þ6Ú¶¥þ6�>Ö
�Ý§3�Î¦ÈÐm¥§O�ý�và��
Ý10Úþ?O(αs)§

Äg�[ïÄo§��¦Ú5K�IÝ�65§
¿Áã��k^úª§

¿ éX(3872), Zc(3900), Zc(3885), Zc(4020),
Zc(4025), Y (4360)§Y (4660)�ÑXÚïÄ"
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3Ûì({)o§��½ö©f��QCD¦Ú5K
¥§È© ∫ s0

4m2
Q

dsρQCD(s) exp
(
− s

T 2

)
, (1)

éu§��þ mQ �Cz4�¯a§ùp
ρQCD(s)´QCDÌ�Ý§T 2´Ù4�ëê"

§��þ�Cz�±��QCDÌ�Ý�Cz§
���´��È©«m4m2

Q − s0�Cz§�ª
��Ù4�I��Cz±9¤ýórf��þ�
Cz"
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3±c¤k'uì({)o§��½ö©f��ó
�¥§Ñ�MS�þ§

�´Ø	�ü«�/µ½övk²(�ÑUþI
Ý¶½ö�Ñ3��AÏUþIÝµ = 1GeV§O
�QCDÌ�Ý§

vk?Ûó��[ïÄUI�65"
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2 äääNNNOOO���LLL§§§
We write down the two-point correlation functions in the QCD sum rules,

Πµν(p) = i

∫
d4xeip·x〈0|T

{
Jµ(x)J†ν(0)

}
|0〉 , (2)

J1
µ(x) =

εijkεimn√
2

{
uj(x)Cγ5c

k(x)d̄m(x)γµCc̄
n(x) + tuj(x)Cγµc

k(x)d̄m(x)γ5Cc̄
n(x)

}
,(3)

J2
µ(x) =

εijkεimn√
2

{
sj(x)Cck(x)s̄m(x)γµCc̄

n(x) + tsj(x)Cγµc
k(x)s̄m(x)Cc̄n(x)

}
, (4)

J3
µ(x) =

εijkεimn

2

{
uj(x)Cck(x)ūm(x)γµCc̄

n(x) + dj(x)Cck(x)d̄m(x)γµCc̄
n(x)

+tuj(x)Cγµc
k(x)ūm(x)Cc̄n(x) + tdj(x)Cγµc

k(x)d̄m(x)Cc̄n(x)
}
, (5)

J4
µ(x) =

εijkεimn√
2

{
uj(x)Cck(x)d̄m(x)γµCc̄

n(x) + tuj(x)Cγµc
k(x)d̄m(x)Cc̄n(x)

}
, (6)

where Jµ(x) = J1
µ(x), J2

µ(x), J3
µ(x), J4

µ(x). t = ±1 denote the positive and negative charge
conjunctions, respectively, the i, j, k, m, n are color indexes.
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·�ÀJ^S�6J1
µ(x)5ïÄJPC = 1+± V§

��-�V§��.�o§��X(3872)ÚZc(3900)
(½öZc(3885))"

·�ÀJ^t = −�¥5S�6J2
µ(x)ÚJ3

µ(x)5
ïÄJPC = 1−−�V§��-�V§��.�o
§��Y (4660)ÚY (4360)"BelleÜ�|*ÿ�
3π+π−ψ′ �þÌ¥π+π−ØC�þ©Ù¥kü
�(�§©O30.6 GeVÚ1.0 GeVNC§�U´
Iþâff0(600)Úf0(980)"

·�ÀJ^Ö>¥þ6J4
µ(x)5ïÄZc(4020)ÚZc(4025)"

d	§·���E
IþÚÜþ6§�3�§¯
Ñ(J
"
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3>Ö�ÝĈC�e§S�6Jµ(x)5�Xeµ

ĈJµ(x)Ĉ−1 = ±Jµ(x) for t = ±1 , (7)
ùåuIþ!�Iþ!¶¥þV§���>Ö
�Ý5�§

Ĉ
[
εijkqjCγ5c

k
]
Ĉ−1 = εijkq̄jγ5Cc̄

k ,

Ĉ
[
εijkqjCck

]
Ĉ−1 = εijkq̄jCc̄k ,

Ĉ
[
εijkqjCγµc

k
]
Ĉ−1 = εijkq̄jγµCc̄

k . (8)
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·�£�QCD¦Ú5K§wrfL«§

Πµν(p) =
λ2

M 2 − p2

(
−gµν +

pµpν
p2

)
+ · · · , (9)

4:3êλÏLe¡úª½Â
〈0|Jµ(0)|Y/Z(p)〉 = λεµ , (10)

εµ ´X(3872), Zc(3900), Zc(3885), Zc(4020),
Zc(4025), Y (4360) and Y (4660)�4z¥þ"
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·�±¶¥6�~`²�Î¦ÈÐm
We contract the quark fields in the correlation functions Πµν(p) with Wick theorem, obtain the
results:

Πµν(p) = −iε
ijkεimnεi

′j′k′εi
′m′n′

2

∫
d4xeip·x{

Tr
[
γ5C

kk′(x)γ5CU
jj′T (x)C

]
Tr
[
γνC

n′n(−x)γµCD
m′mT (−x)C

]
+Tr

[
γµC

kk′(x)γνCU
jj′T (x)C

]
Tr
[
γ5C

n′n(−x)γ5CD
m′mT (−x)C

]
∓Tr

[
γµC

kk′(x)γ5CU
jj′T (x)C

]
Tr
[
γνC

n′n(−x)γ5CD
m′mT (−x)C

]
∓Tr

[
γ5C

kk′(x)γνCU
jj′T (x)C

]
Tr
[
γ5C

n′n(−x)γµCD
m′mT (−x)C

]}
, (11)

where the ∓ correspond the positive and negative charge conjunctions, respectively, the Uij(x),
Dij(x) and Cij(x) are the full u, d and c quark propagators, respectively (the Uij(x) and Dij(x)
can be written as Sij(x) for simplicity).
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Sij(x) =
iδij 6x
2π2x4

− δij〈q̄q〉
12

− δijx
2〈q̄gsσGq〉

192
−
igsG

a
αβt

a
ij(6xσαβ + σαβ 6x)

32π2x2
− iδijx

2 6xg2
s〈q̄q〉2

7776

−δijx
4〈q̄q〉〈g2

sGG〉
27648

− 1

8
〈q̄jσµνqi〉σµν −

1

4
〈q̄jγµqi〉γµ + · · · , (12)

Cij(x) =
i

(2π)4

∫
d4ke−ik·x

{
δij

6k −mc
−
gsG

n
αβt

n
ij

4

σαβ(6k +mc) + (6k +mc)σ
αβ

(k2 −m2
c)

2

+
gsDαG

n
βλt

n
ij(f

λβα + fλαβ)

3(k2 −m2
c)

4
−
g2
s(t

atb)ijG
a
αβG

b
µν(f

αβµν + fαµβν + fαµνβ)

4(k2 −m2
c)

5
+ · · ·

}
,

fλαβ = (6k +mc)γ
λ(6k +mc)γ

α(6k +mc)γ
β(6k +mc) ,

fαβµν = (6k +mc)γ
α(6k +mc)γ

β(6k +mc)γ
µ(6k +mc)γ

ν(6k +mc) , (13)

and tn = λn

2 , the λn is the Gell-Mann matrix, Dα = ∂α − igsG
n
αt
n, then compute the inte-

grals both in the coordinate and momentum spaces, and obtain the correlation functions Πµν(p)
therefore the spectral densities at the level of quark-gluon degrees of freedom.

d?O��©E,§4N´¿KÜ©¤ùã§O
�I�[%¶ÄK§K�°(Ý"
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We obtain the following QCD sum rules:

λ2
Y/Z exp

(
−
M 2

Y/Z

T 2

)
=

∫ s0

4m2
c

ds ρ(s) exp
(
− s

T 2

)
, (14)

where

ρ(s) = ρ0(s) + ρ3(s) + ρ4(s) + ρ6(s) + ρ7(s) + ρ8(s) + ρ10(s) ,(15)

the subscripts 0, 3, 4, 5, 6, 7, 8, 10 denote the dimensions of the vacuum
condensates.

M 2
Y/Z =

∫ s0

4m2
c
ds d

d(−1/T 2)ρ(s) exp
(
− s
T 2

)∫ s0

4m2
c
dsρ(s) exp

(
− s
T 2

) . (16)
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3 êêê���(((JJJÚÚÚ???ØØØ
The vacuum condensates are taken to be the standard values 〈q̄q〉 = −(0.24 ± 0.01 GeV)3,
〈s̄s〉 = (0.8 ± 0.1)〈q̄q〉, 〈q̄gsσGq〉 = m2

0〈q̄q〉, 〈s̄gsσGs〉 = m2
0〈s̄s〉, m2

0 = (0.8 ± 0.1) GeV2,
〈αsGG

π 〉 = (0.33 GeV)4 at the energy scale µ = 1 GeV.

The quark condensate and mixed quark condensate evolve with the renormalization group

equation, 〈q̄q〉(µ) = 〈q̄q〉(Q)
[
αs(Q)
αs(µ)

]4
9

, 〈s̄s〉(µ) = 〈s̄s〉(Q)
[
αs(Q)
αs(µ)

]4
9

, 〈q̄gsσGq〉(µ) =

〈q̄gsσGq〉(Q)
[
αs(Q)
αs(µ)

] 2
27

, and 〈s̄gsσGs〉(µ) = 〈s̄gsσGs〉(Q)
[
αs(Q)
αs(µ)

] 2
27

.

We take the MS masses mc(mc) = (1.275 ± 0.025) GeV and ms(µ = 2 GeV) = (0.095 ±
0.005) GeV from the Particle Data Group, and take into account the energy-scale dependence
of the MS masses from the renormalization group equation,

mc(µ) = mc(mc)

[
αs(µ)

αs(mc)

]12
25

,

ms(µ) = ms(2GeV)

[
αs(µ)

αs(2GeV)

]4
9

,

αs(µ) =
1

b0t

[
1− b1

b2
0

log t

t
+
b2

1(log2 t− log t− 1) + b0b2

b4
0t

2

]
, (17)

where t = log µ2

Λ2 , b0 =
33−2nf

12π , b1 =
153−19nf

24π2 , b2 =
2857−5033

9 nf+325
27 n

2
f

128π3 , Λ = 213 MeV, 296 MeV
and 339 MeV for the flavors nf = 5, 4 and 3, respectively.
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·�ëìD0fQCD¦Ú5K~^�UþIÝú
ªµ =

√
m2
D −m2

c ≈ 1 GeV§JÑXeUþIÝ
úª5��aìo§��Ì�Ý�UþIÝ§

µ =
√
M 2

Y/Z − (2Mc)2 , (18)

ùp���ì§��þMc = 1.8 GeV"¤�U
IµZc(3900)�UI�µ = 1.5 GeV §Y (4660)�
UI�µ = 3.0 GeV§Y (4360)�UI�µ =
2.5 GeV"
ù�²�úªé+^§éIþ!�I!¥þ!¶
¥þ!Üþaìó�o§��Ñ·^"
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K�ëê
√
s0 = 4.4 GeV�§¶¥o§���

þ�Ù4�ëêÚUI�Cz'X§î�L
«X(3872)ÚZc(3900)�þ�¢��"

1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2 3.4 3.6 3.8 4.0
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4.0

4.1

4.2

4.3

4.4

4.5

4.6

4.7
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M
(G
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)
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 =1.4GeV;
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M
(G
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T2(GeV2)

 =1.0GeV;
 =1.1GeV;
 =1.2GeV;
 =1.3GeV;
 =1.4GeV;
 

¶¥o§���þ�UIO\üNeü§U
Iµ = 1.5 GeV´y¢����$UI"
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�Ä¤kØ(½Ý���ª(Jµ¶¥o§
���þ�Ù4�ëê�Cz'X§î�L
«X(3872)ÚZc(3900)�þ�¢��"
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M
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)
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4.0
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4.5

C=-

 

 

M
(G

eV
)

T2(GeV2)

 Central value;

·��(J|±rX(3872)ÚZc(3900)©Ow
�1++Ú1+−V§��-�V§��.�o§�
�"
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¥þo§��cc̄ud̄�þ�Ù4�ëêÚUI�C
z'X§î��LK�ëê

√
s0 = 4.5 GeV"
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·��(JØ|±rZc(4020)ÚZc(4025)w�V§
��-�V§��.�¥þo§��"
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¥þo§��cc̄ud̄�þ�Ù4�ëêÚUI�C
z'X§î��LK�ëê

√
s0 = 4.7 GeV"
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·��(JØ|±rZc(4020)ÚZc(4025)w�V§
��-�V§��.�¥þo§��"
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éucc̄ss̄ o§��(I)§�Ä¤kØ(½Ý���
ª(Jµ¥þo§���þ�Ù4�ëê�Cz
'X§î��LY (4660)�þ�¢��"
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éucc̄(uū + dd̄)/
√

2o§��(II)§�Ä¤kØ(
½Ý���ª(Jµ¥þo§���þ�Ù4�
ëê�Cz'X§î��LY (4660)�þ�¢�
�"

2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4 4.6 4.8 5.0
4.0

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

5.0

(II)
C=+

 

 

M
(G

eV
)

T2(GeV2)

 Central value;
 Upper bound;
 Lower bound.

2.8 3.0 3.2 3.4 3.6 3.8 4.0 4.2 4.4 4.6 4.8 5.0
4.0

4.1

4.2

4.3

4.4

4.5

4.6

4.7

4.8

4.9

5.0

(II)
C=-

 

 

M
(G

eV
)

T2(GeV2)
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