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1 ÚÚÚóóó
g2003c§Belleêâ|3B → XK§X(3872) →
J/ψπ+π−PC¥uyX(3872)±5§­.��ê
â|ºYuy
Nõaì0f"

oÑ/`§éyk�aì0f�VkÊ«)ºµ

1. �Ún­�-Ún­�.o§��(=V§�-�
V§�.o§��)

√

2. Úü�-Úü�.o§��(©f�)
√

3. K��A , Ñ��A , Cusp�A

4. ·,�
√

5. rfìó�(=cc̄qq̄.o§��)
√

.
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2 QCD¦¦¦ÚÚÚ555KKK���ÄÄÄ:::
§�6–rféóµ�EkA½þfê�§�
6−→ïÄkA½þfê�rf

1. DÚ0f(§�-�§�.0f)§�±�
EIþ!�I!¥þ!¶¥!Üþ6§5ï
ÄJPC = 0++§0−+§1−−§1++§2++�0f"~
Xµ

〈0|q̄(0)iγ5c(0)|D(p)〉 =
fDm

2
D

mq+mc

〈0|q̄(0)γµc(0)|D∗(p)〉 = fD∗mD∗εµ

PC~ê�O�§�©¤Ù§PDG¥“Leptonic
Decays of Charged Pseudoscalar Mesons”§Ø
Ú
^�:�ê�§{eÄ�Ò´Ú^QCD¦Ú5K
�nØ�
"
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2. DÚ­f(=V§�-§�.­f)§�±�
EJP = 1

2

±
§3

2

±
§5

2

±
�65ïÄ�A�­f"~

Xµ

〈0|εijkqTi (0)Cγµq
′
j(0)γµγ5c(0)|Σc(p)〉 = λΣc

U(p)

〈0|εijkqTi (0)Cγµq
′
j(0)c(0)|Σ∗c(p)〉 = λΣ∗cUµ(p)

ïÄ­f�þ�4:3ê�ó�§��3�Î¦
ÈÐm¥§ý�và��Ak��Ý§�´��
¤õ�"XJ�JØn�§��5`§Ò´O�
¥¦�
"
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3. V§�-�V§�.o§��"l§�Ñu§
�±�EIþ!�I!¥þ!¶¥!ÜþV§�
�Î§?
�Eo§�6§5ïÄo§��"

εijkqTj CΓq′k §where CΓ = Cγ5, C, Cγµγ5, Cγµ and
Cσµν (or Cσµνγ5) for the scalar (S), pseudoscalar
(P ), vector (V ), axialvector (A) and tensor (T ) di-
quarks, respectively, the i, j, k are color indexes.

The tensor diquarks have both JP = 1+ and 1− com-
ponents, we project out them explicitly, and denote
the corresponding JP = 1+ and 1− diquarks as Ã and
Ṽ , respectively.
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éuo§���d§�(�§
Ó ^I = 1µcc̄ud̄§cc̄dū§cc̄ uū−dd̄√

2
,

Ó ^I = 0µcc̄ uū+dd̄√
2

,

±QCD¦Ú5K
ó§���Ó ^4�§ùo
����þ�4:3ê�Ó§�
O��B§�
��cc̄ud̄½cc̄dū"

cc̄ uū−dd̄√
2
�cc̄ uū+dd̄√

2
k(½>Ö�Ý§·��3


>Ö�Ý§=�âJPC �Eo§�6"

ïÄo§���Ä�§��æ^Iþ(S)�¶
¥(A§Ã)V§��Î�Eo§�6"
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•o§��-6éA'XµPhys.Rev. D102 (2020) 014018

Zc JPC Currents
[uc]S[dc]S 0++ JSS(x)

[uc]A[dc]A 0++ JAA(x)

[uc]Ã[dc]Ã 0++ JÃÃ(x)

[uc]V [dc]V 0++ JV V (x)

[uc]Ṽ [dc]Ṽ 0++ JṼ Ṽ (x)

[uc]P [dc]P 0++ JPP (x)

[uc]S[dc]A − [uc]A[dc]S 1+− JSA−,µ(x)

[uc]A[dc]A 1+− JAA−,µν(x)

[uc]S[dc]Ã − [uc]Ã[dc]S 1+− JSÃ−,µν(x)

[uc]Ã[dc]A − [uc]A[dc]Ã 1+− J ÃA−,µ(x)

[uc]Ṽ [dc]V + [uc]V [dc]Ṽ 1+− J Ṽ V−,µ(x)

[uc]V [dc]V 1+− JV V−,µν(x)

[uc]P [dc]V + [uc]V [dc]P 1+− JPV−,µ(x)

[uc]S[dc]A + [uc]A[dc]S 1++ JSA+,µ(x)

[uc]S[dc]Ã + [uc]Ã[dc]S 1++ JSÃ+,µν(x)

[uc]Ṽ [dc]V − [uc]V [dc]Ṽ 1++ J Ṽ V+,µ(x)

[uc]Ã[dc]A + [uc]A[dc]Ã 1++ J ÃA+,µ(x)

[uc]P [dc]V − [uc]V [dc]P 1++ JPV+,µ(x)

[uc]A[dc]A 2++ JAA+,µν(x)

[uc]V [dc]V 2++ JV V+,µν(x)
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4. Úü�-Úü�.o§��"l§�Ñu§�
±�EIþ!�I!¥þ!¶¥!ÜþÚü��
Î§?
�Eo§�6§ïÄo§��"

q̄Γq′§where Γ = 1, iγ5, γµ, γµγ5 and σµν

éuÚü�-Úü�.�Ûìo§�6§
��/ªµq̄(x)Γc(x)c̄(x)Γ′q′(x)
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ÏL�[C�§V§�-�V§�.o§�6�Ú
ü�-Úü�.o§�6�m�±p�µ

Jµ(x) =
εijkεimn√

2

[
uTj(x)Cγ5c

k(x)d̄m(x)γµCc̄
Tn(x)− uTj(x)Cγµc

k(x)d̄m(x)γ5Cc̄
Tn(x)

]
,(1)

the i, j, k, m, n are color indices. éuJPC = 1+−�¶¥6��[C�§

Jµ =
1

2
√

2

{
ic̄iγ5c d̄γµu− ic̄γµc d̄iγ5u+ c̄u d̄γµγ5c− c̄γµγ5u d̄c

−ic̄γνγ5c d̄σµνu+ ic̄σµνc d̄γ
νγ5u− ic̄σµνγ5u d̄γ

νc+ ic̄γνu d̄σµνγ5c
}
, (2)
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3 QCD¦¦¦ÚÚÚ555KKK������OOO���ÚÚÚ½½½
Äk�Ñ'é¼ê

1. éuÛì(½Û{½V­)o§�6J(x)§

Π(p2) = i

∫
d4xeip·x〈0|T

{
J(x)J†(0)

}
|0〉 , (3)

���Â §��o���DÂf§ü�­§�
DÂf§ü��§�DÂf"XJz�­§�D
Âf�z���f§z��§�DÂf�z��
§�é§K�����Ý�10��Î§¤±�Î
¦ÈÐmAT��Ý�10�ý�và"
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2. éuÛì(½Û{½V­)Ê§�6J(x)§

Π(p) = i

∫
d4xeip·x〈0|T

{
J(x)J̄(0)

}
|0〉 , (4)

���Â §��Ê���DÂf§ü�­§�
DÂf§n��§�DÂf"XJz�­§�D
Âf�z���f§z��§�DÂf�z��
§�é§K�����Ý�13��Î§¤±�Î
¦ÈÐmAT��Ý�13�ý�và"
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�Î¦ÈÐmXJ�Ø��½��Ý§K�O�
�O(Ý"éup�ý�và§æ�Ïfz�b
�§Ïfz�$�ý�và"

�¤�Î¦ÈÐm�§ÏLÚÑ'X§��§�
�f�gþ�Ì�Ý"

Π(p2) =
1

π

∫ s0

4m2
Q

ds
ImΠ(s)

s− p2︸ ︷︷ ︸+
1

π

∫ ∞
s0

ds
ImΠ(s)

s− p2︸ ︷︷ ︸ ,(5)

s0�ëY�K�ëê§1���Ä��z§1�
��ëY��-u���z"



•First •Prev •Next •Last •Go Back •Full Screen •Close •Quit

·�é�Î¦ÈÐmÂñæ�î��^�§�p
�và§éo§��5`§=�Ý�10�và§
éÄ���z���1%�m"

Ä��z§=4:��z§��(40 − 60)%§¥
%��u50%§ùÒ´4:�Ì"

�Ä�4:�Ì��Î¦ÈÐmÂñ�Ø(½
5§þã^��±·ÝN�"·�éÛì!Û
{!V­o§��!©f�!Ê§���§æ�
Ó��^�§ù�nØýóÒ'��&"
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3rf�g§'é¼êì��±�¤µ

Π(p2) =
1

π

∫ s0

4m2
Q

ds
ImΠH(s)

s− p2︸ ︷︷ ︸+
1

π

∫ ∞
s0

ds
ImΠH(s)

s− p2︸ ︷︷ ︸ ,
=

λ2
Z

M 2
Z − p2

+
1

π

∫ ∞
s0

ds
ImΠH(s)

s− p2︸ ︷︷ ︸ (6)

where 〈0|J(0)|Zc(p) = λZ.
�¤rf-§�éóµ

λ2
Z

M 2
Z − p2

=
1

π

∫ s0

4m2
Q

ds
ImΠ(s)

s− p2
. (7)
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�Ù4�C�µ

λ2
Z exp

(
−M

2
Z

T 2

)
=

∫ s0

4m2
Q

ds
ImΠ(s)

π
exp
(
− s

T 2

)
.(8)

��4:3êµ

M 2
Z = −

d
dτ

∫ s0

4m2
Q
dsImΠ(s) exp (−sτ )∫ s0

4m2
Q
dsImΠ(s) exp (−sτ )

|τ= 1
T2
. (9)
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4 QCD¦¦¦ÚÚÚ555KKK¥¥¥ëëëêêê���ÀÀÀ���

The correlation functions Π(p2) do not depend on the energy scale µ,
that is

d

dµ
Π(p2) = 0 , (10)

�¿ØU�yÄ��zØ�6UI§ρQCD(s, µ) = ImΠ(s)
π §

d

dµ

∫ s0

4m2
Q(µ)

ds
ρQCD(s, µ)

s− p2
→ 0 , (11)

due to the following two reasons inherited from the QCD sum rules:

• �6?���Ñ�§p�ý�vàÏfz�$�ý�và§p
�ý�và�UI�65�?�
¶
• Ú\�ä s0§K� 4m2

Q(µ)ÚëY�K� s0�m�'é´��
�§rf-§�éó�´��b�"
·��Ø�Ø�6uUI�QCD¦Ú5K§�·�k��²��
UIúª§�±�N/rQCDÌ�Ý�UI½e5"
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We perform the Borel transformation with respect to the variable P 2 =
−p2 and obtain∫ s0

4m2
Q(µ)

ds
ρQCD(s, µ)

s− p2
→
∫ s0

4m2
Q(µ)

ds
ρQCD(s, µ)

T 2
exp
(
− s

T 2

)
. (12)

Now the QCD sum rules have two typical energy scales µ2 and T 2︸ ︷︷ ︸,
where the T 2 is the Borel parameter. The integrals in Eq.(12) are sensi-
tive to the heavy quark masses mQ.

­§��þ�Cz§½ö`UI�Cz§�±ÚåÈ©«
m 4m2

Q(µ)− s0︸ ︷︷ ︸ ÚQCDÌ�Ý ρQCD(s, µ)︸ ︷︷ ︸�Cz§ù�ÒÚå
Ù4�I��Cz§¿dd�)rf�þÚ4:3ê�Cz"ä
N�O�L²µ���­§��þmQCz§�±å'��rf
�þCz"

lþ¡�©Û§·��±�Ñ(ØµUI�À�é­�§é(J
K�é�"
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·�æ^V³²�.5£ão§�XÚ qq̄′QQ̄ " 3o§�XÚ
qq̄′QQ̄¥§­§�Q����·��³²§áÚ�§� q/¤�
Ún­��V§��DiqQ§

q + Q → DiqQ , (13)

½öáÚ�§� q̄′/¤Úü�½öÚl­�§

q̄′ + Q → q̄′Q (q̄′λaQ) . (14)

­§� Q̄��,	��·�³²§áÚ�§� q̄′/¤Ún­��
V§��Di

q̄′Q̄
§

q̄′ + Q̄ → Diq̄′Q̄ , (15)

½öáÚ�§� q§/¤Úü�½öÚl­�§

q + Q̄ → Q̄q (Q̄λaq) , (16)

where the i is color index, the λa is Gell-Mann matrix.
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Then

DiqQ +Diq̄′Q̄ → 3̄3− type tetraquark states ,

q̄′Q + Q̄q → 11− type tetraquark states ,
q̄′λaQ + Q̄λaq → 88− type tetraquark states , (17)

the two heavy quarks Q and Q̄ stabilize the four-quark systems qq̄′QQ̄.

ù�Ò��
ÛìÚÛ{o§���QCD¦Ú5K§�±Ó�÷
v4:�ÌÚ�Î¦ÈÐmÂñ"

The heavy four-quark systems are characterized by the effective heavy
quark masses MQ (or constituent quark masses) and the virtuality V =√
M 2

X/Y/Z − (2MQ)2, where theX/Y/Z denote the four-quark systems

qq̄′QQ̄.



•First •Prev •Next •Last •Go Back •Full Screen •Close •Quit

o§��QQ̄q′q̄�QCD¦Ú5Kkn�A�U
Iµµ2§T 2§V 2.

·�ég,/�

µ2 = V 2 = M 2
X/Y/Z − (2MQ)2 = O(T 2) . (18)

·�ÄgïÄ
o§�� qq̄′QQ̄�QCD¦Ú5K
�UI�65§uyUIúªEq.(28)·^u¤
ko§�XÚ qq̄′QQ̄�Ê§�XÚ qq′q′′QQ̄"
·�r¤k§��þÚý�vàüz�ù�A
½�UIµ§,�J�rf�þMX/Y/ZÚ4:3
ê"½ö`µÚMX/Y/Z÷v��A½�'X§
ëêMQ´�½�§é¤kL§·^"
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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, 〈αsGGπ 〉 = (0.33 GeV)4 at
the energy scale µ = 1 GeV.
¿�Ä�UI�üzµ

〈q̄q〉(µ) = 〈q̄q〉(1GeV)

[
αs(1GeV)

αs(µ)

] 12
33−2nf

,

〈s̄s〉(µ) = 〈s̄s〉(1GeV)

[
αs(1GeV)

αs(µ)

] 12
33−2nf

,

〈q̄gsσGq〉(µ) = 〈q̄gsσGq〉(1GeV)

[
αs(1GeV)

αs(µ)

] 2
33−2nf

,

〈s̄gsσGs〉(µ) = 〈s̄gsσGs〉(1GeV)

[
αs(1GeV)

αs(µ)

] 2
33−2nf

, (19)
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We take the MS masses mc(mc) = (1.275± 0.025) GeV︸ ︷︷ ︸,
mb(mb) = (4.18± 0.03) GeV︸ ︷︷ ︸ andms(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 equa-
tion,

mQ(µ) = mQ(mQ)

[
αs(µ)

αs(mQ)

] 12
33−2nf

,

ms(µ) = ms(2GeV)

[
αs(µ)

αs(2GeV)

] 12
33−2nf

,

αs(µ) =
1

b0t

[
1− b1

b2
0

log t

t
+
b2

1(log2 t− log t− 1) + b0b2

b4
0t

2

]
. (20)
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{ü�(µWe use the energy scale formula

µ =
√
M 2

X/Y/Z/P − (2MQ)2 (21)

to determine the optimal energy scales of the hidden-charm (and
hidden-bottom) tetraquark states and molecular states in QCD sum
rules"·�r¤k§��þÚý�vàüz�ù�A½�U
Iµ§,�J�rf�þÚ4:3ê"e¡Þ~`²ù�UIú
ªÔnd�"

XJ·�^6 Jµ(x)ïÄZc(3900)§@o�Z�UI´µ = 1.4 GeV§

Jµ(x) =
εijkεimn√

2

{
uj(x)Cγ5c

k(x)d̄m(x)γµCc̄
n(x)− uj(x)Cγµc

k(x)d̄m(x)γ5Cc̄
n(x)

}
.(22)

QCD¦Ú5K�±2yZc(3900)��þ"

XJ·�^6 ηµ(x)ïÄY (4140)§@o�Z�UI´µ = 2.0 GeV§

ηµ(x) =
εijkεimn√

2

{
sj(x)Cγ5c

k(x)s̄m(x)γµCc̄
n(x) + sj(x)Cγµc

k(x)s̄m(x)γ5Cc̄
n(x)

}
.(23)

QCD¦Ú5KØU2yY (4140)��þ§
U2y�þ�UI´µ = 1.1 GeV"·��
±�Ñ(Ø§rZc(3900)ÚY (4140)Ó�w�¶¥o§��´k¯K�"
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5 VVVâââfffÑÑÑ������������zzz§§§QCD¦¦¦
ÚÚÚ555KKK������&&&ÝÝÝ¯̄̄KKK
Þ~`²µÚü�-Úü�.o§�¶¥6Jµ(x)§

Jµ(x) =
1√
2

[
ū(x)iγ5c(x)c̄(x)γµd(x) + ū(x)γµc(x)c̄(x)iγ5d(x)

]
,(24)

�±?1ÀÚz§3rf�g§�¤Xe/ªµ

Jµ(x) =
1√
2

fDm
2
D

mc
fD∗mD∗

[
D0(x)D∗−µ (x) + D∗0µ (x)D−(x)

]
+

1√
2

fDm
2
D

mc
fD0

[
D0(x)i∂µD

−
0 (x) + i∂µD

0
0(x)D−(x)

]
+λZZc,µ(x) + · · · , (25)

l¥�±wÑ§Jµ(x)Ø1�¶¥o§��ZckÍÜ§
��0f
é�kÍÜ"
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äNO�L²§3rf�g§0fé��z§�±���éZc�
z��k��°Ý§ù�k�°Ý��A§�±áÂ?4:3
êλZp¡§
ØK��þ"

�ü�4�µüX0fé��z§ØU÷v¦Ú5K¶üX
o§����z§�±÷v¦Ú5K"(Phys.Rev. D101 (2020)
074011)

��g�Ï(arXiv:2102.07520)§ÃØ0f�´õ§��§Ñk
²þ�»〈r〉"·�^½�6Jµ(x)§o�d§�?uÓ��m 
�§/Ø¤0fé§�o�d§������N§�±�ZckÍ
Ü"?1ÀÚz�§

Jµ(x) =
1√
2

fDm
2
D

mc
fD∗mD∗

[
D0(x)D∗−µ (x) + D∗0µ (x)D−(x)

]
(×)

+
1√
2

fDm
2
D

mc
fD0

[
D0(x)i∂µD

−
0 (x) + i∂µD

0
0(x)D−(x)

]
(×)

+λZZc,µ(x)(
√

) + · · · . (26)
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6 QCD¦¦¦ÚÚÚ555KKKéééVVV§§§���-���VVV
§§§���...ooo§§§���������þþþÌÌÌ���OOO���

Äk�Ñ§�(�!JPC!Ù4�ëê!QCDÌ
�ÝUI(÷vUIúª)!K�ëê!4:�
z!�p�và�z

Ùg�Ñ�þ�nØ�±9éykX!Y!Zâf
��U(@"
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• Phys.Rev. D102 (2020) 014018

Zc(Xc) JPC T 2(GeV2)
√
s0(GeV) µ(GeV) pole |D(10)|

[uc]S[dc]S 0++ 2.7− 3.1 4.40± 0.10 1.3 (40− 63)% < 1%

[uc]A[dc]A 0++ 2.8− 3.2 4.52± 0.10 1.5 (40− 63)% ≤ 1%

[uc]Ã[dc]Ã 0++ 3.1− 3.5 4.55± 0.10 1.6 (42− 62)% < 1%

[uc]V [dc]V 0++ 3.7− 4.1 5.22± 0.10 2.9 (41− 60)% � 1%

[uc]Ṽ [dc]Ṽ 0++ 4.9− 5.7 5.90± 0.10 3.9 (41− 61)% � 1%

[uc]P [dc]P 0++ 5.2− 6.0 6.03± 0.10 4.1 (40− 60)% � 1%

[uc]S[dc]A − [uc]A[dc]S 1+− 2.7− 3.1 4.40± 0.10 1.4 (40− 63)% < 1%

[uc]A[dc]A 1+− 3.3− 3.7 4.60± 0.10 1.7 (40− 59)% � 1%

[uc]S[dc]Ã − [uc]Ã[dc]S 1+− 3.3− 3.7 4.60± 0.10 1.7 (40− 59)% � 1%

[uc]Ã[dc]A − [uc]A[dc]Ã 1+− 3.2− 3.6 4.60± 0.10 1.7 (41− 61)% � 1%

[uc]Ṽ [dc]V + [uc]V [dc]Ṽ 1+− 3.7− 4.1 5.25± 0.10 2.9 (41− 60)% � 1%

[uc]V [dc]V 1+− 5.1− 5.9 6.00± 0.10 4.1 (41− 60)% � 1%

[uc]P [dc]V + [uc]V [dc]P 1+− 5.1− 5.9 6.00± 0.10 4.1 (41− 60)% � 1%

[uc]S[dc]A + [uc]A[dc]S 1++ 2.7− 3.1 4.40± 0.10 1.4 (40− 62)% � 1%

[uc]S[dc]Ã + [uc]Ã[dc]S 1++ 3.3− 3.7 4.60± 0.10 1.7 (40− 59)% � 1%

[uc]Ṽ [dc]V − [uc]V [dc]Ṽ 1++ 2.8− 3.2 4.62± 0.10 1.8 (40− 63)% < 2%

[uc]Ã[dc]A + [uc]A[dc]Ã 1++ 4.6− 5.3 5.73± 0.10 3.7 (40− 60)% � 1%

[uc]P [dc]V − [uc]V [dc]P 1++ 5.1− 5.9 6.00± 0.10 4.1 (40− 60)% � 1%

[uc]A[dc]A 2++ 3.3− 3.7 4.65± 0.10 1.8 (40− 60)% < 1%

[uc]V [dc]V 2++ 5.0− 5.8 5.95± 0.10 4.0 (40− 60)% � 1%
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• Phys.Rev. D102 (2020) 014018¶Chin.Phys. C44 (2020) 063105

Zc(Xc) JPC MZ(GeV) Assignments Z ′c (X ′c)
[uc]S[dc]S 0++ 3.88± 0.09 ?X(3860)

[uc]A[dc]A 0++ 3.95± 0.09 ?X(3915)

[uc]Ã[dc]Ã 0++ 3.98± 0.08

[uc]V [dc]V 0++ 4.65± 0.09

[uc]Ṽ [dc]Ṽ 0++ 5.35± 0.09

[uc]P [dc]P 0++ 5.49± 0.09

[uc]S[dc]A − [uc]A[dc]S 1+− 3.90± 0.08 ?Zc(3900) ?Zc(4430)

[uc]A[dc]A 1+− 4.02± 0.09 ?Zc(4020/4055) ?Zc(4600)

[uc]S[dc]Ã − [uc]Ã[dc]S 1+− 4.01± 0.09 ?Zc(4020/4055) ?Zc(4600)

[uc]Ã[dc]A − [uc]A[dc]Ã 1+− 4.02± 0.09 ?Zc(4020/4055) ?Zc(4600)

[uc]Ṽ [dc]V + [uc]V [dc]Ṽ 1+− 4.66± 0.10 ?Zc(4600)

[uc]V [dc]V 1+− 5.46± 0.09

[uc]P [dc]V + [uc]V [dc]P 1+− 5.45± 0.09

[uc]S[dc]A + [uc]A[dc]S 1++ 3.91± 0.08 ?X(3872)

[uc]S[dc]Ã + [uc]Ã[dc]S 1++ 4.02± 0.09 ?Zc(4050)

[uc]Ṽ [dc]V − [uc]V [dc]Ṽ 1++ 4.08± 0.09 ?Zc(4050)

[uc]Ã[dc]A + [uc]A[dc]Ã 1++ 5.19± 0.09

[uc]P [dc]V − [uc]V [dc]P 1++ 5.46± 0.09

[uc]A[dc]A 2++ 4.08± 0.09 ?Zc(4050)

[uc]V [dc]V 2++ 5.40± 0.09
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• arXiv:2011.10959¶ÄuSU(3)é¡5»"¼��þÌ

Zc(Xc) JPC MZ(GeV) Assignments
[uc]S[sc]S 0++ 3.97± 0.09
[uc]A[sc]A 0++ 4.04± 0.09
[uc]Ã[sc]Ã 0++ 4.07± 0.08
[uc]V [sc]V 0++ 4.74± 0.09
[uc]Ṽ [sc]Ṽ 0++ 5.44± 0.09
[uc]P [sc]P 0++ 5.58± 0.09

[uc]S[sc]A − [uc]A[sc]S 1+− 3.99± 0.09 ?Zcs(3985)
[uc]A[sc]A 1+− 4.11± 0.09

[uc]S[sc]Ã − [uc]Ã[sc]S 1+− 4.10± 0.09
[uc]Ã[sc]A − [uc]A[sc]Ã 1+− 4.11± 0.09
[uc]Ṽ [sc]V + [uc]V [sc]Ṽ 1+− 4.75± 0.10

[uc]V [sc]V 1+− 5.55± 0.09
[uc]P [sc]V + [uc]V [sc]P 1+− 5.54± 0.09
[uc]S[sc]A + [uc]A[sc]S 1++ 3.99± 0.09 ?Zcs(3985)
[uc]S[sc]Ã + [uc]Ã[sc]S 1++ 4.11± 0.09
[uc]Ṽ [sc]V − [uc]V [sc]Ṽ 1++ 4.17± 0.09
[uc]Ã[sc]A + [uc]A[sc]Ã 1++ 5.28± 0.09
[uc]P [sc]V − [uc]V [sc]P 1++ 5.55± 0.09

[uc]A[dc]A 2++ 4.17± 0.09

[uc]V [dc]V 2++ 5.49± 0.09
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• The vector tetraquark states, possible assignments and the corre-
sponding vector tetraquark currents, where the mixing effects are
neglected¶Eur.Phys.J. C79 (2019) 29

|Sqc, Sq̄c̄;S, L; J〉 Maiani Ali-Maiani Currents
|0, 0; 0, 1; 1〉 Y (4008) Y (4220) J1

µ(x)
1√
2

(|1, 0; 1, 1; 1〉+ |0, 1; 1, 1; 1〉) Y (4260) Y (4330) Jµν(x)

|1, 1; 0, 1; 1〉 Y (4290/4220) Y (4390) J2
µ(x)

|1, 1; 2, 1; 1〉 Y (4630) Y (4660) J3
µ(x)

|1, 1; 2, 3; 1〉
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• Eur.Phys.J. C79 (2019) 29¶Äu?��UIúª§4:��z
Jp


|Sqc, Sq̄c̄;S, L; J〉 µ(GeV) T 2(GeV2)
√
s0(GeV) pole D(10)

|0, 0; 0, 1; 1〉 1.1 2.2− 2.8 4.80± 0.10 (49− 81)% ≤ 1%
|1, 1; 0, 1; 1〉 1.2 2.2− 2.8 4.85± 0.10 (45− 79)% (1− 5)%

1√
2

(|1, 0; 1, 1; 1〉+ |0, 1; 1, 1; 1〉) 1.3 2.6− 3.2 4.90± 0.10 (46− 75)% � 1%

|1, 1; 2, 1; 1〉 1.4 2.6− 3.2 4.90± 0.10 (40− 71)% ≤ 1%
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• Eur.Phys.J. C79 (2019) 29¶�8c��§QCD¦Ú5KU¼
���$¥þo§���þÌ"éuÙ§¥þaì0f§
XY(4660)�ïÄ§ë�Eur.Phys.J. C76 (2016) 387

|Sqc, Sq̄c̄;S, L; J〉 MY (GeV) This Work Ali-Maiani
|0, 0; 0, 1; 1〉 4.24± 0.10 Y (4220) Y (4220)

1√
2

(|1, 0; 1, 1; 1〉+ |0, 1; 1, 1; 1〉) 4.31± 0.10 Y (4320/4390) Y (4330)

|1, 1; 0, 1; 1〉 4.28± 0.10 Y (4220/4320) Y (4390)
|1, 1; 2, 1; 1〉 4.33± 0.10 Y (4320/4390) Y (4660)
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• Eur.Phys.J. C79 (2019) 489

Zb JPC T 2(GeV2)
√
s0(GeV) µ(GeV) pole |D(10)|

[ub]S[db]S 0++ 7.0− 8.0 11.16± 0.10 2.40 (44− 66)% ≤ 3%

[ub]A[db]A 0++ 6.4− 7.4 11.14± 0.10 2.30 (44− 68)% ≤ 11%

[ub]Ã[db]Ã 0++ 7.2− 8.2 11.17± 0.10 2.40 (45− 66)% ≤ 4%

[ub]Ṽ [db]Ṽ 0++ 11.4− 12.8 12.22± 0.10 5.40 (44− 61)% � 1%

[ub]S[db]A − [ub]A[db]S 1+− 7.0− 8.0 11.16± 0.10 2.40 (44− 66)% < 4%

[ub]A[db]A 1+− 7.1− 8.1 11.17± 0.10 2.40 (44− 65)% ≤ 4%

[ub]Ã[db]A − [ub]A[db]Ã 1+− 6.9− 7.9 11.17± 0.10 2.40 (44− 66)% ≤ 7%

[ub]S[db]Ã − [ub]Ã[db]S 1+− 7.1− 8.1 11.17± 0.10 2.40 (44− 66)% ≤ 4%

[ub]S[db]A + [ub]A[db]S 1++ 7.1− 8.1 11.18± 0.10 2.45 (44− 65)% ≤ 3%

[ub]Ṽ [db]V − [ub]V [db]Ṽ 1++ 6.8− 7.8 11.19± 0.10 2.50 (44− 66)% ≤ 4%

[ub]Ã[db]A + [ub]A[db]Ã 1++ 9.7− 11.1 11.99± 0.10 4.90 (44− 63)% � 1%

[ub]A[db]A 2++ 7.2− 8.2 11.19± 0.10 2.50 (44− 65)% < 4%

4:�zJp§�Î¦ÈÐmÂñ5C�
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• Eur.Phys.J. C79 (2019) 489

Zb JPC MZ(GeV) λZ(GeV5)

[ub]S[db]S 0++ 10.61± 0.09 (1.10± 0.17)× 10−1

[ub]A[db]A 0++ 10.60± 0.09 (1.61± 0.25)× 10−1

[ub]Ã[db]Ã 0++ 10.61± 0.09 (1.81± 0.27)× 10−1

[ub]Ṽ [db]Ṽ 0++ 11.66± 0.12 3.03± 0.31

[ub]S[db]A − [ub]A[db]S 1+− 10.61± 0.09 (1.08± 0.16)× 10−1

[ub]A[db]A 1+− 10.62± 0.09 (1.07± 0.16)× 10−1

[ub]Ã[db]A − [ub]A[db]Ã 1+− 10.62± 0.09 (2.12± 0.31)× 10−1

[ub]S[db]Ã − [ub]Ã[db]S 1+− 10.62± 0.09 (1.08± 0.16)× 10−1

[ub]S[db]A + [ub]A[db]S 1++ 10.63± 0.09 (1.17± 0.17)× 10−1

[ub]Ṽ [db]V − [ub]V [db]Ṽ 1++ 10.63± 0.09 (1.22± 0.20)× 10−1

[ub]Ã[db]A + [ub]A[db]Ã 1++ 11.45± 0.14 (8.52± 1.02)× 10−1

[ub]A[db]A 2++ 10.65± 0.09 (1.72± 0.24)× 10−1
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X(4500) = [cs]A[cs]A (2S) (with 0++) ,

X(4700) = [cs]V [cs]V (with 0++) ,

Y (4140) =
1√
2

([cs]Ṽ [cs]V − [cs]V [cs]Ṽ ) (with 1++) ,

Y (4274) =
1√
2

([cs]A[cs]V − [cs]V [cs]A) (with 1++) ,

Y (4660/4630) =
1√
2

([cs]A[cs]P − [cs]P [cs]A) or
1√
2

([cs]V [cs]S + [cs]S[cs]V ) (with 1−−) ,

Y (10750) = [bq]S
↔
∂µ [bq]S (with 1−−) ,

(27)
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•¥þ©f��þµChin.Phys. C41 (2017) 083103

T 2(GeV2)
√
s0(GeV) pole µ(GeV) MY (GeV) λY (10−2GeV5)

DD̄1 (1−−) 3.2− 3.6 4.9± 0.1 (45− 65)% 2.3 4.36± 0.08 3.97± 0.54
DD̄1 (1−+) 3.5− 3.9 5.1± 0.1 (44− 63)% 2.7 4.60± 0.08 5.26± 0.65
D∗D̄∗0 (1−−) 4.0− 4.4 5.3± 0.1 (44− 61)% 3.0 4.78± 0.07 7.56± 0.84
D∗D̄∗0 (1−+) 3.8− 4.2 5.2± 0.1 (44− 61)% 2.9 4.73± 0.07 6.83± 0.84
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• arXiv:2012.11869
Zc(Xc) JPC T 2(GeV2)

√
s0(GeV) µ(GeV) pole |D(10)|

D∗D̄∗ 0++ 2.8− 3.2 4.55± 0.10 1.6 (40− 62)% ≤ 1%
D∗D̄∗s 0++ 2.9− 3.3 4.65± 0.10 1.6 (41− 63)% < 1%
D∗sD̄

∗
s 0++ 3.1− 3.5 4.75± 0.10 1.6 (40− 61)% � 1%

DD̄∗ −D∗D̄ 1++ 2.7− 3.1 4.40± 0.10 1.3 (40− 63)% � 1%
DD̄∗s −D∗D̄s 1++ 2.9− 3.3 4.55± 0.10 1.3 (41− 63)% � 1%
DsD̄

∗
s −D∗sD̄s 1++ 3.0− 3.4 4.65± 0.10 1.3 (42− 63)% � 1%

DD̄∗ +D∗D̄ 1+− 2.7− 3.1 4.40± 0.10 1.3 (40− 63)% � 1%
DD̄∗s +D∗D̄s 1+− 2.9− 3.3 4.55± 0.10 1.3 (41− 63)% � 1%
DsD̄

∗
s +D∗sD̄s 1+− 3.0− 3.4 4.65± 0.10 1.3 (42− 63)% � 1%
D∗D̄∗ 1+− 3.0− 3.4 4.55± 0.10 1.6 (42− 63)% < 1%
D∗D̄∗s 1+− 3.2− 3.6 4.65± 0.10 1.6 (41− 61)% � 1%
D∗sD̄

∗
s 1+− 3.3− 3.7 4.75± 0.10 1.6 (42− 61)% � 1%

D∗D̄∗ 2++ 3.0− 3.4 4.55± 0.10 1.6 (41− 62)% < 1%
D∗D̄∗s 2++ 3.2− 3.6 4.65± 0.10 1.6 (40− 60)% � 1%
D∗sD̄

∗
s 2++ 3.3− 3.7 4.75± 0.10 1.6 (41− 61)% � 1%
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• arXiv:2012.11869
Zc(Xc) JPC MZ(GeV) Assignments
D∗D̄∗ 0++ 4.02± 0.09
D∗D̄∗s 0++ 4.10± 0.09
D∗sD̄

∗
s 0++ 4.20± 0.09

DD̄∗ −D∗D̄ 1++ 3.89± 0.09 ? Xc(3872)
DD̄∗s −D∗D̄s 1++ 3.99± 0.09
DsD̄

∗
s −D∗sD̄s 1++ 4.07± 0.09

DD̄∗ +D∗D̄ 1+− 3.89± 0.09 ? Zc(3900)
DD̄∗s +D∗D̄s 1+− 3.99± 0.09 ? Zcs(3985)
DsD̄

∗
s +D∗sD̄s 1+− 4.07± 0.09
D∗D̄∗ 1+− 4.02± 0.09 ? Zc(4020)
D∗D̄∗s 1+− 4.11± 0.09
D∗sD̄

∗
s 1+− 4.19± 0.09

D∗D̄∗ 2++ 4.02± 0.09
D∗D̄∗s 2++ 4.11± 0.09
D∗sD̄

∗
s 2++ 4.19± 0.09
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Π(p, q) = i2
∫
d4xd4yeipxeiqy〈0|T

{
JB(x)JC(y)J†A(0)

}
|0〉 , (28)

where the currents JA(0) interpolate the tetraquark states A, the JB(x)
and JC(y) interpolate the conventional mesons B and C, respectively,

〈0|JA(0)|A(p′)〉 = λA ,
〈0|JB(0)|B(p)〉 = λB ,
〈0|JC(0)|C(q)〉 = λC , (29)

the λA, λB and λC are the pole residues or decay constants.
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We write the correlation functions ΠH(p′2, p2, q2) at the hadron side as

ΠH(p′2, p2, q2) =

∫ s0
A

(mB+mC)2

ds′
∫ s0

B

∆2
s

ds

∫ u0
C

∆2
u

du
ρH(s′, s, u)

(s′ − p′2)(s− p2)(u− q2)

+

∫ ∞
s0
A

ds′
∫ s0

B

∆2
s

ds

∫ u0
C

∆2
u

du
ρH(s′, s, u)

(s′ − p′2)(s− p2)(u− q2)
+ · · · ,(30)

through dispersion relation, where the ρH(s′, s, u) are the hadronic spec-
tral densities.



•First •Prev •Next •Last •Go Back •Full Screen •Close •Quit

We carry out the operator product expansion at the QCD side, and write
the correlation functions ΠQCD(p′2, p2, q2) as

ΠQCD(p′2, p2, q2) =

∫ s0
B

∆2
s

ds

∫ u0
C

∆2
u

du
ρQCD(p′2, s, u)

(s− p2)(u− q2)
+ · · · , (31)

through dispersion relation, where the ρQCD(p′2, s, u) are the QCD spec-
tral densities.
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ÈKo§�����z§¼�î�éó§�´�
��(��{"ù´·��ó�§�Eur.Phys.J.
C78 (2018) 14¶Eur.Phys.J. C79 (2019) 184"
∫ s0B

∆2
s

ds

∫ u0C

∆2
u

du
ρQCD(s, u)

(s− p2)(u− q2)
=

∫ s0B

∆2
s

ds

∫ u0C

∆2
u

du
1

(s− p2)(u− q2)

[∫ ∞
∆2

ds′
ρH(s′, s, u)

s′ − p′2

]
,

(32)

the ∆2 denotes the thresholds (mB +mC)2.
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