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1 ÚÚÚóóó
In 2015, the LHCb collaboration observed the
Pc(4380) and Pc(4450) in the J/ψp mass spectrum
in the Λ0

b → J/ψK−p decays. The preferred spin-
parity assignments are JP = 3

2

− and 5
2

+, respectively.

In 2019, the LHCb collaboration studied the Λ0
b →

J/ψK−p decays, and observed the Pc(4312) in the
J/ψp mass spectrum. And confirmed the Pc(4450),
which consists of two narrow peaks Pc(4440) and
Pc(4457).
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In 2021, the LHCb collaboration reported an evidence
for the Pcs(4459) with the strangeness S = −1 in the
J/ψΛ mass spectrum in the Ξ−b → J/ψK−Λ decays.

In 2022, the LHCb collaboration observed an evi-
dence for the Pc(4337) in the J/ψp and J/ψp̄ systems
in the B0

s → J/ψpp̄ decays.

In 2023, the LHCb collaboration observed an evi-
dence for the Pcs(4338) in the J/ψΛ mass spectrum
in the B− → J/ψΛp̄ decays. The favored spin-parity
is JP = 1

2

−.
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2 ­­­fffQCD¦¦¦ÚÚÚ555KKK������OOO���ÚÚÚ
½½½
Äk�E­f6 (for details: arXiv:2502.11351)

�f6´;.�­f6§Ê§��äk©êg
^§�±8(�­f"

�f6µ�{ü�6

J(x) = εijkuTi (x)Cγαuj(x)γαγ5dk(x) . (1)

The J(x) has the spin-parity JP = 1
2

+, then the
iγ5J(x) would have the spin-parity JP = 1

2

−, as mul-
tiplying iγ5 changes the parity of the J(x).
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Π±(p) = i

∫
d4xeip·x〈0|T

{
J±(x)J̄±(0)

}
|0〉 , (2)

where we add the subscripts ± to denote the positive
and negative parity, respectively, J− = iγ5J+.

We decompose the correlation functions Π±(p),

Π±(p) =6pΠ1(p
2)± Π0(p

2) , (3)
according to Lorentz covariance, because

Π−(p) = −γ5Π+(p)γ5 . (4)
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The currents J+ couple to both the positive- and
negative-parity baryons,

〈0|J+|B±〉〈B±|J̄+|0〉 = −γ5〈0|J−|B±〉〈B±|J̄−|0〉γ5 ,

where the B± denote the positive and negative parity
baryons, respectively.

〈0|J±(0)|B±(p)〉 = λ±U
±(p, s) ,

〈0|J±(0)|B∓(p)〉 = λ∓iγ5U
∓(p, s) . (5)

�K�¡�­f§�Up�À/"
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Then

Π+(p) = λ2
+

6p + M+

M 2
+ − p2

+ λ2
−
6p−M−
M 2
− − p2

+ · · · . (6)

If we take ~p = 0, then

limitε→0
ImΠ+(p0 + iε)

π
= λ2

+

γ0 + 1

2
δ(p0 −M+) +

λ2
−
γ0 − 1

2
δ(p0 −M−) + · · · = γ0A(p0) + B(p0) + · · · ,

where

A(p0) =
1

2

[
λ2

+δ(p0 −M+) + λ2
−δ(p0 −M−)

]
,

B(p0) =
1

2

[
λ2

+δ(p0 −M+)− λ2
−δ(p0 −M−)

]
. (7)
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A(p0) +B(p0) (A(p0)−B(p0)) contains contributions
from the positive parity (negative parity) states only.∫ √s0

∆

dp0 [A(p0)±B(p0)] exp

[
− p

2
0

T 2

]
=∫ √s0

∆

dp0

[
ρAQCD(p0)± ρBQCD(p0)

]
exp

[
− p

2
0

T 2

]
,

∫ √s0

∆

dp0 [A(p0)±B(p0)] p
2
0 exp

[
− p

2
0

T 2

]
=∫ √s0

∆

dp0

[
ρAQCD(p0)± ρBQCD(p0)

]
p2

0 exp

[
− p

2
0

T 2

]
.
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·�UEþã�{§ÿÐ¤)Û�{§[Eur. Phys. J. C76 (2016)
70]§·^uÊ§���DÚ­f"

Setting Π(p2) = Π−(p), we obtain the spectral densities through the
dispersion relation,

ImΠ(s)

π
= 6p

[
λ2
−δ
(
s−M 2

−
)

+ λ2
+δ
(
s−M 2

+

)]
+
[
M−λ

2
−δ
(
s−M 2

−
)
−M+λ

2
+δ
(
s−M 2

+

)]
,

= 6p ρ1
H(s) + ρ0

H(s) , (8)

where the subscript H denotes the hadron side.
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Then we introduce the weight function exp
(
− s
T 2

)
to obtain the QCD

sum rules at the hadron side,

2M∓λ
2
∓ exp

(
−
M 2
∓

T 2

)
=

∫ s0

∆2

ds
[√
sρ1

H(s)± ρ0
H(s)

]
exp
(
− s

T 2

)
.

M 2
∓ =

−
∫ s0

4m2
c
ds d

d(1/T 2)

[√
sρ1

QCD(s)± ρ0
QCD(s)

]
exp
(
− s
T 2

)
∫ s0

4m2
c
ds
[√

sρ1
QCD(s)± ρ0

QCD(s)
]

exp
(
− s
T 2

) . (9)
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éuÛì(½Û{½V­)Ê§�6J(x)§

Π(p2) = i

∫
d4xeip·x〈0|T

{
J(x)J̄(0)

}
|0〉 , (10)

���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"�¢SO
�§��Ðm��Ý�8½ö10"

�Î¦ÈÐmXJ�Ø��½��Ý§K�O�
�O(Ý"éup�ý�và§æ�Ïfz�b
�§Ïfz�$�ý�và"
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3 QCD¦¦¦ÚÚÚ555KKK¥¥¥ëëëêêê���ÀÀÀ���

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

d

dµ
Π(p2) = 0 , (11)

��éà'é¼êXd§�¿ØU�yÄ��zØ�6U
I§ρQCD(s, µ) = ImΠ(s)

π §

d

dµ

∫ s0

4m2
Q(µ)

ds
ρQCD(s, µ)

s− p2
→ 0 , (12)

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§�·�JÑ��UI
úª§�±�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

)
. (13)

The integrals are sensitive 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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éuÛì(Û{½V­)o(Ê)§���QCD¦Ú
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µ =
√
M 2

X/Y/Z/P − (2MQ)2 − κMs , (14)

the κ is the number of the s-quark.
·�ÄgïÄ
o§��qq̄QQ̄�QCD¦Ú5K
�UI�65§uyUIúª·^u¤ko§�
XÚqq̄QQ̄�Ê§�XÚqqqQQ̄"
·�r¤k§��þÚý�vàüz�ù�A½
�UIµ§,�J�rf�þMX/Y/Z/PÚ4:3
ê"½ö`µÚMX/Y/Z/P÷v��A½�'X§
ëêMQ´�½�§é¤kL§·^"UUUIIIúúúªªª
QQQUUUwwwÍÍÍJJJppp444:::������zzz§§§qqqUUUwwwÍÍÍUUUõõõ���ÎÎÎ
¦¦¦ÈÈÈÐÐÐmmmÂÂÂñññ555§§§¿¿¿ÄÄÄggg¦¦¦ÛÛÛìììÊÊÊ§§§���������444
:::���zzz������ (40− 60)%.
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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

, (15)
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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

]
. (16)



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

4 QCD¦¦¦ÚÚÚ555KKKéééVVV§§§���-VVV§§§
���-���§§§���...ÊÊÊ§§§���������þþþÌÌÌ���OOO
���

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

Ùg�Ñ�þ�nØ�±9éykPâf��U
(@"�k¢�u�"



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

• Int. J. Mod. Phys. A35 (2020) 2050003

[qq′][q′′c]c̄ (SL, SH , JLH , J) JP Currents
[ud][uc]c̄ (0, 0, 0, 1

2) 1
2

−
J1(x)

[ud][uc]c̄ (0, 1, 1, 1
2) 1

2

−
J2(x)

[uu][dc]c̄+ 2[ud][uc]c̄ (1, 0, 1, 1
2) 1

2

−
J3(x)

[uu][dc]c̄+ 2[ud][uc]c̄ (1, 1, 0, 1
2) 1

2

−
J4(x)

[ud][uc]c̄ (0, 1, 1, 3
2) 3

2

−
J1
µ(x)

[uu][dc]c̄+ 2[ud][uc]c̄ (1, 0, 1, 3
2) 3

2

−
J2
µ(x)

[uu][dc]c̄+ 2[ud][uc]c̄ (1, 1, 2, 3
2) 3

2

−
J3
µ(x)

[uu][dc]c̄+ 2[ud][uc]c̄ (1, 1, 2, 3
2) 3

2

−
J4
µ(x)

[uu][dc]c̄+ 2[ud][uc]c̄ (1, 1, 2, 5
2) 5

2

−
J1
µν(x)

[ud][uc]c̄ (0, 1, 1, 5
2) 5

2

−
J2
µν(x)

The SL and SH denote the spins of the light and heavy diquarks respec-
tively, ~JLH = ~SL + ~SH , ~J = ~JLH + ~Jc̄, the ~Jc̄ is the angular momentum
of the c̄-quark.
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J1(x) = εilaεijkεlmnuTj (x)Cγ5dk(x)uTm(x)Cγ5cn(x)Cc̄Ta (x) ,

J2(x) = εilaεijkεlmnuTj (x)Cγ5dk(x)uTm(x)Cγµcn(x) γ5γ
µCc̄Ta (x) ,

J3(x) =
εilaεijkεlmn√

3

[
uTj (x)Cγµuk(x)dTm(x)Cγ5cn(x) + 2uTj (x)Cγµdk(x)uTm(x)Cγ5cn(x)

]
γ5γ

µCc̄Ta (x) ,

J4(x) =
εilaεijkεlmn√

3

[
uTj (x)Cγµuk(x)dTm(x)Cγµcn(x) + 2uTj (x)Cγµdk(x)uTm(x)Cγµcn(x)

]
Cc̄Ta (x) ,

J1
µ(x) = εilaεijkεlmnuTj (x)Cγ5dk(x)uTm(x)Cγµcn(x)Cc̄Ta (x) ,

J2
µ(x) =

εilaεijkεlmn√
3

[
uTj (x)Cγµuk(x)dTm(x)Cγ5cn(x) + 2uTj (x)Cγµdk(x)uTm(x)Cγ5cn(x)

]
Cc̄Ta (x) ,

J3
µ(x) =

εilaεijkεlmn√
3

[
uTj (x)Cγµuk(x)dTm(x)Cγαcn(x) + 2uTj (x)Cγµdk(x)uTm(x)Cγαcn(x)

]
γ5γ

αCc̄Ta (x) ,

J4
µ(x) =

εilaεijkεlmn√
3

[
uTj (x)Cγαuk(x)dTm(x)Cγµcn(x) + 2uTj (x)Cγαdk(x)uTm(x)Cγµcn(x)

]
γ5γ

αCc̄Ta (x) ,

J1
µν(x) =

εilaεijkεlmn√
6

[
uTj (x)Cγµuk(x)dTm(x)Cγνcn(x) + 2uTj (x)Cγµdk(x)uTm(x)Cγνcn(x)

]
Cc̄Ta (x) + (µ↔ ν) ,

J2
µν(x) =

1√
2
εilaεijkεlmnuTj (x)Cγ5dk(x)

[
uTm(x)Cγµcn(x) γ5γνCc̄

T
a (x)

+uTm(x)Cγνcn(x) γ5γµCc̄
T
a (x)

]
, (17)
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• Int. J. Mod. Phys. A35 (2020) 2050003

T 2GeV2)
√
s0(GeV) µ(GeV) pole D13

J1(x) 3.1− 3.5 4.96± 0.10 2.3 (41− 62)% < 1%
J2(x) 3.2− 3.6 5.10± 0.10 2.6 (42− 63)% < 1%
J3(x) 3.2− 3.6 5.11± 0.10 2.6 (42− 63)% � 1%
J4(x) 2.9− 3.3 5.00± 0.10 2.4 (40− 64)% ≤ 1%
J1
µ(x) 3.1− 3.5 5.03± 0.10 2.4 (42− 63)% ≤ 1%
J2
µ(x) 3.3− 3.7 5.11± 0.10 2.6 (40− 61)% � 1%
J3
µ(x) 3.4− 3.8 5.26± 0.10 2.8 (42− 62)% � 1%
J4
µ(x) 3.3− 3.7 5.17± 0.10 2.7 (41− 61)% < 1%

J1
µν(x) 3.2− 3.6 5.03± 0.10 2.4 (40− 61)% ≤ 1%
J2
µν(x) 3.1− 3.5 5.03± 0.10 2.4 (42− 63)% ≤ 1%

¤õ¢y4:��z(40− 60)%"
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• Int. J. Mod. Phys. A35 (2020) 2050003

[qq′][q′′c]c̄ (SL, SH , JLH , J) M(GeV) λ(10−3GeV6) Assignments Currents
[ud][uc]c̄ (0, 0, 0, 1

2) 4.31± 0.11 1.40± 0.23 ?Pc(4312) J1(x)
[ud][uc]c̄ (0, 1, 1, 1

2) 4.45± 0.11 3.02± 0.48 ?Pc(4440/4457) J2(x)
[uu][dc]c̄+ 2[ud][uc]c̄ (1, 0, 1, 1

2) 4.46± 0.11 4.32± 0.71 ?Pc(4440/4457) J3(x)
[uu][dc]c̄+ 2[ud][uc]c̄ (1, 1, 0, 1

2) 4.34± 0.14 3.23± 0.61 ?Pc(4312/4337) J4(x)
[ud][uc]c̄ (0, 1, 1, 3

2) 4.39± 0.11 1.44± 0.23 ?Pc(4440) J1
µ(x)

[uu][dc]c̄+ 2[ud][uc]c̄ (1, 0, 1, 3
2) 4.47± 0.11 2.41± 0.38 ?Pc(4440/4457) J2

µ(x)
[uu][dc]c̄+ 2[ud][uc]c̄ (1, 1, 2, 3

2) 4.61± 0.11 5.13± 0.79 J3
µ(x)

[uu][dc]c̄+ 2[ud][uc]c̄ (1, 1, 2, 3
2) 4.52± 0.11 4.49± 0.72 J4

µ(x)
[uu][dc]c̄+ 2[ud][uc]c̄ (1, 1, 2, 5

2) 4.39± 0.11 1.94± 0.31 ?Pc(4440) J1
µν(x)

[ud][uc]c̄ (0, 1, 1, 5
2) 4.39± 0.11 1.44± 0.23 ?Pc(4440) J2

µν(x)

We predict a pentaquark state with the mass 4.34± 0.14 GeV and JP =
1
2

− before the LHCb’s observation of the Pc(4337).
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• Int. J. Mod. Phys. A36 (2021) 2150071, based on the SU(3) sym-
metry.

[qq′][q′′c]c̄ (SL, SH , JLH , J) New analysis u or d→ s Assignments
[ud][uc]c̄ (0, 0, 0, 1

2) 4.31± 0.11 4.46± 0.11 ?Pcs(4459)
[ud][uc]c̄ (0, 1, 1, 1

2) 4.45± 0.11 4.60± 0.11
[uu][dc]c̄+ 2[ud][uc]c̄ (1, 0, 1, 1

2) 4.46± 0.11 4.61± 0.11
[uu][dc]c̄+ 2[ud][uc]c̄ (1, 1, 0, 1

2) 4.34± 0.14 4.49± 0.14
[ud][uc]c̄ (0, 1, 1, 3

2) 4.39± 0.11 4.54± 0.11
[uu][dc]c̄+ 2[ud][uc]c̄ (1, 0, 1, 3

2) 4.47± 0.11 4.62± 0.11
[uu][dc]c̄+ 2[ud][uc]c̄ (1, 1, 2, 3

2) 4.61± 0.11 4.76± 0.11
[uu][dc]c̄+ 2[ud][uc]c̄ (1, 1, 2, 3

2) 4.52± 0.11 4.67± 0.11
[uu][dc]c̄+ 2[ud][uc]c̄ (1, 1, 2, 5

2) 4.39± 0.11 4.54± 0.11
[ud][uc]c̄ (0, 1, 1, 5

2) 4.39± 0.11 4.54± 0.11

There is no room for the Pcs(4338). For more literatures, see: arX-
iv:2502.11351"
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Higher dimensional vacuum condensates for the Pcs(4459)"
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Mass with variation of the Borel parameter T 2 for the Pcs(4459)"
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J D̄Σc
1
2

(x) =
1√
3
J D̄

0

(x)JΣ+
c (x)−

√
2

3
J D̄

−
(x)JΣ++

c (x) ,

J D̄Σc
3
2

(x) =

√
2

3
J D̄

0

(x)JΣ+
c (x) +

1√
3
J D̄

−
(x)JΣ++

c (x) ,

J
D̄Σ∗c
1
2 ;µ

(x) =
1√
3
J D̄

0

(x)JΣ∗+c
µ (x)−

√
2

3
J D̄

−
(x)JΣ∗++

c
µ (x) ,

J
D̄Σ∗c
3
2 ;µ

(x) =

√
2

3
J D̄

0

(x)JΣ∗+c
µ (x) +

1√
3
J D̄

−
(x)JΣ∗++

c
µ (x) , (18)

J D̄
∗Σc

1
2 ;µ

(x) =
1√
3
J D̄

∗0

µ (x)JΣ+
c (x)−

√
2

3
J D̄

∗−

µ (x)JΣ++
c (x) ,

J D̄
∗Σc

3
2 ;µ

(x) = =

√
2

3
J D̄

∗0

µ (x)JΣ+
c (x) +

1√
3
J D̄

∗−

µ (x)JΣ++
c (x) ,

J
D̄∗Σ∗c
1
2 ;µν

(x) =
1√
3
J D̄

∗0

µ (x)JΣ∗+c
ν (x)−

√
2

3
J D̄

∗−

µ (x)JΣ∗++
c

ν (x) + (µ↔ ν) ,

J
D̄∗Σ∗c
3
2 ;µν

(x) =

√
2

3
J D̄

∗0

µ (x)JΣ∗+c
ν (x) +

1√
3
J D̄

∗−

µ (x)JΣ∗++
c

ν (x) + (µ↔ ν) , (19)
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J
D̄Ξ′c
0 (x) =

1√
2
J D̄

0

(x)JΞ′0c (x)− 1√
2
J D̄

−
(x)JΞ′+c (x) ,

J
D̄Ξ′c
1 (x) =

1√
2
J D̄

0

(x)JΞ′0c (x) +
1√
2
J D̄

−
(x)JΞ′+c (x) ,

J
D̄Ξ∗c
0;µ (x) =

1√
2
J D̄

0

(x)JΞ∗0c
µ (x)− 1√

2
J D̄

−
(x)JΞ∗+c

µ (x) ,

J
D̄Ξ∗c
1;µ (x) =

1√
2
J D̄

0

(x)JΞ∗0c
µ (x) +

1√
2
J D̄

−
(x)JΞ∗+c

µ (x) , (20)

J
D̄∗Ξ′c
0;µ (x) =

1√
2
J D̄

∗0

µ (x)JΞ′0c (x)− 1√
2
J D̄

∗−

µ (x)JΞ′+c (x) ,

J
D̄∗Ξ′c
1;µ (x) =

1√
2
J D̄

∗0

µ (x)JΞ′0c (x) +
1√
2
J D̄

∗−

µ (x)JΞ′+c (x) ,

J
D̄∗Ξ∗c
0;µν (x) =

1√
2
J D̄

∗0

µ (x)JΞ∗0c
ν (x)− 1√

2
J D̄

∗−

µ (x)JΞ∗+c
ν (x) + (µ↔ ν) ,

J
D̄∗Ξ∗c
1;µν (x) =

1√
2
J D̄

∗0

µ (x)JΞ∗0c
ν (x) +

1√
2
J D̄

∗−

µ (x)JΞ∗+c
ν (x) + (µ↔ ν) , (21)
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J D̄Ξc
0 (x) =

1√
2
J D̄

0

(x)JΞ0
c(x)− 1√

2
J D̄

−
(x)JΞ+

c (x) ,

J D̄Ξc
1 (x) =

1√
2
J D̄

0

(x)JΞ0
c(x) +

1√
2
J D̄

−
(x)JΞ+

c (x) ,

J D̄Λc
1
2

(x) = J D̄
0

(x)JΛ+
c (x) ,

J D̄sΞc
1
2

(x) = J D̄
−
s (x)JΞ+

c (x) ,

J D̄sΛc
0 (x) = J D̄

−
s (x)JΛ+

c (x) , (22)

J D̄
∗Ξc

0;µ (x) =
1√
2
J D̄

∗0

µ (x)JΞ0
c(x)− 1√

2
J D̄

∗−

µ (x)JΞ+
c (x) ,

J D̄
∗Ξc

1;µ (x) =
1√
2
J D̄

∗0

µ (x)JΞ0
c(x) +

1√
2
J D̄

∗−

µ (x)JΞ+
c

µ (x) ,

J D̄
∗Λc

1
2 ;µ

(x) = J D̄
∗0

µ (x)JΛ+
c (x) ,

J
D̄∗sΞc
1
2 ;µ

(x) = J D̄
∗−
s

µ (x)JΞ+
c (x) ,

J
D̄∗sΛc

0;µ (x) = J D̄
∗−
s

µ (x)JΛ+
c (x) , (23)
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• Sci.China Phys.Mech.Astron. 65 (2022) 291011; Int. J. Mod. Phys.
A37 (2022) 2250189; Chin. Phys. C47 (2023) 013109

IJP T 2(GeV2)
√
s0(GeV) µ(GeV) PC

D̄Σc
1
2

1
2

−
3.2− 3.8 5.00± 0.10 2.2 (42− 60)%

D̄Σc
3
2

1
2

−
2.8− 3.4 4.98± 0.10 2.2 (44− 65)%

D̄Σ∗c
1
2

3
2

−
3.3− 3.9 5.06± 0.10 2.3 (42− 60)%

D̄Σ∗c
3
2

3
2

−
2.9− 3.5 5.03± 0.10 2.4 (44− 64)%

D̄∗Σc
1
2

3
2

−
3.3− 3.9 5.12± 0.10 2.5 (42− 60)%

D̄∗Σc
3
2

3
2

−
3.0− 3.6 5.10± 0.10 2.5 (41− 61)%

D̄∗Σ∗c
1
2

5
2

−
3.2− 3.8 5.08± 0.10 2.5 (43− 60)%

D̄∗Σ∗c
3
2

5
2

−
3.0− 3.6 5.24± 0.10 2.8 (42− 61)%

D̄Ξ′c 01
2

−
3.4− 4.0 5.12± 0.10 2.2 (41− 58)%

D̄Ξ′c 11
2

−
3.2− 3.8 5.14± 0.10 2.3 (43− 61)%

D̄Ξ∗c 03
2

−
3.4− 4.0 5.15± 0.10 2.3 (43− 60)%

D̄Ξ∗c 13
2

−
3.3− 3.9 5.22± 0.10 2.4 (44− 62)%
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• Sci.China Phys.Mech.Astron. 65 (2022) 291011; Int. J. Mod. Phys.
A37 (2022) 2250189; Chin. Phys. C47 (2023) 013109

IJP T 2(GeV2)
√
s0(GeV) µ(GeV) PC

D̄∗Ξ′c 03
2

−
3.5− 4.1 5.26± 0.10 2.5 (42− 59)%

D̄∗Ξ′c 13
2

−
3.4− 4.0 5.31± 0.10 2.6 (43− 60)%

D̄∗Ξ∗c 05
2

−
3.6− 4.2 5.31± 0.10 2.6 (42− 58)%

D̄∗Ξ∗c 15
2

−
3.4− 4.0 5.35± 0.10 2.6 (44− 61)%

D̄Ξc 01
2

−
3.2− 3.8 5.00± 0.10 2.1 (41− 60)%

D̄Ξc 11
2

−
3.1− 3.7 5.09± 0.10 2.3 (42− 61)%

D̄Λc
1
2

1
2

−
3.2− 3.8 5.11± 0.10 2.5 (42− 60)%

D̄s Ξc
1
2

1
2

−
3.2− 3.8 5.15± 0.10 2.2 (41− 59)%

D̄s Λc 01
2

−
3.2− 3.8 5.13± 0.10 2.3 (43− 61)%

D̄∗ Ξc 03
2

−
3.2− 3.8 5.10± 0.10 2.3 (43− 61)%

D̄∗ Ξc 13
2

−
3.3− 3.9 5.27± 0.10 2.6 (43− 61)%

D̄∗Λc
1
2

3
2

−
3.3− 3.9 5.23± 0.10 2.7 (41− 61)%

D̄∗s Ξc
1
2

3
2

−
3.3− 3.9 5.28± 0.10 2.4 (42− 59)%

D̄∗s Λc 03
2

−
3.2− 3.8 5.14± 0.10 2.4 (42− 60)%

¤õ¢y4:��z(40− 60)%
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• Sci.China Phys.Mech.Astron. 65 (2022) 291011; Int. J. Mod. Phys.
A37 (2022) 2250189; Chin. Phys. C47 (2023) 013109

IJP M(GeV) λ(10−3GeV6) Assignments Thresholds (MeV)
D̄Σc

1
2

1
2

−
4.31+0.07

−0.07 3.25+0.43
−0.41 Pc(4312) 4321

D̄Σc
3
2

1
2

−
4.33+0.09

−0.08 1.97+0.28
−0.26 4321

D̄Σ∗c
1
2

3
2

−
4.38+0.07

−0.07 1.97+0.26
−0.24 Pc(4380) 4385

D̄Σ∗c
3
2

3
2

−
4.41+0.08

−0.08 1.24+0.17
−0.16 4385

D̄∗Σc
1
2

3
2

−
4.44+0.07

−0.08 3.60+0.47
−0.44 Pc(4440) 4462

D̄∗Σc
3
2

3
2

−
4.47+0.09

−0.09 2.31+0.33
−0.31 4462

D̄∗Σ∗c
1
2

5
2

−
4.46+0.08

−0.08 4.05+0.54
−0.50 Pc(4457) 4527

D̄∗Σ∗c
3
2

5
2

−
4.62+0.09

−0.09 2.40+0.37
−0.35 4527

D̄Ξ′c 01
2

−
4.43+0.07

−0.07 3.02+0.39
−0.37 4446

D̄Ξ′c 11
2

−
4.45+0.07

−0.08 2.50+0.33
−0.31 4446

D̄Ξ∗c 03
2

−
4.46+0.07

−0.07 1.71+0.22
−0.21 Pcs(4459) 4513

D̄Ξ∗c 13
2

−
4.53+0.07

−0.07 1.56+0.20
−0.19 4513
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• Sci.China Phys.Mech.Astron. 65 (2022) 291011; Int. J. Mod. Phys.
A37 (2022) 2250189; Chin. Phys. C47 (2023) 013109

IJP M(GeV) λ(10−3GeV6) Assignments Thresholds (MeV)
D̄∗Ξ′c 03

2

−
4.57+0.07

−0.07 3.41+0.43
−0.41 4588

D̄∗Ξ′c 13
2

−
4.62+0.08

−0.08 3.05+0.39
−0.37 4588

D̄∗Ξ∗c 05
2

−
4.64+0.07

−0.07 4.36+0.54
−0.51 4655

D̄∗Ξ∗c 15
2

−
4.67+0.08

−0.08 3.25+0.41
−0.39 4655

D̄Ξc 01
2

−
4.34+0.07

−0.07 1.43+0.19
−0.18 ? Pcs(4338) 4337

D̄Ξc 11
2

−
4.46+0.07

−0.07 1.37+0.19
−0.18 4337

D̄Λc
1
2

1
2

−
4.46+0.07

−0.08 1.47+0.20
−0.18 4151

D̄s Ξc
1
2

1
2

−
4.54+0.07

−0.07 1.58+0.21
−0.20 4437

D̄s Λc 01
2

−
4.48+0.07

−0.07 1.57+0.21
−0.20 4255

D̄∗ Ξc 03
2

−
4.46+0.07

−0.07 1.55+0.20
−0.19 ? Pcs(4459) 4479

D̄∗ Ξc 13
2

−
4.63+0.08

−0.08 1.69+0.22
−0.21 4479

D̄∗Λc
1
2

3
2

−
4.59+0.08

−0.08 1.67+0.22
−0.21 4293

D̄∗s Ξc
1
2

3
2

−
4.65+0.08

−0.08 1.66+0.22
−0.21 4580

D̄∗s Λc 03
2

−
4.50+0.07

−0.07 1.52+0.21
−0.19 4398

There is no room for the Pc(4337).



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

6 ooo(((
• ·�æ^UIúªJpÄ��z§¤õ¢y

4:�Ì��Î¦ÈÐmÂñ¶ùü�^�éJ
Ó�÷v"

•Ê§��ØUNBPcs(4338)"

•Ê§�©f�ØUNBPc(4337)"

• nØ�¢�Ñk�Jp§8cJ±k(�(
Ø"



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

���[§�H1µ���


	 blue引言
	 blue重子QCD求和规则一般计算步骤
	 QCD求和规则中参数的选取
	 QCD求和规则对双夸克-双夸克-反夸克型五夸克态质量谱的计算
	 QCD求和规则对色单态-色单态型五夸克态质量谱的计算
	 总结

