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Outline
• Background 

• Pentaquark is always a focused point 

• Abundant phenomena around tetraquark candidates 

• Pay more attention to the study of light hadron 
spectroscopy 

• Summary-Never underestimate the ability of 
experiment



Many light hadrons
(1950’s &1960’s)

Quark model
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Most of charmonia listed in PDG were observed 

(1974-1982)
Status of charmonium family
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Cornell potential
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Experimental statu of new 
hadronic states (2003-now)

Xiang Liu (Lanzhou University) New progress on new hadronic states July 2nd, 2023



Xiang Liu (Lanzhou University) New progress on new hadronic states July 2nd, 2023



"Particle Zoo 2.0”—Exotic states
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Pentaquark is always a 
focused point1. 

• Xb → (J/ψp) . . .

 

 

Λ0
b → (J/ψp)K−

Λ0
b → (J/ψp)π−

B0
s → (J/ψp)p̄

Threshold: Σ(*)+
c D̄(*)0/Σ(*)++

c D(*)−

PN
ψ

• Xb → (J/ψΛ) . . .

 Ξ−
b → (J/ψΛ)K−

B− → (J/ψΛ)p̄

Threshold: Ξ(*)0
c D̄(*)0/Ξ(*)+

c D(*)−

PΛ
ψs

LHCb proposal for the new name convention of exotic hadrons [arXiv:2206.15233]

Summary of pentaquark observations
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Λ0
b → (J/ψp)K− The first pentaquark

PN
ψ (4312) PN

ψ (4440) PN
ψ (4457)

LHCb Collaboration: PRL 115 (2015) 072001; PRL 122 (2019) 222001



LHCb Collaboration: PRL 115 (2015) 072001; PRL 122 (2019) 222001
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Λ0
b → (J/ψp)K− The first pentaquark

PN
ψ (4312) PN

ψ (4440) PN
ψ (4457)

⾼精度的实验数据⽀持分⼦态构型
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PΛ
ψs(4459) Hint for the strange partners

Ξ−
b → (J/ψΛ)K−

 MeVM = 4458 ± 2.9+4.7
−1.1

 MeVΓ = 17.3 ± 6.5+8.0
−5.7

 significance4.3σ LHCb: Sci.Bull. 66 (2021) 1278-1287
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PΛ
ψs(4338)

B− → (J/ψΛ)p̄

LHCb: arXiv:2210.10346

Another strange partner

Amplitude contributions: 
-  
-  

-  

Fit results: 
 MeV 

 MeV 
Spin-parity: 

 is preferred 
Significance: 

NR(p̄Λ)
NR(p̄J/ψ)
PΛ

ψs(J/ψΛ)

m = 4338.2 ± 0.7
Γ = 7.0 ± 1.2

JP = 1/2−

> 10σ



Pc(4312)

Pc(4440)

Pc(4457)

137 MeV

PΛ
ψs(4338)

Pcs(4459)

121 MeV

ΞcD̄*

Similarity between  and PN
ψ PΛ

ψs

Ξ−
b → J/ψΛK

arXiv:2012.10380

F.L. Wang, Xiang Liu, Phys.Lett.B 835(2022)137583
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F.L. Wang, Xiang Liu, Phys.Lett.B 835(2022)137583
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More substructures?

1
2

− 3
2

−

There exists mass degeneration for the 
S-wave isoscalar  states with 

 and  when adopting 
same cutoff value. 
Coupled-channel may result in the 
violation of mass degeneration.

ΞcD̄*
JP = 1/2− JP = 1/2−

Opportunity 
for LHCb

Double-peak structure can be 
tested with more precise data



Ξ′ cD̄ Ξ′ cD̄*

1.45 -0.29 4.92
1.65 -4.62 1.65
1.84 -12.14 1.10

Λ E rRMS

0.92 -0.50 4.02
0.97 -4.18 1.64
1.02 -11.90 1.06

JP = 1/2− JP = 1/2−

Λ E rRMS P (2S1
2
/4 D 1

2)
99.63/0.37
99.45/0.55
99.45/0.55

JP = 3/2−

Characteristic spectrum 

Ξ′ cD̄ Ξ′ cD̄*

1
2

− 3
2

−1
2

−
1.63 -0.33 4.87
2.09 -4.79 1.75
2.55 -12.42 1.21

Λ E rRMS P (4S3
2
/2 D 3

2
/4 D 3

2)
98.49/0.17/1.18
96.63/0.32/3.05
95.65/0.35/4.00

Similar behavior happen for the  systemsΞ′ cD̄
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F.L. Wang, Xiang Liu, Phys.Lett.B 835(2022)137583



Abundant phenomena 
around tetraqurk candidates2. 

J/ψπ+

Tcc

Tb
ψ

3900, 4430,...

Tcs̄ LHCb proposal for the new name 
convention of exotic hadrons 

[arXiv:2206.15233]

Tetraquark candidates

J/ψK+ J/ψϕ J/ψJ/ψ

Tθ
ψs Tψϕ Tψψ( )Zc ( )Zcs ( )X ( )Tccc̄c̄

4000, 4220,... 4140, 4274, 4500... 6900,...

D0D0π+

3874

D+K−

Tcs
2900

D±
s π+

2900
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Tcc(3874) Nature Commun. 13 (2022) 1, 3351
Nature Phys. 18 (2022) 7, 751-754



Perfect  molecular prediction matching the  observation at LHCbDD̄* Tcc

LHCb result of Tcc

 keV−273
Our prediction

 keV−470

  Binding energy
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9年前给出精准预测
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Ta
cs̄0(2900)

LHCb: arXiv:2212.02716; arXiv:2212.02717

    B0 → D̄0D+
s π− B+ → D−D+

s π+



b̄

u

c̄

ūd̄

u

c

s̄ u

d

W+

B+

Λ̄−

c

P
++
cs̄uud

B+
→ P

++

cs̄uud Λ̄
−

c

b

u

d

ū

s

s̄d

c

u

d

W−

Λ0
b

K−

P
+
cs̄udd

Λ0
b → P

+
cs̄udd K

−

让我们拭⽬以待！
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More peaks in di-  
invariant mass spectrum

J/ψ

CMS Collaboration: arXiv:2306.07164
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Tψψ



ATLAS is joining this party

arXiv: 2304.08962

Tψψ
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J.Z. Wang, D.Y. Chen, Xiang Liu and T. Matsuki, PRD 103 (2021) L071503

J.Z. Wang, Xiang Liu, PRD 106 (2022) 054015

J/ψ

J/ψ

Hi
cc̄

H
j
cc̄

J/ψ

J/ψ

Σ
ij

+

 Lij(mJ/ψJ/ψ) = ∫
dq4

(2π)4

e−(2 ⃗q )2/α2

(q2 − m2
i + iϵ)((P − q)2 − m2

j + iϵ)

=
i

4mimj

−μα

2(2π)3/2
+

μ 2μm0 (erfi [ 8μm0

α ] − i)
2π/e− 8μm0

α2

 𝒜2
direct = g2

direct ec0mij
1

8π

λ(m2
ij, m2

i , m2
j )

m2
ij

,

𝒜2
ij(mJ/ψJ/ψ) = g2

ijL
2
ij(mJ/ψJ/ψ)

ec0mJ/ψJ/ψpJ/ψ

mJ/ψJ/ψ
,

    

               

𝒜2 = ∣ 𝒜direct(mJ/ψJ/ψ) + ∑
mn

eiϕmn𝒜mn(mJ/ψJ/ψ) ∣2

+ ∣ 𝒜′ direct(mJ/ψJ/ψ) + ∑
mn

eiϕmn𝒜′ mn(mJ/ψJ/ψ) ∣2

Dynamical rescattering mechanism to product  
the fully charm peak structures
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J.Z. Wang, D.Y. Chen, Xiang Liu and T. Matsuki, PRD 103 (2021) L071503

Reproduce the LHCb data well
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J.Z. Wang, Xiang Liu, PRD 106 (2022) 054015
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Reproduce the CMS data well!
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Predictions for the peak line shape in di-  invariant mass  spectrumΥ
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More predictions



Pay more attentions to the study 
of light hadron spectroscopy3. 



BESIII, arXiv:2204.09614

 GeV
 GeV

M = 1.817 ± 0.008(stat) ± 0.020(syst)
Γ = 0.097 ± 0.022(stat) ± 0.015(syst)

Challenge for  as glueballf0(1710)
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▲▲
a0(1817)

a0(980)

a0(1450)

∘∘2115
Isovetor
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It is safe to assign  as glueballf0(1710)
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实验与理论相辅相成

BESIII正式发表在PRL论
⽂中接受了我们的理论

建议

实验在前 理论在后
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Construct light hadron spectroscopy 
always on the road 

 GeVΓ = 0.500 ± 0.060
 GeVM = 2.090 ± 0.030 Vector light meson
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Our knowledge of light hadron spectroscopy is 
helpful to establish exotic states 

Elisabetta Spadaro Norella    &    Chen Chen CERN Seminar, July 5, 2022

Model with only K* 

19

Amplitude contributions: 
- NR(p̄Λ)
- K*+

2,3,4

Model with K*
 cannot describe data  

Goodness-of-fit test

→ peaks out of phsp, no obvious 
contribution in p̄Λ distribution

preliminary

PDG 2020

preliminary

preliminary preliminary

PΛ
ψs(4338)
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Summary—Never underestimate 
the ability of experiment4. 



In 2021, we predicted  
with sizable branching ratios

Υ(10753) → χbJω
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Observation of e+e− → ωχbJ

11

Two	dimensional	unbinned	maximum	
likelihood	cit	to	 	and	 .M(γΥ(1S)) M(π+π−π0)

Channel           (GeV)

10.745

10.805
1.6	@	90%	C.L.

1.5	@	90%	C.L.

s Nsig. σ(up)
B (pb)

e+e− → ωχb1

e+e− → ωχb1

e+e− → ωχb2

e+e− → ωχb2

68.9+13.7
−13.5

27.6+11.6
−10.0

15.0+6.8
−6.2

3.3+5.3
−3.8

3.6+0.7
−0.7 (stat.) ± 0.4 (syst.)

2.8+1.2
−1.0 (stat.) ± 0.5 (syst.)

New	for	ICHEP	!

~11.5χbJ σ

~5.2χbJ σ

No	evident	signal	are	found	at		 10.710	GeV	.s =

2021⾼能物理⼤会  分会报告  8⽉17号

First analysis  
of Belle II energy scan data

Qingping Ji  (Henan Normal University)         
   （ On behalf of the Belle II Collaboration ）
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Thank you for your attention!




