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Outline
• Experimental status 

• Pentaquark is alway a focused point 

• Pay more attentions to the study of 
light hadron spectroscopy 

• Summary-Never underestimate the 
ability of experiment



Experimental status





"Particle Zoo 2.0”—Exotic states

5



Recent observations of tetraquark and pentaquark

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

Amplitude contributions: 
- NR(p̄Λ) 
- NR(p̄J/ψ) 
- Pψs(J/ψΛ) 

Model with J/ψΛ resonance

22

Fit results:

⇒ Spin-parity: 
     J = ½  determined
     P = -1 favored, ½+ rejected @90% CL 

Λ

From Wilks’ theorem: 
significance > 10 σ

preliminary preliminary

preliminary preliminary

PΛ
ψs(4338)
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Elisabetta Spadaro Norella    &    Chen Chen CERN Seminar, July 5, 2022

Fit with additional '& ̅#$
( 2900 !!/$ → ##!%!/"

33

B(&#') well described by adding a 9- = 0& !! ̅#$
% 2900 in each channel

Ø To test existence of potential partner of 6%"&(2900)
- A second +"- resonance with ;' = 1$ is not significant

Ø Additional resonances are tested but no improvement on the description

!$ → %#$ ##!$" !! → #"##!$!

preliminarypreliminary

Ta
cs̄0(2900)
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More peaks in di-  invariant mass spectrumJ/ψ
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https://cms.cern/news/cms-observes-potential-family-tetra-quark-states-composed-only-charm-quarks



ATLAS is joining this party

9

arXiv: 2304.08962



Pentaquark is always a 
focused point



Pc(4312)

Pc(4440)

Pc(4457)

137 MeV

PΛ
ψs(4338)

Pcs(4459)

121 MeV

ΞcD̄*

Similarity between  and Pc Pcs

Ξ−
b → J/ψΛK

arXiv:2012.10380

F.L. Wang, Xiang Liu, Phys.Lett.B 835(2022)137583
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Emergence of molecular-type characteristic spectrum of hidden-charm pentaquark
with strangeness embodied in the P⇤

 s(4338) and Pcs(4459)

Fu-Lai Wang1,2,3⇤ and Xiang Liu1,2,3†
1
School of Physical Science and Technology, Lanzhou University, Lanzhou 730000, China

2
Research Center for Hadron and CSR Physics, Lanzhou University

and Institute of Modern Physics of CAS, Lanzhou 730000, China
3
Lanzhou Center for Theoretical Physics, Key Laboratory of Theoretical Physics of Gansu Province,

and Frontiers Science Center for Rare Isotopes, Lanzhou University, Lanzhou 730000, China

The newly observed P⇤
 s(4338) and the reported Pcs(4459) enhancement are consistent with the

molecular-type characteristic mass spectrum of hidden-charm pentaquark with strangeness. It shows
that the Pcs(4459) may contain two substructures corresponding to ⌅cD̄

⇤ molecular states with
JP = 1/2� and 3/2�, while the P⇤

 s(4338) is good candidate of ⌅cD̄ molecular state with JP = 1/2�.

As the prediction, we present another characteristic mass spectrum of the ⌅0
cD̄

(⇤) molecular states.
Experimental confirmation of these characteristic mass spectra will be a crucial step of constructing
hadronic molecular family.

I. INTRODUCTION

Since the birth of quark model [1, 2], the concept of
exotic hadronic matter has been proposed, which has
attracted extensive attention from both experimental-
ists and theorists. Especially, with the accumulation of
experimental data, the observations of charmoniumlike
XY Z states and Pc states in the past around twenty
years make this issue become hot spot of hadron physics
up till now [3–13]. These studies are helpful to deepen
our understanding of non-perturbative quantum chromo-
dynamics. Among di↵erent exotic hadronic matters, the
hadronic molecular state was popularly applied to ex-
plain these novel phenomena relevant to new hadronic
states since most of observed hadronic states are close
the thresholds of hadron pair. A typical example is
the LHCb’s discoveries of the Pc(4312), Pc(4440), and
Pc(4457) in the J/ p invariant mass spectrum of the
⇤b ! J/ pK [14] weak decay, which show a characteris-
tic mass spectrum consistent with that of hidden-charm
molecular pentaquark, which was predicted in Refs. [15–
21]. Finally, hadronic molecular state assignment to the
Pc states was established [3–13].
Very recently, the LHCb Collaboration announced the

observed of a J/ ⇤ resonance in the B�
! J/ ⇤p̄ pro-

cess [22], which has resonance parameter

M = 4338± 0.7MeV, and � = 7.0± 1.2MeV,

and significance larger than 10�. Thus, this J/ ⇤ reso-
nance is refereed to be the P⇤

 s(4338), which can be as the
candidate of hidden-charm pentaquark with strangeness,
as predicted by former theoretical studies [23–49]. Before
observing the P⇤

 s(4338), LHCb once reported an evi-
dence of the enhancement structure (Pcs(4459)) in the
J/ ⇤ invariant mass spectrum of ⌅�

b ! J/ ⇤K [50],

⇤ wangfl2016@lzu.edu.cn
† xiangliu@lzu.edu.cn

which is the candidate of hidden-charm pentaquark with
strangeness [23–49].

Pc(4312)

Pc(4440)

Pc(4457)

137 MeV

P�
�s(4338)

Pcs(4459)

121 MeV

�cD̄*

FIG. 1. Comparison of the mass spectrum of three Pc states
and that of the P⇤

 s(4338) and Pcs(4459). Here, we also list
the experimental data of the Pcs(4459) from LHCb [50].

In this work, we indicate that there exists a
new characteristic mass spectrum applied to iden-
tify the molecular-type hidden-charm pentaquark with
strangeness, which is reflected by the mass behavior of
the observed P⇤

 s(4338) and the reported Pcs(4459) en-
hancement. As shown in Fig. 1, the gap between the
Pc(4312) mass and the average mass of the Pc(4440) and
Pc(4457) is 137 MeV, which is similar to the mass gap
(121 MeV) of the Pcs(4459) and the P⇤

 s(4338). It is ob-
vious that here SU(3) symmetry plays the role to produce
this similarity of mass gap. We also notice an interest-
ing phenomenon. There exists well coincidence relations
of these states, i.e., the P⇤

 s corresponds to Pc(4312),
while the Pcs(4459) structure should correspond to the
Pc(4440) and Pc(4457). This fact makes us conjecture
that the Pcs(4459) should contain two substructures. If
checking the LHCb data of the J/ ⇤ invariant mass spec-
trum of ⌅�

b ! J/ ⇤K [50], we find that there exists the
possibility of the double-peak structure slightly below the
⌅cD̄⇤ threshold as indicated in Fig. 1, which just corre-
spond to two ⌅cD̄⇤ molecular states with JP = 1/2� and
3/2�. Such scenario can be tested in future experiment
like the LHCb. And then, the newly reported P⇤

 s(4338)

near the ⌅cD̄ threshold is a good candidate of the ⌅cD̄
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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

F.L. Wang, Xiang Liu, Phys.Lett.B 835(2022)137583
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Test it with more precise data

Opportunity 
for LHCb
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2019年⾼精度的实验数据⽀持分⼦态构型
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让我们拭⽬以待！



Pay more attentions to the study of 
light hadron spectroscopy



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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It is safe to assign  as glueballf0(1710)



促使BESIII实验组重新调整了⽂章的表述

在BESIII正式发表的PRL
论⽂中引⽤了我们的理

论⼯作

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

BaBar, arXiv:2207.10340

 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 experiment



In 2021, we predicted  
with sizable branching ratios

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

24



25



Thank you for your attention!


