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1. 五夸克态发现⼗周年—精度匹配

https://physics.aps.org/articles/v8/126



4

五夸克态的发现得益于

理论精度与实验精度相匹配

https://pdg.lbl.gov/2025/reviews/
contents_sports.html

“  states had been predicted 
before the first LHCb result”
ΣcD̄(*)
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Decode the properties of two 
observed  consistent with 
hadronic molecular states

Pc



猜测LHCb发现的 态还有⼦结构Pc

需要更为精确的数据

LHCb实验2015的数据不⾜以区分紧致态和分⼦态构型

Compact pentaquark Molecular state
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2019年⾼精度的实验数据⽀持分⼦态构型

精度的重要性再次显现



2. 典型新强⼦态的“低质量疑难”与⾮淬⽕效应

Luo, Chen, Liu, XL, EPJC 80 (2020) 301

“该粒⼦作为常规强⼦态时，其质量显著低于淬⽕夸克势模型的预期值”
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Cornell potential
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康奈尔势模型是典型的淬⽕势模型之⼀



1974 1975 1976 1977 1978

J/ψ

ψ (3686)

χc1(1P)

χc2(1P)

ψ (4415)

ψ (3770)

χc0(1P)

ψ (4040)

ψ (4160)

1980

ηc(1S)

1982

ηc(2S)

1986

hc(1P)

2003

X(3872)

2006

Z(3930)

2010

X(3915)

2013

X(3823)

2017

Y(4220)

2019

X(3842)

Established 
charmonia

XYZ states as  
the candidates of 

charmonium

17 years

10

粲偶素的发现催⽣了淬⽕势模型 淬⽕势模型落伍于新强⼦态的发现
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解决低质量疑难的两条路径

引⼊奇特态

! !̅ # $%

! "!
! "!

! "!
! "!

Charmonium Hybrid

Tetraquark                    Molecule

! !
"!

Pentaquark                   Glueball

! !

审视淬⽕势模型

淬⽕模型向⾮淬⽕模型转变

• 耦合道效应

①   ②   

• 电⼦⾃能修正



考虑耦合道效应解决低质量疑难

Luo, Chen, X. Liu, Matsuki, PRD 103 (2021) 074027

⽤⾮淬⽕势模型来解决典型新强⼦态低质量疑难是可⾏的
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⾮淬⽕势模型给出的4-4.5 GeV能区粲偶素特征质量谱
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Sscr(r) =
b(1 − e−μr)

μ
+ c屏幕势

Wang, Chen, X. Liu, Matsuki, PRD 99 (2019) 114003

康奈尔势模型（淬⽕）的粲偶素质量谱

⾮淬⽕势模型可为“Y problem”给
出⼀览⼦解决⽅案

PRD 83 (2011) 054021

PRD 83 (2011) 074012

EPJC 74 (2014), 3208

PRD 91 (2015) 094023 

PRD 93 (2016) 014011

PRD 93 (2016) 034028

PRD 96 (2017) 094004

EPJC 78 (2018) 136

EPJC 79 (2019) 613

PRD 99 (2019) 114003

PRD 101 (2020)  034001

PRD 104 (2021) 094001

PLB 833 (2022) 137292 

PRD 107 (2023) 054016

PLB 849 (2024) 138456

PRD 109 (2024)  094048

PRD 111 (2025)  054021

PRD 111 (2025)  054023

PLB 868 (2025) 139644
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BESIII: CPC 46 (2022) 111002 
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⾼精度实验数据使得验证⾮淬⽕势模型在4-4.5 GeV能区预测的粲偶素特征质量谱成为可能
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BESIII: Phys. Rev. Lett. 130,  121901 (2023) 
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⾼精度实验数据使得验证⾮淬⽕势模型在4-4.5 GeV能区预测的粲偶素特征质量谱成为可能
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BESIII@2023

Fit I
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⾼精度实验数据使得验证⾮淬⽕势模型在4-4.5 GeV能区预测的粲偶素特征质量谱成为可能
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3. 强⼦体系少体问题—计算精度

Year

1975

Σc(2455)

PRL 34, 1125
BNL

1976

Λc(2286)

PRL 37, 882
Fermilab

1993

Σc(2520)

JETPL 58, 247
SKAT

Λc(2625)

PLB 317, 227
ARGUS

1995

Λc(2595)

PRL 74, 3331
CLEO

2000

Λc(2765)

Λc(2880)

PRL 86, 4479
CLEO

2004

Σc(2800)

PRL 94, 122002
Belle

2006

BaBar
PRL 98, 012001

Λc(2940)

PRL 98, 262001
Belle

2017

Λc(2860)

JHEP 05, 030
LHCb

2022

Λc(2910)

PRL 130, 031901
Belle

1983

Ξc(2470)

PLB 122, 455
CERN

1995

Ξc(2645)

PRL 75, 4364
CLEO

1998

Ξ′
c
(2570)

PRL 82, 492
CLEO

1999

Ξc(2815)

PRL 83, 3390
CLEO

2000

Ξc(2790)

PRL 86, 4243
CLEO

2006

Ξc(2970)

Ξc(3080)

PRL 97, 162001
Belle

2007

Ξc(2930)

PRD 77, 031101
BaBar

Ξc(3055)

Ξc(3123)

PRD 77, 012002
BaBar

2018

Ξc(2930)

EPJC 78, 252
Belle

EPJC 78, 928

2020

Ξc(2923)

Ξc(2939)

Ξc(2965)

PRL 124, 222001
LHCb

2022

Ξc(2880)
arXiv: 2211.00812

LHCb

1985

Ωc(2700)

ZPC 28, 175
WA62

2006

Ωc(2770)

PRL 97, 232001
BaBar

2017

Ωc(3000)

Ωc(3050)

Ωc(3065)

Ωc(3090)

Ωc(3119)

Ωc(3188)

PRL 118, 182001
LHCb

2023

Ωc(3327)

Ωc(3185)
arXiv: 2302.04733

LHCb

Λc/Σc

Ξ
(′)
c

Ωc

Year

1981

Λb(5620)

LNC 31, 97
CERN R415

2007

Σb(5815)
Σb(5835)

PRL 99, 202001
CDF

2012

Λb(5912)
Λb(5920)

PRL 109, 172003
LHCb

2018

Σb(6097)

PRL 122, 012001
LHCb

2019

Λb(6146)
Λb(6152)

PRL 123, 152001
LHCb

2020

CMS
PLB 803, 135345

Λb(6072)

JHEP 06, 136
LHCb

1995

Ξb(5795)

ZPC 68, 541
DELPHI

2012

Ξb(5945)0

PRL 108, 252002
CMS

2014

Ξb(5935)−
Ξb(5955)−

PRL 114, 062004
LHCb

2018

Ξb(6227)

PRL 121, 072002
LHCb

2021

Ξb(6100)−
PRL 126, 252003

CMS

2022

Ξb(6327)
Ξb(6333)

PRL 128, 162001
LHCb

2023

Ξb(6087)0
Ξb(6095)0

PRL 131, 171901
LHCb

2008

Ωb(6046)

PRL 101, 232002
D0

2020

Ωb(6316)
Ωc(6330)

Ωb(6340)
Ωc(6350)

PRL 124, 082002
LHCb

Λb/Σb

Ξ
(′)

b

Ωb

Rep.Prog.Phys. 86 (2023) 026201 
Rep.Prog.Phys. 80 (2017) 076201 
Chin.J.Phys. 78 (2022) 324-362

随着实验精度的提升，过去20
年间发现了丰富的粲重⼦和底
重⼦



18

粲重⼦的SU(3)味道多重态

Jacobi coordinates for the 
three-body system

3f ⊗f = 3̄f ⊕ 6f

SU(3)对称性

Q

q1 q1ρ

λ

Rep.Prog.Phys. 80 (2017) 076201

典型的少体系统



Mass spectrum Potential model Diquark

D. Ebert, K. G. Klimenko and V. L. Yudichev, Eur. Phys. J. C  53, 
65-76 (2008)

D. Ebert, R. N. Faustov and V. O. Galkin, Phys. Rev. D 84, 
014025 (2011)

B. Chen, K. W. Wei and A. Zhang, Eur. Phys. J. A 51, 82 (2015)

B. Chen, K. W. Wei, X. Liu and T. Matsuki, Eur. Phys. J. C 77, 
no.3, 154 (2017)

Q. F. Lu, K. L. Wang, L. Y. Xiao and X. H. Zhong, Phys. Rev. D  96, 
no.11, 114006 (2017)

⋯

!

"
#! #"

%!

diquark
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早些年



Mass spectrum Potential model Three-body potential

S. Capstick and N. Isgur, Phys. Rev. D 34, 2809-2835 (1986)

W. Roberts and M. Pervin, Int. J. Mod. Phys. A 23, 2817-2860 (2008)

T. Yoshida, E. Hiyama, A. Hosaka, M. Oka and K. Sadato, Phys. Rev. D 92, 
114029 (2015)

G. Yang, J. Ping and J. Segovia, Few Body Syst. 59, 113 (2018)

S. Q. Luo, B. Chen, Z. W. Liu and X. Liu, Eur. Phys. J. C 80, no.4, 301 (2020)

G. L. Yu, Z. Y. Li, Z. G. Wang, J. Lu and M. Yan, Nucl. Phys. B 990, 116183 
(2023)

Q. F. Song, Q. F. Lu and A. Hosaka, arXiv:2308.03261 [hep-ph].

⋯
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近年来



Mass spectrum Potential model Gaussian expansion method

"⃗

#⃗

$% $&

'(

Jacobi coordinate

"⃗ = *⃗& − *⃗%

#⃗ = *⃗( −
,%*⃗% + ,&*⃗&
,% +,&

./01 2 = ./0 * 301(52)
Gaussian base

7/0 =
209& 2:/ 09(&

; 2< + 1 ‼

./0 * = 7/0*0?@ABCD

:/ =
1
*/& */ = *%E/@% F = 1 − FGHI

Rayleigh-Ritz variational method

ΨKLKHM = .NLMLO×.QMHRLO×.STUV×.LOWUK

E. Hiyama, Y. Kino and M. Kamimura, Prog. Part. Nucl. Phys. 51, 223-307 (2003)
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近年来



S.Q. Luo and X. Liu, PRD 108, 034002 (2023)
22

计算精度提升下的粲重⼦谱研究
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⼀类由粲介⼦构成的三体系统
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⼀类由粲介⼦构成的三体系统
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⼀类由粲介⼦和核⼦构成的三体系统



2022年10⽉11⽇
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Tian-Wei Wu, Ya-Wen Pan, Ming-Zhu Liu, Li-Sheng Geng, Sci.Bull. 67 (2022), 1735-1738

对实验精度提出了新要求
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4. ⼩结

• 精度提升导致新发现

实验精度提升理论精度

X(1835)

BESII PRL95 (2005) 262001

X(1835)
X(2120)
X(2370)

BESIII PRL106 (2011) 072002 BESIII PRL117 (2016) 042002

• 精度永远不够⽤
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You never have enough J/ω events
→The case for a J/ω factory→

Stephen Lars Olsen

Institute for Basic Science,
Daejeon 34126, Republic of Korea

University of Science and Technology of China,
Hefei 230026, People’s Republic of China

June 27, 2025

Abstract

In a talk at an IHEP-Beijing symposium celebrating the 50th anniversary of the
discovery of the J/ω, I reminisced about some of the interesting phenomena that
were observed in J/ω decays in the BES, BESII, and BESIII detectors during the
35 year long BES experimental program. The three order of magnitude increase in
the J/ω event samples and the improved detector capabilities that occurred during
this time led to a persistent series of interesting discoveries and new insights. As
more J/ω events were collected, the scientific interest in them increased and the
breadth of physics topics that are addressed by them expanded. In addition, I
speculated on what might happen if, in the next few decades, the magnitude of
J/ω data samples and the detector capabilities continued to increase at similar
paces. In particular, I emphasize the possibilities of searches for CP violation
in strange hyperon decays and testing the CPT theorem with strangeness-tagged
neutral kaon decays.

1 Introduction
“Why do we need more J/ω events?” and “...don’t we already have enough?” are ques-
tions that have been frequently asked at collaboration meetings throughout the history
of the BES, BESII and, now, BESIII experiments, usually by charm physics aficiona-
dos while they are clamoring for more data at the DD̄ or DsD̄s thresholds, or, more
recently, by XY Z-meson enthusiasts with ambitions to find yet another multiquark
state. In the past, the answer has been primarily been that the J/ω is a prolific source
of light hadrons that are produced with low backgrounds and well defined quantum
numbers that have supported numerous, and often unique, studies of the spectroscopy
of light-quark hadrons and the dynamics of their production and decays. Maybe not
the most glamorous physics, but still very interesting and useful.

In the mid-1990s, during the early running of BES and with 8 million J/ω events,
we focused on gluon-rich hadronic systems produced radiative J/ω decays and mapped
out the JP = 0+ and 2+ ε+ε→, ε0ε0 and K+K→ resonances in the 1.5-2.0 GeV mass

1

arXiv: 2506.20975
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4. ⼩结

• 精度提升也带来了挑战

1995 2004 2022 遂古之初， 
谁传道之？ 
上下未形， 
何由考之？

—《天问》
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