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Ø Introduction

Ø Progress on X(3872) & y2(3823) studies

Ø Progress on vector Y-states

Ø Progress on charged Zc states

Ø Summary



Quark Model

3Zhiqing Liu | Shandong University, Qingdao

1964

Ø Baryon (qqq) & meson (q"𝑞)

Ø (qq𝑞𝑞) & (qqq𝑞"𝑞) etc. à
Tetraquark & Pentaquark



Exotic Hadron States

4Zhiqing Liu | Shandong University, Qingdao

Ø The fundamental theory for strong interaction is QCD.
Ø In QCD, hadrons beyond the (qqq) baryon and (q"𝑞) meson exist !
Ø Difficulties, i.e. do not know how to calculate a confinement problem.



XYZ particles
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XYZ(3940)

X(3872)
X(3823)
X(3915)
X(4350)
Y(4008)
Y(4260)
Y(4140)
Y(4360)
Y(4660)
Y(4630)
…

Zc(3900)
Zc(4020)
Z(4430)
Z(4250)
Z(4050)
…

Godfrey & Isgur, PRD32, 189 (1985)

• !"#$%&$'()&*%+,-*./,01$23)312$
• 4%3$)+$%56,%-2$'()&*%+,-*
• 7-3$'()&*%+,-*$,+$3(1$8,+)/$23)31



e+e- colliders
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X(3872) & y2(3823)
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Ø e+e-àgX(3872) cross section by BESIII
Ø M=4200.6+7.9

-13.3±3.0 MeV, G=115+38
-26±12 MeV

Ø Agree with the Y(4260) resonance

e+e-àgX(3872) production

Zhiqing Liu | Shandong University, Qingdao

PRL 112, 092001 (2014)
PRL 122,232002 (2019)

~90 events

Strongly suggest the Y(4260)àgX(3872) transition à
Commonality between Y(4260) & X(3872)…    

Steve Olsen et al. / Rev. Mod. Phys. 90, 015003 (2018)

11.6 fb-1

X(3872)



e+e-àwX(3872)
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PRL130, 151904 (2023)

Ø 4.7 fb-1 data between 4.66 – 4.95 GeV (just above the wX(3872) threshold)

Ø wàp+p-p0 & X(3872)àp+p-J/y, one of the 4p could be missing to improve 
reconstruction efficiency

Ø Fit with MC shape + linear background: N(signal)=24.6±5.3 events, significance 7.8s

A new production mode at BESIII !



e+e-àwX(3872) production
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Ø Significantly higher near 4.75 GeV
Ø Potential resonance structure exist?

Ø What’s about e+e-àgX(3872)?
Ø What’s about e+e-àwcc1/wX(3872)?
Ø What’s about e+e-àfX(3872)

Ongoing activities…

PRL130, 151904 (2023)



X(3872) decay
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X(3872)àp0cc1

PRL122, 202001 (2019)

Large isospin violation, disfavor charmonium…

PRD 105, 072009 (2022)

@90%



X(3872) decay

12Zhiqing Liu | Shandong University, Qingdao

PRD 105, 072009 (2022)

@90% C.L.



X(3872)àD0D*0 line shape
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arXiv: 2302.02127

Ø N=90 events, BW seems better (statistics limited)
Ø Flatte shape: 1 free parameter g (constrain others)

B+

B0

gD0
p0D0

• BESIII fit D0D0* and p+p-J/y simultaneously ongoing



X(3823)=y2(3823)
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2-photon

PRL129, 102003 (2022)

• BESIII observed 120 signal events

• Most precise measurement to date !

m[y2(3823)]=M[y2(3823)]-M[y(2S)]+m[y(2S)]PDG

=(3823.12±0.43±0.13) MeV/c2

G[y2(3823)] < 2.9 MeV @ 90% C.L.

1-photon

JHEP02(2023)171

e+e-àp+p-y2(3823)àp+p-gcc1àp+p-ggJ/y

11.3 fb-1

11.3 fb-1

e+e-àp0p0y2(3823)

6s
~0.57±0.14



Vector Y-states
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BESIII high luminosity scan
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21.5 fb-1

• A double ring symmetric e+e- machine in Beijing, China
• 𝑠 = 2 – 4.95 GeV (extended to 5.6 GeV with BEPCII-U)
• Design LD=1×1033 cm-2 s-1 (achieved in 2016; 1.1×LD @ 2022-2023 run)

0.5 fb-1/10 MeV scan from 4 – 4.6 GeV is ongoing



Y(4260) fine structure

17Zhiqing Liu | Shandong University, Qingdao

PRL118, 092001 (2017)

Fine structure

• There are fine structures in the famous “Y(4260) bump”

• Mass=(4222.0±3.1±1.4) MeV, Width=(44.1±4.3±2.0) MeV

• Most precise and significantly lower than 4.26 GeV

23 fb-1

PRD106, 072001 (2022)

9 fb-1



e+e-àK+K-J/y & KsKsJ/y 
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CPC 46, 111002 (2022)

Ø We need a resonance 
Y(4500) in K+K-J/y !

Ø 3D state?

Ø KsKsJ/y go to higher 
energies & cross sections

Ø Evidence for Y(4710) 
resonance 

M=                              (MeV)
G=                               (MeV)

PRD 107, 092005 (2023)

https://dx.doi.org/10.1088/1674-1137/ac945c


Y(4660)àp+p-y2(3823)
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• BESIII measure the Ecm dependent e+e-
àp+p-y2(3823) cross section

• Resonance structure with >5s significance

• One single BW resonance

• Two coherent Y(4360)+Y(4660)

M=4417.5±26.2±3.5 MeV
G=245±48±13

f0(980)y(2S) molecule
Y(4260) radial excitation
Baryonium…

11.3 fb-1, PRL 129, 102003 (2022)



e+e-àfcc1,fcc2 cross section
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JHEP01(2023)132

Fit with BW or BW+Continuum

A power law (or phase space corrected) continuum
Ø 6.4 fb-1 data from 4.60 to 4.95 GeV
Ø Obvious fcc1,fcc2 production

• Evidence for near threshold 
resonance (~3s significance)

• Consistent with Y(4660)
• A new structure?



e+e-àg(fJ/y) process
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Ø Y(4140)àfJ/y by CDF 

Ø X(4274)/X(4500)/X(4700)àfJ/y by LHCb

Ø Events are dominant by fcc1,c2 process

Ø Upper limit for production cross section



e+e-àDs*Ds* cross section
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Ø A semi-inclusive method: Ds*àgDsàgKKp

Ø y(4160) or Y(4260) [strong coupling to Ds*Ds*?]
Ø Consistent with y(4415)àfirst observation
Ø Necessarily to improve fit quality (>6.1s)
Ø K-matrix method to include all channels in future.

arXiv:2305.10789



e+e-àD*0D*+p-
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PRL 130, 121901 (2023)

17.9 fb-1

àY(4230), large coupling to open-charm
àY(4500), coupling larger than KKJ/y
àY(4660), first open-charm decay



Observation of Y(10750)àwcbJ
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Ø Potential model 3D bottomonium ~10.7 GeV [Y(10750)àwcb1/wcb2=1.3±0.6 lower 
than pure D-wave (~15); S-D mixture (0.2)]

Ø Y(10750)àwcbJ & Y(10860)àppY(nS) are two different resonance

Ø Hybrid, tetraquark, dynamically generated…

PRL130, 091902 (2023)

Fixed: M=10.7527, G=35.5

Another evidence for the Y(10750)

See Alessandro’s talk on Tuesday



Charged Zcs states

25



Observation of Zcs(3985)
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PRL 126, 102001 (2021)

Ø Search for the Z-state with strange quark in e+e-àK+(DsD*/Ds*D)-

Ø A near threshold structure was observed at BESIII

Ø M=3982.5+1.8-2.6±2.1 MeV/c2; G=12.8+5.3-4.4±3.0 MeV

Partner of Zc(3900) with s quark?



Zcs(3985)0 neutral partner
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Ø Same data set with charged channel, 
e+e-àKs(DsD* + Ds*D)

Ø Evidence (4.6s significance) for a 
neutral candidate Zcs(3985)0

Ø M=(3992.2±1.7±1.6) MeV;        
G=(7.7+4.1-3.8±4.3) MeV

Ø Iso-spin partner of Zcs(3985)+

PRL 129, 112003 (2022)



Future prospect
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Ø Luminosity increased by a factor 
of 3 @ 2.35 GeV

Ø Beam energy up to 2.8 GeV
Ø Start running in 2025…

BEPCII-U vs. BEPCII
From Y. Zhang @ FPCP2021

Ø LS1: 2022-2023 (15 month, 
VXD/TOP PMT replacement etc.), 
restart this winter

Ø LS2: 2026-2027 (machine 
improvement etc.)



Summary
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ØTremendous progress on XYZ particles in past 
years…

ØX(3872) enters into precision line shape & properties 
stage 

ØMany new observations for vector Y-states, a multi-
channel study is necessary

ØObservation of SU(3) partner Zcs states, a bigger 
particle zoo coming…



500th celebration
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Thanks for your attention !

https://indico.ihep.ac.cn/event/19694/

Date of arXiv submission
2012 2014 2016 2018 2020 2022
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26 new hadrons at BESIII

http://english.ihep.cas.cn/bes/re/pu/NewParticles/http://english.ihep.cas.cn/bes/re/pu/NewParticles/

https://indico.ihep.ac.cn/event/19694/
http://english.ihep.cas.cn/bes/re/pu/NewParticles/


Backup
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e+e-àX(3872)
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• Gee[X(3872)]<0.32 eV @90% C.L.

• Gee[cc1]=0.12+0.13-0.08 eV

~320 pb-1



Zcs’àDs*D*
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Ø Search for the Zcs’ partner in e+e-àK+(Ds*D*/Ds*D*)-

Ø No obvious excess of events around Ds*D* threshold

CPC 47,033001(2023)



e+e-àgfJ/y process
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BEPCII Luminosity
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Ø Center-of-Mass energy: 2.0 - 4.936 GeV
Ø Design Luminosity @ y(3770): 1×1033  cm-2s-1 (achieved in 2016)
Ø Energy spread: 1.1 MeV @ 3.686 GeV



BESIII experiment
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A 4p detector


