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ÂBESIII and BEPCII

ÂHighlights of BESIII physics

ïLight hadrons 

ïCharmonium(-like) states

ïBaryon/QCD physics

ïCharmedhadrons

ÂFuture plan

ÂSummary
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BESIII 
detector

LINAC

2025: inner chamber Ą CGEM
20(25): energyupgradeto 0.92-2.4525(2.8) GeV
2004: started BEPCII upgrade,BESIII construction
2008: test run
2009-now: BESIII physics run   

beam energy: 0.92-2.4525 GeV          

e+

e-

Å 1989-2004  (BEPC): 

       Lpeak=1.0x1031/cm2s 

Å 2009-now (BEPCII):   

       Lpeak=1.1x1033/cm2s (2022 2023)

Beijing Electron Positron Collider (BEPCII)
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Excellent resolution, particle identification, and large coverage 
for neutral and charged particles

NIMA614(2010)345

BESIII detector
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BESIII collaboration
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Datasamples

>50 fb-1  at Ecm between 1.84 and 4.95 GeV in 15 year running 6



BESIII

Hadron physics opportunities:
¸Precision hadron spectroscopy  O
understand the established hadron 
states

¸Search for the unexpected hadron 
states and spectroscopy study   O
explore nature of exotic hadron states

Two golden ways to study hadron spectroscopy:
ÅCharmonium decays (10BJ/ⱶand2.7Bⱶ ἡ): 
 Olight hadrons

ÅDirect production, radiative and hadronic 
transitions(23 fb-1 dataabove3.8GeV):

     O heavy hadrons (XYZ)

Charmed hadrons:
¸Produced in pair
¸Quantum correlated ὈὈ  

20 ÆÂ@3.773 GeV O ὈὈ  and ὈὈ  

0.48 ÆÂ@4.009 GeV O ὈὈ

7.33 ÆÂ@4.13-4.23 GeV O ὈᶻὈ
4.5 ÆÂ@4.6-4.7 GeV O  Ώ ӶΏ

Unique hadrons at BESIII
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Physics at BESIII
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World largest J/ⱶ, ⱶ(2S), ⱶόоттлύΣΧ Řŀǘŀ ǎŀƳǇƭŜǎ  

More than 720 papers and 139 in Phys. Rev. Lett.

Publications of BESIII
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PRL Other
Nature(Phys.,Com.) Accepted
Submitted

Total: 766 [720 + 11 (accepted) + 35 (submitted)

PRL 139 +Nat. (Phys., Com.) 6

9



Glueball candidates in radiative 
J/˕decays



Confirmed by BESIII with much higher significance

PRL106(2011)072002

X(1835)
X(2120)

X(2370)
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With more and more J/y data, more and more features appear:
1. X(1835) with a sharp dip at threshold
2. X(2120), X(2370),X(2600),hc(1S)

PRL95(2005)262001

First observed by BESII

X(1835)

0.058B
0.225B

PRL117(2016)042002

1.09B

Striking example: X(1835) in J/˕O ʴʹ ˉ+ -̄



Other examples: X(2370) and X(2600)
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₭ ḧὢςσχπ Ḓ￼ ᾿Ḟ

ὕ ᾑPRL132(2024)181901

ῇ ʃ ʄ2024

PRL129(2022)042001

JPC: unknown

M = Ȣ Ȣ Ȣ
ȢMeV/c2

G  =  MeV

h radial excitation or exotic hadron?

Observation of X(2120), X(2370) 
and X(2600) in J/̞ᴼɹʹ ˉ+̄ -

The JPC of the X(2370) is determined to be 0-+ in J/̞ ᴼɹ KSKŚ

10B

10B



Other structures around ὴӶὴ production threshold 

PRL129(2022)192002PRD106(2022)072012

Isoscalar state with exotic quantum numbers JPC=  

M = MeV/c2

G  =  MeV

Observation of h(1855) in J/̞ ᴼɹʹʹ

Critical to establish the 1ҍ+ hybrid nonet,
Support f0(1710) overlap with glueball.
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ᾂ ḕᶈὴӶὴ​ ỗ Ԅ ѭ ᶂⱶתḙҺѮה 
Ố  Physics Magazine ιẊҨ ɒEvidence 
of a new subatomic particle ɓ њ ἵ

PRL132(2024)151901

Observation of X(1880) in J/̞O 3ɹ(ⱫⱫ )

M = Ȣ Ȣ Ȣ MeV/c2

G  = Ȣ Ȣ Ȣ MeV

M = Ȣ Ȣ Ȣ MeV/c2

G  =8 Ȣ Ȣ Ȣ MeV

10B

10B



Study of J/˕O ʴfɹ
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PRD111(2025)052011

This decay gives an access to the mesons produced in radiative decays of J/y

10B



Study of J/  ̞and ̞ (3686)ᴼɹ KSKS

J/˕O KɹSKS

PRD98(2018)072003

ʌ(3686)ᴼɹ KSKS

JHEP10(2025)081
Good check in different ̞  decays
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2.7B

10B

1.3B



Charmonium(-like) states



B[╨ ᴼ♬·όоутнύ]/B[╨ ᴼpp*Ⱦʕ]~9%

Strongly suggest the Y(4230)ĄgX(3872) transition Ą Commonality between Y(4230) & X(3872)é    

PLB 725, 127 (2013) / RMP 90, 015003 (2018)

The ╧  was first observed in ║°ᴼ╚°pp*Ⱦʕ by Belle 
in PRL91(2003)262001.  It was usually studied in B decays, ▬▬, 
▬▬, or e+e- collision, by Belle, BaBar, D0, CDF2, LHCb, and BESIII

2014Ą2019 
3.0Ą11.6 fb-1

20Ą90 

signals

▄▄ ᴼ♬X(3872)O ♬pp*Ⱦʕ

PRL112(2014)092001ĄPRL122(2019)232002

p+p-J/y wJ/y 

Unique at BESIII:

17

·όоутнύ (aka ʔ╬όоутнύ)



More decay modes of ╧

PRL122(2019)202001

▄▄ ᴼ♬X(3872) O ♬ⱫⱵ╬

▄▄ ᴼ♬X(3872)ᴼ♬♬ʕ ╢, ♬J/˕

▄▄ ᴼ♬X(3872)O ♬╓╓ᶻ

▄▄ ᴼ♬X(3872)O ♬wJ/y

PRL122(2019)232002

7.4̀

3.5̀

R=
.Cό╧ ♬Oy ╢

.Cό╧ ♬OWκy
<0.59at 90%C.L., agrees with 

Belle (<2.1), while challenges Babar(3.4°1.1) and LHCb 
results (2.46° 0.70) 

PRL124(2020)242001

5.2s

B[·όоутнύᴼwWκy]/B[·όоутнύᴼr*Ⱦʕ]= Ȣ ȢȢ
Ȣ Ȣ

B[·όоутнύᴼⱫⱵ╬]/B[·όоутнύᴼr*Ⱦʕ]= Ȣ Ȣ
Ȣ Ȣ

7.5s

▄▄ wOX(3872) O wpp*Ⱦʕ
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PRL130(2020)151904



Recent update on the ·όоутнύ
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PRL132(2024)151903

Using both ╧ ᴼ╓ ╓z  and ╧ ᴼⱫⱫ╙Ⱦⱶ to access the T-matrix pole position



╨ states: chamonium-like states with JPC=1--; observed in initial 
state radiation (ISR) or direct e+e- annihilation 

PRL95(2005)142001

▄▄ g)32O pp*Ⱦʕ ▄▄ ᴼpp*Ⱦʕ

PRL118(2017)092001
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╨  Ą y/̧

BaBar

‪(4230)

PRD106(2022)072001

Precision results of ▄▄ ᴼpp*Ⱦʕ



Besides ▄▄ ᴼⱫⱫ╙Ⱦⱶ, other exclusive 
cross sections also show signs of Y(4230)

21

More y  information
PRD111(2025)L011101

PRD109(2024)092012

Masses  of Y(4230) are consistent among 
exclusive channels, but widths are not

▄▄ ᴼⱢ▐╬

▄▄ ᴼⱢ╙Ⱦⱶ



PRL 135 (2025) 071901

▄▄  OⱫⱫ▐╬

PRL131 (2023) 211902

PRL 132 (2024) 161901

Examples for ╨ states with higher mass
PRL129(2022)102003

▄▄  OⱫⱫʕς σψςσ

▄▄ ᴼⱷⱵ╬

Y(4500) 

Y(4710) 

▄▄  O╚ ╚ *Ⱦʕ
╨  ╨  ╨  

▄▄ ᴼⱷⱵ╬

Above the 
Y(4230), there is 
little consistency 
among exclusive 
channels 22

y(4450) Y(4650) 

y(4450) 

Y(4230) Y(4500) 



The ╨ states in open charm channels
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Open charm channels have larger cross sections and show more complex structures

PRL131 (2023) 151903PRL130 (2023) 121901

▄▄ ᴼ ὈᶻὈᶻ“ +c.c. ▄▄ ᴼ ὈᶻὈᶻ

PRL 133 (2024) 261902

▄▄ ᴼ╓▼╓▼

PRL133 (2024) 171903

▄▄ ᴼ╓▼╓▼

PRL133 (2024) 081901

▄▄ ᴼ╓╓

▄▄ ᴼ╓ ╓

▄▄ ᴼ╓▼╓▼
ᶻ



The ╩╬▼ states (aka ╣╬╬)

PRL110(2013)252001

╩╬(3900)+

▄▄ ᴼpp*Ⱦʕ

24

Given tetraquark state assumption, thereshould 
existSU(3)partner╩╬▼statewith strangeness

▄▄ ᴼ╚ ╓▼╓
ᶻ ╓▼

ᶻ╓

PRL126(2021)102001

Z 0
cs Z +

cs

Zc(3900)
Zc(3900)0

Zc(3900)+

Zcs
ЯZ 0

cs

ά¢ŜǘǊŀέ-Octet?

▄▄ ᴼ╚▼╓▼╓
ᶻ ╓▼

ᶻ╓

PRL129(2022)112003

2023Ẉᶁḱ ▒ Ḙ҆ ᷊

╩╬▼
╩╬▼



Update on the ╩╬
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The ὤ σωππ is produced through ÅὩ ᴼ“ὤ at Ecm around y+7563,ɚ

The latest study uses all data (12 fb -1) between 4.1 and 4.4 GeV.
Partial wave analysis is performed on ὩÅ ᴼ““ὐȾ‪
The new data are sensitive to the line shape.

PRD112(2025)092013



Selected topic of traditional charmonium decays: ‪σχχπOÎÏÎὈὈ

Í The decays of y(3770 ) are dominated by ╓╓ mode: 

      BESIIPLB641 (2006 )145 : ║‪σχχπOÎÏÎὈὈ Ȣ Ȣ Ϸ

      CLEOPRD96(2006 )092002 : ║‪σχχπOÎÏÎὈὈ Ȣ Ȣ Ȣ
Ȣ Ϸ

      PDG24: ║‪σχχπOὈὈ  Ϸ

Í NRQCD calculation PRL101 , 112001  gives an upper limit of 5% for light hadron 

decays, while other phenomenological model, e.g., hadron loops give large 

fraction PRL102 , 172001

Í Search for ‪ decays via fine scan data is helpful and highly desirable

BESII PRL101, 102004 (2008)

Previously, BESII , CLEO and early 

BESIII searched for ‪Ȱ charmless by 

comparing ‪ȱ and 3.65 / 3.67 GeV data. 

Will this affect the search for ‪σχχπ

ᴼÎÏÎὈὈ decays?

Abnormal structure around 

‪σχχπ was observed at BESII. 

Will this anomalous structure 

affect the BFs of exclusive 

‪σχχπOÎÏÎὈὈ decays? 

26

ÅὩ ᴼὬὥὨὶέὲί



PRL132 (2024) 191902PRL127 (2021) 082002

Production and decays around ⱶ

PRL133 (2024) 241902
ÅὩ ᴼὬὥὨὶέὲίÅὩ ᴼὐȾ‪ὢ ÅὩ ᴼὬὥὨὶέὲίὲέὲὈὈ

¸ Strange structures other simple 
BW of y(3770) are found in 
different processes

¸ Structure@~3.81 GeV is found in papers 2 and 3

¸ ὄὙᴼὲέὲὈὈ are extracted in papers 1 and 2
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JHEP11(2023)228

Measured exclusive non-ὈὈ decays of ⱶ

PRD 107 (2023) L091101

PRD 104 (2021) L091104

PRL132 (2024) 131901‪ȰO ὑὑ

‪ȰO ɧɧ‪ȰO ɤɤ

‪ȰO *Ⱦ‪–

10s

>5s

4.6-4.9s 4.5s
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