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Beijing Electron Positron Collider (BEPC)
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BESIII detector

full operation since 2008

all subdetectors are in good status
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BESIII collaboration
15 countries, 72 institutes, ~500 members 
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10 years of data taking at BESIII
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Rich physics program
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Selected topics

• XYZ particles: X(3872), Y(4260), Zc(3900)

• Light hadrons: glueballs & more

• Charm(meson) physics

• Baryons: form factors & polarization [See 
Haibo’s talk]
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Hadron spectroscopy

• Testing QCD in the confinement regime
• Revealing the fundamental degrees of freedom
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QCD exotics

QCD predicts 

new forms of hadrons

critical for the quantitative 

understanding of confinement

From Nature Rev.Phys. 1 (2019) no.8, 480
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Charmonium and exotics at BESIII
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direct production of ψ , Y
radiative and hadronic transitions 



Discovery of the Zc(3900)
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 Mass  =  (3899.0±3.6±4.9) MeV

 Width =  (46±10±20) MeV

 Fraction = (21.5±3.3±7.5)%

In e+e-+-J/ events at 

4.26 GeV, a particle decays 

into J/ is observed!

• Couples tocc

• Has electric charge

• At least 4 quarks

• A tetraquark state?

ADD* molecule?

Significance 
>8

PRL110, 252001 (2013)



Properties of the Zc(3900)
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• IG=1+

• JPC=1+-

• Decay modes

 J/

 DD*

 c (4.2)

 hc (2.1)

 Not seen in light hadrons

• Partner state: Zc(4020)

 IG=1+; JPC=??-

 Couples to hc andD*D*

 Couples possibly to ’

 M=4022.92.8 MeV

 =7.93.7 MeV
PRL 111, 242001 (2013)

PRL 119, 072001 (2017)

PWA of 𝑒+𝑒− → 𝜋+𝜋−𝐽/𝜓
• JP=1+

• Asymmetric line shape

• Significant f0(980) 

contribution

• 𝜋+𝜋− D-wave fraction 

increases as Ecm

increases



Evidence for Zc → ρηc

arXiv:1906.00831

Decay mode BR

ηc→ 𝒑ഥ𝒑 ~0.13%

ηc → 2(K+K−) ~0.15%

ηc → π+π−K+K− ~1.50%

ηc → K+K−π0 ~1.20%

ηc → 𝒑ഥ𝒑π0 ~0.18%

ηc → KSKπ ~1.80%

ηc → π+π−η ~1.60%

ηc → K+K−η ~0.57%

ηc → π+π−π0π0 ~2.40%

• e+e− → π+π−π0ηc
• ηc→9 hadronic decays

• Strong evidence of e+e-→ 𝜋𝑍𝑐 , 𝑍𝑐 → 𝜌𝜂𝑐
at 𝑠 = 4.23, statistical significance is 

4.2σ. (3.9σ including systematics)

• e+e-→ 𝜋𝑍𝑐
′ , 𝑍𝑐

′ → 𝜌𝜂𝑐 not seen

e+e-→ πZc , Zc → ρηc @ 4.23 GeV
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Evidence for Zc → ρηc
• Measure Born cross section at 4.23 GeV:

σB(e+e− → π+π−π0ηc) = (46 +12
11± 10 ) pb

σB(e+e−→ πZc , Zc → ρηc) = 48± 11 ± 11 pb

Rz =
B(Zc → ρηc)

B(Zc → πJ/ψ)
Rz′ =

B(Zc
′ → ρηc)

B(Zc
′ → πhc)

Zc states have both tetraquark and molecule components? Refined calculations needed!

arXiv:1906.00831
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𝜎(𝑒+𝑒− → 𝜋+𝜋−𝐽/𝜓): Y(4260) Y(4220)
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• Most precise cross section measurment to date from BESIII

• Y(4220): M = 4222.0±3.1±1.4 MeV, Γ = 44.1±4.3±2.0 MeV 

• Y(4320): M = 4320.0±10.4±7.0 MeV, Γ =101.4+25.3
-19.7±10.2 MeV

8.2 fb−1

19 points

data

PRL118, 092001 (2017)

(lower) (narrower)



Y(4260)Y(4220): more modes
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Y(4220) appears in ωχc0, π+π−J/, π+π−′, π+π−hc, D
0D∗−π+

Mass~4220 MeV, width~ 60 MeV

PRD99, 091103 (2019) PRD96, 032004 (2017)PRL118, 092001 (2017)

PRL122, 102002 (2019)

PRL118, 092002 (2017)

Y(4390)

NEW



e+e− → π+π−ψ(3770)

• Study the intermediate states of 𝑒+𝑒− → 𝜋+𝜋−𝐷0ഥ𝐷0, 
𝑒+𝑒− → 𝜋+𝜋−𝐷+𝐷−ഥ𝐷0

• 𝐷0 → 𝐾−𝜋+, 𝐾−𝜋+𝜋0, 𝐾−𝜋+𝜋+𝜋− and 𝐾−𝜋+𝜋+𝜋−𝜋0

• 𝐷+ → 𝐾−𝜋+𝜋+, 𝐾−𝜋+𝜋+𝜋0, 𝐾𝑠
0𝜋+, 𝐾𝑠

0𝜋+𝜋0，and 𝐾𝑠
0𝜋+𝜋+𝜋−
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• e+e− → π+π−𝜓(3770) is observed for the first time, no evidence for 𝜓(13D3)

• Hints of Zc in M(π±ψ(3770)) at 4.04 and 4.13 GeV in s = 4.42 GeV data 

• Clear structure in line-shape of π+π−𝜓(3770)

PRD 100 032005

5.2σ
4.42 GeV

4.42 GeV

4.42 GeV
Y(4390)?

𝜓(4415)?



4.42 GeV
4.42 GeV 4.42 GeV

7.4𝜎

e+e− → D1(2420)ഥD
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• Three different decay channels (D0π+π−, D∗+π−, and D+π+π−) are used to 

search for D1 2420
• Clear structure in the line-shape of e+e− → D1 2420 ഥD
• No D1 2420 ഥD near threshold enhancement  Y(4260) not a D1 2420 ഥD

molecule?

PRD 100 032005

Y(4390)?

𝜓(4415)?



Observation of e+e-
X(3872)

PRL 112, 092001 PRL122, 232002

11.6 fb-1, 799 evts4.0 fb-1, 205 evts

X 3872 → J/ψ
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Observation of X(3872) → ωJ/ψ

• Signal process: e+e− → γX → γωJ/ψ, with ω → π+π−π0, 
J/ψ → l+l−
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Signal PDF: 

3 resonances: (X(3872), X(3915) and 

X(3960))

𝑁𝑠𝑖𝑔(𝑋 3872 ) = 45 ± 9 ± 3

Two resonances: (X(3872), X(3915))

𝑁𝑠𝑖𝑔(𝑋 3872 ) = 40 ± 8 ± 2

5.7𝜎
3.1𝜎

3.4𝜎

5.1𝜎

6.9𝜎

two hypotheses different by only 2.5𝜎

PRL122, 232002
There were only evidence at 

Belle (4.3) and BaBar (4) 



𝜎(𝑒+𝑒− → 𝛾𝑋(3872)
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ℛ ≡
ℬ(𝑋(3872)→𝜔𝐽/𝜓)

ℬ(𝑋(3872)→𝜋+𝜋−𝐽/𝜓)
=1. 6−0.3

+0.4 ± 0.2, 

previous measurement: 0.8±0.3 from BaBar

A simultaneous fit to 

the 𝑋(3872) → 𝜔𝐽/𝜓 and 𝜋+𝜋−𝐽/𝜓 cross section gives

M 𝑌 4200 = 4200.6−13.3
+7.9 ± 3.0 MeV/𝑐2

Γ 𝑌 4200 = 115−26
+38 ± 12 MeV

PRL122, 232002



Observation of 𝑋(3872) → 𝜋0𝜒𝑐1(1𝑃)

e+e− → γX(3872), X(3872) → π0χcJ (with χcJ → γJ/ψ, J/ψ → l+l−)
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• Clear signal of 𝑋(3872) in Y(4260) region, 

𝑁𝑋(3872) = 16.9−4.9
+5.2

• No 𝑋(3872) events outside of 𝑌(4260)

• Clear cluster of  𝜒𝑐1(1𝑃) events in X(3872) mass 

window 

• First observation of 𝑋(3872) → 𝜋0𝜒𝑐1(1𝑃) with 

significance >5𝜎

PRL 122, 202001



Measurements of X(3872) → γJ/ψ,γψ(3686)

𝑋 3872 → 𝛾𝐽/𝜓

𝑋 3872 → 𝛾𝜓(3686)

𝐽/𝜓 → 𝜇𝜇/𝑒𝑒

𝜓 3686 → 𝜋+𝜋−𝐽/𝜓

𝜓 3686 → 𝜇𝜇

Expectation strength

𝐵 𝑋 3872 →𝛾𝜓 3686

𝐵 𝑋 3872 →𝛾𝐽/𝜓
< 0.59 at 90% C.L.

 Simultaneous fit; significance > 3.5𝜎

 Simultaneous fit; NO evident signal! 

preliminary

Belle (4.9); BaBar (3.6); LHCb (>5) 

Belle (0.4); BaBar (3.5); LHCb (4.4) 
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PDG average: 2.6



Measurements of X(3872) → D0ഥD∗0, γD+D−

𝑋 3872 → 𝐷0ഥ𝐷∗0 + 𝑐. 𝑐.
𝐷∗0 → 𝛾𝐷0, 𝜋0𝐷0

𝐷0 → 𝐾𝜋,𝐾𝜋𝜋, 𝐾𝜋𝜋𝜋

𝑋 3872 → 𝛾𝐷+𝐷−

𝐷± → 𝐾𝜋𝜋, 𝐾𝜋𝜋𝜋

Relative branching ratio compared with 𝑋 3872 → 𝜋+𝜋−𝐽/𝜓

prelimi nary

24



X(3872) decay BRs

With recent  B(𝑋 3872 → 𝜋+𝜋−𝐽/𝜓) = (4.11.3)% from BaBar, 

one gets

B(known)=(1+14.81+0.79+1.7+0.88)*4.1% 

= 19.2x4.1% ~ (7932)%!

Find more decay modes, and/or improve the precisions
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Y(4260)

Zc(3900)?X(3872)

Emerging connections between XYZ

Zc(4020)

Two isospin triplets

What is the nature?
Molecule/Tetraquark/

Hybrid/…

Threshold effects/…

Further experimental efforts needed:

Production/Decay mechanism;

Resonance parameters (any kinematic dependency?); 

Partners? …



Light hadron physics

27

GlueX@JLab

BESIII



Glueball

Glueballs from Quenched LQCD

Low lying glueballs with 

ordinary quantum number

mixing with qqbar mesons

Systematic studies needed

What role do gluonic excitations play in the spectroscopy of light 

mesons, and can they help explain confinement?

PRD60, 034509; PRD73, 014516; 

PRD82, 034501; CPC 42 093103
28



Systematic study of glueball at BESIII

“Gluon-rich” process
 Clean high statistics data samples from e+e- production
 I(JPC) filter in strong decays of charmonium

Charmonium decays provides an ideal hunting ground for light glueballs
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Overpopulated scalar mesons

From M. Pennington

Mixing scheme：
f0(1500) , f0(1710)

Which one has more gluonic component?
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Amplitude analysis of J/ψ → γηη/KS
0KS

0
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Br of f0(1710) and f0(2100) ~10x larger than f0(1500)



Scalar glueball candidate?

Experimental results

f0(1710) largely overlapped with scalar glueball?

*with chiral suppression

PRL 98 149103
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Tensor glueball candidate?
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Experimental results

BESIII J/ψ → γϕϕ

It is desirable to search for more decay modes 

f2(2010), f2(2300) and f2(2340) 

stated in p reactions are observed 

with a strong production of f2(2340)



Light meson decays

• To study light meson decays with unprecedented precision 
• BESIII: 1010 J/ ~107 η , ~5 107 η’, ~107 

• Unique place to test fundamental symmetries in 
QCD at low energy region   

• Probe physics beyond the Standard Model (SM) ,

E.g.
η/η’ →2γ                     chiral anomaly  

η/η’ →π+π-π0 quark masses  

η’→γπ+π- box anomaly  

η/η’ →ππ                     CP violation  

η/η’ → μ+μ-π0 ,e+e-π0 C violation  

η/η’ → μ e                     LF violation 
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Precision measurement of the 
branching fractions of 𝜂′ decays
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PRL 122, 142002 

First direct measurement of absolute BF of 𝜂′



 high term of WZW ChPT box anomaly

 studied by many experiments (CB, L3 …)

 no consistent picture due to limited statistics

  mass shift or not ?

 box anomaly or not ? ~0.9M events

PRL 120,242003

η´→π+π- decay dynamics
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* Physics Letters B 707 (2012) 184-190

P(sππ) = 1+ a sππ + b O(s2
ππ) + d BWw

|FV(sππ)|2

Crystal barrel: a = (1.80±0.49±0.04)GeV-2

b = (0.04±0.36±0.03)GeV-4

GAMS-2000:     a = (2.7±1.0)GeV-2

from e+e-π+ π-

fit with  (770)-ω- (1450)fit with  (770)-ω-box anomaly

 (770)-ω cannot describe data well

 Extra contribution (maybe  (1450) or box-anomaly) is also necessary

PRL 120, 242003

Model-(in)dependent fit 
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Charm (meson) physics
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Leptonic & semileptonic decays

(Semi)leptonic D decays provide an ideal bridge to access

quark mixing element |Vcs(d)| and decay constant/form factors, 
which parameterizing weak and strong effects, respectively
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Testing lepton universality at % level
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Summary

• The data with unprecedented statistical accuracy and clearly 
defined initial and final state properties brings BESIII great 
opportunities to investigate QCD exotics and precision 
measurement of SM

• BEPCII beam energy is upgraded from 2.3 to 2.45 GeV; top-up 

injection increases luminosity by 30%; peak luminosity upgrade at 

high energy is under discussion;

• BESIII detector is in good status, inner detector upgrade in 

progress;

• BESIII will be running for another 5-10 years and contribute more 

in these fields
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