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Outline

• Introduction

• BESIII Detector

• X(3872)
– Productions: e+e-→γX(3872), ωX(3872), X(3872)

– Decays: X(3872)→π0χc0, ππχc0

– A coupled channel analysis of the X(3872) line shape 

• Y states with the exclusive process measurements
– e+e-→π+π-J/ψ, π+π-ψ(2S), ππψ(3823), KKJ/ψ, φχc1,2

– e+e-→D(*+)D(*-), Ds*+Ds*-, D0D*-π+, D*0D*-π+, D+D-π+π-

• Zcs(3985)

• Summary
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Hadrons
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CZY & S.L. Olsen, Nature Reviews Physics 1, 480 (2019)

•Meson:qq, Baryon:qqq
•QCD allows hadrons 

beyond meson and 
baryon exist
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Charmonium(-like) Spectrum
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c c

•The charmonium spectrum is 
calculated with the potential 
model.

•Good agreement between 
theory and experiment below the 
open-charm threshold.

•Exotic candidates are observed 
above the open-charm 
thresholds.



BEPCII 
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BEPCII and BESIII 
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Data Samples at BESIII 
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XYZ Data Samples at BESIII
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X(3872)



e+e−→γX(3872)
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•Study the line shape of e+e-→γX(3872) with the decays X(3872)→π+π-

J/ψ and ωJ/ψ
•A single Breit-Wigner function to describe the line shape

•Agree with ψ(4230) parameters, and support the radiative transition 
ψ(4230)→γΧ(3872)

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

M=
Γ=



e+e-→ωX(3872)
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e+e-→ωX(3872)
threshold~4.654 GeV

L ~ 4.7 fb-1



e+e−→ωX(3872)
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M(l+l-):
[3.07,3.13] GeV/c2

PRL 130, 151904 (2023)

e+e−→ ω X(3872)
π+π−π0

e+e-

/μ+μ-

γγ

π+π−J/ψ

24.6±5.4
7.8σ

• The cross section of e+e-→ωX(3872) at each 
energy point is measured
•Line shape indicates nontrivial structures



e+e−→X(3872)
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•For X(3872): JPC=1++ , C-even states can be observed with 
two-photon fusion process in e+e− collision 

• Search for e+e−→X(3872) →π+π−J/ψ

PRD 107, 032007 (2023)



X(3872) Decays
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Chunhua Li & CZY, PRD 100, 094003 (2019)

•Determination of X(3872) absolute branching 
fractions by globally analyzing all experimental 
measurements   



X(3872) Decays at BESIII
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Chunhua Li & CZY, PRD 100, 094003 (2019)

X(3872)→D*0D0, 
7.4σ

PRL 124, 242001 (2020)

X(3872)→ωJ/ψ, >5σ

PRL 122, 232002 (2019)

X(3872)→γJ/ψ, 3.5σ
X(3872)→γψ(2S)

X(3872)→π0χc1, 5σ
PRL 122, 202001 (2019)



Search for X(3872)→π0χc0, ππχc0
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PRD 105, 072009 (2022)

•Search for X(3872)→π0χc0 and ππχc0 with 9.9fb-1 between 4.15-4.30 GeV

Theoretical predictions [PRD 77, 014013 (2008)]

EFT predictions [PRD 79, 094013 (2009), PRD 78, 094019 (2008)]

or



A coupled channel analysis of the X(3872) line shape
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arXiv:2309.01502
Line shape parameterization



A coupled channel analysis of the X(3872) line shape at BESIII
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BESIII PreliminaryFit results
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Y States



Y States
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PTEP 2022, 083C01 (2022)

Measure exclusive processes precisely
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•Measure the √s-dependent cross section of exclusive processes with high 
precision.

•Model the line shape of cross section with a coherent sum of multiple 
Breit-Wigner functions together with the continuum and near threshold 
components.

•Fit gives multiple solutions with 
different magnitudes but the 
same mass and width for a 
resonance.

e+e−→π+π−ψ(3686)



e+e−→π+π−J/ψ
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•First vector charmonium-like state Y(4260) was 
observed by BaBar in 2005.

•Fine structure around 4.26 GeV appear precise 
measurement in 2017, Y(4260)→ Y(4230)+Y(4320)

•Update measurement with more datasets in 2022 
confirm the fine structure.

2017, 9 fb-1

PRL 118, 092001 (2017) PRD 106, 072001 (2022)

2022, 23 fb-1

ψ(4230
)

ψ(4320
)

BaBar, PRL 95, 142001 (2005)Named as ψ(4230) in PDG, also known as Y(4220), Y(4260)



e+e−→π+π−hc(1P), π+π−ψ(2S)
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PRD 104, 052012 (2021)

ψ(4230)ψ(4390) ψ(4660)ψ(4230)ψ(4390) ψ(4660)

PRL 118, 092002 (2017)
ψ(4230)ψ(4390)

•Precisely determine the line shape of  e+e−→ π+π−hc cross section, benefit from both 
the unique datasets and excellent reconstruction of hc at BESIII.

•π+π−ψ(2S) line shape confirms the ψ(4390) announced in e+e−→ π+π−hc. Also clear 
ψ(4660)→ π+π−ψ(2S)

•ψ(4230)→ π+π−hc and π+π−ψ(2S)

𝑒𝑒+𝑒𝑒− → 𝜋𝜋+𝜋𝜋−ℎ𝑐𝑐



e+e−→K+K−J/ψ, KsKs J/ψ
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PRD 107,092005 (2023)

ψ(4710)ψ(4500)ψ(4230)

•Observations of ψ(4230)→Κ+Κ-J/Ψ, KsKs J/ψ
•Two new structures ψ(4500) and ψ(4710) are needed to describe the line 

shape.

PRL 131,211902 (2023)

ψ(4710)ψ(4500)ψ(4230)



e+e−→π+π−ψ2(3823), π0π0ψ2(3823)(13D2),
ψ2(3823)→γχc1, χc1→γJ/ψ

26ψ(4660)ψ(4415)PRL 129,102003 (2022)

JHEP 02,171 (2023)•Observation of  e+e-→π0π0ψ2(3823)

•Update the measurement of e+e-→π+π-ψ2(3823)
•More datasets
•Partial reconstruction to improve the reconstruction efficiency

•First observation of vector Y-states coupling to D-wave charmonium 
state

Consistent with the isospin symmetry

JPC[ψ2(3823)]=2- -



e+e−→γφJ/ψ

27

JHEP 01, 132 (2023)
•Why is e+e−→γφJ/ψ

•Search for hadronic decay e+e−→φχc1,2→φ[γJ/ψ]
•LHCb reports 

Χ(4140)/Χ(4274)/Χ(4500)/X(4700)→φJ/ψ in the 
full amplitude analysis of B+→φJ/ψK+

•No significant Χ→φJ/ψ signals 
•No obvious ψ/Y states in the line-shape of e+e−→φχc1,2

PRL 118, 022003 (2017) 



e+e−→ωχc1,2   (preliminary)
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• Search for the potential charmonium(-like) state in the line-shape

• A clear structure around 4410 MeV is observed in e+e−→ωχc2 line-shape, which 
corresponds to the conventional charmonium states, ψ(4415).

ψ(4415)?

4.436 GeV 4.600 GeV



e+e−→open charm (2,3,4-body) 
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e+e-→D*+D- e+e-→D*+D*-

PRL 130, 121901 (2023)

JHEP 05, 155 (2022) JHEP 05, 155 (2022)

PRD 106, 052012 (2022)PRL 122, 102002 (2019)

ψ(4230) ψ(4390)ψ(4500) ψ(4660) ψ(4230) ψ(4415)

ψ(4230
)

ψ(4415
) ψ(4790)

6.1σ

PRL131, 151903 (2023)



Zcs(3985)



Zcs(3985)+ (open charm)
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PRL 126,102001 (2021)

Zcs(3985)
•5.3σ significance

M=

Γ=



Zcs(3985)0 (open charm)
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PRL 129, 112003 (2022)

Zcs(3985)0

•4.6σ significance
•Isospin partner of Zcs(3985)

M=

Γ=



Zcs search (hidden charm)
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PRL 131, 211902 (2023)

Zcs(4044)±

Significance:  ~2.3σ

𝑀𝑀 = 4708−15+17 ± 21 MeV

Γ = 126−23+27 ± 30 MeV

𝒆𝒆+𝒆𝒆− → 𝑲𝑲±𝒁𝒁𝒄𝒄𝒄𝒄∓
|→ 𝑲𝑲∓𝑱𝑱/𝝍𝝍

|→ 𝒍𝒍+𝒍𝒍−



Search for Z′cs
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CPC 47, 033001 (2023)

Μ=

2.1σ significance



Summary
• BESIII keeps making contributions to the XYZ physics

• Investigate the X(3872) in productions, decays and line shape.
• Vector Y states 

• A series of √s-dependent cross sections of exclusive processes are measured with high 
precision using the BESIII unique XYZ data.

• A series of vector resonances are reported. 
• Global analysis of these measurements is essential to explore the correlation between 

these structures.
• Observations of the tetraquark states with containing s-quark.

• BEPCII Upgrade (BEPCII-U) in this year
• Beam energy up to 2.8 GeV
• 3x BEPCII luminosity above 4 GeV

35
Thanks!
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