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Outline

➢The BESIII experiment

➢Charmoniumlike states 

• The Y states — JPC=1--

Y → 𝜋+ 𝜋−J/𝜓, Y → 𝜋+ 𝜋−𝜓(3686), Y → 𝜋+ 𝜋−hc

• The Zc states — I=1 & decays into 𝑐 ҧ𝑐
JP for Zc(3900), 𝑍𝑐 → 𝜌𝜂𝑐

• The X(3872)— Jpc=1++

𝑒+𝑒− → 𝛾𝑋 3872 , 𝑋(3872) → 𝜋+ 𝜋−𝐽/𝜓

➢Summary
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Beijing Electron Positron Collider II (BEPCII) 

Storage ring ~240m

IP

BESIII Detector

Linac ~200m

✓ Founded: 1984
Ecm = 2-4.6 GeV

✓ light, charm quarks physics and τ -
charm physics.

✓ Peak luminosity: 1× 𝟏𝟎𝟑𝟑 𝐜𝐦−𝟐𝐬−𝟏
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Beijing Spectrometer (BESIII)

Inner to Outside：

• Main Drid chamber(MDC)

• Time of flight System(TOF)

• Electromagnetic 

Calorimeter(EMC)

• Solenoid super-conducting 

magnet(SSM)

• Muon chamber(MUC) 
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BESIII data sets for XYZ study 
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The Y states
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Precise Measurement of 𝒆+𝒆− → 𝝅+ 𝝅−J/𝝍 Cross Section 

➢Simultaneous fit to the cross section from XYZ data(left) and R-scan data (right) 

➢Fit I = |BW1+BW2*𝒆𝒊𝝓𝟐+BW3* 𝒆𝒊𝝓𝟑 |2 or Fit II =|exp+BW2* 𝒆𝒊𝝓𝟐 +BW3* 𝒆𝒊𝝓𝟑 |2 

Resonance I:  M = (4222.0±3.1±1.4) MeV, Γ = (44.1±4.3±2.0) MeV , 

Lower and narrower than previous Y(4260) PDG value 

Resonance II: M = (4320.0±10.4±7) MeV, Γ = (101.4±25±10) MeV , 

a little bit lower than Y(4360) PDG value 

➢The significance of the second resonance is 7.6σ 

➢The first observation of Y(4360) → 𝝅+ 𝝅−J/𝝍?
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PRL118, 092001 (2017) 



𝒆+𝒆− → 𝝅+ 𝝅−𝝍(𝟑𝟔𝟖𝟔)
PRD 96, 032004 (2017) 

➢Reconstructed modes

• Mode I: 𝜓(3686) → 𝜋+ 𝜋−J/𝜓, J/𝜓 → 𝑙+ 𝑙−(𝑙 = 𝑒/𝜇).

• Mode II: 𝜓(3686) → 𝑛𝑒𝑢𝑡𝑟𝑎𝑙𝑠 + J/𝜓,

𝑛𝑒𝑢𝑡𝑟𝑎𝑙𝑠=(𝜋0𝜋0, 𝜋0, 𝜂 and 𝛾𝛾), J/𝜓 → 𝑙+ 𝑙−(𝑙 = 𝑒/𝜇).
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Ecm=4.416 GeV  Mode I Mode II



𝒆+𝒆− → 𝝅+ 𝝅−𝝍(𝟑𝟔𝟖𝟔)

Y(4220) Y(4390) Tail of Y(4660)

• Fix parameters of the Y(4660) 

to Belle results. 

• The Y(4220) is 

necessary(significance = 5.8σ )

PRD 96, 032004 (2017) 
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𝒆+𝒆− → 𝝅+ 𝝅−hc

• Fitted with coherent sum of two Breit-Wigner like structure

PRL118, 092002 (2017) 
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The cross sections are 
of the same order of 
magnitude as those 
of the 𝒆+𝒆− → 𝝅+ 𝝅−

J/𝝍(𝝍 𝟑𝟔𝟖𝟔 ), but 
follow a different line 
shape.



The Zc states
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Determination of Jp of Zc(3900)

PRL 119, 072001 (2017)

• Based on a PWA of the 𝒆+𝒆− → 𝝅+

𝝅−J/𝝍 at 𝑺 = 𝟒. 𝟐𝟑, 𝟒. 𝟐𝟔GeV.

• Assume Zc to have Jp=1+,

parameterized with Flatte formula.

• Pole Mass=(3881.2±4.2±52.7)MeV, 

Pole width=(51.8±4.6±36.0)MeV 

𝑺 = 𝟒. 𝟐𝟑𝐆𝐞𝐕

𝑺 = 𝟒. 𝟐𝟔𝐆𝐞𝐕

𝜋𝜋 S-Wave include σ, f0(980),and f0(1370).
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Determination of Jp of Zc(3900)

Polar angle distribution of Zc ± in 
the process 𝒆+𝒆− → 𝒁𝒄+𝝅−+ c.c. 

Helicity angle distribution 
of J/ψ in the 𝒁𝒄± → 𝝅± J/ψ. 

The significance 
of the JP=1+ 

hypothesis over 
the alternative JP 

possibilities to be 
larger than 7σ .
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Search for 𝒁𝒄 → 𝝆𝜼𝒄

• The ratios of 𝑍𝑐
(′)

→ 𝜌𝜂𝑐 to 𝑍𝑐
(′)

→ 𝜋𝐽/𝜓(𝜋ℎ𝑐) may distinguish 

the tetra-quark and molecule models. 

• The green band and yellow band show the 1σ and 2σ confidence 

range of the corresponding theoretical model. 14



Evidence for 𝒁𝒄 → 𝝆𝜼𝒄
preliminary

• 𝑒+𝑒− → 𝜋+ 𝜋−𝜋0𝜂c

• 𝜂c → 9 hadronic decays

• Strong evidence for 𝑒+𝑒− → 𝜋𝑍𝑐, 𝑍𝑐 →
𝜌𝜂𝑐 at 𝑠 = 4.23GeV

Significance: 4.3𝜎.

• 𝑒+𝑒− → 𝜋𝑍𝑐
′ , 𝑍𝑐

′→ 𝜌𝜂𝑐 not seen.

Significance: 1𝜎.

𝒆+𝒆− → 𝝅𝒁𝒄, 𝒁𝒄 → 𝝆𝜼𝒄 at 𝒔 = 𝟒. 𝟐𝟑GeV
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Evidence for 𝒁𝒄 → 𝝆𝜼𝒄
preliminary 
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The X state
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𝒆+𝒆− → 𝜸𝑿 𝟑𝟖𝟕𝟐 , 𝑿(𝟑𝟖𝟕𝟐) → 𝝅+ 𝝅−𝑱/𝝍
PRL 112, 092001 (2014) 

• The X(3872) signal is clearly

observed: significance 6.3𝜎.

• Existence of radiative transition process 

Y (4260) → γX(3872). 

• Assuming that measured transition is from 

Y(4260) and ℬ[𝑋(3872) → 𝜋+ 𝜋−𝐽/𝜓]=5%
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Summary

➢BESIII collaboration has performed a detailed study of the XYZ at 3.8-4.6 

GeV

• Measurement of Born cross-section for different channels reveal complex   

structures and new Y states  

• JP=1+ for Zc(3900), evidence for  𝒁𝒄 → 𝝆𝜼𝒄

• Observation of Y(4260) → 𝜸𝑿 𝟑𝟖𝟕𝟐 .

➢ BESIII will take more data and continue the study. 
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