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 General introduction on hidden charm states and on BESIII apparatus

 Representing main results of BESIII recent works

 arXiv:2404.06718

Measurement of the Born cross section for 𝑒𝑒+ 𝑒𝑒− ⟶ 𝜂𝜂ℎ𝑐𝑐 at center-of-mass energies between 4.1 and 4.6 GeV

 PhysRevD.109.112019

Search for 𝑒𝑒+ 𝑒𝑒− ⟶ 𝐾𝐾+𝐾𝐾−𝜓𝜓(3770) at center-of-mass energies from 4.84 to 4.95 GeV

 PhysRevD.109.112004

Cross section measurement of 𝑒𝑒+ 𝑒𝑒− ⟶ 𝜂𝜂𝜂𝜂 2𝑆𝑆 and search for 𝑒𝑒+ 𝑒𝑒− ⟶ 𝜂𝜂 �𝑋𝑋 3872

 PhysRevD 110 1, 012006 &PhysRevD.110.L031103 &PhysRevL 132, 161901 (2024)

X(3872) production > 4.6 GeV and Study of 𝑒𝑒+ 𝑒𝑒− ⟶ 𝜔𝜔𝜒𝜒𝑐𝑐𝑐,2

 Summary and outlook



Introduction

 In the past decade, many charmonium(-like) states were observed 

experimentally.

 Y(4260): it discovered in ISR process (𝑒𝑒+𝑒𝑒− ⟶ 𝛾𝛾𝐼𝐼𝐼𝐼𝐼𝐼𝜋𝜋+𝜋𝜋−𝐽𝐽/𝜓𝜓) 

at BaBar, confirmed by CLEO and Belle, its mass is greater than 4 

GeV above 𝐷𝐷�𝐷𝐷 threshold and has not observed in open charm pair 

cross section. 

PRL 95 (2005) , 142001  
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Nature Rev.Phys. 1 
(2019) 8, 480-494



Introduction

 Precise measurements of production cross sections and 

resonance parameters needed

•  to clarify nature of these states.

•  to distinguish among different theoretical models.

 Vector charmonium(-like) states (Y/𝜓𝜓, 𝐽𝐽𝑃𝑃𝑃𝑃 = 1−−) showing 

strong coupling to hidden-charm final states,  such as 𝐽𝐽/𝜓𝜓, 

𝜓𝜓(2𝑆𝑆), 𝜓𝜓 3770 , etc.

More studies are still needed!
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Chin.Phys.C 44 (2020) 4, 040001



BEPCII and BESIII
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 A peak luminosity: 1 × 1033𝑐𝑐𝑚𝑚−2𝑠𝑠−1

 𝜏𝜏 − 𝑐𝑐 region 𝑠𝑠 = 2.0 − 4.95 GeV

 MDC, EMC, TOF, MUC
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 Two new vector resonances were observed in 𝑒𝑒+ 𝑒𝑒− ⟶ 𝜋𝜋𝜋𝜋ℎ𝑐𝑐 .

 The 𝑒𝑒+ 𝑒𝑒− ⟶ 𝜂𝜂ℎ𝑐𝑐 is observed at the BESIII

based on the data taken before 2016.

 The previous observations show a hint of new resonance 

around 4.2 GeV but we can’t draw a clear conclusion because 

of the limited statistics.

 The strong coupling to ℎ𝑐𝑐 indicate this structure likely to be a 

hybrid.

Study of 𝑒𝑒+ 𝑒𝑒− ⟶ 𝜂𝜂ℎ𝑐𝑐



Study of 𝑒𝑒+ 𝑒𝑒− ⟶ 𝜂𝜂ℎ𝑐𝑐
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Unbinned maximum likelihood fit is performed 
to 16 data sets simultaneously.

Sum of 16 channels
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Study of 𝑒𝑒+ 𝑒𝑒− ⟶ 𝜂𝜂ℎ𝑐𝑐

 Parameters of BW2 are fixed to Y(4360) due to 
the low statistics.

 A resonant structure near 4.200 
GeV is observed (7𝜎𝜎).
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 Search for strange four-quark states 𝑍𝑍𝑐𝑐𝑐𝑐 3985 by 𝑒𝑒+ 𝑒𝑒− ⟶

𝐾𝐾+𝐾𝐾−𝜓𝜓(3770).

 According to the quark potential model, the masses of the 5S and 6S 

vector charmonium states are around 4.6 GeV and 5.2 GeV, 

respectively. In the mass region of 4.7 GeV to 4.95 GeV, there should 

be only one vector charmonium 43𝐷𝐷1state with mass about 4.8 GeV.

Search for 𝑒𝑒+ 𝑒𝑒− ⟶ 𝐾𝐾+𝐾𝐾−𝜓𝜓(3770)

𝑒𝑒+𝑒𝑒− ⟶ 𝐾𝐾+𝐾𝐾−𝐽𝐽/𝜓𝜓
PRL 131, 211902 (2023)

𝑒𝑒+𝑒𝑒− ⟶ 𝐾𝐾+𝐾𝐾−𝜓𝜓(2𝑆𝑆)
arXiv: 2407.20009

𝑒𝑒+ 𝑒𝑒− ⟶ 𝐾𝐾+𝐾𝐾−𝜓𝜓(3770)
New data at BESIII
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Search for 𝑒𝑒+ 𝑒𝑒− ⟶ 𝐾𝐾+𝐾𝐾−𝜓𝜓(3770)

Data: 2021 s = 4.78 − 4.95GeV ~ 900 𝑝𝑝𝑏𝑏−1

𝝍𝝍 𝟑𝟑𝟑𝟑𝟑𝟑𝟑𝟑 → 𝑫𝑫�𝑫𝑫

 Using D+ and D0 decay modes

 Charge conjugation is implied

~ 28.6%
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Search for 𝑒𝑒+ 𝑒𝑒− ⟶ 𝐾𝐾+𝐾𝐾−𝜓𝜓(3770)

No evidence for this decay, we set an upper limit of this decay at 90% confidence level.

 Obviously smaller than the  cross 
sections of 𝑒𝑒+𝑒𝑒− → 𝜋𝜋+𝜋𝜋−𝐷𝐷+𝐷𝐷−
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 Since the BESIII experiment observed the Y(4230) in the 

𝑒𝑒+𝑒𝑒− ⟶ 𝜂𝜂𝜂𝜂/𝜓𝜓 and 𝜂𝜂𝜂𝐽𝐽/𝜓𝜓 processes, it follows that the 

process 𝑒𝑒+𝑒𝑒− ⟶ 𝜂𝜂𝜂𝜂 2𝑆𝑆 can be an important way to 

search for Y states.

 Using a total of 5.25 𝑓𝑓𝑏𝑏−1of 𝑒𝑒+𝑒𝑒− collision data with c.m.

energies from 4.236 to 4.600 GeV, BESIII reported the first 

observation of the process 𝑒𝑒+𝑒𝑒− ⟶ 𝜂𝜂𝜂𝜂 2𝑆𝑆 with a 

statistical significance of 4.9 standard deviations

Study of 𝑒𝑒+ 𝑒𝑒− ⟶ 𝜂𝜂𝜂𝜂 2𝑆𝑆
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Study of 𝑒𝑒+ 𝑒𝑒− ⟶ 𝜂𝜂𝜂𝜂 2𝑆𝑆

Data: 4.288 to 4.951 GeV ~ 8.7 𝑓𝑓𝑏𝑏−1

[24] J. High Energy Phys. 10 (2021) 177

 Due to the limited statistics, it is difficult to draw a clear 
conclusion whether the vector charmoniumlike states exist 
in the cross section distribution or not.
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Search for 𝑒𝑒+ 𝑒𝑒− ⟶ 𝜂𝜂 �𝑋𝑋 3872

 Mass : 3860 MeV/c2 (COMPASS result) 

 Width : 51 MeV or 1.19 MeV

The upper limit from 
COMPASS result 

The same as the 
width of X(3872)

 �𝑋𝑋 3872 state reported by the COMPASS experiment 

(𝐽𝐽𝑃𝑃𝑃𝑃 = 1+− and Mass= 3860 MeV/c2)



Study of 𝑒𝑒+ 𝑒𝑒− ⟶ 𝜔𝜔 𝜒𝜒𝑐𝑐𝑐,2

5.8𝜎𝜎 10.7𝜎𝜎

Y(4500)?
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X(3872) production > 4.6 GeV

 �𝜎𝜎𝜔𝜔𝜔𝜔 3872
𝜎𝜎𝜔𝜔𝜒𝜒𝑐𝑐𝑐 = 5.2 ± 1.0 ± 1.9

 �𝜎𝜎𝜔𝜔𝜔𝜔 3872
𝜎𝜎𝜔𝜔𝜒𝜒𝑐𝑐2 = 5.5 ± 1.1 ± 2.4

 �𝜎𝜎𝜙𝜙𝑋𝑋 3872
𝜎𝜎𝜙𝜙𝜒𝜒𝑐𝑐1 < 9 @ 90% CL

 Help constrain the possible 𝜒𝜒𝑐𝑐𝑐(2P) component in the 𝑋𝑋(3872) wave function.

�𝜎𝜎𝛾𝛾𝑋𝑋 3872
𝜎𝜎𝜔𝜔𝜔𝜔 3872 < 0.23 @ 90% CL
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Z.Q. Liu & R. Mitchell, Science Bulletin 68 (2023) 2148–2150

New hadrons discovered at BESIII

 12 charmonium(-like) states
 6  vector charmonium(-like) states
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Summary

We reported cross-section measurement results including hidden charm final states at BESIII 

 BESIII  have a excellent performance about the charmonium(-like) states studies

 Upcoming upgrades on BEPCII and BESIII

• Higher precision for measurements

• Luminosity * 3 @ 2.35 GeV

• Highest Beam Energy:  2.47 GeV -> 2.8 GeV

• Commissioning of BEPCII-U on 2025.01.01
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BEPCII-U vs BEPCII

From Y. Zhang@Lanzhou
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