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The exotic states @ Charmonium sector

2
fro

m
 F

. K
. G

uo

• Since the new century, a series of 
new particles have been discovered 
experimentally above the open-
charm threshold.

• Their properties indicate that they 
are good candidates of exotic states: 
Hybrid states,  Hadron molecule, 
Compact tetra-quark, etc.

• They can be classified to 3 
categories (roughly):

• X: Iso-spin I=0 with quantum number 
other than 𝟏!!

• Y: Iso-spin I=0, vector states

• Z: Iso-spin larger than 0 



Discovery of Y States

Ø Y(4260), discovered in ISR process at BaBar, 𝑒!𝑒" → 𝛾#$%𝜋!𝜋"𝐽/𝜓
• Confirmed by CLEO and Belle

• Mass > 4 GeV, above 𝐷𝐷 threshold 

• Not observed in inclusive hadron cross section, disfavor charmonium state

Ø Interpratation
• Is Y(4260) hybrid? 

• Strongly couple to the low-lying charmonium. 

• According to lattice QCD simulation, both the 1--  and 1-+ hybrid 
charmonium lie around 4.26 GeV

Ø Family members
• Later, Y(4360) was discovered at BaBar, Y(4660) was discovered 

at Belle, both in 𝑒!𝑒" → 𝛾#$%𝜋!𝜋"𝜓(2𝑆) process

• More measurements is necessary to pin down its nature!!
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Production and decays of Y states at BESIII
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𝑱/𝝍

𝑒! 𝑒"

𝜋"

𝜋!

Can be produced from electron positron annihilation directly, good opportunity to study Y 
states at BESIII

We can study Y state via various processes:
• Hidden charm final state => disfavored by charmonium state, crucial to reveal their inner structure
• Open charm final state
• Baryon and Light hadron final state



BESIII Data Samples
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46 sample, ~22 fb-1 + Small scan sample, ~2.5 fb-1

4180

4230 4420 4680

Can measure 𝜎[𝑒!𝑒" → ℎ+] (CS)  with high precision using direct 𝑒!𝑒" annihilation data at BESIII



The method to study Y states @ BESIII

Tag event at each cm energy

𝑒"𝑒! → 𝜋"𝜋!𝐽/𝜓	[PRD106, 072001 (2022)]
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The method to study Y states @ BESIII

Tag event at each cm energy

Calculate the cross section at each 𝑠 by: 𝜎 = #$%&
'∗ )"* ∗ )"+ !,-∗.

𝑒"𝑒! → 𝜋"𝜋!𝐽/𝜓	[PRD106, 072001 (2022)]

7



The method to study Y states @ BESIII

Tag event at each cm energy

Calculate the cross section at each 𝑠 by: 𝜎 = #$%&
'∗ )"* ∗ )"+ !,-∗.

Fit to the lineshap of cross section with model, e.g.: 𝜎(s) = |BW1(s) + BW2(s)*ei𝜙 +BW3(s)*ei𝜙′	|2

𝑒"𝑒! → 𝜋"𝜋!𝐽/𝜓	[PRD106, 072001 (2022)]
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Summary of 𝝈 𝒆!𝒆" → ⁄𝝅𝝅 𝑲𝑲+ 𝒄𝒉𝒂𝒓𝒎𝒐𝒏𝒊𝒖𝒎  

4.2 4.4 4.6 4.7
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Summary of 𝝈 𝒆!𝒆" → ⁄𝜼 𝜸/𝝎+ 𝒄𝒉𝒂𝒓𝒎𝒐𝒏𝒊𝒖𝒎
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Summary of 𝝈 𝒆!𝒆" → 𝑩𝒂𝒓𝒚𝒐𝒏 + (𝒍𝒊𝒈𝒉𝒕	𝒎𝒆𝒔𝒐𝒏)



PRD103, 032006 (2021)

𝜋!𝜋"𝜋#𝜂$

Conclusions from these measurment: 1. Y(4260) ⇒ Y(4230)
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PRD106, 
072001 
(2022)

𝜋!𝜋"𝐽/𝜓

𝜔𝜒!"

PRD99, 091103 (2019)

𝜋#𝑍$(3900)

PRD102, 012009 (2020)



Update of K+K-J/ψ Cross Section

13

𝐾!𝐾"𝐽/𝜓

CPC46, 111002 (2022)

๏ ML fit with coherent sum of two BWs

๏ Mass: 𝟒𝟐𝟐𝟓. 𝟑 ± 𝟐. 𝟑 ± 𝟐𝟏. 𝟓 MeV

๏ Width: 𝟕𝟐. 𝟗 ± 𝟔. 𝟏 ± 𝟑𝟎. 𝟖 MeV

๏ Significance > 5𝜎

Ratio to 𝜋𝜋𝐽/𝜓



Update of ηJ/ψ Cross Section
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arXiv: 2310.03361

๏ ML fit with coherent sum of three BWs and a continuum term (Φ( 𝑠)𝑒#$!%𝑝&)
๏ Mass: 𝟒𝟐𝟏𝟗. 𝟕 ± 𝟐. 𝟓 ± 𝟒. 𝟓 MeV; Width: 𝟖𝟎. 𝟕 ± 𝟒. 𝟒 ± 𝟏. 𝟒 MeV

๏ Take Γ'' to be ~0.63-0.66 keV, ℬ[𝜓(4230) → 𝜂𝐽/𝜓) =
(6.06 ± 0.76 ± 0.17)×10#( or (18.89 ± 1.75 ± 0.90)×10#(



PRD104, 052012 (2021)

𝜋!𝜋"𝜓(2𝑆)
4.0𝜎

> 10𝜎

8.1𝜎
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Mass and width from different process

PRL118, 092002 (2017)

𝜋)𝜋#ℎ!

Conclusions from these measurements: 2. new state in [4300  4500] MeV
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PRD104, 092001 (2021)

𝑒)𝑒# → 𝛾𝜒!*

ℬ[𝜓(4040) → 𝛾𝜒"#] = (8.0 − 15.6)×10$%

ℬ[𝜓(4160) → 𝛾𝜒"#] = (4.4 − 14.2)×10$%

potential model:∼ 10$&

๏ ML fit with 𝜓(3686), 𝜓(3770), and coherent  sum of three BWs

๏ Continuum contribution is not significant (<1𝜎)

๏ Mass: 𝟒𝟑𝟕𝟏. 𝟕 ± 𝟕. 𝟓 ± 𝟏. 𝟖 MeV

๏ Width: 𝟓𝟏. 𝟏 ± 𝟏𝟕. 𝟔 ± 𝟏. 𝟗 MeV

2.0𝜎
4.6𝜎 5.8𝜎

Mass and width from different process

Conclusions from these measurements: 2. new state in [4300  4500] MeV
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𝜋'𝜋$𝜓#(3823)

PRL 129, 102003 (2022)

Slightly favor two-BW hypothesis
1.7𝜎

Mass and width from different process

Conclusions from these measurements: 2. new state in [4300  4500] MeV



Conclusions from these measurements: 2. new state in [4300  4500] MeV
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PRD106, 072001 
(2022)

𝜋)𝜋#𝐽/𝜓

Mass and width from different process



Theoretical interpretations
๏ A 5S-4D mixing state (J. Z. Wang et al. PRD99, 114003 (2019) [Width 2𝜎 larger]
๏ A heavy-antiheavy hadronic molecule (X. K. Dong et al. Prog. Phys. 41, 65 (2021))

๏ A 𝑐𝑠𝑐𝑠 state from LQCD (T. W. Chiu et al. PRD73, 094510 (2006))

๏ 𝐵[𝑌 → 𝜋𝐷∗𝐷
∗
]/𝐵[𝑌 → 𝐾𝐾𝐽/𝜓]~102, inconsistent with hidden-strangeness 

tetraquark nature (F. Z. Peng et al. PRD107, 016001 (2023))
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PRD106, 072001 (2022)

𝜋!𝜋"𝐽/𝜓

𝐾!𝐾"𝐽/𝜓 PRL131, 211902 (2023)

CPC46, 111002 (2022)

Mass and width from different process

Conclusions from these measurements: 2. new state in [4300  4500] MeV



Recently, BESIII reports two structures from 𝑒!𝑒" → 𝜔𝜒#$/& Processes.

From 𝜔𝜒#$: 
• Mass: 4544.2 ± 18.7 ± 1.7 MeV

• Width: 116.1 ± 33.5 ± 1.7 MeV

From 𝜔𝜒#&: 
• Mass: 4413.6 ± 9.0 ± 0.8 MeV

• Width: 110.5 ± 15.0 ± 2.9 MeV

20

Mass and width from different process

Conclusions from these measurements: 2. new state in [4300  4500] MeV

𝑒)𝑒# → 𝜔𝜒!& 𝑒)𝑒# → 𝜔𝜒!*

5.9𝝈 10.7𝝈
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Λ!Λ!

𝜋!𝜋"𝜓(2𝑆)

PRD104, 052102 (2021)

PRL131, 191901 (2023)

Single Tag and Double Tag to 
improve precision

Mass and width from different process

Conclusions from these measurements: 3. the Y(4660)



The Y(4660)
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𝜋'𝜋$𝜓#(3823)

PRL 129, 102003 (2022)

๏ Mass: 4647.9 ± 8.6 ± 0.8MeV

๏ Width: 33.1 ± 18.6 ± 4.1MeV

๏ Γ33𝐵: 0.06-0.24 eV

Mass and width from different process

ML fit to the cross section with BW or coherent sum of BW and continuum 

๏ Free BW: 4672.7 ± 10.8 ± 3.9 MeV, 93.2 ± 19.8 ± 9.4 MeV

๏ Free BW + continuum term: 4710.8 ± 10.9 ± 2.7 MeV, 30.50 ± 22.33 ± 14.6 MeV

𝑒!𝑒" → 	𝜙𝜒#$

IHEP01 (2023) 132~3𝜎



New Structure above 4.7 GeV?
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PRL131, 211902 (2023)
𝐾!𝐾"𝐽/𝜓

๏ The three-resonance assumption over two is 5.7𝜎

๏ Mass: 𝟒𝟕𝟎𝟖7𝟏𝟓:𝟏𝟕 ± 𝟐𝟏MeV

๏ Width: 𝟏𝟐𝟔7𝟐𝟑:𝟐𝟕 ± 𝟑𝟎MeV

Theoretical interpretations

๏ Could have significant hybrid component (N.Brambilla et 
al. PRD107, 054034 (2023), mass higher, consistent with err.)

๏ Or excited charmonium ( PRD 77, 014033 (2008), PRD 90, 
054001 (2014), PRD 95, 034026 (2017), PRD 98, 016010 (2018), 
EPJA 58, 219 (2022), AHEP 2021, 9991152 (2021))

๏ Or from charmonia mixing ( Z.J.Wang and X. Liu, PRD 107, 
054016 (2023))



Future Data Samples

Pentaquark:  4.86 GeV  - 𝑝𝑝𝜂F threshold;   4.97 GeV - 𝑝𝑝𝐽/𝜓 threshold
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Summary

Properties of vector states have been investigated using various processes, including hidden charm, 
open charm, and light hadronic final states at BESIII

๏ Several resonant structures are found at: ~4220 MeV, 4300~4500 MeV, 4660 MeV and 4700 MeV

๏ The measured parameters from different processes are different , therefore no clear conclusion 
can be drawn: are they the same state? And their natures?

๏ The possible reasons:

• Due to low statistics 

• The way to extract their parameters from data 

๏ More efforts, e.g. more data, better model, are necessary ! 
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Thank you!


