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DISCLAIMER



Charmonium Decays at BESIII - M. Scodeggio QWG24 - February 2024

Time of Flight Detector

3

BESIII Experiment
BESIII (BEijing Spectrometer III) is an 

experiment located at the BEPCII  
(Beijing Electron Positron Collider II)  

at IHEP (Institute of High Energy Physics)

EM Calorimeter

1T Solenoidal Magnet

τ-charm factory 2.0 GeV ≤ √s ≤ 4.9 GeV 
with an instantaneous luminosity of  

1033 cm-2s-1 @ √s = 3.77 GeV 

e+e— collider ⇝ Direct production of vector states (JPC = 1--) 
High statistics @ψ(nS) ⇝ Probe with high precision the (non-)vector states 

Unique opportunities above 3.8 GeV 

10 x 109 

 J/ψ
2.7 x 109  
ψ(2S)

⪅ 17 fb-1 XYZ studies  
3.8 GeV ≤ √s ≤ 4.6 GeV

~4,0 fb-1 XYZ studies  
√s ≥ 4.6 GeV

~2.9 fb-1  
ψ(3770)

Muon Detector

Multi-layer Drift Chamber 
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Charmonia at BESIII
 Rev. in Phys. 8 100070, 2022

Charmonium resonances are located in the transition region of  
perturbative and non-perturbative QCD  

Non-vector and above-threshold states are partly unknown  

Vector states can be used either to reach non-1-- ones or  
as a way to test pQCD predictions (e.g., 12% rule, A(EM - strong), …) 

Gateway to the XYZ exotic states[I, II, III, IV] 

Another way to probe the SM (via weak decays)[V]

[I] A. Guo, “The Vector Charmoniumlike Spectrum at BESIII 
(Non-Open Charm Decays)” 

[II] K. Han, “Status of Zcs States at BESII” 
[III] X. Hou, “New Results on the X(3872) from BESIII” 
[IV] K. Zhu, “The Vector Charmoniumlike Spectrum at BESIII 

(Open Charm Decays)” 
[V] V. Prasad, “Search for rare phenomena at BESIII”
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BESIII can perform such studies, but we will focus on what BESIII can provide  
to expand the knowledge on the charmonium spectrum itself: 

1.Search for ηc(2S) → π+π-ηc and ηc(2S) → π+π−K0SK±π∓ decays 
2. Observation of ψ(3686) → Ω-K+ anti-Ξ0 + c.c.  
3.Observation of of e+e− → π0π0ψ2(3823) 
4. Observation of χcJ → 3(K+K-)  
5.Observation […] and discovery of the charmless decay ψ(3770) → KS0 KL0  
6.Search for the decay χc1(3872) → π+π-χc1  

7.Updated measurements of the M1 transition ψ(3686) → γηc(2S) with ηc(2S) → KKπ 
8. Observation of the ψ(3686) decays into Σ+anti-Σ-ω and Σ+anti-Σ-ϕ 
9. Observation of the decay χcJ → Ω- anti-Ω+ 
10.Helicity amplitude analysis of χcJ → ϕϕ 
11.Observation of ψ(3770) → η J/ψ 
12.Evidence for ηc(2S) → π+π-η decay

5

Charmonia at BESIII
 Rev. in Phys. 8 100070, 2022

_

[I] A. Guo, “The Vector Charmoniumlike Spectrum at BESIII 
(Non-Open Charm Decays)” 

[II] K. Han, “Status of Zcs States at BESII” 
[III] X. Hou, “New Results on the X(3872) from BESIII” 
[IV] K. Zhu, “The Vector Charmoniumlike Spectrum at BESIII 

(Open Charm Decays)” 
[V] V. Prasad, “Search for rare phenomena at BESIII”

Charmonium resonances are located in the transition region of  
perturbative and non-perturbative QCD  

Non-vector and above-threshold states are partly unknown  

Vector states can be used either to reach non-1-- ones or  
as a way to test pQCD predictions (e.g., 12% rule, A(EM - strong), …) 

Gateway to the XYZ exotic states[I, II, III, IV] 

Another way to probe the SM (via weak decays)[V]
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𝝍(2S)

𝜂c(2S)

e- e+

π-

𝜂

γM1

π+

γ
γ

The Singlet ηc(2S) Charmonium 
Using the 448 million ψ(2S) data set

Search for the ηc(2S) → π+π−η decay through the M1 ψ(2S) → γηc(2S) 
transition and determination of B(ηc(2S) → π+π−η)


Fit to the M(π+π-γγ) at [3.35, 3.70] GeV/c2 to properly estimate the  
χc1,2 → π+π−η contributions (found to be compatible to PDG values)

Phys. Rev. D 107, 052007 (2023)
ηc(2S) → π+π−η Decay
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𝝍(2S)

𝜂c(2S)

e- e+

π-

𝜂

γM1

π+

γ
γ

Using the 448 million ψ(2S) data set

Search for the ηc(2S) → π+π−η decay through the M1 ψ(2S) → γηc(2S) 
transition and determination of B(ηc(2S) → π+π−η)


Fit to the M(π+π-γγ) at [3.35, 3.70] GeV/c2 to properly estimate the  
χc1,2 → π+π−η contributions (found to be compatible to PDG values)

Phys. Rev. D 107, 052007 (2023)

The Singlet ηc(2S) Charmonium 
ηc(2S) → π+π−η Decay
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= (42.4± 11.6± 3.8± 30.8)⇥ 10�4
<latexit sha1_base64="ukOZu/IX/6zja+UgrK6u6oZVRRc=">AAACGnicbVDLSgMxFM3UV62vUZdugkWoC4dJO2g3QtGNywr2AZ2xZNK0Dc08SDJCGfodbvwVNy4UcSdu/BvTaRfaeiDkcM693HuPH3MmlW1/G7mV1bX1jfxmYWt7Z3fP3D9oyigRhDZIxCPR9rGknIW0oZjitB0LigOf05Y/up76rQcqJIvCOzWOqRfgQcj6jGClpa6JLmHJKVsOdOMAImSdZ6RiVWe/bVVPoatYQCVE9n165ky6ZtG27AxwmaA5KYI56l3z0+1FJAloqAjHUnaQHSsvxUIxwumk4CaSxpiM8IB2NA2xHual2WkTeKKVHuxHQr9QwUz93ZHiQMpx4OvKAKuhXPSm4n9eJ1H9qpeyME4UDclsUD/hUEVwmhPsMUGJ4mNNMBFM7wrJEAtMlE6zoENAiycvk2bZQhWrfOsUa1fzOPLgCByDEkDgAtTADaiDBiDgETyDV/BmPBkvxrvxMSvNGfOeQ/AHxtcPQXebeA==</latexit>

Stat. Syst.

B(⌘c(2S) ! ⇡+⇡�⌘) =
Nsig

N (3686) ✏ BR1( (3686) ! �⌘c(2S)) BR2(⌘ ! ��)
<latexit sha1_base64="DMOM1lzRdjFs53ZByPExPq8h+qo="></latexit>

δ(BR1)

First evidence 
@3.5σ

Using the 448 million ψ(2S) data set

Search for the ηc(2S) → π+π−η decay through the M1 ψ(2S) → γηc(2S) 
transition and determination of B(ηc(2S) → π+π−η)


Fit to the M(π+π-γγ) at [3.35, 3.70] GeV/c2 to properly estimate the  
χc1,2 → π+π−η contributions (found to be compatible to PDG values)

Phys. Rev. D 107, 052007 (2023)

The Singlet ηc(2S) Charmonium 
ηc(2S) → π+π−η Decay
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Phys. Rev. D 107, 052007 (2023)

= (42.4± 11.6± 3.8± 30.8)⇥ 10�4
<latexit sha1_base64="ukOZu/IX/6zja+UgrK6u6oZVRRc=">AAACGnicbVDLSgMxFM3UV62vUZdugkWoC4dJO2g3QtGNywr2AZ2xZNK0Dc08SDJCGfodbvwVNy4UcSdu/BvTaRfaeiDkcM693HuPH3MmlW1/G7mV1bX1jfxmYWt7Z3fP3D9oyigRhDZIxCPR9rGknIW0oZjitB0LigOf05Y/up76rQcqJIvCOzWOqRfgQcj6jGClpa6JLmHJKVsOdOMAImSdZ6RiVWe/bVVPoatYQCVE9n165ky6ZtG27AxwmaA5KYI56l3z0+1FJAloqAjHUnaQHSsvxUIxwumk4CaSxpiM8IB2NA2xHual2WkTeKKVHuxHQr9QwUz93ZHiQMpx4OvKAKuhXPSm4n9eJ1H9qpeyME4UDclsUD/hUEVwmhPsMUGJ4mNNMBFM7wrJEAtMlE6zoENAiycvk2bZQhWrfOsUa1fzOPLgCByDEkDgAtTADaiDBiDgETyDV/BmPBkvxrvxMSvNGfOeQ/AHxtcPQXebeA==</latexit>

Stat. Syst.

Test the 

“12% rule”

 [1] Phys. Rev. D 44, 1597 (1991)
 [2] Commun. Theor. Phys. 25, 471 (1996) 

B(⌘c(2S) ! ⇡+⇡�⌘) =
Nsig

N (3686) ✏ BR1( (3686) ! �⌘c(2S)) BR2(⌘ ! ��)
<latexit sha1_base64="DMOM1lzRdjFs53ZByPExPq8h+qo="></latexit>

δ(BR1)

First evidence 
@3.5σ

Using the 448 million ψ(2S) data set

Search for the ηc(2S) → π+π−η decay through the M1 ψ(2S) → γηc(2S) 
transition and determination of B(ηc(2S) → π+π−η)


Fit to the M(π+π-γγ) at [3.35, 3.70] GeV/c2 to properly estimate the  
χc1,2 → π+π−η contributions (found to be compatible to PDG values)

The Singlet ηc(2S) Charmonium 
ηc(2S) → π+π−η Decay

Predictions for 0-+ glueball-charmonium mixing

Ref. [1] ⇝ ~12.8%  
Ref. [2] ⇝ ~1.00 
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𝝍(2S)

𝜂c(2S)

e- e+

π

K

γM1

K
_

Using the 3 billion ψ(2S) data set

Search for the ηc(2S) → KKπ decay and estimation of the M1 
B(ψ(2S) → γηc(2S))


Simultaneous fit to the M(K+K-π0) and M(KS0K±π∓) spectra

arXiv:2309.14689 Accepted by PRD
ηc(2S) → KKπ Decay

The Singlet ηc(2S) Charmonium _

_
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𝝍(2S)

𝜂c(2S)

e- e+

π

K

γM1

K
_

Using the 3 billion ψ(2S) data set

Search for the ηc(2S) → KKπ decay and estimation of the M1 
B(ψ(2S) → γηc(2S))


Simultaneous fit to the M(K+K-π0) and M(KS0K±π∓) spectra

arXiv:2309.14689 Accepted by PRD
_

ηc(2S) → KKπ Decay
The Singlet ηc(2S) Charmonium _
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Using the 3 billion ψ(2S) data set

Search for the ηc(2S) → KKπ decay and estimation of the M1 
B(ψ(2S) → γηc(2S))


Simultaneous fit to the M(K+K-π0) and M(KS0K±π∓) spectra

From B(ηc(2S) → KKπ) = (1.86+0.68-0.49)% [3]Hence, we obtain…

arXiv:2309.14689 Accepted by PRD
_

ηc(2S) → KKπ Decay
The Singlet ηc(2S) Charmonium _

_

[3] Chin. Phys. C 46 071001 (2022)
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arXiv:2309.14689 Accepted by PRD
Using the 3 billion ψ(2S) data set

Search for the ηc(2S) → KKπ decay and estimation of the M1 
B(ψ(2S) → γηc(2S))


Simultaneous fit to the M(K+K-π0) and M(KS0K±π∓) spectra

From B(ηc(2S) → KKπ) = (1.86+0.68-0.49)% [3]Hence, we obtain…

Comparison with theoretical expectations…

_

ηc(2S) → KKπ Decay
The Singlet ηc(2S) Charmonium _

_

[3] Chin. Phys. C 46 071001 (2022)
[4] Phys. Rev. D 72, 054026 (2005)
[5] Phys. Lett. B 670, 55-60 (2008)

[6] Eur. Phys. J. A 48, 66 (2012)
[7] arXiv:0909.2812 [hep-ex]

[4]
[5]
[6]

[7]

[4]
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𝝍(2S)

𝜂c(2S)

e- e+

π

𝜂c

γM1

π

π
K K

arXiv:2401.05457 Submitted to PRD
ηc(2S) → π+π−(ηc/KS

0K±π∓) Decay
The Singlet ηc(2S) Charmonium 

Using the 3 billion ψ(2S) data set

Search for the two-pion ηc(2S) → π+π−ηc → π+π−(KKπ) and  
ηc(2S) → π+π−KS0K±π∓ transitions 


Fit to M(π+π−KS0K±π∓) to search for the ηc(2S) → π+π−KS0K±π∓ decay 

_
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arXiv:2401.05457 Submitted to PRD

𝝍(2S)

𝜂c(2S)

e- e+

π

𝜂c

γM1

π

π
K K

ηc(2S) → π+π−(ηc/KS
0K±π∓) Decay

The Singlet ηc(2S) Charmonium 
Using the 3 billion ψ(2S) data set

Search for the two-pion ηc(2S) → π+π−ηc → π+π−(KKπ) and  
ηc(2S) → π+π−KS0K±π∓ transitions 


Fit to M(π+π−KS0K±π∓) to search for the ηc(2S) → π+π−KS0K±π∓ decay 

_
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arXiv:2401.05457 Submitted to PRD
ηc(2S) → π+π−(ηc/KS

0K±π∓) Decay
The Singlet ηc(2S) Charmonium 

_

B(ψ(2S) → γηc(2S)) × B(ηc(2S) → π+π−ηc) < 2.21 × 10-5 @90%  C.L.

Using the 3 billion ψ(2S) data set

Search for the two-pion ηc(2S) → π+π−ηc → π+π−(KKπ) and  
ηc(2S) → π+π−KS0K±π∓ transitions 


Fit to M(π+π−KS0K±π∓) to search for the ηc(2S) → π+π−KS0K±π∓ decay 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arXiv:2401.05457 Submitted to PRD

With B(ηc(2S) → π+π−ηc) having the same di-pion q2 dependence as B(ψ(2S) → π+π−J/ψ),  
Refs. [8, 9] estimate B(ψ(2S) → γηc(2S)) × B(ηc(2S) → π+π−ηc) ~ 2.6 × 10-5 


(additional suppression from stronger chromo-magnetic interaction)

ηc(2S) → π+π−(ηc/KS
0K±π∓) Decay

The Singlet ηc(2S) Charmonium 

_Using the 3 billion ψ(2S) data set

Search for the two-pion ηc(2S) → π+π−ηc → π+π−(KKπ) and  
ηc(2S) → π+π−KS0K±π∓ transitions 


Fit to M(π+π−KS0K±π∓) to search for the ηc(2S) → π+π−KS0K±π∓ decay 

[8] Mod. Phys. Lett. A 17, 1533 (2002)
[9] Phys. Rev. D 74, 054022 (2006)

B(ψ(2S) → γηc(2S)) × B(ηc(2S) → π+π−ηc) < 2.21 × 10-5 @90%  C.L.
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arXiv:2401.05457 Submitted to PRD

With B(ηc(2S) → π+π−ηc) having the same di-pion q2 dependence as B(ψ(2S) → π+π−J/ψ),  
Refs. [8, 9] estimate B(ψ(2S) → γηc(2S)) × B(ηc(2S) → π+π−ηc) ~ 2.6 × 10-5 


(additional suppression from stronger chromo-magnetic interaction)

ηc(2S) → π+π−(ηc/KS
0K±π∓) Decay

The Singlet ηc(2S) Charmonium 

_Using the 3 billion ψ(2S) data set

Search for the two-pion ηc(2S) → π+π−ηc → π+π−(KKπ) and  
ηc(2S) → π+π−KS0K±π∓ transitions 


Fit to M(π+π−KS0K±π∓) to search for the ηc(2S) → π+π−KS0K±π∓ decay 

[8] Mod. Phys. Lett. A 17, 1533 (2002)
[9] Phys. Rev. D 74, 054022 (2006)

For the first time 

B(ηc(2S) → π+π−KS

0K±π∓) = (1.33 ± 0.11 ± 0.4 ± 0.95) %

NB The sum of B(ηc(2S)) is ~ 3%

B(ψ(2S) → γηc(2S)) × B(ηc(2S) → π+π−ηc) < 2.21 × 10-5 @90%  C.L.
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Investigating the ψ(3770) Resonance 

19

Using the 2.9 fb-1 ψ(3770) data set

Search for the ψ(3770) → ηJ/ψ decay, and study of the  
σ(𝑒+𝑒- → ηJ/ψ) line-shape @√s = [3.773, 4.600] GeV 

From Ref. [10], data points @√s = [3.8, 4.6] GeV are taken

Two hypotheses are considered, the ψ(3770) contribution is added 
either coherently or incoherently

𝝍(3770)

J/𝝍

e- e+

µ-

µ+

𝜂

γ
γ

ψ(3770) → η J/ψ Phys. Rev. D 107, L091101 (2023)
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 [10] Phys. Rev. D 102, 031101 (R) (2020)
 [11] Phys. Rev. Lett. 96, 082004 (2006)

[12] Phys. Rev. D 71, 114003 (2005) 

Using the 2.9 fb-1 ψ(3770) data set

Search for the ψ(3770) → ηJ/ψ decay, and study of the  
σ(𝑒+𝑒- → ηJ/ψ) line-shape @√s = [3.773, 4.600] GeV 

From Ref. [10], data points @√s = [3.8, 4.6] GeV are taken

Two hypotheses are considered, the ψ(3770) contribution is added 
either coherently or incoherently

Compatible with CLEO result[11] (w/o interference)  
of 8.7 ± 3.3 ± 2.2 x 10-4 

In agreement with Ref. [12] hypothesis of  
tetra-quark admixture in the ψ(3770)  

B(ψ(3770) → η J/ψ) ~ 15 x 10-4 

{

Phys. Rev. D 107, L091101 (2023)

Investigating the ψ(3770) Resonance 
ψ(3770) → η J/ψ
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Using the 26.5 fb-1 @√s = [3.51, 4.95] GeV

Search for the ψ(3770) → KS0KL0 decay, and study of the  
σ(𝑒+𝑒- → KS0KL0) line-shape 

Fit to EK/EBeam to extrapolate the σ(𝑒+𝑒- → KS0KL0) line-shape

𝝍(3770)

KS0

e- e+

π-

π+

KL0

The KS0KL0 channel is important to understand the 
“12% rule” violation, as R(KS0KL0) is found to deviate 

by more than 3σ [13, 14]


Refs. [15, 16] propose the ψ(3686) and ψ(3770) to be 
mixtures of pure ψ(23S1) and ψ(13D1) states, 


estimating B(ψ(3770) → KS0KL0) ~ [0.02, 5.3]×10-5

Investigating the ψ(3770) Resonance 
ψ(3770) → KS0KL0 arXiv:2312.10962v1 Accepted by PRL

[15] Phys. Rev. D 64, 094002 (2001)
[16] Phys. Rev. D 70, 077505 (2004)

[13] Phys. Rev. D 96, 112001 (2017)
[14] Phys. Rev. Lett. 92, 052001 (2004)
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𝝍(3770)

KS0

e- e+

π-

π+

KL0

Using the 26.5 fb-1 @√s = [3.51, 4.95] GeV

Search for the ψ(3770) → KS0KL0 decay, and study of the  
σ(𝑒+𝑒- → KS0KL0) line-shape 

Fit to EK/EBeam to extrapolate the σ(𝑒+𝑒- → KS0KL0) line-shape

Investigating the ψ(3770) Resonance 
ψ(3770) → KS0KL0 arXiv:2312.10962v1 Accepted by PRL
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𝝍(3770)

KS0

e- e+

π-

π+

KL0

Using the 26.5 fb-1 @√s = [3.51, 4.95] GeV

Search for the ψ(3770) → KS0KL0 decay, and study of the  
σ(𝑒+𝑒- → KS0KL0) line-shape 

Fit to EK/EBeam to extrapolate the σ(𝑒+𝑒- → KS0KL0) line-shape

Investigating the ψ(3770) Resonance 
ψ(3770) → KS0KL0 arXiv:2312.10962v1 Accepted by PRL
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Using the 26.5 fb-1 @√s = [3.51, 4.95] GeV

Search for the ψ(3770) → KS0KL0 decay, and study of the  
σ(𝑒+𝑒- → KS0KL0) line-shape 

Fit to EK/EBeam to extrapolate the σ(𝑒+𝑒- → KS0KL0) line-shape

Adding the ψ(3770) and the continuum 
contributions coherently, 

B(ψ(3770) → KS0KL0) = (2.63+1.40-1.59) × 10-5  
in agreement with the prediction [16]

Investigating the ψ(3770) Resonance 
ψ(3770) → KS0KL0 arXiv:2312.10962v1 Accepted by PRL

[16] Phys. Rev. D 70, 077505 (2004)
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Using 20 energy points @√s = [4.230, 4.700] GeV for a Lint = 11.3 fb-1


Study of the σ(𝑒+𝑒-→ π0π0𝝍2(3823)), (employing a partial) reconstruction 

technique: π0π0, (γ)γ & J/𝝍 (→ l +l -) 


Fit to M(γγJ/𝝍)  to estimate 𝝍2(3823) mass and Nππ𝝍obs 

JHEP 02,  (2023) 171

𝝍2(3823)

π0

γ

χc1

e- e+

π0

J/𝝍

γ e/µ+
e/µ-

ID of the ψ2(3823) State
ψ2(3823) → γχc1 → γγJ/𝝍
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Using 20 energy points @√s = [4.230, 4.700] GeV for a Lint = 11.3 fb-1


Study of the σ(𝑒+𝑒-→ π0π0𝝍2(3823)), (employing a partial) reconstruction 

technique: π0π0, (γ)γ & J/𝝍 (→ l +l -) 


Fit to M(γγJ/𝝍)  to estimate 𝝍2(3823) mass and Nππ𝝍obs 

𝝍2(3823)

π0

γ

χc1

e- e+

π0

J/𝝍

γ e/µ+
e/µ-

𝝍2(3823)

𝝍(2S)

ID of the ψ2(3823) State
ψ2(3823) → γχc1 → γγJ/𝝍

JHEP 02,  (2023) 171
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Γ𝝍2(3823) < 18.8 MeV
3824.3 ± 2.4 ± 0.9 MeV/c2

ID of the ψ2(3823) State

𝝍2(3823)

𝝍(2S)

ψ2(3823) → γχc1 → γγJ/𝝍
JHEP 02,  (2023) 171

Using 20 energy points @√s = [4.230, 4.700] GeV for a Lint = 11.3 fb-1


Study of the σ(𝑒+𝑒-→ π0π0𝝍2(3823)), (employing a partial) reconstruction 

technique: π0π0, (γ)γ & J/𝝍 (→ l +l -) 


Fit to M(γγJ/𝝍)  to estimate 𝝍2(3823) mass and Nππ𝝍obs 
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Using 20 energy points @√s = [4.230, 4.700] GeV for a Lint = 11.3 fb-1


Study of the σ(𝑒+𝑒-→ π0π0𝝍2(3823)), (employing a partial) reconstruction 

technique: π0π0, (γ)γ & J/𝝍 (→ l +l -) 


Fit to M(γγJ/𝝍)  to estimate 𝝍2(3823) mass and Nππ𝝍obs 

28

Due to the limited statistics, a cross-section scan 
cannot be performed with enough significance…

Γ𝝍2(3823) < 18.8 MeV
3824.3 ± 2.4 ± 0.9 MeV/c2

R =
�Avg Born
⇡0⇡0 2

�Avg Born
⇡+⇡� 2

=
N⇡0⇡0 2

(
P

i Li(1 + �)i✏i)⇡+⇡� 2

N⇡+⇡� 2
(
P

i Li(1 + �)i✏i)⇡0⇡0 2

· 1

B2(⇡0 ! ��)
<latexit sha1_base64="Exh2hYQT83LGHWJXEVl8d1gU0Hk="></latexit>

ID of the ψ2(3823) State

𝝍2(3823)

𝝍(2S)

ψ2(3823) → γχc1 → γγJ/𝝍
JHEP 02,  (2023) 171
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Using 20 energy points @√s = [4.230, 4.700] GeV for a Lint = 11.3 fb-1


Study of the σ(𝑒+𝑒-→ π0π0𝝍2(3823)), (employing a partial) reconstruction 

technique: π0π0, (γ)γ & J/𝝍 (→ l +l -) 


Fit to M(γγJ/𝝍)  to estimate 𝝍2(3823) mass and Nππ𝝍obs 
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Due to the limited statistics, a cross-section scan 
cannot be performed with enough significance…

Γ𝝍2(3823) < 18.8 MeV
3824.3 ± 2.4 ± 0.9 MeV/c2

R =
�Avg Born
⇡0⇡0 2

�Avg Born
⇡+⇡� 2

=
N⇡0⇡0 2

(
P

i Li(1 + �)i✏i)⇡+⇡� 2

N⇡+⇡� 2
(
P

i Li(1 + �)i✏i)⇡0⇡0 2

· 1

B2(⇡0 ! ��)
= 0.57± 0.14

<latexit sha1_base64="gQtjzpdny21AZfKHE9MIoE9il3c="></latexit>

Consistent with 

isospin symmetry 

ID of the ψ2(3823) State

𝝍2(3823)

𝝍(2S)

ψ2(3823) → γχc1 → γγJ/𝝍
JHEP 02,  (2023) 171
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JHEP 02,  (2023) 171

ID of the ψ2(3823) State
The π+π- system in 𝑒+𝑒-→ π+π-𝝍2(3823) process 

is expected to be dominated by S-wave

If this was true and 𝝍2(3823) was a 𝝍2(13D2) state, 
 the relative orbital angular momentum should be 2

Phys. Rev. Lett. 129, 102003 (2023)

Since ρ0 → π0π0 is forbidden, the observation of  
𝑒+𝑒-→ π0π0𝝍2(3823) corroborates  

the S-wave (f0(500)→ π0π0) expectation

This, together with mass estimations and width upper limits 

supports the JPC = 2-- assignment and the hypothesis that 
the 𝝍2(3823) is a 𝝍2(13D2) state

ψ2(3823) → γχc1 → γγJ/𝝍
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Using 15 energy points @√s = [4.16, 4.34] GeV 

Search for the di-pion 𝑒+𝑒-→ γχc1(3872) → γπ+π-χc1 process, 

with χc1 → γJ/𝝍 → γll 
Simultaneous fit to Mrecoil(γrad) for the γππll and γπll events

In the assumption that the χc1(3872) is a pure χc1(23P1) state [19]

�(23P1 ! ⇡0�c1)

�(23P1 ! ⇡+⇡��c1)
⇠ 0.04

<latexit sha1_base64="hu/FZZWq4zrLoM2onYiaacJ6Sfo="></latexit>

23P1 or not-23P1, the χc1(3872) Nature 
χc1(3872) → π+π-χc1 arXiv:2312.13593 Submitted to PRD

[19] Phys. Rev. D 77, 014013 (2008)   
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Using 15 energy points @√s = [4.16, 4.34] GeV 

Search for the di-pion 𝑒+𝑒-→ γχc1(3872) → γπ+π-χc1 process, 

with χc1 → γJ/𝝍 → γll 
Simultaneous fit to Mrecoil(γrad) for the γππll and γπll events

23P1 or not-23P1, the χc1(3872) Nature 
χc1(3872) → π+π-χc1 arXiv:2312.13593 Submitted to PRD
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Using 15 energy points @√s = [4.16, 4.34] GeV 

Search for the di-pion 𝑒+𝑒-→ γχc1(3872) → γπ+π-χc1 process, 

with χc1 → γJ/𝝍 → γll 
Simultaneous fit to Mrecoil(γrad) for the γππll and γπll events

R :=
B(�c1(3872) ! ⇡+⇡��c1)

B(�c1(3872) ! ⇡+⇡�J/ )
< 0.18

<latexit sha1_base64="oIRo4kn5ppoeonBLQ98QnjxXNpE="></latexit>

23P1 or not-23P1, the χc1(3872) Nature 
χc1(3872) → π+π-χc1 arXiv:2312.13593 Submitted to PRD

No χc1(3872) → π+π-χc1 events are found… 
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Using 15 energy points @√s = [4.16, 4.34] GeV 

Search for the di-pion 𝑒+𝑒-→ γχc1(3872) → γπ+π-χc1 process, 

with χc1 → γJ/𝝍 → γll 
Simultaneous fit to Mrecoil(γrad) for the γππll and γπll events

favouring the a non-conventional component for the χc1(3872) state [20]

23P1 or not-23P1, the χc1(3872) Nature 
χc1(3872) → π+π-χc1 arXiv:2312.13593 Submitted to PRD

which allows to estimate… 

R :=
B(�c1(3872) ! ⇡+⇡��c1)

B(�c1(3872) ! ⇡+⇡�J/ )
< 0.18

<latexit sha1_base64="oIRo4kn5ppoeonBLQ98QnjxXNpE="></latexit>

No χc1(3872) → π+π-χc1 events are found… 

�(�c1(3872) ! ⇡0�c1)

�(�c1(3872) ! ⇡+⇡��c1)
> 0.5

<latexit sha1_base64="Tcihe4Z1fNoJ4mxeC6bOIBaXh+4="></latexit>

[20] Phys. Rev. D 78, 094019 (2008)
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Summary

BESIII started taking data in ’08, and since then  
it has been exploring and shedding light on the charmonium decays 

The largest datasets of cc vector states collected by BESIII provide the power not to only search for  
rare vector decays but also to probe theoretical predictions with non-vector decays 

 

Datasets above the DD threshold shed new light on charmonium decays and allow us to discern 
among theoretical expectations and to understand the nature of charmonia 

Thanks to its tuneable centre-of-mass energy in the charmonium range and leptonic beams,  
BESIII will be competitive even with relatively small datasets 

Finally, new data sets are currently being taken and analysed ~2.7x109 @𝜓(2S) 
~20fb-1@𝜓(3770)

_

_



Thank you 
for the attention!
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BESIII Collaboration
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Time of Flight Detector

BESIII Experiment
BESIII (BEijing Spectrometer III) is an 

experiment located at the BEPCII  
(Beijing Electron Positron Collider II)  

at IHEP (Institute of High Energy Physics)

EM Calorimeter

1T Solenoidal Magnet

τ-charm factory 2.0 GeV ≤ √s ≤ 4.9 GeV 
with a 1033 cm-2s-1 designed luminosity  

@ √s = 3.77 GeV 

Muon Detector

Multi-layer Drift Chamber 
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Time of Flight Detector

BESIII Experiment
BESIII (BEijing Spectrometer III) is an 

experiment located at the BEPCII  
(Beijing Electron Positron Collider II)  

at IHEP (Institute of High Energy Physics)

EM Calorimeter

1T Solenoidal Magnet

τ-charm factory 2.0 GeV ≤ √s ≤ 4.9 GeV 
with a 1033 cm-2s-1 designed luminosity  

@ √s = 3.77 GeV 

Muon Detector

Multi-layer Drift Chamber 

2020: 3.8 fb-1 scan 4.61 - 4.7 GeV 
2021: 2 fb-1 scan 4.74 - 4.946 GeV 
2021: 3.0B (total) 𝜓(2S)

Data sets
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Upgrading the BESIII Experiment

Energy & Luminosity

Born Cross-sections

CGEM-IT

√sMAX = 5.6 GeV

√s (GeV) 3.77 4.70

δ(φ) < 130 µm

δ(z) ~ 400 µm


