
1

Charmonium decays at BESIII

Jielei Zhang(zhangjielei@ihep.ac.cn) 
(On behalf of BESIII Collaboration)

Xinyang Normal University
September 3rd, 2017

mailto:zhangjielei@ihep.ac.cn


BESIII@BEPCII

2

Multilayer Drift Chamber



BESIII data samples
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What can we do with these data? 



The results at BESIII
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 Branching fraction measurements of 𝜓(3686) → 𝛾𝜒𝑐𝐽

 Measurement of higher-order multipole amplitudes in 

𝜓(3686) → 𝛾𝜒𝑐1,2 with 𝜒𝑐1,2 → 𝛾𝐽/𝜓 and search for the 

transition 𝜂𝑐(2𝑆) → 𝛾𝐽/𝜓

 Observation of 𝜓(3686) → 𝑒+𝑒−𝜒𝑐𝐽 and 𝜒𝑐𝐽 → 𝑒+𝑒−𝐽/𝜓

 Study of 𝐽/𝜓 and 𝜓(3686) decay to Λ Λ and Σ0 Σ0 final states

 Study of 𝐽/𝜓 and 𝜓(3686) → Σ(1385)0 Σ(1385)0 and Ξ0 Ξ0

 Observation of ℎ𝑐 radiative decay ℎ𝑐 → 𝛾𝜂′ and evidence for 

ℎ𝑐 → 𝛾𝜂

 Improved measurements of branching fractions for 𝜂𝑐 →

𝜙𝜙 and 𝜔𝜙
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Branching fraction measurements of 𝜓(3686) → 𝛾𝜒𝑐𝐽

 Understand the inner structure of hadrons

 Help untangle the mysterious 𝑋𝑌𝑍 states

More precise measurement

PRD 96, 032001 (2017) 
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Branching fraction measurements of 𝜓(3686) → 𝛾𝜒𝑐𝐽

Theoretical prediction and experimental measurement

Branching fraction results

Experimental results have become accurate enough to become sensitive to fine details of 
the potentials, e.g. relativistic effects, screening effects, and higher partial waves.

PRD 96, 032001 (2017) 
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Measurement of higher-order multipole amplitudes in 
𝜓(3686) → 𝛾𝜒𝑐1,2 with 𝜒𝑐1,2 → 𝛾𝐽/𝜓 and search for the 

transition 𝜂𝑐(2𝑆) → 𝛾𝐽/𝜓

The normalized M2(𝜒𝑐1,2) and E3(𝜒𝑐2) contribution
The statistical significance of nonpure E1 transition is 24.3𝜎(13.4𝜎) for 𝜒𝑐1(𝜒𝑐2)

PRD 95, 072004 (2017) 
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Measurement of higher-order multipole amplitudes in 
𝜓(3686) → 𝛾𝜒𝑐1,2 with 𝜒𝑐1,2 → 𝛾𝐽/𝜓 and search for the 

transition 𝜂𝑐(2𝑆) → 𝛾𝐽/𝜓
A simultaneous fit to invariant mass distribution

ℬ(𝜓′ → 𝛾𝜂𝑐 2𝑆 ) ∙ ℬ(𝜂𝑐(2𝑆) → 𝛾𝐽/𝜓)
< 9.7 × 10−6 at 90% C.L.

PRD 95, 072004 (2017) 
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Observation of 𝜓(3686) → 𝑒+𝑒−𝜒𝑐𝐽 and 𝜒𝑐𝐽 → 𝑒+𝑒−𝐽/𝜓

PRL 118, 221802 (2017) 
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Study of 𝐽/𝜓 and 𝜓(3686) decay to Λ Λ and Σ0 Σ0 final states

 Test of the“12% rule”

 Test of the helicity conservation rule 

 First or more precise measurement

Λ Λ

Σ0 Σ0

𝐽/𝜓 𝐽/𝜓𝜓(3686) 𝜓(3686)

PRD 95, 052003 (2017) 
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Test of the“12% rule”

Results for this work

Branching fraction results of other experiments

Theoretical prediction and 
previous measurements of 𝛼

Study of 𝐽/𝜓 and 𝜓(3686) decay to Λ Λ and Σ0 Σ0 final states

PRD 95, 052003 (2017) 
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 Test of the“12% rule”

 Test of the helicity conservation rule 

 First or more precise measurement

 Test of isospin symmetry

𝐽/𝜓

𝜓(3686)

Σ(1385)0 Σ(1385)0 Ξ0 Ξ0

PLB 770, 217 (2017) 

Study of 𝐽/𝜓 and 𝜓(3686) → Σ(1385)0 Σ(1385)0 and Ξ0 Ξ0
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Study of 𝐽/𝜓 and 𝜓(3686) → Σ(1385)0 Σ(1385)0 and Ξ0 Ξ0

Test of the“12% rule”

Branching fractions

Angular distributions

Test of isospin symmetry

=

=

PLB 770, 217 (2017) 
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Observation of ℎ𝑐 radiative decay ℎ𝑐 → 𝛾𝜂′ and 
evidence for ℎ𝑐 → 𝛾𝜂

 All charmonium below the 𝐷 𝐷
threshold have been observed 
experimentally and can be well 
described by potential models. 
However, knowledge is still sparse on 
the 𝑃-wave spin-singlet state ℎ𝑐. 

 Only a few decay modes of ℎ𝑐 have 
been observed, radiative transition 
ℎ𝑐 → 𝛾𝜂𝑐 (ℬ~50%) and hadronic decay 
ℎ𝑐 → 2 𝜋+𝜋− 𝜋0 (ℬ~2%). Searches for 
new ℎ𝑐 decay modes, such as ℎ𝑐 →
𝛾𝜂(𝜂′), are useful for providing 
constraints to theoretical models.

 The ratio of the branching fraction 
ℬ(ℎ𝑐 → 𝛾𝜂) over ℬ(ℎ𝑐 → 𝛾𝜂′) can also 
be used to study the 𝜂-𝜂′ mixing 
angle, which is important to test 
SU(3)-flavor symmetries in QCD. 
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Observation of ℎ𝑐 radiative decay ℎ𝑐 → 𝛾𝜂′ and 
evidence for ℎ𝑐 → 𝛾𝜂

ℎ𝑐 → 𝛾𝜂′

ℎ𝑐 → 𝛾𝜂

Branching fraction Ratio

Using 09 and 12 𝝍′ data

PRL 116, 251802 (2016) 



16

Improved measurements of branching fractions for 𝜂𝑐 → 𝜙𝜙
and 𝜔𝜙

 Knowledge of the 𝜂𝑐 properties is still relatively poor

 Help understand the 𝜂𝑐 decay mechanism

More precise measurement

The measured ℬ(𝜂𝑐 → 𝜙𝜙) is close 
to the predictions of the 3𝑃0 quark 
model and the meson loop effects.

PRD 95, 092004 (2017) 



 BESIII has collected the largest data samples of 𝐽/𝜓 and 𝜓(3686)
in the world, and continues to take data

 It is an excellent laboratory to study charmonium spectroscopy:

More results will come out !!!

Summary

 High statistics
 Low background

 Many interesting results have been obtained, only few of them 
are covered in this talk

 Future:
 More data will be collected
 More detailed studies will be done
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Thanks for your attention!


