
Improved measurements of 𝜒𝑐𝐽→
𝛴+ ത𝛴−and 𝛴0 ത𝛴0 decays

1

Gu Shan

2018.11.23

JC 86 report

Phys. Rev. D 97, 052011 (2018)



Introduction

➢Experimental studies of charmonium decays can test
calculations in quantum chromodynamics (QCD) and
QCD based effective field theories.

➢There are large differences between predictions and the experimental 
measurements, the branching fractions (BF) of 𝝌𝒄𝟎→ 𝜮+ഥ𝜮−and 𝜮𝟎ഥ𝜮𝟎 decays 
as measured by CLEO-c and BESIII are observed to violate the helicity 
selection rule from perturbative QCD (pQCD) and also do not agree with 
models based on the charm meson loop mechanism .

➢Tests of the color octet mechanism (COM )using more decay channels are  
an important input for the development of the theoretical models 
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Event topology

1,𝝍(𝟑𝟔𝟖𝟔) → 𝜸𝝌𝒄𝑱, 𝝌𝒄𝑱 → 𝜮+ ത𝛴−

➢Final states of signal: 𝟓𝜸𝒑ഥ𝒑.

𝟐,𝝍(𝟑𝟔𝟖𝟔) → 𝜸𝝌𝒄𝑱, 𝝌𝒄𝑱 → 𝜮𝟎 ത𝛴0

➢Final states of signal: 3𝜸𝒑ഥ𝒑𝝅+𝝅−.

↳ 𝒑𝝅𝟎

↱ ഥ𝒑𝝅𝟎
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↳ 𝜸𝚲

↱ 𝜸ഥ𝚲

↳ 𝒑𝝅−

↱ ഥ𝒑𝝅+



Event Selection
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Channel 1:

select 𝝅𝟎, 𝜮+, ഥ𝜮−

Channel 2:

select 𝜦, ഥ𝜦, 𝜮𝟎, ഥ𝜮𝟎



Determination of the 𝝌𝒄𝑱 signals
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Result
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Question from Xin

Could you briefly explain what is the “color octet mechanism (OCM)” ? Probably 
with Feynman diagram …

Answer: It’s a model in the Non-relativistic Quantum Chromodynamics，
(NRQCD), it is used to deal with the decay of the colored heavy quark-
antiquark pairs on the short and long distance scale problem.
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• Question from AMIT

• Can you please explain what is Helicity Selection Rule with a suitable example? 

• Answer:
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Question from Yuzhen

• In Fig.3 (left), the density of black point in the center is highest, 
but density of up, underneath, left and right side of the center is a 
little higher than other places, why? 
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Answer:1, He has selected the clean Λ signals.
2,The width of Λ is very narrow.



• Question from Suyu

• In right panel of figure 1, what's the rule to select such the boxes 
as background? As I remember, you did some similar thing in 
your analysis. Why some box contributes as 1/4 while others 1/2? 
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• Question from Kai

• section V, the PDF of signal peaks including a Gaussian function, 
why the mean value is set to be zero?

• Answer: Actually, if we didn’t set it to be zero, the mean of the 
shape will shift because of the convolution. Usually we will set it to 
0. otherwise it will give a very small change interval.
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• Question from Ryuta

• In the Fig.4 (left), the invariant mass of Sigma+/Sigma-, I could find a 
small bump-like structure around 3.36-3.37 GeV. If I check that for 
the case of Sigma+/Pbar/K0short, as you have shown last week, there 
also would be a similar structure on this region.

• Is there any internal discussion on this structure (possibly some 
background ?) or not ? 

• Answer: No discussion on this. 
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• Question from Yuhang

• In TABLE II,the theoretical value is far from the measured value in χc0 
->Σ+Σ- channel. In summary ，it also say：“The results for χc0 -
>Σ+Σ- and χc0 ->Σ0Σ0 are still inconsistent with the prediction.” What 
caused this result？

• Answer: 𝜒𝑐0 → ΣതΣ is supposed to be highly suppressed by the helicity 
selection rule. However, J. Phys. G 38, 035007 (2011) 
results indicate that the transitions via these kinds of loops as long-
distance effects can give significant contributions. This is a further test 
of the mechanism for the evasion of helicity selection rule that 
proposed in Phys. Rev. D 81, 014017 (2010) . 

Here, the result from experiment is  more bigger than f the result from 
the J. Phys. G 38, 035007 (2011) prediction.  So may be theorists can 
propose more  models or explanations.( I don’t know……)
.
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