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Outline 

• Two BESIII measurements
• 𝐽/𝜓 → 𝑁  𝑁

• 𝜓 3686 → 𝑁  𝑁

• Conclusion and conflicts from experimental measurements
• Relative phase between strong and EM amplitudes

• G-parity contribution from gg𝛾 exchange
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Motivations of 𝜓 → 𝑁 𝑁

• Relative phase between strong and EM amplitudes
• Strong amplitudes: same for 𝑝  𝑝 and 𝑛 𝑛 since initial state is iso-spin 0

• EM amplitudes: (assumed) same magnitude, opposite signs for 𝑝  𝑝 and 𝑛 𝑛

•
𝐵 𝜓→𝑝  𝑝

𝐵(𝜓→𝑛  𝑛)

• Angular distribution

•
𝑑𝑁

𝑑𝑐𝑜𝑠𝜃
= 𝐴(1 + 𝛼 cos2 𝜃)

• Reflect the details of baryon structure

• Test of 12% rules

•
𝐵(𝜓 3686 →𝑁 𝑁)

𝐵(𝐽/𝜓→𝑁 𝑁)
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𝜓 → 𝑝  𝑝 (selection)

• 225 × 106 𝐽/𝜓 and 107 × 106 𝜓(3686) events

• Very simple selection criteria, very low backgrounds
• Good charged tracks, loose PID, and back-to-back angle cut

2019-9-16 zhuk@BESIII baryon workshop 4

𝐽/𝜓 → 𝑝  𝑝
314651 candidates

𝜓 3686 → 𝑝  𝑝
18984 candidates



𝜓 → 𝑝  𝑝 (efficiency correction: tracking and PID)
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𝐽/𝜓 → 𝑝  𝑝
5th order polynomial 𝜓(3686) → 𝑝  𝑝

4th order polynomial 



𝜓 → 𝑝  𝑝 (fit to extract 𝛼)
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𝐽/𝜓 → 𝑝  𝑝 𝜓(3686) → 𝑝  𝑝



𝜓 → 𝑛 𝑛 (selection)

• Much more complex 
than 𝑝  𝑝 final states

• Many EMC shower 
characters are 
exploited

• For 𝜓(3686) decay, a 
machine learning 
method (BDT) is 
applied 
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𝜓 → 𝑛 𝑛 (fit open-angle to extract yields)
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𝐽/𝜓 → 𝑛 𝑛 𝜓(3686) → 𝑛 𝑛



𝜓 → 𝑛 𝑛 (efficiency correction)
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𝐽/𝜓 → 𝑛 𝑛
5th order polynomial 

𝜓(3686) → 𝑛 𝑛
4th order polynomial 



𝜓 → 𝑛 𝑛 (fit to extract 𝛼)
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𝐽/𝜓 → 𝑛 𝑛
𝜓(3686) → 𝑛 𝑛



Results of 𝜓 → 𝑁 𝑁

• 𝐵(𝐽/𝜓 → 𝑝  𝑝) = (2.112 ± 0.004 ± 0.031) × 10−3

• 𝐵(𝐽/𝜓 → 𝑛 𝑛) = (2.07 ± 0.01 ± 0.17) × 10−3

• 𝛼𝑝  𝑝 = 0.595 ± 0.012 ± 0.015

• 𝛼𝑛  𝑛 = 0.50 ± 0.04 ± 0.21

• 𝐵(𝜓(3686) → 𝑝  𝑝) = (3.05 ± 0.02 ± 0.12) × 10−4

• 𝐵(𝜓(3686) → 𝑛 𝑛) = (3.06 ± 0.06 ± 0.14) × 10−4

• 𝛼𝑝  𝑝 = 1.03 ± 0.06 ± 0.03

• 𝛼𝑛  𝑛 = 0.68 ± 0.12 ± 0.11
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Conclusions and conflicts (I)

• Consistent with the 12% rule
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Conclusions and conflicts (II)

• Close branching fractions suggest interference between strong and 
EM decay is small
• i.e. the relative phase 𝜙 ∼ 90∘

• 𝐵(𝐽/𝜓 → 𝑝  𝑝) = (2.112 ± 0.004 ± 0.031) × 10−3

• 𝐵(𝐽/𝜓 → 𝑛 𝑛) = (2.07 ± 0.01 ± 0.17) × 10−3

• 𝐵(𝜓(3686) → 𝑝  𝑝) = (3.05 ± 0.02 ± 0.12) × 10−4

• 𝐵(𝜓(3686) → 𝑛 𝑛) = (3.06 ± 0.06 ± 0.14) × 10−4
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Following four slides is a revision
of Rinaldo’s talk in BESIII P&S 
workshop,  Guangzhou, 2017



Conclusions and conflicts (III)

• In the case of 𝐽/𝜓 → 𝑁  𝑁
• 𝛼𝑝  𝑝 = 0.595 ± 0.012 ± 0.015, 𝛼𝑛  𝑛 = 0.50 ± 0.04 ± 0.21

• consistent with 𝜙 ∼ 90∘

• So far, so good

2019-9-16 zhuk@BESIII baryon workshop 14



Conclusions and conflicts (III)

• In the case of 𝐽/𝜓 → 𝑁  𝑁
• 𝛼𝑝  𝑝 = 0.595 ± 0.012 ± 0.015, 𝛼𝑛  𝑛 = 0.50 ± 0.04 ± 0.21

• consistent with 𝜙 ∼ 90∘

• So far, so good

• However, in 𝜓(3686) → 𝑁 𝑁
• 𝛼𝑝  𝑝 = 1.03 ± 0.06 ± 0.03,  𝛼𝑛  𝑛 = 0.68 ± 0.12 ± 0.11, i.e. 𝑝  𝑝 and 𝑛 𝑛

angular distribution are quite different, in spite of similar branching fractions

• BTW, no evidence of a 𝑐𝑜𝑠𝜃 term: no forward/backward asymmetry, i.e. no 
evidence of a 2𝛾 contribution in 𝑒+𝑒− → 𝜓 3686 .

2019-9-16 zhuk@BESIII baryon workshop 15



Conclusions and conflicts (IV)

• Conclusion (after some derivation) 
• no chance to find a proper solution with only three-gluon and one-photon 

exchange amplitudes

• Therefore, additional to the strong amplitude S, there might be a G parity 
violating amplitude T in the 𝜓 3686 decays

• That amplitude T might contribute to 𝐽/𝜓 decays too
• In addition to the 𝜋𝜋 final states [PRD 95, 034038 (2017)], we shall discuss the 

baryon final states following
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Three possible contributions
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Effective Lagrangian

2019-9-16 zhuk@BESIII baryon workshop 18



Amplitudes parameterization
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• 𝜙 is the relative phase angle between
strong and EM amplitudes 
• Assume there is no relative phase between
𝑔𝑔𝑔 and 𝑔𝑔𝛾



Fit to experimental measurements
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Two remarks
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The contribution from 𝑔𝑔𝛾 is significant!

The strong amplitude is orthogonal to the EM one, consistent with previous studies



Further results & predictions
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Summary

• BESIII measurements of 𝜓 → 𝑁  𝑁 provide crucial information for 
studies of the charmonium decay mechanism, baryon structure, and 
other issues.
• Additional channels and more precise measurements are expected.

• Will the scan of 𝐽/𝜓 and 𝜓(3686) help?

• G-parity violation process is found significantly contributed to the 𝐽/𝜓
→ 𝐵  𝐵 decays. 
• The relative phase between strong and EM is found 90∘, again.

• The angular distribution has not been explored thoroughly, yet.
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Backup 
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