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The simplest and cleanest charmonium decay process

The Particle Data Group’s reported value:

Phys. Rev. D 110, 030001 (2024)
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NRQCD
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源自QED观察
引入轻子圈
问题来自高阶如何处理

源自数学处理
引入驻点
问题来自物理

源自实验－理论一致性
引入有效耦合常数
问题来自与微扰论理念冲突

Principle of Minimum Sensitivity (PMS)

RG-improved effective coupling method (FAC)

Brodsky–Lepage–Mackenzie method (BLM) 

引用553次

引用1200次

引用1214次

如何解决能标问题
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BLM=> nf-term
BLM method reduces in the

Abelian limit to the 
Gell-Mann-Low method

BLM/FAC/PMS

In the case of QED, the renormalization scale can be set 
unambiguously by using the Gell-Mann-Low method, which 
automatically sums all vacuum polarization contributions to 
the photon propagators to all orders.
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PMC首篇正式论文

最初想法是将
BLM推到无穷阶

后期发现两者在低
阶等价，但PMC
理念更基础
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基于重整化群方程，利用微扰序列中的非共形β项确定高能物理过程的有效强耦合常
数数值，获得与重整化能标选择无关的理论预言。通过最大程度的逼近共形微扰序列
，可同时获得与重整化方案无关的理论预言，符合重整化群不变性要求。

附产品：由于消除具有发散性质的重整化子项，PMC序列将自然地具有更好的微扰收
敛性。该收敛性与重整化能标选择无关，因此可以将之认为是高能物理过程的内禀属
性。在阿贝尔极限下，将回归QED理论中的GM-L方案。

PMC基本思想

! n n
i sn β α
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The bound state process in the physical V scheme, a reliable prediction is achieved
J. Yan, X. G. Wu, Z. F. Wu, J. H. Shan and H. Zhou,
Phys. Lett. B 853, 138664 (2024).
S. Q. Wang, S. J. Brodsky, X. G. Wu, L. Di Giustino and J. M. Shen, 
Phys. Rev. D 102, 014005 (2020).

Presenter Notes
演示文稿备注
可能要加一些图



Renormalization scale setting

2025/7/20 19

Presenter Notes
演示文稿备注
可能要加一些图



Results and discussions

2025/7/20 20

NLO is moderate 

NNLO gives large 
negative contributions, 
encounters large scale 
uncertainty

In fact, when μr < 1.3 GeV, the F(0) becomes negative

Scale uncertainty is 
eliminated and PMC scale 

= 2mc

Optimal scale under 
conventional method is 2mc

Conv.:

PMC:

MS\bar scheme
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Conv.:

PMC:

V scheme
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Factorization scale uncertainty:

for μf= 1 GeV, mc and 2mc

Conv.:

PMC:

Mass mc  uncertainty:

Conv.:

PMC:

for mc= 1.68, 1.5 and 1.4 GeV

Presenter Notes
演示文稿备注
可能要加一些图



Results and discussions

2025/7/20 23

Presenter Notes
演示文稿备注
可能要加一些图



Results and discussions

2025/7/20 24

In 2010, the BaBar collaboration measured the transition form 
factor F (Q2) in a wide range of 2 GeV2< Q2< 50 GeV2.
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Phys. Rev. Lett. 115,
222001 (2015).

The NNLO NRQCD 
prediction fails to explain the 
BaBar measurements

applicability of NRQCD ? New physics ?
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MS\bar-scheme V-scheme
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 To eliminate the renormalization scheme-and-scale 
ambiguities.

 There is no renormalon divergence in the pQCD series
 The more convergent perturbative series is in general 

achieved
 A novel and self-consistency analysis for the ηc → γγ

process is achieved.
 e+e- →J/\psi+\eta_c, e+e- →J/\psi+J/\psi, J/\psi→e+e-

process are being prepared. 
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Thanks for your attention! 

Join us! 
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