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强相互作用

非微扰

**微扰**

强耦合常数的
大小决定研究

方法

 夸克禁闭（不存在自由夸克）

 渐进自由（微扰可算）
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计算到无穷阶的微扰论预言需与人为引入
的参数无关

－－ 重整化群不变性

为消除红外发散或紫外发散
引入重整化理论
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 fixed-order, the prediction, scheme- and scale-dependence

 Guessing a renormalization scale Q “typical momentum transfer”, or to 
eliminate large logs or to improve convergence

 Varying the scale in a certain range, e.g. [Q/2, 2Q] to discuss its uncertainty

Conventional Scale Setting Method 0;n

R

n





 


　 微扰阶数

传统观点：重整化能标依赖性不可避免，
因此，怎么选择重整化能标才是关键

成为当前理论中重要系统误差之一,
极大地影响微扰论计算精度及预言能力
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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
QED极限＝GM-L方案

CSR＝>解决方案不确定性

BLM/FAC/PMS-分析
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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  



二. principle of maximum conformality

2021/5/16   贵州民族大学 王声权微扰量子场论研讨会

1981年，Brodsky-Lepage-Mackenzie提出BLM机制
1992年，Gruberg-Kataev提出延拓方案认为BLM机制存在问题
1995年，Brodsky-Lu提出自洽能标对应关系CSR，拓展BLM机制到两圈
1997年-2011年，Brodsky提出采用-函数替换BLM中nf-项想法，未明确如何做
2007年，Mikhailov提出seBLM，基于大0近似提高微扰收敛性
2011年，Brodsky-Giustino明确-函数想法，命名PMC（实际是单圈层次重新表述BLM）
2011年，Brodsky-Wu提出PMC－BLM对应原理，实现PMC

实现BLM到任意圈（突破进展，四圈为例，PMC首篇正式论文，PRD）
2012年，Brodsky-Wu将PMC用于Top对截面及正反不对称性分析，取得成功（PRL）
2013年，Wu-Brodsky-Mojaza完成PPNP邀请综述（国际首篇重整化能标系统综述）
2014年，Brodsky-Mojaza-Wu（BMW）给出对应原理解释，完善PMC公式体系

PMC获赞意义“接近重整化理论”（PRL）
2015年，Bi-Wu等证明简并关系普适性、PMC两种方案的微扰等价性（PLB）

Ma-Wu等基于重整化群不变性完成PMC与PMS深入对比（PRD）
Wu-Ma-Wang-Brodsky等完成RPP邀请综述、完成国内FOP综述

2016年，Shen-Wu等提出PMC单能标实现方案，证明不同方案的微扰等价性（PRD）
2017年，Shen-Wu等将自洽能标对应关系CSR推到任意高阶（PLB）

Deur-Shen-Wu等初步考虑将PMC应用于低能区的可能性（PLB）
2018年，Shen-Wu等证明PMC对于任意重整化方案均有方案无关性（PRD）

Du-Wu等提出基于PMC共形序列以及Pade估算未知高阶项方法（PRD）
2019年，Wu-Shen-Wang-Brodsky等完成PPNP邀请综述
2020年，Giustino-Brodsky-Wu-Wang提出有效方案-基于Intrinsic Conformality （PRD）

萌 芽

发 展

负重前行

最大共形原理（PMC）
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Scale Setting Using the Extended Renormalization Group and the Principle of Maximum 
Conformality: the QCD Coupling Constant at Four Loops.   
Phys.Rev. D85 (2012) 034038.

Eliminating the Renormalization Scale Ambiguity for Top-Pair Production Using the 
Principle of Maximum Conformality
Phys.Rev.Lett. 109 (2012) 042002.

Self-Consistency Requirements of the Renormalization Group for Setting the 
Renormalization Scale
Phys.Rev. D86 (2012) 054018.

Systematic All-Orders Method to Eliminate Renormalization-Scale and Scheme Ambiguities 
in Perturbative QCD
Phys.Rev.Lett. 110 (2013) 192001.

The Renormalization Scale-Setting Problem in QCD
Prog.Part.Nucl.Phys. 72 (2013) 44-98.

Reanalysis of the BFKL Pomeron at the next-to-leading logarithmic accuracy
JHEP 1310 (2013) 117

Systematic Scale-Setting to All Orders: The Principle of Maximum Conformality and 
Commensurate Scale Relations
Phys.Rev. D89 (2014) 014027.

Renormalization Group Invariance and Optimal QCD Renormalization Scale-Setting
Rept.Prog.Phys. 78 (2015) 126201.

基础概论

重整化群不变性
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General Properties on Applying the Principle of Minimum Sensitivity to High-order 
Perturbative QCD Predictions
Phys.Rev. D91 (2015) , 034006.

Setting the renormalization scale in perturbative QCD: Comparisons of the principle of 
maximum conformality with the sequential extended Brodsky-Lepage-Mackenzie approach. 
Phys.Rev. D91 (2015), 094028.

Degeneracy Relations in QCD and the Equivalence of Two Systematic All-Orders Methods 
for Setting the Renormalization Scale
Phys.Lett. B748 (2015) 13-18.

The Generalized Scheme-Independent Crewther Relation in QCD
Phys.Lett. B770 (2017) 494-499

Novel All-Orders Single-Scale Approach to QCD Renormalization Scale-Setting
Phys.Rev. D95 (2017) , 094006.

Renormalization scheme dependence of high-order perturbative QCD predictions
Phys.Rev. D97 (2018), 036024.

Novel demonstration of the renormalization group invariance of the fixed-order 
predictions using the principle of maximum conformality and the  C -scheme coupling
Phys.Rev. D97 (2018), 094030.

The QCD Renormalization Group Equation and the Elimination of Fixed-Order Scheme-and-
Scale Ambiguities Using the Principle of Maximum Conformality
Prog.Part.Nucl.Phys. 108 (2019) 103706

最新进展
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利用重整化群方程，可将传统微扰序列转换为-函数序列

逐阶消去-函数，微扰级数中只有共形系数

Phys. Rev. Lett. 110, 192001 (2013).

Phys. Rev. D 89, 014027 (2014).
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[Particle Data Group], 
Phys. Rev. D98, 030001 (2018)

0.9%

1. Novel method for the determination of 𝛼𝒔
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 The as(MZ) are plagued by 
significant scale uncertainty

 Some extracted as(MZ) are 
deviated from the world average

 non-self-consistent 
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[Particle Data Group], 
Phys. Rev. D98, 030001 (2018)?

The method for extracting as(MZ) in e+e- collider:

 predictions matched Monte Carlo models to correct for 
hadronization effects

 based on analytic calculations of non-perturbative and 
hadronization effects, using methods like power corrections, 
factorization of soft-collinear effective field theory, dispersive 
models and low scale QCD effective couplings
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The two classic event shapes: the thrust (T ) and C-parameter e+e- collider 

Phys. Lett. B 74, 65 (1978).
Phys. Rev. D20, 2759 (1979).

Phys. Lett. 12, 57 (1964).
Phys. Rev. Lett. 39, 1587 (1977).

Currently, the main obstacle for achieving a precise determination of 
as(MZ) is not the lack of precise experimental data, especially at Z0 

peak, but the ambiguity of theoretical predictions.

Rep. Prog. Phys. 69, 1771 (2006).
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The differential distribution for T or C:

Q =        using 
conventional method 

s
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T C

 Scale monotonously increases with T (C).
 In the two-jet region, has a bound and 

low scale.
 active flavors nf changes with T.

yields the correct physical behavior, and 
similar behavior are obtained in the SCET 
theory and other literatures (ZPA 339, 189 
(1991); EPJC 74, 2896 (2014)).

Q =        using conventional method ZM
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 The NLO and NNLO are large and the
pQCD series shows a slow convergence.

 Estimating the unknown higher order QCD 
by varying the scale [1/2Q, 2Q] is unreliable.

 The predictions are plagued by scale 
uncertainty, and even up to NNLO, the 
predictions do not match the data.

 The extracted coupling constants are 
deviated from the world average, and are 
also plagued by scale uncertainty.

Conv. 

PMC 

 The scale uncertainty is eliminated, 
predictions are in agreement in data.
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 One value αs at scale MZ is extracted (αs (MZ)).

 the fit range of T (C) distribution is narrow.

 the fit range is arbitrary, different fit range leads 
to different αs .  

Q =        = MZs

JHEP 0802 (2008) 040

Conv. 
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 The extracted αs are in agreement with the 
world average.

 The extracted αs are not plagued by scale 
uncertainty.

 Since PMC scale varies with T (C), we can 
extract the strong coupling at a wide scale 
range using the experimental data at single 
center-ofmass-energy.

Q =        = MZs
PMC

In QED, the running of the QED coupling at a 
wide scale range can be determined from events 
at a single energy

e.g., (OPAL Collaboration), EPJC 45, 1 (2006)

s
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the mean value of event shapes,

 it involves an integration over the full phase space.

 it provides an important complement to the differential 
distributions and to determinate αs

 PMC scales of differential distribution 
are also very small.

 the average of the PMC scale for 
differential distribution is close to the 
scale of mean value. self-consistent.

Eur. Phys. J. C 35, 457–486 (2004)

is also suggested by
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CEPCother event shapes ,ρ,BW,BT...
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The NNLO NRQCD 

prediction fails to explain 

the BaBar measurements

applicability of NRQCD ? New physics ?

The simplest charmonium production process

2. Basic process 𝛾𝛾 ∗−> 𝜂𝒄 puzzle
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Conventional scale setting:

PMC scale setting:

NLO is moderate 

NNLO gives large 
negative contributions, 
encounters large scale 
uncertainty

In fact, when μr < 1.3 GeV, the F(0) becomes negative
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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
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Renormalization and factorization scale uncertainties 
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Mass mc and factorization scale uncertainties 

All the uncertainties are included 

S-Q Wang, X-G Wu, W-L Sang, S J. Brodsky, Phys.Rev. 
D97 (2018), 094034
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基于-重整化群方程以及基本重整化群不变性--提供
具可系统设定高能物理过程“正确动量流动” 的方案
--从而解决传统方案下的重整化能标和重整化方案依

赖问题

PMC能标设定方案
1）可自然改变微扰收敛性
2）可更快地逼近物理量的真实值
3）微扰低阶下就可与重整化能标选择无关，获得每一阶准确值
4）采用与方案无关的共形序列，得到微扰展开收敛性的固有属性，可用于
估算未知高阶项贡献 粲夸克偶素？

传统能标设定方案
1）收敛慢（重整化子项发散）
2）计算到任意高阶也无法获得每一阶准确值
3）足够高阶时才能获得与重整化能标无关的物理量的真实值
4）因每阶的数值都不准确，不能很好判断微扰展开的收敛性，无法给出令
人信服的未知高阶项估算值
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thanks

更多验证，更多实例应用


