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Introduction

LHC Run I

A new era of precision studies of Higgs phenomenology
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LHC Run II



Nobel prize
2013

Englert Higgs

Introduction
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Introduction

Chin.Phys.C38, 090001 (2014).
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~87%
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 NLO is now standard, thanks to automated tools

 NNLO

 NNNLO
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pQCD calculable quantity ρ can be expanded in perturbative series 

infinite order, no scheme- and scale-
dependence

fixed-order, the prediction, scheme-
and scale-dependence

Guessing a renormalization scale Q, 
only a guess work !
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Varying, e.g. [Q/2, 2 Q] to discuss its 
uncertainty

Convergence is usually problematic
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Conventional Scale Setting Method 

Introduction
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Introduction
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scale error 24% for [mH/2, 2mH]  

scale error 47% for [mH/4, 4mH]  

slow convergence 

why? 



Introduction
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estimates the magnitude of unknown higher-order



scale-setting methods 

 the renormalization group improved effective coupling method(FAC).

 the principle of minimum sensitivity (PMS).

 the Brodsky-Lepage-Mackenzie method (BLM) and its underlying principle of 
maximum conformality (PMC).
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PMC

Principle of Maximum Conformality(PMC)
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all order

Cited   1076



Principle of Maximum Conformality(PMC)
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Principle of Maximum Conformality(PMC)

The scale dependence of the strong coupling constant is controlled by 
the renormalization group equation (RGE) via the β function:

If one can find a proper way to sum up all known-type of βi-terms 
into the coupling constant, then one can determine the effective 
coupling for a specific process definitely at each perturbative order, 
and thus, the renormalization scale dependence can be greatly 
suppressed or even be eliminated.
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Principle of Maximum Conformality(PMC)

flow chart
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Introducing the 𝑹δ-scheme by subtracting a constant −δ in addition 
to the standard subtraction, 𝐥𝐧 𝟒π − 𝜸𝑬, the degeneracy relation:

Principle of Maximum Conformality(PMC)

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

conformal series, 
which is scale-and 

scheme independent! 



Higgs production
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Higgs production
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Higgs production
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Non-conformal conformal



Higgs production
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21%, 23% and 29%

ATLAS-CONF-2016-081

New data  8th August



Higgs production
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PRD 94, 053003 (2016)



Higgs to bb\bar
Higgs to gg
Higgs to γγ
Higgs to ττ
Higgs to WW*
Higgs to ZZ*

Higgs decays
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H → γγ

Higgs → γγ

The ATLAS and CMS 
Collaborations

arXiv:1503.07589
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Higgs → γγ

Q = t,b,c,τ heavy fermion, dominate by t quark

Phys.Lett.B 721 131
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Scale 
error 18%

μPMC=242.3 GeV

Higgs → γγ
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H → bb

The CMS Collaborations arXiv:1303.0763

Higgs →𝑏 𝑏
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4 loop

PRL. 96,
012003



Higgs →𝑏 𝑏
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Higgs →𝑏 𝑏
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cited
by Peskin



Higgs →𝑏 𝑏
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Wu, Ma, Wang, Fu, Ma, Stan and Matin, 
Rep.Prog.Phys. 78, 126201 (2015)



 b and c physics、differential calculation……   
The main uncertainties are removed
 the conformal series、the convergence can be greatly 

improved in principle
 the precision of QCD tests
 the sensitivity of the collider experiments to new 

physics beyond the standard model

Summary
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