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Based on the work done in collaboration with:
Stanley J. Brodsky

SLAC‐PUB‐14425, Apr 2011;
Stanley J. Brodsky, L.D.G.:  arXiv:1107.0338 [hep‐ph];
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Setting the Renormalization Scale in 
QCD:

The Principle of Maximum Conformality
PMC
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Outlook

• The Renormalization Scale Setting

• The QED scenario

• The BLM approach

• The PMC scale setting procedure in details : 
Analytic&Num

• Examples: 3‐jet, Exclusive decays,…

• Properties of the PMC  (CSR, Conformal
Template,…)
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The QCD Scale Setting: 
a Key Issue
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No scale ambiguity in QED
• The Gell Mann‐Low scheme

Gell‐Mann‐‐Low Effective Charge

e‐e scattering

The Vacuum Polarization
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The Renormalization scale in QED is not arbitrary
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QED: Muonic Atoms
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Space‐Like q2

Dimensional Reg.

D.S. Hwang, S.J. Brodsky
M. Binger
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The Renormalization Scale Problem in 
QED
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QCD: The Abelian Limit Huet, S.J.Brodsky
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Legends on the scale setting in QCD 
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NLO QCD predictions for W‐> 3Jet distributions at LHC
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Hoang, Kuhn, Teubner, S.J. Brodsky
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Features of the BLM/PMC scale

• All terms associated with the beta‐function are included into
the running coupling;

• BLM/PMC scale sets the number of active flavors;

• Only the nf‐terms are required to fix the BLM/PMC scale at 
NLO;

• Results are scheme independent +Transitivity Property is valid

• Correct Abelian limit;

• No renormalon growth n! in PQCD associated with the beta 
function;

• In general the BLM/PMC scale depends on all the invariants;

• Resulting series is identical to conformal series! (CSR ‐
Crewther Relation ;)
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The BLM scale fixing
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The Principle of Maximum
Conformality Stanley J. Brodsky, L.D.G.:

arXiv:1107.0338 [hep‐ph];
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Example: spinless electron‐electron scattering



SLAC Exp Seminar,  21th July 2011 19

Spinless electron‐electron scattering

s+t+u=0;
Tan[θ/2]2=t/u. 
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PMC – Exclusive Case

• The nf terms at NLO come from the quark loop in the gluon 
propagator. 

• The PMC scale for the differential cross section in the MS 
scheme is  given by the scheme displacement of the gluon 
virtuality:

All flavors and momenta in the 
final state are identified
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3‐Jet case: Integrated results

For comparison the dashed line is y

We recover the
Kramer and Lampe results

y: the maximum
virtuality of the jet

* R. K. Ellis et Al, Nucl. Phys. B178, 421‐456 (1981)
*
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3‐jet case: differential X‐section

The Analytic Form of the PMC scale can be determined by isolating the nf term
and then varying the subprocess amplitude with respect to each invariant and thus
determinig the weights Wi for each invariant. 
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3‐Jet case: Numerical PMC scale fixing
e‐

e+

3‐jet PMC scale : Analytic form

* K. Fabricius et Al ,Z. Phys. C 11, 315 (1981)
*
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Heavy Quark Hadroproduction
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Multi‐scale renormalization

14 basis tensors and form
factors ‐ pinch scheme

M.Binger , S.J. Brodsky
Phys.Rev D 74,  054016 (2006)

pinch scheme
effective charge
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3 Scale Effective Charge
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Effective Scale properties
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QCD observables

BLM/PMC: Scheme independent
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Define QCD coupling from observables

H. Lu, Rathsman, S.J. Brodsky
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Conformal Template

•Eliminate Intermediate schemes

•No Scale Ambiguity

•Transitivity

•Commensurate Scale Relations

•Conformal Template

•Generalized Crewther Relation

BLM/PMC: Relate Observables to each other
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Lu, Kataev, Gabadadze ,S.J. Brodsky
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PMC: Generalized Crewther Relation

Lu, Kataev, Gabadadze ,S.J. Brodsky
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Effective Charge from Bjorken Sum Rule

Deur, Korsch, et al
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• Effective gluon mass – maximal wavelength
•Dyson-Schwinger Analysis: QCD coupling (mom scheme)
has IR Fixed point
• Lattice Gauge Theory
• Define coupling from observable, indications of IR fixed
point for QCD effective charges
• Confined gluons and quarks: Decoupling of QCD vacuum
polarization at small Q2

• Justifies application of AdS/CFT in strong-coupling
conformal window

Hints for IR Fixed Point for QCD

QCD is not conformal; however, it has
manifestations of a scale invariant theory
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Conformal Symmetry:  Template for QCD

•Take conformal symmetry as initial approximation;

then correct for nonzero beta function and quark

masses

• Eigensolutions of ERBL evolution equation for

distribution amplitudes

• Commensurate scale relations: relate observables at

corresponding scales: Generalized Crewther Relation

• Fix Renormalization Scale PMC/BLM

• IR Fixed Point ‐‐ A Conformal Domain

• Use AdS/CFT
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Conclusions: PMC points


