
 Lattice QCD: 
a nonperturbative bridge from the 

pion mass to the Strong coupling at τ 
and Z0 mass  

February 15, 2013; Saclay (France) 

by 
 J. Rodríguez-Quintero
Dpto. Fisica Aplicada, Fac. CCEE
Universidad de Huelva, Spain

Starring: 
Ph. Boucaud
B. Blossier
M. Brinet
F. De Soto
X. Du
J. P. Leroy
V. Morenas 
O. Pène
K. Petrov



A task:

The running of ALPHA
S



A task:

The running of ALPHA
S



K.G. Chetyrkin, Nucl. Phys. B710 (2005) 499

A task:

The running of ALPHA
S



A task:

The running of ALPHA
S

The interest (one of them):



A task:

The running of ALPHA
S

The interest (one of them):



A task:

The running of ALPHA
S

The interest (more): 
Extraction of the 
coupling from tau 
decays



A task:

The running of ALPHA
S

The interest (more): 
The QCD coupling at 
many scales and from 
many processes!!!

 J. Beringer et al. (Particle Data Group), Phys. Rev. D86, 010001 (2012).
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Ph. Boucaud et al, PRD79(2009)014508
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Chetyrkin & Maier, arXiv:0911.0594
J.A. Gracey, PLB552(2003)101 At the three-loop level !!!

A task:

… then:



A task:
… a gluon condensate is 
needed!!!



A task:
… a gluon condensate is 
needed!!!

OPE prediction
with <A2>  



A task:
… a gluon condensate is 
needed!!!

OPE prediction
with <A2>  



A task:
… a gluon condensate is 
needed!!!

OPE prediction
with <A2>  

αMS (M τ)=0.339(13)



A task:
… a gluon condensate is 
needed!!!

αMS (M τ)=0.339(13)

A lattice regularized QCD 
action (including a 
charmed sea quark) with 
the physical scale fxed 
by: f π =130.4 (2)MeV

αMS (M Z0)=0.1200 (14)



A task:
… a gluon condensate is 
needed!!!

αMS (M τ)=0.339(13)

A lattice regularized QCD 
action (including a 
charmed sea quark) with 
the physical scale fxed 
by: f π =130.4 (2)MeV

αMS (M Z0)=0.1200 (14)

αMS (M τ)=0.334(14)
S. Bethke et al., arXiv:1110.0016 
(tau decays)

αMS (M Z0)=0.1186 (11)

Eur. Phys. J. G 64:689(2009); “World 
average” (decays, scattering...)
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Lattice inputs!!!

(Cfr. JHEP06(2008)012)

The usual approximation 
Is to take this to be 1
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Three kinematical 
confgurations:
● q-k=0
● q2=k2; ang(q-k,q)=pi/2
● q2=k2; ang(q-k,q)=pi/3
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SU(2) Lattice results to compare with: 
(Phys.Rev.D77:094510,2008)

Infrared mass scale to “regulate” 
the spurious infnities from the 
OPE expansion 

Very successful description!!!
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●What about the Taylor's theorem?
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 … & the Taylor kinematics

OPE+SVZ for the asymmetric vertex:

(According to PRD64(2001)114003)

Longitudinal and 
transverse corrections 
kill each other!!!
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GPDSE:

H
1
=1

OPE-grounded H
1



Epilogue:

●We concluded that an OPE contribution including a non-vanishing 
dimension-two gluon condensate is needed to describe the 
(experimental) running of alpha in T-scheme.

●The same OPE+SVZ approach is applied to compute non-
perturbative corrections to the ghost-gluon vertex and this inspired 
a simple model describing its momentum behaviour in pretty good 
agreement with LQCD.

●We proved that, also in the OPE approach, longitudinal and 
transverse contributions cancel each other and the Taylor theorem 
still works (as it should be)

●We preliminary show that a quantitative description of the lattice 
ghost dressing function is possible from the GPDSE with lattice 
gluon inputs, only when OPE contributions for the ghost-gluon 
vertex are included.
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●We concluded that an OPE contribution including a non-vanishing 
dimension-two gluon condensate is needed to describe the 
(experimental) running of alpha in T-scheme.

●The same OPE+SVZ approach is applied to compute non-
perturbative corrections to the ghost-gluon vertex and this inspired 
a simple model describing its momentum behaviour in pretty good 
agreement with LQCD.

●We proved that, also in the OPE approach, longitudinal and 
transverse contributions cancel each other and the Taylor theorem 
still works (as it should be)

●We preliminary show that a quantitative description of the lattice 
ghost dressing function is possible from the GPDSE with lattice 
gluon inputs, only when OPE contributions for the ghost-gluon 
vertex are included.

Thank you.
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