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•Hadronic matrix elements computed by means of quark models

•Hadronic matrix elements computed by means of QCDSRs

•Systematic uncertainties impossible to assess

•Precision determination of the CKM couplings and looking for 
New Physics impossible

Pre - Lattice QCD



HEP 
phenomenology

• Hadronic matrix elements computed by means of quark models

• Hadronic matrix elements computed by means of QCDSRs

• Systematic uncertainties impossible to assess

• Precision determination of the CKM couplings and looking for 
New Physics impossible

Confining potential and PGB dynamics at odds 

Relation of parameters to QCD

Do not trash non-lattice QCD methods though! 

They are still the best tools we have when working 

out the pheno of higher excited states, modern 

spectroscopy…

Pre - Lattice QCD



HEP 
phenomenology

• Ab initio means that no parameter apart from gauge 

coupling and quark masses is used to compute a 

hadronic quantity

• Discretize QCD on 4D-hypercubic lattice with PBC

• Snapshots of the QCD vacuum fluctuations through MC 

simulations

• Physics from Green functions — (Euclidean) → 

Correlation functions

• Lattice spacing is UV cutoff: regulator

Lattice QCD
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Lattice 
QCD

• Wilson regulator breaks ChiS

• ZA encodes the physics of E > 1/a


• Can be computed perturbatively
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Lattice 
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• which coupling to use (boosting)

• tadpoles are large


• need a nonperturbative determination



Nonperturbative 
renormalization

• There are no conserved chiral currents with Wilson 

quarks

• Chiral symmetry is to be restored in the continuum


• Use continuum chiral Ward identities and impose 

them as renormalization conditions at fixed lattice 

spacing: renormalized theory has the proper chiral 

symmetry
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Nonperturbative 
renormalization

• ZV, ZA , ZP/ZS at fixed a


• Fully nonperturbatively

• Gauge independent

• What about the bilinear quark 

operators with non-zero 

anomalous dimension?

• What about the four-quark 

operators?



Nonperturbative 
renormalization

• RI-MOM

• Correlator of renormalized operators do not depend on 

regularization up to cutoff effects: RI 

• Momentum subtraction scheme, just like in continuum: MOM
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Nonperturbative 
renormalization

• Fixed gauge (Landau) 

• IR problems appear when choosing 𝛤 = 𝛾5 : pion with q2=0

• Either fit it away by working with several light quark masses or use mass non-degenerate vertices 

• Or define RI-SMOM p2 = p’2 = (p-p’)2=𝜇2



Nonperturbative 
renormalization

• Fixed gauge (Landau) 

• Matching to MS scheme is done perturbatively (many people worked on this)

• We can therefore renormalize quark mass via ZS(𝜇) and/or ZP(𝜇)

• This was a huge progress in particle physics thanks to LQCD
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Nonperturbative 
renormalization

• Fixed gauge (Landau) 

• Easily extended to four-quark operators, except that the procedure becomes extra-involved due 

to mixing of all d=6 PC operators. 

• Good news: method allows us to compute subtraction constants too!  



Nonperturbative 
renormalization

• Avoid subtractions by using Ward identity: compute matrix element of PV operator (with axial 

variation) to get the desired result

• Using maximally twisted QCD avoids subtractions altogether.  The overall renormalization 

constant should still be computed [RI-(S)MOM]



Nonperturbative 
renormalization

• We can therefore renormalize four-quark 𝛥F=2 operators via ZOi(𝜇)

• RGI is done perturbatively



Working with Guido…

• Guido respects students - discussions stop when a student knocks on the door and 

wants to ask a question… Professor is Present

• Guido has a rare talent to inspire people and share his contagious passion 

for physics: young collaborators are convinced that they are doing something of great 

importance for science

• Guido is bursting with ideas… motivating factor for his environment

• Guido has a pronounced critical attitude and loves challenging other people’s ideas

• Guido spontaneously attracts collaborators and makes them be/give their best

• Guido is a leader, but also a good friend, generous and caring…



Working with Guido

Gimenez

(ex)Young (ex)students, 
(ex)postdocs…

and many more 

(not shown here)…



Working with Guido

G. Curci e S. Petrarca

Collaborators… and many more 

(not shown here)…



Work in progress…

•Guido is a larger than life person who happens to be a brilliant 

physicist, but also a caring person - who loves/enjoys life, 

passionate about art and history, about travels and who is 

dedicated to his family, his Giovanna/Lorenzo, his Nanie…  

•Retired? Not really ;)



Work in progress…

•BUON COMPLEANNO 

•


