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i) QCD i) QCD atat lowlow energiesenergies: : EffectiveEffective FieldField TheoriesTheories

runningrunning ofof ααss

((ββQCD QCD < 0)< 0)
 QCD

• Asymptotic Freedom: pQCD

• Confinement: non-pQCD

PROBLEM !!!a SOLUTION: Effective Field Theories

• Low-energy couplings and symmetries from the high-energy dynamics
• Integration of the heavy particles

• Suitable degrees of freedom
• Local operators with light particles
• Worked as renormalizable: order by order
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iiii) QCD ) QCD atat 2 GeVVM E≤ ≤

Many resonances and no mass gap

No FORMAL EFT approach

1st Problem

No natural expansion parameter

1/NC Expansion

2nd Problem

tree diagrams of an effective lagrangian

infinite tower of resonances
large NC limit



iiii) QCD ) QCD atat : : ResonanceResonance ChiralChiral TheoryTheory2 GeVVM E≤ ≤

i) Regime: intermediate energies

ii) Degrees of freedom: pseudo-Goldstone bosons and resonances

iii) Parameter: 1/NC Expansion

iv) Matching:

i) very-low energies: ChPT

ii) high energies: OPE and Brodsky-Lepage

supported by the phenomenology
APPROXIMATION:

cut in the tower of resonances
model dependent



iiiiii) ) OneOne--looploop RenormalizationRenormalization: : RChTRChT withwith scalarscalar andand
pseudoscalarpseudoscalar resonancesresonances

a)a) QCD QCD symmetriessymmetries

b)b) MatchingMatching withwith ChPTChPT: : chiralchiral symmetrysymmetry

c)c) OperatorsOperators up up toto RRRR

d)d) QCD QCD rules:rules:

a)a)

b)b) shortshort--distancedistance + + largelarge NNCC: : relationsrelations betweenbetween couplingscouplings

e)e) Single Single ResonanceResonance ApproximationApproximation withwith onlyonly SS andand PP

f)f) LargeLarge NNCC :: U(3)U(3) multipletsmultiplets
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• Improvement of predictions

• Improvement of non-perturbative QCD

Why quantum loops
in the RChT?

• No problem to renormalize RChT

• Successful resonance saturation at NLO

• Problems in the short-distance behaviour

terms with several resonances

What have we learned
from the VFF at NLO?



OneOne--looploop RenormalizationRenormalization: : BakgroundBakground FieldField MethodMethod
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EOMBackground field method
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OneOne--looploop RenormalizationRenormalization: : HeatHeat KernelKernel

27x27 matrices• In our case…
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• Now using heat kernel techniques…
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iv) Conclusions

One-loop renormalization of RChT with
scalar and pseudoscalar resonances

One is able to work
at NLO

Running of the couplings

Possible continuations:

i) Extension to RChT with V(1--) and A(1++)

ii) Finite part of the generating functional


