One-loop Renormalization of Resonance Chiral Theory:
Scalar and Pseudoscalar Resonances

Ignasi Rosell (IFIC, Universitat de Valencia)

[1] I.Rosell, J.J.Sanz-Cillero, A.Pich. “Quantum loops in the Resonance Chiral Theory:
the vector form factor”, JHEP 0408,042(2004) [arXiv: hep-ph/ 0407240]

[2] |.Rosell, P.D.Ruiz-Femenia, J.Portolés. “One-loop Renormalization of Resonance
Chiral Theory: Scalar and Pseudoscalar Resonances”, work in progress.



OUTLINE

) QCD at low energies: Effective Field Theories
i) QCD at M, <E <2 GeV
1) Problems
i) 1/ N; Expansion
iii) Resonance Chiral Theory (RChT)
i)  One-loop Renormalization
1) RChT with scalar and pseudoscalar resonances
i) Background field method
i) Heat Kernel: divergences
iv)  Conclusions



Loco

1) QCD at low energies: Effective Field Theories
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large N limit

i) QCD at M, <E<2 GeV
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i) QCDat M, <E<2GeV :Resonance Chiral Theory

i) Regime: intermediate energies
ii) Degrees of freedom: pseudo-Goldstone bosons and resonances
iii) Parameter: 1/N; Expansion
iv) Matching:
i) very-low energies:

ii) high energies: and

supported by the

APPROXIMATION:
cut in the




f)

i) One-loop Renormalization: RChT with scalar and
pseudoscalar resonances

QCD symmetries
Matching with ChPT: chiral symmetry
Operators up to RR
QCD rules:
a) <Z(2)>,<RZ(Z)>,<RRZ(Z)>
b) short-distance + large N: relations between couplings
Single Resonance Approximation with only S and P

Large N : U(3) multiplets



Lagrangian

L (6SP)=LP+ L, (S,P)+L(S)+L(P)+L(S,P)
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Why * Improvement of predictions

in the ?
* Improvement of non-perturbative QCD
* No problem to renormalize RChT
What have we learned « Successful resonance saturation at NLO
from the ?

* Problems in the short-distance behaviour

|

terms with several resonances




One-loop Renormalization: Bakground Field Method

Generating functional eiZ[J] 1 J‘[d l//] eiS[v/,J]

Background field method W=y +Ay EOM
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One-loop Renormalization: Heat Kernel

27x27 matrices

* |n our case... /

S;[Uqs Sy ,;]z—%logde ,
ivergent

SH = 80 +Y

* Now using heat kernel techniques...
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Iv) Conclusions

One-loop renormalization of RChT with
scalar and pseudoscalar resonances

e

One is able to work of the couplings

Possible continuations:
i) Extension to RChT with V(17) and A(17)

ii) Finite part of the generating functional



