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Motivation

• Region in quark mass where chiral perturbation 
theory is valid  is an important question for QCD

• The role of resonances is particularly interesting

• The problem is non-perturbative

• Not many first principles studies exist

• We build a model of pions very similar to QCD and 
study the physics of the σ-resonance in it.



Model

Action

strongly coupled U(1) gauge theory

Two flavors

mass Anomaly

Model has symmetries of Nf=2 QCD

fictitious temperature



Observables

current-current susceptibility

Vector Current:

Chiral Current:

condensate susceptibility



ε-regime results

Parameters
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ε-regime results

Parameters
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p-regime results
Finite size predictions at a fixed quark mass



m=0.0002 m=0.001



m=0.0035 m=0.0065



1-loop chiral peturbation theory
1-loop chiral perturbation theory predicts

ε-region results



Region of 1-loop chiral perturbaton theory

R’s linearly go to zero
 in the region of 1-loop chiral perturbation theory



If 5% or less error is tolerated
ξ’≤0.006 is needed for 1-loop chiral perturbation to be valid!

ξ’≥0.006 another linear region!

A knee is present at ξ’ =0.0035. What is the reason?



σ-resonance and chiral pert. theory
In a weakly coupled linear sigma model one can show

As Mσ becomes small

the region of validity of  chiral Pert. theory shrinks

Using CΣ= 12 and CM=39 we get Mσ/F = 2



Thus the knee occurs roughly when Mπ=Mσ/3

At the knee (i.e., m=0.0035) we find Mπ/F = 0.6 

In the current model
1-loop Chiral perturbation theory 

breaks down when
Mπ ≥ Mσ/3



Take-home message

σ-resonance can also play an important role
in determining the window of Ch.P.T

Important to match low energy constants
from the ε-regime and the p-regime

Model calculations can teach us more
about the role of resonances in Ch.P.T


