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Low Energy Estimates  

V

( ) ( ) ( ) ( ) ( )
( )  1 ( ) ( ) ( )  ( ) (       ( )  C ( )

1 2 1 2 1

I V
F x f x f x x x x x xI I I I I vδ δ δ≈ + + ∆ ≈ + ∆ ≈                            )        +

Weinberg soft pion

How to  go  beyond  this  approximation ?

UPCA
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Form factors and Propagators
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Partial-wave Elastic Unitarity Constraint
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First Order Corrected Amplitude
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P-wave phase

S-wave  phase
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Effective Lagrangians

The current algebra method was used in early 
calculations of muti-Goldstone-boson amplitudes.
Unfortunately, such calculations are tedious, especially 
when three or more   Goldstone bosons are involved ...  

For this reason a different and more physical 
calculational technique was introduced, based on the use 
of   effective Lagrangians:                      

We simply calculate the Goldstone boson amplitude by 
the methods of perturbation theory ...

Weinberg - Modern Applications
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O(p4)   One Loop Calculation
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UPCA  second order approximation
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O(p6) Two  Loop  Calculations

Building Blocks

Terms with six Dµµµµ

Terms with four Dµµµµ and one χχχχµνµνµνµν (≈≈≈≈ fµνµνµνµν)

Terms with two Dµµµµ and two χχχχµνµνµνµν

Terms with three χχχχµνµνµνµν

# independent couplings L 2(2)  L4(10)  L6(90)



Skeleton   Diagrams  of  O(p6)

full lowest-order tree structures to be
attached to propagators and vertices. 



Comparison

ChPT                       UPCA    

same structure !!
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P-wave phase 
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S-wave phase



Analytical  Expressions

O(p4)

O(p6)

trivial!!
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Higher Orders 
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Conclusions and 
Perspectives

Program .O(p6) dispersion relation integrals  

. Scheme for higher orders

. Extending to different masses

Motivation Pionic Atoms Decay -Dirac

Scalar resonances

CP violation kaonic system

A C U rigorous relations!!



Chiral Ward Identities

The effective Lagrangians method was used in
calculations of pion-pion scattering amplitude.

Unfortunately, such calculations are tedious, especially 
when two or more loops are involved ...  

For this reason a method wasre-introduced, based on the
use of the chiral  Ward Identities:                      

We simply calculate the amplitude by the technique of
dispersion relations...



Thank you
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Unitarity corrections 
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