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Motivation

Can be calculated
perturbatively

Is non-perturbative at low
energy scale for QCD but 
can be calculated by EFT



ChPT Lagrangian



Power Counting



Meson-Meson Scattering



Meson-Meson Scattering

With the help
of FeynRules,
FeynArt and
FormCalc



Renormalization Program



Renormalization Program



One Particle Eigenstates of Isospin

Define the SU(2) isospin operator:

We found that:

So we can conclude:

Similarily:



Isospin Decomposition Of The Scattering Amplitude

Two particle eigenstates of isospin:

Isospin decomposition of The scattering amplitude (𝐾𝜋 → 𝐾𝜋 channel)



Unitarization of scattering ampltudes



Unitarization of scattering ampltudes



Unitarization of scattering ampltudes

= + + + …



An amazing result
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Scalar Form Factor
Scalar current:

For QCD Lagrangian, we have:

With similar procedure for ChPT, we have:



Scalar Form Factor

At lowest order:



Scalar Form Factor

Define the scalar form factor as:
Introduce an auxiliary scalar field 𝜙 :

Tree level amplitude (𝑢&𝑑 current for example)

For 1-loop correction we should also include 𝜙 → 𝜋(𝜋) :

To subtract divergence, we need to introduce currents from higher 
order Lagrangian:
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Unitarization of Scalar Form Factor

Unitary constraint:

Only J=0 contributes.
By power counting we can expand F into series:

But such series only satisfy 
perturbative unitary relation:

To satisfy non-perturbative unitary relation, F must be:



Scalar Form Factors above thredshold
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Dispersion relation improvement

The unitarization approach may generate some spurious substructures
such as peaks below the thredshold that do not correspond to any physical
resonance. This is the so-called Adler zero:

To extend our unitarized form factors to the region below the threshold,
we use the dispersion relation:

Evaluated above thredshold

Evaluated at the whole region



Dispersion relation improvement



Scalar form factors of current n (real part)
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Scalar form factors of current n (image part)
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Vector Current 
Vector current corresponds to SU(3):

QCD Lagrangian:

Vector current in lowest order ChPT:



Vector form factors of current ss
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Tensor Current
Since thers’s no tensor source term in both QCD and ChPT 
Lagrangian, we need to add it by hand: 



Tensor form factors of current ss
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Conclusions

Meson-Meson Scattering
T with 1-loop correction. 

𝑇𝐽	with isospin decomposition.

Unitarized 𝑇𝐽.

Meson Form Factors
Scalar, Vector and Tensor Currents in Meson ChPT.
Unitarized form factors.
Dispersion relation improvement.



Thank you for your attention !



In The Language of Group

homomorphism



In The Language of Group

M
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In The Language of Group



In terms of QCD



Locally Invariant QCD Lagrangian 



One Particle Eigenstates of Isospin

Meaon wave functions: Define the SU(2) isospin operator:



One Particle Eigenstates of Isospin
Since for isospin eigenstates:

We can conclude that:

Similarily:



Unitarization of scattering ampltudes



Unitarization of scattering ampltudes

Since             is real,



Unitarization of Scalar Form Factor
Unitary constraint:

In terms of partial wave amplitude:

Only J=0 contributes.
By power counting we can expang F into series:

But such F only satisfy perturbative unitary relation:



Unitarization of Scalar Form Factor



Unitarization of Scalar Form Factor
If we choose: 

Then we have the simplified form:
Is real !



Scalar Form Factor



Scalar Form Factor



Scalar Form Factor

To subtract divergence, we need to introduce currents from 
higher order Lagrangian:

To satisfy:



Unitarization of scattering ampltudes

Partial-wave decomposition:
Extract out the angular dependence of the scattering amplitude T:

Using the orthogonality relation of Legendre polynomials:

Optical theorem:


