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Facts and Challenges

- Dynamical mass generation for massless quarks;

(dynamical chiral symmetry breaking). No degeneracy
between JP=* and JP=--
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states whose complete quantitative understanding
continues to be a challenge.

- Strong intera

- Studying QCD: lattice, Schwinger-Dyson and Bethe-
Salpeter equations. Then there are effective models
such as the NJL model.



Facts and Challenges

* What is the connection between the current quark
mass and the constituent quark mass:

- What is the relation between chiral s¥r
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Facts and Challenges
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Facts and Challenges
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NJL Model Description of the Quark
The SDE for the quark propagator in Euclidean space

A simple ansatz :

yields NJL 1
model gap S p (iy-p+m) + —
equation:
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NJL Model Description of the Quark
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NJL Model Description of the Quark

1= 5 [ A% — M*Log (l -+ VB )] =33,72 C(M, A)
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- The maximum value of C(M,1) is 1.
- It is a monotonically decreasing function of M

Chirally asymmetric solution exists only when

m, < (0.2GeV) interaction strength is proprtional to 1/m;.




NJL Model Description of the Quark
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NJL Model Description of the Quark
Thus NJL model describes DCSB like QCD.

Does it exhibit confinement?

The fully dressed NJL quark propagator is:

It corresponds to a free particle with a shifted mass.
Thus it does not exhibit confinement:.



NJL Model Description of the Quark

We can improve on the NJL model to make it quark
confining.

We can use proper time regularization which
guarantees confinement and is backed by hadron
phenomenology.

with




NJL Model Description of the Quark

With proper time regularization NJL Model incorporates
both DCSB and confinement.

It has 4 free parameters: m, Ayy. A, M.

If we take following phenomenology based values for
these parameters:

m = 0, Ajp = 0.24GeV, Ayy = 0.823GeV, m, = 0.11GeV

Constituent Mass Chirall Condensate

M = 0.4 GeV and < qq >= —(0.22 GeV)?




The Bethe-Salpeter Equation




Axial Vector Ward Takahashi Identity

6,CeRelatiBps;fmyns:
NJL Model:




Axial Vector Ward Takahashi Identity

WTLI and GT relations are not valid in the NJL Model.

These facts become more apparent if we consider the
pseudovector component of the Pion BS amplitude.

However, PN traviolet

behavior of mgmwaqwmogmﬁr FEETRTRE for.
F. =0 0.0923286 0.0923286 0.0923286

Remedy is to regularize NJL Model as to ensure that
there are no quadratic or logarithmic divergences.

WTI and 6T ‘(Fj‘o%féfr oWESd ngf%" exactly in the
NJL model. It now eseTvEs pusgeymmetries of QCD.




Pion Electromagnetic Form Factor F_¢"(Q?)

Consider an incoming pion with momentum p; that absorbs a photon with

spacelike momentum g so that it departs the interaction region with momentum
p2 = p1 + q. We work in the Breit frame, which means we choose p; = K — q/2.

In the chiral limit,




Pion Electromagnetic Form Factor F_¢"(Q?)

Interplay of pseudo scalar and pseudo vector components.



Pion Electromagnetic Form Factor F_¢"(Q?)

With and without the pseudo vector component.



Pion Electromagnetic Form Factor F_¢"(Q?)

— — Maris-Tandy-2000

JLab, 2000
JLab, 2006
JLab, 2007

Contact Interaction

Comparison with other models and experiments.



Conclusions

In real QCD, interaction is momentum dependent.
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Conclusions

* We study the electromagnetic pion form factor in an
NJL model.

- An NJL model in which the pion has no pseudo vector
component does not respect WTLI for arbitrary values of
P and its corollaries such as the GT-relations.

> One can implement proper regularization scheme and
add the pseudo vector component of the pion to make
NJL a consistent and a symmetry preserving model.

- We study the consequences of symmetry preserving NJL
model in its role as an effective description of QCD at
low Q? through a study of the pion form factor.



