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Introduction
* QCD is rich in its non perturbative domain.

* Dynamicall mass generation for massless quarks;
(dynamicall chiral symmeiry breaking).

» Color degrees of freedom (quarks and gluons) are not
observable (confinement).

» Strong interactions generate a multitude of bound

states whose complete quantitative understanding
alludes us.

» Studying QCD: lattice, Schwinger-Dyson andi Bethe-
Salpeter equations. Then there are effective models
such as the NJL model.
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The Gap Equation in an NJL Model

The SDE for the quark propagator in Euclidean space

Zo(iy-p+m) + X(p)

Aa ]
A /d‘lqgQDw(p —q) 5 5@ I (4 p)

A simple
ansatz :

yields NJL
model gap
equation:



The Gap Equation in an NJL Model

We use proper time regularization which guarantees
confinement and is backed by phenomenology.
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The Gap Equation in an NJL Model

With proper time 11
I : M=m+M — — C(M?*ris,r¢
regularization, 372 m?2 (M%57r1R, v )

With the phenomenology based values:

m = O, A[R = 0.24G6V, AUV — 0.64G6V, Wy = 0.0738GeV

Constituent: Mass Chiral Condensate

M = 0.4 GeV and < qq >= —(0.169 GeV)?>.




The Bethe-Salpeter Equation

I7(k, P) =5 |tEx(k; P) + - PFr(k; P) + - kk - PG (k; P) + ok, P, Hy (K P)

K is the relative quark momentum and P the total bound
state momenium.

In the NJL Model:




The Bethe-Salpeter Equation

C(M;T%R,?“(ij)
0 0.964575 0.26381

1
5 Cl(M; T%Rv TQUV)

1 3
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4
fully defined




The Bethe-Salpeter Equation

Canonical Normalization

A
NPy = 25T [ 1P [85 T) 1 (P)S(a2) + S(a) T (P)=2-S(q_)

A2 oP, oP,

B¢ = 6.40288 and F¢ = 1.73387

We now have the canonically normalized BS-amplitude
for our NJL-model.



Axial Vector Ward Takahashi Identity

The axiall vector WTT is given by

1
Dressed quark propagator: S = A T B

* P. Maris, C.D. Roberts and P.C. Tandy, Phys. Lett. B420 267 (1998).
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Axial Vector Ward Takahashi Identity

Consequences:

P. Maris and C.D. Roberts, Phys. Rev. C58/ 3659 (1998).

Pseudovector components dominate ultraviolet behaviour
of the pion electromagnetic form factor.



Axial Vector Ward Takahashi Identity




Axial Vector Ward Takahashi Identity

Tiranslational invariance of the regularization scheme and
the gap equation reveals:

= 5y P+iys [STHE) — iy k] + [STH(k) — iy - k] iys
vy - P+ 87 (k)i +ivs.5 ™ (k)

PuI5.(q4,q9) = 757+ P+ S7Hq)ivs +iv:57 (q)

1. Thus the axial vector WL is not satisfied for
arbitrary values' of P.

2. Goldberger-Treiman relations are not: satisfied.



Axial Vector Ward Takahashi Identity

Consequences for the pion leptonic decay constant:

3

A
Canonically quantized: FraE 13 / v57u5(q) Iy (P)S(q)
q



Axial Vector Ward Takahashi Identity

We want: to regularize the NJL model in such a fashion
that WTL is satisfied for all P.

We observe that WTTI is satisfied if NJL model is
regularized so as to ensure that there are no quadratic
or logarithmic divergences.

Recall

—

then




Axial Vector Ward Takahashi Identity

BS amplitude: ( ?:((ﬁ)) ) = ﬁ ( gi ﬁ“i ) ( 1]?::((5)) )

Symmetry conserving regularization changes the Kernel:

. 2
= C(Myrinrhy) CMirirrov)

0 0
1 1
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= 5 C(Msrig, ) — 5 CuM g, 1) = —C(M;7iR,TTv)

so that:




Axial Vector Ward Takahashi Identity

Checking the Goldberger-Treiman relation:

Inhomogeneous BS Eq.

F. 0.200822
TP — 2 0.590 = 0.410 + 0.590 = 1
E. s 0.979628 "

2




Pion Electromagnetic Form Factor F_"(Q?)

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

spacelike momentum ¢ 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?)

— — F.(Q% with F_(P)=0
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Without the pseudo vector component.



Pion Electromagnetic Form Factor F_"(Q?)

Interplay of pseudo scalar and pseudo vector components.



Pion Electromagnetic Form Factor F_"(Q?)

— — F(Q) with F (P)=0
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With and without the pseudo vector component.



Pion Electromagnetic Form Factor F_"(Q?)

— NJL Model
—— Maris-Tandy-2000
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NJL model deviates 20% from MT-curve for Q?=0.18 GeV?.



Pion Electromagnetic Form Factor F_"(Q?)
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Q” (GeV?)

Q?* F *(Q?) in the NJL Model



Pion Electromagnetic Form Factor F_"(Q?)
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Comparison with other models and experiments.



Pion Electromagnetic Form Factor F_"(Q?)
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Conclusions

+ We studied the electromagnetic pion form factor in an
NJL model.

* We added' the pseudo vector component: in the
description of the pion to study this NJL model.

* We implemented symmeftry preserving regularization which
ensures AV-WTT is satisfied for arbitrary values of P.
Consequently GT-relations are respected and we obtain
consistent: result for the pion's leptonic decay constant.

* We then used this symmetry preserving NJL model to
calculate the pion form factor and compared it with
earlier theoretical and experimental results.



