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The NJL Model

Lagrangian

��� �� � � �	 
� � �  ��� ��� �� � �� 	�� � �

� � � � � � � 	�� �  � � � �� � � �
�

where

� � Dirac, colour, isospin matrices.

Shortcomings:
No explicit gluons,
Interaction is point-like � non-renormalizable� Need explicit regularization.
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Interaction Lagrangians

Using Fierz transformation can decompose
� � into
sum of   interaction terms.
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Solving BS equation gives
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Faddeev Equation

To determine the nucleon properties we must solve
the Faddeev equation.

� /� �
7 8 / 9 � 9� � Static Approximation
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Model Parameters

Free Parameters:

: �; ,

:�< =, >, �@? ,
� #, � / and

�BA .

Determine as follows:: �; � 3C C

MeV, > � � C C

MeV.

D? � E 7

MeV and � ? � 2 � C
MeV� :F< = � G 7H � I

MeV and

�J? � 2 E� GC

GeV- �

.

Fadd. Eq. for Nucleon and � � E� C

MeV � � #.

�A fixed such that curve

KML NO

v. P pass
through

� P� KL NO  � � C � 2 Q

fm

- R� � 2 I� Q

MeV
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Model Parameters cont’d

This leaves

� /.

Fadd. Eq. for

S

(1232) � � / � � � E 2
GeV- �

.

To close to SU(6) limit, that is T �VU XW 3 Y �VU 

.

Choose

� / to reproduce
Z �\[ N Z �\] ,

Y �U  N T �VU 

and
empirical saturation.
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3� 3 �

W. Melnitchouk, A.W. Thomas, Physics Letters B 377 (1996)
11-17.
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Saturation
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Model Parameters Summary

� / � 3� I C

GeV- �

.

� # � Q� E Q

GeV- �

.

2 � 3 � / 4 / �  � � �#  � C � / � E EC
MeV.

2 � 3 � # 4 # �  � � �#  � C � # � G I H

MeV.

�A � G� � C

GeV- �

.
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The Quark Distributions

^`_ a

and
^`_ a

.

Formally

D �VU  �
Y c -

�ed f g\h i jlk jnm o� p q � � C $ r � � c -  q o� p sut �

S D �VU  �
Y c -

�ed f g\h i jlk jVm o� p q � � C $ r$& � � c -  q o� p svt �

Can show
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2

3 o r

Y wyx
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x r
o r  Tr
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^`_ a

and

^`_ a

� o� x 

is the quark two-point function in the nucleon.

Therefore

D �U 

and

S D �VU 

can be associated with a
straight forward Feynman diagram calculation.

p p

k k

p-k

+
p p

q q

k k

p-q

q-k

D �VU  � X � $ r z �VU � } ji j 

S D �VU  � X � $ r$& z �U � } ji j 
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Quark distributions in the Proton

T = �VU  � D #~ � i �VU  � 2
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Structure Functions at Finite Density – p.15/25



� ^`_ a

distribution

MRST, Phys. Lett. B 531, 216 (2002).

Structure Functions at Finite Density – p.16/25



b�� ^`_ a

distribution

M. Hirai, S. Kumano and N. Saito, Phys. Rev. D 69, 054021
(2004).
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Finite Density Quark Distributions

Scalar field: via effective masses

Fermi motion: via convolution with smearing functionS D� � + �V� +  , giving

S D ~ � + > ���U +  .
Vector field: via scale transformation

S D ~ � + �VU +  � ���
K�

S D ~ � + > ��U + � ���
K� U + �

� >
K� �

where � � � � �� � �� � 7 � > � K� � 7 � >
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b�� distributions
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Spin-Independent EMC effect
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2 � and 2 O
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Spin-dependent EMC effect
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Conclusions

Using a modified NJL model we have:
Successfully described nucleon as a quark-diquark
bound state.
Reproduced the empirical nuclear saturation.
Achieved good results for two of the leading-twist
proton quark distributions.
Calculated medium modifications to these
distributions.

Achieved this with only 7 input parameters.

We find: 6 + � 2� 2 Q
; Experiment: 6 + � 2� 3 G Q� C � C 2 2

.

In nuclear matter, we find 6 + � C � E�

.
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