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The Nambu—Jona-Lasinio (NJL) model:
» Nucleon.

® Quark Distributions
» Results.

# Finite Density Quark Distributions,
» Results.

Conclusion.
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#® lLagrangian

Ly =9 (@ d—m)Y+ L1(4 — point),
Lr(4 —point) =G (EF¢)2 .

where I' = Dirac, colour, isospin matrices.

#® Shortcomings:
» No explicit gluons,

» Interaction is point-like = non-renormalizable
— Need explicit regularization.
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#® Using Fierz transformation can decompose L; into
sum of ¢q interaction terms.

Lrs=Gy (@75 C 19 W%T) (¢T C~ 'y 1 5A¢) :
Lia=Ga(P7CTrBY ) (070 7ra p)
# Solving BS equation gives
411G
) = 156 ()

: 2GaHa(‘l2) q" q"
% .y 2 2 .
75" (q) 1Gg [g 1+ 2G4ll,(¢2) (g ¢
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# To determine the nucleon properties we must solve
the Faddeev equation.

Static Approximation

3
—
D M
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® Free Parameters: Ajp, Ay, My, G, G, G, and G,.

® Determine as follows:
s ANrp =200 MeV, My = 400 MeV.

s fr=93MeV and m, = 140 MeV
=  Apy = 638.5 MeV and G, = 19.60 GeV 2.

s Fadd. Eq. for Nucleon and My = 940 MeV = G;.

s G, fixed such that curve FEp/A v. p pass
through (p, Eg/A4) = (0.17fm™*, —15.7 MeV)
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® This leaves G,.

# Fadd. Eq. for A(1232) = G, =4.91 GeV 2.

s To close to SU(6) limit, that is u(z) ~ 2d(x).

# Choose G, to reproduce Fay,/Fyp, d(x)/u(z) and
empirical saturation.
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G, = 2.50 GeV ™2,
Gs = 7.97 GeV~2
1+ 2G,I1,(¢? = M?) = 0 = M, = 990 MeV.
1+ 2G,Il5(¢? = M2) = 0 = M, = 658 MeV.
G, = 6.40 GeV~2.

e o o o @
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lons f(x) and Af(x).

# Formally

B d&— ip Pt et —
F@) = [ G RSO HEIP. )
A _ A8 izpret 7
Fla) = [ et E P SO0 a5 )P S)e

® Can show

1 4k kt
257 | G~ pr) WM PR
1 d*k kT
(2#)45(3: — —) Tr [y s M (P, k)] .

Pt



® M(P, k) is the quark two-point function in the nucleon.

# Therefore f(x) and Af(z) can be associated with a
straight forward Feynman diagram calculation.
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n the Proton

p(@) + 5 F2p(@) + 2 Ty o)

2 1
py/p(@ )+ q/p(@ )+6f§(p)/P(fC),

p(@) + 5 F4p(a)

a 1 m
5 fq(D)/p(flf) + —= f4(pyp(2),

2v/3
;/P(f’?)
]‘ a ]‘ m
G fq(p)/p(x) - Wﬁ fq(D)/P(x)a
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® MRST, Phys. Lett. B531, 216 (2002).
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Distributions

® Scalar field; via effective masses

#® Fermi motion: via convolution with smearing function
Afnsa(ya)s giving Afe 40(Z4)-
#® \ector field: via scale transformation
Vo

ER - €
Afgra(za) = By A fq/40 (OSA = E—l;xA — E—F) :

where ep = \/p%+M]2\,+3VO = FLr+ 3V
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C effect

Q? = 10.0 GeV?
p = 0.17 fm™3
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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.

o Calculated medium modifications to these
distributions.

#® Achieved this with only 7 input parameters.
® Wefind: g4 = 1.17; Experiment: g4 = 1.267 4 0.011.
In nuclear matter, we find g4 = 0.94.
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