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Nuclear structure functions
®» Convolution formalism

® Nambu—Jona-Lasinio (NJL) model
s Quark distributions

® Nucleon distributions

® Results
s Quark distributions in nuclei
» EMC effect for neutrino DIS

Conclusion
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ure Functions

#® The Isoscalar Parton model expressions
v)JH _
F (@) =3 2 g (@) + 77 ()]

® 2.J + 1 quark distributions

® J integer — 2.J + 2 structure functions
J half-integer = 2.J + 1 structure functions
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# Definition: Nuclear quark distribution functions

5 (g = T [ S s
(A, P, HJ(0) 7 9(E )| A, P H),

#® Using Convolution formalism

1V xa) = Z/dyA/div 54 —yaz) [ (ya) gu(z),
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® Investigate the role of quark degrees of freedom.
® Low energy effective theory

— o X

#® Lagrangian has same flavour symmetries as QCD:

s Importantly chiral symmetry and CSB,
— Dynamically generated quark masses,
— Non-zero chiral condensate.
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#® Lagrangian

Ly =0( §—m)v+G (GTy)’

I = Dirac, colour, isospin matrices

#® Using Fierz transformation can decompose £; into
sum of ¢q interaction channels

Lo =Gy (075 Cra 0" ) (07 C s 2 840)
Lia=Ga (0 C7r 0" ) (W1 C 7 340)
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#® Proper-time regularization

1 1 >
o d n—1 —7X
X (n—1) /O e
1 1/(Arr)*
— ' / dr 7" te X,
(n = J1/(Apv)?

® [ R-cutoff eliminates unphysical thresholds for
hadrons decaying into quarks and mesons.
— simulates confinement.

® Need this to obtain nuclear matter saturation.
W. Bentz, AW. Thomas, Nucl. Phys. A 696, 138 (2001)
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Nucleon is approximated as a quark-diguark bound
state.

#® We use a relativistic Faddeev approach to describe
this bound state.

°

First diquark - bound state of two quarks:

°

Solve Bethe-Salpeter equation for diquark.

Here we include scalar and axial-vector diquarks.
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butions

® ¢(z) associated with a Feynman diagram calculation.
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In the Proton

#® Spin-independent

1 1 D
up() = ;/P($)+§f;(1))/ (@ )+ q/ P )+6f;(p)/P(37)a

1 2 1
dy(x) = 5 f;(D)/ () + 3 q/P( z) + G f;(D)/P(CU)a

#» Spin-dependent
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stributions

.............. Q% — 0.16 GeV?2
P Q2 = 5.0 Gev2 |
| e MRST (5.0 GeV?) -

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

0.8 koo, Q% — 0.16 GeV?2 _

_ O 50 _
0.6 |------- AAC i

r Ady(z) and x Awuy(z)

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

Re-calculate diagrams

(M* —m)®  V,VH

L=F§—M~V)y- '

AG. e L

#® Equivalent to:
o Scalar field: via effective masses
o \Vector field: via scale transformation

# Nuclear Matter (¢ = Fr + 3V))

EF EF Vo
dA (SCA) = E—FQAO E—FﬂfA — E_F ;

# Finite Nuclei (My, = My — 3V,)

qAk(TA) = ack q A0 (MNK TA— Ve )
7,{' T ~ 7,{' ~ ~ :
Mn My Mk
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functions

® Definition

NV 3
fem(ya) = \/ijle / (;iﬂ_§3

(5(p3 +ex— My yA) Uom (D) 7" Wim(P),

#® Central Potential Dirac eigenfunctions

I F/i(p) Q"?m(e’ (’b)
Uy (§) = 1 <_Gm(p) Qe (0, ¢)> |

s spherical two-spinor has the form

Qlﬁlm(97 ¢) — Z <€ my S ms‘] m> }/ng (‘97 ¢) Xsms

m£7m8
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S. Results

# Spin-independent nucleon distribution
f"ﬁ”m(yA):Zk::O,Z,...Qj(_1)j_m 2]?"‘1(?‘;/ _]m ]8)

(2j+1)VZRTT 1y, [ dpp{zf (— 1) Fu(p)Ca(p)

S s (LA Py (FRAE ) 201 (274 1) (
k
0

et (B e (5

o
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butions

# Putting it all together, an example

uilH(xA) = Z Upi(2) @ frm(ya)l + Z Unie @ fram(ya)]

K,m K,m
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+ Fermi
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» 5 EMC ratio

Foa(x)/A
Rao(x) = 1272]\[(26)
» F3 EMC ratio
) = S

#» Ratios equal 1 in non-relativistic and no-medium
modification limit.
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Effective chiral quark theories can be used to
Incorporate quarks into many-body physics.

#® Calculated nuclear quark distributions where the
guarks bind to mean scalar and vector fields.

s Reproduced EMC effect.

® Determined medium modifications to Fj.
s Compariable with F5, although increased A
dependence.
® Future Work
» Include p mean field to calculate N # Z.
s Solve self-consistently for nuclear potentials.
s Incorporate pions.
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