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An Astonishing Empirical Result!

Weinstein et al., Phys. Rev. Lett.106, 052301 (2011)
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Promise from EFT
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« EMC-SRC linear relation reproduced
* Some a, reproduced ab nitioly

* Remaining problem: EMC slope from LQCD
(only need deuteron)
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Deep Inelastic Scattering



Parton Distribution Function (PDF)
in QCD




Parton Distribution Function (PDF)
in QCD

The struck parton moves on a light cone at the
leading order in the twist-expansion.
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PDF & Twist-2 operators
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Twist-2 operator matching
-standard procedure in ChPT
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Chiral Perturbation Theory: an
Effective Field Theory of QCD

QCD with three light flavors: “a theoretical
paradise” (Leutwyler)

Exhibits spontaneous and explicit chiral
symmetry breaking

Can be analyzed systematically in quark mass

and momentum double expansions (Weinberg
(1979) Gasser, Leutwyler (1984,1985))

A model independent approach



Twist-2 operator matching
-standard procedure in ChPT
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Applying ChPT to nuclear systems

(Weinberg)

Two-nucleon force Three-nucleon force . Four-nucleon force
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Credit: U-G Meissner




Hoyle State Obtained

Epelbaum, Krebs, Lee, Meiliner, Phys. Rev. Lett. 106, 192501 (2011)

® Neutron ® Poton Y Gamma Ry

Credit: Carin Cain



Twist-2 operator matching (1soscalar)
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Using large Nc¢ counting
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AN = L4 N2 14 Factorization
92( < [( ) | >A Implies prediction power!

qa(z)/A = qn(x) + g2(A, A)Ch(w A)

t d
1-body op. 2-body op. determine

bv deuteron




EFT predicts EMC R4(x) — 1
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SRC scaling factor (same in QE)
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a,: scheme and scale independent

az(A,x > 1) —

92(4,A) = —<A| (N1N)"14),,

= p2,1(A,7=0)/A

p2a(Ar) = o <\I'°'Z‘S "I’°>

1<



p2,1(A,r)/A:scheme and scale DEPENDENT
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2p21(A,7)[Apaa(2,7)

a,. scheme and scale independent
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[Limitation of EFT

* Describes physics below momentum cut-off
(~500 MeV 1n ChEFT)

 Why useful for DIS & QE at several GeV? (a)
optical theorem (inclusive processes) (b) OPE
(Wilson coeff. PQCD (Q), ME of local op.

LQCD(AP) Q@ > A > P
* Twistexp. A/Q; chiral exp. e ~ P/A ~ 0.2 — 0.3

qa(z)/A = qn () + g2(A, A)Ga(2, A)



Summary
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« EMC-SRC linear relation reproduced
e Some a, reproduced ab nitioly

* Remaining problem: EMC slope from LQCD
(only need deuteron)



Proton PDF by L
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LQCD might get the EMC-SRC slope 1n 10 years to complete the picture!



« EMC-SRC relation: a simple and elegant
empirical result explained by a simple, elegant,
and predictive theory

* Applications:

(a) v-A 1nclusive scattering for long baseline exp.
(Measurements from three unpol. targets (e.g. p,
d, C) give predictions to all 1soscalar targets.

(b) 3D 1magining of nuclear PDF's
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