EMC Effect and Related Issues

G. A. Miller, U. W., Seattle
Outline

EMC effect & Drell Yan DY

Hadron dynamics fails EMC/DY
Nucleon is modified

Models and consequences
Structure and shape of the nucleon



Deep Inelastic Scattering
F;)Experiments EMC,SLAC,NMC
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Nucleon structure is modified: valence quark momentum depleted, sea
or gluon enhanced. How do quarks work in a nucleus?

BUT EFFECTS ARE SMALL ~10%
EMC - “Everyone’s Model is Cool (1985)



One thing | learned since ‘85
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Deep Inelastic scattering from nuclei-
nucleons only free structure function
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ry Drell-Yan, Bickerstaff, Birse, Miller 84
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INucleons and pions]

a =Py P =My
P_*/M, =.04, explain EMC

Drell-Yan, E7/ 72

No one’s
model is cool
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Bertsch, Frankfurt, Strikman “crisis in nuclear
theory” conventional physics does not work

fails



Does it make sense?

Neutron in nucleus is modified, lifetime
changed from 15 minutes to forever

Binding changes energy denominator,
suppresses ‘pe> component

Change energy denominator change wave fun

Strong fields nucleons- analog of Stark
effect



Chiral restoraton: m. ! m. go
QCD Stark color neutrality U» ¥ r 2
Modified energy denominator
Modified confinement

Changes depend strongly on nucleon
momentum, limits weaker

Virtuality enters in all model considered
here



[ Requirements -Goals

 Model the free distributions
 Good support
« Consistency with nuclear properties

 Describe deep inelastic and di-muon
production data- valence plus sea

* Predict new phenomena



1. QMC- quarks in nucleons

[Nuclear matter} (MlT bag) exchange
mesons with nuclear
External fields medium, quark mass

2.

3. Suppression of point-like-
configurations,
polarization



* 945 91p in nuclei

Bentz, Cloet, Thomas

Q® = 10.0 GeV?
p = 0.17 fm™S

Spin

I. Sick and D. Day, Phys. Lett. B, 274 (1992) 16.

Infinite Nuclear Matter Data:
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Chiral Quark Soliton Model of Nucleus-
Smith, Miller

2 1 exchange — attraction

w W (vector meson) exchange -

repulsion

Double self consistency

profile function and k;



Results Smith & Miller '03,04,05
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Polarization Transfer in ‘He(é,e' p)
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Inner uncertaint
are statistical o1
full analysis of
E03-104 will ha
reduced systenr
uncertainties

* Previous data effectively described by proton medium modified form fac
* Alternative explanation given by spin-dependent charge exchange FSI

* Neither accounts for preliminarv Q2 = 0.8 GeV? data



Summary

nucleon structure is modified by nucleus

minimum model requirements- EMC, DY,
nuclear saturation

predict new phenomena
needed —better evaluations of models
experimental tests —form factors

in medium, (eA (e’ X N) spectator tag, nuclear
gluon distribution, o,

new experiments Jlab and others to
find out how quarks work in a nucleus



SPARES FOLLOW



Suppression of Point Like
Configurations- Frankfurt,

Strikman
® ® -
prokn= 9+ + (&) *+- PLChasNOint

with medium
energy denominator increased

EMC ratio Frank,Jennings Miller ‘95 evaluated as
S I D QCD Stark, not
105 -~ Gemim | modified energy
Ty = denominator
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1995 Frank, Jennings, Miller
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* Spin dependent densities

probability that quark has given
momentum K and spin in direction n
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LoC account for QF./F,

LoC gives non-
spherical shape of
proton

Medium modifies LoC
Medium modifies shape

Challenge to experiment-
measure either



" Quark energy levels in 1T field \
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Profile Function

wA(r)

Medium modified
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Quark Meson Coupling Model -Guichon,Thomas,Saito
plus more

[ Nuclear matter}

|

External fields o, E,~E, +g, w (repulsion)

Y (x)=eieq ._.fA(r) X172
K io.rg(r)
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Chiral Quark Soliton Model —

Diakonov, Petrov, Polykov, quarks couple to vacuum instantons

« Vacuum dominated by Negele et al hep-1at/9810053
iInstantons topological charge density

e quarks with
spontaneously generated
masses interact with
pions

Log =7 ['zif)— M exp(i ~s T\4 /F ")] q,

* Nucleon is soliton in pion
field

« M=420 MeV
e good nucleon properties



Results —Nuclear Matter

Binding Energy per Nucleon
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Suppression of Point Like
Configurations- Frankfurt, Strikman

© @
free — |- @ @ + @ L
proton = 7P .
PLC s

place in medium:

normal size components attracted energy goes
down

PLC does not interact- color screening

energy denominator increased, PLC suppressed

quarks lose momentum in medium



Need model of free nucleon wave
function

3 quark anti-symmetric
relative variables, frame independent
eigenstate of spin operator- rotational invariant

reduces to non-relativistic if m — oo

W = D(MHu(p)u(p)u(ps = K)i(s,.1;) Terentev, Coester
spatial dist DIRAC SPINORS spin-ispin color amp

Schlumpf Mom space wf ®(My) = N/(M§ + 3%)”

B8 = 0.607GeV v = 3.5 m = 0.267 GeV
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Lower components of Dirac
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Induced Polarization in *He(e,e' p)
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Inner uncertainties are statistical only;

full analysis of E03-104 will have reduced systematic uncertainties

Strauch June ‘07

Observed final-state
interaction small and
with only very weak Q2
dependence

RDWIA results
consistent with data

Spin-dependent charge
exchange terms not
constrained by N-N
scattering and possibly
overestimated

E03-104 took specific
data that will set tight
constraints on FSI



