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e Goal was a measurement of the lepton-nucleon
cross section at high Q2

* To achieve statistical precision in a
reasonable amount of time, an iron target
was used, on the assumption that
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Nuclear dependence of the
structure functions discovered
30+ years ago by the European
Muon Collaboration (EMC effect)
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Nucleon structure functions are
modified by the nuclear medium

Depletion of high-x quarks for
A>2 nuclei is not expected or
understood

EMC region

Fermi motion effects



* NMC - extraction of F,"/F,P
e BCDMS - 50 < Q2 < 200 (GeV?)

e HERMES - first measurement on
3He

e SLAC E139 - most precise large
X data

* Q2 independent

* Universal shape

 Magnitude approximately
scales with density




- Quark distributions are modified in
nuclei
—> Modification scales with A

ratio evaluated at x=0.6
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 Dynamical rescaling
* Nucleon ‘swelling’
 Multiquark clusters (6q, 9q ‘bags’)

* More detailed binding calculations
* Fermi motion + binding
* N-N correlations

* Nuclear pions
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0.9 Data analysis showed that:
Jlab E03-103 C/D ratios at fixed x are Q?
085 W2< 29 Gev? independent for
08 | | |

02 03 04 05 \\25) GeV2and Q23 GeV?

For E03-103, this extends to x=0.85



* C/D and #He/D ratios - no
isoscalar correction necessary

e Consistent with SLAC results, but
much higher precision at high x

* Fit the slope of the ratios for

0.35<x<0.7:
d REMC

dx

 Compare across nuclei
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* EMC effect appears to follow “local”
density

Density determined from ab

initio few-body calculation
S.C. Pieper and R.B. Wiringa,
Ann. Rev. Nucl. Part. Sci 51,

53(2001)

e Sounds like the short range structure
that we would normally study at x>1
(result of nucleon interaction at short
range)




repulsive core
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 Correlation between EMC
effect and SRC data can no
longer be explained by
common density- or A-
scaling
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Separation Energy
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Separation energies were calculated from spectral functions, including MF and

correlations S.A. Kulagin and R. Petti, Nucl. Phys. A 176, 126 (2006)
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For SRCs, a linear relationship with <e> is less suggestive

S.A. Kulagin and R. Petti, Nucl. Phys. A 176, 126 (2006)
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Apply exact NM calculations to

finite nuclei via LDA

* (A. Antonov and I. Petkoy,
Nuovo Cimento A 94, 68
(1986)

e (I. Sick and D. Day, Phys.

Lett B 274, 16 (1992))

For A>12, the nuclear
density distribution has a
common shape; constant in
the nuclear interior (bulk)

—> Scale with A

* Nuclear surface

contributions grow as A%/3

(R?)

o per nucleon would be

constant with smalli

deviations that go with A-1/3




SRCs - less compelling

Apply exact NM calculations to

finite nuclei via LDA

* (A. Antonov and I. Petkoy,
Nuovo Cimento A 94, 68
(1986)

e (I. Sick and D. Day, Phys.

Lett B 274, 16 (1992))

For A>12, the nuclear
density distribution has a
common shape; constant in
the nuclear interior (bulk)
—> Scale with A
Nuclear surface
contributions grow as A%/3
(R?)
o per nucleon would be
constant with smalli
deviations that go with A-1/3




1. Both quantities reflect virtuality of the nucleons (L. Weinstein et al, PRL
106:052301,2011)

a, measures the relative high momentum tail - good for testing virtuality
dRgyc/dx - relevant quantity

2. EMC effect is driven by “local density”

SRCs are sensitive to high density configurations, but MUST remove the center
of mass motion smearing to get R,y

- measure of correlated pairs relative to the deuteron
EMC effect samples all the nucleons, whereas R, is only sensitive to np pairs,

a subset of all possible NN configurations

The data show a weak
preference for “local
density” hypothesis




SRC ratios (via measurements of high momentum nucleon) probe
NP pairs

In N>Z nuclel, protons are more likely to be paired up than neutrons

If related to EMC effect, u quark modification might be greater than
that of d quarks

th] and arXiv:1210.3280 [nucl-th]




Isovector-vector mean field causes u (d) quark to feel additional

vector attraction (repulsion) in N#Z nuclei

Has not been experimentally verified — can be proved in PV EMC
effect
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a, from CBT, **Ca /X =12%, 60 days, 80uA

Our Projections w/ sys

EMC ratios

. PVDIS with neutron rich nuclei (*3Ca) can constrain possible
flavor-dependent nuclear medium modification effects on
quarks

- PVDIS asymmetry is a direct measurement of

differences in the quark flavors
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two-nucleon only |
5% 6 quark bag |

p(X)

Small effect, possible Noticeable effect at x>1

contribution to EMC effect?




Jlab E12-06-105 and
E12 10-008

short-range nuclear structure
- Isospin dependence
- A-dependence

e  Super-fast quarks

EMC effect
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After 30 years under the microscope, 6 GeV
data offers a suggestion for more targeted
studies of the EMC effect

Jlab E03-103 heavy target results coming soon

12 GeV experiments continue the search
- see S. Malace’s talk In WG7

New results in the next few years!
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Current data at highest Q2
(JLab E02-019) already
sensitive to partonic
behavior at x>1

N. Fomin et al, PRL 105, 212502
(2010)
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