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Ab=iract
Chuanium  chromedynamecs (OCD), the mucroscopic theory of  strong
mteractions, has noif yvel been applhicd to the caloculation of noclear
wavelunctions. However, 1t certamnly provokes a number of specihc questions
and sugeests the existence of novel phenomena m nuclear physics which are niot
part of the tradimonal framework of the meson—nucleon descrniption of mwcled.
blany of these phenomena are related to high nuclear densinies and the role of
caolour i nucleanic nteractions. Cuantum fluctuations in the spatial separation
between nucleocns may lead to local high-density configurations of cold nuclear
matter in nucler, up to four times larger than typreal nuclear densities. We arsoe
here that expenments utilizang the higher encrgies avallable upon completion
of the Jefterson Laboratory energy upgrade will be able o probe the guark—
rluon structure of =such high-density configurations and theretore elucidate
the fundamental nature of nuclear matter. We review three key experimentil
programnunes: guasi-clastic eleciro-disintegration of hght nuclen, deep inelastic
scattering from nuclel at ¥ = 1 and the measurement of tagged struciure
tunctions. These mterrelated prograommes are all aomed at the exploration of
the gquark strecturs of high-density neclear configurations,

The study of the (O dynamecs of elementary hard processes 15 another




High Density Nuclear Physics

- Short Range Nucleon Correlations

- Nuclear DIS at x>1

Properties of QCD from Nuclear Medium

- Modification of Bound Nucleon Structure - EMC effect
- Color Transparency

- Hadronization

- Signatures of Chiral Symmetry Restoration

QCD Dynamics of Hadronic Interation

- hard break-up of hadrons from the light nuclei

- quasireal seconadary Hadronic “Beams”



High Density Nuclear Physics

- Potential MOdGIS Nuclear Hamiltonian
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Probing Short Range Nucleon Correlations

wo Nucleon Correlations

hree Nucleon Correlations




Scaling of Inlusive Cross Section Ratios
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Inclusive Scattering

What we can learn
about BB without detecting it ?

- the Black Box has constituents

- the probe knocks-out one of such constituents without breaking i

- the remnant of the BB was a spectator to this action
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Correlation Parameter

o= A D Momentum Fraction of Nucleus
PBB-— carried by the constituent nucleon

«; > 7 corresponds to j-nucleons involved in the scattering

For finite Q2




signatures for short range correlations

r > 1 at least 2 nucleons are needed
T > 2 at least 3 nucleons are needed
xr > ] at least j+ | nucleons are neede

Prediction for Scaling
: oA
r > 1 if only 2 nucleons then _—  scales

oA scales
OA=3

x > 2 if only 3 nucleons then

oA
scales

r > 7 if only j+| nucleons then
O'j_|_1



Meaning of the scaling values

_ Fy,(a)
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What we Learned from A(e,e’)X Reactions

aap(A) | |l Ban | A)
lo.080+0.000+ 0.004] 0.0018-0.0000-£0.0006
l0.15420.002+ 0.033] 0.0042£0.0002£0.0014]|
2 [|0.193+0.002+ 0.041 0.0055-+0,00030.0017
0.227+0.002+ 0.047 0.0079-0,00030.0025

CLQ(lQC) — 0194%
as(2C) = 0.0055%

as(P9Fe) = 0.227%
az(°°Fe) = 0.0079%
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What CLQ(A) and ag(A) can tell us

are they really fluctuations?



Estimating density fluctuations Frankfurt, MS, Seilanan

|JMA review, 2008
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high energy inclusive probe at x>1| and large Q2
can detect high density fluctuations

and measure their probabilities a2(A) az(A)



What are these correlations/fluctuations made of
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P n/pX - O . 921_8(1)2 Piasetzky, MS, Frankfurt,

Strikman,Watson PRL 2007

P, 1 0.09
PZ 5(1 — Ppn/pX) = 0. O4+0 04

92% of the time two-nucleon high density fluctuations
are proton and neutron

at most 4% of the time proton-proton or neutron-
neutron



P1 electron

P3 Jeferson Lab Experiment

electron

R.Shneor et al. PRL 07

—

P4

proton

P /px = 0.9640.22

. Pyy/pn = 0.05640.018
P

neutron/proton




Combined Analysis | |
R.Subdei, et al Science, 2008
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Combined Analysis

[] Single nucleons
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What these observations suggest us for the

future studies

Drop of the magnitude of extracted a2
for neutron reach matter



Estimating density fluctuations Frankfurt, MS, Seilanan

|JMA review, 2008
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What these observations suggest us for the

future studies

When the transition from hadronic to
quark degrees of freedom in high density
nuclear matter happens?



Transition from hadronic to quark degrees of
freedom in high density nuclear matter
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T=0 is dominant: inelasticities appear at



Transition from hadronic to quark degrees of
freedom in high density nuclear matter

Alternative measurements will be to measure Pnx

e+ A—e +N+ Xpper + X'

Xback :AaN*v”'



What these observations suggest us for the

future studies

Studying the properties of the NN core






For Quasielastic Channel

Q*=2 GeV’
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For Inelastic Channel

e+d— e’ -+ Rbackwafrd + X

Chiral Symmetry Restoration and Ridden Color Degrees of
Freedom effects

In the world where chiral symmetry is broken the Deuteron
(t=0 and S=1) consists of two separately color neutral nucleons

In the world where chiral symmetry is unbroken

t OS 1_\/7¢NN‘|‘\@¢AA‘|‘\/7¢CC




e + d — 6/ + A(N)backward + X

yieldAback
yieldNback;

from few % to |

with an increase of internal momentum in the deuteron

e+ d—e + 7"-back(I{back) + N + X

yieldeack

yield from few percent — 1

Tback

with an increase of internal momentum in the deuteron




What these observations suggest us for the

future studies

Studying NNN correlations



Studying the properties of the NN core

Measuring large
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High Density Nuclear Physics

- Short Range Nucleon Correlations

- Nuclear DIS at x> 1
Properties of QCD from Nuclear Medium

- Modification of Bound Nucleon Structure - EMC effect

- Hadronization

- Signatures of Chiral Symmetry Restoration

QCD Dynamics of Radronic Interation

- hard break-up of hadrons from the light nuclei

- quasireal seconadary Hadronic “Beams”



Color Transparency

Minimal Fock
Compnent

Feynman Mechanism




Color Transparency as an increased probability for produced
hadron to propagate the nuclear medium unscattered
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Figure 14. The ?-dependence of T. The solid line is the prediction of the
Glauber approximation. In (a) dashed curves correspond to the CT prediction with
AM? = 0.7 GeV? and with Q% = 1(upper curve), 2, 4, 6 and 8 GeV?(lower curve). In
(b) dotted curves correspond to the CT prediction with AM? = 1.1 GeV? and with
Q% = 1(upper curve), 2, 4 and 6 GeV?(lower curve). All calculations are normalized
to the data at Q2 =1 GeV?. The data are the same as in Fig. 13.




Color Transparency as a decreased probability for
produced hadron to propagate the nuclear medium being
rescattered
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Q2 dependence of d(e,e’p)n

Preliminary
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Q2 dependence of d(e,ev)d’ at large
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Q2 dependence of d(e,ev)d’ at large -t
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Back to Q2 dependence of d(e,e’p)n
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Recoil-Neutron’s Angular Distributions - |
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Recoil-Neutron Angular Distributions; Hall A Exp.

Werner Boeglin
Luminita Coman, PhD 2007
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High Density Nuclear Physics

- Short Range Nucleon Correlations

- Nuclear DIS at x> 1
Properties of QCD from Nuclear Medium

- Modification of Bound Nucleon Structure - EMC effect

- Color Transparency
- Hadronization

- Signatures of Chiral Symmetry Restoration

QCD Dynamics of Radronic Interation

- hard break-up of hadrons from the light nuclei
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High Density Nuclear Physics

[6 A—¢ Nback Nforw X]

- Nuclear DIS at x> 1
Properties of QCD from Nuclear Medium

- Modification of Bound Nucleon Structure - EMC effect

= [6+A — €/+N(V)resc+Nrecoil _|_XJ
- Hadronization

— [G—FAHGI—I—hbaCk—I—thTw—I—Xj

QCD Dynamics of Hadronic Interation

- hard break-up of hadrons from the light nuclei

[6 + A — e’ + Rforw =+ Nrecoil + Xj




