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- Potential Models  Nuclear Hamiltonian

High Density Nuclear Physics
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Probing Short Range Nucleon Correlations

Two Nucleon Correlations

Three Nucleon Correlations

  



Scaling of Inlusive Cross Section Ratios 

R =
A2σ[A1(e,e′)X]
A1σ[A2(e,e′)X]

For 1 < x < 2 R ≈
a2(A1)
a2(A2)

For 2 < x < 3 R ≈
a3(A1)
a3(A2)
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Inclusive Scattering From the Black Box

Inclusive Scattering

- the Black Box has constituents

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

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

What we can learn 
about BB without detecting it ? q
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Correlation Parameter

Momentum Fraction of Nucleus
carried by the constituent nucleon

For finite Q2

x =
α −

m
2
N
−m

2
i

2mq0

(1 + pi+

q+
) 2q0

q+

αi > j corresponds to j-nucleons involved in the scattering

If BB  = nucleus knocked out constituent is nucleon

α = A
p
−

pBB−



x > 1

x > 2

x > j

x > 1 if  only 2 nucleons then 

x > 2 if  only 3 nucleons then 

x > j

at least  2 nucleons are needed

at least  3 nucleons are needed

at least j+1 nucleons are neede

if  only  j+1 nucleons then 

σA

σD

σA

σA=3

σA

σj+1

scales

scales

scales

signatures for short range correlations

Prediction for Scaling



Meaning of the scaling values 

R =
A2σ[A1(e,e′)X]
A1σ[A2(e,e′)X]
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What we Learned from A(e,e’)X Reactions

a2(12C) = 0.194%
a3(12C) = 0.0055%

a2(56Fe) = 0.227%
a3(56Fe) = 0.0079%
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a2(A) a3(A)What and  can tell us 

are they really fluctuations?



aj(A) ∝
∫

ρA(r)jd3r ≈

∫
ρj

A,mf (1 + j
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a2(A) a3(A)

high energy inclusive probe at x>1 and large Q2  
can detect high density fluctuations  

  

  and measure their probabilities



  What are these correlations/fluctuations made of 

p1

p3

p4

pn



A. Tang et al,  PRL 2003



Ppn/pX = 0.92
+0.08
−0.18

Ppp

Ppn
≤

1

2
(1 − Ppn/pX) = 0.04+0.09

−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

Piasetzky, MS, Frankfurt,
Strikman, Watson  PRL 2007



p1

p3

p4

pn

proton

neutron/proton

electron

electron
Jeferson Lab Experiment 

R. Shneor et al. PRL 07

Ppn/pX = 0.96±0.22

Ppp/pn = 0.056±0.018



Combined Analysis
R.Subdei, et al  Science , 2008

pn

pp
nn



Combined Analysis
R.Subdei, et al  Science , 2008



What these observations suggest us for the
future studies

Drop of the magnitude of extracted a2 
for neutron  reach matter  
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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?

Drop of the extracted a2 for neutron  
reach matter  



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

Ppn + Ppp + Pnn = 1

as a function of  initial 
momentum of nucleon

T=0 is dominant: inelasticities appear at  
2(M∆ − MN ) ≈ 300MeV

k ∼ 700MeV/c

Ppn/pX = 0.96±0.22

Ppp/pn = 0.056±0.018



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

Alternative measurements will be  to measure PNX

e + A → e′ + N + Xback + X ′

Xback = ∆, N∗, · · ·



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?

Drop of the extracted a2 for neutron  
reach matter  

Studying the properties of the NN core
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Chiral Symmetry Restoration and Hidden Color  Degrees of 
Freedom effects

For Inelastic  Channel

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

ψ
6q
t=0,s=1 =

√
1
9
ψNN +

√
4
45

ψ∆∆ +

√
4
5
ψCC

e + d → e′ + Rbackward + X



with an increase of internal momentum in the deuteron

yieldKback

yieldπback

from few percent → 1

e + d → e + πback(Kback) + N + X

e + d → e′ + ∆(N)backward + X

yield∆back

yieldNback
from few % to 1

with an increase of internal momentum in the deuteron



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?

Drop of the extracted a2 for neutron  
reach matter  

Studying the properties of the NN core

Studying NNN correlations   
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Studying the properties of the NN core

pNN,cmMeasuring large ERor
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Color Transparency

Hadron

Feynman Mechanism

Hadron

Minimal Fock 
Compnent



Hadrons in the Nuclear Medium 38

GeV2. For a faster expansion rate, Fig. 14(b) the nuclear transparency is less sensitive

to Q2
0, since at the intermediate range of Q2 the PLC expands well before it escapes the

nucleus. The analysis in Fig. 14(b) yields for the minimal Q2
0 ≈ 4 GeV2. Combining

these two analyses one can set the lower limit for the formation PLCs Q2
0 ≈ 4 GeV2 (see

Eqn. (5) for implication of this limit in SRC studies).

The 12 GeV upgrade of the JLab would improve the situation, by pushing the
measurement of T to a high enough Q2 region where the color transparency predictions

appreciably diverge from the predictions of a conventional calculation (see Figs. 13

and 14). Indeed, the EVA data have established in a model independent way that

at least for nucleon momenta ≥ 7.5 GeV/c, expansion effects are not large enough

to mask the increase of the transparency. Hence measurements at Q2 ≥ 14 GeV2,

corresponding to comparable momenta of the ejectile nucleon, would unambiguously
answer the question whether nucleon form factors at these Q2 are dominated by small

or large size configurations.
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Figure 14. The Q2-dependence of T. The solid line is the prediction of the
Glauber approximation. In (a) dashed curves correspond to the CT prediction with
∆M2 = 0.7 GeV2 and with Q2

0 = 1(upper curve), 2, 4, 6 and 8 GeV2(lower curve). In
(b) dotted curves correspond to the CT prediction with ∆M 2 = 1.1 GeV2 and with
Q2

0 = 1(upper curve), 2, 4 and 6 GeV2(lower curve). All calculations are normalized
to the data at Q2 = 1 GeV2. The data are the same as in Fig. 13.

Although (e, e′N) measurements will allow an unambiguous check of the existence

of color transparency, it will require a challengingly high accuracy from experiments

Color Transparency  as an increased probability for produced 
hadron to propagate the nuclear medium unscattered
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Preliminary

Q2 dependence of d(e,e’p)n
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Back to Q2 dependence of d(e,e’p)n
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Next7years, June 04 K. Egiyan

Recoil-Neutron’s Angular Distributions - I
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Next7years, June 04 K. Egiyan

Recoil-Neutron Angular Distributions; Hall A Exp.
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Recoil-Neutron’s Angular Distributions - I
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e + A → e′ + Nback + Nforw + X

e + A → e′ + hback + hforw + X

e + A → e′ + N(V )resc + Nrecoil + X

e + A → e′ + Rforw + Nrecoil + X


