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I think that the best way to split our talks is if I 
talk about electrons up to today and you talk 
about protons and future experiments. [Larry]   
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~25% SRC pairs

• ~90% tensor correlated np pairs
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Summary – SRC outreach

3N-SRC

Symmetry energy

Contact  term



The mass dependence of the SRC pairs
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Phy. Rev. C92, 024604 (2015)

a data mining analysis



Kcm=0

All pairs

Wiringa, Schiavilla, Steven, Pieper, and 
Carlson, PRC 89, 024305 (2014).Neff, Feldmeier, Horiuchi, 

Weber : arXiv:1503.06122

Korover  et al.  PRL 
113, 022501 (2014).



C.M. motion of the pair
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O. Hen  E. Cohen et al., in preparation

208Pb

a data mining analysis



Momentum sharing in Asymmetric   
(imbalanced) two components 

Fermi systems

Minority

F

Majority

F kk >

MinorityMajotiry TT >

MinorityMajotiry kk >

non interacting Fermions 

Pauli  exclusion principle ����

Majority Minority



A minority fermion have a greater probability than a 

majority  fermion  to be above the Fermi sea 

with short-range interaction : strong between 
unlike fermions, weak between same kind.

Possible inversion of the momentum sharing :

majorityority kk >min

Fkk >

Universal property 

M. Sargsian Phys.Rev. C89 (2014) 3, 034305
O. Hen  et al., Science 346, 614 (2014). 



Protons move faster than neutrons in N>Z nuclei

Light nuclei A<11

Variational Monte Carlo 

calculations by the 

Argonne group
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( protons move faster than neutrons in N>Z nuclei )
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Wiringa et al. 

Phys. Rev. C89, 034305 (2014).

For 3He:



Momentum sharing in the A=3 nuclei

JLab E14-011
(Approved experiment)

2016/2017

Majority �

Minority �
Spokespersons: O. Hen, L. Weinstein,

S. Gilad, W. Boeglin 





Study of the A(e,e’n) reaction
using JLAB – CLAS EG2 data

Meytal Duer (Tel – Aviv University)
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O. Hen et al., Science 346, 614 (2014)

a data mining analysis

?

350-1000 MeV/c

0- 250 MeV/c

350-1000 MeV/c

0- 250 MeV/c



SRC

EMC

PRL  106, 052301 (2011),  also PRC 85 047301 (2012)

the EMC effect  is associated with large virtuality   ( )22
mp −=υ

EMC / SRC correlation



Hypothesis can be verified  by measuring DIS off Deuteron 
tagged with high momentum recoil nucleon

EMC

12 GeV  JLab/ Hall C  approved   

experiment   E 12-11-107

Tagged recoil proton measure 

neutron structure function

Tagged recoil neutron measure 

in the proton structure function

12 GeV  JLab/ Hall B approved proposal

the EMC effect  is associated with large virtuality

22
mp −=υ



Search for 3N correlation 
using JLAB – CLAS EG2 data

Erez Cohen (Tel – Aviv University)
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a data mining analysis



nn pairsnp pairspp pairsexperiment

-18-EVA/BNL

-179263E01-015/JLab

-22350E07-006/JLab

--1533CLAS/JLab

0<450<2000Total

Number of hard triple coincidence 
events  (World data) 
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Need high statistic exclusive 
measurement  (>10,000 events)

8
)4(
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GeV

GeV

MOTT

MOTT

σ

σDetector acceptance: 5
(e,e’p) 

At Jlab after  12 GeV upgrade:



Incident proton
Scattered proton

Triple coincidence  A (p, p p N) measurements

Complementary to JLab study with electrons



Why H.E. protons are good probes of SRC ?

selective  attention  to  SRC

→→→→
→→→→

Selective attention. A type of attention which 

involves focusing on a specific aspect of a 

scene while ignoring other aspects.

10−
∝ s

dt

dσ

QE pp scattering have a very strong 

preference for reacting with forward going 

high momentum nuclear protons 

p p ���� pp elastic scattering
near 900 c.m
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Other reasons Why several GeV and up  protons 

are good probes of SRC ?

Large momentum transfer is possible 

with wide angle scattering 

λλλλ = h/p =  hc/pc = 2ππππ •••• 0.197 GeV-fm/(6 GeV) ≈≈≈≈ 0.2 fm. 

They have Small deBroglie wavelength: 

Cross section is large 
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pf

p

p

p1

p0

p2

→→→→

→→→→

→→→→

→→→→

From p0, p1, and p2 we can 

deduce, event-by-event what

pf and the binding energy of 

each knocked-out proton is.

→→→→ →→→→ →→→→

→→→→

Target

nucleus

p p
n

pn

→→→→

We can 

then compare

pn with pf and see

if they are roughly “back to back.”

→→→→ →→→→



The EVA spectrometer and 
the n-counters at BNL 

11  meter



A.  Tang et al.   Phys.  Rev.  Lett. 90 ,042301 (2003)

12C(p, p’pn) measurements at EVA / BNL

γ

pf

pn

Piasetzky, Sargsian, Frankfurt, 

Strikman, Watson  PRL 162504(2006).

Removal of a proton with 

momentum above 275 MeV/c

from 12C is  92±8
18 %

accompanied by a recoil high 

momentum neutron.

σCM=0.143±0.017 GeV/c

Directional correlation

count rate was only ~1 per week

Only 18 12C(p,2p+n) events 
with pn>kF



Beam
Veto box

20o

60o

2 meter

6 meter

27.5o

GEM or W.ch. 

Array of scintillators

±7.5o

±7.5o

LAND, NeuLAND ?

HADES ?

start

stop

σTOF<100ps

Recoil detector

Forward  detector



nn pairsnp pairspp pairsexperiment

-18-EVA/BNL

-179263E01-015/JLab

-22350E07-006/JLab

--1533CLAS/JLab

0<450<2000Total

Number of hard triple coincidence 
events  (World data) 

5-10 GeV/c 
109 protons/sec 
fixed target

� >10k events
Before 2020

)2,(12
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ppeeHepneeHe

)',( )',(
1212

ppeeCpneeC

)',( PbFe, Al,C, ppee

A window of opportunity:

Dubna

GSI / FAIR



Mapping the transition from mean field to SRC

EVA / BNL: 
Only 18 12C(p,2p+n) events 
with pn>kF

cMeVpmiss /15≈∆

With 100ps TOF resolution:

n

Migdal  jump



SRC Isospin Structure and the Tensor Force

. We propose :
First measurement below 400 MeV/c
Better statistics above 600 MeV/c
\

At 400-600 MeV/c.

3He

Sargsian, Abrahamyan, Strikman, 

Frankfurt PR C71 044615 (2005).

I. Korover, et al. Phys. Rev. Lett 113, 022501 

(2014).



Asymmetric nuclei   N>Z:

Who are the parents of the 2N-SRC pairs ?

Z=20

N=20

Z=20

N=28
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Z=26

N=28Add 8 protons



σCM=0.143±0.017 GeV/c

Theoretical prediction (Ciofi and Simula) : 

σCM=0.139 GeV/c PRC 53 (1996) 1689.

motion of the pair

A. Tang et al.  Phys.  Rev.  Lett. 90 ,042301 

(2003)

12C(p,2pn) at BNL

Electron scattering (shneor et al.) : 

σCM=0.136±0.02 GeV/c  

PRL 99, 072501  (2007).



Reaction Mechanism 

Hard processes

high energy and large momentum-transfer

~1 fm

How low in t, u, Q2 … can we still use 
the advantages of hard scattering ?

Important practical question: 



What is the role 
played by short 
range correlation of 
more than two 
nucleons ?



Summary – data and analysis

Isospin dependence of 
inclusive x>1 (>2)data

C.M. motion of the pair
Momentum sharing in asymmetric nuclei

?

Search for 3N SRC



Summary – future experiments

JLab Hall A: 
E12-14-011JLab Hall C:

E12-11-107
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Add 8 protonsMigdal  jump

JLab Hall B:
E12-11-003a

GSI / FAIR

Dubna

inclusive QE and DIS

JLab Hall C: 
E12-11-112, E12-06-105

E12-08-014

Proposal in 
preparation


