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The EMC effect is 30 years old

The EMC effect and Short Range Correlation in nuclei

(extracting the Free neutron structure function)  



DIS scale:  several tens of GeV

Nucleons

Nucleon in nuclei are bound by ~MeV

Naive  expectations :

DIS off a bound nucleon = DIS off a free nucleon 

(Except for small Fermi momentum corrections)

DIS off a deuteron = DIS off a free proton neutron pair

Deuteron: binding energy ~2 MeV

Nucleons

Average nucleons separation ~2 fm 

Deep Inelastic Scattering (DIS) 



The European  Muon Collaboration (EMC) effect

per nucleon in nuclei    ≠ per nucleon in deuteronDISσ DISσ

30 years old

A bound nucleon ≠ A free nucleon ?

Question :



Q2 independent

SLAC  E139

Data from CERN  SLAC  JLab  

1983- 2009

EMC collaboration, Aubert et al.  PL B 123,275 (1983)

SLAC   Gomez et al., Phys Rev. D49,4348 (1994)

A review of data collected during first decade,  Arneodo, Phys. Rep. 240,301(1994)

universal x-dependence shape

Q2  independence

magnitude varies with A

effect  scale with the 

average nuclear density



J. Seely et al. PRL  103, 202301 (2009)

JLab / Hall C 

EMC is a not a bulk property of nuclear 

medium



The European  Muon Collaboration (EMC) effect

30 years old

Well established measured effect 

with no consensus as to its origin



Models of the EMC effect

bound  N ≠ free N 

Nucleus ≠nucleons

Binding effects

Fermi motion

…
Pions

Vector mesons

∆s

Multiquak clusters

‘Photons’

…

Rare configurations

Global changes

M*≠M

R*≠R

Dynamical rescaling

Confinement changes

Quark  w,f. modification

in mean field

…
Suppression 

of PLC

…
Gessman, Saito,Thomas, Annu. Rev. Nucl. Part. Sci. 

45:337(1995). 

P.R. Norton , Rep Prog. 66 (2003).

Frankfurt and Strikman  (2012)  

review papers:

Drell-Yan  data 



What are 2N-SRC in nuclei ?     

1.7f

K 1 > KF , 

K 2 > KF

K 1

K 2

≅K 1 K 2

≤≤≤≤1.f

Nucleons

2N-SRC

1.7f

ρρρρo = 0.16 GeV/fm3

~1 fm

1.7 fm

In  momentum  space:

large relative  momentum

.small  CM  momentum

In  coordinate space:

KF ~250 MeV/c 

SRC ~RN

LRC ~RA
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xB gives the fraction of nucleon 

momentum carried by the struck 

parton
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Inclusive electron scattering A(e,e’)  

--> scaling

0≤ x
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DIS  off nuclei 

--> Counting the number of 

SRC clusters in nuclei
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22 4.1 GeVQ >

The observed “scaling” means that 

the electrons probe the high-

momentum nucleons in the  2(3) -

nucleon phase, and the scaling 

factors determine the per-nucleon 

probability of the 2(3) N-SRC phase 

in nuclei with A>3 relative to 3He.  

K. Sh.  Egiyan et al. PRL. 96, 082501 (2006)

The probabilities for 3-nucleon SRC are 

smaller by one order of  magnitude 

relative to the 2N SRC.
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JLab. CLAS A(e,e') Result

K. Sh.  Egiyan et al. PRC 68, 014313 (2003)

For 12C 2N-SRC (np, pp, nn)  = 20 ± 4.5%.

More r(A,d) data:

SLAC   D. Day et al. PRL 59,427(1987) 

JLab.   Hall C  E02-019 

N. Fomin et al.  PRL 108:092502, 2012.  



A(e,e’)

Inclusive electron scattering A(e,e’)  



:

EMC

slope

SRC 

scaling factor

Comparing magnitude of EMC effect and SRC scaling factors  

d

Fe

σ

σ

dx

dREMC

)/(2 dFea N

Frankfurt, Strikman, Day, Sargsyan,  

Phys. Rev. C48 (1993) 2451.

Q2=2.3 GeV/c2

Gomez et al.,  Phys. Rev. D49, 4348 (1983).

Q2=2, 5, 10, 15 GeV/c2  (averaged)

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

SRC

EMC



The EMC Effect and High Momentum Nucleons in 

Nuclei, O. Hen, D. W. Higinbotham, G. A. Miller, E. 

Piasetzky, L. B. Weinstein, arXiv:1304.2813 [nucl-th]
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22 mp −=υ



SRC

EMC

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

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



Ciofi and  Simula PRC 53 (1996) 1689.

Frankfurt and Strikman

PL B183 (1987) 254.

The EMC Effect and High Momentum Nucleons in 

Nuclei, O. Hen, D. W. Higinbotham, G. A. Miller, E. 

Piasetzky, L. B. Weinstein, arXiv:1304.2813 [nucl-th]



SRC=0  free nucleons

)/(2 dFea N
ASRC

Hypothesis can be checked  by measuring DIS off Deuteron 

tagged with high momentum recoil nucleon
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1. Spectator Tagging:

�Selects DIS off high momentum 

(high virtuality) nucleons

12 GeV JLab approved   Proposal   PR12-11-107



can also be study with EIC

Study the EMC effect on SRC pair as 
a function of the virtiality

Tagged DIS  with recoil nucleon with p> pbeam

DIS

pbeam

3 GeV/c

DIS

cGeVk /5.0p    beam2 +≈



SRC=0  free nucleons

npd σσσ +≠
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Deuteron is not a free np pair
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The slopes for 

0.35 ≤ XB ≤ 0.7

Conclusions:

EMC (ratio to deuterium) � IMC (ratio to free (unbound) pn pair)

IMC- In-Medium Correction

One should not neglect the IMC effect using deuteron and proton data to 

extract free neutron properties



The free neutron  structure function

Compared to CTEQ calculations 

SLAC Data,  

CT10W -

Preliminary calculation by :H. l. Lai, P. Nadolsky, J. Pumplin, .P.Yuan 

SLAC Data,  

JPG 36(2009)205005.



The IMC (at a 90% C.L.):

d/u ratio for x->1    

0.23±0.09.

Nucleon Model F2
n/F2
p

d/u

SU(6) 2/3 1/2

Scalar diquark 1/4 0

pQCD (p↑
q↑)

3/7 1/5

INC  constrained  d/u   x-->1  ratio

Phys.  Rev.  D84 117501 (2011).



New data strengthen the connection between Short Range Correlations and the EMC effect.

O. Hen, E. Piasetzky, (Tel Aviv U.) , L.B. Weinstein, (Old Dominion U.) . Feb 2012.]

Phys.  Rev.  C85 (2012) 047301 

Robustness

0.7 IMC

1.25 IMC



Summary

After 30 years  the EMC effect is well established measured effect 

with no consensus as to its origin.

SRC and EMC are linearly correlated. 

Can be verify by measuring DIS tagged by a high momentum 

recoil spectator.

An approved experiment at 12 GeV JLab. /  EIC possibility

We suggest that this correlation occurs because 

both phenomena are related to high-momentum 

(large virtuality) nucleons.

Based on the EMC/SRC correlation, we claim an ‘EMC like’  (IMC) effect

also in deuteron, which impacts extraction of free neutron SF

and proton d/u ratio at large x. 
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