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Just a glance at the EMC effect

Callan-Gross relation:
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Just a glance at the EMC effect
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The EMC effect

Gomez et al, SLAC E139
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J.Seely, et al., PRL 103, 202301 (2009)

Electron Scattering is our microscope
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SRC

EMC

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

Enter 9Be
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N. Fomin et al, PRL 108 (2012)
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O. Hen, et al, PRC 85, 047301 (2012)

L. Weinstein, et al., PRL 106, 052301 (2011)

J. Seely, et al., PRL103, 202301 (2009) 

N. Fomin, et al., PRL 108, 092052 (2012)

J. Arrington, A. Daniel, D. Day, N. Fomin, D. 

Gaskell, P. Solvignon, PRC 86, 065204 (2012)



2N SRC
3N SRC

High-Momentum Nucleons  Short-Range Correlations

Nucleon momentum 

distribution in 12C



High momentum tails in A(e,e’p)
• E89-004: Measure of 3He(e,e’p)d

• Measured far into high momentum tail: Cross section is ~5-10x 

expectation

Difficulty

• High momentum pair can come from SRC (initial state)

OR

• Final State Interactions (FSI) and Meson Exchange Contributions 

(MEC)

“slow” 

nucleons

“fast” nucleons

p p p p



A(e,e’p)

2H(e,e’p) Mainz

PRC 78 054001 (2008)

E =0.855 GeV

θ = 45o

E’=0.657 GeV

Q2=0.33 GeV2

x=0.88

Unfortunately: FSI, MECs overwhelm 

the high momentum nucleons



2N SRC
3N SRC

High-Momentum Nucleons  Short-Range Correlations

Nucleon momentum 

distribution in 12C

Try inclusive scattering!

Select kinematics such that the initial nucleon momentum  > kf

Do a relative measurement



2N SRC
3N SRC

High-Momentum Nucleons  Short-Range Correlations

Try inclusive scattering!

Select kinematics such that the initial nucleon momentum  > kf

Do a relative measurement



Short Range Correlations
• To experimentally probe SRCs, must be in the high-

momentum region (x>1)

• To measure the relative probability of finding a correlation, 

ratios of heavy to light nuclei are taken

• In the high momentum region, FSIs are thought to be confined 

to the SRCs and therefore, cancel in the cross section ratios
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1.4<x<2 => 2 nucleon correlation
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Jlab E02-019
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E02-019: 2N correlations in A/D ratios

Fomin et al, PRL 108 (2012)

Jlab E02-019
<Q2>=2.7 GeV2
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2N knockout experiments establish NP dominance

R. Subedi et al.,     Science 320, 1476 (2008) 

R. Shneor et al.,         PRL 99, 072501 (2007)

• Knockout high-initial-momentum proton, look for correlated nucleon partner.

• For 300 < Pmiss < 600 MeV/c all nucleons are part of 2N-SRC pairs: 90% np, 5% 

pp (nn)



NP dominance: momentum dependent

R. Subedi et al.,     Science 
320, 1476 (2008) 

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



Slide courtesy O. Hen

Data mining using CLAS 
NP dominance continues for heavy nuclei

Assuming scattering off 2N-SRC pairs: 

• (e,e’p) is sensitive to np and pp pairs

• (e,e’pp) is sensitive to pp pairs alone

=> (e,e’pp)/(e,e’p) ratio is sensitive to the np/pp ratio



Nuclear neighborhood matters

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

Electron Scattering is our microscope

N. Fomin et al., PRL 103, 092502 (2012) )(
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R2N = a2 + CoM correction



Two Hypotheses

18

2. EMC effect is driven by “local density” (JA, A. Daniel, D. Day, N. Fomin, D. Gaskell, P. Solvignon, 

PRC 86, 065204 (2012))

• SRCs are sensitive to high density configurations, but MUST remove the center of mass motion 

smearing to get R2N

– measure of correlated pairs relative to the deuteron

• EMC effect samples all the nucleons, whereas R2N is only sensitive to np pairs, a subset of all 

possible NN configurations

1. Both quantities reflect virtuality of the nucleons (L. Weinstein et al,  PRL 

106:052301,2011)

• a2 measures the relative high momentum tail – good for testing virtuality

• dREMC/dx – relevant quantity 



Local density vs high virtuality

19

J. Arrington, A. Daniel, D. Day, N. Fomin, D. Gaskell, P. 

Solvignon, PRC 86, 065204 (2012) Data show a WEAK preference for LD



While waiting for new data

20

Nature 566, CLAS Collaboration

EMC effect (1980s)



Can other universal EMC functions be obtained?

21

HV picture: np-dominance generates predictable 

isospin dependence of EMC effect

LD picture: EMC effect from short-distance 

pairs, assumed to be isospin independent
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Can other universal EMC functions be obtained?

23

HV picture: EMC effect from np-SRC, generates 

known isospin dependence

LD picture: Driven by short-distance pairs, 

assumed to be isospin independent

As in 2012 EMC-SRC test, somewhat better 

description in isospin-independent LD picture

HV: Slope = (5.1+/-2.8)x10-3

LD: Slope = (0.7+/-1.6)x10-3

J. Arrington and N. Fomin Phys. Rev. Lett. 123, 042501 (2019)



Where are we now?



Where are we now? Publishing Nature Papers

S. Li, et al., Nature 609, 41 (2022)

Inclusive measurement on A=3 nuclei



Where are we now? Publishing Nature Papers

S. Li, et al., Nature 609, 41 (2022)
Inclusive measurement on A=3 nuclei



E12-10-008: J. Arrington, A Daniel, NF, D. Gaskell: 

Detailed Studies of the nuclear dependence of F2 in light 

nuclei 

E12-06-105: J. Arrington, D. Day, NF, P. Solvignon: 

Inclusive Scattering from Nuclei at x>1 in the 

quasielastic and deeply inelastic regimes

N/Z vs A

Target Choice 

motivated by 

physics impact

x



First paper from commissioning data submitted to 

PRL

Analysis by Abishek Karki(MSU) 

Details in next talk (J. Arrington)



Preparing 2N SRC publication as well

Analysis by Casey Morean (UTK) 



More Upcoming SRC Searches



CaFe Experiment 

in Hall C at JLab



Run Group M in Hall B at Jlab
1. NN Interaction & Nuclear 

wave-function [2H, 4He]

2. Many-body systems & 

nuclear asymmetry [40Ca, 
48Ca, 120Sn]

• Decouple N/Z vs A; 

nn vs pp

3. 3N-SRC observation [4He, 
12C, 40Ca]

• First Observation of A 

dependence

4. Reaction Mechanisms [4He, 
12C, 40Ca, 48Ca, 120Sn] 

• Q2, A dependence



More nucleons in a  correlation

1.4 < x < 2 => 2 nucleon correlation

2.4 < x < 3 => 3 nucleon correlation
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2N SRC
3N SRC



3N correlations (x>2 inclusive scattering)

K. Egiyan et al, PRL96, 082501 (2006)
<Q2> (GeV2):  CLAS: 1.6        E02-019: 2.7



Have we actually seen 3N SRC in ratios?



3N correlations - still looking

Z. Ye et al, PRC 97 (2018)  6



Can we see a second plateau?

Deuteron: smeared SRC similar to 2H (A/D is ~flat) until x>1.8

3He: cross section of stationary 3N-SRC begins to fall off closer to 

x=2.6.  Sets in EARLIER at high Q2

37





3N correlations – are we there yet?

α3N_MIN=1.6

Where does 2N contribution become negligible?

Ann.Rev.Nucl.Part.Sci. 67 (2017)

αi represents the light-cone momentum fraction of 3N SRCs carried by the correlated nucleon i



We were so close

Jlab E02-019



Summary

• Studies of SRCs continue at Jlab in the 12 GeV era

• Tantalizing connection between 2N SRCs and EMC effect seen 
in 6 GeV data

• First observation of 3N SRC existence is yet to come

• New results in the next few years!

• This work was supported by DOE Award  DE-SC0013615
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