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NUCLEAR EMC EFFECT 
AND 
SHORT RANGE 
CORRELATIONS (SRC) 
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Aubert et al, Phys. Lett. B123, 275 (1983) 

New, unexplained dynamics 
in the  nuclear environment 



DAVID GASKELL  THE EMC EFFECT 
§ 35 years of inclusive experiments have provided a lot of 

information about the properties of the EMC Effect  
§ – No consensus on origin 
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§ New several avenues of 
investigation  
– Connection with Short 

Range Correlations 

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

– Tagged measurements 
– Flavor dependence (valence) 
– EMC effect in polarized quark distributions 
– Sea quarks 

 

There are a lot of interesting new ideas and there 
will soon be a lot of new data with which to test 
these new ideas. 



Paul Reimer, Argonne National Laboratory 

Or Hen - MIT 
Barak Schmookler - MIT NEW RESULTS: SRCS & EMC EFFECT 

Several results shown from data mining of CLAS eg6 
data set (nuclear targets) 



ASSUME THAT SRC ACTS AS ‘MEASURE’ OF EMC EFFECT 
AND THAT SRCS (AND EMC) ARE DOMINATED BY NP PAIRS 

Paul Reimer, Argonne National Laboratory 

Or Hen - MIT 
Barak Schmookler - MIT 



3N-SRCS? 
CLAS	showed	second	plateau	
beyond	x=2	
• Significant	bin	migration	
corrections	due	to	modest	
momentum	resolution	
	
JLab	E02-019	[Hall	C]	–	much	higher	
ratio	at	x>2;	higher	Q2	

• Poor	statistics	
	
	

No real test for 3N-SRCs in inclusive scattering 

		CLAS	-	<Q2>	≈	1.5	GeV2	
E02-019	-	Q2=2.7	GeV2	

John Arrington, 
Zhihong Ye - ANL 



John Arrington, 
Zhihong Ye - ANL 

E08-014 RESULTS 
Consistent within uncertainties 
of E02-019; well above CLAS 
ratios 
Ø  Q2 values near CLAS data, so 

not    a Q2 dependence 
 
Ratio increases above x=2, but 
does not show plateau 
Ø  Scaling prediction for 3N-SRCs 

not valid in this x, Q2 range 

Kinematics	(x,	Q2)	may	not	be	sufficient	to	isolate	3N-SRCs	
• Don’t	know	what	xmin	is	required	for	plateau	to	begin	at	any	given	Q2	

•  Don’t	have	a	clear	momentum	threshold	for	2N-SRCs	to	be	negligible,	as	opposed	to	2N-
SRCs	while	MF	contributions	fall	dramatically	beyond	kFermi	

• Motion	of	3N-SRCs	has	large	effect	near	kinematic	endpoint	(x	≈	3);	much	worse	than	
for	deuteron	

Why? 
Z. Ye, et al., arXiv:1712.07009 



NEW ANALYSIS OF E02-019 DATA 

Paul Reimer, Argonne National Laboratory 

Misak Sargsian - FIU 

Assume 3N region 
shows plateau; extract a3 
(relative contribution of 
3N-SRCs) 

A3 is proportional to (a2)2; 
expected if 2N-SRCs 
proportional to density and 3N-
SRCs proportional to (density)2 
 
 

a2=relative likelihood of nucleon 
to be in a high momentum 
nucleon pair 



INCLUSIVE SRC (AND EMC) MEASUREMENTS: JLAB@12 GEV  

SRCs at x>1 at 12 GeV 
[E06-105: JA, D. Day, N. Fomin, P. Solvignon] 

EMC effect at 12 GeV 
[E10-008: JA, A. Daniel, D. Gaskell] 
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SRC Isospin dependence: 3H vs 3He 
    E12-11-112 (e,e’), E12-14-011 (e,e’p) 
3H, 3He DIS: EMC effect and d(x)/u(x) 
Charge radius difference: 3He - 3H 
Lambda hypernuclei from 3H 

Full 3H, 3He program (5 expts) in 2018 (Hall A) 
 

Initial set of light nuclei in 2018 (Hall C) 



Paul Reimer, Argonne National Laboratory 

Axel Schmidt – MIT 

Sealed-cell gas target 

Hall A 2018 Spring Tritium Run 

Still to come in Fall Run 



Paul Reimer, Argonne National Laboratory 

Axel Schmidt – MIT 
3He(e,e’p)/3H(e,e’p) ratios 

Map	out	transition	from	R≈2	(proton	counting)	
at	low	missing	momentum	to	R≈1	(np-SRC	
dominance)	at	high	missing	momentum	

Very preliminary (online) results 
show accumulated statistics 



MARATHON – D(X)/U(X) 

Paul Reimer, Argonne National Laboratory 

Axel Schmidt – MIT 

Ratio of proton to neutron depends 
only on ratio of nuclear effects in 3He 

and 3H 

Avoids large model dependence 
associated with extraction from D/p 



MARATHON – D(X)/U(X) 

Paul Reimer, Argonne National Laboratory 

Axel Schmidt – MIT 

Ratio of proton to neutron depends 
only on ratio of nuclear effects in 3He 

and 3H 

Points show statistical 
uncertainties based on spring 2018 
data taking 

Avoids large model dependence 
associated with extraction from D/p 



Paul Reimer, Argonne National Laboratory 

Whitney Armstrong - ANL 



ALERT PROJECTIONS: 

Paul Reimer, Argonne National Laboratory 

Separate EMC effect from low-
momentum (mean-field) nucleons and 
high-momentum SRCs 
 
Q2-resclaling and x-rescaling as 
examples of models with very different 
dependence on recoil momentum 

Test FSI models for different spectator 
kinematics with high precision 

Whitney Armstrong - ANL 

Directly compare quark, gluon radii 



Spring	2018:	
§ SHMS	optics	commissioning	
§ Detector	checkout,	calibration	
	
§ F2	of	proton,	deuteron	
§ Color	Transparency	in	12C(e,e’p)	
§ EMC	effect	in	9Be,	10,11B,	12C	

Paul Reimer, Argonne National Laboratory 

Eric Pooser – JLab 
Dipangkar Dutta – MSU 

Holly Szumila-Vance – JLab 
Dave Gaskell – JLab [plenary] 

COLOR TRANSPARENCY AND THE EMC 
EFFECT; OVERVIEW, PLANS, AND FIRST 
HALL C DATA TAKING 



Paul Reimer, Argonne National Laboratory 

Dipangkar Dutta – MSU 
Holly Szumila-Vance – JLab 

COLOR TRANSPARENCY; NEW HALL C DATA 

Reach Proton momenta where 
BNL saw large effect in (p,2p) 

Kinematics	and	uncertainties	
from	spring	data	taking	
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NEUTRON STAR EQUATION OF STATE 

May 29, 2018 
Astronomers Spot a Distant and Lonely Neutron Star 
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Christian Drischler 
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RITU KANUNGO: CONSTRAINING THE NUCLEAR FORCE WITH RARE ISOTOPES 



BETTY TSANG: LABORATORY PROBES OF THE NEUTRON MATTER EOS 

>2ρ0  
Asy-soft 

Asy-stiff 

Tidal deformability, Λ, is not sensitive to 
measured sub-saturation constraints. 

At high density, pressure P and Λ are 
strongly correlated.  P can be determined 
from heavy ion experiments 
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NEUTRON SKIN Seamus Riordan—Argonne 

Scheduled for Summer 2019 



Evgeny Epelbaum: Current status of nuclear 
forces from Chiral EFT




•  Tremendous growth of ab-initio progress recent years
•  Agreement between different ab-initio methods now possible for medium-mass nuclei
•  Poor saturation properties of existing chiral EFT interactions clear in heavier systems

Scott Bogner: Ab-initio shell model interactions and effective operators




(e.g., Machine learning) 

Calvin Johnson: Current Status of Large-Scale Hamiltonian Matrix Diagonalization




Alan Wuosmaa: Experimental tests of ab-initio structure calculations


more challenging for theory




Ushasi Datta: Weakly bound neutron-rich nuclei and cosmic phenomena




1st quantum computation of

the deuteron


Eugene Dumitresco: 
Cloud Quantum 
Computing 
of an Atomic Nucleus 
NFS #8 



ALEXANDRA GADE:  SHORT RANGE CORRELATIONS IN NUCLEI 
§ The reduction of spectroscopic 

strength. . .may indicate 
correlations beyond effective 
interaction theory and limited 
model spaces.  
–  Minority nucleons are more 

correlated than the majority 
species  

–  These correlations are not 
captured in effective shell-
model 
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•  From the asymmetry dependence of the reduction and consistent with expectations 
from some models of nuclei and nuclear matter, the minority nucleons in an 
asymmetric nucleus are more correlated than the majority nucleon species. This 
agrees with the large body of work on SRC from JLab by Hen, Weinstein et al.  


