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2001

Exploring short-range correlations lies at 
the heart of the physics program at 

Jefferson Lab
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Multiple experiments



Track record of peer-reviewed 
experimental results

4

03   04   05   06   07   08   09   10   11   12   13   14   15   16   17   18   19   20   21   22   23   24   25
Tang PRL  

Egiyan PRC 
Niyazov PRL

Egiyan PRL

Shneor PRL

Subedi Science

Baghdasaryan PRL

Fomin PRL

Hen Science  
Korover PRL

Colle PRC

 
Ye PRC  

Duer Nature  
Cohen PRL

Schmookler Nature  
Cruz PLB 
Duer PRL

Schmidt Nature  
Cruz PRL  

Nguyen PRC

Patsyuk Nature  
Korover PLB

Korover PRC

Li Nature  

Inclusive A(e,e’) 
Single Nucleon Knockout A(e,e’p|n) 
Two-nucleon knock out A(e,e’NN) 
Hadronic probes

Li PLB 



5

Numerous topical 
workshops/conferences





Why a white-paper? Why now?

✦ Re-evaluate what we hope to understand
✦ Identify which aspects of the problem are already well in hand
✦ Determine where additional input will be most illuminating
✦ Acknowledge that unanswered questions remain
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2N SRC pairs
A nucleon pair forms a short-range 
correlation when they are very close 
together in the nucleus (≲1 fm)

These pairs exhibit high relative 
momentum and low c.m.  momentum  
compared with  (~300 MeV/c)

The nucleons in the pair have back-to-back 
momenta, indicating a strong, short-
distance interaction

kf
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SRCs dominate the high-momentum tail of the nuclear momentum 
distribution

9



Primary experimental technique: 
Electron scattering

Reactions:
Inclusive: (e,e’)  
Single nucleon Knockout: A(e,e’N)  
Two nucleon knock out: A(e,e’NN)
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Inclusive A(e,e’) results

a2(A, D) =
2σA(x, Q2)
AσD(x, Q2)

Signature
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Allowed

Forbidden

SRC is dominant at high x

The onset of SRC 
dominance shifts to 
lower  as  
increases

x Q2

Kinematics
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Inclusive A(e,e’) results

S. Li Nature (2022), Schmookler Nature (2019), Fomin PRL (2008), 
Egiyan PRL (2006), Egiyan PRC (2003), ), L. L. Frankfurt, PRC (1993) 

Scaling

Universal high-momentum tail

σA(x, Q2) = a2(A, D)
A
2

σD(x, Q2)
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Consistent  measurements:a2

Hall A: HRS

Hall B: CLAS, CLAS12Hall C: HMS, SHMS
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Early studies suggested that the parameter  would scale 
with the average nuclear density, approximated by 

a2
A1/3

 deviates significantly 
from this model
9Be
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Under analysis

XEM2 

Understanding A and N/Z dependence of  
Hall C experiment 

a2

N
/Z

A
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x

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

Studies of isospin dependence using inclusive measurements
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Followup studies have shown 
interpretation challenges associated with 

the model dependence

A. Schmidt, Phys. Rev. C 109, 054001 (2024) 
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Non-SRC 
Contribution



State of the art calculations for high x data for light nuclei 
2N-SRC region for light nuclei
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◦ Shows SRC dominance at 

◦ SRC-pair properties are universal across nuclei

◦ Unprecedented direct comparison to theory in light nuclei!

k > kfermi

Lessons learned inclusive A(e,e’)
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Single nucleon knockout A(e,e’p|n)

Detecting the struck nucleon
21



A=3 nuclei: Benchmark systems for testing theory

Isoscalar data agrees with full calculation up to 500 MeV/c

R. Cruz-Torres, D. Nguyen, PRL(2020).  
R. Cruz-Torres PLB (2019) 
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A=3 nuclei: Benchmark systems for testing theory

Future approved 
experiment

R. Cruz-Torres, D. Nguyen, PRL(2020).  
R. Cruz-Torres PLB (2019) 

Approved CLAS12 experiment
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Transition from MF to SRC 

• Scaling was observed for 2N SRC

• Narrow transition from MF to SRC  

 Q2 ≳ 1.5 GeV2/c2

250 ≳ pmiss ≳ 600 MeV/c

250 ≳ pmiss ≳ 350 MeV/c

I. Korover, A. Denniston et al. (CLAS), PRC (2023) 
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New Hall C data : CaFe (e,e’p)

SRC pairing within the same shell 

Probing pairing mechanisms with  
 

 Ca, Ca, Fe nuclei40 48 54
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◦ Direct comparison to theory for light nuclei  

◦ Proportional to abundance of high-momentum of protons and 
neutron

◦ Which nucleons pair (pairing mechanisms) 

◦ Narrow transition region (mean field → SRC)

Lessons learned single nucleon 
knockout A(e,e’p|n)
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Two-nucleon knock out A(e,e’NN) 

Direct access to pair kinematics
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Two-nucleon knock out A(e,e’NN) 
results

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

• About 20% of nucleons in medium to heavy 
nuclei belong to SRC pairs

• Almost all high momentum nucleons ( ) 
belong to an SRC pair

• predominantly in neutron-proton pairs 

• pair is back-to-back with large relative 
momentum and smaller center of mass 
momentum

k > kf
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SRCs pairs are predominantly np 
pairs (90% np, 5% each pp and nn)

M. Duer et al., Phys. Rev. Lett. 122 (2019)
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Cohen, Phys. Rev. Lett. 121, 092501 (2018),) 

 distribution width is consistent with the sum of two MF nucleonspcm
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Duer Nature (2018)

Neutrons saturate  Protons grow

Protons ‘Speed-Up’ In Neutron-Rich Nuclei
32



A. Schmidt et al. (CLAS), Nature 578, 540 (2020)
33

Tensor-to-Scalar transition

PRL 98, 132501 (2007)
Theory

Experiment



A. Schmidt et al. (CLAS), Nature 578, 540 (2020)

◦ np dominance is due to the tensor force around ~ 400 MeV/c

◦ np dominance is A-independent 

◦ scalar force dominance as 

◦  distribution is universal

pmiss → 1GeV/c

pmiss
34

Tensor-to-Scalar transition



Tensor-to-Scalar transition

Norfolk  
 
AV18
N2LO 1.0 fm 
N2LO 1.2 fm

Schmidt and Pybus et al., Nature (2020)  
Pybus et al., PLB (2020);  
Korover and Pybus et al., PLB (2021)  
New high-stat data (2025)
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RGM  (CLAS12) under analysis 
Figures courtesy of Andrew Denniston 

Q  Independence Under analysis2

SRC properties are  universalQ2
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◦ pn pair dominance  

◦ All* high momentum nucleons belong in SRC pairs 

◦ pp/pn ratio increases with missing momentum
◦ Tensor → scalar transitions

◦ Universality and  scale separation: nuclear momentum 
distribution factorizes at short distance (or high momentum) 
into a two-body NN SRC part and a many-body (A − 2) part

Lessons learned two-nucleon knock out 
A(e,e’NN) 
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Interpreting SRC Data
==>  factorization framework

38

σeN(q)

Two-body
wave function

n(pcm)σ = ⋅ CNN
A ⋅ |ϕ(prelative) |2⋅ ∑

NN

Nuclear 
Contacts

Center of mass
motion

Elementary
eN cross section

⋅

= + +



Interpreting SRC Data
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σeN(q)

Two-body
wave function

n(pcm)σ = ⋅ CNN
A ⋅ |ϕ(prelative) |2⋅ ∑

NN

Nuclear 
Contacts

Center of mass
motion

Elementary
eN cross section

⋅

Probe Independence: How Well Do 
We Understand SRCs?

==>  factorization framework



Studying 2N SRC using 
photoproduction

Hall D
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• Establish probe-independence

• Explore unique kinematics

• Probe initial-state neutrons



Under Analysis

Preliminary
• First observation of SRC breakup 

in photoproduction using (𝛾,𝜌-p) 
and (𝛾,𝜌-pp)

• Measures initial-state neutrons 
using charge-exchange reactions

Figures courtesy of Jackson Pybus
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Preliminary

Consistent with electron- and hadron-scattering results 

Figures courtesy of Jackson Pybus
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Studying 2N SRC using hadronic 
probes

JINR and GSI-FAIR 
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M. Patsyuk et al., Nat. Phys. 17 (2021)

Successful SRC identification
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Figures courtesy of Julian KahlnbowConfirmed pn dominance, low  
indication for factorization A-2 vs pairs

pcm
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Clear SRC Factorization

Back-to-back SRC pairs SRC / A-2 system factorization



Open Questions

• Scale dependence ( )
All observables 

• Probe independence (e, p, 𝛾)  
Confirm factorization 

• Pairing mechanisms

• Precision of interpretation in terms 
of ground state properties (theory) 
 

• Neutron rich systems

Q2

Quantitative era of 2N SRC
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New observables: Using tensor 
polarized deuteron

A(e,e’)

Approved experiment

Measurement of the repulsive strength of 
the nuclear core ever done  in electro-

nuclear processes 

A(e,e’p)

Further understanding of NN potentials
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LOI



• (e,e’) high  , x>2  
existence of a second plateau

• 3N KO (e,e’ppN)  
Extraction of triplet characteristics 

Theory guidance
• Kinematics 
• Ground state
• Factorization
• Phenomenology

Q2

Discovery era of 3N SRC

Open Questions
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 Discovering 3N SRC
Inclusive worked for 2N SRC

Light cone momentum 
fraction in a 3N system

Completely dominant

Looking at the region  
where 3N is dominant
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α



 Discovering 3N SRC
Inclusive worked for 2N SRC

Light cone momentum 
fraction in a 3N system

xα

Large Q2
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Previous data not at the quite at the right kinematics (low ) Q2



Under analysis (XEM2) just at the threshold where 3N SRC are dominant 

Authors working in the exciting 
 data points 

Not yet in the plot 
x ≳ 2.5

x



We need more 3N SRC 

dedicated 
measurements



Overview

Published
Approved
Future
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Overview

Future with electron scattering
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SRC white paper group
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SRC white paper group

+ Large Community that participated 
in our While-Paper Forum, provided 
feedback, and signed on the paper!




