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What do we know about SRCs?
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Short-ranged, short-lived, highly 
correlated pairs of nucleons

High relative and lower 
center-of-mass momentum

Position-space Momentum-space



Nuclei probed using knockout reactions
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Scattered 
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Nucleon

Bound 
nucleon
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Partner 
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High-momentum, 
back-to-back pairs



Many recent results in quantitative study of SRCs
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Ground-state interpretation requires 
establishing plane-wave factorization!
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Low-energy Ground-State

σ = σe,N(q) × S(pi, Ei)

High-energy Reaction



Relies on connection between electron 
scattering data and nuclear ground-state

6

Factorized cross section: 
σ = σe,N(q) × S(pi, Ei)



Two ways to examine reaction-dependence:
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Two ways to examine reaction-dependence:
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Probe Dependence of SRCs
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Probe Dependence of SRCs
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Hall D SRC-CT Experiment
• Dedicated high-energy photonuclear 

measurement in Jefferson Lab Hall D 

• 10.8-GeV electron beam — energy-
tagged coherent bremsstrahlung 

• ~40-day measurement of targets 2H, 
4He, 12C 

• Final-state particles detected in large-
acceptance GlueX spectrometer
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…



SRC Photoproduction in Hall D
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• Initial-state neutron  
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SRC Photoproduction in Hall D
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 Photoproduction Cross Sectionρ−
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Quasi-free reaction in deuteron 
 

 
γ + d → π0π− + p + pmiss

|pmiss | < 0.2 GeV/c
p−

miss < 0.975 GeV/c

σ = σγn(t) × S(pi, Ei)

Non-resonant interference



 Photoproduction Cross Sectionρ−
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σ = σγn(t) × S(pi, Ei)
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Signal Process: γn → ρ−p

SRC Event Selection
Background:  

Misidentify  as proton
γn → ρ−π+n
π+

γ

n

π+

(n)

ρ−

Second nucleon detection 
can help identify signal vs. 

background kinematics 
 m2

miss,2N ≡ (pγ + 2pN − pM − plead)

Two-nucleon knockout

One-nucleon knockout
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Signal Process: γn → ρ−p

Inclusive variables: 

• Momentum-transfer:  

• Invariant mass:  

• Scaling variable: 

tM = (pγ − pM)2

W2
M = (pγ + pN − pM)2 ∼ m2

N

ζM ≡
−tM

2mN(Eγ − EM)
∼ 1

Novel photoproduction 
variables balance PID, 

resolution, and kinematic 
considerations to identify 

SRC signal

SRC Event Selection
Background:  

Misidentify  as proton
γn → ρ−π+n
π+

γ

n

π+

(n)

ρ−



SRC Event Selection
•  

•  

•  

•  

•  

•

plead > 1.2 GeV/c

| t | , |u | > 1.5 GeV2

0.4 < kmiss < 1.2 GeV/c

ζ2π > 0.6

m2
miss,2N < 1.5 GeV2

0.3 < prec < 1 GeV/c
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First observation of SRCs in photoproduction
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@ Hall D

γnp → ρ−pp
PRL 2007 

Back-to-back correlation in 
 @ Hall A(e, e′￼pp)
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SRC Center-of-Mass Motion
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Ab-initio

Preliminary

(γ, ρ−pp)

: PRL (2018) 
: Nature Physics (2021) 

: SRC-CT (2024)
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Data connect to ab-initio theory at high momentum; 
Distinguish realistic and unrealistic models
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np, s = 0

pp, s = 0

np, s = 1

NN Interaction

Initial neutron momentum 
Inferred from momentum 

conservation

Initial recoil proton momentum 
Directly measured

AV18

AV4’

PreliminaryPreliminary



SRC Isospin Structure

23



SRC Isospin Structure
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#pn/#p

#pp/#p

Electron-Scattering

Proton-Scattering



SRC Isospin Structure
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#pn/#p

#pp/#p

Electron-Scattering

Proton-Scattering



SRC Isospin Structure
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#pn/#p

#pp/#p Theory Predictions

AV18 
N2LO



SRC Isospin Structure
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#pn/#p

#pp/#p

Hall D  
12C(γ, ρ−pp)
12C(γ, ρ−p)

Preliminary

#np/#n



Conclusions

• First observation of SRCs using 
photoproduction reactions 

• Extracted data show sensitivity to ground-
state nuclear properties 

• Data point to universal description of the 
ground-state of Short-Range Correlations 
across probes
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Backup Slides
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Consistency with theory points to universal 
picture of the nuclear ground-state!
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Photons

Electrons Protons

Hall D 12C(γ, ρ−pp)

Preliminary
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Back-to-back Correlation
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Center-of-mass Motion
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Interpreting SRC results requires two things:

1. Clean measurements of SRC breakup 
using two-nucleon knockout 

2. Model of the SRC component of the 
nuclear ground-state
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Interpreting SRC results requires two things:

1. Clean measurements of SRC breakup 
using two-nucleon knockout 

2. Model of the SRC component of the 
nuclear ground-state
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Ground-state model can be combined with  
“Plane-Wave Impulse Approximation”
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Ground-state model can be combined with  
“Plane-Wave Impulse Approximation”
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Ground-state model can be combined with  
“Plane-Wave Impulse Approximation”
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σ = σe,N(q)∑
α

Cα |ϕ(prelative) |2 n(pCM)



Ground-State 
• Low-energy 
• 2-body dynamics 
• Universal

PWIA relies on factorization between reaction and 
ground-state
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σ = σe,N(q) × S(pi, prec)

Reaction 
• High-energy 
• 1-body operator 
• Kinematics- and 

probe- dependent



Internal scale separation of SRCs on good footing:
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GlueX Spectrometer
• Large-acceptance detector 

• Solenoidal magnet:  

• Good  resolution 

• Poor  resolution 

• Time-of-flight allows particle 
identification for forward-going 
charged particles 

• Calorimeters allows good 
acceptance and reconstruction of 
final-state photons

pT

pz

40

Solenoid magnet

Drift chambers

Barrel calorimeter

Forward Calorimeter

Time-of-flight

Target



Hadron-scattering measurements of SRCs

• Inverse-kinematics measurement at Joint 
Institute for Nuclear Research in Dubna 

• 12C ions incident on hydrogen target 

• Spectrometer measured final-state protons, 
nuclear fragments 

• Allows reconstruction of nuclear final-state 
in SRC breakup scattering
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Experimental evidence for SRC scale-separation 

42M. Patsyuk et al, Nature Physics (2021)



Next generation of ion-beam SRC studies underway
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JINR, Dubna GSI, Frankfurt


