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What do we know about SRCs?

2

Short-ranged, short-lived, highly 
correlated pairs of nucleons

High relative and lower 
center-of-mass momentum

Position-space Momentum-space



What do we know about SRCs?
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Universal high-momentum 
“tail” — about 10-20% of 

nucleons



Factorized approach to SRC modeling
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Pair interaction

Center-of-mass 
motion

Pair abundance

Factorized SRC 
spectral function:

S(pi, Ei) ∼ CNN ⋅ |ϕ(krel) |2 ⋅ n(pCM)

Nature Physics (2021), PLB (2018), PRC (2015), PRC (2021), JPG (2020), PRL (2017), PLB (2019), PRC (1996)…

krel ≫ pcm



SRCs can be studied with hard breakup reactions
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High-Energy 
Probe

Struck 
Nucleon

Correlated 
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Scattering data can inform ab-initio theory
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Plane-wave impulse approximation 
σ = σe,N(q) × S(pi, prec)



Ground-state interpretation requires 
establishing plane-wave factorization!
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Ground-State

σ = σe,N(q) × S(pi, prec)

Reaction



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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Probe Dependence of SRCs
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SRC Photoproduction in Hall D
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• At Jefferson Lab, Fall 2021 

• 10.8 GeV  on diamond radiator 

•  from electron tagging 

• GlueX spectrometer 

• 2H, 4He, 12C

e−

Eγ

…



SRC Photoproduction in Hall D
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SRC Photoproduction in Hall D
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Drift chambers

Forward Calorimeter

Time-of-flight

Barrel calorimeter

p

π−

π0 → γγ

p, n

Also require: 
• Large momentum-

transfer 
 

• Large nucleon 
momentum 

 

• Removal of PID-related 
backgrounds

| t | , |u | > 1.5 GeV2

kmiss > 400 MeV/c



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)

n

γ

p

4He4He(γ, ρ−pp)Preliminary



SRC Center-of-Mass Motion
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Ab-initio

Preliminary

12C(γ, ρ−pp)
(γ, ρ−pp)

: PRL (2018) 
: Nature Physics (2021) 

: SRC-CT (2024)

e−

p
γ
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Data connect to ab-initio theory at high momentum
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AV18

np, s = 0

pp, s = 0

np, s = 1

NN Interaction

4He(γ, ρ−pp)

Preliminary

AV18

4He(γ, ρ−pp)

Preliminary

Initial neutron momentum 
Inferred from momentum 

conservation

Initial recoil proton momentum 
Directly measured



More interesting: How often do we 
have a recoil proton?
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Preliminary



More interesting: How often do we 
have a recoil proton?
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Acceptance corrections

PreliminaryPreliminary



Where do we fit in?
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#pn/#p BNL 12C(p, pp)



Where do we fit in?
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#pn/#p

#pp/#p

Hall A 12C(e, e′ pN)



Where do we fit in?
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#pn/#p

#pp/#p

Hall A 4He(e, e′ pN)



Where do we fit in?
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Where do we fit in?
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Where do we fit in?
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#pn/#p

#pp/#p Ab-Initio Theory

Hall B 12C(e, e′ pn)

Hall B 12C(e, e′ pp)



Where do we fit in?
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#pn/#p

#pp/#p JINR 12C(p, A)



Where do we fit in?
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#pn/#p

#pp/#p

Hall D 12C(γ, ρ−pp)

Preliminary



Conclusions
• First observation of Short-

Range Correlations using 
photoproduction 

• Ab-initio calculations 
describe photoproduction 
data well 

• Consistency with electron, 
hadron scattering point to 
consistent, universal 
picture of SRCs
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