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Atomic nucleus
(mean-field nucleons, 
clusters)

Close proximity
nucleon-nucleon pairs
(short-range correlations)

Nucleon structure
(quarks + gluons, 
EMC effect)



Single-nucleon picture of nuclei
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Single-nucleon picture of nuclei
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Single-nucleon picture of nuclei
incomplete
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calculation



Fluctuations of 
close-proximity 
nucleon pairs
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Short-Range 
Correlations 

(SRC)



Fluctuations of 
close-proximity 
nucleon pairs
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Short-Range 
Correlations 

(SRC)

è Local density comparable 
to that of neutron stars



8

p
n

A-2

A-1

~kF

Step 1: One + Two-body picture of nuclei



Step 1: One + Two-body picture of nuclei
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Many-Body 
System

NN Interaction

Nucleon 
Sub-Structure

Step 2: SRCs Across Nuclear Scales
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Step 2: SRCs Across Nuclear Scales
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Neutron 
Detectors

Proton Spectrometer

Hall A
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‘Quasi-Deuterons’ in Nuclei?

K.Sh. Egiyan et al. (CLAS), Phys. Rev. C 68 (2003).
B. Schmookler et al. (CLAS), Nature 566 (2019).
D. Nguyen et al. (JLab Hall A), Phys. Rev. C 102 (2020).
S. Li et al., Nature 609 (2022).

(e,e`) cross-section ratio scaling @ high-xB

~kF
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Onset of SRC Regime?
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New scaling via (e,e’p) ratios

Korover and Denniston 
et al., Submitted (2022)
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Onset of SRC Regime?

kF
Full SRC 
Onset

Korover and Denniston 
et al., Submitted (2022)
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SRC Breakup Reactions



29Hen et al., Science 2014

‘Measuring’ SRCs

High-momentum 
+ Back-to-back 

= SRC pairs
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cos(opening angle)



30Korover et al., PLB (2021)

Do High-Momentum Nucleons 
Come in Pairs? Yes!
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Duer PRL ‘19; Duer Nature ’18; Hen Science ‘14; Korover PRL ‘14; Subedi Science ’08;
Shneor PRL ’07; Piasetzky PRL ‘06; Tang PRL ‘03; Review: Hen RMP ‘17;

What kind? Predominantly 
neutron-proton (np) Pairs
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2-4% pp 
pairs



Wiringa, PRC (2014); Carlson, RMP (2015); …
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proton

Neutron?

What do excess neutrons do?
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Comparing Proton & Neutron Dynamics



Correlation Probability: 
Neutrons saturate

Duer Nature (2018) 34



Correlation Probability: 
Neutrons saturate Protons grow

Duer Nature (2018) 35



Duer Nature (2018) 36

Protons ‘Speed-Up’ In Neutron-Rich Nuclei
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Affects neutron star calculations

arXiv 2004.10309

PRC 101, 065202 (2020)
NPA 990, 118 (2019)

Prog. Part. Nucl. Phys. 99, 29 (2018)

Hen+, PRC ’15 ( >100 citations)
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Eur. Phys. J. A 55, 117 (2015)



Interesting effects in initial calculations

arXiv 2004.10309

PRC 101, 065202 (2020)
NPA 990, 118 (2019)

Prog. Part. Nucl. Phys. 99, 29 (2018)

Hen+, PRC ’15 ( >100 citations)
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Eur. Phys. J. A 55, 117 (2015)

Hen, Science 371, 232 (2021)
Tanaka et al., Science 371, 260 (2021)
Miller et al., Phys. Lett. B 793, 360 (2019)
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Many-Body System

Short-Ranged  
Interaction

“SRC Lab”

Nucleon 
Sub-Structure



Pairs ó Scale Separation?
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R. Cruz-Torres et al., Nature Physics (2021)
R. Weiss et al., Phys. Lett. B 780 (2018)

J.-W. Chen, W. Detmold, J. E. Lynn, A. Schwenk, PRL 119 (2017)
R. Weiss, B. Bazak, N. Barnea, Phys. Rev. C 92 (2015) 41



Experimental Signature: no correlation 
between relative & c.m. motions

42C. Ciofi degli Atti, Phys. Rep. (2015)



Inverse Kinematics Measurement
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A-2 Factorization

Patsyuk and Kahlbow et al., 
Nature Physics 17, 693 (2021)

Correlated pairs
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Thank you!

Exciting 
Times Ahead!


