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 Studying what happens when two particles get close to each other

 What are the properties of such pairs?

 Which nuclear quantities and reactions are affected?

 How are they connected to each other?



 A lot is already known

 Theory:

• Existence of a high momentum tail

in the momentum distribution

• Different nuclei have similar high momentum tails

R.B Wiringa et. al., Phys. 

Rev. C 89, 024305 (2014)

𝑘𝐹



 Experiments

• Mainly electron scattering experiments

• Correlated pairs of nucleons with high momentum were measured

• A dominance of neutron-proton pairs with back-to-back momentum

O. Hen, et al., Science 

346, 614 (2014)



 Experiments

• Mainly electron scattering experiments

• Correlated pairs of nucleons with high momentum were measured

• A dominance of neutron-proton pairs with back-to-back momentum

A complete effective theory describing nuclear short-range 

correlations is still missing



 Zero-range condition:                     𝑟0 ≪ 𝑎, 𝑑

S. Tan, Ann. Phys. (N.Y.) 323, 2952 (2008); Ann. Phys. (N.Y.) 323, 2971 

(2008); Ann. Phys. (N.Y.) 323, 2987 (2008)
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𝑪 ≈ The number of short range correlated pairs



Momentum distribution RF line shape

J. T. Stewart, J. P. Gaebler, T. E. Drake, and D. S. Jin, Phys. Rev. 

Lett. 104, 235301 (2010)
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 Momentum & coordinate-space distributions 
R. Weiss, B. Bazak, N. Barnea, PRC 92, 054311 (2015)

M. Alvioli, CC. Degli Atti, H. Morita, PRC 94, 044309 (2016)

R. Weiss, R. Cruz-Torres, N. Barnea, E. Piasetzky and O. Hen, arXiv:1612.00923 [nucl-th] (2016)

 The Levinger constant
R. Weiss, B. Bazak, N. Barnea, PRL 114, 012501 (2015)

R. Weiss, B. Bazak, N. Barnea, EPJA 52, 92 (2016)

 The Coulomb sum rule (and a review)
R. Weiss, E. Pazy, N. Barnea, Few-Body Systems 58, 9 (2017)

 Electron scattering
O. Hen et al., PRC 92, 045205 (2015)

 Symmetry energy
BJ. Cai, BA. Li, PRC 93, 014619 (2016)

 The EMC effect  
JW. Chen, W. Detmold, J. E. Lynn, A. Schwenk, arxiv 1607.03065 [hep-ph] (2016)

 Coupled-channels theory

R. Weiss, B. Bazak, N. Barnea, arXiv:1705.02592 [nucl-th] (2017)

and more…
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 As a result we get the asymptotic relation:

𝑛𝑝 𝒌 → 𝐹𝑝𝑛 𝒌 + 2𝐹𝑝𝑝(𝒌)
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𝑛𝑝 𝒌 → 𝐹𝑝𝑛 𝒌 + 2𝐹𝑝𝑝(𝒌)

Wiringa et al. Phys. Rev. C 89, 024305 (2014)
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Levinger’s quasi-deuteron model:

𝜎𝑋 - The photo-absorption cross-section of the nucleus

𝜎𝑑 - The deuteron cross-section

𝐿 - The Levinger constant
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𝜎𝑋 𝜔 = 𝐿
𝑁𝑍

𝐴
𝜎𝑑 𝜔

1

𝑘
= 1 − 2 fm 



The 12𝐶 photo-absorption cross section

Points - data

Line - the QD model with 𝐿 = 5.8

Ahrens 1985, http://cdfe.sinp.msu.ru/saladin/gdrmain.html
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From available analysis of photo-absorption experiments:

Adapted with changes from O. A. P. Tavares and M. L.

Terranova, J. Phys. G 18, 521 (1992).

𝐿 = 5.50 ± 0.21
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Comparing to Levinger’s model 
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VMC: 5.7 ± 0.7

Lexp = 5.50 ± 0.21
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 Nuclear short-range correlations can be described using the 

generalized nuclear contacts

 Different nuclear quantities and reactions are related to the contacts

 High momentum tails can be described using 3 parameters (contacts)

 Direct relation between momentum distributions and photo-

absorption cross sections was identified

𝑝ℎ𝑜𝑡𝑜𝑛


