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Short range nucleon correlations
studied with electron and photon probes

® Introduction: Why short range correlations are important
& Low energy (y,pN) experiments at Mainz

& High energy (e,e’) experiments at Jefferson Lab

@ Exclusive 3-nucleon knockout experiments

€ Summary and conclusions

This talk will give a selective overview of investigations of
few-body nucleon interactions using electromagnetic
probes, with an emphasis on experiments carried out at
Mainz and Jefferson Lab in the A2, CLAS and CLAS12
collaborations.
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Summary of low energy (y,pN) reactions

¢ Both 12C(y,pn) and (y,pp) reactions show clear evidence of 2N and 2N +FSI photon
absorption at low E_... (Similar results seen in other light nuclei: He, °Li, 80}

# Clean reaction with the rest of the nucleus acting as a spectator
& There is evidence of a strong A-excitation mechanism
4 Comparison of angular distributions with models indicates significant MEC in (y,pn)

® The strength of the (y,pp) reaction is very much less than (y,pn) and varies with
photon energy, emission angle and missing energy

¢ Note that (y,pp) has fewer MEC channels available and has no Tensor contribution
4 The mechanisms have a strong angular variation, which differs between (y,pn) and
(v.pp)
# The reactions have a strong photon asymmetry X ,which is stronger for (y,pp) than
(v,pn)

¢ Exclusive (y,pN) measurements require comparison with detailed calculations to
identify specific contributions from SRC — Current comparisons are not sufficiently good
enough for this

4 3N and other absorption processes occur at higher E

02/09/2019 Douglas MacGregor - Short range nucleon correlations 15




Inclusive (e,e’) measurements (CLAS)
Egiyan et al, PRL 96 (2006) 082501

# Inclusive electron scattering at high Q2 and high xg is able to

transfer very high energies and momenta to the nucleus
# The cross section is sensitive to not just 2N but also 3N and higher correlations:
o, = A(a,0; +3,06,/2 +3,6,/3 +...)

# G, is the cross section for electron interaction with a j-nucleon correlation and 3; is
the ratio of the probabilities for a given nucleon to belong to correlation j in nucleus
A to correlation j in a nucleus of j nucleons

& It is expected that interaction with 2N SRC will dominate for 1< xz <2
and 3N SRC for 2< x; <3

@ As cross sections drop rapidly with xg, the key is not to look at the absolute cross
sections, but to look at ratios for different nuclei, incorporating the elementary cross
sections.
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TABLE L. a;(4/*He) and a;y(A) (j = 2 3) are the per nucleon relative (to *He) and absolute
probabilities of (jN) SRC, respectively. Errors shown are statistical and systematic for a; and are
combined (but systematic dominated) for a;y. The systematic uncertainties due to the Coulomb
interaction and SRC ¢.m. motion are not included. For the *Fe / He ratio they are expected to be

% and <2(F%, respectively, and are somewhat smaller for '*C/*He and smaller still for

. . 018 = 0.06

L93+ 002+ 0.14 g . 233 +012+0.19 042+ 0.14

241 £ 002017 193+ 4.1 3.05 £ 0.14 £0.21 055+ 0.17
5 227+ 4.7 33*1)19*-1)33
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SRC possible connection to EMC?
Smookler et al, Nature 566 (2019) 354, CLAS

& Neutrons and protons are composite objects

& Deep Inelastic Scattering (DIS) probes internal quark
structure

# DIS cross sections are larger in heavy nuclei than in
light nuclei

& i.e. The distributions of quark properties is affected
by the nuclear environment (EMC effect)

# SRC enhance the high momentum components
of nucleons

# In particular, proton high momentum fraction
is increased in in heavy nuclei

& Could SRC affect the internal structure of

nucleons?
& Measure DIS and quasi-elastic cross sections
simultaneously at CLAS
02/09/2019 Douglas MacGregor - Short range nucleon correlations 19



=(Z—ngqc) Ff + (N—nghe) FI + ngge (FF*+ E)

B z-nE_N
nSc(AFF+AFY)  H i
F2 (A /2)a,—N

£

nbc(AFP+AF?) [F:



Summary of high energy (e,e’) measurements

# Inclusive (e,e’) experiments at high Q and high x; transfer large quantities of energy
and momentum to the nucleus

& Virtual photons are absorbed on single nucleons as well as correlated 2N pairs
and 3N triples

& JLab data show strong evidence of 2N SRC and 3N SRC in both light and heavy
nuclei

& Studies of the isospin dependence show that the neutron excess in heavy nuclei
results in the protons having a larger high-momentum fraction than the neutrons

& Recent work has suggested a connection between SRC and the EMC effect
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Summary and Conclusions |

& Electromagnetically induced 2- and 3-nucleon knockout reactions have
contributions from many processes, including 2N, 2N+FSI, 3N, and 3N+FSI

4 2N mechanisms occur at low E_, in both (y,pn) and (y,pp) reactions, with FSI
extending strength to higher E_|

& 2N mechanisms include A-excitation, MEC as well as SRC

# Kinematic selection can enhance the 2N contribution, but cannot experimentally
separate SRC from A-excitation and MEC

& Strength of each component can only be deduced by comparison with theoretical
models

& State-of-the-art calculations are needed to compare with each experiment, but
have to be filtered through the detector acceptances
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Summary and Conclusions Il

# 3N interactions tend to take place at somewhat shorter ranges than 2N processes
due to the involvement of an additional nucleon

4 3N and 3N+FSI occur in (y,pn) and (y,pp) reactions at high E_
# 3N processes also occur at low E_in 3-nucleon knockout reactions

& Kinematic selection can be used in each reaction to enhance the relative 3N
contribution

& However, 3N and 3N+FSI processes generally remain a small part of the cross
section

# Estimating the strength of each component requires comparison with detailed
theoretical models
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Summary and Conclusions lll

@ Inclusive (e,e’) experiments at high Q and high x; transfer large quantities of energy
and momentum to the nucleus

# Virtual photons are absorbed on single nucleons as well as correlated 2N pairs and
3N triples

# JLab data show strong evidence of 2N SRC and 3N SRC in a range of light and heavy
nuclei

& Studies of the isospin dependence show that the neutron excess in heavy nuclei
results in the protons having a larger high-momentum fraction than the neutrons

& Recent work has also suggested a connection between SRC and the EMC effect

02/09/2019 Douglas MacGregor - Short range nucleon correlations 29



Acknowledgements

& The work reported in this talk is the output of efforts made by
many colleagues, past and present, over a large number of years

# | would particularly like to thank those physicists working in the

A2 collaboration (Mainz) and
CLAS/CLAS12 collaborations (Jefferson Lab)

e

. -ﬂ. ‘




