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Overview

Short-Range Correlations (SRC) between nucleons in nuclei have important consequences on nuclear structure, hadronic
physics, and high-energy physics.

Nucleons at short-distance experience a strong interaction, that generate a high-momentum tail to the nuclear wave-
function, which is a universal feature of two-component Fermi systems and was shown experimentally to also exist
in systems of ultra-cold atomic gases, with a broad implications to the macroscopic properties of cold gases. The
short-range structure of nuclei is therefore a vigorous and important field of research with wide-ranging significance
to fundamental nuclear physics and various subfields in astrophysics, atomic, and particle physics.

In a recent series of publications, it has been shown that SRC inside the atomic nucleus have connotation on the
nuclear symmetry energy and neutron stars structure, the quark distributions in nuclei (the EMC effect), the free
(un-bound) neutron structure, and energy sharing in ultra-cold two-component Fermi-gases in atomic physics. Other
papers have shown the effects of correlations on neutrino-nucleus interactions and the analysis of neutrino oscillation
experiments. In a series of publications that we are on the process of publishing, we study the formation mechanism
of 2N-SRC pairs from measuring their center-of-mass momentum, and the effects of the momentum sharing inversion
in imbalanced nuclei.

My postdoctoral research plan focuses on further investigating the nature of SRC, and examine the implications of
these import nuclear dynamics to neutrino studies.

The first will be accomplished by analyzing existing CLAS (JLAB) data as a part of the data-mining initiative, and by
taking leading parts in the next generation of SRC experiments at JLAB, GSI and Dubna, which I helped conceptualize
and propose during my PhD studies. The latter will target the impact on coherent neutrino scattering measurements
at the Ricochet experiment, and by the analysis of neutrino-scattering data from the MicroBooNE at Fermilab.

A detailed description of my proposed research program follows.

SRC implications on the Ricochet measurement

I am very interested in collaborating with the Formaggio group, working on the Ricochet experiment and studying the
implication of SRC on the measurements. In particular, I plan to incorporate initial-state SRC in neutrino-nucleus
Monte Carlo codes used for this measurement and study their effects on the simulated neutrino oscillation signal in
collaboration with prof. Formaggio.

Neutrino-Nucleus cross-section measurement

The current and future large neutrino detectors are all made of nuclei. In our opinion the ability to extract the
interesting neutrino physics will be, at some point, limited by our knowledge of the nuclear physics involved. Conse-
quently, the study of neutrino-oscillations have renewed interest in neutrino-nucleus interactions. In the energy range
most relevant for oscillation studies (Eν ∼0.3 to 3 GeV), the dominant neutrino interaction is via Quasi-Elastic (QE)
neutrino-nucleon scattering in nuclei. The MicroBooNE experiment is an effort to exploit the advantages of Liquid
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Argon (LAr) detectors for measurements of ν-interactions, with a goal to address the excess of events at low energies
observed by MiniBooNE.

I propose to study neutrino induced charge-current QE scattering with one or two protons and no pions in the final
state. My interest in such events is double: firstly, I wish to study nuclear dynamics using neutrino-nucleon scattering
data. Secondly, I aim to improve the reconstruction of neutrino energy for oscillations studies.

I wish to categorize these events according to their full topology, and try to associate them with specific nuclear physics
processes (e.g., breaking of short range correlated pairs, pion absorption). I will try to compare the measurement to
existing calculations and simulations, aiming to challenge the assumed nuclear model and identify parts of the phase
space that are not well reproduced within the current models.

Investigating these events may allow extending the use of such semi-exclusive process to reconstruct the energy
distribution of the neutrinos that initiate them. In the context of oscillation, it is clear that one will loose statistics
compare to inclusive processes, however the gain in the ability to know the energy might improve our ability to
characterize oscillations.

I will focus on single and double proton emission from charge current neutrino-neutron QE interactions. This will be
accomplished by developing and evaluating existing algorithms for proton detection, followed by the analysis of the
cosmic and beam induced MicroBooNE data, with one and two protons tracks.

As a Pappalardo fellow I plan to collaborate with Dr. Or Hen and the Conrad group, extracting ν-neutron quasi-
elastic cross-sections and improving the understanding of nuclear physics impact on ν-nucleus measurements, from
the analysis of charge current ν-scattering events with one or two protons and no pions in the final state. This will
be accomplished by formulating an algorithm for proton reconstruction at LAr detectors, followed by analysis of the
cosmic and neutrino induced MicroBooNE data, with one and two protons tracks.

Electron Scattering data analysis for neutrino experiments (CLAS/JLab)

The experimental study of SRC pairs require the breakup of the pairs in the nuclei, which is typically conducted by
knocking out one of the partners using high energy probe and a large momentum transfer reaction utilizing high-
intensity particle accelerators. A particular example is JLAB, that uses a high intensity electron beam impacted
on targets and dedicated detectors that are specifically designed for each experiment. These accelerators are large-
scale projects that involve large financial investments in construction and maintenance, at the scale of hundreds of
millions of dollars. Using data-mining methods that we developed, we reanalyze data that have been collected in past
experiments taken with the large acceptance CLAS detector, and extract important physics the original experiments
did not intend to address them. Our framework of data-mining provides a solid ground for exploration of exciting
physics with minimal additional costs compared to a dedicated measurement. We take the cost-effectiveness to the
extreme and surpass the horizon.

The observations that we have acquired by using the data-mining techniques lead us in the design and development
of new experiments and detectors, and the opening of new frontiers. As a Pappalardo fellow I plan to continue the
SRC study with those, and new techniques, by collaborating with Dr. Bill Donnelly, Dr. Shalev Gilad, and Dr. Or
Hen from the LNS, analyzing data that is needed to better understand the nature of SRC by probing the highest part
of the high-momentum tail, and studying multi-nucleon SRC (in which more than 2 nucleons were involved).

In addition, I will take a leading part in the CaFe experiment of which I am a co-spokesperson. This experiment was
approved by the JLab Program Advisory Committee (PAC) to compare 48Ca and 40Ca (e, e’p) in order to investigate
the isospin dependence in the np-SRC.

I will be very excited to pursue my postdoctoral research as a Pappalardo fellow at MIT, studying the neutrino-nucleus
interaction and the neutrino mass with the Formaggio group as a part of the NuDM, and the short-range structure of
nuclei with Dr. Bill Donnelly, Dr. Shalev Gilad, and Dr. Or Hen.
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