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Abstract. In this session we focused on the higher energy deep and shallow inelastic particle interactions, DIS and SIS. DIS
interactions occur when the energy of the incident particle beam is so large that the beam is able to penetrate the nucleons
inside of the target nuclei. These interactions occur at the smallest level possible, that of the quark-gluon, or parton, level.
SIS interactions occur in an intermediate energy range, just below the energy required for DIS interactions. The DIS cross
section formula contains structure functions that describe our understanding of the underlying parton structure of nature. The
full description of DIS interactions requires three structure functions: two may be measured in charged lepton or neutrino
scattering, but one can only be extracted from neutrino DIS data. There are reasons to expect that the impact of nuclear
effects could be different for neutrinos engaging in the DIS interaction, vs those felt by leptons. In fact, fits by the nCTEQ
collaboration have found that the neutrino-Fe structure functions appear to differ from those extracted from lepton scattering
data [1]. To better understand the global picture of DIS and SIS, we chose a three-pronged attack that examined recent
experimental results, data fits, and latest theory predictions. Experimental results from neutrino and lepton scattering, as well
as collider experiments, were presented.
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INTRODUCTION

The “deep and shallow interactions” session focused on three primary areas: recent experimental results, fits to the
global body of data, and latest theory predictions.

EXPERIMENTAL RESULTS

On the experimental front we have updates from the neutrino sector, lepton scattering, and collider experiments.
Latest neutrino results are cross section measurements using the charged-current inclusive samples, or CC-inclusive.
The CC-inclusive sample includes both DIS and SIS, and is an important sample to use to develop the particle
identification and error handling algorithms necessary for the DIS and SIS analyses. We have CC-inclusive results
from three experiments: MiniBooNE [2], MINERνA [3], and T2K [4]. All three experiments are operating with
similar beam energies, and thus have similar compositions of event types in their CC-inclusive data sets. These
analyses are in various stages of maturity, and use different neutrino generators as the basis for their theoretical
predictions. The extracted cross sections and ratios of cross sections agree within a few sigma with the predictions
from the NUANCE [5], NEUT [6], and GENIE [7] generators. The final goal for these analyses is to produce these
measurements in the least model dependent way, that of a double differential cross section as a function of the
reconstructed muon kinematics [8, 9, 10].

The JLab BoNuS[11] experiment is designed to measure the free neutron structure function at large xB jorken, and
to measure nuclear effects in deuterium using a method known as spectator tagging. This large xB jorken region is one
that is still not well explored, and where our parton distribution functions are least well known. Filling in this region
of phase-space will allow us to separate our up and down quark parton distributions (i.e. the valence and non-valence
distributions). Results from the initial running of BONUS using the spectator tagging method are preliminary. There
are plans to run the experiment with a higher energy beam, providing a probe of the F2 structure function for neutrons
up to a xB jorken of approximately 0.8 [12].

From the collider front, final structure function data from the H1 [13] and ZEUS [14] experiments have been
released. The parameters extracted from these data, and expected from data collected after upgrades to the accelerator
complex, will provide tests of our theoretical predictions over four orders of magnitude in Q2, or four-momentum
transfer, in the range of 10−4 < xB jorken < 0.9. Global parton distribution fits are now starting to use data from the



LHC [15] experiments. We expect many exciting results from these data in the near future [16].

FITS TO DATA AND THEORETICAL MODELING

In this session we also saw the latest results from the CTEQ collaboration [17], who perform global fits to DIS data
to extract structure functions, a detailed discussion of the theoretical underpinnings of the GiBUU [18, 19] generator,
and the modeling and theory of SIS interactions [19]. The many differences in assumptions and data sets used in the
fits were discussed at length. In particular, of great interest was the handling of the transition region between SIS and
DIS interactions.

SUMMARY

Presentations in this session covered latest experimental results, as well as fits to the data and theoretical advances.
There has been a lot of work put forth on the experimental front, and we expect in the next several years to have a
wealth of information coming from: extracted structure functions as a function of nuclear material, ratios of structure
functions, SIS inputs, nuclear effects in neutrino vs lepton scattering as a function of the nuclear material, and from the
1 and 2 pion backgrounds in SIS. We have seen that there are a wide variety of fits to the data, but the use of different
combinations of data sets and underlying assumptions makes it difficult to reconcile the charged lepton, Drell-Yan,
and neutrino data. We have also seen how the various neutrino generators (NEUT, NUANCE, GENIE, and GiBUU)
agree/disagree in their predictions. We need to ensure we have the “right” physics modeling included in our generators,
but the lack of data for the DIS and SIS interactions makes it difficult to determine what is “right”. Future DIS and SIS
measurements will aid the development and advancement of these models through comparisons to all models, not just
the preferred model for a given experiment.
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