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Abstract. Preliminary results on semi-inclusive charged pion préidmncin eA collisions at
Epeam=5 GeV/¢ are presented. The data were collected using the CLAS detedtich is a mul-
tipurpose, large acceptance, magnetic spectrometeetdatall B at the Thomas Jefferson Na-
tional Accelerator Facility. Distributions in W, Qpy, and 6, are shown for data produced using
deuterium and carbon targets. Preliminary comparisortsdeita simulated using the GENIE gener-
ator are made. The motivation for this work is to provideritsitions useful for tuning the hadronic
production models used in extracting results from current @ext-generation neutrino oscillation
experiments.
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INTRODUCTION

The discovery of neutrino oscillations in the late 1990stzhed a large international
effort to further understand the nature of the oscillatiand quantify the parameters
of the neutrino mixing matrix that relates the neutrino maed flavor eigenstates.
Several of the experiments dedicated to this task are make@surements of 0.5 to
a few GeV neutrinos interacting on nuclear targets.[1] Ideorto reach the desired
measurement precision, these experiments must minimstersytic errors arising from
nuclear models and the modeling of nuclear final state iotemss of the produced
hadrons. Electron scattering offers the opportunity tdytwclear effects in the hadron
production in a system similar to what is seen with neutrizod tune the nuclear final
state interaction portions of the neutrino interactiondation code.[2] The aim of
this work is to provide differential cross section data fasrpproduction in electron
scattering on several nuclear targets of interest to thérineucommunity for this
purpose.

EXPERIMENTAL FACILITIES

The Continuous Electron Beam Accelerator Facility (CEBASE)Thomas Jefferson
National Accelerator Facility (JLAB) in Newport News, Virga, USA, provides a
continuous beam of electrons with energies up to 6 GeV andrarduof up to 200

1 Representing the CLAS Collaboration.



UA to one of three experimental halls.[3] Located in Hall B BAB is the CEBAF
Large Acceptance Spectrometer (CLAS) which has been opgrsince 1997.[4] This
large acceptance, multiparticle spectrometer is instriegewith wire chambers, gas
Cherenkov counters, scintillation counters and electgmatc calorimeters. CLAS has
polar angle @) coverage from 8to 14® and a momentum resolution for charged
particles of around 1% down to momenta of 150 MeV/c. A torbiakagnetic field
throughout the tracking volume is created by six supercotmy coils distributed
symmetrically around the beam direction and target. Alséhieatures make CLAS an
ideal detector for studying the hadron production (and itependence) in eA scattering
and it was used to record the data shown here.

This analysis uses data from the CLAS Eg-2 running periodid32and 2004. The
beam parameters and target for the Eg-2 period were choseaailitate studies of the
process of hadronization and the onset of nuclear transpafB] During this time,
an electron beam of 4-5 GeV was incident on two nuclear targi@tulaneously. One
of those targets was cryogenic deuterium while the otheravsaslid target fabricated
from either carbon, aluminum, iron, tin, or lead. The siran#ous exposure of the two
targets was an important feature of the experiment. The angets in the beam were
separated by 4 cm, which was far enough to allow for a cleamtiittsation of the event
source while being close enough to provide a similar acoegtdor the two targets.
Consequently, time-dependent systematic effects, sudhrifidg gains and detector
inefficiencies, cancel out in the ratio of observables betwt@e two targets, increasing
the precision of results reported as ratios. The Eg-2 tisgetll-described elsewhere.[6]

EVENT SELECTION

Over 1.1 billion raw events consistent with interactiontie®s in the deuterium or
carbon targets were used for this analysis. From this sarepnts with an electron
and one detected charged pion were extracted. A number eftsel criteria were
invoked to insure only high quality, well-reconstructecertis with the topology of
interest were kept for continued analysis. Fiducial cutsenenforced requiring that
both the electron and the pion traversed regions of the uet@dth good tracking
and calorimetric coverage. The dominant feature of theseitdi requirements was the
removal of six, symmetric, azimuthally distributed reggomhere the superconducting
coils for the magnet interfere with the detector acceptaRestrictions were placed on
the position of the track origin along the beam in order taireghe events originated in
either the deuterium target or the carbon target. For thetrele ID, tracks were rejected
if they had an even energy deposition as a function of dejpiisistent with pions and
muons at these energies. The electron momentum was redaibedgreater than 0.75
GeV (corresponding to y<0.85) to avoid a trigger energysheodd in the calorimeter
that could lead to a potential event selection bias that evbaldifficult to model. After
all cuts approximately 10.9 million events with the eleatmoteracting in the deuterium
target were retained. The analogous sample on carbon wasxapptely 8.4 million
events.

The large number of events in the data sample will allow ferstudy of differential
cross sections which are, in principle, more powerful thaegrated cross sections in
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FIGURE 1. W versus @ for events with a single detected charged pion which passehestion cuts
in this analysis.

constraining models of nuclear effects in these interasti@he coverage in W and?Q
for the selected eventsis shown in Fig. 1. These eventsicansangle, detected, charged
pion. A study of simulated data indicates approximately 6G8Rthese events contain
at least one undetected charged pion. The single pion eweity gan be improved
substantially by the use of a missing mass cut; but, thisaeslthe statistics, and the
ability to make differential distributions, substantyallThe results shown here do not
have a missing mass cut enabled.

SIMULATED EVENTS

The use of simulated data in this work is essential for stidfeacceptance, radiative
corrections, and systematic errors. Simulated samples vrelated using the GENIE
Monte Carlo generator package.[7] GENIE stands for Geesrgvents for Neutrino
Interaction Experiments and the code represents a recémireyoing effort at creating a
flexible and powerful leptonic-nucleus(nucleon) eventidation package using modern
software. The code is written in C++ and is designed in a nardakhion so that users
can insert and compare different physics options for madekarious aspects of the
event. Version 2.5.1 of GENIE, with the eA mode enabled, wssduor this work.
Relative to the default GENIE used for neutrino interactioime eA mode of GENIE
uses charged lepton cross sections from Rein-Sehgal[@Banek-Yang[9] and includes
small modifications to account for the probe charge in therdradation model and
resonance event generation.[10]

Events generated by GENIE were passed through the CLAS tdetsicnulation
(GSIM) and then processed through the same analysis chathfasthe data. A suffi-
ciently large sample of simulated data was generated sattoter 1.3 million and 1.1
million events with one detected, charged pion were rethfnbe analysis after all cuts
for the deuterium and carbon targets, respectively.
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FIGURE 2. The acceptance-corrected distribution in W for deuterilaft)(and carbon (right).

RESULTS

The results shown below are preliminary and include onlyistieal errors. The goal
for the analysis is to achieve systematic errors of less 1@84. It is also important to
note that no radiative corrections are included in the ¢atmns. In addition, each of
the distributions shown below are acceptance correcteglatbeptance correction fac-
tor was derived bin-by-bin as the ratio of simulated eveet®nstructed in a given bin
to the simulated single-pion events generated in the samd bis procedure depended
on the facts that the simulation populated phase space lgyted sufficient statistics
to minimize problems due to fluctuations, and had post-rsttoation distributions that
looked rather similar (in terms of shape and edges) to theeluizfore acceptance correc-
tion. It is important to emphasize that the acceptancedesd plots were corrected to
the relevant single pion distributions.

Fig. 2 shows the acceptance-corrected W distributiondi®selected events on deu-
terium (left) and carbon (right). The data is given by thesgdares and the distribution
for simulated data is represented by the blue trianglehisdifferential distribution of
W all the other variables are integrated over. Though W saprts the invariant mass of
the hadronic system in these events, is it calculated frgtoiec information only.

Fig. 3 shows the acceptance-corrected distribution fotrerdeptonic variable, &
The @ distribution is shown for selected events on deuteriunt)(fid carbon (right).
The data is given by the red squares and the distributionrfarlated data is represented
by the blue triangles. In this differential distribution @ all the other variables are
integrated over.

The pion momentum distribution for a mix of both charges wvahin Fig. 4. Again,
the distribution is shown for selected events on deuterieft) @nd carbon (right) and
the data is given by the red squares and the distributionrfarlated data is represented
by the blue triangles. In this differential distributionf the dependencies on the other
variables are integrated out.

Fig. 5 gives a distribution for the acceptance-correctegleal ;, for the pion relative
to the beam direction in the laboratory frame. The distrdng on the left (right) is
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FIGURE 3. The acceptance-corrected distribution iff@r deuterium (left) and carbon (right).

© momentum for single charged pion : D2 target ‘ 7 momentum for single charged pion : "°C target |

2 o N
(L] ,**" = CLAS LI 12;---"' = CLAS
- L - 7L
s [ ™= ~ GENIE s | = ~ GENIE
008, ™ 0.1/ 5.
T ey -
0081 -, 0.08|— -
r ™ I =
L F -
L ™ 0.06—
g, r L]
0.04— . C -
L r
r [ 0.041 .
= =iy L -,
0.02— it - i
= e, 0.02{— L
r it C e
C I I I | | | B I I I “.‘\q"":—‘w |
% 0.5 1 1.5 2 2.5 3 3.5 4 % 05 1 15 2 2.5 3 3.5 4

7 momentum (GeV) 7 momentum (GeV)

FIGURE 4. The acceptance-corrected distribution ferfpr deuterium (left) and carbon (right).

derived from selected events on deuterium(carbon). Theidafiven by the red squares
and the distribution for simulated data is represented leytlue triangles. In this
differential distribution of ; all the other variables are integrated over.

CONCLUSIONS

This is an encouraging, preliminary look at pion productioreA scattering with an
eye toward providing information useful to the neutrino coumity. The results of this
analysis to date illustrate the power of JLAB and the CLASdteir for providing high
statistics, quality eA data in the energy range of intereghe neutrino community.
The decent agreement between the data and GENIE is a pdhitigefor the ongoing
neutrino experiments. However, radiative correctiongrteebe completed before that
comparison is taken too seriously. Further, the systensators in this analysis need to
be evaluated. It is expected that data taken on lead andargats will be included in
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FIGURE 5. The acceptance-corrected distribution gy for deuterium (left) and carbon (right).

the analysis soon. Future plans also include looking at #te chore differentially and
more inclusively than what is presented here.
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