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The CLAS12 detector at Jefferson Laboratory (JLab) started data taking with a polarized 10.6
GeV electron beam, interacting with an unpolarized liquid hydrogen target in February 2018.
One of the first quantities which could be extracted from the new data is the moment 4;,""®
corresponding to the polarized electron beam spin asymmetry in semi-inclusive deep inelastic
scattering. A;,™? is a twist-3 quantity which provides information about the quark gluon
correlations in the nucleon. The paper will present a simultancous study of all three pion
channels (7, z° and 7°) over a large kinematic range with virtualities Q” ranging from 1 GeV?
up to 8 GeV2 Preliminary results for the measurement in a large range of z, xz, Pr and Q2

including up to now not measured kinematic regions will be presented.
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1. Introduction and Motivation

To obtain a deeper understanding of the origin of the proton spin, the focus of the hadron
physics community has moved beyond the collinear PDFs towards the study of the partons
motion and its spatial distribution in the transverse plane, perpendicular to the momentum of the
parent hadron. To describe these distributions, two sets of non-perturbative functions have been
introduced. On the one side, Transverse-momentum-dependent parton distributions (TMDs) are
used to describe the longitudinal and transverse momentum distributions. On the other side,
Generalized parton distributions (GPDs) are used to describe the longitudinal momentum
distributions and the transverse positions of the hadrons.

The production of pions in semi inclusive deep inelastic electron scattering (SIDIS) is an
important tool to study the TMD of partons. The diagram in fig. 1 shows the SIDIS scattering
process including the involved parton distribution (PDF) and fragmentation function (FF). In a
single photon exchange model, the differential cross section of this process can be written as a
product of leptonic (Luv) and hadronic (2MWv) tensors [1].
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With the fraction of the protons momentum carried by the struck quark xg, the energy fraction of
the incoming lepton carried by the virtual photon y, the energy fraction of the virtual photon
carried by the outing hadron z, the transverse momentum of the final state hadron Pt and the
virtuality Q* of the collision. For the special case of a polarized electron beam, interacting with
an un-polarized target, the cross section is given by [2]:
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It consists of different structure functions Fyy and Fy and depends on the azimuthal angle ¢
between the electron scattering plane and the hadron production plane as shown in fig. 2,
according to the definition of the trento convention [3].
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Fig. 1 Diagram of the SIDIS scattering Fig. 2 Schematic drawing of the electron scattering

process including the involved parton and hadron production plane and definition of the
distribution (PDF) and fragmentation azimuthal angle ® between the two planes in the
function (FF). target rest frame.
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This study will focus on the structure function Fy#"®

, which is related to the quark-gluon-
quark correlations in the proton. Theoretically it can be expressed as a convolution of

distribution and fragmentation functions [4, 5]:
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The expression shows, that all parts contain a twist-3 component. Of special interest are the
Boer-Mulders function /,, which is a leading-twist time-reversal-odd TMD as well as g*, a
twist-3 time-reversal-odd TMD, which can be seen as the higher twist counter part of the Sivers
function. The chiral-odd twist-3 PDF e(x) is expected to be related to the transverse force acting
on the transversely polarized quarks in an unpolarized nucleon.

Even this structure function has been studied with several experiments like CLAS [1],
HERMES [6] and COMPASS [7] during the recent years, there is still no consistent
understanding of the contribution of each part to the total structure function. One reason for this
can be seen in the low statistics and the resulting high error bars of many previous studies. In
addition, due to the limited statistics all previous studies were binned in only one kinematic
variable at a time, which introduces additional uncertainties for the extraction of theoretical
information. The high statistics, which has been already collected and which will be collected
with CLAS12 will enable a fully differential analysis for the first time and therefore provide
excellent data for a deeper understanding of the single functions.

2. Experimental setup

The measurement presented in this work has been performed at Jefferson Laboratory,
Newport News, Virginia, using a 10.6 GeV polarized electron beam, interacting with an
unpolarized liquid hydrogen target during the first part of the RG-A run period from February to
May 2018. The electron beam was provided by the Continuous Electron Beam Accelerator
Facility (CEBAF), consisting of two linear accelerator sections and two regions with bending
magnets. The electron helicity was flipped periodically with a frequency of 33 Hz which
provides a practically equal luminosity for both helicity states. To further minimize systematic
effects, a half wave plate was used to switch the definition of positive and negative helicity
periodically for certain run periods. The beam polarization was measured regularly with a
Moller polarimeter. The average value of the beam polarization has been determined to 0.850 +
0.015. The measurements were performed with the upgraded CEBAF Large Acceptance
Spectrometer (CLAS12). The CLAS12 detector setup, shown in fig. 3, consists of a central
detector, surrounding the liquid hydrogen target cell and a dedicated forward detector. The
forward detector starts with a high threshold cherenkov counter, which is used as a trigger for
electrons. The tracking is provided by a torus magnet and a drift chamber system with 3 regions
before, inside and after the magnet coils. The torus coils split the detector in 6 independent
sectors. A low threshold cherenkov counter (4 sectors) and a RICH detector (1 sector) can be
used for particle identification in addition to the forward time of flight system.
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Fig. 3 Schematic drawing of the CLAS12 detector with the single sub-systems (left)
and photograph of the real detector setup in hall B at JLAB (right)

Finally an electromagnetic calorimeter is used for the detection and identification of electrons
and photons. The central detector is equipped with a solenoid magnet, a micromegas and a
barrel silicon tracker as well as a central time-of-flight system and a neutron detector. To extend
the detector coverage to small Q?, a forward tagger, consisting of a tracker, a hodoscope and an
electromagnetic calorimeter can be added in the most forward region around the beam-line.

3. Particle Identification and kinematic coverage

For semi-inclusive reactions, a clean particle identification if a key requirement, since no
additional selection cuts are applied. For the identification of electrons, a series of cuts, mainly
based on the electromagnetic calorimeter is applied. The electromagnetic calorimeter of CLAS
consist of 3 regions, a preshow calorimeter (PCAL), followed by an inner and outer
electromagnetic calorimeter. Each region is a sampling structure of lead and organic scintillator
bars or fibers. The following cuts are applied:

o Fiducial cuts for the 3 drift-chamber regions

e Fiducial cuts for the pre-shower calorimeter.

e A minimal energy deposition in the PCAL to reject pions, which due to their minimal
ionizing nature deposit less energy than electrons in this region.

e A calorimeter sampling fraction cut, adjusted to the 3c region of the total electron
sampling fraction to reject pions and electronic noise.

e A cut on the z-vertex position

For the identification of photons used for the 7’ reconstruction, first a fiducial cut on the
PCAL is applied. The separation from neutrons is then done via the time of flight information
from the calorimeter. For the charged pions, fiducial cuts on the 3 regions of the drift-chambers
are applied. After this, a maximum likelihood estimation based on [ versus p with a 3c
confidence level has been used for the separation from protons and kaons. The beta versus p
distribution for positive hadrons in the forward detector is shown in fig. 6. The neutral pions
have been reconstructed from all permutations of photon pairs with an energy threshold of 400
MeV for each photon. The n° peak in the invariant two photon mass (fig. 7) shows a resolution &
of 10.5 MeV. To obtain a clean data sample kinematic cuts have been placed on the electrons
and pions. The minimal energy for electron and pions has been set to 1.5 GeV. The maximum
pion energy is 9.0 GeV. The 6 angle of pions is limited between 5° and 90°. To remove the target
fragmentation region and to reject contributions from exclusive channels, z has been limited
between 0.2 and 0.7 for plots in which no z dependence is involved.
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Fig. 6 Correlation between [ and Fig. 7 n° peak in the two photon
momentum for positive hadrons. invariant mass.

The kinematic coverage of CLAS12 reaches in Q? up to 12 GeV? and in W up to 4 GeV. In xp
the region between 0.05 and 1 can be covered, while in Pt a reasonable statistics is available up
to 1.5 GeV. Fig. 8 shows the correlation between Q2, W and Xg.

Fig. 8 Correlation between Q* and W (left)
and Q? and xp (right).

4. Analysis procedure and results

The cross section introduced in equation (2) can be expressed with the three moments
AUUcos@))’ AUUCOS(2¢) and ALUsin(¢) as:

do=doo(1+AS%) cosp+ASS cos2¢p+1,A507 singh)

4
Based on this expression, the beam spin asymmetry can be defined as:
dot —do~ AsLi?Jd) sin ¢
BSA= dot + do— - cos ¢ cos(2¢)
ot +do 1+ AP cosp+ Ap ™" cos(2¢) )

If the beam-spin asymmetry is plotted as a function of ¢ (fig. 9), a good agreement with a sinoid
shape can be observed for all 3 pions. It has to be noted, that the present analysis is based on

only 2% of the approved beam time and no systematic uncertainties are studied yet. Since the

<@ are obviously small, a fit with the function

sin(¢)

contributions of Ayy®™® and Ay
ALUSin(q’)-sin(d)) can be performed, which provides the moment Ay
correlated to F;*"®. The fit has been performed in different bins in z, xg, Pr and Q2?, with the
results for A;*"® shown in fig. 10.
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Fig. 9 Beam spin asymmetry as a function of ¢ for n (left) and 7 (right), integrated
over all kinematic variables. The red line shows the fitted sin(¢) dependence.
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Fig. 10 Preliminary result for A" binned in in z (left, upper row), xz (left, lower row), Pr (right, upper row)
and Q2 (right, lower row) for 7" (left), = (centre) and n° (right). The dashed blue lines in z provide the cut borders
which are applied for all other variables.
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It can be observed, that ©° and =° provide a positive Ay value, while A}y 1S zero
or slightly negative for n". This is consistent with the results of previous experiments. A great
advantage of the CLAS12 dataset is besides the possibility of a multi-dimensional binning, also
the extension of the kinematic coverage in Q* and Pr. Especially Q* which was limited to 4
GeV? in the previous CLAS analyses can now be extended to 8 GeV? or even above with
reasonable statistical uncertainties, which will provide valuable new insights into the Q2

evolution of the structure function.

5. Conclusion and Outlook

Even with a small sub-sample of only around 4 % of the already recorded statistics (2% of
the approved beam time), a statistical uncertainty at the level of the full CLAS statistics at 6
GeV can be achieved in a one-dimensional binning. Based on this promising result, a fully
differential analysis is planed with the full data-set. In addition, the presented results contain no
study of the systematic uncertainty, which becomes very important when the statistical
uncertainty is mall. Especially possible acceptance effects have to be studied in more detail.
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