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Abstract

In order to study the capability of the Hall B CLAS detector at high energies, we studied the resolution and the accep-
tance for various final states in the electroproduction on a proton target at 10 GeV beam energy. We find that,
although CLAS can do some of the interesting physics at higher energies in the present configuration, several modifi-
cations can significantly improve the overall physics acceptable to CLAS at high energies. In this report, we present
some of the results of those studies with suggestions on possible detector improvements to optimize the physics capa-
bilities of CLAS.

1.0  Introduction

Increasing the energy of the CEBAF accelerator will allow to perform experiments at higher val-
ues of Q2 (transferred momentum squared) and W (mass of the final hadronic state). Obviously,
these experiments will lead to the higher multiplicity and momentum of the final state particles,
and also boost them more to the forward region, where CLAS has limited acceptance.

In order to see the impact of those effects on CLAS performance (acceptance, particle ID, resolu-
tion) simulations for various reactions were performed. Two types of reactions, related to the
physics program accessible on CLAS, were studied - production of baryon resonances at high Q2

(~7-10 (GeV/c)2) and production of t-channel high mass mesonic states at large W (up to 4.4
GeV), low Q2 and t. The main goal of these kinematical studies was to get limits of CLAS perfor-
mances at higher beam energies, and possible upgrade options [2].

2.0  Simulation and Detector Performance

Various final states in the (ep) scattering were simulated at Ee = 10 GeV. For electroproduction of
baryon resonances the CELEG event generator was used [3]. Events were simulated in the wide
range of Q2 = 2. - 10. (GeV/c)2 with all resonances turned on in the energy range W < 2. GeV.
Electroproduction of t-channel meson final states were studied using a phase space event genera-
tor. The possibility of detection and identification of electrons, charged hadrons, and photons
(therefore neutral mesons likeπo, η) were studied.

Electron detection and identification -
Identification of electrons in CLAS is based on the detection of electromagnetic shower in the cal-
orimeter with a corresponding signal in the gas Cherenkov counter and the reconstructed negative
track in the drift chambers [4]. While the Cherenkov detector can not be used for e/π separation at
momenta above 3 GeV/c, the performance of the electromagnetic calorimeter in identifying elec-
tromagnetic showers becomes better with increasing momentum. The main effect of high
momenta in electron detection will be the degradation of momentum resolution. Also to cover
wide range of Q2 and W measurements in both polarities of the torus will be need, which requires
good electron detection efficiency for both cases.
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Hadron detection and identification -
In the present design, identification of charged hadrons is based on measurements of the time-of-
flight from the target to the scintillator counters, and the momentum in the magnetic field [4]. This
method allows to separateπ/K with momenta up to 2 GeV/c, andπ/p up to 3 GeV/c. In Fig.1, dis-
tributions of final state particles in the angular-momentum space in the (ep) scattering at 10 GeV
are shown. As one can see, in the range of scattering angles 8o < θ (acceptable range) the momen-
tum of final hadrons (Fig.1a,b,c for p,π and K, respectively) are becoming larger then 3 - 4GeV/c.
That is at the limit of particle ID system of the current CLAS. Therefore, additional detectors in
the angular range up to 35o are need for reliable identification of charged hadrons. The effect on
resolution will be minimal, since high momentum tracks (4-5 GeV/c) are going to the forward
region, where momentum resolution will remain<1%. A simple parametrization was used to
study the effect of the degradation of momentum and angular resolution on the reconstruction of
missing and invariant masses.

Fig.1 Angular and momentum distributions for protons (a), pions (b), K-mesons (c) and photons (d) in
the (ep) scattering at Ee = 10 GeV.
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In Fig.2a, a Dalitz plot of (pπ+π-) final state in the reactions ep→e∆++π- and ep→epρo is shown.
As one can see there is a clear separation between∆++ andρo in the invariant mass distribution of
two charge hadrons.

Photon detection -
Angular-momentum distribution for photons (fromπo andη decays) is shown in Fig.1d. As in the
case of charged hadrons, photons are also boosted more forward. Unlike hadrons, the torus and
tracking are not needed for photon detection. This gives a possibility to increase photon detection
acceptance in the forward region by putting a new “inner” electromagnetic calorimeter in the front
of the magnet coils [2]. That will not only increase the acceptance but could improve the resolu-
tion by using better detectors. To see the effect of inner calorimeter the reaction ep→epπoη was
simulated. In the reconstruction response of the inner [2] and the outer (forward) [3] calorimeters
was parametrized. The resolution of inner calorimeter was taken asσ/E1/2 ~ 4%. The detection
efficiency of (epγγγγ) final state relative to the (ep) in the reaction ep→epπoη was about 30%. In
Fig.2b, mass distributions of reconstructedπo andη via two photon decays are shown. One can
see clean separation of two neutral mesons.
The same device in combination with improved tracking in the inner region of CLAS can be used
to determine the direction of charged particles going into the dead regions of the detector [2].
Knowing the directions of missing hadrons will be beneficial for the reconstruction of many final
states [5].

Fig.2 Dalitz plot for final statepπ+π-reactionsep→e∆++π- →epπ+π-, ep→epρo→epπ+π- (a).
Reconstruction ofπo and η via two photon decays in the reaction ep→epπoη (b).

a) b)
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3.0  Summary

In high energy scattering events contain high momentum particles with higher multiplicity. Since
CLAS has an open acceptance, there is no limitation on maximum momentum. The main effect of
increasing momentum is a degradation of the resolution.

Important limitations for performing studies at higher energies can be particle ID and acceptance
in the forward region. Based on simulations of various final states in (ep) scattering, the following
minimal improvements of CLAS detection system are suggested [2]:

Energy independent upgrades -

• Full coverage (six sectors) of large angle electromagnetic calorimeters (up to 75o).
• Possibility of measuring dE/dX before or in the magnet region (for low momenta charged par-

ticles).

With the energy upgrade -
• π/K separation above p = 2 GeV/c in forward region (θ < 45o).
• π/p separation above p = 3 GeV/c in forward region (θ < 45o).
• Photon detection acceptance in the forward region.

One more upgrade option can be the post target spectrometer for very forward scattered electrons
(quasi-real photoproduction). This is an excellent source for high rate “photoproduction” of had-
rons on CLAS.

REFERENCES
1. V.Burkert, “Physics with CLAS at 8-10 GeV”, talk on this workshop.
2. B.Mecking, “Hall B Upgrade”, talk on this workshop.
3. D. Joyce, “CELEG event generator”, CLAS NOTE-89-004.
4. CDR, Basic Experimental Equipment, CEBAF-1990.
5. M.Ito, “Kinematical Fitting”, talk on this workshop.


