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Accelerator Tests of the KLEM Prototypes
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Abstract

The Kinematic Lightweight Energy Meter (KLEM) device is planned for
direct measurement of the elemental energy spectra of high-energy (10'!-10'¢ V)
cosmic rays. The first KLEM prototype has been tested at CERN with 180 GeV
pion beam in 2001. A modified KLEM prototype will be tested in proton and
heavy ion beams to give more experimental data on energy resolution and charge
resolution with KLEM method. The first test results are presented and compared
with simulations.

1. Introduction

First KLEM prototype test performed in 2001 confirms that the KLEM
method really works. But very important task is to test the method with higher
energy particles and particularly with heavy ions. Indium run at CERN SPS in
2003 gives an outstanding opportunity to test new prototype with various ions of
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Fig. 1. First KLEM prototype configuration.
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Fig. 2. Reconstructed energy distributions for 180 GeV pions.

the same rigidity ~ 300 GeV/Z. It corresponds to real satellite experiment energy
range. Simultaneously we plan to test 4 silicon layer charge measuring system.
Data analysis will help to optimize a charge measuring system structure for real
experiments.

2. First Test of the KLEM Prototype

The first test of the simple KLEM prototype has been performed at the
CERN SPS test-beam with 180 GeV pions during 2001. The main objective of the
first test was to compare experimental results with calculations obtained under
the same conditions. This accelerator test did not allow checking of the KLEM
method at really high energies (10'-10'® eV) planned for eventual cosmic ray
application. However an agreement between experimental results and simulations
at the available energies increases confidence in the validity of the simulations for
higher energies.

The microstrip detector plane was mounted at a distance h = 7.5 c¢cm
from the middle of the carbon target (Fig.1). Two small scintillators with pho-
tomultiplier tubes PMT1 and PMT2 were fixed just behind the carbon target.
Coincidence of both scintillator signals generated very simple trigger.
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The main problem of the off-line analysis was to distinct a real hadron
interaction in the target from very strong background. The only way to do it
was to make a cut on secondary particle multiplicity per event. Fig.2 shows two
reconstructed energy distributions under the same multiplicity cut for 180 GeV
pions. First plot obtained in simulations, second one in the experiment. One can
see that experimental results and simulation are in a good agreement. Relative
energy error for experimental data (67%) is very close to those obtained from
simulations (65%). This result confirms that the KLEM method really works and
simulation gives reliable data in at least low energy region.

3. New Setup Structure

The second layer of microstrip detectors with orthogonal strip direction
have been made and placed at 8 mm behind the first one (Fig. 3).

The system for precise charge measurements has been made and positioned
in front of the setup. It consists of 4 silicon pad layers and hybrid electronics. Each
layers of the charge system has two electronic channels. ”Fast” (~100 ns shaping
time) channel is used to generate trigger. ”Slow” channel works with the same
shaping time (~1 us) as microstrip detectors and used for charge measurements.

4. Trigger

We plan to register all the particles with ionization above 0.3 m.i.p. thresh-
old in charge system and to separate the interactions off-line. A huge number of
non-interacting ions in raw data will help to calibrate the whole system including
electronics and to know the beam profiles.

5. Electronics

New readout electronics has been developed to improve an accuracy of
measurements and calibrations. FElectronics block-diagram is shown in Fig. 4.
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Fig. 3. New KLEM prototype configuration.
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Fig. 4. Electronics block-diagram for a new KLEM prototype.
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Fig. 5. Relative rates for various ions generated in beryllium target.

Readout system is relatively slow because it designed for cosmic ray application.
The information will be stored on computer hard disk and duplicated on CDs.

6. Expected Results

Indium beam interactions in different targets have been simulated. Various
fragments rates at different rigidities have been calculated to select the most
profitable rigidity. It has been found that at the rigidity range 300-350 GV the
highest rates for most of fragments are expected. The Fig.5 shows relative rates
for ions with Z=1-26 generated in beryllium target.
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