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Results of calibration of the PAMELA instrument at the CERN facilities are discussed. In September,
2003, the calibration of the Neutron Detector together with the Calorimeter was performed with the
CERN beams of electrons and protons with energies of 20− 180 GeV. The implementation of the
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Neutron Detector increases a rejection factor of hadrons from electrons about ten times. The results of
calibration are in agreement with calculations.

Keywords: cosmic rays; hadron and electromagnetic cascades.

1. Introduction

Among the scientific goals of the orbital spectrometer PAMELA is investigation of cosmic
ray energy spectrum in the range of 1011 − 5× 1012 eV. Up to now the spectrum in the
TeV energy range is under discussion concerning the existence of “a knee” in the proton
spectrum around the energy of protons Ep = (1−3) TeV.1–4

Another goal is measurements of primary electron spectrum in the TeV energy range.
The detection of such electrons would mean that there is a source of electrons at the dis-
tances of less than ∼ 200 pc from the solar system. This point is very important for the
problem of cosmic ray origin.

These tasks can be solved with the use of the calorimeter and the neutron detector,
which are the components of the PAMELA instrument.5 Energy of incident particle is
determined from a cascade recorded in the calorimeter. However, separation of hadronic
and electromagnetic cascades is a complicated problem because the cascades initiated by
electrons and hadrons are rather similar. In addition, the electron flux in this energy range
is about 10−3 of the total flux of primary particles. Since the number of neutrons generated
in the electromagnetic cascade is much less than that in the hadronic cascade, the neutron
detection essentially improves separation of electrons from protons and nuclei.

Calculations of the neutron yield in the PAMELA calorimeter were performed in Ref. 6,
7. Experimental verification of the calculation was carried out with the high-energy particle
beam at CERN in September 2003. The neutron yield as determined by the neutron detector
during the CERN calibration is discussed below.

2. Outline of the experiment

Two devices of the PAMELA spectrometer were used in the experiment: the calorime-
ter and the neutron detector. The calorimeter is composed of layers of tungsten absorber
and silicon detectors planes. The total depth is about 16.3 radiation lengths and about 0.6
interaction length. The neutron detector is placed under the calorimeter. It contains 36 He3-
counters surrounded by the polyethylene moderator∼ 9 cm thick. The He3 tubes detect the
thermal neutrons with high efficiency (σ ≈ 6000 b). To suppress the outside thermal neu-
tron background, the neutron detector is shielded by the thin Cd layer from the bottom and
side directions.

When a high-energy hadron interacts inside the calorimeter, the neutrons from the de-
cay of excited nucleus are produced. Afterward, a part of these neutrons is thermalized by
the polyethylene moderator and recorded by the He3-counters. If a primary particle is a
lepton, only a small number of neutrons is generated in the photonuclear interactions. The
main contribution comes from the giant resonance. The number of neutrons generated in
the electromagnetic cascade is much less than that in the hadronic cascade.



December 1, 2005 14:31 WSPC/Guidelines-IJMPA 02999

About Separation of Hadron and Electromagnetic Cascades in the PAMELA Calorimeter 6747

The calorimeter was exposed to a beam of electrons and protons with energy in the
range of (20− 180) GeV. The features of the beam were the following: the bunch and
spill durations were ∼ 2 s and ∼ 12 s, respectively; the number of particles per bunch was
(104 −105). After the acquisition system of the PAMELA spectrometer was triggered the
neutron detector recorded the number of neutrons during 200 µsec, the time needed for
majority of neutrons to be thermalized.

3. The results

The main results of the calculations and the experiment are presented in Figs. 1 and 2.
The Monte-Carlo simulation of the particle interaction in the calorimeter and the detection
of neutrons was performed with the GEANT 3.21 and GCALOR.8,9 The neutrons were
traced until their energy became lower than 10−2 eV. The neutron yield from photonu-
clear interactions was taken from Ref. 10. The processes of a neutron thermalization and
consequent detection were also simulated. As an example, the distribution of events over

Fig. 1. The distributions of events over the number of detected neutrons produced by the 150 GeV proton
interactions in the calorimeter: a – results of simulations, histogram; b – experimental results, open points with
error bars. The dashed curves are the results of Gaussian fitting with the mean value M = 2.7, RMS = 4.0.

detected neutron number obtained from simulations of 150 GeV proton interactions in the
calorimeter is shown in Fig. 1 a. In Fig. 1 b are given the results of the CERN experiment.
Both results are well fitted by the Gaussian law with the mean M = 2.7 and RMS = 4.0.
Similar results for electrons with energy 180 GeV are presented in Figs. 2 a, b. The fitting
Gaussian law has parameters M = 0.6 and RMS = 1.6.

A good agreement between the experimental data and results of simulations is obtained.
It means that the simulation parameters were chosen adequately and argues for validity of
the results of calculation made earlier for particles with energy up to 1013 eV. During this
experiment and calculations, protons were assumed to interact at any point of the calorime-
ter. It is known that electrons always interact in the first 3 radiation units. Therefore, only
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Fig. 2. The distribution of events over the number of detected neutrons produced by the 180 GeV electron
interactions in the calorimeter: a – results of simulations, b – experimental results (histograms). The dashed
curves are the results of Gaussian fitting with the mean value M = 0.6, RMS = 1.6.

protons interacted in the first 3 radiation units could imitate the electrons. Being taken into
account this factor would lead to increase in M and decrease in RMS values (Figs. 1 a, b).
Neutron detecting allows us to increase a proton rejection factor significantly.7

4. Conclusion

The calibration of the PAMELA spectrometer was performed with (20− 180) GeV elec-
trons and protons at CERN and the neutron distributions generated in the calorimeter were
obtained. They are in a good agreement with the results of Monte-Carlo simulations. It
demonstrates high efficiency of the separation of hadron and electromagnetic cascades
(that is the primary hadrons and electrons) in the calorimeter of the PAMELA experiment.
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