International Conference on Particle Physics and Astrophysics IOP Publishing
IOP Conf. Series: Journal of Physics: Conf. Series 798 (2017) 012024 doi:10.1088/1742-6596/798/1/012024

In-flight second order correction of PAMELA
calorimeter characteristics

(for simulation in Geant4)

O A Dunaeva!, V V Alekseev', Yu V Bogomolov!, A D Lukyanov',
V V Malakhov?, A G Mayorov'%*, S A Rodenko?
! Yaroslavl State P. G. Demidov University, 150000 Sovietskaya st., 14, Yaroslavl, Russia

2 National Research Nuclear University MEPhI (Moscow Engineering Physics Institute),
Kashirskoe highway 31, Moscow, 115409, Russia

E-mail: vladislav.alexeev.yar@gmail.com, mayorov.a.g@gmail.com

Abstract. Simulation of the PAMELA spectrometer characteristics is performed with the
special program accepted by the PAMELA collaboration based on Geant4 package, which
needs a detailed information about geometry, materials etc.of scientific equipment. This
data is taken from manufactures or obtained from different ground-based tests including
accelerators. We propose a method of in-flight verification of calorimeter characteristics.
To calculate them we select relativistic protons passing through all the spectrometer without
interactions. We obtain correction values from a comparison of experimental data and simulation
in assumption that electromagnetic processes are performed in Geant4 with high precision.
As a result, characteristics of silicon detectors (the sensitive part) are verified. Correction
factor is 2.0 & 0.3% with respect to original value.

1. Introduction

The PAMELA instrument is installed on board of Russian satellite Resurs—DK1 and intended
to study fluxes of charged particles in cosmic rays with particular focus on antiparticles. Data
acquisition lasted from June 2006 (when the satellite was launched) up to January 2016.
The PAMELA instrument consists of following detectors: a time-of-flight system,
an anticoincidence system, a magnetic spectrometer, an electromagnetic calorimeter, a neutron
detector, a shower tail catcher detector (S4) [1].

The main task of the PAMELA calorimeter is to distinguish positrons/electrons from
protons/antiprotons and to measure energy of stopped particles, electrons and positrons [2].
Calorimeter consists of 44 single-sided silicon detector planes (380um thick) interleaved with
22 plates of tungsten absorber (0.26cm thick). It corresponds to 0.74 radiation lengths
and ~0.6 nuclear interaction lengths. Each plane consists of 96 strips. The orientation
of the strips of two consecutive planes is orthogonal and therefore provides two-dimensional
spatial information.

Thickness of each silicon detector Dx = 380um is known, but it includes non-sensitive parts
(see figure 1). PAMELA was constructed mostly for high-energy particles detection, and this
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small thickness difference has very weak influence on measuring results. But now, due to solar
flares and solar modulation study, focus of the PAMELA research shifted to low energies. In this
energy range, energy releases are not too small with respect to energy of registered particle.
For this reason, more accurate knowledge of this characteristic is preferable.

We are intended to determine “relative” thickness of sensitive part of calorimeter detector
(shown by hatching on figure 1) using cosmic rays as the calibration data. Precise thickness
value is needed for more accurate reproduction of the experimental characteristics in simulation.
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Figure 1. Ilustration of a silicon detector. Dx value is used in Geant 4 simulation, but thickness
of the sensitive part is smaller.

2. Simulation and event selection

Initial experimental dataset was collected from cosmic rays proton events. Initial simulation
datasets consist of simulated proton events with spectrum similar to cosmic ray protons and for
different silicon detector relative thickness values (it varies in range 0.95...1.00Dx). Simulation
was done with accepted in the PAMELA collaboration software based on Geant 4 (FTFP_BERT
model with standard electromagnetic physics).

The following selection criteria were applied to initial simulation and experimental data:
one hit in each time-of-flight pair of planes (S1, S2, S3), no signal in anticoincidence system,
one good track in the tracker, rigidity and energy releases correspond to the single charged
particle, exclude data acquired in the radiation belt. These criteria correspond to particles that
do not interact with parts of the instrument, and the characteristics of those particles are surely
detected.

The following calorimeter selection criteria were also used: one track in the calorimeter with
thickness no more than one strip and signal missed in no more than one plane inside the track,
no noises outside trajectory (i.e. signals in strips not associated with the trajectory). These
criteria correspond to stopped or passing through calorimeter particles produced no shower
nor nuclear interactions.

Only relativistic particles (with rigidity > 5GV) were considered. Energy loss in the 1°¢ silicon
plane data was used in the following calculations.

3. Method and results
After applying selection criteria, we compare experimental data with simulation data
with different silicon plane thickness values. On the figure 2, divergence between simulation
and experimental data shown: distribution of energy release for the simulation data shifted
to the right by reason of absence of non-sensitive layer. According Landau [3], energy loss
distribution approximately admits Landau distribution, which can be determined by the pair
(4, 0) — location and scale parameters. Description of parameters shown on figure 3.

We fit energy loss distribution for simulation and experimental datasets (see figure 3)
by the Landau distribution using maximum likelihood estimation method [4]. For each fit,
pair (u, o) was computed.
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Figure 2. Histograms of energy loss
in the 15¢ calorimeter plane for experimental Figure 3. Approximation of 15t plane energy
data and simulation (with silicon plane loss distribution by Landau distribution.
thickness parameter value set to 1.00Dx). i is a location of the distribution peak
Distribution of the simulation data shifted (the most probable energy loss); o is a scale
to the right. parameter — full width at half maximum.

On the figure 4, dependence of the location parameter p on a correction factor to the
detector thickness is shown for the 1°% plane of the calorimeter. Each point corresponds
to one of simulated relative thickness value. Solid black line is a linear fit of location parameters
of different simulation sets. Hashed line shows the location parameter of fit of the experimental
data with its standard error. An actual plane thickness value can be found as correspondent
to the location parameter of fit of the experimental data.

For actual experimental data, a sensitive layer thickness is 2.0 & 0.3% smaller than Dx.
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Figure 4. Dependence of the most probable energy loss on correction factor for the 15¢ plane
of the calorimeter. Standard errors for maximum likelihood estimates are shown. Dashed lines
are correspondent to the peak of fit of the experimental data (with error).

4. Conclusion
In this work, relativistic proton events were selected from orbital experimental data. Samples
of relativistic proton events were simulated with similar to cosmic rays spectrum for different
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correction factors to the sensitive part of the silicon detector thickness. Distribution of energy
loss in the 15 calorimeter plane compared for experiment and different simulation datasets.

As a result, corrections to sensitive part thickness of silicon detectors of PAMELA calorimeter
were obtained. The correction factor value is 2.0 + 0.3%.
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