
Extended abstract

The Pierre Auger Observatory was designed to study the most energetic cosmic rays. The
project main goals are the study of the arrival direction and composition of the most energetic
cosmic rays, the measurement of the muon content of the induced EAS and, for a smaller
number of events, the shower longitudinal development.

When fully completed, the Pierre Auger Observatory will be constituted by two observation
sites. Each site will be located at each hemisphere, near a latitude of 35◦, in order to provide
a complete and uniform sky exposure as required for the anisotropy studies. The northern site
will be located near Lamar, Colorado, USA. It’s construction started recently and when finished
it will cover an area of approximately 21000km2. On the other hand, the southern site, located
near Malargüe, on the province of Mendonza, Argentina, covering an area of 3000km2, was
recently concluded and is taking data since January 2004.

The Pierre Auger Observatory was conceived to be a hybrid detector combining both flu-
orescence detectors (FD) and a ground array surface detectors (SD) consisting of C̆erenkov
water tanks. Thanks to this arrangement, the SD will record both the temporal and spacial
distribution of the shower particles at the ground level for a large number of events and the FD
will measure the EAS longitudinal development in the atmosphere whenever the atmospheric
conditions allow. From all the recorded events, a special emphasis will be put in the hybrid
events, this is, the events which are recorded by both the SD tanks and the FD telescopes.
Thanks to them it will be possible to improve the sensitivity to the primary particle type and
to increase the precision of the shower reconstruction. Finally, the hybrid events present a
lower energy detection threshold (E ∼ 1018eV), generating a collection of events which can be
compared with other experiments.

The southern site of the Pierre Auger Observatory is located in Malargüe, province of Men-
donza, Argentina (35.2◦ S, 69.2◦ W, 1400m above sea level, approximately beneath 880g/cm2

of atmosphere, near the shower maximum). The ground array of the southern site comprises
an area of 3000km2 where 1600 surface detectors (SD) were deployed on an equilateral array
of 1.5km spacing. On the array periphery, 4 fluorescence eyes located at Los Morados, Los
Leones, Coihueco and Loma Amarilla house the fluorescence telescopes which overlook the
ground array.

The Pierre Auger Observatory intends to enhance it’s southern site with AMIGA and HEAT
which will aid to increase the observatory’s energy acceptance on the lower range of E =

1017eV − 1019eV while, at the same time, increase it’s acceptance on the higher energies by
building the northern site.

Both AMIGA and HEAT enhancements will allow the Pierre Auger Observatory to increase
it’s acceptance on the lower energy which encompasses both the second knee and ankle fea-
tures of the cosmic ray spectrum. In fact, little is still known on this particular region where
other experiments seem all to agree that there is a change in composition from a heavy one
coming from Galactic sources to a lighter one provenient from extra-galactic sources, however
there is not yet a consensus of what the rate and real extension of this composition shift. By
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lowering it’s acceptance range in energy, the Pierre Auger Observatory will not only be able
to gather a set of low energy events which can be compared with other experiments, in par-
ticular with the KASCADE-Grande, as it will also measure the composition of such cosmic rays.

The AMIGA project is an enhancement of the Pierre Auger Observatory and is the acronym
of Auger Muons and Infill for the Ground Array. This infill will consist on the addition of 66

C̆erenkov water tanks to the Auger array with nearby buried muon detectors which will act
merely as counters. This infill will cover a small area of the surface array and was designed to
study, with a better resolution, cosmic rays on the energy region of 1017eV− 1019eV where the
second knee and ankle features of the cosmic ray spectrum lye. A series of experiments seem
to agree that there is a change in composition of these cosmic rays from a heavy one with a
Galactic origin by a lighter one coming from other galaxies but the extent of such transition is
not well established. AMIGA, covering a larger detection area than all other experiments will
be able to gather a set of this low energy events in a short period of time. This set of events will
then be compared with the results from the other experiments, namely the KASKADE-Grande
experiment still running.

The AMIGA project will consist of two arrays. The first one will consist on a 750m spacing
and will cover an area of 23.5km2 with 61 pairs of SD tanks and muon counters. It will become
fully efficient at E > 3.5×1017eV. The second array will cover an area of 5.9km2 with a spacing
of 433m among detectors. It will reach it’s full efficiency at E > 1017eV. For the 750m array
42 infill SD tanks will be required, while the 433m array will require more 24 SD tanks. The
muon counters of both arrays will be buried around 2011 − 2012. The AMIGA will be placed
at a distance of approximately 6.5km from the Coihueco site where it will work in hybrid mode
both with the FD and the HEAT telescopes.

The muon detector will act only as a muon counter, which will perform a count, with a given
segmentation, for a signal above a given signal threshold. The detector segmentation will re-
duce the pile-up effect. For each segment, for a given time bin, only the presence or not of a
muon will be recorded.

Each detector will cover an area of 30m2 and will be buried at a distance of 2.5m to 3m

under 540g/cm2 of soil.
Each muon detector is made by three sets of 64 polystyrene slabs with a density of 1.060g/cm3

and 4m long, 4.1cm wide and 1cm thick. This slabs are placed next to another without any gap
among them. An optical fiber crosses all over the slab and, at on extremity it will connect to a
MAPMT for the signal readout.

On this thesis it was studied a design optimization of the AMIGA muon counters. This work
was based solely on simulations. The simulation framework was based under the Monte Carlo
programs CORSIKA and Geant4. The Geant4 toolkit was used to study both the particle prop-
agation through the earth and the energy deposition on the scintillator slabs. For the overall
EAS development from the first interaction point down to the Earth surface, the Monte Carlo
program CORSIKA was used since Geant4 would be very timing consuming.

The aim of this work is to evaluate the performance of the AMIGA muon detectors. The
present analysis is twofold. A first study will determine the muon counter efficiency where
the background and the signal detector’s response will be simulated. A second study will es-
timate the performance of the overall muon counters array. Throughout this simulation it is
pretended to obtain a muon lateral distribution as close as the one which will be measured by
the AMIGA array considering both the pile-up effects and the PMT’s electronics signal readout.
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