
The Pierre Auger Observatory: status and first
results

Fernando Arqueros for the Pierre Auger collaboration
Departamento de Fı́sica Atómica, Molecular y Nuclear,
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Abstract— The Pierre Auger Observatory, has been conceived
to study the properties of ultra-high energy cosmic rays with
unprecedented accuracy. The main features of the project are
a very large aperture, hybrid detection (combining fluorescence
telescopes and ground particle detection) and full-sky coverage
(one observatory in each hemisphere). The Southern Observatory
in Argentina is nearing completion. First results on energy
spectrum and anisotropies search from the data set in the period
January 2004 to June 2005 are presented.

I. INTRODUCTION

The nature and origin of ultra-high energy cosmic rays
UHECRs still remain obscure even more than 40 years after
the first detection of an event of about 1020 eV by John Linsley
[1]. Galactic nuclei, gamma-ray bursts or galaxy clusters
are natural candidates to accelerate particles at such high
energies [2]. However the interaction of these cosmic rays
with photons of the cosmic microwave background radiation
imposes a limit to the maximum distance of the source which
for protons of 1020 eV is of about 50 Mpc. Therefore a
significant suppression in the energy spectrum is expected at
these energies. Previous experiments aiming at observing this
important feature of the energy spectrum (the so-called GZK
cut-off [3], [4]) have obtained contradictory results. While the
AGASA array detects events well over this cut, the HiRes
experiment measures a spectrum consistent with the GZK cut
feature.

Exotic (”top-down”) models have been proposed which
avoids the GZK cut. Contrary to the astrophysical acceleration
scenarios, a significant fraction of primary photons is expected
in the exotic models. On the other hand, the distribution of
arrival directions provides a key information to test different
models and for various hypothesis of primary composition and
galactic and inter-galactic magnetic fields. Two experiments
AGASA [5] and SUGAR [6] have claimed excess of UHECRs
near the galactic center. However these findings have not been
supported by the HiRes observations.

The Pierre Auger project has been conceived to study the
properties of UHECRs with unprecedented accuracy [7]. In the
first place, when complete, it will consist of two Observatories,
one in each Hemisphere, ensuring full sky coverage. The
South Observatory, located in Mendoza, Argentina is nearing
completion (see figure 1). The Observatory consist of a huge
surface array for the sampling of the air-shower tail and a set

Fig. 1. Layout of the Pierre Auger Observatory showing the surface stations
(black dots) and the location and field of view of the fluorescence telescopes.
The blue/gray region represents the present status of the array construction

of fluorescence telescopes for the registration of the shower
development by detecting the air-fluorescence light generated
by the charged particles of the shower. This capability of
hybrid detection is an extremely important feature of the
Auger project since it allows the simultaneous measure of
complementary sets of shower parameters.

In this paper a brief description of the technical features of
both the surface detector (SD) and the fluorescence detector
(FD) as well as its hybrid performance will be given. In
addition, first results of the energy spectrum and anisotropies
search will be discussed (see contributed paper [8] in these
proceedings for more results of the Auger project).

II. THE SOUTH OBSERVATORY

A. The Surface Array

The surface array [9] will consist of 1600 detectors on a
3000 km2 triangular grid of 1.5 km spacing. Each counter
(figure 2) is a 10 m2 base, 1.5 m tall cylindrical rotomolded
plastic tank filled with 12.000 liters of purified water. The
Cherenkov light generated by charged particles of the shower
crossing the tank is registered by three 9” photomultipliers.
Signal is extracted both from the anode and the last dynode,



Fig. 2. A surface station of the Pierre Auger Observatory

the latter being amplified to achieve a larger dynamic range (1
- 1000 particles per µs). The PMTs signals are locally digitized
by 10 bit, 40MHz FADCs. Timing is obtained by a GPS unit
and communication to the Central Data Acquisition System
is achieved via a wireless system. A solar energy unit (solar
panels and batteries) provides the required 10W electrical
power in such a way that each station operates autonomously.

The traces of the SD stations are calibrated in units of
vertical equivalent muons VEM (i.e. the signal produced by
a single high energy muon crossing the station vertically). A
hierarchical trigger sequence [10] is used to identify a cosmic
ray event. This hierarchy ranges from the lowest level trigger,
locally imposed on single stations, up to the highest levels for
selecting good quality events.

1) The Fluorescence Detector: The Fluorescence detector
[11] is a set of four stations located in the perimeter of the SD,
each one allocating six fluorescence telescopes with a field of
view of 30◦ × 30◦. Therefore each station observes the whole
atmosphere up to 30◦ elevation over the surface array (see
figures 1 and 3).

A fluorescence telescope consists of a 11 m2 segmented
spherical mirror which focuses the light from the aperture
window onto a 440 PMTs camera. The signals from the PMTs
are sampled with 100 ns time bins. The main difference of
the Pierre Auger telescopes in comparison with other previous
designs is the use of Schmidt optics. The aperture stop with
a corrector lens compensates the spherical aberration of the
image. A large optical filter which also serves as window
for the telescope building blocks the light outside the spectral
range of the air-fluorescence light (see figure 4). All functions
of the fluorescence enclosures and telescopes are operated
remotely from the data acquisition room on the Auger campus.
The duty cycle of the FD (≈ 12%) is restricted to moonless
nights with good atmospheric conditions.

Several tools are used for the telescope calibration and atmo-
spheric monitoring. In the first place a uniformly illuminated
drum (absolutely measured by comparison with a photodiode
calibrating with NIST standards) covering the telescope aper-

Fig. 3. A fluorescence building overlooking the array with one SD station
in the forefront

Fig. 4. Schematic view of a fluorescence telescope

ture allows an end-to-end absolute calibration of the camera
(i.e. photon number in each PMT per UV photon incoming
the telescope). On the other hand, several instruments like
LIDAR systems, horizontal attenuation monitors, cloud mon-
itors, star monitors and balloon borne radiosondes are used
for atmospheric sounding. One of the most useful instrument
systems for the calibration of the fluorescence telescopes is the
Central Laser Facility (CLF) [12]. This facility delivers UV
laser pulses either perfectly vertical or in a given accurately
known direction. The (Rayleigh) scattered photons in the
atmosphere reach the telescopes emulating an upwards shower.
The comparison of the well know parameters of these laser
shots (position, direction, photon number per pulse) is com-
pared with the corresponding reconstructed values allowing
a measure of the uncertainties in the shower reconstruction
(both geometry and energy) with relevant information on the



Fig. 5. Typical pattern of the intensity of the signals (logarithmic VEM
value) in the SD array

atmospheric features. Another useful information from the
CLF is achieved by connecting an optical fiber from the laser
to a nearby surface detector station. The simultaneous laser
shot and triggered SD station emulate a hybrid events very
useful for timing and performance checks.

2) Construction progress: As of the time of writing this
paper the status of the Observatory is as follows. In regard
with the surface array 1185 tanks (out of a total 1600) are
deployed. Three of the four fluorescence buildings are fully
operational. Two of them, Los Leones and Coihueco, have
been collecting data since January 2004 and Los Morados
beginning data taking in March 2005. The construction of the
fourth telescope enclosure (Loma Amarilla) is already finished.
Observatory completion is expected in 2007.

3) Observatory Performance: The analysis of the SD traces
allows the reconstruction of the shower front, in particular,
the geometrical parameters (direction and core position) and
the lateral development of the shower. As an example, figures
5 and 6 shows the signal pattern at ground and the lateral
distribution for a typical event of 70 EeV incoming with 40◦

zenith angle.
The angular resolution of the SD working in stand-alone

mode depends on the number of fired tanks and the incoming
angle. For zenith angle smaller than 60◦ it has been found to
be better than 2.2◦ for showers with 3 fired stations which
corresponds to a primary energy E <4 EeV. The angular
resolution improves with the number of fired tanks up to 1.7◦

for 4-fold showers (3< E <10 EeV) and 1.4◦ for higher
multiplicity events (E >8 EeV) [13]. On the other hand, the
SD resolution in the core position is of about 150 m.

The fluorescence detector provides an independent determi-
nation of the arrival direction and core position (see figure 7).
The combined geometrical information of both SD and FD de-
tectors improves significantly the accuracy of the geometrical
reconstruction of hybrid events. Figure 8 shows an example

Fig. 6. SD signals measured in VEM units versus core distance and the
corresponding fit to the lateral distribution function

Fig. 7. Scheme of the geometrical reconstruction of a FD event

Fig. 8. Typical example of a hybrid stereo event. The longitudinal profile is
observed from two locations by the Los Leones and Los Morados FD stations
while the surface array simultaneously registers the shower front at ground



Fig. 9. Angular resolution from the analysis of CLF shots. The angle
reconstruction from FD only (broad distribution) is significantly improved
if hybrid analysis is performed (narrow distribution).

Fig. 10. The same as figure 9 for the core position. The position of the laser
core determined by hybrid reconstruction is significantly improved.

of hybrid event. In this case two fluorescence stations have
registered the shower (stereo-hybrid event). The angular and
core position resolution of hybrid events have been determined
from the geometrical reconstruction of the CLF laser shots
fired in hybrid mode. Values of 60 m for core position and
0.6◦ for angular resolution have been found (see figures 9 and
10).

FD telescopes measure the number of fluorescence photons
generated by the shower as a function of the longitudinal
position of the shower. This information together with the
fluorescence yield allows determining the longitudinal devel-
opment of the shower which gives a measure of its electromag-
netic energy. The primary energy is determined by applying a
correction for the shower components which do not generate
fluorescence light like neutrinos. A further correction has to be
applied to take into account the air-Cherenkov light generated

Fig. 11. Longitudinal profile measured by a fluorescence telescope and the
fit to a Gaisser-Hillas function

by the shower which reaches the telescope. The accuracy in
the energy reconstruction will be discussed in next section (see
III-A)

III. FIRST RESULTS

The first results on the energy spectrum and the search for
anisotropies shown here corresponds to data of the period
January 2004 - June 2005. Only events with a zenith angle
below 60◦ and surpassing certain quality cuts have been
used. In general, hybrid events have been used for calibration
purposes while the SD events have provided the necessary
data statistics. During this period the surface of the SD has
been continuously increasing. The average area for this data
sample has been of about 660 km2 (22% of the total surface of
the full array). In spite of this limited area the surface detector
has already provided a data statistics larger than other previous
experiments.

A. Energy Spectrum

The S(1000) parameter, i.e. the time integrated Cherenkov
signal (measured in VEM units) at a core distance of 1000
m, is a good estimator of the primary energy of the shower
with a resolution of about 10%. As is well known, two effects
limit the capability of this observable for a direct measure of
the primary energy. In the first place, for a given E0 value,
S(1000) depends on the incoming angle because of the shower
attenuation in the atmosphere. In addition, S(1000) strongly
depends on the nature of the primary cosmic ray and the
hadronic model.

The variation of S(1000) with the zenith angle θ has been
derived using the so-called constant intensity cut CIC method.
For a specific intensity I0 (measured in events per sin2θ
units) a S(1000) value is found for each θ angle such that
I0 = I(> S(1000)). Assuming a nearly isotropic cosmic rays
flux, equal I0 values correspond to equals thresholds for the
primary energy of the cosmic rays. For a given I0 value the
plot S(1000) versus θ gives us the shower attenuation with
zenith angle. Figure 12 shows the result for our data sample
which fits the law



Fig. 12. S(1000) versus zenith angle as obtained with the constant intensity
cut method. Lower plot shows the expected dependence of the shower signal
with atmospheric slant depth at fixed energy.

CIC(θ) = 1.049 + 0.00974θ + 0.00029θ2 (1)

normalized at the median of the angle distribution θ = 38◦.
For any shower the S38 = S(1000)/CIC(θ) value represents
the S(1000) signal which we would have measured in case
it had arrived with 38◦ zenith angle. In principle any I0

value gives rise to the same CIC(θ) curve. No significant
differences have been found for different I0 values although
the statistics was not enough for a detailed study.

The procedure followed for the energy calibration of the
SD events relies in the measure of the longitudinal profile of
the shower with the FD. The fluorescence detector provides a
calorimetric measure of the energy very weakly dependent on
the model and primary energy. Hybrid events have been used
for the energy calibration. In figure 13 the plot of FD energy
versus S38 for hybrid events shows a very good correlation
described by the law

EFD(EeV ) = 0.16× S1.06
38 (2)

The energy spectrum of cosmic rays can be determined from
the SD data using the equations (1) and (2). Only events with
E > 3 EeV have been used in this analysis (3525 events).
This lower limit has been chosen because at this energy the
array reaches a detection probability of 1 for events with the
core position inside the array and θ < 60◦ and therefore the
aperture is solely given by the (well measured) array surface.
The total exposure for this sample has been 1750 km2·sr·yr.

The uncertainties in this energy spectrum come from several
sources. In the first place, the limited number of events per
energy bin gives the (Poisson) statistical errors represented in
the figure by vertical bars on the points. On the other hand,
systematic errors are shown in the figure at two energies.

Fig. 13. FD reconstructed energy versus S38 for hybrid events

Fig. 14. Energy spectrum. Error bars on points indicate statistical uncertainty
(or 95% CL upper limit). Systematic uncertainty is indicated by double arrows
at two different energies.

The vertical error bar is due to the exposure uncertainty
while the horizontal bar is associated to the errors in the
energy calibration. The systematic error in the energy mea-
sure is a sum of several sources. The air-fluorescence yield
has an uncertainty of 15% and the absolute calibration of
the telescopes contributes with a 12%. Together with other
smaller contributions the total systematic uncertainty in the
FD energy measurements is estimated to be 25%. In addition,
the accuracy of the calibration relationship (2) is limited by the
available statistics, worsening for higher energies. As a result a
total systematic error in the energy ranging between 30% at the
low energy limit up to 50% at the highest energies is estimated.
See [14] for more details on the spectrum determination.



B. Search for Anisotropies

The search of possible anisotropies in the flux of UHECs
is a major goal of the Pierre Auger project. In particular the
galactic center, well in the field of view of the Observatory, has
been studied in detail to check the excess claims of AGASA
[5] and SUGAR [6].

For this analysis SD data satisfying the so-called T5 quality
trigger has been used. The isotropic background has been cal-
culated using the shuffling technique, although similar results
have been found by means of a semi-analytic method. Excess
searches with the parameters of AGASA (i.e. 5◦ resolution and
energy interval 1.0 - 2.5 EeV) and SUGAR (i.e. 20◦ resolution
in the range 0.8 - 3.2 EeV) have given no positive result. The
reported excess of AGASA would have implied a 7.5σ excess
for the Auger sample. In regard with the SUGAR claim, Auger
with one order of magnitude more statistics, should have found
a 10.5σ excess.

Finally a search around the galactic center in the energy
interval 0.8 - 3.2 EeV for the 2.2◦ angular resolution corre-
sponding to ≤3-fold events gives no evidence of anisotropy
(figure 15) with an upper flux limit which excludes the neutron
source scenario suggested in [15].

Analysis of hybrid events with a much better angular
resolution but poor statistics gives a result consistent with that
of the SD data. Other anisotropy searches (e.g. correlations
with the galactic plane and with the super-galactic plane) have
found no significant excess. More details on the anisotropies
search with Auger can be found in [16]

IV. CONCLUSION

The construction of the Pierre Auger Observatory is pro-
gressing well and about to be finished (expected completion
for 2007). It is planned to construct another Observatory with
similar characteristics in the Northern Hemisphere (Colorado,
USA) which will provide the Auger project with full coverage
of the sky.

Results corresponding to the analysis of the first data, taken
even before completion of the Observatory, in the period
January 2004 - June 2005 have been shown. An strategy for the
measure of the energy spectrum (model independent) has been
defined. The surface detector provides large statistics while
the fluorescence telescopes allows the appropriate calibration
from a calorimetric determination of the energy. Although
no evidence on events over the GZK cut has been found,
these first results on the energy spectrum are still affected
by large systematic uncertainties and no conclusive answer on
this problem can be stated.

On the other hand no evidence on anisotropies has been
found. In particular our results for the galactic center are in
clear disagreement with the claims of AGASA and SUGAR.

The results shown here correspond to about a 25% exposure
of one year of the complete Observatory. In a near future our
data sample will increase enormously decreasing significantly
the statistical uncertainties. On the other hand, a much larger
data sample will provide more hybrid events and therefore
a better understanding of systematic errors. In regard with

Fig. 15. Map of overdensity significances near the galactic center (cross).
The large (small) circle represents the regions where the AGASA (SUGAR)
experiment found excess.

the spectrum, a more accurate energy calibration of S(1000)
(equations 1 and 2) will be achieved. Finally we foresee a
reduction in the present uncertainty of the fluorescence yield
from the results of accurate laboratory measurements of this
parameter [17].
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