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Abstract. We describe the present status of the Pierre Auger
Observatory for the study of cosmic rays with energy≥ 1018

eV. The observatory is under construction in the southern
hemisphere. The first phase, called the engineering array is
complete and is producing data useful for evaluating the de-
sign.

1 Introduction

Over the past 10 years the interest in the nature and origin of
the highest energy cosmic rays, those with energy≥ 1019 eV
has grown enormously. Of particular interest are cosmic
rays with energy≥ 1020 eV. At these energies the cosmic
ray particles, be they protons, nuclei, or photons, interact
strongly with the cosmic microwave background and should
be strongly attenuated except for those whose sources are in
our cosmological neighborhood (≤ 100 Mpc). Also protons
of these energies may not be significantly deflected so that
the cosmic rays may point back to the source. A recent au-
thoritative review,Watson and Nagano(2000), presents the
experimental and theoretical background and for all refer-
ences the reader is referred to this article.

2 Design concept for the Auger observatories

The Auger Observatories will provide a comprehensive in-
vestigation of the nature and origin of cosmic rays with ener-
gies≥ 1019 eV. Since the matter distribution about the earth
is not uniform one cannot expect the spectrum of cosmic rays
to be identical in every direction. The observatory is to be
located in two midlatitude sites in the southern and north-
ern hemispheres. Sites in at Malargüe, Mendoza Provence,
Argentina and in Utah in the United States have been cho-
sen. The flux of cosmic rays is about 1/km2/century/sr above
1020 eV so a large detection area of 3000 km2 has been cho-
sen for each observatory. The correct determination of the
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energy is of crucial importance so each observatory will de-
tect the showers produced by the primary cosmic ray with
both a surface array and by means of atmospheric fluores-
cence. There is a fine symbiosis between the two techniques.
Coincidence timing between the surface detector (SD) and
the fluorescence detector (FD) permits the precision of a sin-
gle FD to be equivalent to a stereo view. Data from the FD
permit the reconstruction of the core and direction of the
shower with out appeal to density of particles observed in
the SD. These are just a few examples of the advantages of a
hybrid detector.

The SD consists of a triangular grid of 1600 water tanks
spaced at a distance of 1.5 km. The tanks are 10 m2 in area,
1.2 m deep and contain 12 metric tons of pure water. The
tanks are lined with diffuse reflector and the Cherenkov light
produced by the shower particles is detected by three 9” pho-
tomultipliers placed on the upper surface of the tank looking
downward. The large and steady flux of muons in the cosmic
rays provides an easy calibration for each tank. The signals
in each tank are expressed as “Vertical Equivalent Muons”
(VEM) which is the light produced by a single muon pass-
ing vertically through the tank. The surface array is fully
efficient for cosmic rays with energy≥ 1019 eV with zenith
angles up to 60◦.

The FD consist of 30 units placed about the array so that all
showers detected by the surface array will also be observed
by at least one FD unit. Each FD unit covers from 1.7◦ to
30.3◦ in elevation and 30◦ in azimuth. Each pixel of the FD
covers a hexagonal section of the sky of width 1.5◦. Each FD
unit uses Schmidt optics and its camera contains 440 40-mm
hexagonal photomultipliers.

The electronics in each tank of the SD is powered by solar
panels. The relative timing of the arrival of the shower front
is provided by GPS receivers and the data are sent to a cen-
tral collection point by radio and microwave relay. The FD
buildings are provided with mains power or by generator in
remote areas.

A series of 25 papers submitted to this conference,ICRC
(2001), present capabilities of the Auger Observatory when
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Fig. 1. Layout of the Auger Observatory in Mendoza Province,
Argentina

complete and the technical description of its components.

3 Present status of the project

Figure 1 shows the layout of the array in relation to Malargüe,
the local town and San Rafael, the closest large city. The
surface array is placed on a 3000 km2 area called Pampa
Amarilla which is quite flat. Three of the FD buildings are
placed on convenient elevations on the edges of the pampa.
Each covers 180◦ azimuth and 30◦ elevation. A fourth FD is
planned to be placed in the middle of the array, but discus-
sions of placing all the FD’s on the perimeter are underway.

The southern observatory has been under construction for
nearly two years. A central campus is complete on a 2
hectare site just at the northern entrance to Malargüe. Across
the street is the tourist center and a conference center where
the semi-annual meetings of the Auger collaboration are
held. On the campus there is an assembly building for the
Chrenkov tanks and a central building containing offices,
data collection, and a visitors center. Twelve km to the east
is the first FD building at a location called Los Leones. A
power line has been built between Los Leones and Malargue.
Communications towers have been built at Los Leones and
the central campus. The province of Mendoza has provided
all the buildings and infrastructure with the exception of the
central building which is a gift of the University of Chicago.

In Figs. 2–4 we show respectively the assembly building,
the central building and the FD building at Los Leones.

During the past year 2001 the engineering array (EA) has
been built. It consists of 40 tanks overlooked by two FD
units. Before beginning full scale production it was impor-
tant to test under field conditions all the components and sys-
tems. We have learned a great deal from the engineering ar-
ray. First and foremost all the systems work! But what we
have learned covers a broad range. We have found that the

Fig. 2. View of assembly building for tanks at the central campus.
One of the surface detector tanks can be seen in the yard.

cattle on the site tear external battery cables loose with their
horns. We have also found the circuit that allows us to turn
a tank on or off by radio was poorly designed. We have also
developed important techniques to make the installation pro-
cess more efficient.

In the first part of 2002 we will install 100 tanks in a mode
called preproduction. This is to ensure that the modifications
made on the basis of the engineering array do not produce
any new problems. Additional FD units will be installed and
the second FD building will be constructed at Coiheco on the
western edge of the array.

4 Some data from the engineering array

The layout of the engineering array is shown in Fig. 5. The
tanks are arranged with nearest neighbor distances of 1.5 km.
In one cell an extra tank was placed in the center of the equi-
lateral triangle. At one edge of this triangle a second tank
was placed 10 meters from the original. These arrangements

Fig. 3. View of the recently completed central building
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Fig. 4. Fluorescence detector building at Los Leones. Each of the
six bays contains a FD unit

permit a the detection of real lower energy showers at a rea-
sonable rate. The two adjacent tanks allow a direct test of the
GPS timing precision.

4.1 Results from the surface array

A view of the two tanks (called Carmen and Miranda) placed
side by side is shown in Fig. 6 The main purpose was to study
the fluctuations in the response of two detectors at the same
location. A second purpose is to exploit the high rate of co-
incidences between Carmen and Miranda produced by small
showers (∼ 5 x1014 eV). The rate is about 1 Hz. These show-
ers permit a direct comparison of the time resolution pro-
vided by the GPS receivers. In Fig. 7 we show the distribu-
tion of time differences recorded by the two tanks. The width
is 23 ns which is what is expected from the 10 m separation
of the tanks folded with the angular distribution of the show-
ers. The precision of time measurement makes a negligible
contribution to the reconstruction accuracy as expected.

The 40 tanks were placed in the field and filled with water
before the Argentine winter of June 2001. It was planned to

Fig. 5. Layout of the engineering array. Two FD units look out over
the array of tanks. The SD covers an area of about 75 km2

Fig. 6. A view of Carmen and Miranda looking south. The solar
panels and radio antenna are evident. In production a 1.5 m an-
tenna mounted on the tank is sufficient. The signals from the tank
are radioed to Los Leones which can be seen as a small rise in the
distance.

install the electronics and photo tubes later because much of
this equipment was not ready. It has proved very difficult to
make such field installations. In the future tanks will be out-
fitted in the assembly building and tested before being placed
in the field. At the time of writing (October 2001) about half
of the tanks in the EA are operational.

A nice event is shown in Fig. 8. Three tanks triggered as
shown by the large circles whose diameter is proportional
to the logarithm of the integrated signal. The reconstructed
core is indicated by the star. The reconstructed energy is 6 x
1018 eV. The zenith angle is 10◦. The signals in the tanks and
their distance from the core are given in Table 1. (It should
be noted that Miranda was not operational at the time.)

The FADC trace for each tank is shown in Figs. 9 - 11.
The time evolution of the signal is encoded in intervals of
25 ns. The length of the trace scales with the distance of the
tank from the core. At a distance of 1km from the core the
traces extend over severalµ-sec. The structure consists of a
continum of small energy deposits from low energy electro-
magnetic particles and peaks which are roughly split equally
between energetic electromagnetic particles and individual
muons.

Table 1. Details of an event

Tank VEM Distance to Core
(meters)

Carmin 102 730
Carol 71 800

Daniela 14 1200
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Fig. 7. Distribution of time differences recorded between two tanks
separated by 10 m as measured by the GPS receivers

Fig. 8. A three fold coincidence

Fig. 9. FADC trace for Carmen. The horizontal scale is in ns. Dis-
tance to core = 730 meters. VEM = 102

Fig. 10. FADC trace for Carol. The horizontal scale is in ns. Dis-
tance to core = 800 meters. VEM = 71

Fig. 11. FADC trace for Daniela. The horizontal scale is in ns.
Distance to core = 1200 meters. VEM = 14

4.2 Results from the fluorescence detector

The first of two fluorescence detectors (FD), installed at Los
Leones, detected a shower in May 2001 just three hours after
its shutter was opened. A second fluorescence detector has
since been installed and has detected showers. A photograph
of the first FD is shown in Fig. 12. Visible is the Schmidt
entrance aperture with a correction element on the perimeter.
The diameter of the aperture is 2.2 meters. The 3.5 x 3.5
m mirror is made up of a combination of square machined
aluminum mirrors and hexagonal glass mirrors. Both mirror
styles are candidates for production. The camera is an array
of 440 PMT’s mounted on the curved surface demanded by
the Schmidt optics.

A copy of the event display for the first shower detected by
the FD at Los Leones is shown in Fig. 13. On the upper left
of the figure are the triggered pixels. On the right the hor-
izontal bars indicate the beginning of the FADC signal for
each triggered pixel. A second level trigger demands that the
signals show a monotonic and smooth progression in time.
In the lower left panel the FADC traces for the pixels indi-
cated by an open circles are plotted. The light in each pixel
is integrated in time slots of 100 ns duration.

Stages in the geometrical reconstruction of the fluores-
cence event are shown in Fig. 14. In the upper left panel
the trajectory is fitted in the camera plane. Note that in the
camera plane the shower enters from the lower right. Each

Fig. 12.A photograph of one of the FD units installed at Los Leones



238

Fig. 13. Online display of a shower seen by the FD at Los Leones

dot corresponds to the position of the shower axis for a given
time slot. This trajectory determines to high accuracy the
plane containing the shower axis and the detector. In the
upper right panel is plotted the mean time of arrival of the
light in each pixel vs the elevation angle corresponding to
that pixel. It is the deviation from this curve from a straight
line that selects from many solutions the angle and core loca-
tion of the shower in the shower-detector plane. There is an
observable curvature (not evident in the small figure) which
leads to a zenith angle of 46◦ and core distance of 15 km for
this particular shower. The precision of the shower geometry
in the plane is vastly improved when it is also detected by
the surface array. At the time of this writing data for hybrid
events has not been available. In the lower panel the net light
(charge) recorded for each time slot is plotted. It is from this
curve that the energy of the shower can be derived, follow-
ing an absolute calibration and corrections for atmospheric
absorption.

5 Some properties of the completed observatory

5.1 Event rates

The southern observatory will be completed by the the mid-
dle of 2005. We hope to begin the planning of the northern
observatory in 2002. Each completed observatory will have
greatly improved sensitivity compared to present detectors.
To characterize the sensitivity we compute the yield of the
completed southern observatory assuming the spectrum re-
ported by the AGASA experiment,Takeda(1998). The ac-
tual spectrum in the southern hemisphere may well be dif-
ferent either in intensity or in shape. In Fig. 15 we present
the spectrum that would be observed in 3 years of operation
of the southern observatory for the case where there were a
GZK cutoff, a condition not supported by the present data.
The spectrum is for events with zenith angles less than 60◦

Fig. 14. Stages in the reconstruction of a fluorescence event

with the trigger conditions of≥4 VEM in at least 5 tanks. It
includes the effect of a 20% energy resolution which can be
seen as points reconstructed above the true spectrum in the
region where it is steeply falling.

In the following table we give the number of events ex-
pected in one year with the assumptions stated above without
a GZK cutoff. The reach of the detector extends to rather low
energies because a shower seen by at least one FD only needs
timing information from two tanks for accurate reconstruc-
tion. However for SD events only, five tanks are required.
Note that above 1019 eV the SD is fully efficient so the the
number of hybrid events just reflects the 10% duty cycle of
the FD’s.

5.2 Composition sensitivity

The fluorescence detector measures a portion of the longitu-
dinal shower development which usually includes the shower
maximum. The shower maximum is sensitive to nature of
the particle producing the shower. Heavy nuclei primaries
develop showers with maxima higher in the atmosphere than
proton primaries. Photon showers have maxima even deeper

Table 2. Events for one year of operation

Energy Surface Hybrid
eV ≥ 5 tanks ≥ 2 tanks +≥ 1 FD

≥ 6x1017 16000 45000
≥ 1018 16000 30000
≥ 3x1018 15000 4700
≥ 1019 5200 520
≥ 2x1019 1600 160
≥ 5x1019 500 50
≥ 1020 100 10
≥ 2x1020 30 3
≥ 5x1020 10 1
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Fig. 15. Measured spectrum expected in three years of operation of
the southern observatory. The solid line is the real spectrum. The
points with errors represent the reconstructed spectrum.

in the atmosphere. Thus the FD plays an important role in
assessing in a statistical manner the nature of the primary.
One says statistical in that natural shower fluctuations pro-
duce distributions of shower maxima that overlap.

It is important to point out that the time of arrival of par-
ticles for detectors far from the core (≥1000 m) is related
to the average distance from the generation of shower par-
ticles. Showers higher in the atmosphere produce particles
with a shorter time structure. In addition the muon compo-
nent arrives on average earlier than the electromagnetic com-
ponent. Thus in a distant detector the ratio of early to late
arrival is sensitive to the nature of the primary. The two ef-
fects add constructively. Heavy nuclei produce more muons
and have shower maxima at greater distance. Proton showers
have maxima less distant and have less muons. Thus the ra-
tio of early to late arrival is doubly sensitive to the nature of
the primary. The main effects are shown in Fig. 16. Here is
plotted the time of arrival distribution for 50 simulated events
produced at 40◦ zenith angle and 1020 eV. The FADC traces
for all tanks with distance to the shower axis≥ 1000 m are
summed, after the FADC distribution for each tank is com-
pressed by a factor (distance to axis)/1000. There is a clear
distinction in the distribution between iron, protons, photons
converted in the earth’s magnetic field, and unconverted pho-
tons which develop showers deep in the atmosphere due to
the LPM effect. It is beyond the scope of this article to dis-
cuss this technique further. Suffice it to say that the hadron
photon separation is effective on individual events at 1020 eV
and less so at 1019 eV.

Fig. 16.FADC distributions scaled to tanks at 1000m. Iron(circles),
photons(crosses), converted photons(diamonds), unconverted pho-
tons(squares)

6 Conclusions

The construction of the Auger Observatories is underway and
will provide an order of magnitude improvement in the obse-
vation of the highest energy cosmic rays. The observatories
will provide comprehensive information on the energy and
arrival distributions of these cosmic rays over the entire sky.
The hybrid nature of the observatories will provide reliable
energy measurements by two independent methods. Compo-
sition measurements of comparable sensitivity are provided
by both the fluorescence detector and the surface detector.
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