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A BSTRACT: The Central Laser Facility is located near the middle of the Pierre Auger Observatory
in Argentina. It features an ultraviolet laser and optical components that direct a beam of calibrated,
pulsed light into the sky. Light scattered from this beam produces tracks in the Auger optical
detectors, which normally record nitrogen fluorescence tracks from cosmic ray air showers. The
Central Laser Facility acts as a “test beam” that is used to investigate properties of the atmosphere
and the air fluorescence detectors. Additionally, the laser can send a light pulse via optical fiber
to the nearest surface detector tank. This signal, which occurs simulateously with light beamed
into the sky, is used for the hybrid timing analysis of the surface and fluorescence detectors at the
Observatory.
K EYWORDS : Large detector systems for particle and astroparticle physics; Detector alignment
and calibration methods (lasers, sources, particle-beams).
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1. Introduction
The southern site of the Pierre Auger Observatory, based in the Mendoza province of Argentina,
contains two detectors that measure extensive air showers produced by cosmic rays [1]. A surface
detector (SD) records the lateral distribution of secondary shower particles at ground level. A
fluorescence detector (FD) consists of four independent “eyes” that are, in turn, comprised of six
telescopes, each viewing a 30o x30o solid angle. These eyes operate on dark nights, recording the
longitudinal light profiles of showers as they develop in the atmosphere. The FD makes a nearly
calorimetric measurement of the shower energy because the amount of fluorescence light emitted
is proportional to the energy deposited in the atmosphere.
The Central Laser Facility (CLF), shown in figure 1, is located near the middle of the southern Auger detector (see figure 2). The CLF was designed to accomplish several research goals;
these include monitoring atmospheric conditions, cross-checking the absolute energy scale determined by a separate calibration system, and improving the geometric reconstruction of air
shower events. At the heart of the facility is a pulsed laser that can be operated remotely. The
laser beam can be steered in any direction above the horizon and its intensity can be varied;
thus, the CLF provides a calibrated “test beam” for the FD eyes at the observatory. As a pulse
of laser light travels through the atmosphere, the molecular and aerosol components in the atmosphere scatter light out of the beam. This scattered light produces tracks in the FD eyes
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1.

Figure 1. The Central Laser Facility, shown with nearby SD tank Celeste.

that have several features in common with the tracks that originate from extensive air showers:
• The laser wavelength is 355 nm, which is near the middle of the nitrogen fluorescence spectrum that is produced by air showers. In particular, the wavelength of the light emitted from
the CLF is between two major N2 fluorescence bands at 337 nm and 357 nm.
• After accounting for atmospheric effects, the total amount of light scattered out of the laser
beam is proportional to the intensity of the beam.
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Figure 2. The schematic layout of the Pierre Auger Southern Observatory. The location of the CLF is
shown, as are the four FD eyes.

• When the laser is firing at its maximum power, the amount of light scattered out of each 7 ns
laser pulse is roughly equivalent to the amount of fluorescence light emitted by an air shower
with energy in the range of the predicted Greisen-Zatsepin-Kuzmin (GZK) suppression (∼
1020 eV) [2, 3].
In addition to the laser, the CLF contains a weather station and a single-pixel radiometric cloud
monitor [4]. The weather station records the outside air temperature, barometric pressure, relative
humidity, wind speed and wind direction. These measurements are taken every five minutes. Similar weather stations exist at each of the FD buildings on the edges of the observatory; the CLF
provides data on the weather at the center of the detector. The cloud monitor records the temperature of the sky; this information is used in tandem with data from more elaborate cloud cameras to
determine the local sky conditions.

The design of the CLF draws upon the experience of the High Resolution Fly’s Eye (HiRes) collaboration, which has been deploying and operating laser systems in a desert environment for many
years [5, 6, 7]. A block diagram of the CLF hardware is shown in figure 3.
2.1 System overview
The Central Laser Facility is positioned approximately equidistant from three of the four FD eyes.
It is located approximately 26 km from the “Los Leones” eye, and 30 km from the “Coihueco”
and the “Los Morados” eyes. This location makes possible several FD monitoring tests, including
measuring the relative timing and the relative calibration (i.e., photon to ADC conversion factors)
of the FD eyes, as well as measuring the trigger efficiency of the FD. The location coordinates of
the CLF, as well as its precise distance from the FD eyes, is shown in table 1. The CLF is also
located adjacent to one of the SD tanks, which has been named “Celeste.”
The CLF is an independent system, with no externally wired connections, that is housed within
a modified and insulated shipping container. The facility is powered by a bank of batteries that is
charged by an array of photovoltaic solar panels. The thirteen solar panels generate a maximum
power of 885 W. A propane heater keeps the inside of the container at a temperature above 10 o C.
The CLF is an unstaffed facility; it is operated remotely via a wireless microwave internet link to
the Coihueco FD site.
The system parameters of the CLF are listed in table 2.
2.2 Laser and optics
The heart of the system is a frequency tripled Nd:YAG laser, manufactured by Big Sky Laser
Technologies, which produces a linearly polarized beam of 355 nm light. The beam is pulsed, with
a width of 7 ns, and a maximum energy per pulse of about 7 mJ. The laser head is mounted on
an enclosed optical table that also houses most of the other optical components. An electric heater
protects the laser head from freezing, in the event that the main propane heater fails.
In addition to the 355 nm light, the output from the laser head contains light from the first
two harmonics. To remove these unwanted components, the beam optics include two harmonic
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2. Hardware description

separator mirrors that reflect only the desired 355 nm component while transmitting residual light
at the primary and seconday wavelengths. Downstream of these mirrors, the spectral purity of
the beam is better than 99.9%. After this purification, a portion of the beam is diverted into a
photo-diode detector. This detector measures the relative energy of each laser pulse.
Since the CLF is operated remotely, redundancy is an important factor in its design. Thus, to
increase the reliability of the system, the beam optics are configured in two vertical paths, with a
computer-controlled “flipper mirror” selecting between them (see figure 3). If this mirror is flipped
out of the beamline, the light passes directly to the sky when a simple cover is open. A pyroelectric
energy probe, installed in March 2005, makes a second measurement of the relative energy when
the beam is sent down this path. Approximately 8% of the beam intensity is diverted into the
probe for this measurement. If the flipper mirror is rotated into the beamline, the light is sent to
a steering head mounted on the roof of the facility. The steering head consists of two mirrors on
rotating orthogonal axes, which can direct the beam towards any direction above the horizon. The
steering head is housed within a mechanical cover that protects it from the elements when it is not
in use. A second flipper mirror can rotate a 2% filter into the path of the steered beam. This filter
is used to make low-energy laser pulses that can be fired almost horizontally towards the FD eyes
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Figure 3. Schematic diagram of the CLF hardware. The infrastructure of the facility is shown in the grey
box. For redundancy, the optical configuration includes both a steered beam and a fixed-direction vertical
beam. All components are normally operated remotely.

Value
0469378 m
6095769 m
1412 m
S 35o 16’ 50.736”
W 69o 20’ 12.228”
880 ± 4.4 g cm −2
25,987 m
29,566 m
39,956 m
30,271 m

Table 1. Absolute and relative position of the CLF.

Parameter
wavelength
spectral purity
pulse length
Vertical Beam
energy cal.
energy cal.
direction
polarization
Steered Beam
energy cal.
energy cal.
direction
direction
polarization

Value
355 nm
> 99.9%
7 ns

Notes
1064 nm, 532 nm suppression

10%
2%
0.04 deg
< 4%

absolute
relative
absolute
randomized

12%
3%
0.2 deg
1/80 deg
< 5%

absolute
relative
absolute
relative
randomized

Table 2. Parameters of the laser system.

for precision synchronization of clocks.
The YAG laser emits linearly polarized light. It is preferable to have a depolarized beam leave
the CLF as such a beam will, when fired vertically, scatter equal amounts of light in the direction
of each FD eye. Therefore, each beam path contains a depolarizing element, which randomizes
the polarization by introducing a varying phaseshift across the beam spot. The use of a depolarizer
was found to be much more effective than the use of a quarter-wave plate to generate circular
polarization. After passing through the depolarizer, the net polarization of the laser beam is within
3% of random.
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Parameter
Location
UTM E (zone 19H)
UTM N (zone 19H)
Elevation (above sea level)
Latitude
Longitude
Average vertical depth
Distance to FD eyes
Los Leones
Los Morados
Loma Amarilla
Coihueco

An optical fiber runs from the CLF to the nearest SD tank, Celeste. When a shutter, mounted
on the optical table, is opened, a small fraction of the laser light is sent through this forty meter
fiber and injected into the tank. This procedure provides a simultaneous signal in both the SD and
the FD, for the purpose of monitoring the relative timing between the two detectors.

2.3 Timing system

This potential geometric ambiguity is avoided by using event times as the physics-blind selection criteria. The CLF is fired at specific times that have a fixed offset from the start of the second
as defined by the Global Position System (GPS). Every event, laser or otherwise, recorded by the
FD within a 300 µ s window centered on these offsets is removed from the data samples that are
slated for air-shower analysis.
The programmable module that controls laser firing times is dubbed the “GPSY” and was developed by the HiRes collaboration [8]. It features an on-board GPS receiver and two outputs. The
first output triggers the flashlamp that induces optical pumping of the laser rod. This is followed by
the second output to trigger the laser Q-switch circuit that controls the actual time of light emission
out of the laser. Both outputs can be programmed in steps of 1 µ s with a nominal accuracy of
±50 ns.
2.4 Computer
The brain of the CLF is a single board computer (CLFPC). This computer requires only 5 W of
power and has no moving parts. It features eleven serial ports, which communicate with the laser,
the GPSY timing module, the steering head motors, a power controller, the two flipper mirrors, the
roof-mounted cover boxes, the weather station, and the two radiometers that read out the energy
probes. Whenever the laser is fired, the time, relative energy, beam path and direction, system
temperatures, voltages, and local wind speed are logged on an on-board compact flash card. In
addition, on-board analog-to-digital converters (ADCs) read out the cloud detector and voltages of
the solar panels and batteries. These are logged continuously in five minute intervals. All log files
are automatically copied off-site daily.
The CLFPC runs a 25 MB version of embedded Linux and can be accessed using the secure
shell protocol. All of the control software for the laser system is written on a conventional Linux
PC using standard C programming tools and compiled with a standard gcc compiler. The executable image is then copied to the CLFPC. This permits control and data logging software to be
reprogrammed remotely.
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Most of the tracks recorded by the FD eyes are produced by the CLF. Separating these tracks
from those produced by cosmic ray air showers is of critical importance. Since laser tracks point
upward, it is essential to separate them from the upward-going showers that are a possible signature
of neutrino or tau interactions. In this case, the misidentification of a single laser shot could have
unfortunate consequences. To identify laser tracks, it is not sufficient simply to remove events that
“point back” to the CLF, as cloud reflection or other atmospheric non-uniformities may, on rare
occasion, render reconstructed geometric parameters unreliable.

Part Number
CFR Ultra
BSR-35-1025
BSR-31-1025
PW1-1025-UV
F10-354.7-4-1.00
Y3-1025-P
DPL-10-355
EH-353/1025-45UNP
EH-353/2037-45UNP
W2-PW1-1025-UV-248-355-0
RjP 465
8892-K
U200-AC38
B4800-TS
VMX
various

Manufacturer
Big Sky Laser
CVI Laser
CVI Laser
CVI Laser
CVI Laser
CVI Laser
CVI Laser
CVI Laser
CVI Laser
CVI Laser
Laser Probe Inc.
New Focus
Newport Corp.
Velmex
Velmex
Thor Labs

Notes
8 mJ/pulse (max)

< 10 arc sec wedge
< 10 arc sec wedge
< 10 arc sec wedge

custom limit switch

Table 3. Major components of the CLF.

Description
radiometers
pyroelectric probe
polarizing cube
laser level
5 W PC
serial card
analog card
power controller
solar panels
solar panels
batteries
charge controller
inverter
rain sensor
microwave link

Part Number
RM3700
RjP 734
PC26U035
RT-7610-5
TS-5500
TS-SER4
TS-9700
RPC-3
SP75,SQ75
SMSX-56
UHX-100-12
C35-12V
Mass Sine 12/500
5.4103.00.000
BRIB Turbo(-LR)

Manufacturer
Laser Probe Inc.
Laser Probe Inc.
Rocky Mtn Instrument Co.
Porter Cable
Technologic Systems
Technologic Systems
Technologic Systems
Bay Tech
Shell Solar
Solarex
Yuasa
Xandrex/Trace
Mastervolt International
Thies Clima
Terabeam

Notes

1mJ max
self leveling
TS-Linux (20MB)

Table 4. Major components of the CLF (continued).

2.5 Component list
A comprehensive list of the hardware components, including part numbers and suppliers, can be
found in table 3 and table 4.
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Description
355nm YAG laser
harmonic separator
harmonic separator
pick-off splitter
355 nm filter
355 nm mirror
depolarizer
355/633 mirror
355/633 mirror
AR coated window
photo-diode probe
motorized flipper
steered mirror mounts
rotation stage
controller
mounts/posts

3. Operation
3.1 Alignment and calibration
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Approximately twice a year, the direction, polarization, and energy of the CLF laser beams are
calibrated. During the calibration, the direction and polarization are readjusted if they are measured
to be outside of the tolerances listed in table 2.
To align the laser beam vertically inside the CLF shelter, a self-leveling helium neon (HeNe)
laser (see table 3) is used as a reference. This laser features an internal mirror mounted on a plumbbob fixture. The constant red beam that it emits can be aligned to within 0.02 o of vertical, as defined
by local gravity. At the CLF, this laser is positioned above the optics bench and centered over the
UV beam to be aligned. Using a mirror, the red vertical beam is reflected onto a far wall, where
its position it marked for reference. The alignment laser is then removed and the direction of the
reflected CLF beam is adjusted (if necessary) until its spot coincides with the marked reference.
The uncertainty in the relative beam spot positions is about 2 mm for each end of the seven meter
path length. These terms, added in quadrature with the uncertainty of the alignment laser, yield a
sensitivity of ±0.031o for this technique. The process is repeated for each of the two vertical beam
paths.
Additional steps are required to complete the alignment of the steered beam. The mirrors
of the steering mechanism are first aligned internally in the laboratory. The entire assembly is
then mounted on the roof of the CLF shelter, centered over one of the beams, and leveled. The
absolute elevation direction is checked using the HeNe laser level. The absolute azimuth direction
is determined by firing low energy, near horizontal shots over each FD location such that the tracks
project vertically onto the FD eye. The locations of the CLF and FD eyes are well known; thus,
the azimuth angle of these shots can be calculated precisely. The distance from the CLF to the FD
eyes is much larger than the height at which these near-horizontal laser shots pass over an FD eye.
Therefore, a small change in the laser azimuthal pointing causes a big change in the angle of the
track projection. The sensitivity of this technique is better than ±0.05 o . After also considering the
internal alignment and the repeatability of the limit switches that reference each steered axis, the
absolute directional accuracy of the steered beam is currently ±0.2 o . In the future, this number
may be reduced by referencing to the positions of bright stars and planets; such images can be
observed by looking back through the CLF optics.
Once the CLF beams have been made vertical, they must be depolarized. Beam polarization is
measured through a rotated polarizing beam-splitting cube temporarily mounted downstream of the
last optical element in the beamline. A pyroelectric probe measures the mean energy of a sequence
of laser shots that has passed through the cube. This energy measurement is then normalized by
data taken with the photo-diode probe to remove fluctuations in laser output. When the laser beam
has no net polarization, the normalized energy measurement will be independent of the rotation of
the cube about the beam axes. Measurements are collected in thirty degree rotation steps and the
data, plotted in polar coordinates, are fit to an ellipse. The elongated shape in figure 4 is the result
of a measurement made before the depolarizer orientation has been optimized. A measurement
of a beam after depolarization, shown in figure 5, is nearly circular. The vertical beams can be
depolarized to better than 2% initially and can remain depolarized to better than 4% over a period
of months. The mirror surfaces in the steering mechanism add an additional variation of up to 3%

Arbitrary

CLF Polarization

0.1

0

-0.1

0

0.1

Arbitrary

Figure 4. CLF polarization measurement. In this figure, there is a significant net polarization, as indicated
by the ellipse. Net polarization is calculated from the axes of the ellipse: (Major-Minor)/(Major+Minor). A
depolarized beam would overlap with the circle shown on the figure.

to the net polarization. This small additional polarization factor was measured in the laboratory and
found to be a function of the space angle by which the steering head is moved. During calibration,
the alignment and depolarization procedures must be iterated because the depolarizing element
introduces a 0.6o deviation in beam direction that precesses as the depolarizer is rotated to minimize
the net polarization.
Energy calibration is performed using a pyroelectric reference probe and a radiometer that
have been factory calibrated to standards accepted by NIST. The absolute accuracy of the factory
calibration is ±5%. The reference probe is mounted downstream of the last element in the fixed
vertical beam. Measurements are collected at multiple laser energy settings to calibrate the two
monitor probes as a function of the energy delivered to the sky. These measurements are conducted
inside the CLF shelter. To protect the pyroelectric probe from optical damage, a filter with ∼6%
transmission is mounted in front of it during the calibration process. There is currently a 12%
uncertainty in the measured transmission of this filter, which is the largest error in the energy
calibration of the laser. Future efforts will attempt to measure the filter transmission with greater
precision.
The energy of the steered beam is typically not directly calibrated. However, when oriented
vertically, the steered beam can be calibrated relative to the fixed vertical beam by using measurements taken with the FD eyes. Variations in transmission through the steering fixture were studied
in the laboratory by comparing the ratio of beam energy measurements made immediately downstream and upstream from the steering head. This procedure was repeated for multiple steering
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-0.1

Arbitrary

CLF Polarization

0.1

0

-0.1

0

0.1

Arbitrary

Figure 5. CLF polarization measurement. In this figure, the laser beam net polarization deviates from
random by 1%.

orientations, whereby it was found that the maximum variation is 5%.
3.2 Monitoring
The relative energy and time of each pulse is logged for off-line matching. Figure 6 shows recent
measurements made by the two energy monitoring probes. The upper left quadrant of the figure
shows the average energy deposited in the pyroelectric detector (figure 6A) and in the photo-diode
detector (figure 6C) for each set of laser shots. The upper right quadrant (figures 6B and 6D)
shows the RMS of these averages, expressed as a percentage. The ratio between the two probe
measurements, which is used for discriminating between changes in laser energy and instability in
the probes, is shown in figure 6E and is normalized to unity. The RMS of the ratio, averaged over
each group of shots, is shown in figure 6F and is a good measure of the systematic uncertainty in
the energy monitoring. It is worth noting that the RMS of the ratio is significantly smaller than the
RMS for either set of probe measurements. Over the period shown, the one sigma stability of the
measured ratios is at the one percent level.
Temperatures and power system voltages are automatically logged every five minutes, and
are used as system performance monitors. Figure 7 shows the voltage of the batteries and solar
panels since the start of CLF operations in 2003. The temperatures outside of the facility and of
the equipment are also displayed on this figure.
3.3 Normal laser operation
Normal laser operation is conducted remotely from the central campus of the Observatory. On
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0
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0
25

Probe1 (photodiode)

0.6
0.4

20
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0.2

5

0

0
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2005.8 2005.9

Year

1.1

2006.1

Monitor Energy RMS
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1
10
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Ratio (Normalized)

2005.8 2005.9

Year

2006

2006.1

RMS of Ratio

Year

Figure 6. Energy measurements made by the CLF beam monitoring probes. See text for details.

clear, dark nights when the fluorescence detectors are in use, the laser control program is started at
the same time that FD data collection begins. Every fifteen minutes, a set of fifty fixed-direction
vertical shots are fired into the sky; for these shots, the shutter in front of the optical fiber to the
Celeste SD tank is closed. After these shots are completed, the shutter is raised and one shot is fired
simultaneously into the sky and the Celeste tank. Every night, there are two periods, both lasting
one hour, when patterns of inclined shots are fired. The first period of inclined shots fires nearly
horizontal attenuated laser light directly over each of the FD eyes and into the Celeste tank. These
shots are used to evaluate the relative timing between the FD eyes and the surface detector. During
the second period, the laser is fired along the bisector of the angles made by two FD eyes and the
CLF, as well as directly over the FD eyes at higher elevation (e.g., 45 o and 60o from the horizontal).
These shots are useful for checking the photometric calibration of the FD eyes, evaluating the FD
trigger efficiency, etc.
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Monitor Energy
E2/E1/1170000

20

0.2

Percent

pJ

0.4

25

To protect the equipment from weather damage, rain and wind sensors monitor conditions at
the facility. In the event of rain, the CLFPC will not allow either the steered or the vertical beam
covers to be open. If the wind speeds reach 40 km h −1 , the CLFPC will not allow the steered
beam cover to be open, as the mechanical cover that protects the steering head could be damaged
if it were moved during strong winds. In this case, only the vertical beam is operated. Automated
procedures on the CLFPC will terminate laser operations at the end of the night if the FD operators
forget or if internet connectivity is lost. Additionally, the laser system will not operate if the battery

– 12 –

2006 JINST 1 P11003

Figure 7. Temperatures and voltages measured at the CLF from 2003 to present. The blue points in the
top panel correspond to outside temperatures and the black points correspond to inside temperatures. The
middle panel shows the voltages of the solar panel array. The battery bank voltage is shown in the lower
panel. The structure in these voltage plots corresponds to discharging and recharging as determined by
CLF+FD operation during dark periods. This structure became less pronounced after the capacity of the
power system was doubled in August 2004.

photons per µs at aperture
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Figure 9. The light profile of a vertical CLF laser shot. Photon intensity at the telescope aperture, as recorded
by the camera, is shown as a function of time. The periodic structure is caused by spaces between the camera
pixels.

voltages or internal temperatures are outside of predetermined tolerances.
3.4 Observing laser tracks
A typical vertical CLF laser track, as seen by one of the FD eyes, is shown in figure 8. Each hexagon
on the left side of the figure represents one pixel from the camera of a telescope in an FD eye. Most
shaded pixels represent the projection of the laser track onto the telescope. A few additional shaded
pixels, outside of the main track, were probably triggered either by multiple photon scattering or an
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Figure 8. Shaded pixels mark the projection of a vertical CLF laser track on an FD telescope (left). Three
flash ADC traces are shown (right) for the three pixels denoted with black dots. The decrease in trace maximum with increasing pixel elevation is due to an increase of total path length and atmospheric propagation
effects.

Figure 10. The shaded pixels show the track produced in the Los Leones FD eye by a steered laser shot.
This shot was fired at an elevation of 15 o and it was seen in four of the mirrors in this eye.

4. Research goals
Originally conceived of as part of the extensive effort to monitor the atmosphere over the observatory, the CLF can also provide an on-demand, steerable “test beam” for the fluorescence detector.
When the FD is in operation, the laser tracks provide an ongoing confirmation that the FD eyes are
functioning and able to detect light from the center of the array. Other uses for the laser at the CLF
include:
Atmospheric Monitoring Vertical laser shots are used to derive the atmospheric clarity. The longitudinal profiles of vertical tracks recorded by the FD eyes are grouped together by hour and
fit to generate a database of aerosol optical depth [9]. For the fitting, the laser profiles are
normalized to the expected profile for a very clear (i.e., aerosol-free) night. Currently, CLF
shots are used to obtain the aerosol measurements that are a vital part of reconstructing the
FD shower data. A vertical CLF track will be simultaneously visible from up to four separate
FD locations at the perimeter of the surface array. Thus, differences in the amount of light
observed by the FD eyes can be used to monitor the horizontal uniformity of the atmosphere
across the aperture of the fluorescence detector.
Photometric Calibration The energy of each laser track is determined from the FD data using the
same method employed for air showers. The reconstruction process includes correcting the
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upward statistical fluctuation in the backgrounds and noise. Flash ADC traces for the three dotted
pixels are shown on the right side of the figure. The light profile for a vertical CLF laser event is
shown in figure 9. This figure displays the photon intensity at the telescope aperture as a function
of time. Laser light arriving later in the event was scattered higher in the atmosphere. As such, it
has travelled a greater distance before reaching the telescope and has been attenuated to a lower
intensity. The periodic peaks in the intensity arise from the spaces between pixels in the camera;
this effect is accurately modeled by simulation.
The track of a CLF steered shot, seen by the Los Leones FD eye, is shown in figure 10. The
laser beam that produced this track was fired at an elevation of 15 o above the horizonal with an
azimuth along the bisector of the angle formed by the Los Leones eye, the CLF, and the Coihueco
eye. Due to the orientation of this shot, the CLF track crosses the field of view of four telescopes
in this FD eye.

raw data for both detector gain and atmopheric transmission. As mentioned previously, the
energy of individual laser shots is measured by at least one independent probe (two probes
in the case of vertical shots). By comparing the measured and reconstructed laser energy
for a variety of pointing directions and atmospheric conditions, the end-to-end photometric
resolution of the FD eyes can be cross-checked. Since the laser is fired every fifteen minutes
when the FD is operating, CLF data can be used to classify viewing conditions. During the
periods when the laser energy is reconstructed accurately, the measured air shower energies
can also be considered to be reliable.

Geometric Reconstruction Both the ground position and the pointing direction of the laser beam
are known to high precision. As such, laser shots can be used to tune the software that
performs the geometric reconstruction of FD tracks. Laser shots that are fired simultaneously
into the sky and the Celeste tank can also be used to compare the angular resolution and the
core position resolution of the hybrid data with the FD-only data.
Pixel Pointing The CLF can be used to check the pointing direction of the FD eyes. The direction
of each telescope is determined by monitoring the path of stars that are moving across the
borders of adjacent pixels. This calibration can then be cross-checked using the laser beam.
Additionally, the laser tracks provide a simple means for checking whether the FD cameras
have been correctly cabled and configured. Swapped cables in a FD camera will result in a
discontinuity in the laser track when viewed through the FD event display.
Trigger Efficiency By using the CLF to generate a steerable test beam, the efficiency of the FD
trigger can be evaluated as a function of laser energy, pointing direction and atmospheric
quality. The efficiency for a given set of conditions can be determined by taking the ratio of
the number of shots recorded by a given FD eye to the number of shots fired by the CLF.
The Central Laser Facility has been functioning as an important component within the Pierre
Auger Observatory since September 2003 [11, 12]. Calibration data have been collected regularly
since November 2003 whenever the fluorescence detectors are operating. Controlled remotely from
the central campus, the CLF fires both steered and fixed vertical laser shots that serve a wide range
of calibration purposes [13].

– 15 –

2006 JINST 1 P11003

Time Synchonization Vertical tracks from the CLF can be seen by all FD eyes; therefore, these
tracks can be used to monitor the relative timing of the eyes. Furthermore, laser shots that
divert part of the light into the optical fiber to the Celeste tank produce event triggers in both
the FD and the SD [10]. The timing of these shots is set outside of the 300 µ s predetermined
veto window so that the data from both detectors will be combined into a single event. The
recorded event times can then be used to measure and monitor the relative timing of the
two detectors. To maximize the precision of the relative timing measurements, laser shots
are fired 3o above the horizontal and directly over one FD eye to synchronize that eye with
the SD. The measurement is then repeated for each of the eyes. To prevent damage to the
fluorescence detectors, the 2% attenuator filter is used when taking this nearly-horizontal
data.
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