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Abstract: The Global Light System (GLS) is a network of ground-based Xenon flashlamps and steered UV
lasers to validate the key functions of the JEM-EUSO cosmic ray fluorescence detector that is planned for the
international space station. These functions include triggering efficiency, the accuracy of intrinsic luminosity
measurements, and the reconstructed pointing direction accuracy. GLS units will generate benchmark optical
signatures in the atmosphere with similar characteristics to the optical signals of cosmic ray EASs. The lasers will
generate tracks and the flashers will generate point flashes. But unlike air showers, the number of laser and flasher
pulses, their energy, precise time, direction (lasers) can be specified. JEM-EUSO will reconstruct the pointing
directions of the lasers and the energy of the lasers and flashlamps to monitor the detector triggers, and accuracy
of energy and direction reconstruction. 12 GLS units will be deployed at selected sites around the globe. The JEM-
EUSO footprint will pass over a GLS unit on average once per (near) moonless night under clear conditions for
appropriately selected sites. The 12 units will be supplemented by campaign style measurements with an airborne
unit that will be flown over the open ocean at selected altitudes under JEM-EUSO. A GLS prototype in an airplane
will support a high-altitude balloon flight in 2014 of a prototype JEM-EUSO telescope. We describe the concept
and system design and report on the status of prototyping and the selection process for candidates sites.
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Figure 1: The Global Light System of ground-based cal-
ibrated xenon flashlamps and lasers will be measured by
JEM-EUSO to monitor its performance during the mission.

1 Introduction
JEM-EUSO is a pioneering air fluorescence experiment
planned for the international space station. It will map the
full sky by measuring cosmic ray extensive air showers
(EAS) above 5 × 1019 eV with a single instrument of
unprecedented detection aperture. The goal is to identify the
highest energy cosmic accelerators. Orbiting the globe every
90 minutes, JEM-EUSO will look down on the atmosphere
from an altitude of about 350 km. During dark periods
JEM-EUSO will record the optical signatures of EASs and
other UV optical atmospheric transients that occur within
its moving footprint of some 150,000 km2.

2 The Global Light System
JEM-EUSO will also record optical signatures generated
by a global network of calibrated UV light sources called
the Global Light System (GLS). UV light from GLS xenon
flashlamps will appear as optical point sources dominated by
direct transmission. Light scattered out of the beams of UV
lasers aimed across the JEM-EUSO field of view will appear
as tracks. The technique (Fig. 1), draws on the experience
of the ground based fluorescence detectors of Fly’s Eye[1],
HiRes[2], and Pierre Auger[3]. These experiments used
flashlamps[4] and lasers[5] in various configurations as
part of their science programs. Their data demonstrated
[6, 7, 8, 9] that lasers observed from the side as ”test beams”
produce a luminosity that is comparable to the EASs that
are expected to be above the JEM-EUSO energy threshold.

Unlike cosmic EAS events which are essentially random,
the properties of GLS flashes and laser shots can be pro-
grammed in advance and measured independently at their
source. The properties include the absolute time, energy,
wavelength, and direction (lasers). These independent mea-
surements can then be compared, event by event, to the
space measurements obtained by reconstructing the JEM-
EUSO GLS events. In this way the GLS will be used to
monitor and validate key parameters of the detector and the
data analysis chain. These parameters include:

• Triggering efficiency

• Accuracy of EAS intrinsic luminosity measurements

• Pointing accuracy of EAS arrival directions (depends
on the absolute timing, pointing and focus of the
instrument)
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Figure 2: The filtered wavelengths (337, 357, 391 nm) of
the GLS xenon flashlamps and laser (355 nm) are indicated
on the fluorescence spectrum of electrons in air. (Spectrum
shown is from reference [10].)
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Figure 3: The estimated time between successful measure-
ment opportunities (see text) for 12 GLS stations over 5
years of operations. The first measurement after the end of
bright moon periods (which introduce a gap of about 6 days
in observations) populate the tail of the distribution.

2.1 Configuration and Applications
The GLS will include 12 ground based stations around the
globe. All sites will include calibrated Xenon flashlamps.
Six of the 12 sites will include a steerable laser system.
In addition, a portable system with a laser and flashlamps
will be deployed occasionally by aircraft. The wavelengths
of the sources will overlap major lines in the fluorescence
spectrum of electrons in air (Fig. 2). The ground based
systems will be operated and programmed remotely.

Over its mission JEM-EUSO will make about the same
number of passes over GLS stations under good conditions
as the number of EASs that it will record above 5×1019eV .
JEM-EUSO will pass over a ground station during dark
clear viewing conditions about every 48 hours on average.
This estimate of times between measurement opportunities
(Fig. 3) was obtained by a model that required the sun be at
least 18 deg below the horizon, the illumination of the moon
be less than 50% and assumed a chance of clear viewing
conditions of 33%. The average crossing time of the JEM-
EUSO footprint over a GLS station is about 60 seconds.
The combined stations will alternate laser and flasher pulses,
for a total rate of 20 Hz to provide nearly a continuous set
of measurements across the JEM-EUSO field of view. For

each trigger, the on board atmospheric monitoring system
will be activated automatically and acquire an IR camera
image and a LIDAR shot aimed at the location of the GLS
site [11].

There will occasionally be very clear conditions when
the measured total optical depth is not significantly greater
than the molecular optical depth. The latter can be deter-
mined accurately [12] from the global data assimilation sys-
tem (GDAS) [13]. In these cases, the intrinsic luminosity
resolution can be measured using track-like signatures by
comparing the laser energy as reconstructed by JEM-EUSO
and as measured at the laser.

GLS lasers will also be programmed to generate an
artificial full sky map of potential cosmic accelerators. This
will be done by firing shots in the direction of astronomical
objects of interest that will include, for example, Cen-
A, Virgo, and the galactic center. A sky map of laser
track directions as reconstructed by JEM-EUSO will be
accumulated over the mission. Clusters of points and their
spread about the directions of the programmed targets
will provide a simple but comprehensive validation of the
absolute EAS pointing accuracy reconstruction of the JEM-
EUSO instrument, including the correct generation and
transfer of absolute time stamps through the data acquisition
and analysis chains.

2.2 Sites
GLS sites will be selected to represent the variety of ter-
restrial backgrounds over which JEM-EUSO is expected
to measure EASs. Selection criteria for sites include low
light backgrounds, an altitude higher than the typical plan-
etary aerosol boundary layer for that site, physical and le-
gal access, a communications link, and some maintenance
support. Shipping logistics and door to door costs will also
be considered. Oceans represent the bulk of the dark sky
regions. Consequently sites that satisfy the selection criteria
and are located on isolated mountainous islands are espe-
cially desirable. Sites with existing scientific installations,
including atmospheric monitoring are also quite desirable.
The map in figure 4 shows some of the possible candidate
sites locations which are also listed in table 1.

Site Latitude Elev. (km)
Jungfraujoch (Switzerland) 47◦N 3.9
Alma-Ata (Kazakhstan) 44◦N 3.0
Mt Evans (CO, USA) 39◦N 3.0
Mt Norikura (Japan) 30◦N 2.9
Mauna Kea (HI, USA) 20◦N 3.0
Nevado de Toluca (Mexico) 19◦N 3.4
Chacaltaya (Bolivia) 16◦S 5.3
La Réunion (France) 21◦S 1.0
Cerro Tololo (Chile) 30◦S 2.2
Sutherland (South Africa) 32◦S 1.8
Pampa Amarilla (Argentina) 35◦S 1.4
South Island (New Zealand) 43◦S 1.0

Table 1: Some of the possible candidate GLS site locations.

2.3 Xenon Flashlamp
Since JEM-EUSO will look down on the atmosphere, intrin-
sic luminosity can be monitored directly with flashlamps



JEM-EUSO GLS
33RD INTERNATIONAL COSMIC RAY CONFERENCE, RIO DE JANEIRO 2013

Location Latitude   Elevation 
Chacaltaya (Bolivia) 16° S 5.3 km 
La Reunion (Madagascar) 21° S 1.0 km 
Cerro Tololo (Chile) 30° S 2.2 km 
Sutherland (South Africa) 32° S 1.8 m 
Pierre Auger (Argentina) 35° S 1.4 km 
South Island (New Zealand) 43° S 1.0 km 

Location Latitude   Elevation 
Jungfraujoch (Switzerland) 47°N 3.9 km 
Mt. Washington (NH, USA) 44° N 1.9 km 
Alma-Ata (Kazakhstan) 44° N 3.0 km 
Climax (CO, USA) 39° N 3.5 km 
Frisco Peak (UT, USA) 39° N 2.9 km 
Mt Norikura (Japan) 30° N 4.3 km 
Mauna Kea (HI, USA) 20° N >3.0 km 
HAWC  Site (Mexico) 19° N 3.4 km 

JEM EUSO    GLS  Some Candidate Locations  

Figure 4: Some of the candidate GLS station locations.
JEM-EUSO  GLS  Xenon Flashlamp 

Figure 5: The configuration of a GLS flasher. The intensity
distribution of the flashlamp is shown on the right.

[14]. All 12 GLS stations will include 4 individual flash-
lamps (Hamamatsu L6604). The L6604 model features a
highly stable output with < 3% shot-to-shot stability, a sta-
ble lifetime of more than 107 pulses and < 3% degradation
over the lifetime of the mission [15]. The light pattern from
each flash is smoothly distributed over a wide field of view.
These key performance parameters have been verified in
laboratory tests. Three flashlamps will be filtered to match
the primary lines indicated in figure 2, and the fourth will
use a broad band (Shott BG3) transmission filter identical
to the filter planned for the JEM-EUSO detector.

2.4 Laser Systems
The design (Fig. 6), including component selection, draws
on the design of two laser facilities [17] that have operated
near the middle of the Pierre Auger Observatory since
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Figure 6: The configuration of a GLS laser system and table
of performance targets.

2004 and 2009 . The laser will be a frequency tripled
YAG. Field proven models at HiRes and Auger include
the Quantel[18] Ultra, CFR and Centurion. The relative
energy of each shot will be measured by a pyroelectric
energy monitor probe. The net polarization of the beam
will be randomized so that for a given scattering angle, the
atmosphere scatters the same amount of light symmetrically
about the beam axis. The steering mechanism will use a
two orthogonal rotational stages with two steering mirrors
(azimuth and elevation) mounted so that each mirror reflects
the beam by a constant 90 degrees to minimize changes in
the reflected beam energy and polarization as a function
of beam direction. In the parked position, the beam will
point down to a calibration probe that will measure the
absolute beam energy downstream of all optics and calibrate
the monitor energy probe. To facilitate identification of
laser data within the JEM-EUSO data sample, the laser will
be triggered at precise times using a custom GPS timing
module [19]. The time, direction, and energy of each shot
will be recorded locally. The laser,energy monitors, and
controls will be housed inside a temperature controlled
shelter. The steering mechanism will be protected by an
automated cover.

2.5 Aircraft Systems
A portable GLS system with flashers and a laser will be
installed in a P3B airplane managed by the NASA Airborne
Science Program (ASP). The P3B has an upward viewing
portal that is available to install a flashlamp and a side port
that will be fitted with a fused silica window to transmit the
horizontal UV laser pulses. The airplane will be deployed
several times per year for under flights of the ISS at night.
The P3B will fly out 500 km from the eastern seaboard to
rendezvous with the ISS for a single under-flight. (Since the
earth rotates by some 22 degrees between each 90 minute
ISS orbit there will be one ISS overpass per P3B flight.)
Over the length of the JEM-EUSO mission, these flights will
cover a range of altitudes, atmospheric and cloud conditions,
and moonlight.

3 Testing EUSO-Balloon
A prototype airborne GLS system will be deployed in an
aircraft to support the suborbital EUSO-Balloon mission
[20, 21] (Fig. 7). The launch is planned for 2014 from
Timmins Ontario. This mission sponsored by CNES is
intended to be a full-scale end-to-end test of the JEM-
EUSO proof of concept and technique, test the operation of
key components, and measure the UV background below
40 km. Although the exposure will be limited to a flight
of a few hours, EUSO-Balloon may image the first EAS
looking down on the earth’s atmosphere. To demonstrate
the sensitivity to EASs, EUSO-Balloon will also measure
flashes and tracks from the airborne GLS system. The
laser system under development for this test is shown in
figure 8. Since the balloon will travel more slowly than
the aircraft (unlike the ISS), the aircraft can fly multiple
passes to test the instrument. The estimated light flux for the
planned horizontal laser shots reaching the 40 km elevation
of the balloon is shown in figure 9. Due to a convenient
compensation between scattering out of the beam and
transmission between the beam and the balloon, the flux
reaching the balloon is relatively insensitive to the altitude
of the airplane when its flight path is below 5 km.
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Figure 7: To test the EUSO-Balloon prototype detector an
aircraft will fly under and next to the detector field of view
with portable flasher and laser systems.

Figure 8: A portable laser system developed for the EUSO-
Balloon tests. The insert shows the single board TS-5500
computer and GPSY timing unit.
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Figure 9: The light flux per mJ of laser energy reaching the
expected 40 km altitude of EUSO-Balloon from a horizontal
laser shot as a function of the height of the aircraft above
sea level (ASL). The three curves correspond to different
horizontal distances between the aircraft and the edge of
the EUSO-Balloon field of view (FOV).

4 Conclusions
Understanding the high energy cosmic accelerators will re-
quire understanding the performance of the JEM-EUSO in-
strument while it orbits the earth measuring the cosmic mes-
sengers from these unknown sources. For this reason, the
JEM-EUSO detector will also record a set of reference data
interleaved with the cosmic measurements. This reference
data will include UV flashes and tracks generated by the
calibrated flashlamp and laser sources that will comprise
the JEM-EUSO Global Light System. Design work and a
search for sites is underway. A prototype portable GLS sta-
tion is also being assembled to test the EUSO-Balloon JEM-
EUSO prototype detector and will also be used for tests of
the ground-based EUSO-TA prototype [22].
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