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Abstract: The Large Aperture Gamma Ray Burst Observatory (LAGO) is a project that aims to detect high
energy photons from GRBs using the single particle technique in ground based Water Cherenkov Detectors
(WCDs), which are able to detect most of the secondary particles produced by the interaction of these photons
with atmospheric nuclei. To reach a reasonable sensitivity, high altitude mountain sites have been selected and
detectors are deployed in eight different countries of Latin America. This work describes the initial testing
and performance of a WCD prototype that has been implementedin Escuela Politécnica del Chimborazo in
Riobamba, Ecuador, at 2784 m a.s.l. We use a commercial watertank (1100 l) and low cost accessories to
build the detector, which will be later installed at 4800 m a.s.l. on the Chimborazo snowcap foothills. Data
acquisition and post processing is done using the new electronic system designed for the LAGO detectors, which
was developed by the LAGO Argentina team and is based on a digitizer board and a FPGA. This new hardware
allows the storage of the time structure of all signals produced in the detector with 25 ns of time resolution. In
addition, a water protocol procedure is described, which guarantees a stable performance of the WCD through
time. Computer-aided simulations are being carried out during this year in order to calculate the theoretical
efficiency of the WCD, properly calibrate the detector, and standardize the data with other LAGO WCD detectors.

Keywords: LAGO Observatory; water Cherenkov detectors; Gamma Ray Burst.

1 Introduction
Among one of the most enigmatic and very high energy
sources in the Universe are the Gamma Ray Bursts -
(GRBs), that were first detected in the early 1970s [1].
These bursts are distinguished by a sudden emission of
gamma rays in a short period of time (between 0.1 and
100 s). Although the cosmological origin of GBRs is well
established with the measurement of high red shifts [2], as
large asz= 8, and its isotropic distribution, there is a lack
of understanding about their progenitors, radiation mecha-
nism and classification.

Most of the GRBs have been detected by BATSE (1991-
2000), Beppo-SAX (1996-2000), and more recently by
HETE [3], INTEGRAL [4], Swift [5] and GLAST (re-
named Fermi Gamma-Ray Space Telescope) [6]. Neverthe-
less, these observations have been done at a few GeV of
energy, and the high energy component is still unknown.
For high energy emissions, the flux is too low for satellites
to perform observations, so a better way to detect them is
working at ground level by means of their interaction with
the atmosphere. A classical method used is the so-called
single particle technique (SPT) [7] using an array of Water
Cherenkov Detectors (WCDs).

When high energy photons from GRBs reach the atmo-
sphere, they produce a cascade of particles. Their ener-
gies are not enough to originate showers fully detectable
at ground level, but they could produce a noticeable ex-

cess above the overall cosmic-ray background during the
burst, in a short period of time. The SPT method could be
used to detect a GRB in the energy range up to several
TeV. The experimental technique consists on monitoring
the time evolution of the counting rate in the different de-
tectors in order to estimate a reference background, and
then searching for a statistical significant excess of events,
which would be indicative of a burst. If such observation
coincides with a GRB detected by a satellite, its nature
would be unmistakable. This technique has already been
applied in INCA [8] in Bolivia, ARGO [9] in Tibet, and
more recently in the Large Aperture Gamma Ray Burst Ob-
servatory (LAGO) [10] in Mexico and Bolivia.

The LAGO project uses WCDs localized at various sites
at high altitudes [11] in order to increase the sensitivity
to detect high energy GRBs [12, 13]. The advantage of
this type of detectors is their good response to photons,
which are approximately 90% of the secondary particles
detected at ground level for extensive air showers initiated
by high energy photons. At the moment, two high-altitude
sites are in operation, Sierra Negra (Mexico, 4650 m a.s.l.)
and Chacaltaya (Bolivia, 5300 m a.s.l.).

In this document we report the initial testing and per-
formance of a WCD prototype in Riobamba (Ecuador,
2784 m a.s.l.), which will be later installed at 4800 m a.s.l.
on the Chimborazo snowcap foothills.
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Figure 1: Water Cherenkov Detector installed in Rio-
bamba, Ecuador (2784 m a.s.l.). The big picture shows the
water container and the small one the PMT with its su-
pport.

2 Experimental Setup
We use a nearly cylindrical commercial water tank
(∼ 1100 l) and low cost accessories to build the detector
system, as shown in Fig. 1. In the big picture can be seen
the water container that has of 0.55 m and 1.4 m of height
to provide photon conversion in the water volume. The
small picture shows the photomultiplier tube (PMT) and
the system to hold it along with the detector electronics.

The internal walls are covered by TyvekR©1 and are
protected by black polyethylene layers to guarantee good
reflectivity and diffusivity. A PMT that measures the
Cherenkov light emitted by charged particles that pass
through the water that is inside the detector, is placed at the
top and central part of the detector cap and is connected
to a digitizer board and a FPGA developed in the “Labo-
ratorio de detección de partı́culas y radiación (DPR)” Bar-
iloche, Argentina. The PMT is a Photonis XP1802 9”, pro-
vided by the Pierre Auger Observatory. Special care must
be taken to isolate this device and its electronic board from
moisture and to avoid water entering the PMT hose.

The PMT works at a spectral range from 270 to 650 nm,
with a maximum sensitivity at around 420 nm. It is practi-
cally noiseless and can amplify photons as much as 160 dB.
The PMT is connected to one of the three channels of the
data acquisition system. A digitizer board filters and am-
plifies the signal prior to the Analog to Digital Conversion
(ADC), performed at a rate of 40 MSPS2 with a 10-bits
word using AD9203 ADC from Analog Devices. The dig-
ital signals are processed by a Digilent NEXYS-2 FPGA
board, which contains the software needed to acquire and
process the digitized pulses from the PMT.

In order to implement data corrections, due to pres-
sure and temperature variations, a HP03S pressure and
temperature sensor is connected to the NEXYS-2 FPGA.
Also a GPS module Motorola GT Plus is connected to the
NEXYS-2 in order to provide a PPS (Pulse Per Second)
signal for the time synchronization of the data. Finally, the
data is collected via a serial line by an acquisition PC, and
stored for further analysis.

With these characteristics the data acquisition system

is capable of obtaining 3 channel pulses every 25 ns. The
NEXYS-2 FPGA board is always recording data in two
buffers, but this information is transferred to the PC only
if the pulse is higher than a threshold; a different trigger
threshold value can be set for each channel. In this way,
whenever a pulse triggers, a full trace of the 3 channels
is sent, containing 16 data strings: 2 pre-trigger bins, the
trigger bin and 13 post-trigger bins. Furthermore, a time-
stamp of the trigger pulse and a trigger counter are also
added. The data can be read at about 10000 pulses per
second.

In order to allow operation at higher rates (for large
detectors, high altitude and/or low geomagnetic cutoff), a
sub-trigger mode is available where only the highest value
of the triggering pulse is transferred, together with the trig-
ger timestamp. This mode allows to record up to 150000
pulses per second. Every second, a block of extra data con-
taining the real time, clock performance, temperature and
pressure sensor information is added to the data flow. A
data file per hour is stored and compressed in the host PC.
At normal operation, the WCD detector would produce
tens of GB per day.

In this type of detectors, Cherenkov photons travel
through water before they reach the PMT. Therefore, in or-
der to have a stable performance of the WCD in time, a
water purification protocol was developed. Two methods
were compared: reverse osmosis and shock chlorination
technique. In the first case, a semipermeable membrane is
used to separate and eliminate solids, organic substances,
and bacteria from the water. This method removes appro-
ximately 95% of the total dissolved solids, and 99% of the
total bacteria. For each liter passing the reverse osmosis
system, 500 ml of very pure water are obtained (the other
500 ml need to be discarded). Although this is an excellent
method, it is also very expensive.

The shock chlorination technique is the main methodo-
logy used to improve the quality and purity of the stored
water. This process consists of the dilution of a high con-
centration of chlorine Cl2 into the water (approximately
150 mg of Cl2 per liter) in order to purify it. This method
permits very low light absorbance in a spectral range from
350 to 750 nm. However, due to its low cost and relatively
easy way to apply, it has been chosen as the default method
of purification. It is important to mention that it is the first
time that this process is used to purify water for WCD
in the LAGO Collaboration. On the other hand, amino-G,
NH2C10H5(SO3H)S)3Na, the most common wavelength
shifter used in water Cherenkov detectors, has been added
to the water in a concentration of 1 mg per liter. Studies re-
port that, with this addition, the efficiency of the detector
increases by a factor of 3 without loosing the directionality
of Cherenkov light [14].

The WCD prototype has been installed and has been
taking data stably at Escuela Politécnica del Chimborazo
(ESPOCH) at 2784 m a.s.l. during the months of August
and September of 2012. The charge histogram for one hour
od data is shown in Figure 2. PMT failures, which are cu-
rrently under inspection together with other improvements,
have limited the total accumulated data to these 2 months.
However, all this experience will be very useful to finally
install the WCD in the Chimborazo snowcaps foothills at
4800 m a.s.l., which will be the second highest LAGO site
after Chacaltaya (5300 m a.s.l.), Bolivia.

1. This material reflects light efficiently and isotropically.
2. Million of samples per second.



The Large Aperture GRB Observatory
33ND INTERNATIONAL COSMIC RAY CONFERENCE, RIO DE JANEIRO 2013

Entries  4710016

Mean    51.46

RMS     3.721

ADC-Trigger
50 100 150 200 250 300

C
ou

nt
s

1

10

210

310

410

510

610

Entries  4710016

Mean    51.46

RMS     3.721

Figure 2: Charge histogram of one hour of data of a
0.95 m2 detector at Riobamba (2784 m a.s.l.)

3 Software and Simulations
In order to minimize the impact of statistical fluctuations
where high energy showers end up dominating the distri-
bution of secondary particles at the detector level, we per-
form a high number of computer-aided simulations.

We useCORSIKA [15] andAIRES [16] to simulate the
cascades and characterize the background radiation. The
strategy used follows a general approach adopted by other
LAGO sites for this kind of studies,which takes into ac-
count the appropriate energy thresholds for the different
chemical components of the total spectrum, the site alti-
tude, and the geomagnetic rigidity at each location. In ad-
dition, isotropy in the angular distribution of the flux is as-
sumed for the range of energies in question.

We use LAGOSIM for the simulation of the detector re-
sponse. This package, which was developed for the LAGO
experiment, allows the input of cascade simulation results
to a single tank in order to model the detector behavior.

As an on-going task, these simulations are being carried
out during this year to calculate the theoretical efficiencyof
the WCD, properly calibrate the detector, and standardize
the data with other LAGO WCD detectors.

4 Conclusions and Remarks
The LAGO Project is an international effort to operate a
network of WCDs to detect GBRs. The Collaboration in-
volves several countries in Latin America, and has some
high altitude sites already in operation. In Ecuador, a pro-
totype tank has been installed. As of now, the water con-
tainer and the electronics have been put in place together
with a water treatment protocol. The whole system has
been tested succesfully with the acquisition of two months
worth of data at an altitude of 2800 m a.s.l., in the city
of Riobamba. Technical problems with the PMT are cur-
rently being tested. In addition, computer simulations are
being carried out in order to continue with the calibration
and standardization of the detector. The prototype will be
later installed at 4800 m a.s.l. on the Chimborazo snowcap
foothills to become part of the LAGO array.

As a final remark, with the development of the prototype
and all the effort to put it in operation, it was created for
the first time in Ecuador an internal collaboration in order
to evolve High Energy Physics.
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