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The Latin American Giant Observatory (LAGO) consists of a network of small water Cherenkov

detectors (WCD) located at different sites in Latin America. It is a large aperture observatory

sensitive to high energy gamma rays and due to its high duty cycle, LAGO constitutes a facility to

detect transient events from the ground. Gamma Ray Bursts (GRBs) are of the brightest transients

detected, with typical energies in their prompt phase ranging from keV to MeV, but theoretical

models predict emissions at higher energies in the early times of the afterglow emission, and

recently GRB190114C was the first GRB detected at TeV energies by the MAGIC experiment.

In this work, we present the results of the expected sensitivity of LAGO for possible events like

GRB190114C. We performed simulations in four of the high altitude LAGO sites projected to

assess the sensitivity of the Observatory for this kind of events, using the ARTI toolkit developed

by LAGO. We simulate photon showers with different spectral slopes and energies from 200 GeV

to 1 TeV using the parameters presented by MAGIC for the recorded event. We also present maps

of field of view of the studied sites with the observed GRBs by Fermi-GBM from 2019 to 2021.
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1. Introduction

The LAGO Collaboration is a non-centralized and distributed network of more than 100

scientists from institutions from Argentina, Bolivia, Brazil, Chile, Colombia, Ecuador, Guatemala,

México and Perú and Spain. The collaboration operates a detection network consisting of water

Cherenkov detectors (WCD) deployed at ground level, spanning over different sites located at

significantly different latitudes (currently planned from México to the Antarctic region) and different

altitudes (from sea level to more than 5000 m a.s.l.), covering a wide range of geomagnetic rigidity

cut off limits and atmospheric absorption / reaction levels.

One of the objectives of LAGO is the observation of the extreme universe through the study of

air showers generated by high energy gamma rays. We do this by looking for excess in the secondary

particle flux measured by WCDs located at the highest altitude sites, examples of these sites are

Chacaltaya (Bolivia) and Sierra Negra (México). Due to the wide Field of View (FOV) of LAGO,

it constitutes a good facility for monitoring transient events like Gamma Ray-Bursts (GRBs), that

are among the brightest events detected. Common GRBs present an initial short phase, the called

prompt emission phase, with typical energies between keV-MeV, followed by a longer afterglow

emission. Recently the MAGIC Collaboration reported for GRB 190114C the first unambiguous

detection from the ground of a GRB at energies between 200 GeV to 1 TeV [1]. Its flux was detected

at more than 50 standard deviations from background in its first 20 minutes. Also, around ten hours

after the prompt emission, the H.E.S.S. collaboration [2] reports the emission from GRB 180720B

in the 100–440 GeV energy band. These two bursts confirms emissions from GRBs with energies

up to several GeV.

As during the occurrence of a GRB a sudden increase in the flux of primary photons reaching

the atmosphere is observed, LAGO has shown that the single particle technique (SPT) is feasible

for the observation of increases in expected secondary cosmic ray counts in single and small arrays

of WCDs [3, 4]. Previous simulations of photon-initiated air shower in the energy range of 1 GeV

to 1 TeV showed a significant amount of electromagnetic particles arriving with energies averaging

10 MeV for the Chacaltaya and Sierra Negra sites. By looking for excesses in 5 ms window, this

study find no coincidences with observed GRBs[5].

Later, in [4], the scalers rates (an implementation of the SPT) of the LAGO WCDs installed in

Mount Chacaltaya were analyzed. This analysis was performed searching for transient increases in

the counting rates, for short transient events (Δ) < 1 minute). After processing the data, a potential

candidate was found on Wednesday Dec 07–15: 47: 02.378 UTC 2011. However, no coincidences

were found with events recorded in the SWIFT and Fermi satellites and also in the base of data

from the Gamma Ray Coordinate Network (GCN).

Currently, LAGO has completed a framework of codes called ARTI[6], a simulation framework

that goes from the primary CR to the estimation of the response of the detectors, including the

estimation of the background radiation for each LAGO site. In addition, an update to the acquisition

electronics [7, 8], would allow a higher resolution in the energy spectra measured by a WCD, is

under way. In these contexts and in the recent detection of MAGIC, we updated the first stage of

the LAGO simulation chain for the study of GRBs.
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2. LAGO High Altitude Sites

High altitude LAGO sites (ℎ > 4000 m) are designed and operated mainly for the search of

high energy components of GRB Such sites are chosen to diminish the atmospheric absorption.

To increase electromagnetic-muon separation at a single pulse level in those sites, a method based

on the total charge and pulse rise-time analysis is also implemented. The increase in separation

performance can be used to improve the search for possible GRB candidates, as gamma-initiated

cascades show lower muon fractions at the detector level when compared with hadronic primaries.

Due to electromagnetic particles are the most affected component due to atmospheric absorption,

for these studies high altitudes sites are preferred.

Since LAGO spans from México to Antarctica, for the evaluation of the high energy component

of GRBs we focused this work in five of the highest sites of the network. In the table 1 we show the

characteristics and locations of these high-altitude sites. In [6] a list of all the LAGO sites as long

as their geographical distribution and the correspondent rigidity cut off can be seen.

Country Site
Altitude Latitude Longitude

[m a.s.l.] [deg] [deg]

Argentina SAC 4500 24.23 S 66.32 W

Chile Atacama 5100 23 S 67.76 W

Ecuador Chimborazo 5000 1.47 S 78.82 W

Perú Imata 4600 15.84 S 71.10 W

Table 1: Location of the LAGO sites used in this work, with the highest altitudes of the Observatory. It can

be seen each site country, altitude and coordinates. We evaluate the prospect of this four projected LAGO

sites and the feasibility to be used to study the high energy component of GRBs.

The selected sites corresponds to the highest sites selected for the operation of LAGO WCDs.

Imata are about to be deployed and San Antonio de los Cobres (SAC), Atacama and Chimborazo

are in good perspective to accommodate a single WCD or an array.

3. LAGO Field of View

The Gamma-Ray Burst Monitor (GBM) is the instrument on board the Fermi Observatory

dedicated to the study of GRBs [9]. It is sensitive to photons in the energy range of 8 keV to 40

MeV. GRBs are detected from all directions in the sky and GBM reports a rate of detection of ∼ 240

GRBs per year [10]. In Fig. 1 we present the bursts observed by GBM in the years 2019, 2020 up to

May 2021. We present in red the GRBs that were in the field of view (FOV) of the above described

LAGO high altitude sites (above 4500 m a.s.l.) presented in table 1. The dotted lines represents the

path of the zenith of each detector in the sky, and the FOV band is projected in the colored bands

for each site by considering a cone 15> cone respect to the local zenith. Ten burst were within the

FOV of LAGO during the year 2019, 13 burst during 2021 and 4 bursts in the first 4 months of

2021. When all the detectors together are considered, a wide FOV is reached, with a good coverage

of the galactic plane, making LAGO a great facility for this king of high energy GRBs.
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the poissonian nature of the secondary flux Φ(C), non-poissonian deviations can be easily identified

as excesses or deficits in the rate of particles, and so, we only need to assure that our detectors are

capable to find an increase in the counting rate over the expected background fluctuation, namely,

ΔΦ(C) > fΦ

def
=

√

〈Φ(C)〉, at a-priori defined levels of significance. This is what we show in the

Figure 3, where we compare the expected fluctuation of the secondary flux at the detector with

the secondaries originated by a typical weight-averaged EAS produced by a single GRB primary

photon. For a typical photon originated by a GRB, at the ∼ 10 MeV/c secondary momentum scale

where the flux is dominated by the EM component, large deviation from the background baseline of

up to & 5fΦ is expected.1 These figures are compatible with the previously reported GRB candidate

at Chacaltaya by looking for excesses on the low energy scalers rates [4]. Statistical errors of the

synthetic background are extremely reduced given the large integration times of the calculated fluxes

by using the new LAGO-ARTI cloud implementation [6]. As an example, for Imata we integrate

∼ 2.3 × 10
9 secondaries, corresponding to a total integration time of C = 345, 600 s (4 days) per

squared meter for the whole hemisphere above a volumetric detector [15].

Furthermore, after a careful inspection of the lateral distributions at ground of the energy

density of GRBs-originated EAS, it is possible to conclude that given the uniformity of the photon

flux impinging the Earth atmosphere, the distribution of secondaries at ground originated by a

single primary photon not impinging in a much smaller detector than the footprint at ground, will

be compensated by secondaries originated by neighbours primaries, just as it happens with the

background primary flux.

While the expected flux of primary photons originated during the prompt phase of the GRBs

is low, we show the LAGO capabilities for the detection of the highest energy component of long

GRBs at the high altitude sites (ℎ > 4000 m a.s.l.) of our detection network.

In this work, we have revisited the detection capabilities of the LAGO network at high altitude

sites (ℎ > 4000 m a.s.l.) of the high energy component of the GRBs, based on recent observations

of GRB photons with energy up to . 1 TeV, and new developments on the synthetic reproduction of

EAS developments, including new high and low energy interaction models, realistic atmospheric

profiles and improved detector responses.

At this moment, new detectors are being developed and will be installed in the 2022 summer

campaign in some selected sites at Peru, Chile, Ecuador and Argentina.

If such a high energy long GRB occurs within our field of view in these new detection sites,

large deviations from the secondary particle flux baseline are expected in our detectors, even at the

> 5fΦ level.
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