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Abstract. We consider the possibility to search for cosmic of the spectrum becomes again flatter. The bulk of cosmic
ray phenomena time correlated among distant experimentgays that arrive to the Earth is essentially isotropic over the
that are currently running in the world. In particular we celestial sphere. The study of this high energy range has been
consider the correlations of events detected by four experiseverely restricted by the extremely low particle flux. So far
ments: between Milagro, operating in USA, and Cerro Lathe energy region abov®'* eV has been explored only by
Negra Cosmic Ray Laboratory, under construction in Mex-ground-based air shower experiments.

ico, and between Chacaltaya, in Bolivia, and Auger Observa- In this paper we consider the possibility to detect by two
tory, under construction in Argentina. Almost complete sky or more ground based detector arrays, existing and/or un-
coverage with fairly uniform celestial exposure of the north- der construction, cosmic rays correlated to astrophysical phe-
ern and the southern hemispheres by the above four experhromena. At present two experiments are taking data, Milagro
ments at the same time could provide important informationin USA and Chacaltaya in Bolivia, while Cerro La Negra in
on astrophysical phenomena. Search for Gamma Ray Burstglexico and the Pierre Auger Observatory in Argentina are
and search for non-random coincidence between these exinder construction. We address our attention to the study of
periments seem to be feasible under an international extenGRBs and the search for correlations of non-random cosmic
sive air shower joint experiment with the main goal to watch ray events in the four above-mentioned experiments under
GRBs and other astrophysical phenomena. a wide international extensive air shower joint collaboration
with the main goal to watch GRBs and other astrophysical
phenomena. This study should be feasible without neglect-
ing the specific goals of each experiment.

1 Introduction

Understanding the origin and transport mechanism of ener-2 G b
getic cosmic ray particles through the interstellar medium is amma ray bursts

a fundamental problem. Although the field of cosmic ray GRB the st toh — i b
physics has evolved sufficiently there are still many ques- s are the strongest phenomena imiray spectrum ob-

tions that need answers. For example, what we know abou?erved so far and constitute one of the most exciting discov-

cosmic rays is the primary energy spectrum which follows gries in high—engrgy astrophysics. They last betwee.n mil-
a power spectrumK—27) and extends up to very high en- liseconds and minutes; then they vanish, and the trail goes

ergies> 102° eV. The energy spectrum abov6'® eV is Ck?ld'cgggBATS”E exgerlmegtz(%s?’hgnan, 1999)_on ]E)oard of

significantly steeper than the spectrum belt?¥® eV. The :j € §i satel |teh0 serve_zrh_ b ursts, coming romdre;]n-

energy range0'*—10'6 eV has long been recognized as cry- 40 diréctions in the sky. This observations suggested that
the bursts have their origin at cosmological distances. What

cial for the understanding of the acceleration of cosmic rays, h dden fi f radiation? H hev briefl
because it appears to mark a transition from one process oqausest ese sudden flares of radiation How can they briefly

acceleration to another. Therefore the “knee” represents aﬁjutshlne'exeryrlng else m;h_lc_ahUmversefyeray ;energ|es and.
important key to the understanding of the origin of galactict ben \t/acralll‘\?B Wltloultgagt;acg. etse are 3‘1’" t‘;‘ mI?r:y qugsilor?s
cosmic radiation. Another crucial point in the cosmic ray abou - n observations wi € ltallan-butc

spectrum is at extreme energies (0’8 eV) where the slope BeppoSax s_atelhte (Frontera, 1_999) provided a rapid anq ac-
curate location of busters allowing to measure the associated

Correspondence td.. Villasefior radiation at X-ray, optical and radio wavelengths. These re-

(vilasen@zeus.umich.mx) sults confirmed the cosmological distances of the bursters
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and established them as extraordinary bright objects. Table 1. Main characteristics of the cosmic ray observatories. Alti-

The measureg-ray energy spectrum with BATSE extends yde (m a.s.l.), active ardan?) and primary energy (GeV).
up to a few MeV and becomes steeper at about one MeV. The Laboratory country  altitude  area energy

EGRET experiment on board of CGRO observed 6 GRBs Chacaltaya Bolivia 5220 48 1.
with energies> 1 GeV, including the emission of a 18 GeV  Cerrola Negra Mexico 4300 250 10.
photon by the GRB940217 burst (Catadlial, 1997). The Milagro USA 2000 4800 100.
question is now whether the GRB spectrum extends to higher Auger Argentina 1400 16000 0.

energies suggesting the possibility that a high energy compo-
nent is present in all GRBs. A positive detection would con-
strain the models on the emission mechanism and the rangtg
of the source distances.

chnique can be found elsewhere (Vernetto, 2000).

The INCA experiment consists of 12 scintillation detectors
from the BASJE experimentt(m? each) for a total area of

48 m? distributed over a2 20x20m? area. Itis running since
December 1996. The data analysis consists of the search for

The detection of GeWy-rays by ground based experiments 2" significant excesses in the counting rates of each of the
can be performed using the single particle technique i.e. opsScintillation detectors during the GRBs observed by BATSE.

serving the fluctuations of single counting rates produced by ©" récent and upgraded results see Vernetto (2000).
secondary particles generated by{hray entering at the top

of the atmosphere. The sensitivity increases strongly withy  \ain characteristics of the network of detectors

the altitude of observation. The number of secondary parti-

cles in the EM shower produced by a primaryay strongly  |n this section we present the main characteristics of the four

increases with altitude. Details of simulations performed inexperiments which have the potential capability to watch for

order to evaluate the sensitivity of an extensive air showelGRBs. In Fig. 1 we show the location of the four experi-

detector for GRBs of different time duration, slope of the ments. The distance between Milagro and Cerro la Negra is

spectrum, energy cut-off, and for several altitudes of observaabout 2500 km and it is more or less the same as that between

tion can be found in Vernetto (2000). An application of this Chacaltaya and the Pierre Auger observatory. The existence

method to the INCA (INvestigation of Cosmic Anomalies) of such combinations is a very fortunate and unique oppor-

experiment at Chacaltaya is given by Castellina (1997). Theunity. As we can see, both the northern and southern sites

single particle counting rate is usually monitored by mostcover a large part of the sky. Therefore, a real GRBs watch by

EAS experiments in order to have a continuous check of thehe four detectors is feasible. In the following subsections we

stability of the experiment. describe the main capabilities of the four experiments whose
The background is mostly due to secondary patrticles frommain characteristics are summarized in table 1.

cosmic rays with energy just above the geomagnetic cutoff.

In this energy range the primary cosmic ray intensity is mod-3.1  Chacaltaya laboratory

ulated by both the solar activity and the 24-hour anisotropy, ] )

while the secondary flux is affected by changes in the atmo-1 e Chacaltaya Cosmic Ray Laboratory is located atop Mount

spheric pressure. The time scales of these modulations afghacaltaya near La Paz, Bolivia, at an elevation of 5220 m

much larger than the typical time duration of a GRB, there-above sea level corresponding to 580 cm®. Note that this
fore they do not affect the GRB search. atmospheric thickness is equivalent to only 6.6 nuclear mean

The sensitivity of a given detector is evaluated as a func-Té€ paths and 14.1 radiation lengths. Its geographic position
is 16° S, 291.8° E and—4° of geomagnetic latitude (13.1

tion of various burst parameters, as time duration and differ- . ; oh
GeV cut off rigidity). Its geographic location in the Southern

ential energy spectrum, and comparing the number of “sig- _ _ . i
Hemisphere is also important in order to observe a part of the

nal” events,i.e. the number of single counts in the detector . o
due to the burst, with the background fluctuations. By re-SkY Wherey-astronomy is not as well developed as itis in the
Northern Hemisphere.

quiring a significance of, standard deviations for the signal,
the burst can be observed if the number of particles is highe
than the fixed standard deviations, in the case of INCA 4

2.1 Detection technique

5.2 cerrola Negra laboratory

(Castellina, 1997). The Cerro la Negra Laboratory is under construction and it
) is located at 4300 m a.s.l. corresponding to G20cm?. Its
2.2 The INCA experiment geographic position i$8.59° N, 97.1° W.

As for the Chacaltaya, Cerro La Negra has a clear advan-

Due to its great advantage of working at very high altitude,tage due to its high altitude location.

the INCA experiment (a collaboration between lItaly, Bolivia

and Japan running at Chacaltaya) searches for GRBs by u:3 Milagro experiment

ing this single particle detection technique, i.e. recording the

counting rates of all particles hitting the individual plastic The MILAGRO Gamma Ray Observatory is the world’s first
scintillator detectors. A more detailed discussion about thislarge area water Cherenkov detector capable of continuously
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ity to search for GRBs with the Auger observatory has been
already considered (DuVernois and Beatty , 1997). For the
case of detection of short transients on single particle count-
Fig. 1. Geographic location of the network of observatories. ing rates in the surface detector, the energy range of about
10 < F < 100 GeV can be achieved. The huge active area
of the Auger detectors largely compensate the altitude gain
monitoring the sky at TeV energies. Milagro will perform factor of Chacaltaya. The paper by DuVernois and Beatty

an all sky survey of the Northern Hemisphere at energieg1997) describes the potentiality of the Auger experiment to
between 250 GeV and 50 TeV; it has a large area (60x8Qjetecty-ray signals from GRBs.

m?) and a wide field of view (1 sr). It is located in the

mountains of Northern New Mexico at 2650 m a.s.l., lat-

itude 35.9 N. A prototype detector (Milagrito) was oper- 4 Main strategy

ated from February 1997 to May 1998. Milagrito was about

35x55m?2 (McCulloughet al, 1999). This prototype has As it has been demonstrated by the INCA experiment, the
taken data during the Mrk 501 very intense and long-lastingdetection by the single particle technique is very convenient
flare in 1997; it also detected solar energetic particles fromand it has a very low cost, any scaler device is normally used
the November 6th, 1997 solar flare with energies exceedind0r monitoring the counting rate. Detection of bursts of low
10 GeV as well as an excess of events coincident in timeenergy gamma rays(10GeV) by means of the single par-
and space with GRB 970417a (Atkiesal, 2000). Simula- ticle technique could be very useful for at least two reasons:
tions show that Milagrito was sensitive to showers producedl) detecting the GRBs itself and looking for a coincidence
by primary gamma rays with energies as lonsa400 GeV. ~ among distant detectors and 2) because by monitoring the
The trigger required at least 100 PMTs to register at leasingle particle counting rates for each detector or each sector
one photoelectron within a 300 ns time window. The ob- (see for example the case of the Milagro experiment) could
served excess implies a fluence above 50 GeV betw@eh be a continuous check of the correct performance of the de-
and10~%ergs/cm? and a spectrum extending up to at least tector. In this second case, it could be used as pre-alert signal
a few hundred GeV. Then, if it is so, therays observed by ~ for higher energy triggers. It is necessary to remember that
Milagrito from GRB 970417a imply that the source is rela- @ GRB duration ranges from a fraction of a second to sev-

tively nearby. eral minutes, therefore there is enough time for pre-alerting
successive triggers at higher energies. The advantage of this
3.4 The Pierre Auger Observatory system is obvious: an increase of the energy range at very

low energy measurement by the same detector.

The Pierre Auger international collaboration is constructing The geographic position of the 4 detectors considered in
the Observatory in Argentina with the main aim to search for America is shown in Fig. 1. With them, Milagro and Cerro la
ultra high energy cosmic rays. The detector will consist of Negra in the northern hemisphere and Chacaltaya and Auger
a surface array made of about 1600 water Cherenkov tanks the southern hemisphere, it is possible to monitor continu-
and a set of fluorescence detectors. The Auger observatorgusly the whole sky. Fig. 2 shows the sky regions covered by
is located in the province of Mendoza, Argentinara85° all four experiments. The field of view for each experiment
S, at 1400 m a.s.l. equivalent to 845/cm?. The capabil- s set at30° of zenith angle. We can see that practically the
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whole sky is covered with the 4 detectors. The most interest{Ochi, 2001) results on successive air shower analysis using

ing astrophysical sources of high energyays, like pulsars, data from six LAAS stations. They suggest that the arrival

AGNs and objects unidentified by EGRET, as well as the TeVdirections of successive air showers (SAS) events are clus-

~-ray sources, are included in Fig. 2. tered around the galactic plane. This fact is still under debate
For the pair Chacaltaya-Auger the position of the Galacticand needs a confirmation. As has been pointed out (Aglietta,

Center is well viewed by both observatories. Furthermore,1996), if the results of LAAS are confirmed, they could lead

in figure 13 of Saavedrat al. (2001) we can observe the to many intriguing speculations.

location of 215 galactic SNRs from the Catalog of Galactic

SNRs Green (1998). We can see that a large number oé Conclusi

potential high energyy-ray sources is observable from both onclusions

sites. The plan to measure long distance coincidences hg§gtection of GRBs from ground-based experiments has enor-
been considered by A, Zawadsky and R. Maze who planneg,, s hotential for revealing new information about the en-
Fo measure coincidences to select theT photon showers. Tr‘@rgy spectrum, origin and propagatiomefays through space.
idea was that photons should come in groups from spaceryig potential is greatly increased if GRBs are detected by
To sele(_:t them they_suggested the coincidence between Lodg, or more ground-based experiments without ambiguity.
and Verierres experiments (Kempa , 2001). The possibility of continuously monitoring GRBs by observ-
ing GeV ~-rays by the Milagro-Cerro la Negra-Chacaltaya-
5 Time correlations in cosmic rays Auger network seems to be feasible. If we consider higher
energies there exists a possibility of studying the non-random
Another possibility to be explored is the observation of cor- component of cosmic rays as well.
relations in arrival times of air showers. As it is well known,
the primary cosmic rays are accelerated at discrete sites in
our Galaxy and roam around for millions of years before hit- References
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