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A twin detector of ORCA, the cosmic ray detector operating at Juan Carlos I Spanish
Antarctic Base, is foreseen to be installed at Izana Observatory (IZO) during the second
part of 2021. IZO belongs to the State Meteorological Agency of Spain (AEMET) and it
is located at the top of a mountain plateau in Teide volcano at Tenerife Island (28°18'N,
16°29'WW, 2400 m a.s.l.) at vertical cut-off rigidity of 11.5 GV. ICaRO (Izafia Cosmic Ray
Observatory) is composed of a BF3-based 3NM64 (ICRO) and a 3 bare BF3 counters
(ICRB). The neutron monitor is complemented by a muon telescope sharing a common
room in a single stack. The muon telescope follows the MITO approach, and thus is
composed of two scintillator layers, Top and Bottom. It is able to provide muon counting
rate and muon impact points on the scintillator layers. MITO’s layers are 1.365 m apart
with the two BF3 sets, ICRO and ICRB, in between. As such, the lead surrounding
ICRO acts as filter for particles traversing throughout Top and Bottom. ICaRO will
provide counting rates of neutrons in two energy thresholds, muon counting rate and

muon incoming directions throughout the detector volume.
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Omni-directional cosmic—ray fluxes calculated by the PARMA model
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Figure 1: Primary cosmic ray at the top of height of 2400 m at Tenerife Island (EX-
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1. Introduction

Cosmic rays (CR) are atomic nuclei accelerated to relativistic energies in explosive
processes in stars, supernovae and supernova remnants, and active galaxy nuclei. From
their sources, they travel through the galaxy, cross the heliosphere, and finally reach Earth
bringing information about the sources that produce them and the interstellar and inter-
planetary medium they pass through. Once they arrive at Earth, they interact with the
atmosphere producing a cascade of secondary particles (secondary cosmic rays) that can be
detected by ground-level instruments. Figure 1 depicts the proton and helium components
in CR at the top of the atmosphere, i.e., before they interact with the molecules of the
atmosphere and the production of secondaries begins. The figure shows observations from
1997 to 2002, i. e. from solar minimum to solar maximum during the solar cycle 23. The
observed differences in primary flux between 0.1 and 100 GeV /nucleon are caused by solar
cycle evolution. Figure 2 shows the simulated spectrum of secondary cosmic rays arriving
at the Canary Islands at an altitude of 2.400m. The spectrum has been simulated using the
PARMA model [1]. Two of the most important secondary are neutrons and muons. The
former because of their abundance, as shown in the model results and the latter because
of their penetration capability. Detectors capable of recording the flux of these two popu-
lations at ground level and at the energies at which the solar activity is able to modulate
their flux are of crucial importance to study solar activity.

A neutron monitor is an instrument generally located at ground level designed to mea-
sure secondary neutrons produced by the interaction of solar CRs and energetic particles
with molecules in the atmosphere. The height at which the detector is located and the
vertical cutoff rigidity of its geographic location determines the flux and sensitivity to the
energy of the solar RCs and solar energetic particles [2].

A muon telescope follows a different detection technique. They are based on the ion-
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ization produced by charged particles passing through a ionization-sensitive surface and
are usually composed of several sensitive planes (typically two) stacked together to form a
true telescope. They usually operate by determining the coincidence combination of two
detector elements in different planes, which makes it possible to determine the incidence
direction of muons [3].

The two instruments are complementary since neutron monitors are sensitive to CR
energies from 0.5 GeV to 50 GeV and the muon telescopes show a relevant response to
telescopes have a relevant response to CR from 10 GeV to several hundred GeV.

2. The Earth as a global detector

The location of a given detector, whether it is a neutron monitor or a muon telescope,
determines the minimum energy needed for a cosmic ray to produce an observable cascade at
the detector position. The magnitude that characterizes this is the vertical cutoff rigidity of
the station and is typically measured in GV. This makes the global coverage of comparable
detectors desirable, to ensure detection at different energy thresholds and to cover different
regions of the sky. The neutron monitor database (NDMB), which provides access to
neutron monitor measurements from stations around the world, is an example of this.
NMDB provides access to real-time as well as historical data (https://www.nmdb.eu/). As
shown in Figure 3, which depicts the position of many of neutron monitors around world,
there are large uncovered regions, especially in central Africa and in the oceans. The Canary
Islands could partially cover such gaps.

Solar activity produces temporal variations in the cosmic ray flux detected at ground
level stations. These variations have characteristic times ranging from the 11 years of the
solar cycle through variations of several days, such as Forbush decreases (FD), to hours,
such as the growth phase of a ground level enhancement (GLE). During a FD, the neutron
monitor counting rates show a fast decrease as long as several hours, followed by a gradual
recovery lasting several days. This event happens when an interplanetary structure such
as an ICME (interplanetary counterpart of a coronal mass ejection) reaches Earth’s orbit.
A FD is observed by the whole neutron monitor network and the depth of a particular FD
depends on the location and height of each neutron monitor. Figure 4 shows the observation
of a FD on June 2015 (second panel in the figure). This FD is also observed by TRISTAN
[4] which is a ground base instrument sensitive to atmospheric muons produced by cosmic
rays (Figure 4, first panel). A strong geomagnetic storm is also observed in coincidence with
the FD and the arrival of a complex ICME at Earth’s orbit. Among the stations presented
is CaLMa, the Castilla-La Mancha neutron monitor [5].

In contrast, the accelerating conditions of particles in the solar photosphere-corona may
be sufficient to accelerate solar particles up to energies of several GeV /nucleon and thus be
sufficient, to be detected as a sharp increase in neutron monitor counts. Figure 5 shows
GLET1 detected in May 2012. On these dates Cal.Ma was not fully operational and did not
supply data to the NMDB. These two figures demonstrate that both neutron monitors and
muon telescopes allow the study of solar activity by observing the variations of detected
flux both of neutrons and muons.


https://www.nmdb.eu/

ICaRO Juan José Blanco Avalos

T
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0
Cutoff Rigidity (GV)

Figure 3: Neutron monitor global distribution. Color bar shows vertical cutoff rigidity range.

3. Why the Canary Islands?

The Canary Islands provide coverage of an area currently uncovered by the NMDB, a
location with high vertical cutoff rigidity and more than 2000 m asl as observation point.
In a recent work, Artamonov et al. [6] have determined the expected noise signal quality
for different neutron monitors during the observation of a solar neutron event and pointed
out two gaps that they believe need to be filled. One of these gaps could be filled with a
neutron monitor at the Canary Islands.

During the explosive processes that take place in a flare, the accelerated nuclei, mainly
protons, interact with the medium and produce neutrons by collision with atoms in the
lower layers of the solar atmosphere. The produced neutrons can easily escape from the
Sun unaffected by the magnetic fields they encounter on their way to the Earth. Once in
the atmosphere, their flux is strongly attenuated and their observation is clearer the higher
the height at which the observatory is located. Another factor to take into account is the
magnetic rigidity of the station. The higher the rigidity, the more difficult is the arrival
of neutrons produced by the protons coming from the same flare, since these are strongly
affected by the magnetic field, the clearest neutron signal will be that dues to solar neutrons.
These neutrons bring us closer to the conditions under acceleration occurs in solar flares.
So two ingredients, height and magnetic rigidity make a site suitable for the observation of
solar neutrons. Both of them are fulfilled by Canary Islands.
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Figure 4: FD observed by a neutron monitor
network and TRISTAN instrument on June 2015

[4]

3.1 Izana Atmospheric Observatory (I1ZO)

The Izana Observatory, managed by the Izana Atmospheric Research Centre (AEMET),
is at the island of Tenerife at 28°18' N, 16°29'W, 2373 m a.s.l (Figure 6). The observatory
is located on the top of a mountain plateau. IZO is normally above a temperature inversion
layer, generally well established over the island, and so free of local anthropogenic influences.
The IZO conducts observations and research related to atmospheric constituents that are
capable of forcing change in the climate of the Earth (greenhouse gases and aerosols), and
may cause depletion of the global ozone layer, and play key roles in air quality from local to
global scales. The 1ZO has contributed to the World Meteorological Organization (WMO)
Global Atmosphere Watch (GAW) Programme (https://public.wmo.int/en) since its es-
tablishment in 1989. GAW integrates a number of WMO research and monitoring activities
in the field of atmospheric environment. The main objective of GAW is to provide data and
other information on the chemical composition and related physical characteristics of the
atmosphere and their trends. The IZ0O also contributes to the Network for the Detection
of Atmospheric Composition Change (NDACC). NDACC is an international network for
monitoring atmospheric composition using remote measurement techniques [7]. Originally,


https://public.wmo.int/en

ICaRO Juan José Blanco Avalos

biih l !&_,] j{ i)

Figure 6: Izafa Atmospheric Research Center.

NDACC was created to monitor the physical and chemical changes in the stratosphere, with
special emphasis on the evolution of the ozone layer and the substances responsible for its
destruction known as Ozone Depleting Substances. The current objectives of NDACC are
to observe and to understand the physicochemical processes of the upper troposphere and
stratosphere, and their interactions, and to detect long-term trends of atmospheric compo-
sition. A detailed description of the Izafia Observatory facilities and the observation and
research programs is shown in [8].

3.2 Giiimar Geomagnetic Observatory (GGO)

The National Geographic Institute currently has two observatories. One of them is
located in the municipality of San Pablo de los Montes (Toledo) and the other in Giiimar
(Tenerife). The Giiimar Geomagnetic Observatory (GGO) is located in Tenerife Island
at 28°19'15” N, 16°26'26”W and 868 m asl. Its main objective is to continuously and
accurately record the values of the geomagnetic components and the total magnetic field.

To measure the Earth’s magnetic field, they have two types of instrumentation. The
first group consists of variometers, which continuously and automatically record the ele-
ments of the geomagnetic field and require installation in thermally controlled environments
and on a completely stable platform. A second group is formed by absolute instruments,
which are used to measure the geomagnetic field with periodic observations by an observer,
and which allow the values measured by the variometers to be scaled.

By processing the data obtained in the observatories, it is possible to determine the
indices of geomagnetic activity, the average hourly, daily, monthly and annual values, as
well as the annual variation of the geomagnetic elements, and to use them to prepare the
Geomagnetic Yearbooks.

4. Izana Cosmic Ray Observatory (ICaRO)

The Izana Cosmic Ray Observatory (ICaRO) is ORCA’s twin instrument. ICaRO
will measure neutron and muon counting rates and muon incident direction thanks to two
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Figure 7: Inside ORCA in a maritime container

at Juan Carlos I Station (Livingston Island). Figure 8: NEMO and MITO scheme.

instruments, NEMO and MITO [9, 10]. Both instruments share a common structure which
keeps the relative position of the different elements of NEMO and MITO. A picture of
the distribution of the detectors is shown in Figure 7 and a scheme of the distribution of
the elements of NEMO and MITO is shown in Figure 8. The first set (NEMO-3NM64) is
composed of BP-28 counters, and follows the NM64 standard [11], i. e. an outer reflector
made of polyethylene, with lead producers in the form of lead rings around the moderator,
a moderator also of polyethylene and the counter tube surrounded by the moderator. The
second set is composed by three bare, i. e. without lead producer or polyethylene, LND2061
counters (NEMO-3BNM). They are piled on top of each other, being NEMO-3NM64 below
NEMO-3BNM, with the two scintillators which conform MITO on the top and at the
bottom to complete the array (Fig. 8).

The Muon Impact-Tracer Observer (MITO) [10] is a telescope made by a stack of two
(MITO-Top and MITO-Bottom) BC-400 organic scintillators (100 cm x 100 cm x 5 cm,
poly-vinyl-toluene with 65% anthracene). Four photomultipliers tubes (PMTs) are coupled
to each scintillator by means of a pyramidal light guide. Each PMT collects the light
reaching the lateral surface and generates a pulse which is related to the distance between
the particle impact point and the corresponding lateral surface of the scintillator. Particle
track is rebuilt by combining of computed impact point at Top and Bottom.

5. Conclusions

1CaRO is an instrument designed to monitor secondary cosmic rays. It will be installed
at Izana Observatory (AEMET) (28°18'N, 16°29'W, 2400 m a.s.l.) at vertical cut-off
rigidity of 11.5 GV.

ICaRO is a direct heritage of ORCA. It will provide neutron counting rates at two
different thresholds, high energy muon counting rate, low energy muons, charged particles
(electron mostly) counting rates and arrival directions for particles passing through the
entire detector.
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1CaRO, IZO and GGO will form a complete set of instruments for the study of the effect
of cosmic rays on the atmosphere and the monitoring of solar and geomagnetic activity.
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