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2 Solar-Terrestrial Environment Laboratory, Nagoya University, Furo-cho, Chikusa-ku, Nagoya 464-8601, JAPAN.
3 Department of Physics, Shinshu University, Asahi, Matsumoto 390-8621, JAPAN.
4 College of Engineering, Chubu University, Kasugai 487-8501, JAPAN.
5 Faculty of Engineering, Aichi Institute of Technology, Toyota 470-0392, JAPAN.
6 Institute of Space and Astronautical Science, Japan Aerospace Experiment Agency, Yoshinodai, Chuo-ku, Sagamihara 252-5210,
JAPAN.
7 Japan Atomic Energy Agency, 2-4 Shirakata Shirane, Tokai-mura, Naka-gun, Ibaraki 319-1195, JAPAN.
8 SLAC National Accelerator Laboratory, Menlo Park, CA 94025-7015, USA.

eortiz@geofisica.unam.mx

Abstract: We are currently in the process to install a new cosmic ray detector (the SciCRT, described in a separate
paper [1]) in the top of the Sierra Negra volcano at 4600 m.a.s.l., in Eastern Mexico. The main aims of the SciCRT
are to work as a solar neutron and muon telescope, with a high resolution. The mini-SciCR is a prototype of the
SciCRT, it uses the same scintillator bars and the recording hardware. In this paper we will report the main results
obtained with the mini-SciCR that was working on the mountain from October 2010 to July 2012. Here we show
the appropriate performance of the detector systems. Additionally we will describe the different experiments
performed with the mini-SciCR, and a technique developed to separate the flux of soft and hard secondary cosmic
rays at the site where the SciCRT will operate.
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1 Introduction
The penetrating power of cosmic rays is one of the proper-
ties that led to its discovery, however, they have other prop-
erties and features that have stimulated scientific interest
in them, such as: the energy range covering, its chemical
composition, where they originate, the mechanisms through
which acquire its energy, etc.

To understand the physics that involves the properties of
the cosmic radiation, we need to build suitable detectors.
The size, physical principle of detection among others,
Their characteristics are determined by the properties of the
cosmic rays components of interest. A particular case are
solar cosmic rays.

In extreme events the ions accelerated at solar flares
interact with the solar atmosphere material to produce γ-
ray lines and neutrons. The neutrons that escape from the
Sun into interplanetary space may reach the Earth. These
neutrons are attenuated by the Earth’s atmosphere and may
be observed by ground-based detectors such as neutron
monitors and solar neutron telescopes [2].

Solar neutrons contain crucial information about the
dynamics of acceleration processes on solar flares since
they are not deflected by the interplanetary magnetic field
[3]. The measurement of the energy of the neutrons and
determination of their energy spectrum is very important to
understand the production time, efficiency and mechanisms
of the particle acceleration at the Sun [4].

We are currently in the process to install a new type
of detector named Scintillation Cosmic Ray Telescope
(SciCRT). The SciCRT will widen the capabilities of the

current Solar Neutron Telescopes (SNT), that is, the ability
to measure the energy and determine the direction of arrival
of solar neutrons but with greater efficiency and precision,
it will additionaly work as a muon telescope and be able to
detect any kind of particle crossing through.

The SciCRT will operate on top the Sierra Negra volcano
in the Puebla State, Mexico, on this site we installed in
October 2010 a prototype of this detector that uses the same
scintillator bars and the recording hardware named mini-
SciCR, our aims with this prototype detector were to know
the overall performance of the entire system, including
the electronic behavior on site and demonstrate that the
mini-SciCR can detect particles of the secondary cosmic
radiation.

2 mini-SciCR: detector prototype
The mini-SciCR consists of 128 scintillator bars, these are
arranged in 8 layers, each layer consists of two mutually
orthogonal planes. Each scintillator bar has a dimension of
2.5 x 1.3 x 20 cm3 with TiO2 reflecting coating, a hole of
1.8 mm diameter in the middle and a wave length shifting
(WLS) fiber of 1.5 mm diameter inserted. Each side of
detector has 64 WLS fibers that are connected to a multi-
anode photomultiplier tube (MAPMT) H8804 Hamamatsu
(see figure 1). The photons emitted in every scintillator
bar are collected and transported by WLS fibers to the
MAPMT and the signals from it are read by an analog to
digital converter (ADC), with these data we can identify the
trajectory of the charged particles. To identify a neutron is
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Figure 1: Array of the scintillator bars of mini-SciCR.

necessary that it has a nuclear collision to produce a recoil
proton [4].

The readout system consists of front end boards (FEBs)
attached to the MAPMTs, and DAQ board connected to
FEBs, and trigger board (TB) connected to the DAQ board.
The FEB is a combination of ASICs (VA32 HDR11 and
TA32CG) it is employed in multiplex pulse height infor-
mation from each anode of a 64 channel MAPMT and to
make a fast triggering signal. VA32 HDR11 has preampli-
fiers for 32 input channels and shapes its output with a slow
Gaussian-like shaper, and TA32CG has discriminators and
makes a hit signal when any one of the MAPMT anode
signal exceeds the threshold level. Every one DAQ board,
which can readout eight MAPMTs, every one of the eight
channels has line drivers to control FEB’s ASICs and a flash
ADC (FADC) to digitize multiplexed analog signal, and
programmable logic chips, CPLDs and an FPGA, are used
in order to allow flexible control of data taking. A CPLD
(Xilinx XC95288), generates control signals for each FEB,
it also provides a control sequence of digitization and stor-
age of data into a FIFO. An FPGA (Xilinx XCV600) is
connected to all CPLDs on the DAQ board to determine
the timing to start readout and to switch data taking modes,
it can also control timing to hold the peak of the shaped
pulse using a fast triggering signal from each TA32CG [6].
The Trigger Board (TB) is connected to the DAQ board and
makes the trigger signal, a hit signal is obtained when there
is a signal from the upper 32 or the lower 32 of the MAPMT
channels. The trigger signal is created by coincidence of X
side upper and Y side upper hit signals, or/and X side lower
and Y side lower hit signals [5].

3 Technique used to separate the flux of
electrons and muons

The array of the scintillator bars of mini-SciCR (see figure
1) served as the target and generator of the tracks of the
incident particles. To verify that the data of the detector are
records of cosmic rays, the first thing we did was a count
of all particles that managed to cross the entire detector, a
first result we got is that these counts showed the diurnal
variation of cosmic rays (see fig 2).

A second result that confirms that the mini-SciCR de-
tects cosmic radiation particles, was the register of the For-
bush decrease on March 7, 2012; this event is a global phe-
nomenon of cosmic rays, and it was also recorded by the
Solar Neutron Telescope (SNT) of Sierra Negra volcano
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Figure 2: Forbush decrease recorded by mini-SciCR (red
line) and the >30 MeV charged particles channel of the So-
lar Neutron Telescope (black line) in Sierra Negra volcano
on March 7, 2012.
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Figure 3: Forbush decrease recorded by Mexico City (8.2
GV cut-off, black line), Moscow (2.7 GV cut-off, red line)
and Oulu (0.8 GV cut-off, green line) Neutron Monitors on
March 7, 2012.

(see figure 2), the site where the mini-SciCR operated, and
by neutron monitors around the world with different cut-off
rigidities (see figure 3).

In search of a criteria to differentiate between the electron
and muon signals left by their pass through the array of the
scintillator bars, we made two analysis of the results of a
Monte Carlo simulation done for the mini-SciCR. First: we
calculated the typical energy deposited by these particles
to pass through the scintillator bars, the results show that
there is no statistically significant difference in the energy
deposited by these particles. Second: we characterized the
track left by these particles to pass through the array of the
scintillator bars, the result of this analysis allowed us to
establish a selection criteria to distinguish electrons from
muons.

The analysis of tracks, consisted in making a count of the
number of bars triggered when a charged particle (electron
or muon) with kinetic energy between 100 MeV and 1 GeV
passes through the array of the scintillator bars, with the
conditions that this particle crosses all layers. The main
features of the results can be summarized as follows:

1. When an electron crosses the array of scintillator bars
of mini-SciCR, it can excite from 16 to over 30 scin-
tillator bars, the distribution obtained is independent
of energy and shows a maximum around 24 (see fig-



mini-SciCR: prototype detector
33RD INTERNATIONAL COSMIC RAY CONFERENCE, RIO DE JANEIRO 2013

16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
Number of triggered bars 

0.0

0.2

0.4

0.6

0.8

1.0

Fr
eq

ue
nc

y 
(n

or
m

al
iz

ed
)

Figure 4: Distribution of number of bars that are triggered
when electrons (dotted green line) or muons (solid red line)
passes through the mini-SciCR’s array of the scintillator
bars.

ure 4). This indicates the generation of a small shower
inside the array of scintillator bars, the reason why
this happens is that, besides the molecular excitation
by the electrons, they also ionize them producing free
electrons plus bremsstrahlung emission and multiple
Compton collisions.

2. When a muon crosses the array of scintillator bars
of the mini-SciCR, the number of bars triggered is
generally less than for the electrons. A muon excites
almost exclusively the bars along its path, generating
clean tracks, ie. they essentially excite the molecules
of scintillator material but not ionize. The distribution
obtained shows a maximum at 17 a drastic drop
towards higher numbers of bars (see figure 4).

3. The distributions of the number of bars triggered,
generated by electrons or muons that pass through
the array of the scintillator bars of the mini-SciCR
are very different: while muons show a sharp maxi-
mum at 17, the maximum of the electron in 24 with
a much wider distribution, due to the variety of pro-
cesses by which electrons can deposit their energy
in the scintillator material (see point 1 above). Even
with the strong capability to generate showers in the
detector, not all the electrons do it, this is, there are
some electrons that trigger less 19 scintillator bars,
independent of the electron energy.

A suitable separation of the flows of electrons and muons
needs to consider essentially the parts of the curves in figure
4 that do not overlap. An electron is considered a particle
that leaves a track that triggered a number of scintillator
bars greater than or equal to 20 and less than or equal to
32, the electrons whose track is outside this range are 30%
compared to those within the interval.

A muon is considered a particle that leaves a track that
affects a number of scintillator bars greater than or equal to
16 and less than or equal to 19, the muons whose track is
formed by a number of bars outside this range are slightly
less than 1% compared to those within the interval. With
the separation criteria obtained from the simulations we
proceeded to analyse the tracks obtained in the mini-SciCR
for the period from October 2010 to July 2012, when it was
in operation in Sierra Negra volcano. We were also aimsing
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Figure 5: Electrons flow with different thickness of lead
plates over mini-SciCR. For an interpretation of the peak at
3.2mm of lead see text.
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Figure 6: Muons flow with different thickness of lead plates
over mini-SciCR.

for a physical interpretation of the experiment described
below.

In order to obtain some details of the behavior of particles
detected, we performed an experiment: it consisted on the
emplacement of detector lead plates above the detector with
varying thicknesses (from 3.2 mm to 50 mm). The aim was
to stop the electrons and to obtain a negligible flow of these
particles. The results of this experiment were interesting
and may be summarized as follows:

1. With the first lead plate whose thickness is 3.2 mm,
the number of electrons is increased by 20% over
the average number of electrons measured without
the lead plate (see figure 5). The reason for this is
that muons that pass through the lead plate produce
electrons by ionization [7]. In addition, the flow of
high energy photons that interact with the electro-
static field of the atoms of lead, also produce electron-
positron pairs [8]. Therefore, the electron flow mea-
sured with the mini-SciCR with different thicknesses
of lead above is the number of electrons produced
in the atmosphere (secondary cosmic radiation) that
manage to cross the lead plates plus those electrons
produced by muons and photons that interact with
the lead.

2. After putting the first lead plate (3.2 mm) over the
detector, the number of electrons gradually decreases.
After approximately 20 mm of lead, the flow becomes
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approximately constant for greater thicknesses of
lead.

3. By placing 5cm of lead (maximum thickness used)
over the detector, the number of electrons decreased
to 48.8% with respect to the number of electrons
measured without lead (see figure 5). The reason why
the electrons flow is not negligible is because the
muons flow is practically constant for thicknesses
greater than 2 cm of lead, and these muons produce
electrons by ionization [7].

4. By placing the lead plates over the detector, the muon
flux shows a decrease to about 1 cm thickness of lead
(see figure 6). Which indicates that this thickness is
sufficient to stop a considerable amount of muons,
about 10% of the initial flow. Most probably these
are slow muons.

5. The muon flow has a less pronounced decrease for
thicknesses of lead greater than 1 cm, ie. it is almost
constant, and with the maximum thickness of lead (5
cm) over the detector, it is 76.3% of the flow without
lead plates over the detector (see figure 6), mainly
due to the high energy muons that are able to cross
all the lead plates.

4 Summary
The ability of the mini-SciCR as a cosmic ray detector was
demonstrated over the time of operation, we present here
as an example the Forbush decrease recorded on March
7, 2012, that was observed too by the charged particles
channels of mexican SNT, both detectors were localized
at the top of the Sierra Negra volcano. Neutrons Monitors
of several cutoff rigidities around the world also detected
the event with a similar structure as that observed at Sierra
Negra.

Based on the number of scintillator bars triggered by
particles crossing the detector, it was possible to establish a
criterion to allow the separation of the records of electrons
and muons, since it was found that the electrons generally
produced tracks with a greater number of bars. These two
species were chosen because they have a flow that is at least
ten times more abundant than other secondary particles in
the site where the detector was placed (575 g/cm2). The
criterion established does not produce a total separation of
the two species particles, however it does provide tools to
correct the calculated counting rates.

Considering the previous paragraph, it was found that
the flow of electrons registered with the mini-SciCR is
approximately 4,400 electrons/hour, when we consider
those tracks that are indistinguishable from muon tracks,
the actual flow of electrons must be approximately 5700
electrons/hour. Furthermore, the measured flow of muons is
approximately 14,000 muons/hour if we omit the calculated
electrons that contribute to this counting rate because its
track is indistinguishable to the muons, the actual flow of
muons should be approximately 12700 muons/hour. The
ratio between the two flow at this atmospheric depth is
consistent with that reported by Longair [8].
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