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We are currently in the process of calibration of a new cosmic ray detector called SciBar Cosmic Ray Telescope (SciCRT) located at the top
of the Sierra Negra volcano at 4,600 m.a.s.l., in Eastern Mexico. The SciCRT will work mainly as a Solar Neutron and Muon Telescope, with

a high angular resolution~( 1°), but it will also serve as a gamma ray and hadron shower detector. The mini-SciCR is a prototype of the
SciCRT, it uses the same scintillator bars and recording hardware, the size of the mini-SciCR is 1/1568 compared with the SciCRT. In this
paper we will report the main results obtained with the mini-SciCR that was operating at the top of the Sierra Negra volcano from October
2010 to July 2012. Our main aims were to show the appropriate performance of all the detector systems and to develop a tecnique to separate
the flux of soft and hard secondary cosmic rays with the help of a Monte Carlo simulation, our energy range of interest is from 100 MeV to

a few GeV. Aditionally we will report results with a modification of the detector setup that helped to confirm the correct identification of the
particle species.



OBSERVATION OF COSMIC RAY AT THE TOP OF THE SIERRA NEGRA VOLCANO IN MEXICO WITH THE SCICRT PROTOTYPE 467

Keywords: Cosmic rays; secondary cosmic rays; SciCRT.
PACS: 95.55.Ev; 95.55.Vj; 95.30.Cq; 93.30.Hf

1. Introduction operation. The SciCRT is installed on the top of the Sierra
Negra volcano, Mexico (575 g/én18° 59 N; 97° 18 W).
When the primary cosmic radiation penetrates to the Earth'®n this site we installed in October 2010 a prototype of this
atmosphere, it is subject to interactions with the electronsgetector that uses the same scintillator bars that integrate the
atoms and molecules that constitute the air. As a result o§cjCRT and the same data acquisition hardware. This pro-
these interactions the particles suffer energy losses througtype was named mini-SciCR, the size of the mini-SciCR is
hadronic and/or electromagnetic processes. Incident hadrong1568 of the volume of the SciCRT, our aims with this proto-
are subject to strong interactions when colliding with atmo-ype detector were to diagnose the overall performance of the
spheric nuclei, such as nitrogen and oxigen. Above an erentire system on site, including the electronics, demonstrate
ergy of a few GeV, local penetrating particle showers are prothat the mini-SciCR was able to detect particles of the sec-
duced, resulting in the creation of muons and other secondayndary cosmic radiation and design some tecniques for the
particles in the collisions. Energetic primaries and, in case Ofgentification of the different species of arriving particles.
heavy primaries, their spallation fragments continue to prop-
agate in the atmosphere producing more particles along theff,  Mini-SciCR: detector prototype
trajectories in succesive interactions. The secondary cosmic
radiation is divided into hard and soft components. The hardhe mini-SciCR (shown in Fig. 1) consists of 128 scintil-
component is able to penetrate 15 cm of lead, which correfator bars with a total volume df0 x 20 x 20.8 cm?, ar-
sponds to 167 g/ct The soft component which consists of ranged in eight layers, each layer consists of 16 bars inte-
positive and negative electrons and photons is almost congrating two mutually orthogonal planes of eight bars each.
pletely absorbed in such a massive shield. Its flux at sea levdlhe scintillator bars are made of polystyrene, doped with
amounts to about 35% — 40% of that of the muons [1]. PPO (1%) and POPOP (0.03%), to shift its emission spec-

The electron component in the atmosphere includes bottrum peak to 420 nm. Each scintillator bar has dimensions
primaries incident from outer space, and secondary that aref 2.5 x 1.3 x 20 cm® with TiO, reflecting coating, it has a
created within the atmosphere. The main sources of sediole of 1.8 mm diameter in the middle, a wavelength shifting
ondary electrons of either charge are short-lived particles, r€WLS) fiber of 1.5 mm diameter is inserted for light collec-
sulting from interactions of primary and secondary cosmiction, the gap between the fiber and the scintillator is negligi-
rays with nuclei that constitute the air. Gamma rays fromble due to the low air density. The fiber is of the multi-clad
neutral pion decay undergoing pair creation supply the bulkype, Y11(200)MS, made by Kuraray, their absorption and
of electrons and positrons, followed by decaying muons andemission spectrum has a peak in 430 nm and 476 nm respec-
in rare cases, charged pions. tively [4].

Muons are chiefly the decay products of charged pions Each side of the detector (X and Y) has 64 scintilla-
and to a much lesser extent of charged kaons. With the exer bars whose emitted light is transported by WLS fibers
ception of photons and neutrinos, muons are the most abuttached to a 64 channel multi-anode photomultiplier tube
dant component of the secondary cosmic radiation at se@APMT) H8804 Hamamatsu Photonics K.K., its anodes
level. Consequently much more information is available fromare arranged in af x 8 array with each anode measuring
muons than from any other component. In addition, muor2 x 2 mm?. The sensitive wave length is from 300 nm to
data reveal information on high energy processes in the aB50 nm, that matches the emission spectrum of the WLS
mosphere and on the primary radiation, in particular on itdibers [5]. The photons emitted in every scintillator bar are
spectrum and composition [2]. collected and transported by WLS fibers to the MAPMT,

We are currently in the callibration process of a new typethe signals from it are read by an analog to digital converter
of detector called SciBar Cosmic Ray Telescope (SciCRT)(ADC). Once the ADC signal distributions have been deter-
The SciCRT will widen the capabilities of the current Solar mined and a proper discriminator established to discard the
Neutron Telescopes (SNT), that is, the ability to measure thaoise, the threshold signal level of each bar may be fixed (see
energy and determine the direction of arrival of solar neutron®elow). For every event registered, the set of bars triggered
but with greater efficiency and precision, it will additionaly establish the trajectory of the charged particles detected. To
work as a Muon Telescope and be able to detect any kind dflentify a neutron, a nuclear collision to produce a recoil pro-
energetic particle crossing through and the showers that mapn is neccesary [5].
produce inside [3]. The readout system consists of two front end boards

In order to complete the callibration process we are cur{FEBs) attached to each of the MAPMTs, a DAQ board
rently operating in an intermitent manner just 3/8 of the full connected to FEBs, and a trigger board (TB) connected
detector, therefore the importance of the particle discriminato the DAQ board. The FEB is a combination of two
tion has increased compared with that expected before th&SICs (VA32.HDR11 and TA32CG) it is employed to mul-
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tiplex pulse height information from each anode of a 64
channel MAPMT and make a fast triggering signal. The
VA32_HDR11 has preamplifiers for 32 input channels and
shapes its output with a slow Gaussian-like shaper, the
TA32CG has discriminators to make a hit signal when a
MAPMT anode signal exceeds the threshold level [6].
The DAQ board may readout eight MAPMTS, each of the
eight channels has line drivers to control the FEB’s ASICs &&=
and a flash ADC (FADC) to digitize the multiplexed analog
signals. Programmable logic devices, CPLDs and an FPGA,
are used to allow a flexible control of the data acquisition |
process. A CPLD (Xilinx XC95288), generates control sig- |
nals for each FEB, it also provides a control sequence for|
digitization and storage of data into a FIFO. An FPGA (Xil- |
inx XCV600) is connected to all CPLDs on the DAQ board E R ' : '
to determine the timing to start readout and to switch datd'GURE 1. Photo of the mini-SciCR, showing one of the MAPMT
taking modes, it can also control timing to hold the peakand the FEBs.
of the shaped pulse using a fast triggering signal from each
TA32CG [7]. The Trigger Board (TB) is connected to the [ = Row data
DAQ board and makes the trigger signal, a hit signal is ob-
tained when there is a signal from the upper 32 or the lower
32 MAPMT channels. The trigger signal is created by co-
incidence of the X side upper and the Y side upper hit sig-
nals, or/and X side lower and Y side lower hit signals. The
cross-talk at the surface of a MAPMT was measured to be £°*

2.72% for the central channels and 0.45% for the corners = 0%

i ¥ v
channels [7]. o o o > o
Universal Time (Year-Month)

3. Performance of the mini-SciCR as a cosmic FIGURE 2. Hourly raw data of the mini-SciCR from October
2010 to March 2011 (vertical scale is normalized to 290,000
ray detector counts/hour), there are periods in which we have no data due to
cuts in the power supply.
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The array of the scintillator bars of the mini-SciCR (see
Fig. 1) served as the target and generator of tracks of the in-
cident particles. To verify that the data of the detector are gl-o
records of cosmic rays, we registered the counting rate of allﬁ 1.00
particles that managed to cross the entire detector. It is diffi- £ 0.08
cult to make precise estimate of the mini-SciCR performance 50_96
over the whole period of operation (October 2010 to July T4
2012) since some modifications to the original setup were G, 4,
performed extending for periods of up to four months (see be- § 664
low), in addition, there are periods where we have no data due= oo minkSCICR Mexico
to cuts in the power supply (see Fig. 2). It can be observed T
that data collection is stable when there was power to oper-

ate. In Fig. 2 we plot the hourly raw data obtained from Oc-FIGURE 3. Forbush decrease on March 7, 2012, recorded by
tober 2010 to March 2011, after which modifications to thethe mini-SciCR (line, normalized to 18,115 counts/hour), the

0rigina| set up were made in periods of different |engths 0f>30 MeV Charged part.icles channel of the Solar Neutron Tel?'
time, we do not include periods in which modifications wereSCOPe (square, normalized to 10,083,850 counts/hour) both in-

made, since these changes were not consecutive, the d(,isttglled in the Sierra Negra volcano summit, and the Neutron Moni-

. . tors at Mexico City (plus sign, normalized to 812,210 counts/hour),
show fluctuations which may confuse the reader. Nonetheﬁéoscow (triangle, normalized to 550,260 counts/hour) and Oulu

less, the Forbush deprease that OCC_“UEd_ on March 7, 20]( ircle, normalized to 379,200 counts/hour). The one sigma bar of
was successfully registered by the mini-SciCR and gives US ghe mini-SciCR is shown for reference. One sigma bars of other
tool to estimate its performance as a cosmic ray detector. Igetectors would be unnoticeable.

Fig. 3 we show a plot of the normalized counting rates of the

mini-SciCR for the period 5 to 15 March, 2012, compared(8.2 GV cut-off rigidity), plus the>30 MeV charged
with those obtained by the neutron monitors (NMs) at [13]particles channel of the SNT at Sierra Negra [14]. The
(1.1 GV cut-off rigidity), [8] (2.5 GV cut-off rigidity) and [6]  variability of the counting rates of the mini-SciCR is larger

T mini-SciCR

A A NM Moscow
0 0 NM Oulu

+ + NM Mexico
O O SNT Mexico

08 09 _10_ 11 12 13 14 15
March 2012 (Days)
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FIGURE 4. Traces left by a) an electron (400 MeV) and b) a muon (400 MeV), both are results of Monte Carlo simulations.

(288 counts/hour, see Fig. 3), as it should be expected rafant particles of the secondary cosmic radiation. As an ad-
gardless of the averaging period used, being a much smallelitional performance test, it was therefore necessary to find a
detector than the others with lower statistics. However, ormethod to separate the muon and electron fluxes detected by
the average, the amplitude of the Forbush decrease observite mini-SciCR.

by mini-SciCR is remarkably similar to those of the SNT and
its time evolution follows closely the decrease and recoveryor this work, we consider electrons with kinetic energy be-
phase of the Mexico City NM. Oulu and Moscow NMs show tween 100 MeV and 1 GeV and muons with kinetic energy
deeper decreases as they respond to lower rigidity particlebetween 100 MeV and 5 GeV, with zenith angles of inci-
Anyhow, it is to note the similarities observed in all detec-dence between® and 45° and flat momentum spectra for
tors during the decrease and recovery phases. This resultlith species of particles. We used the PHITS package to cal-
a confirmation that the mini-SciCR detects cosmic radiatiorculate atmospheric attenuation and Geant4 to estimate parti-
particles. A Forbush decrease is a global phenomenon of coste behavior in the detector [10].

mic rays, to which all detectors around the world should re-

We made a Monte Carlo simulation for the mini-SciCR,

In search of criteria to differentiate between electron and

;pond in accordance with the rlgldlty cut-off of the site Wheremuon signals left by their passage through the array of the
itis located (see.g.[1]). We are therefore confident that the scintillator bars, we made two different analysis of the results
counting rates of our prototype correspond to those of thef 3 Monte Carlo simulation. First: we calculated the typi-

secondary cosmic radiation.

cal energy deposited by these particles as they pass through
the scintillator bars, the results show that there is no statisti-
cally significant difference in the energy deposited by these

4. Technique developed to separate the elec- particles. Second: we characterized the track left by these

tron and muon fluxes

particles to pass through the array of the scintillator bars, the
result of this analysis allowed us to establish a selection cri-

One of the main capabilities of the SciCRT will be the dif- teria to distinguish electrons from muons as will be described
ferentiation between species of particles leaving recognizbelow.

able signals.

At the atmospheric depth of Sierra Negra

In Fig. 4 we present examples of typical tracks left by an

(575 g/cnt), electrons and muons are by far the most abunelectron and a muon. It is easily recognized that the muon
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o
N
o

these particles cross all layers. To be able to cross the whole
detector a particle must have a kinetic energy of at least
100 MeV. Our energy range of interest is from 100 MeV to

a few GeV. We used these energy ranges since for them the
fluxes of electrons and muons are dominant at the height of
the Sierra Negra volcano summit (seqy, [2,4]), 100 MeV

is the lower limit of the Monte Carlo simulation program
used. The main features of the results are summarized as
follows:

A=A Electron
kO Muon

e
o
(0]

Frequency (normalized)
o
=
o

20 21 22 23 24 25 26 27 29 30 31 32

2
Number of triggered bars 1. When an electron crosses the array of scintillator bars,

it may trigger from 20 to over 30 scintillator bars,
the distribution obtained is independent of energy and
shows a maximum around 24 (see Fig. 5). This in-
dicates the generation of a small shower inside the ar-
ray of scintillator bars, this happens because, besides
the molecular excitation and ionization by the elec-
trons, they also emit bremsstralung radiation, multiple
Compton collisions are also plausible. However, there
are few electrons that excite almost exclusively the bars
along their path, generating “clean” tracks (see Fig. 6).

FIGURE 5. Distribution of number of triggered bars when electrons
(triangle, normalized to 17,992 counts) or muons (square, normal-
ized to 18,606 counts) pass through the mini-SciCR’s array produc-
ing a small “shower” inside of the detector, because they triggered
more than 19 bars (see text).

=
o

M=A Electron

o
[o°)

2. When a muon crosses the mini-SciCR, the number of
triggered bars is generally less than those of the elec-
trons. A muon excites almost exclusively the bars
along its path, generating “clean” tracks, they essen-
tially excite the molecules of scintillator material but
do not emit bremsstralung radiation since this pro-
cess is important for muons with energies greater than
200 GeV [2]. The distribution obtained shows a max-

o imum at 17 bars, with a drastic drop towards higher

numbers of bars (see Fig. 6).

& e
S o

Frequency (normalized)
o
%)

. The normalized 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
maximum at 17, the maximum of the electron distribu-

=

16 17 18 19
Number of triggered bars

FIGURE 6. Distribution of number of triggered bars when electrons

(triangle, normalized to 17,992 counts) or muons (square, normal-
ized to 18,606 counts) pass through the mini-SciCR’s array of the
scintillator bars and they left “clean” tracks, because they triggered
less than 20 bars (see text).

leaves a much “cleaner” track as it triggers almost only the

tion is at 24 bars, and it is much wider, due to the va-
riety of processes by which electrons can deposit their
energy in the scintillator material (this result is sum-
marized in Table I). However, it should be noted that
even with the strong capability to generate showers in
the detector, the simulation shows that not all the elec-

bars through which the particle crosses (from 16 to 19), be-
cause the main energy loss processes are excitation and ion-
ization [2]. In contrast, the electron trace is of the “shower”
type (from 20 to 32 triggered bars), since electrons inter-
act more easily with the matter they traverse as they add Based on the simulation results, a suitable criteria for the
bremsstralung emission and Compton collisions to their enseparation of the fluxes of electrons and muons in the real
ergy loss processes ( [4]). In both cases, in the energy rangeacks registred, needs to consider essentially the parts of the
of interest. Therefore tracks with up to 19 bars triggered willcurves in Figs. 5 and 6 that do not overlap. An electron is
be considered as “clean”, alternatively those tracks triggeringonsidered a particle that leaves a track that triggered a num-
20 or more bars will be labeled as “shower” type. ber of scintillator bars greater than or equal to 20 and less than

The analysis of tracks was made based on a Monte Carlor equal to 32 (see Fig. 5), the electrons whose track is out-
simulation of the mini-SciCR, consisted in counting the num-side this range are 30% of those within the interval (see Fig. 6
ber of bars triggered when the electrons and the muons pag#d Table I). A muon is considered a particle that leaves a
through the array of scintillator bars, with the condition that

trons produce them, therefore there are some electrons
that trigger less than 19 scintillator bars, independent
of the electron energy.
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FIGURE 7. Traces obtained of the mini-SciCR data, considering the criteria for a) electrons and b) muons (see text).

TaBLE |. Criteria for particle separation according to the number TABLE |l. Flux of secondary cosmic rays measured with mini-
of triggered bars and overlap of the numerically obtained distribu- SciCR at the top of Sierra Negra Volcano.
tions.

Particle Measured flux Flux corrected by
Particle Number of Maximum Overlap with (counts/hour) overlap (counts/hour)
triggered bars  distribution  other distribution Muon 14,000+ 119 12,700+ 130
Muon [Tom16to19 17 1% Electron 4,400+ 86 5,700+ 122
(clean track)
electrons must be approximately 5,780122 counts/hour;
Electron from 20 to 32 24 30% : bp y . .
(shower type) the corresponding flux of muons estimated is of

14,000+ 119 counts/hour, if we omit the calculated elec-

track that affects a number of scintillator bars greater tharffons that contribute to this counting rate because its track
or equal to 16 and less than or equal to 19 (see Fig. 6) this indistinguishable to the muons, the actual flux of muons
muons whose track consists of a number of bars outside thould be approximately 12,705 130 counts/hour. These
range are slightly less than 1% of those within the intervacalculations were made for the qu_x ob_served inside the labo-
(see Fig. 5 and Table I). In Fig. 7 we present examples of2tory. These results are summarized in Table II. ,
traces obtained with the mini-SciCR data. In order to confirm that the particles detected were indeed
With the above stated separation criteria, establishe§!€ctrons and muons, we modified the original setup: it con-
based on the Monte Carlo simulations, we proceeded to anal-
yse the tracks obtained in the mini-Sci.CR for the per?OdTABLE 1. Contribution of various sources to the total flux of elec-
from October 2010 to July 2012, when it was in operationtrons (5,700+ 122 counts/hour) measured inside of the laboratory
at the Sierra Negra volcano. With the separation methody the mini-SciCR.
designed, considering the overlapping of the simulation dis-
tributions (see Figs. 6 and 7), we made an estimate of the

Electron source according to the MC simulation  Contribution

average flux of electrons that trigger from 20 to 32 bars as Flectrons of the secondary cosmic radiation 35.4%
4,400+ 86 counts/hour. When we consider those tracks that Electrons produced by gamma rays 49.6%
are indistinguishable from muon tracks, the actual flux of Electrons produced by muons 15%
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TABLE IV. Results of the experimental setup with lead plates.

Lead Experimental MC simulation Experimental MC simulation
tickness (mm) Muon flux (%) Muon flux (%) Electron flux (%) Electron flux (%)
0 100.0 100.0 100.0 100.0
3.2 87.8 95.7 120.9 110.0
6.4 84.5 91.8 107.7 100.0
9.6 83.1 90.0 96.5 89.2
10 83.3 — 100.5 —
12.8 82.0 89.4 89.2 77.3
16 80.4 87.8 80.3 66.8
19.2 81.8 86.8 80.8 58.3
20 81.8 — 73.6 —
22.4 82.1 86.4 69.5 50.5
25.6 — 86.1 — 47.8
28.8 — 85.7 — 40.5
30 81.3 — 64.1 —
32.0 — 84.2 — 36.4
324 80.2 — 66.0 —
35 80.3 — 60.0 —
40 80.4 — 61.4 —
42.4 79.6 — 65.2 —
50 76.7 — 47.4 —
) T 1008 OO Simulation
E 12 O=0 Simulation 5 owmo Data
‘Eu 11 owo Data 20.95
6 1.08 s
£ £0.90
2 2
e 0.8 20.85
Co7 £
% 06 45080 ) e
‘E 0.5 20.75 {
ém— E
503 Z0.70
3 0 5 10 5 20 25 30 35 40 45 50 0 5 10 5 20 25 30 35 0 45 50
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FIGURE 8. Electron flux as a funtion of the thickness of the lead FIGURE 9. Muon flux as a funtion of the thickness of the lead
plates over the mini-SciCR (normalized to 5,700 counts). The plates over the mini-SciCR (normalized to 12,700 counts). The
experimental data are the circles and the simulation data are thelata of the experiment are the circles and the simulation data are
squares. The simulation results are the sum of all electrons origi-the squares.
nated by the three possible processes (see Fig. 10).
estimated by our Monte Carlo simulation are shown in Fig. 10

sisted on the emplacement of lead plates above the detect@rdinate scale for 0 mm of lead) and Table Ill. Taking the
with varying thicknesses (from 3.2 mm to 50 mm). We alsoabove considerations into account, the electron flux of sec-
made a Monte Carlo simulation for these setups, includingndary cosmic radiation inside of laboratory must be about
the roof and the wall of the laboratory (1 cm of iron). 2,018 + 139 counts/hour. We should also consider, how-

As stated, the electron flux inside the laboratory isever, the attenuation suffered by the electron flux in the roof,
5,700+ 122 counts/hour, this quantity is the sum of: i) elec-then the estimated flux outside the laboratory2j875 +
trons of the secondary cosmic radiation that pass through52 counts/hour. Thus, the electron flux is about 23% of the
the roof of the laboratory (35.4%), ii) electrons produced bymuon flux at the top of the Sierra Negra volcano. These re-
gamma rays (pair production process) that interact with theults are consistent with those obtained long ago in Mount
material of the roof of the laboratory (49.6%) and, iii) elec- Evans, Colorado at a similar height (4,359 m.a.s.l), where
trons produced by muons (delta ray emission) that interadhis ratio was 30% [7]. These fluxes coincide also with [4]
with the roof of the laboratory (15%). These contributions and [2].
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FIGURE 10. Numerical simulation results of the electron flux with
different thicknesses of the lead plates over the mini-SciCR. The
circles represents those produced in the atmosphere (secondary
cosmic radiation), the squares are those comming frenawys that
interact with the electrostatic field of the atoms of lead, and the
triangles are those produced by muons.

Second, we included electrons with kinetic energy be-
tween 100 MeV and 1 GeVy-rays and muons with kinetic
energy between 100 MeV and 5 GeV because they are the
most abundant particles of the secondary cosmic radiation,
all species with incident zenith angles betweénadd 45
and with an energy spectrum obtained from [2]. The results
of this setup and the corresponding Monte Carlo simulations
are shown in Figs. 8, 9, 10 and Table IV, and summarized as
follows:

1. In the data with the first lead plate whose thickness is
3.2 mm, the number of electrons measured by the ex-
periment increases by 20% over the average number
of electrons measured without the lead plate; while the
simulation data show an increase of 10% (see Fig. 8).
The electron flux measured with the mini-SciCR cov-
ered with different thicknesses of lead is the sum of
the electrons produced in the atmosphere (secondary
cosmic radiation) that manage to cross the lead plates,
plus those produced by-rays and muons that interact
with the lead (see Fig. 10). One possible reason for
the difference between the electron flux measured and
that obtained in the simulation is that therays flux
used in the simulation was obtained by interpolating
data from [2] at different altitudes.

2. Theresults of the simulation (see Fig. 10) show that: 1)
the number of electrons of the secondary cosmic radi-
ation decreases with the increase in thickness of lead,
2) a production of electrons due to interactionof
rays with the lead (pair production), that is increased
by placing the first lead plate, remains constant when
placing the second plate and decreases for thicknesses
of lead greater than 6.4 mm, 3) an almost constant pro-

electrons originated by the three sources mentioned is
shown in Fig. 8.

. When the second lead plate (6.4 mm) is put on top

of the detector, the number of electrons gradually de-
creases (see Fig. 8). After approximately 20 mm

of lead, the flux becomes approximately constant for

greater thicknesses of lead. The reason for this is
these electrons are mainly produced by muons (delta
ray emission), whose flux becomes approximately con-
stant for these thicknesses of lead (see Fig. 9 and 10).

4. By placing 5 cm of lead (maximum thickness used)

over the detector, the number of electrons decreased
to 48.8% with respect to the original flux (see Fig. 8).
The electron flux is not negligible since the muon flux
is practically constant for thicknesses greater than 2 cm
of lead, and these muons produce electrons by delta ray
emission.

. When lead plates are placed over the detector, the

muon flux shows a decrease until about 1 cm thickness
of lead (see Fig. 9). This indicates that the thickness
is enough to stop a considerable ammount of muons,
about 17% of the initial flux. Most probably these are
slow muons and/or electrons that generate clean tracks
(as explained above).

. The muon flux has a less pronounced decrease for

thicknesses of lead greater than 1 cm; it is almost con-
stant, and with the maximum thickness of lead (5 cm)
over the detector, it is 76.5% of the flux without lead
plates over the detector (see Fig. 9), mainly due to the
high energy muons that are able to cross all the lead
plates.

. In Fig. 8 the electron flux measured in the mini-SciCR

is above the predictions of the simulation, in the sim-
ulation we used pure lead. In the experiment the lead
used is not pure; the manufacturer guarantees a 90%
pure lead composition of the plates, but we had no
means to prove this is true; therefore the absorbing
power of the plates used must be diminished with re-
spect to pure lead.

. In Fig. 9 we can see that the muon flux measured is be-

low the simulation predictions. This is to be expected
as the mini-SciCR is not able to detect all the high en-
ergy muons crossing through it. Differences are, how-
ever, never greater than 7%. Curves are almost paralell,
with a slight tendency to converge at the highest thick-
nesses.

duction of electrons due to the interaction of muons5 — Symmary

with the lead (delta ray emission). The electrons pro-

duced byy-rays are responsible for the increase in theThe capability of the mini-SciCR as a cosmic ray detector
electron counting rate observed when placing the firstivas demonstrated. As an example, we present the Forbush
lead plate on top of the mini-SciCR. The sum of all the decrease recorded on March 7, 2012, that was also registered
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by the charged particles channels of the SNT in Sierra Neafter the proper corrections to consider the electrons pro-

gra; Neutron Monitors of different cut-off rigidities, located duced at the roof of the laboratory are done (details in

around the world also detected the event with a similar strucSec. 4), the electron flux outside is 2,8#3.52 counts/hours.

ture as that observed at Sierra Negra. Therefore, we havehe measured flux of muons should be approximately

shown that the technique to be used for cosmic ray detectioh2, 700 &+ 130 counts/hour. The ratio between the two fluxes

in the SciCRT is reliable at the site. at this atmospheric depth is consistent with those reported by
Based on the number of scintillator bars triggered by parRefs. 7, 4 and 2.

ticles crossing the detector, it was possible to establish a cri- A modification of the original setup of the detector,

terion to separate the records of electrons and muons. Hutting lead plates of different thiknesses on top, combined

was found that the electrons generally produce tracks witlwith results of a MC simulation, lead us to verify that the

a greater number of bars triggered. These two species wefRixes separated by the technique designed consisted mainly

chosen because they have a flux that is at least ten times masémuons and electrons.

abundant than other secondary particles at the site where the

detector was placed (575 g/én The criterion established

does not produce a total separation of the two particle speciedcknowledgments
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