RESEARCH Revista Mexicana dédica65 (5) 545-553 SEPTEMBER-OCTOBER 2019

Neutron and gamma-ray fluxes measured by SciCRT prototype
at the top of sierra negra volcano, Mexico

E. Ortiz#, J.F. Valds-Gallicig, A. Hurtadd, R. Gar¢a’, M. Anzorend, O. Musalem,
L.X. GonzleZ, Y. Matsubard, Y. Muraki?, Y. Itow?, T. Sakd, Y. Sasat, K. Munakat&, C. Katd,
S. Shibaté, H. Kojima?, K. Watanab&, H. Tsuchiyd, and T. Ko¥
2Centro de Ciencias de la Atirefera, Universidad Nacional Adihoma de Mxico,
Coyoaa@n, Ciudad de Mxico, 04510, Mxico.
e-mail: eortiz@icf.unam.mx
bInstituto de Gedsica, Universidad Nacional Aahoma de Mxico,
Coyoa@n, Ciudad de Mxico, 04510, Mxico.
¢SCIESMEX, Instituto de Gdeica, Unidad Michoaén, Universidad Nacional AGhoma de Mxico,
Morelia, Michoaén, 58089, Mxico.
dInstitute for Space-Earth Environmental Research,
Nagoya University, Furo-cho, Chikusa-ku, Nagoya 464-8601, Japan.
¢Department of Physics, Shinshu University, Asahi, Matsumoto 390-8621, Japan.
fCollege of Engineering, Chubu University, Kasugai 487-8501, Japan.
9Faculty of Engineering, Aichi Institute of Technology, Toyota 470-0392, Japan.
hDepartment of Earth and Ocean Sciences, School of Applied Sciences, National Defense Academy,
Hashirimizu 1-10-20 Yokosuka-shi, Kanagawa-Pref, Japan.
iJapan Atomic Energy Agency, 2-4 Shirakata Shirane, Tokai-mura, Naka-gun, Ibaraki 319-1195, Japan.
JSLAC National Accelerator Laboratory, Menlo Park, CA 94025-7015, USA.

Received 23 January 2019; accepted 26 February 2019

The mini-SciCR is a cosmic ray detector, made of scintillator bars with a total volurge af20 x 20.8 cm®. The array of scintillator

bars act both as a target and as a tracker of the incident radiation. In this paper we describe the method developed with the help of a Montt
Carlo simulation to distiguish the neutron signals from gamma ray signals, which is based on the different maximum energy deposited at a
scintillator bar by neutrons and gamma rays. To distiguish the neutral emission signals (neutrons and gamma rays) from charged particles
signals, we implemented via software a system of anti-coincidence between edge bars and internal bars of the detector. We also report th
flux of neutrons and gamma rays measured by the mini-SciCR at the top of the Sierra Negra volcano at 4,600 m.a.s.l., in Eastern Mexico. The
mini-SciCR was operating from October 2010 to July 2012. We also present the Forbush decrease registered by the mini-SciCR on march
2012. The mini-SciCR is a prototype of a new cosmic ray detector called SciBar Cosmic Ray Telescope installed in the same place, which is
in the process of operation parameter tuning and calibration. The SciCRT will work mainly as a Solar Neutron and Muon Telescope.

Keywords: Secondary cosmic rays; neutrons; gamma rays.
PACS: 95.55.Ev; 95.55.Vj; 95.30.Cq; 93.30.Hf DOI: https://doi.org/10.31349/RevMexFis.65.545

1. Introduction These methods will be the base for developing algorithms

o ) ) that allow us to distinguish the different species of particles
The mini-SciCR is a prototype of a cosmic ray detectoriecorded in the SciCRT's data.

. o i Sated he devlopment of th agorhms it
size Q0 x 20 x 20.8 cn?) is 1/1,568 compared with the Sci- gwsh particles with the m|n|-SC|CRs_ dat_a, for exampl_e: 1)
CRT. The mini-SCiCR was operating from October 2010 tolh [1] we repqrted the methgd to distinguish electron signals
July 2012 at the top of Sierra Negra volcano at 4,600 m.a.s.lfr.on.1 muon signals, and 2) n [2] we reported the method to
in eastern Mexico. Transporting this prototype to the top ofd'St'ngu'Sh charged hadron signals.
the mountain was relatively easy due to its dimensions. In this work we describe the mini-SciCR, its calibration
The main goals of the mini-SciCR were: 1) to demon-and a method developed with help of a Monte Carlo simula-
strate that this type of detector is feasible to operate untion to distinguish the neutron signals from gamma ray sig-
der typical high mountain conditions, when this was demonhals. We report the counting rate of these particles obtained
strated, we decided to install the SciCRT at the top of Sierravith the mini-SciCR at the top of Sierra Negra volcano, Mex-
Negra volcano (April 2013); and 2) to develop methods toiCO. We also compare our results with the results of other
distinguish the signals of different species from cosmic rays€xperiments.
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FIGURE 1. Scheme of the method for determining the direction of neutrons arrival.
2. The SciCRT detection method recoiled particle must penetrate at least 4 layers, the energy

. ) ] threshold of such a proton is 100 MeV [2].
On April 2013, we installed the SciCRT at the top of the

Sierra Negra volcano, Mexico. The SciCRT consists of L. . .
14,848 scintillator bar€2(5 x 1.3 x 300 cm?) arranged ing  3-  Mini-SciCR, a prototype of a large cosmic
blocks, made of 8 layers each, every layer is made of two mu-  ray detector

tually orthogonal planes with 116 and 118 scintillator bars, L )

each block has a vertical depth of 20.8 cm. The entire vol- € MiNi-SCICR is a prototype of a large cosmic ray detector
ume of the SCICRT can act both as a target and a tracker &/léd SCICRT, the mini-SciCR (shown in Fig. 2) consists of
the incident radiation. For more details of the SCICRT see [3] 128 Scintillator bars with a total volume 2 20x 20.8 cn’,

. : . arranged in eight layers. Each layer has two mutually or-
In left side of Fig. 1 we can see schematically the concep g g y Y y

. . {hogonal planes of 8 bars each. The array of scintillator bars
of the current solar neutron telescope [4], incoming neutron;i

dotted li . h d o] id I ct both as a target and as a tracker of the incident radiation.
(dotted lines) are converter into charged particles (solid line he dimension of each scintillator bardss x 1.3 x 20 cm?.

at the plastic scintillator and the track of the recoiled particleThe scintillator bars are made of polyestyrene, doped with
is measured at the underlying proportional counters (PRCs}DPO (1%) and POPOP (0.03%), to shift its err,lission spec-

In a:_ clase “;?ai V\;ethcan re?ard t|r_1|e dlrect|o_n tc;f the rgcdc;flled trum peak to 420 nm, they have a reflecting coating of;TiO
particie as that of the neutron. HOWever, in the case, The scintillator bars have a hole of 1.7 mm diameter in the

the recoiled particle is produced near the top of the SCinti”atOFniddle a wavelength shifting (WLS) fiber of 1.5 mm di-
even if the recoiled particle does not have enough kinetic en'meter’ is inserted for light collection, the gap between the

ergy, we can_not mfe_r the direction hecause of the sho_rt_age Yber and the scintillator is negligible due to the low air den-
the track. Thicker scintillator makes the conversion efficiency,

. . ) i sity. The WLS fiber is multi-clad type with cylindrical cross-
higher, but then not all the recoiled particles can arrive at the . tion model: Y11(200) MS made by Kuraray, their atten-

bottom PR.CS' Thus the efflmency of the direction Measurey, ation lengths is 350 cm and, their absorption and emission
mentis '”T“‘Ed- Moreover th_e cases complex, We measure spectrum have peaks at 430 nm and 476 nm, respectively [5].
the counting rate of each direction as determined level, in- Each side of the detectoX(andY’) has 64 scintillator
evitable.misid.entification of the direction occurs when multi- bars, each bar has an inserted optical fiber; when a charged
ple recoil particles are generated. particle cross a scintillator bar, this bar emits light that is
To avoid the problems discussed above, we installed gansported by an optical fiber attached to a 64 channel multi-
new detector (SciCRT) at the top of Sierra Negra, Mexico;anode photomultiplier tube (MAPMT) H8804 Hamamatsu
we are currently in the process of calibrating the SciCRT. Allphotonics K.K., which anodes are arranged irgan8 array
components are composed of plastic scintillator, the wholgyith each anode measurirtgx 2 mm?. The sensitive wave
tracker also acts as an active target. Consequently, the traggngth is from 300 nm to 650 nm, which matches the emis-
of all recoiled particles can be measured wherever the interagion spectrum of the WLS fibers [5]. The photons emitted in
tion occurs. Even in cade the direction can be determined. every scintillator bar are collected and transported by WLS
We are recording the tracks of all triggered events. By meanfibers to the MAPMT, the signals are read by an analog to
of track analysis, we can avoid misidentification of the direc-digital converter (ADC). Once the ADC signal distributions
tion as indicated i in the Fig. 1. have been determined and a proper discriminator established
With this new method, the conversion efficiency becomeso discard the noise, the threshold signal level of each bar may
higher with thicker detectors. To measure the direction, thée fixed. For every event registered, the set of bars triggered
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FIGURE 2. Photos of the mini-SciCR, the left photo shows the optical fibers coming out from the scintillator bars attached to multi-anode
photomultiplier tubes (MAPMTS) that are connected to the front end boards (FEBs). The right photo shows the array of the scintillator bars
and the dimensions of the detector.
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FIGURE 3. Readout system of the mini-SciCR. The photons produced in the scitillator bars are collected by WLS fibers and transported to
MAPMTSs, they are converted to current pulses and sent to FEBs (see left box). When a signal exceeds a certain discriminator level at the
FEBs a hit signal is sent to the TB through the DAQ board. The trigger signal is created by the TB (see right box) and sent back to the FEBs
as the read signal (see left box). After aboutH) the multiplexed analog output is sent to DAQ board, converted to digital values and sent

to the computer for recording. The dead time of ADC reading is around 1 ms.

establish the trajectory of the charged particles detected. Twiggering signal. The VA3HDR11 has preamplifiers for

identify a neutron, a nuclear collision to produce a recoil pro-32 input channels and shapes its output with a slow Gaussian-

ton is neccesary. like shaper with a peak at/ls. The TA32CG has discrimina-
tors to make a hit signal (peak at 80 ns) if a MAPMT anode

The readout system (shown in Fig. 3) consists of twosjgnal exceeds the threshold level [6].

front end boards (FEBs) attached to each of the MAPMTSs, a

data acquisition (DAQ) board connected to FEBs, and a trig- The DAQ board may readout eight MAPMTs. Each of

ger board (TB) connected to the DAQ board. The FEB isthe eight channels has line drivers to control the FEB’s ASICs

a combination of two ASICs (VA3HDR11 and TA32CG), and a flash ADC (FADC) to digitize the multiplexed analog

which is employed to multiplex pulse height information signals. Programmable logic devices, CPLDs and an FPGA,

from each anode of a 64 channel MAPMT and make a fasare used in order to allow a flexible control of the data acqui-
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- . mum of this gaussian curve that represents the typical
10° Entries 15998 energy deposited by the particles. The same process
> F RMS 62.29 was made to find the maximum of the noise peak.
> F
2
§ n E 3. We take into account that: 1) the maximum of the noise
g r peak represents the relative zero (0 MeV), 2) the max-
i 10& imum of the particle signal peak represent the typical
E energy deposited by muons, 3) high energy muon de-
1i | | . . . | posit~ 2 MeV per g/cn?, and 3) a scintillator bar has
© 2000 2050 2100 2150 2200 2250 2300 2350 1.3 cm of vertical thickness and its density is 1 glcm
ADC value Then the distance between the maximum of the noise
FIGURE 4. Spectrum of one scintillator bar of the mini-SciCR, peak and the maximum of the particle signal peak is
when muons were injected at the top of the detector with a kinetic equivalent to~ 2.6 MeV.

energy of 800 MeV, at an incidence angle 6f 0

sition process. A CPLD (Xilinx XC95288), which gener- 4.2, Calibration with data

ates control signals for each FEB, also provides a control se9ne of the main properties of high energy muons is its pene-
quence for digitization and storage of data into a FIFO. Anyrating power. We used this property to calibrate the channels
FPGA (Xilinx XCV600) is connected to all CPLDs on the of the mini-SciCR on data recorded. To attenuate the inten-
DAQ board to determine the timing to start readout and tosjty of both the electromagnetic component and low energy
switch data taking modes. It can also control timing to holdnycleonic componet of the secondary cosmic rays, we put
the peak of the shaped pulse using a fast triggering signaj cm of lead over the detector. Thus, we can assume that
from each TA32CG [6]. The Trigger Board (TB) is connectedthe data recorded under the above conditions are dominated
to the DAQ board making the trigger signal. Thus a hit sig-by high energy muons (see also [1]). In Fig. 5, we show

nal is obtained when there is a signal from the upper 32 othe spectrum obtained with data of the same scintillator bar
the lower 32 MAPMT channels. The trigger signal is createdshown in Fig. 4.

by coincidence of theX side upper and th¥ side upper hit To get the distance between the maximum of the noise

signals, and/oX side lower and” side lower hit signals. peak and the maximum of the particle signal peak on data
recorded, that it is equivalent te 2.6 MeV, we followed the

4. Calibration of the mini-SciCR same process made with the simulation data.

Empirically we found that 0.8 MeV is a good threshold
4.1. Calibration with the help of a Monte Carlo simula-  to separate the noise signals from cosmic ray signals in each
tion scintillator bars. A signal is considered noise if it is less or

) . ) ) equal than 0.8 MeV, a signal is cosidered produced by a cos-
We made a Monte Carlo simulation (MC simulation) of ,i- ray if it is greater than 0.8 MeV.

the mini-SciCR. In this process, we injected seven different

kinds of particles: positive and negative muons, electrons .

positrons, gamma rays, neutrons and protons, in the ener@- Method developed with the results of the
range from 100 MeV to 9 GeV, with incident zenith angles Monte Carlo simulation to distinguish the
between 0 and 85 and angular injection distribution uni- neutron signals from gamma ray signa_ls

form at the top of the detector. The behavior of particles in-

side of the detector was numerically simulated by the Geantfefore starting the explanation on how we separated the neu-

system of codes. tron signal from the gamma ray signals, the readers must bare
We calibrated each scintillator bar of the mini-SciCR us-
ing the following method: E Entries 10441

Mean 2024

1. We obtained the spectrum of each scintillator bar from [RMS  68.36)
the results of the MC simulation, when muons were
injected at the top of the detector with kinetic energy
range from 400 MeV to 1 GeV, at zenith angle &f 0
protons (1 GeV) were also used. Each spectrum has
two peaks easy to identify (see Fig. 4): from left to mmw H“
right, the left peak is generated by noise and low en- | T U P P ,,.HHH hﬂHH]{
ergy background radiation (noise peak) and the right RIBE e IR el et e Azso(c;) v?ISL?e
peak is produced by the particles (particle signal peak).
FIGURE 5. Spectrum obtained with data of the same scintillator
2. For each spectrum we fixed a gaussian curve at the pabar shown in the Fig. 4. Data were recorded with 5 cm of lead over
ticle signal peak (see Fig. 4), and calculated the maxithe mini-SciCR.

=
o
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FIGURE 6. Scheme of the anti-coincidence system between adges bars (grey color) and internal bars (white color) at the mini-SciCR to
discriminate neutral emission from charged particles.
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FIGURE 7. Track left by a neutron with 100/eV kinetic energy, injected at an incidence angle dfi@sults of MC simulation).
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FIGURE 8. Track left by a gamma ray with 100/ eV kinetic energy, injected at an incidence angle fi@sults of MC simulation.

in mind that both neutrons and gamma rays do not deposi signal is considered as coming from a charged patrticle

their energy directly at the plastic scintillator: a nuclear col-when it triggers at least one edge bar and one or more in-
lision is necessary for a neutron to produce a recoil protonternal bars (see left part of Fig. 6). Neutral emission signals

and a pair production is necessary for a gamma ray. are therefore those that do not trigger an edge bar but trigger

To discriminate neutral emission (neutrons and gamm&ne or more internal bars (see right part of Fig. 6).

rays) from charged particles, we implement a system of anti- In Figs. 7 and 8, we show simulated tracks of a neutron

coincidence (via software) between the edge bars (only topand a gamma ray respectively, both with 100 MeV kinetic en-

and lateral) and the internal bars of the detector (see Fig. 6grgy, injected at an incidence angle 8f@nh the mini-SciCR.

Rev. Mex. 5. 65 (5) 545-553



550 E.ORTIZet al.

o—a Gamma rays
om0 Neutrons

103 100 200 300 400 500 600 700 800 900 1000
T OMeV T MV T MeV T MeV T MeV T MeV MeV MeV MeV/ MeV

e
OM

“O,) O 00O GO On O Oy
B‘(O‘ 0101000000 2O 00

Frequency

Frequency

PO

S
2

2 4 6 10 12 14 16 18 20 22 24 26 28 2
Maximum energy deposited at a scintillator bar ( MeV')

s

OY

o
o»‘

4 10 12 14 16 18 20 22 24 26 28
Maximum energy deposited at a scintillator bar ( McV')
FIGURE 9. Distributions of the maximum energy deposited at a Ficure 11. Distributions of the maximum energy deposited in a
scintillator bar, by neutrons with kinetic energy between 100 and scintillator bar by neutrons and gamma rays, both with kinetic en-
1,000 MeV, injected with an incedence angle 6fdn the mini-  ergy between 100 and 1000 MeV, injected at an incedence angle
SciCR. Results of MC simulation. between 0 and 70 on the mini-SciCR. Results of Monte Carlo

simulation.
In these figures we can see that both tracks did not trigger

the edge scintillator bars (top and lateral). According to the

color scale, the neutron deposits more energy per bar than thi

gamma ray. ’

To establish criteria to separate neutron signal from

5|

0|

0-0 neutrons
V=~ gamma rays

cy (%

-~ 3 vy
gamma ray signal in the mini-SciCR, we used the aforemen- >** O..C'°‘°-%./V/v”
tioned results of the MC simulation, to calculate the maxi- § oo
mum energy deposited at a scintillator bar by each of these'.:g. 1
particles. The energy spectrum for neutrons and gamma ray: :
were obtained from [7-9] respectively; we used an angular
distribution: 1(§) = I(0°)cos*#. The main results of our
simulation are summarized as follows:

'O-O"O-.o__o

RN
O-o.g
~o.g

5|
0 2 10 12 14 16

4 8 18 20 22
Maximum energy deposited at a scintillator bar ( MeV)

. . . . FIGURE 12. Efficiency of the mini-SciCR to detect neutrons (cir-
1. The maximum energy deposited by neutrons with ki- les) and gamma rays (triangles)
netic energy between 100 and 1,000 MeV is distributedC '

in a broad band of energy from 0.8 MeV 030 MeV In Fig. 11, we show the distributions of the maximum

(see Fig. 9): the neutrons produce protons in a broadnergy deposited in a scintillator bar by neutrons and gamma
range of energy via nuclear collisions. rays. Each distribution is the sum of the distributions ob-

2. The maximum energy deposited by gamma rays witf&ined for all energies (from 100 to 1,000 MeV) and of the
energy between 100 and 1,000 MeV is distributed in gdistribution obtained for all |r_1(:|dence angles (frprﬁ ()]
narrow band of energy from 0.8 MeV to 11 MeV, 70°). We can see that the maximum energy deposited by neu-
with a maximum around of 5 MeV (see Fig. 10): they trons is distributed _in a bro.ad.bar?d of energy, from 0.8 MeV
produce a high energy electron-positron pair and, thest ~ 30 MeV, causing a distribution almost flat. The max-

new particles depostited part of their energy in a nariMum energy deposited by gamma rays is concentrated in a

narrow band from 0.8 MeV te- 14 MeV; the distribution

row band. -
shows a sharp increase from 0.8~05 MeV, then a slower

D))

Frequency

100 MeV'

200 MeV |}

300 MeV'
400 MeV
500 MeV'
600 MeV'
700 MeV
800 MeV'
900 MeV'
1000 MeV'

MeV.

In order to establish an appropriate energy deposition
threshold to distinguish the neutron signals from gamma ray
signals, we calculate the detector efficiency by applying our
algorithm to the results of MC simulation; we define the ef-
ficiency as the ratio of the number of particles that correctly
recognizes our algorithm and the total number of particles in-
jected into the detector. The results are presented in Fig. 12.

decrease from 6 te- 14 MeV and, with a maximum at- 5.5
\

\ In Fig. 12, we can see that: 1) the efficiency curve to
4 8 10 12 14 16 18 20 2 24 26 28 .
Maximum energy deposited at a scintillator bar ( McV') detect neutrons shows a slowly decrease as the maximum

FIGURE 10. Distributions of the maximum energy deposited at €Nergy deposited increases, and 2) the efficiency curve to
a scintillator bar, by gamma rays with kinetic energy between 100detect gamma rays shows a sharp increase from MeV

and 1,000 MeV, injected with an incedence angle®obf the mini-  t0 ~ 9 MeV, and it reaches its maximum practically at
SciCR. Results of MC simulation. 10.9 MeV.

10 ,/

2
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To separate neutron signal from gamma ray signal wehe detector was in operation at the top of the Sierra Negra
chose 10.9 MeV as threshold, because it produces that, @blcano. In Figs. 13 and 14 we present examples of tracks
total number of gamma rays injected into the detector onlyobtained with the mini-SciCR data that, based on the results
~ 5% are confused with neutron signals, see Fig. 11; in addief the MC simulation, could be assigned to a neutron and
tion, using this threshold we obtain practically the maximuma gamma ray, respectively. Using the separation criteria es-
efficiency to detect gamma ray-(31%), see Fig. 12. tablished on the data, we could estimate an average counting

Based on the results of the MC simulation, a suitable cri+ate of neutrons of, 463 + 42 counts/hour, and an average
teria for the estimation of the fluxes of neutrons and gamma&ounting rate of gamma rays8s791 + 129 counts/hour.
rays in the real data recorded needs to consider essentially the
regions of the distributions in Fig. 11 that do not overlap. A In Fig. 15 we show the counting rate of neutrons and
neutron is considered a particle that deposit a maximum ergamma rays (normalized with their respective average quoted
ergy at a scintillator bar greater or equal than 10.9 MeV (seabove) obtained with the criteria established based on the
Fig. 11), the neutrons whose maximum energy deposited isimulation. Figure 15 corresponds to a period when a For-
below this range are 35.5% of the total. A gamma ray is conbush decrease was registered by the mini-SciCR with an on-
sidered a radiation that deposit a maximum energy greateget March 8, 2012. The Forbush decrease reaches a mini-
than 2 MeV and less than 10.9 MeV at a scintillator bar (seenum on March 9, the counting rate of neutrons presented a
Fig. 11), the gamma rays that deposit an energy outside thidecrease of- 10%, and the counting rate of gamma rays a
range are 5.1% of the total. decrease of- 4%; both with respect to their average count-

ing rate. We believe the significant difference in counting rate
6. Results of the analysis of mini-SciCR’s data decrease for the particles considered species may be possibly

due to the fact that the gamma rays recorded by the mini-
With the separation criteria established in the previous secSCICR at the top of the Sierra Negra volcano must come from
tion, we proceeded to analyse the data recorded by the minhigher energy primary cosmic rays as compared with the pri-
SciCR for the period from October 2010 to July 2012, whenmary cosmic rays that produce the neutrons recorded.
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FIGURE 13. Track obtained of the mini-SciCR data, corresponding to a neutron.
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FIGURE 14. Track obtained of the mini-SciCR data, corresponding to a gamma ray.
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In Table | we show the neutron and gamma ray fluxes
obtained with mini-SciCR and in other experiments. The re-
sults reported in the experiments were corrected for a latitude
of 20°N and an atmospheric depth of 600 gfgrmaking use
of the curves reported in [10] and [11] respectively.

[
=)
=)

Intensity (normalized)
8

. Neutron data 7. Summary

ossll — Gamma ray data
P R i R L WY AL SV SN SN e With a system of anti-coincidence between edge scintillator
March, 2012 ( Days ) bars and internal bars, we were able to separate the neutral

FIGURE 15. Forbush decrease on March 8, 2012, recorded byrf’:‘dlat'qn signals (neutrons and ggmma rays) and char_ged.par-
the mini-SciCR. The dotted line represent the neutron countingt'c!esl signals. Based on the maximum energy deposned 'r,‘ a
rate normalized to 1,434 counts/hour. The solid line represent theScintillator bar by neutrons and gamma rays, estimated with
gamma ray Counting rate normalized to 8,767 counts/hour. the help Of a Monte CaI’lO Simulation, we established Criteria
that allowed us to separate neutron from gamma ray signals.
These criteria do not produce a total separation of these radi-

TABLE |. Neutron and gamma ray fluxes with energy bewteen 100ations; however it does provide tools to make calculations to
an 1,000 MeV, measured with the mini-SciCR and reported in othercorrect the observed counting rates.

experiments, these data are corrected for a latitud®dfl and an We were able to estimate the fluxes of neutrons and
atmospheric depth of 600 g/¢m gamma rays at the top of the Sierra Negra volcano (600
glcm?) as1.6+0.1x 1073 (cm? s sry ! and5.5+0.1 x 1073

Experiment Neutron flux Gamma ray flux .
1 0 (cm? s sry! respectively.
(em"s™ sr) (em—"s sr) The particle species separation methods developed here
mini-SciCR 1.6+0.1x107° 55+0.1x107° and in two previously published papers [1,2] provides us
[7] ~3.7x1073 _— with the capability to make realistic estimates of the fluxes
[12] ~ 5.4 %1073 - of muons, electrons, protons, neutrons and gamma rays in
[13] ~ 6.8 x 103 ) any detector using the scintillation techniqgues employed in
L the mini-SciCR.
[14] ~ 9410 - As the mini-SciCR is a prototype of a larger detector, the
[15] ~1x107 E— Scintillator Cosmic Ray Telescope (SciCRT) that is now in
8] _ ~12x1072 operation in Sierra Negra [3], the methods developed will
[9] - ~1.3x10"2 be applicable to the registers of this large detector, provid-

ing us with realistic estimates of the particle species that are
Based on the results of the MC simulation, we estimateletected and their relative abundances, being those part of the

those neutron signals that are undistinguishable from gammsecondary flux arriving to the top of the Sierra Negra volcano,

ray signals, the counting rate of neutrons must be approxier generated by the interactions of the cosmic ray flux within

mately1, 582 4+ 65 counts/hour; if we omit the neutron sig- the material of the SciCRT.

nals that contribute to this counting rate and estimate those

gamma ray signals that are undistinguishable from neutro

signals, the estimated gamma ray counting rate should be a

proximatelys, 672 + 136 counts/hour. This work was partially supported by CONACyT-180727T
Considering the area of the detector (225°¢and the  and UNAM-PAPIIT-IN104115 in Mexico. This work was
solid angle (), the counting rates obtained of neutrons anda|so partially supported by Grants-in-Aid for Scientific Re-
gamma rays per hour are equivalenstb£0.1 x 10~% (cn?s  search (B) 22340054 in Japan.
sr)~" and1.70 + 0.03 x 1072 (cm”s sr)! respectively. The authors are greateful to INAOE authorities for letting
Taking into account the efficiency of the mini-SciCR to us install our detectors at the top of the Sierra Negra volcano
detect neutrons and gamma rays for a threshold equal tand allow the use of the services and facilities provided. The
10.9 MeV (see Fig. 12), the estimated fluxes of neutronsuthors are also grateful for the group of the SciBar and the
and gamma rays are.6 + 0.1 x 1072 (cm? s sry”! and  SciBooNE experiments to allow them to use the SciBar de-
5.5+ 0.1 x 1072 (cm? s sr)! respectively. tector for a cosmic ray experiment.
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