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At the top of the Sierra Negra volcano in eastern México(19.0°N, 97.3°W) the SciBar Cosmic
Ray Telescope (SciCRT) is installed, one of its main purposes is to detect solar neutrons to inves-
tigate the ion acceleration process during intense solar flares. Furthermore, thanks to the design
and construction of the SciCRT in the form of small and long scintillation bars, large active vol-
ume, high energy resolution, and a fast electronics for data processing, particle identification is
possible through the analysis of tracks. Considering these properties, species identification of
secondary cosmic ray inside the Earth’s atmosphere, at a depth about 600 gcm™2 is possible. In
this work, we present an ad-hoc algorithm constructed to distinguish between particle species that
cross the active volume of the detector. The aim is to use pattern recognition methods and event

reconstruction to achieve this goal.
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1. Introduction

Driven by the desire to study and understand the cosmic ray radiation, the scientists have
developed radiation detectors with many different characteristics. The design of these instruments
depend on a large extent on the information that we want to obtain from the radiation.

So far, the Institute of Geophysics of UNAM has three types of detectors to study different
aspects of cosmic radiation, two of them in an international collaboration.

In the cosmic ray observatory at Mexico City there is a Neutron Monitor (NM64), working
since 1990. The key operating principle of NM64 is the nuclear reaction inside proportional coun-
ters, making it capable to measure the variation of cosmic ray intensity.

On the other hand, at the top of the Sierra Negra volcano in Mexico, two detectors were in-
stalled in order to study solar neutron phenomena. One of them, the Solar Neutron Telescope
(SNT), consists of an array of proportional counters working as veto counters, and plastic scintil-
lators capable of registering the energy from incident incident radiation. In addition, this telescope
also provides a means to measure the intensity of cosmic rays components and arrival direction[1].
However, as much as the energy and spatial resolution of the SNT is suitable for solar neutron
detection, there are still many open questions regarding the particle acceleration mechanisms at the
Sun. This was our main motivation to install an improved solar neutron telescope.

The SciBar Cosmic Ray Telescope (SciCRT)[2] is a new detector with better energy reso-
Iution making use of scintillator bars of rectangular shape (1.3 cmx2.5 cmx300 cm) organized in
layers stack up perpendicular, we have a good spatial resolution. Every layer is composed of 112
scintillator bars. A schematic description is shown in Figure 1. Furthermore, thanks to SciCRT’s
large volume (from 14.848 bars) the estimation of the Energy loss per unit length (—dE /dx) allows
the identification of particle species.

An array of 16 layers of scintillator bars (8 on the X direction and 8 on the Y direction) receives
the name of super block (SB). The SciCRT has in total eight SBs. One SB allows to obtain one
data image per side, taken from the interaction of particles with the detector.

The SciCRT is constructed from scintillation bars. When the incident radiation interacts with
the atoms of the bars, it transfers kinetic energy. As a result, the excited atoms emit photons
when they return to their ground state. After, the photons produced are absorbed and remitted by
wavelength shifting (WLS) fibers. The main purpose is to guide the photons from the scintillator
bars to the photodetector installed on one end of the detector.

The multi-anode photomultiplier tubes (MAPMTs) convert the photons into electrons through
the process of photoelectric emission in the photocathode material, these are used to estimate the
energy deposit on the scintillators. A fast costume made data acquisition system[3] is capable of
reading the output from each MAPMT and to discriminate between muons and neutral particles.
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Figure 1: Schematic diagram of SciBar Cosmic Ray Telescope SciCRT.

300cm

In this work, we present an alternative algorithm constructed ad-hoc to distinguish between
particle species that cross the active volume of the detector. With this study, we may estimate the
percentage of different particle species detected by the neutral channel in the SciCRT. At the same
time, we develop a method for estimating the direction and total energy deposition.

2. Methodology

Pattern recognition has a wide range of applications, including speech recognition, electrocar-
diogram analysis, scene analysis and of course many high-energy physics experiments. In general,
the pattern recognition can be defined as[4]:

Given n measurements of an object (the raw data of a high-energy physics event), one wants to
associate this specific object with one out of several classes of objects. If x is the vector consisting
of all measurement values, one is therefore looking for a decision function d such that

c=d(x) (2.1)

Where c is the class to which x belongs. In the general case, classes may share objects, but in
high-energy physics we are mainly interested in exclusive classes, which do not share objects.

2.1 Track Finding and fitting

The first step in the methodology is the track finding. At first, we evaluate two possible meth-
ods: template matching and Hough Transform. Both are classified in the literature like global
methods[5]. These have the common property of treating all hit information in an equal and unbi-
ased way. The simultaneous considerations of all hits can be very inefficient in terms of speed[6],
however this is not significant since we do not want to achieve real-time computing.

The purpose is to find a subset called track candidates, that is, each subset contain measure-
ments believed to be originated from the same particle.

2.1.1 Template matching

This method requires a dictionary of all possible tracks. In order to test this method we need a
reference track model. These will be generated by means of a Monte Carlo simulation. Due to the
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physics motivation of our experiment, we focus first in the interactions by neutrons, protons and
Y-rays on the detector.

However, template matching does not scale well when the required spatial resolution is fine.
As a result, the number of templates exceeds the limits of feasibility when storing is of concern or
when the number of steps increases significantly.

A possible solution is the tree-search algorithm[4], this uses templates with different resolu-
tion, ordered in hierarchy. In others words, we can first match a small set of patterns with coarse
resolution and in the next step, a second set of templates with a better resolution is possible.

2.1.2 Hough Transform

The track finding process often uses the knowledge of how a particle moves inside the detector.
With the Hough Transform[7] we can find all types of tracks of different shapes, as well as; circle,
ellipse, line, always that it can be describe with a mathematical model.

In the SciCRT, we will only find tracks that are close to straight lines. For this reason we will
apply the Hough transform to detect straight lines. A line can be described by:

xcos¢ +ysing = p 2.2)

The Hough space for lines has therefore two dimensions; 8 and ¢, and a line is represented by a
single point, corresponding to a unique set of parameters (@o, o). The line-to-point mapping is
illustrated in the right figure 2. This is an example of Hough transform on a muon track measure
with sixteen layers of scintillator bars.
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Figure 2: The Hough transform. The top-left panel shows a muon track crossing 16 layers of scintillator
bars. The bottom panel shows the result of detection (red line) using the Hough Transform. The right panel
is the Hough transform
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2.1.3 Particle fitting

In the particle fitting we analyze the data from all SBs, 2 images correspond to X and Y sides.
The tracks from each side of the detector are fitted to a track model. The fit will allow to interpolate
the tracks in the places where the detector is unable to record the passage of particles.

Strict fit criteria is prohibited by different physics phenomena, such as the occurrence of the
detection of 2 or more tracks on the same event (track pile-up). For the task of track fitting, we use
a Maximum Likelihood Method.

2.2 Event Reconstruction

Finally in the last step we want to reconstruct the particle’s path inside of the SciCRT, joining
together the X and Y fitting. Then, analyzing the way the particles interact we can use some
methods for Particle Identification (PID).

At first, PID is possible by difference in interaction, for example, determine if they produce an
electromagnetic or hadronic shower. Another method is the measurement of energy loss per unit
path length —dE /dx[8]. Moreover, if the particle deposited all its energy in the active volume of
the detector, we can estimate the incident energy.

3. Current Progress

3.1 Calibration by cosmic-ray muons

In order to calculate the energy loss, we need an energy calibration to determine the absolute
gain of each channel with high precision. The energy scale of each scintillator bar is calibrated via
cosmic-ray muons.

Figure 3 shows the ADC distribution of muon from one channel. From the figure we can
separate the distribution in two perceptible areas. The first area from the lower energy region
corresponds to noise and crosstalk effect. The area in the higher energy region is the muon signal.
The goal is to remove the noise signal and then calculate the relation between ADC value and
deposition energy
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Figure 3: Muon ADC distribution at SB3. Data from March 2017
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We developed an algorithm to determine the ADC thresholds (ADCyy,), the choice of an ADC
value allows to separate cosmic rays from noise. The algorithm works by fitting a gaussian dis-
tribution to each peak. For fitting muon signal peak, we need to select data interval, with the use
of some definied criteria. Also, the fit method estimate parameters like standard deviation. After,
the algorithm makes a correlation analysis. We use the coefficient of determination (square of the
correlation coefficient) to determines the extent of proportionality between two variables[9]. A
correlation coefficient of 1 signifies perfect correlation.

After, the ADC;;, will be the point of intersection of the two Gaussian distributions.

3.2 Simulation

As already mentioned above, a paramount ingredient of our methodology is the simulation of
the detector. At the current time, we are working on the description of the scintillator bars using
Geant4[10].

Extruded scintillator. The scintillator bar has a rectangular cross section of 2.5 cm wide and
1.3 cm thick and 300 cm length. In the center, it has a 1.8 mm diameter hole. The bar is covered
with a co-extruded reflector material, it has 0.25 mm thick and contains 15% of TiO, by weight
in polystyrene. In the center, a wavelength shifting fiber of 1.5 mm diameter is installed. In the
simulation we put a MAPMT at 20 cm from the bar.

4. Result and Discussion

In relation to calibration step, we process the data from 1200 channels. The gain of the
MAPMT is defined by 4.1. The result of this calculation is shown on the figure 4. The figure
takes into account only the channels that have R> > 0.8. However, with this criteria about only the
50% of the channels process correctly. The problem may arise from the selection of interval above
stated. We need further tests to find the proper method for this estimate.
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Figure 4: MAPMT gain distribution normalized by MIP value
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On the other hand, using the description of the scintillator bars, we inject 1500 muons crossing
at the middle of the bar with different energies. Figure 5 shows an example of the energy loss
distribution for muons with 650 MeV, the central tendency is 2.179 x 10* photons produced.
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Figure 5: Deposited energy by 650 MeV muons on one scintillator bar.

Figure 6 shows the behavior of energy losses for muons interacting with atoms of scintillator
bars. As expected, around 400 MeV the energy losses becomes almost constant.
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Figure 6: Energy loss per unit length for muons crossing 1.2 cm of scintillator material

The future tasks consists in programming the full description of the SciCRT, and get the track
models in order to continue the test for pattern recognition methods, with the main goal of obtaining
an adequate method designed for SciCRT. Also we need finish the characterization of all channels
from MAPMT and make the analysis of energy deposition.

5. Summary

The SciBar Cosmic Ray Telescope (SciCRT) is a new detector of type scintillation detector, it
has a large active volume and good spatial resolution. These features make the SciCRT ideal for
applying pattern recognition methods. Some tools such as Hough transform, Template Matching,
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among others, can be used to analyze the cosmic ray radiation arriving to the detector and make
possible the identification different species of particles.
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