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Introduction

The discovery of cosmic rays is one of the topics first described in 20th century.
Scientists all over the world dedicated their lives to searching, examining and finding
answers to different questions. One of these includes the beginnings of the universe and
what creates the dark matter. Cosmic rays whose main source is not only the Sun seem to
be the messengers of information about processes that might have occurred somewhere
in the universe billions years ago. This kind of information contains possible hypotheses
about the origin of cancer, contributes to early earthquake warnings or provides better
understanding for controlling local radio activity. For all these it is necessary to detect
rays using detectors.

In this report we deal with cosmic rays and their detection. We search for answers
to questions like: What are cosmic rays? What projects are linked with their detection?
or How can we be sure if detected ray really is a cosmic ray?

The idea that each of us could be a part of scientific research brought Polish
scientists to launching CREDO Project. The aim is to examine particles which
continuously rain down on earth and search for those among them that arrive from space.
The examination of these particles can help us answer questions which have not been
answered yet. High energy particles after crashing with particles of the atmosphere create
showers of lighter particles that fall on a large area. The problem is that they are hardly
noticed even with the greatest detectors. A solution to that might be coverage of a large
area with a big amount of small detectors. Smart phone displays seem to be perfect for
that.

| became interested in this idea and since 2019 | have been co-working on this
project using a mobile app Credo. The app focuses on detection of cosmic rays using
60x60 or 64x64 pixels from smartphones. At present the app has about 10,000 users but
the goal is to increase the number to 1 million. With such high number of users, the
volume of data in servers would be pretty big and, therefore, it would be worth selecting
the data before sending them to server.

The main objective of this report is to create a program which would significantly
contribute to proper cosmic ray detection. This means to exclude unsuitable candidates
and speed up data and information collection from the photos of suitable candidates. The
program will check individual photos and select suitable candidates. At the same time, it

will exclude photos which represent unsuitable candidates for cosmic rays.



1 Cosmic rays

Each of us is curious what mysteries the universe hides in the darkest parts where
we cannot see even with the best high-power binoculars available to the scientists. It is
exactly there where the information with the answers to unanswered questions is. And the
messengers with that information is rays flying from the darkest areas of universe thanks

to which we can confirm but also refute many theories.

1.1 Definition of Cosmic Rays

In physics cosmic rays or cosmic radiation are defined as a flow of very fast
particles moving in cosmic space. Their kinetic energy moves from 10° eV ( 1,6.101°))
up to 10%° eV ( 16 J; 1eV = 1,6.10 " J), sporadically even more. Cosmic rays can be
divided into two groups — primary and secondary cosmic rays. [1]

The first group is primary cosmic rays which are created by flows of protons,
nuclei of heavier elements as well as nuclei of helium (alpha particle).

The second group is secondary cosmic rays. It contains mesons as well as protons
and neutrons which originated after colliding with molecules in the atmosphere. Meson
is one of the elementary particles just like proton, neutron or electron. Mesons are in
atomic nucleus and they transmit its coherence. They can exist outside the atom nucleus
but just for a very short time. [1] Particles of secondary cosmic rays have a very big

energy at the beginning but they gradually lose it as they transfer the atmosphere.

1.2 Types of Cosmic Rays
1.2.1 Primary Cosmic Rays

Proton — a subatomic particle present in the nucleus of atom. The name is derived
from Greek protos — first. Its weight is close to the weight of helium atom. It is also
positive electric particle with one elementary positive charge.

Alpha particle — or alpha radiation, containing hellion. Hellion is the nucleus of

helium atom and consists of two protons and two neutrons, with a o2* charge and nuclear



number 4. a particles are released at decay and can be observed at many radioactive

transitions while they can have big energy. [2]

1.2.2 Secondary Cosmic rays

Neutrinos — are neutral particles which can travel at almost speed of light and almost
do not participate in interactions. We know three sources of astrophysical neutrinos — the
Sun, close supernovas and possibly blazars. [3]

Positrons — (antielectrons) are the antiparticles of electrons and a counterpart of the
antimatter. They are of the same weight as electrons. They differ from electrons by
contrary charge which is positive. When a positron collides with an electron, annihilation
occurs. This results in production of 2 or more photons. [2]

A lot of attention is paid to a particle called meson. Muon (historically Meson),
being much bigger than other particles and creating a linear trajectory on the matrix when
crossing the detector. (see figure 1). On the contrary, the electron with lower energy flies
through the matrix and detector with a curved trajectory. (see figure 2) The heavier the
particle, the more linear the trajectory. If at detecting a photo with one lit pixel emerges,

detector (mobile phone) catches a photon (see figure 3). Photon, an elementary particle,

can be also defined as quantum of the electromagnetic field. Photon is also basic unit of
light.

Figure.1 [Meson Trajectory] Figure.2 [Meson Trajectory]
(https://api.credo.science/web/user/Brokoliva/)  (https://api.credo.science/web/user/Brokoliva/)



Figure 3 [Photon]
(https://api.credo.science/web/user/Brokoliva/)

2 Cosmic Rays and Their Shower on Earth

Already mentioned neutrinos are one of the particles. These particles are low-
reactive and when transiting human body only 1 out of 100 billion neutrinos can be
detected. We can assume that these particles are not harmful to humans. On the other
hand, the particles of the heavier elements, protons and nuclei of helium are very harmful
for human body. The reason for being more harmful is that they can raise grounds for
starting cancer in human cells. They also represent high risk for electronic components.

On the Earth surface the occurrence of such particles from the universe is rare. The
reason for that is the Earth atmosphere. When reaching the atmosphere, the particle hits
molecules of air and other substances in the air. At hitting, the particle is split into smaller
particles with lower energy. These articles can be called secondary cosmic rays and they
are not as dangerous as the primary ones. However, there are cases when a particle does
not split and flies through the atmosphere with high energy. First discovered particle with
such energy was a particle Oh-My-God. Its energy was 51 J corresponding to
3,18316806.10% eV. [4]

Proton with energy 51 J has speed 0, 999 999 999 999 999 999 999 995 1 speed of
light. As for relativity we know the effect of dilatation of time when the watch at a fast-
moving object slow down and time passes more slowly. If you sat on a 51 J proton and
travelled to the edge of universe, till you got there, the mankind would grow old in 14

billion years, but you on the proton would grow old only in 14 days. [5]



2.1 Project CREDO

In full The Cosmic Ray Extremely Distributed Observatory is a project which deals
with testing one of the theories regarding the origin of the dark matter. If the theory is
correct and the dark matter is created by supermassive particles born in early universe, in
such case scientists are not able to see individual super massive particles. But, on the
other hand, scientists should be able to find out what has been left after the particles
crossed the atmosphere.

Therefore, the main aim of the project is to combine all existing detectors (for
instance Pierre Auger Observatory, individual detectors such as phones or smart phones)
and create a world-wide network of detectors and thus later enabling analysis of cosmic
shower. To create such world-wide network of detectors it is necessary to involve a huge
number of people not just scientists.

In 2016 the project was initiated by Polish scientists of Institute of Nuclear Physics
PAS in Krakow. [6]

2.2 CREDO Detector Application

Upon initiative of Polish scientists CREDO Detector Application was created and
is available via Google Play (Android) and App Store (IPhone).

The source code of the application is easily available on https://github.com/credo-
science/credo-webapp under the licence MIT. This provides freedom for development
and unlimited flexibility for implementing functions into source code.

The way how the app works is very simple, after launching it is necessary to put the
smartphone in a dark place and it is recommended to use at night. While running the app,
the smartphone camera takes several photos within a second and thus the phone battery
dies quicker. Therefore, smartphone needs to be connected to power.

For proper detection of particles, it is necessary to cover the camera of a smartphone
with a black tape and leave it on the night stand next to the window.

The program works as follows: at the moment when the particle passes through
photo sensitive matrix in the smartphone camera, it stimulates several pixels. The result
is a photo with certain amount of clear pixels. These clear pixels create certain images,
for example straight lines, curves or just a collection of pixels in the centre of the photo.

Subsequently, the program sends the photos with the date and time of detection and the
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location of a smartphone to a server in Polish Krakow. It is here where all the data is
gathered and processed using machine learning. This is how machine learning works: the
algorithm automatically improves through new data. The algorithm is created by a model
based on sample data known as training data so that results can be predicted or decided
on without the need to be programmed.

It is recommended to use older mobile phones as more up-to-date mobile phones
contain filters or software to eliminate noise from the photo. Therefore, there would be
black and white photos with no detected particles. [6]

3 Empirical Part
3.1 The Objective

The objective of the empirical part is to contribute to a more effective data collection
of photos of the particles created by cameras after launching CREDO Detector App.
These photos are freely available on https://api.credo.science/web/. Each photo on the
homepage contains data on the date and time of detection, nickname of the user and if he
is a member of a team, then the name of the team as well. In our case, the team is called
PES (Public Education System) and the user name is Brokoliva.

To make the data collection more effective, we created a program capable of going
through individual pixels on a photo 60x60 alebo 64x64, evaluate and record gained data
into achart in MS Excel. This program can in the future become a part of CREDO
Detector. A big plus of this might be the fact that it would only be photos of suitable
candidates that would be sent to Krakow. This would significantly relieve servers

especially when high numbers of users use the app.

3.2 Creation of Programme

When programming, we used Java programming language. We spent exactly
a month and a half by programming. During that time, we did lots of tests to figure out
the program errors. Project proposal was created after we had read the document from

2020 published by Credo project members. [7]


https://api.credo.science/web/

The document offers a processed way of photo analysis, the principle is selection
into suitable and unsuitable candidates. It lies in clearness of individual pixels.
Furthermore, the number of clear pixels can help to identify whether there is a suitable or
unsuitable candidate for a cosmic ray.

The programme is divided into two classes. In Java the word class represents
constructor of objects or suggestions for creating objects.

The main function of the programme can be found in class RGB_Photo.java.

3.2.1 Analysis of RGB_Photo.java

Class RGB_Photo.java contains method finPoint(). This method contains basic
algorithm of the programme. The algorithm of the programme is based on perpetual going
through the photos of detected particles. For proper use of the algorithm we used while
loop. By this we made sure all photos are checked. In the cycle we created a field where
we recorded RGB values (Red, Green, Blue) of individual pixels. To record the values
we used two cycles that run through pixels on the photos (see figure 9). The first cycle

determines a line, the second determines value or position of the pixel within the line.

. height;

3 X < width; x++)

img.getRGE(x, ¥);

=

Figure 9 [for loops] (printscreen)
We used variable p to record value RGB. Whereas RGB value in variable p

represented one integer without selection into Red, Green or Blue it was necessary to find
out these values. The reason for that was that it was necessary to gain value of individual
pixels and subsequently evaluate individual photos in conditions.

For calculation we used a file of three different formulas.

Figurel0 [formula for calculation of RGB] (printscreen)



Having gained RGB values we calculated the value of brightness for individual
pixels using the formula ,, Y = 0.2126 * (value Red) + 0.7152 * (value Green) + 0.722 *
(value Blue)“ (source: https://en.wikipedia.org/wiki/Relative_luminance). To make work with
numbers easier, we had to round up value Y, in our case variable brightness into an

integer. We are aware of certain loss of preciseness which we take into account.

+
* blue;

.round(jas};

Figure.11 [calculation of brightness] (printscreen)
Another part of the algorithm was aimed at dividing pixels into groups according to

conditions. Each photo of a particle contains either 3600 or 4096 pixels. When setting the
conditions we followed the document Towards A Global Cosmic Ray Sensor Network:
CREDO Detector as the First Open-Source Mobile Application Enabling Detection of
Penetrating Radiation which stated maximum number of bright and dark pixels as well
as how many pixels a photo should contain with brightness three times higher than the
pixels in the background. [7] Having compared the photos and estimates we created four
conditions. We set the conditions in a way to be able to consider a particle a suitable one
even if it slightly differs from ideal candidates. When the photo with detected particle
fulfilled all conditions, the detected particle was evaluated as a suitable candidate. In the
first condition the brightness of each pixel must be lower than 220. Such bright pixels are
sufficiently distant from the dark ones, which means a relatively big, circle-wise light
area, which is out of question when considering a particle from the universe. A suitable
photo should not contain a pixel with brightness value higher than 220. In the second
condition brightness varies within the interval from 70 to 220. A photo should have fewer
than 100 such pixels. There cannot be many as the shape of footprint (a line or curved
line) at given photo size and relatively small thickness of a footprint does not enable too
many pixels. Next condition states pixel brightness to be higher than 100. This condition
ensures how many pixels there are with brightness higher than 100. A photo with a
suitable particle should contain a minimum of 1 such pixel. In fourth and last condition
the algorithm was finding out if given photo has more than 3450 pixels with brightness

lower than 20. These conditions sometimes did not include all the pixels which eventually
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was not necessary. In this way a suitable particle supposes relatively dark photo with
relatively narrow light feature. In spite of that, free pixels, as we call them, are recorded
in the database (see Figure 12).

(jas_cele_c y {

cierne_od ne[@]++;

s_cele cislo && jas_cele cislo <

| le cislo &8 jas_cele_cislo <
cierne_oddtiene[2]++;

e_cislo <=
iene[3]++;
{
cierne_oddtiene[4]++;

Figure 12 [conditions] (printscreen)

A significant part at evaluating the data is controller method kontrolor(). Its function
is to evaluate from the provided values if a photo of a particle is a suitable candidate or
not. We put this method in while look cycle (See figure 13). This means that the algorithm

calls this method at every repetition.

cierne_oddtiene);

Figure.13 [called method] (printscreen)
The kontrolor() method, consists of two conditions. The dirts one contains a file of

conditions. If all the conditions are met in command if, the programme will evaluate the

photo as a suitable candidate. As variable in controller_variable value 1 is matched. If it

is just 1 condition which is not met, the programme will evaluate it as an unsuitable

candidate. As variable in controller variable value 0 is matched.

kontroler_hodnota =

Figure 14 [method kontrolor()] (printscreen)
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Last but not least in the programme there is recording of gained values into

a database which runs on cycles and conditions. In our case we created a MS Excel

database with suffix csv.

5
1

; hodnota_jasu < 5; hednota_jasud++) {
I

+ pocet_castic_count +

+

+

vdnota_jasu] + new_Line);

Figurel4 [recording values into database] (printscreen)

3.3 Collecting and Processing Data

Processing of the data was carried out in two phases. The first one included

gathering photos from CREDO webpage. Eventually we had to prepare them to be

imported into a file in the programme. The second phase included recording gained

information into a database. As a database we used csv file in MS Excel. The database

consisted of three columns. The first one served exclusively for evaluation of suitable

candidate and we used values 1 and 0, 1 being suitable and O unsuitable candidate. The

second column states definition of a particle and explanation of conditions. The third

column presents gained values attributed to individual conditions.

1
N T:1F0 Particle1
x=0

x< 100
x>0 N
x> 3450
neratat

0

Figure.18 [Second column

Figure 17 [First column -
database] (printscreen)

database] (printscreen)

Value x

278
121
3716
102

Obr.19 [Third column database]
(printscreen)

12



Data collection was carried out by the programme itself. After finishing the
algorithm, we gained time value in milliseconds from which we gained the speed of the
programme. We compared gained data and checked the correctness of individual results
when processing the data. We found out that if a photo contains a large number of bright
pixels, it is definitely an unsuitable candidate. To compare, Figure 20 shows an unsuitable
candidate — a high number of bright pixels can be seen. Figure 21 presents a suitable

candidate; we can see a small number of bright pixels.

Figure.20 [Unsuitable candidate] Figure 20 [Suitable candidate]
(https://api.credo.science/web/) (https://api.credo.science/web/)

4 Conclusions and Discussion

The idea that each of us could be a part of scientific research brought Polish scientist
in 2016 to launching CREDO. Its aim is to examine particles landing on Earth and
scientist are trying to find those that come here from space. Examination of these particles
can help us answer many unanswered questions. High-energy particles after crashing into
atmosphere particles create showers of lighter particles that reach earth surface. The
problem is they can hardly be noticed even with the most advanced huge binoculars. The
solution to this problem might be to cover a large area with a big amount of small
detectors while mobile phones displays seem to be perfect for this. | got fascinated with
this idea and since 2019 | have been co-working on the project using the CREDO app.
At the moment the app has about 10,000 users but it needs to increase to 1 million. With
such number of users, the volume of data received in the server would be huge and,
therefore, it is necessary to consider ways how to select the data before sending them to
server.

The outcome of this report is created programme in Java. The programme can
examine every pixel of individual photos. What is more, it can state if a photo is a suitable

or unsuitable candidate for cosmic ray. Another function of the programme is the database
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where program records all gained data. We also considered creating a programme that
would turn data into graphs. A graph would serve the users to compare photos. The reason
for a graph is that a man can better imagine what a suitable candidate should look like
seeing a graph rather than numbers in a database.

In the future we could focus on connecting the programme we created with the main
programme of CREDO detector. In this way, only suitable photos would be sent from
mobile phones to the server. A lot of time would be saved this way and at the same time
data processing would be more precise and results would be of a higher quality

The goal of this report has been met. We explained cosmic rays, their impact and
their different kinds. We described CREDO which was crucial for the empirical part of
this report. We also proposed improvement for the programme which works well and
which we checked on some photos from the database in Polish Krakow.
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