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Introduction
In 2013, the Nobel Prize was awarded to François
Englert and Peter Higgs for confirming a theoretical
prediction of a mechanism that explains the origin of
mass.

The aim of this poster is to explain the Lagrangian, the
Principle of least action and the Higgs mechanism at a
high school level.

Principle of least action
The Lagrangian is defined as the difference between the
kinetic and potential energy of a system:

L = T − V
The action is defined as S =

∫
L . Nature seems to

obey the so-called principle of least action, which pos-
tulates that every system is in a situation where the
action is at its minimum: δS ≡ 0.

Example
Consider a system of a mass attached to a spring:

L = 1
2
mẋ2−1

2
kx2

By the principle of least action we obtain the following
equations of motion, the solution of which describes the
dynamics of the system:

∂L

∂x
= d

dt

∂L

∂ẋ
=⇒ x = x0 cos

√√√√√ k
m
t

where x0 is the initial displacement.

Higgs Field
The Lagrangian for a Higgs field with weak bosons is given as,

L H = 1
2
∂µ φ̄ ∂

µφ + µ2 φ2 − λ
2
φ4 − 1

4
F µνFµν − gφ2AµAµ

Herein, φ is the Higgs field, the kinetic energy terms include
two derivatives, and the potential energy terms include mass and
interaction terms.

Consider the Higgs field potential V ,

V (φ) = −µ2φ2 + λ

2
φ4

Typically at rest, a field has a unique minimum potential 0 and
thus the nett contribution of the fields 〈φ〉 is 0. The fluctuations
around 〈φ〉 N= v then describe the particle, see the point 1 in the
figure below.

However the Higgs field potential has a circle of (non-zero) minima,
and a unique local maximum at which particle is metastable (see
point 2).

So we choose a point on this circle of minima and allow our field to
fluctuate around it, (see point 3). We then redefine the Higgs field
φ as a shift v plus another field σ

φ = v + σ

where σ is a regular field with 〈σ〉 = 0.
The Lagrangian then becomes,

L H = ∂µσ∂µσ − µ2σ2 − gv2AµAµ . . .

A new term appears here which is analogous to a boson mass term.

Conclusion

From the new term −gv2AµAµ we conclude that

m = gµ√
λ

where m is mass of weak boson and µ is mass of Higgs
boson.

Thus the mass of weak bosons is not conceived as a
property but a leftover of the interaction with the
Higgs field. It is not the Higgs boson that
gives mass but the non-zero vacuum of the
field.

Also, the more the particle interacts with the
field the more massive it becomes. Suppose
we have a wavy metal surface, as shown in the figure
below, and particles are metal balls. If we roll a ball
linearly inside the gaps between waves, it will smoothly
pass through and thus won’t interact much. Therefore
the mass of the particle is zero. However, if we force
to roll a ball across the waves, the ball will bump and
likely be stuck between the waves. Therefore more
interaction and more mass.

The stronger the interaction with the Higgs field, the
larger the mass of the particle.



4.   To conserve momentum and energy, write a delta function for each vertex of the form:
      where the    ’s are the four-momenta coming into the vertex (if the arrows points
      outwards from the vertex then set    to its negative value) In the case of the lower vertex,                               and           .     
      Do this for both vertices.

5.   For every internal line include a factor of                      that integrates over all internal momenta.

6.   The result will include a delta function of the form:

      Remove this factor and multiply by i. The final result will be the amplitude:

 

Feynman Rules

[1] In QFT both α and g are used as a coupling constant for a force. They are related as such:
[2] It is theoretically possible to draw infinite diagrams for every single reaction possible. Keep in mind that the universe 
does all possible reactions simultaneously
[3] Note that since these particles may be off shell: 

Dark Matter & Standard Model

Higgs DecayHiggs Production

Supersymmetry

Feynman Family - Supervisors: Lachlan McGinness, Bin Wu

 Feynman Diagrams

Annihilation of 2 
WIMPs, creating 2 

photons

Annihilation of 2 WIMPs, 
creating a pair e- / e+ or quark / 

antiquark by interacting with a photon

With χ as a WIMP / DM = Dark Matter / SM = Standard Model particles
NB : All the diagrams can be read from left to right and from right to left. That means if dark matter can become matter, matter can also become dark matter.

Annihilation of 2 WIMPs, creating 
a pair of quarks / antiquarks by 
interacting with a Higgs boson

Annihilation of 2 WIMPs, 
creating 2 Higgs bosons

There are several different channels for the decay of the Higgs 
boson. Each decay has a different probability of occurring relative 
to the other decays. 

Several factors influence the probability such as mass of products, 
violation of energy conservation, strength of the interaction, and the 
number of vertices in the diagram.

Listed below are the most common channels and their respective 
probabilities.

57%
This decay is the most probable, as the mass 
of the products in this decay is as high as 
possible without violating the kinematic 
constraint, given by                . Width, which 
is related to probability, is directly 
proportional to the square of the products 
mass:      . Thus, a large product mass 
leads to a high channel probability.

21%
While the combined mass of the 
W-bosons (160 GeV) is greater than 
that of two bottom quarks (8.35 GeV), it 
is also larger than the mass of the Higgs 
itself (125 GeV). For this reason, the W 
bosons must be virtual particles which 
decay almost immediately (see below 
for further decays). As virtual pair 
production depends on energy 
fluctuations and uncertainty, the 
additional energy required to create the 
W-boson pair makes this channel less 
likely than H → bƀ.

        

W and Z bosons decay further as they only exist as virtual particles. The 
diagrams on the left and right show the probabilities of each decay. 

For W bosons, decay into each quark pair is three times more likely than 
decay into each lepton pair. This is because quarks can have three different 
colour charges, thereby increasing the probability by a factor of three. Note 
that top quark has higher mass than the W-boson so the W-boson cannot 
decay into a 3rd generation quark pair. Likewise, a Z boson cannot form a 
top/anti-top pair.

It is also more likely that the Z-bosons will decay into quarks as seen in the 
diagram on the left.

W and Z boson Branching ratios

9%
One factor responsible for the relatively 
low probability of this channel is the 
larger number of vertices. However, the 
probability is higher than the decay into 
tau or charm because the strong 
interaction is involved and the strength 
of this is higher than the strength of the 
weak interaction.

6%
The relatively large mass of the tau at 
1.8 GeV causes it to have a higher 
probability than the following decays 
with lower masses, but a lower 
probability than the previously explained 
decays.

3%
The mass of the charm quark 
decreases at higher energy, which most 
significantly reduces this channel’s 
probability relative to the H       
channel.

3%
Since the combined mass of the Z 
bosons is greater than that of the Higgs, 
they violate the kinematic constraint for 
this decay process. This means that the 
Z bosons are virtual (off-shell) particles 
which decay immediately. Equivalently, 
they are the result of energy 
uncertainty, and their larger mass - 
energy makes their appearance 
improbable. 

0.2%
This channel has three vertices: Two 
electromagnetic interactions and one 
weak interaction. Accordingly, this 
channel’s probability is most 
significantly affected by its complexity 
and these relative coupling strengths.

0.15%
This channel features three 
vertices - two weak interactions 
and one electromagnetic. Its 
lower probability is the result of 
its complexity and smaller 
coupling constants.

The Higgs boson may be produced 
through proton - proton collisions, in 
which quarks and/or gluons 
(collectively referred to as partons) 
interact. 

Example interactions are shown to 
the right - note that the              
interaction is dominant.

In Quantum field theory we do not talk about reactions and events as singular or absolute. Instead we take into 
account all possible interactions and find the probability of one specific reaction happening.

QFT says that when a particle goes from a starting to a final state, all possible intermediate reactions do happen at the same time, – 
although we say that some account for a bigger contribution to the overall probability. In the field of Feynman diagrams, the value of 
these contributions are governed by the Feynman Rules, that we calculate using certain coupling constants. A higher coupling 
constant[1] signifies a stronger force, i.e., the electromagnetic force has a coupling constant of α = 1/137 at lower energy levels, 
while at 90 Gev α reaches 1/127, meaning the electromagnetic force grows with the energy levels.

Seeing as one Feynman diagram only illustrates one specific reaction[2], we must find the ones that contributes the most to be able 
to predict the situation. This contribution, also called the amplitude(      ), is found via the Feynman Rules of QFT. the overall 
probability of this event occurring is defined as 

Calculating Amplitude from Feynman diagrams
This is a toy theory and a simplification of nature that does not consider spin
1. Allocate all external and internal 4-momenta, in this case labeled 

and respectively.
2. For every vertex, write down a factor of         . g is a dimensionless coupling 

constant:   
3. For every internal line, insert a factor of:

where      is the four-momentum of the internal particle and       is the virtual 
mass of the particle[3].  

The cross-section (  ) can be 
used to calculate probability of a 
certain Higgs formation and is 
defined as the following:

The graph may be used to 
estimate the cross-section of a 
specific Higgs formation

The total cross section is 
experimentally found to be 110 
mb.
The probability of a Higgs forming 
through this channel is:

collisions  

are therefore required to create one Higgs boson.

Supersymmetry (SUSY) and Minimal Supersymmetric Standard 
Model (MSSM) involve following Feynman rules and Standard Model 
rules specific to SUSY particles, breaking laws like conservation of the 
quantum numbers, as it happens in R-parity.

Feynman diagrams allow the representation of complex processes such as this 
annihilation of a charged Standard Model particle and its antiparticle producing 
supersymmetric cascade-decays which decay into neutralinos (χ°), which are electrically 
neutral SUSY fermions. The heavier neutralinos typically decay through a neutral Z 
boson to a lighter neutralino, or through a charged W boson to a light chargino.

R-parity is a symmetry acting on the Minimal 
Supersymmetric Standard Model fields that forbids 
the baryon and lepton number conservation and can 
be defined as:

where s is spin, B is baryon number, and L is lepton 
number. All Standard Model particles have R-parity of 
+1, while supersymmetric particles have R-parity of 
−1, which leads to a non-conservation of these 
quantum numbers.

Supersymmetry is a theory (extension of the Standard Model) which 
proposes a superpartner for every particle, whose spin differs by ½ 
and is more massive. It relates two basic classes of elementary 
particles: bosons (integer-valued spin) and fermions (half-integer 
spin). If the theory is correct, SUSY particles should appear in LHC 
collisions.

This theory can describe physics down to the Planck length (10⁻³³ 
cm)  fixing some problems created by the Higgs boson condensate 
(condensation state  in which all the Higgs bosons are phase 
coherent at a certain energy and temperatures close to absolute 
zero),  which disturbs matter particles and forces, preventing them 
from “being straight” (see figure below) and therefore providing them 
with  mass.

Supersymmetry particles

Representation of the clash 
between the weak force carrier 
(W boson) and the Higgs 
condensate

For instance, the carrier of the 
weak force, W boson, bumps 
on the Higgs condensate all 
the time, and the force has 
become short-ranged, 
extending only over a 
thousandth of the size of 
nuclei.

          : Weak force
 x    : Higgs condensate

Dark matter is a hypothetical form of matter, which represents 26.8% of the 
universe, and it is hard to detect because it only interacts very weakly.
There are some evidence of the existence of dark matter in the universe, such as 
the velocities of stars in galaxies that are impossible with the small amount of 
visible matter present.
There are three types of dark matter candidates: the Axions (with a mass of 10⁻²² 
eV), the WIMPs -Weakly Interacting Massive Particles- (with a mass of ~100 GeV) 
and the PBM -Primordial Black Holes- (with a solar mass).

�
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https://en.wikipedia.org/wiki/Boson
https://en.wikipedia.org/wiki/Spin_(physics)
https://en.wikipedia.org/wiki/Fermion
https://en.wikipedia.org/wiki/Integer_spin
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How We Built It

Measurements

Goal

Theoretical Background

When particles pass through the silicon detector, they ionize the atoms inside. 
The bias voltage, about 8 V, separates and collects the charges to allow the 
formation of a small current pulse. The current is then amplified as follows.   

Fig.1 Cross section through a semiconducting silicon sensor hit by ionizing radiation. The spuriously liberated charges  
 on the right represent the always present dark currents contributing to the noise level. 

Our device amplifies the weak current pulse the semiconducting diodes create 
when particles pass through. In order to have a high amplification while keeping 
the noise level low, we used two amplification stages. The first one, which 
amplifies the voltage by a factor of 107, is done by using a transamplification 
circuit. It consists of an operational amplifier and a 10 MΩ resistor in the 
feedback loop. The second stage, an inverting voltage amplifier, is following the 
previous one by adding an amplification factor of 100. This way, the whole circuit 
converts and amplifies 1 nano-ampere into 1 volt. 

Is it possible to build a particle detector that is affordable and simple to build by 
laypersons? Can we use it to detect natural radioactivity and cosmic rays? 

We know as a rule of thumb that there is 1 muon/min/cm² reaching the earth at 
sea level. If the area of the diode of a pixel detector is 7 mm² and we use 4 
diodes in parallel, we can calculate the amount of particles we would theoretically 
be able to detect: 4 x 7 mm² = 28 mm² = 0.28 cm² => 0.28 muons/minute 
Consequently, we would expect approximately 1 muon every 4 minutes.

A big advantage of this setup is the low 
cost - “10 Euro” - and very short time 
required to build the detector. We used 
custom-made printed circuit boards 
(PCB).The build time was 
approximately two and a half hours. 
The active components we have used 
are PIN diodes (x4) and an operational 
amplifier chip. 

The aluminium case we are using 
shields the board and its components 
from electromagnetic radiation. We 
have a small window through which 
particles can pass into the diodes for 
detection. The window is taped to 
block visible light. The setup works as 
a Faraday cage.  

The circled components are small 
surface mounted devices (SMD) with 
short leads to reduce noise sensitivity 
near the first amplifier stage.

The oscilloscope graph shows the 
dependence of voltage with respect to 
time. Any considerable drop in voltage 
(a downwards peak) shows the 
presence of a particle passing through 
our detector. We picked a trigger value 
on the graph, sufficiently outside the 
noise range, so that the oscilloscope 
only shows the frames in which the 
voltage drops to that value or lower.

Fig. 3 Measurement of the particles due to the 
residual radiation from an antique Radium watch.

Fig. 5 We placed two of our DIY detectors on top of each 
other to measure atmospheric muons passing through. 
Because muons travel very far and in straight lines, 
continuously ionizing matter along their way. From the 
dimensions given in the diode’s data sheet and the 
distances defined by the PCBs, we calculated the 
maximum angle of acceptance as 146 degrees. In a 
measurement period of about 5 hours, we caught 10 
muons, on average about 1 muon in 30 minutes.

Fig. 6 Measurement of the particles emitted by KCl.
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Fig.4 Measurement of the particles emitted from uranium 
glass.

Audio Oscilloscope on the PC

Fig.2 The complete circuit diagram.

Fig.7 A visualisation of our detector signal using software which we programmed in Java via the open source software 
‘Processing.org’. The signal is read by the computer like audio waves recorded from a microphone connected via the 
headset port. Once the signal drops below the red threshold line, the screen update is paused and a counter incremented.

Elif Gülce Can, Maria Raluca Ghilea, Silke Van der Schueren, Prithve Shekar, Zdenek Vostrel, 
Oliver Keller (mentor)

 DIY PARTICLE DETECTOR

S’Cool LAB Summer Camp | July 24th - August 4th 2018



Printing:
This poster is 48” 
wide by 36” high. 
It’s designed to 
be printed on a 
large
printer.

Customizing 
the Content:
The placeholders 
in this 
formatted for 
you. 
placeholders to 
add text, or click 
an icon to add a 
table, chart, 
SmartArt graphic, 
picture or 
multimedia file.

T
bullet points from 
text, click the 
Bullets button on 
the Home tab.

If you need more 
placeholders for 
titles, 
body text, make a 
copy of what you 

I: The gamma radiation produced by the positron-

electron annihilation is absorbed by the crystal.

II: Through the process of photoelectric effect, the

gamma rays interact with the crystal, exciting

electrons in the valence band. Compton

scattering may also occur at this stage.

III: The excited electrons return to the lower

energy level, emitting optical photons.

IV: The optical photons are turned into electrons

by the photocathode in the detector.

V: The electrons are then multiplied by the PMT

(photomultiplier) and can then be read

and analysed by a computer.

Comparison of LYSO and 
GAGG crystals in PET

Stephen Doran | Daniel Hipp | Anton Kopti | Freja Pontan | Hannah 

Sommer

Introduction

Objective

Principle of operation

Experiment Setup

Characteristic LYSO GAGG

Energy Resolution 10.2% 11.2%

Light Yield 0.48x GAGG 2.1x LYSO

Integration Gate Saturation Faster Slower

Stopping Power Better Worse

Results

Conclusion

Image sources:

Introduction: PET scanner: https://commons.wikimedia.org/wiki/File:PET-CT-Philips.jpg (CC BY-SA 4.0, Partynia)

Background: Photoelectric effect: http://199.116.233.101/index.php/File:PhotoelectricA.png Compton effect: http://www.techniklexikon.net/d/compton-

effekt/compton-effekt.htm

Supervised by Gianluca Stringhini, Andrea Polesel and 

Matteo Salomoni

The goal of the conducted measurements is to compare the properties of the 

commonly used LYSO (Lutetium-Yttrium OxyorthoSilicate) and the promising 

new material GAGG (Gadolinium Aluminium Gallium Garnet).

Important properties of the crystals are:

• Light yield

• Energy resolution

• Stopping power

• Response time

LYSO shows clear advantages in several areas: It has a better energy

resolution, its faster integration gate saturation allows for better detection of

events that follow quickly after one another, and the higher stopping power

makes it possible for crystals to be shorter in length. On the other hand,

GAGG offers a higher light yield, which simplifies detection.

For most applications, LYSO would probably be the better choice, but there

may be edge cases where GAGG’s higher light yield comes into play.

The photoelectric effect is the

emission of electrons when light

interacts with matter.

Because PET examinations rely on scintillation crystals to convert the gamma

rays into computer readable signals, improving the scintillation properties is the

key to improving resolution and decreasing cost and weight.

The Compton effect is the scattering 

of an electron (lower energy than PE 

effect) at an angle after collision with 

a photon.

To measure the properties of the crystals

we placed each of them, one at a time, on a

PMT. For one comparative measurement

we placed both of them on the PMT at

once. The gamma rays were emitted by a

radiation source (Cesium-137,162kBq,

measured Sep 2015) placed nearby. The

signals from the photomultiplier were

digitized and passed on to a computer,

which gathered all relevant events.
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With an increasing

integration gate duration, the

measured peak energy of

the photoelectric effect

becomes larger. The rate of

this increase drops until the

peak energy approaches a

plateau.

As the peak position

approaches its plateau, an

optimum for the energy

resolution is reached. A

further increase of the

integration gate time would

only deteriorate the energy

resolution.
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In this comparative

measurement, both crystals

received approximately the

same amount of radiation from

the source. The difference in

measured energy of the peaks

represents the difference in light

yield of the two crystals.

In a PET examination, the patient is injected

with a substance where one atom is replaced

with a radioactive isotope. This substance

usually follows the metabolic paths of glucose,

so it accumulates in more active tissue (such as

tumors). This atom goes through a beta decay

and produces a positron, which annihilates with

an electron soon after emission to produce

gamma radiation.

https://commons.wikimedia.org/wiki/File:PET-CT-Philips.jpg
http://199.116.233.101/index.php/File:PhotoelectricA.png
http://www.techniklexikon.net/d/compton-effekt/compton-effekt.htm
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The CMS gives us raw data; we then have to observe the graphs of this 

data and manually deduce the particles that may have decayed into muons 

by matching up the information given by spikes in the data to the tabulated 

information we have on particles. This is time-consuming and impractical… 

The problem

We propose

• Our software detects spikes in the data, which the user can select to use or 

not,

• The found spikes will be compared to the mass values of different particles,

• The found particles and its properties are displayed to the user.

Research/Theoretical Background

Conclusion

Using simple code and some human input, an automated peak 
selection was created to analyze CMS data and match it to 
particles. 

Though the procedure could use some refinement to give more 
focused results, we have demonstrated that it is possible to 
automate this taxing and complex process. Possible applications 
include using the selection algorithm to remove user bias in data 
analysis and further investing into the UI to create a user friendly 
application for data analysis and particle physics education. 

Supervised by: Peitsa Veteli, Kati Lassila-Perini, Mikko Lager, Iban Eguia 

Procedure

Particles in the accelerator can decay into muons. With the information from the detectors, we can 

calculate some properties about our decaying particle.

The quantities we have decided to include in our analysis concerning the decaying particles are their 

invariant mass, their decay width and their quark composition. 

The invariant mass 

• The mass of the particle in a resting reference frame 

• Using the momentum and angles of the muons, we calculated the particle’s invariant mass

They are related by the equation:

𝑀2 = 2𝑝𝑇1𝑝𝑇2(cosh(𝜂1 − 𝜂2 ) − (cos 𝜑1 − 𝜑2 )

The decay width of the particle

• This depends on the lifetime of the particle and Heisenberg's principle of uncertainty

• Short lived means a large ∆𝑡 (defined in time) and thus a small ∆𝐸 (defined in energy): one particle can 

have multiple energies

• Short lived particles thus have a broader peak in our graphs, and we define this using the width.

∆𝐸∆𝑡 ≥
ℎ

4𝜋
The quark composition 

• Most particles are mesons, which contain a quark and an anti-quark. For example, the phi particle 

contains an anti strange and strange which would be shown as s̅s. 

• Our software aims to be user friendly by providing 

detailed instructions on how to operate it. 

• The Jupyter Notebook contains full-length 

explanations of the code, meaning it can be 

adjusted easily to the user’s needs.  

• The interactive display provides an intuitive way 

to get information on the particles, while also 

being engaging. 

• Currently, the settings must be 

manually selected for each 

dataset. In order to achieve full 

automation, a secondary algorithm 

would have to be implemented to 

pre-analyze the data.

• To be accurate, the user has to 

evaluate some of the peaks. 

Further calibration of the peak 

selection would resolve this issue. 

• Investing more time in the 

graphics, such as using pop-up 

windows for the graph would make 

the interface more user friendly. 

Review

Features

Future Projects

Gotta Catch ’Em All!

Open Data: Automated Peak Selection 

and Matching



CMS experimental cavern UXC55

UXC55 Inspection Robot

 

 

 

  

The CMS experimental cavern (UXC55) is one of the four large caverns located at the LHC, housing detector experiments. The four experimental 
caverns are the points in the LHC where there are beam crossings in which the collisions between particles take place, and around which the four 
large detector experiments have been assembled. Access to the experimental cavern is always restricted while the LHC and the CMS experiment 
is in operation. The restriction is for ensuring the safety of the workers, some of the hazards include:
- Radiation (gamma, neutrons, muons..)
- High magnetic field (averyge magnetic flux density 300 G, peaks in some areas up to 1500 G)
- High voltage detector systems
- Potential cryogenic gas leaks

A robot being able to navigate in the cavern while LHC is in operation would assist in inspecting possible malfunctions with equipment. To accom-
plish this, the robot should be able to move around and under the detector to take real time images, as well as record the sounds in the area it 
passes through. 

Development progressInspection robot design requirements

Khubayb Al-Naamany, Somaya Bennani, Agapius Bou Ghosn, Amandeep Kainth, 
Nikolaos Karafyllis, J.V. Pimenta, Adrianna Wojtyna 

Aim of this project is to develop and test a magnetic field resistant robot, that will be operated by 
the CMS experimental cavern team, while access is restricted for workers. Main design require-
ments to accomplish this are:
- The robot should be able to move freely in 200mT magnetic field
- The robot should be able to withstand up to 400mT magnetic field without permanent damage to 
components
- The robot should be as lightweight as possible
- Parts of the robot should consist of as little ferromagnetic components as possible
- Controlling of the robot must be possible via WiFi or 4G mobile connection
- The robot should be able to capture audio and video and broadcast it live for the robot controller 

Current prototype description 

Multiple different prototypes and components have been developed and tested in 2017 by Ibrahim Ibrahim, 
Hadeel Al Sayed and Tony Najjar; and 2018. Servo motors were proven to work in a 350 mT magnetic field; 
which led to creating and improving several versions of the “Magnetic Field Resistant Servo Robot”. A first ver-
sion was created and tested in the UXC55 cavern in TS1, 2017; The robot navigated around the magnet (in a 
150 mT magnetic field area) and broadcasted live footage to the CMS Control Room.
A similar version of the working robot was developped in 2018 having similar specifications with a better design, 
and simpler user interface.
The final version of the robot was developped and tested in Summer 2018; it worked successfully in the UXC55 
while the magnet was at full operation. The robot was tested as well in the magnet and was proven to withstand 
high magnetic field (up to 350 mT) without any damage. 

Moving the robot without motors Mitigating possible radiation damage

Future improvement possibilities

!

Optomechanical 
liquid crystalline 
elastomer

A liquid crystalline elastomer (LCE) with aligned structure can be used to propel a robot without using a 
motor. LCE materials exhibit shape changes under the laser beam. Laser beam can be aligned so as to 
create the crawling movement of the material akin a motion of a caterpillar. With the introduction of mul-
tiple “crawler tracks” it could be possible to move the robot forward. 

Macro Fiber Composite (MFC) 

Nickel hydroxide actuating material
Nickel hydroxide-oxyhydroxide is a 
novel actuating material that can 
produce a force corresponding to 
about 3000 times its own weight. 
The material can be powered by 
either visible light or electricity. 

- Diodes, transistors and microprosessors are sensitive to gamma radiation.
- Some electronics can be "hardened" (made to be not affected as much by larger gamma radiation 
doses) by providing shielding or by selecting radiation-resistant materials.
- We can divide radiation in two categories: Reversible and irreversible. 
Reversible is “bit flip or conversion” where the 
information (zeros and ones) gets corrupted be-
cause of incident radiation 
Possible solutions: Redundancies in the system 
such as two operating Raspberry Pi’s, sensors 
and motors.

Irreversible is a direct damage to the elec-
tronics components in the system by the 
displacement of its atoms, mainly in the 
Raspberry pi and in the distance sensors.
Possible solutions: Mechanical blocking 
of radiation with absorbing dense materials 
such as lead or boron carbide.

Magnetic shielding for components

Two motors are used at each wheel, a vertical placed 
one and a horizontal placed one. Both the motors will 
be contributing to the motion of the wheel; Their place-
ment will give higher chances to the wheel to keep 
rotating as the permanent magnet’s direction of the 
motors will be different.  

Magnetic fields cannot be blocked as all magnetic field lines must terminate on the opposite pole, hence 
there is no such thing as a magnetic insulator. However, magnetic fields can be re-routed around ob-
jects. This is a form of magnetic shielding. By surrounding the robots sensitive components with a mate-
rial which can "conduct" magnetic flux better than the materials around it, the magnetic field will tend to 
flow along this material and avoid the objects inside. Making the casing of the robot with high magnetic 
flux permeable materials,for example the stalling effect on motors could be decreased. Possible materi-
als are for example MuMetal, Permalloy and Sendust.

(Soudupin, 2018)

The current prototype consists of a 3D printed PLA en-
closure with:
• Raspberry Pi 3 for controlling the servos, connecting 
with Wifi, hosting web-server interface
• 10 servo motors with 4 differential gears: 8 servos for 
robot movement, 2 servos for rotating the camera
• Raspberry Pi camera (version 1.3) for live video and 
image capture
• 1.2v, 2500mah battery
• Adafruit Servo Shield (Pi Hat) for controlling the servo 
motors
• Temperature sensor for monitoring battery charging
• ADS1115 (analog to digital converter) for the battery
• Magnetometer for measuring the magnetic field 
strength
• Ultrasonic distance sensor for providing early warning 
of possible collision into obstacle 
• LED strip for illuminating in dark areas to be able take 
images and video
• Power switch for power management

The charging station is also 3D printed of PLA plastics. The station is designed to have a 
slope on both ends one to make the robot enter and the other is to make the robot stay in 
its position. Two copper sheets are connected at the end of the charging station, separat-
ed; The charging station has a power supply of 6 V.

3D printed enclosure Main components Assembled prototype

Charging stationServo alignment with differential

Main components

Aim: To enhance the inspection robot by adding an 
array of ultrasonic distance sensors to prevent collisions 
and to detect objects.
The code for the distance sensor needed to be integrat-
ed with the existing code of the robot, so that the dis-
tance measurements from each side of the robot would 
be transmitted alongside the video feed to the website. 
This allows the operator to monitor the distance to a po-
tential obstacle, ensuring the safe operation of the robot 
in the high risk environment.

Collision avoidance


