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IPPOG-GTU Agreement

1.4 IPPOG will share successful experience and tools through the IPPOG
INTERNATIONAL PARTICLE PHYSICS OUTREACH GROUP educational network.
1.5 This agreement is limited to describing the provision of level of effort in

the area of software development and support for its use in IPPOG,
without prejudicing other potential contributions in other areas of IPPOG
activity.

IPPOG Agreement 2021-001
ARTICLE2 SCOPE AND VALIDITY

21 With this agreement, the Georgian Team undertakes to provide effort in
the area of software development, including mobile applications, and
llows:

2.1.1 Browser-based Events 3D Visualisation Display application for the
ATLAS experiment;

2.1.2 Browser-based Virtual Reality application for organisation of
virtual tours in ATLAS Cavern;

2.1.3 Browser-based Augmented Reality application for cognition of the
ATLAS detector;

2.1.4 Browser-based Augr d Reality ions to printed posters,
books and other exhibition materials;

2.1.5 Cognitive 3D gaming applications about Particle Physics.

Provision of Level of Effort in the Development of Visualisation
Software Applications for the IPPOG Collaboration

BETWEEN | 22 The functionality and technical requirements of the cognitive software
applications for the visualisation will be defined by the IPPOG experts and

the IPPOG Collaboration the steering group of the International Masterclasses.

hereafter referred to as 'IPPOG’ \
Represented by the IPPOG management 1 23 All human resources will be supported and managed under the
on the one hand, \ responsibility of Georgian Team.

24 The scope of this agr can be changed by ding the current
agreement, if both parties agree.
AND
the Georgian Technical University / GTU
hereafter referred to as ‘Georgian Team’
represented by Georgian representative in IPPOG collaboration

on the other hand, ARTICLE3 BOUNDARY CONDITIONS

3.1 The work shall be carried out in compliance with all guidelines in use for
IPPOG.
Page10f S “: 34 Georgian Technical University will be responsible for quality control of

results delivered to IPPOG.

Page3of 5
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IPPOG-GTU Agreement 3

Work Packages for the development of:

|.  Browser-based Events 3D Visualization Display application for the
ATLAS experiment

Il. Browser-based Virtual Reality application

Ill. Browser-based Augmented Reality application for cognition of the
ATLAS detector

V. Browser-based Augmented Reality extensions to printed materials

V. Cognitive 3D gaming application
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WPO1: Tracer-mc d

" Tracer-MC is a browser-based 3D

application designed for the ATLAS |@;@ INTERNATIONAL MASTERCLASSES ?ATLA
WW exercise of the International IR
Masterclasses. ] [z -

= The application requires no installation o T

and is compatible with a wide range of
platforms, including portable and
mobile devices.

" |t can be accessed directly via any web /7;“%\
browser using the link provided below. ———

https://tracer-mc.web.cern.ch/
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WPO1: Tracer-mc 5

I INTERNATIONAL MASTERCLASSES ATLAS

EXPERIMEN"
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ATLAS W-Path Exercise DETECTOR DISPLAY

" Tracer-MC consists of two applications:

|. 3D Event Display
Il. 3D Detector Display
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WPO1: Tracer-mc

= Tracer-MC is available through the official IPPOG Masterclasses website standalone
additional tab through the link is https://ippog-masterclasses-website.web.cern.ch

HOMEPAGE

LHC@InternationalMasterclasses Links

Join us on a journey to the smallest pieces of matter! Learn what is happening 100 meters
below the ground at the European Organization for Nuclear Research (CERN). At the Large
Hadron Collider, a circular collider with a circumference of 27 kilometres, the experiments
ALICE, ATLAS, CMS, and LHCb are installed. The following short video gives an impression
of the start of a fascinating journey looking for the origin of mass, Dark Matter; and new
phenomena such as Supersymmetry or Extra Dimensions.

Particle Physics is exciting research! You can take part in that research on the following
pages. The analysis of data samples that have been recorded in 2011 with the ATLAS
detector is waiting for you. Under the points in the main (upper) menu, you can choose
between two different measurements with original data from the ATLAS experiment. They
are called W-path and Z-path. The processing of each path requires about 90 minutes. There
is a theoretical introduction at the beginning of each task. This is followed by exercises and
the actual measurement. Afterwards you can evaluate and interpret your result.

Facebook-Seite

Please choose the W-Path or the Z-Path above. Now do some 215t century particle physics! = f
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WPO1: Tracer-mc

Identifying Particles

Here you can review how the detector is built. You will learn how elementary particles can
be identified and how you can recognize them with our program. In a concluding exercise
you may test your newly acquired knowledge.

Time for active playing! Discover the signals elementary particles leave in the detector with
the help of the interactive animation of ATLAS below. Choose a specific particle from the
upper menu and follow its way through the detector. Keep in mind that a dotted line
represents the path of a neutral particle, which is not seen by the detector until it showers
in a calorimeter; if at all.

The program that we will use is introduced on the next page. It illustrates events of proton-
proton collisions in cross-sectional view similar to the picture you see at the bottom of the
page.

If you do not yet understand the structure of the ATLAS detector, you can find more
information under the menu item ATLAS detector.

. Antimuon
, o S T TS Antiproton
= :M.",. :‘.M- :,m ™ Electron

Jets

o
o I Muon

Neutrino
Neutron
Photon
Positron

W-path 3D

Aims/Tasks
ATLAS Detector
The Event Display Tracer

articles

Measurement

Analysis

https://ippog-masterclasses-website.web.cern.ch

Here, you'll learn about the structure of the ATLAS detector and how particles interact with
the detector material. You can learn using videos, texts, and interactive resources, including
the ATLAS Viewer tool developed by Tracer.

Products of proton-proton collisions are detected by the ATLAS detector (ATLAS stands for
A Toroidal LHC Apparatu$). In the middle of ATLAS, two particle bunches (each with 100
billion protons) collide with each other after they have been accelerated in opposite
directions in the LHC. It is therefore not possible to predict which parts of one proton will
collide with which parts of another one nor can we tell which protons collide at all. When
protons collide they may simple scatter off each other but stay whole or they will interact
more violently and disintegrate. In the latter case, new particles are formed. From the data,
physicists are able to say which physical processes may have taken place during the
collisions. To do this, they need a good understanding of the detector and its function. So
let's take a look at these points, below.

ATLAS Detector Viewer by Tracer

ATLAS

Aims/Tasks

Identifying Particles
The Event Display Tracer
Identifying Particles
Exercise 1

Identifying Events

Measurement

Analysis
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WPO1: Tracer-mc 8

Menu Buttons
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Geometry Tree

Play/Stop Button
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WPO1: Tracer-mc

one track’s pt>20 GV
socond track’s pt>10 GeV/ u

|@ INTERNATIONAL MASTERCLASSES AI!TANST it . '
| Working Table

) = , ‘ N

Important field : |

e or yy: MET > 40 GeV
o: MET >20 GeV

ATLAS W-Path Exercise DETECTOR DISPLAY
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WPO1: Tracer-mc

" |mplementation in the 2025 IMC
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WPO1: Tracer-mc

" |mplementation in the 2025 IMC

= Tracer had 465 users during the masterclasses in 2025

= We have observed 4 days of W masterclasses on the 7t of March, 17t of March, 25t of
March, and 3™ of April

Total users « Views - Active users « Event count «

502 1.6K 502 5.8K

= 62 users on the 17th of March 00

&
©

= 227 users on the 7th of March

200

= 59 ysers on the 25t of March

100

= 117 users on the 3™ of April
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WPO1: Tracer-mc

12

Version 2.0/2026

Version 1.0/2025

tracer-mc-dev.web.cern.ch

Event: 34 X W PATH TABLE TEVD Weetnh = ¥
7’_ ’ w+ p- Bkg WW Angle Action
® Edit
. (© ATLAS DETECTOR
TECTOR APONEN . Edit MAGNET SYSTEMS
: ‘ ) TECTOR
ITK DETECTOR (© INNER DETEC
\ PIXEL

5
& Edit
5
%) MUON SPECTROMETER
() MAGNET SYSTEM i © CALORIMETRY W PATH TABLE
FORWARD SHIELDING i
BEAM PIPE
TILE
(© MUON SPECTROMETER
t BARREL
ENDCAP

BEAM PIPE

@ tracks @ JETs @ MET

Tracks

Group: 1A
City: Test
Date: 10/28/2025

FPS:60 TRIANGLES: 125647
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WPO2: Tracer Virtual Reality

Choose Scene

Magnets

3 Use Cardboard

*Better to use Google Chrome
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WPO2: Tracer Virtual Reality

The Control Menu permits changing the drone's flight modes:
Ray Caster Marker

. Circular flying — drone moving around on the fixed
radius

Free flight - drone moving in the direction of the Ray
Caster marker. Markers position controlled by head
movement

pipe forward and back

Exit

. Beam Pipe flying - drone moving alongside the beam

Control Menu
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WPO02: Tracer Virtual Reality

There are four VR scenes:

Scene #01: Magnets in Cavern Scene #02: Muon Spectrometer

30t IPPOG meeting / Core Team Session 30 October 2025



WPO02: Tracer Virtual Reality

Scene #03: Muon Spectrometer Scene #04: Magnet System
with Magnets
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WPO03: Tracer Augmented Reality Application

Mon, M Pe =
@ Building an nted rea +
0O ¢ »  C % tracer-art-dev.web.cern.ch * £ & 0@ H

Based on the Tracer Technology
All Rights Reserved © NEC 2025

Application
Menu

*Better to use Google Chrome
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WPO03: Tracer Augmented Reality Application

There are four components of the ATLAS Detector:

#01: ITK Detector #02: Calorimeters
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WPO03: Tracer Augmented Reality Application

#03: Magnet System #04: Muon Spectrometer
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WPO04: Tracer Augmented Reality Book

= Tracer ARB is the Augmented Reality Book application for the ATLAS paper sheets
= The application runs in the browser without any installations
= Compatible with the majority of browsers. However, Google Chrome is recommended

= The application brings 3D scenes on top of the paper images
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WPO04: Tracer Augmented Reality Book

MAGNET SYSTEM Steps to be done:

ATLAS uses two different types of superconducting magnet systems

- solenoidal and toroidal. When cooled to about 4.5 K (-268°C), these 1
are able to provide strong magnetic fields that bend the trajectories of
charged particles. This allows physicists to measure their momentum
and charge.

Scan QR code and open the link
2. Launch

3. Allow camera activation

4. Watch pictures on the sheet

and enjoy

MAGNET SYSTEM

Field lines of
the toroidal
magnetic field

Field lines of
the solenoidal
magnetic field

CENTRAL SOLENOID MAGNET

The ATLAS solenoid surrounds the inner detector at the core
of the experiment. This powerful magnet is 5.6 m long, 2.56 m
in diameter and weighs over 5 tonnes. It provides a 2 Tesla
magnetic field in just 4.5 cm thickness. This is achieved by
embedding over 9 km of niobium-titanium superconductor
wires into strengthened, pure aluminum strips, thus minimising
possible interactions between the magnet and the particles
being studied.

Peetd tines of
the selenatdal
magnetic Najd

TOROID MaGner
P et o

TOROID MAGNET

The ATLAS toroids use a series of eight coils to provide a mag-
netic field of up to 3.5 Tesla, used to measure the momentum
of muons. There are three toroid magnets in ATLAS: two at the
ends of the experiment, and one massive toroid surrounding the
centre of the experiment.

At 25.3 m in length, the central toroid is the largest toroidal
magnet ever constructed and is an iconic element of ATLAS. It
uses over 56 km of superconducting wire and weighs about
830 tonnes. The end-cap toroids extend the magnetic field
to particles leaving the detector close to the beam pipe. Each
end-cap is 10.7 m in diameter and weighs 240 tonnes.
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WPO04: Tracer Augmented Reality Book

DETECTOR OVERVIEW Steps to be done:

Tite LS Elmbrants 1. Scan QR code and open the link

Muon Toroid Calorimeter End-cap and Forward
. Launch

Spectrometer Calorimeters 2
3. Allow camera activation
4. Watch pictures on the sheet and enjoy

Detector

LAr
Electromagnetic
Calorimeter

Solenoid Semiconductor Transition
Magnet Tracker Radiation
Tracker

ATLAS is the largest detector ever constructed
for a particle collider: 46 m long and 25 m in
diameter. Its construction pushed the limits of
existing technology.

ATLAS is designed to record the billions of
high-energy proton or ion collisions at the LHC.
New particles fly out from the collision point
in all directions and interact with the different
ATLAS sub-detectors.

Each sub-detector makes up a different layer
of the detector and plays a unique role. More
than 100 million sensitive electronics channels
are used to record the particles produced by
the collisions, which are then analysed by ATLAS
scientists to identify and reconstruct individual 30th |PPOG meeting / CO re Team Session 30 October 2025

particles.




WPO04: Tracer Augmented Reality Book

CALORIMETERS

Calorimeters measure the energy of particles
created in high-energy LHC collisions. They are
designed to absorb most of the particles coming
from a collision, forcing them to deposit all of
their energy and stop within the detector.
ATLAS calorimeters consist of layers of an
“absorbing™ high-density material that stops
incoming particles, interleaved with layers of an
“active” medium that measures their energy.

Steps to be done:

1. Scan QR code and open the link

2. Launch

3. Allow camera activation

4. Watch pictures on the sheet and enjoy

LIQUID ARGON CALORIMETER

The Liquid Argon (LAr) Calorimeter is located in the centre of the
ATLAS experiment to measure the energy of electrons, photons and
hadrons. It has an accordlon shape, interieaving layers of metal
with a honeycomb structure filled with liquid argon. This unique
shape helps to ensure that no particle escapes unchallenged.

The layers of metal (either tungsten, copper or lead) absorb
incoming particles, converting them into a “shower” of new,
lower energy particles. These particles ionise the liquid argon,
producing an electric current that is measured. By combining
all of the detected currents, physicists can determine the energy
of the original particle that hit the detector.

To keep the argon in liquid form, the calorimeter Is kept at
-184°C. Specially-designed, vacuum-sealed cylinders of cables
bring the electronic signals from the cold liquid argon to the
warm area where the readout electronics are located.

TILE HADRONIC CALORIMETER

The Tile Calorimeter surrounds the LAr calorimeter and measures
the energy of hadronic particles, which do not deposit all of their
energy in the LAr Calorimeter. It is made of layers of steel and
plastic scintillating tiles. As particles hit the layers of steel, they
generate a shower of new particles. The plastic scntillators in
turn produce photons, which is converted into an electric current
whose intensity is proportional to the original particle’s energy.

The Tile Calorimeter is made up of about 420,000 plastic

scintlllator tlles working in sync. It is the heaviest part of th H i
e hiihs Eniioe e i i s b 30t IPPOG meeting / Core Team Session 30 October 2025




WPO04: Tracer Augmented Reality Book

THE INNER
DETECTOR

The Inner Detector is the innermost part of ATLAS
to see the decay products of the collisions, so it is
very compact and highly sensitive. It consists of
three different systems, measuring the direction,
momentum and charge of electrically-charged
particles produced in collisions.

Steps to be done:

1. Scan QR code and open the link

2. Launch

3. Allow camera activation

4. Watch pictures on the sheet and enjoy

PIXEL DETECTOR

Located just 3.3 cm from the LHC beam line, the Pixel Detector is
the first point of detectlon in the ATLAS experiment. It is made
up of four layers of sllicon pixels, with each pixel smaller
than a graln of sand. As charged particles burst out from the
collision point, they leave behind small energy deposits in the
Pixel Detector. These signals are measured with a precision of
almost 10 pm to determine the origin and momentum of the
particle. The Pixel Detector is incredibly compact, with over 92
mililion pixels and almost 2000 detector elements.

SEMICONDUCTOR TRACKER

The SCT sorrounds the Pixel Detector and is used to detect and re-
construct the tracks of charged particles produced during collisions.
It consists of over 4,000 modules of 6 million “micro-strips” of
sllicon sensors. Its layout is optimised such that each particle
crosses at least four layers of silicon. This allows scientists to
measure particle tracks with a precision of up to 25 pm - that's
less than half the width of a human hair!

TRANSITION RADIATION TRACKER

The third and final layer of the Inner Detector is the TRT. Unlike
its neighbouring sub-detectors, the TRT is made up of 300,000
thin-walled drift tubes (or “straws”). Each straw is just 4 mm
in diameter, with a 30 pm gold-plated tungsten wire in its cen-
tre. The straws are filled with a gas mixture. As charged particies
cross through the straws, they ionise the gas to create a detectable
electric signal. This is used to reconstruct their tracks and, owing
to the so-called transition radiation, provides Information on the
particle type that flew through the detector, i.e. if it is an electron

or pion. 30t IPPOG meeting / Core Team Session 30 October 2025




WPO04: Tracer Augmented Reality Book

MUON
SPECTROMETER

The outer layer of the ATLAS experiment is made 1. Scan QR code and open the link
of muon detectors. They identify and measure
. Launch

the momenta of muons - particles similar to 2
electrons but 200 times heavier, which allows
them to cross the thick calorimeter layers. 3

Steps to be done:

. Allow camera activation

o, . Watch pictures on the sheet and enjoy

The precision detectors of the Muon Spectrometer are able to
determine the position of a muon, to an accuracy of less than
a 10th of a millimeter!

Monitored Drift Tube (MDTs) detectors are composed of 3 cm
wide aluminum tubes filled with a gas mixture. Muons pass
through the tubes, knocking electrons out of the gas. These
then drift to a wire at the tube’s centre to induce a signal. Over
380,000 aluminum tubes are stacked up in several layers in
order to precisely trace the trajectory of each muon.

Cathode Strip Chambers (CSCs) complement this task at the ends
of the ATLAS experiment. CSCs are composed of copper strips
crossed by arrays of wires in a gas mixture. Muons travelling
through the gas are detected by both electron-collecting
wires and ion-collecting strips.

FAST-RESPONSE DETECTORS

ATLAS uses fast-response detectors to quickly select collision
events that are potentially interesting for physics analysis. They
make this decislon within 2.5 ps (400,000th of a second).

The Resistive Plate Chambers (RPCs) surround the central region
of the ATLAS experiment. They consist of pairs of parallel plas-
tic plates at an electric potential difference, separated by a gas
volume. Thin Gap Chambers (TGCs) are found at the ends of the
ATLAS experiment and consist of parallel 30 pm wires in a gas
mixture. Both chambers detect muons when they ionise the gas
mixture and generate a signal.

The combined data from fast-response detectors gives a coarse
measurement of a muon’s momentum, allowing ATLAS to choose

whether to keep or discard a collision event. 30t IPPOG meeting / Core Team Session 30 October 2025




WPOS5: Tracer 3D Gaming Application 26

Cross-Platform

‘ Quest VRChat is Cross-Platform: Meta Quest, Meta Rift, SteamVR, Pico,
Google Play and Viveport. Cross-play between them all.

PC + Mobile VR




WPOS5: Tracer 3D Gaming Application

Real-Scale Virtual Touring
with LLM-Powered Al

Chatbots

Project Name in VrCHAT: ATLAS Demo
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WPO5: Tracer 3D Gaming Application 28




Conclusion

1. IPPOG Agreement 2021-001 was successfully executed.
2. All work packages were completed in accordance with their specified requirements.

3. Five software applications were developed for the International MasterClasses, including:

3.1 Tracer-mc — a 3D event and detector display

3.2 Tracer-vr — a virtual reality application for cardboard viewers

3.3 Tracer-art — an augmented reality visualizer of the ATLAS detector
3.4 Tracer-arb — an augmented reality extension for ATLAS printed sheets
3.5 Tracer-vrc — a 3D cognitive game for the VRChat platform

4. All software applications have been deployed and are ready for use.

5. We have gained positive experience implementing Tracer-mc in ATLAS WW exercises
during the 2024 MasterClasses in Georgia and in the 2025 global sessions.
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Future Plans

BTU
T e IBTUAI

=  BTU is one of Georgia's leading
higher education institutions in
technology, engineering,
business and applied sciences.
BTU's mission is to bridge
academia and industry.

G |

= BTU has participated in and
coordinated several large-scale
international research and

capacity-building projects
funded by the European = | am considering proposing that BTU join IPPOG (I haven’t
Union, UN Agencies, US State discussed it with them yet) as part of the new agreement, to

Department, etc. develop new packages for the International Masterclasses.
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