Particle Therapy MasterClass
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Heavyion Physicist, involved with medical applications of heamns for cancer therapy

ALICE heawpon experiment at CERN GSl, pioneering heavipn cancertherapy
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Heavyion Physicist, involved with medical applications of heamns for cancer therapy

ALICE heawion experiment at CERN GSl, pioneering heavipn cancer therapy in the 90s

Implemented at HIT, Heidelberg lon Therapy centre
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5-year Particle Therapy MasterClass Anniversary

5 YEARS Total: 70 institutes from 37 countries
PARTICLE THERAPY MASTERCLASS participated at least once since the first pilots

1500 hlghschool students every year

-

The PTMC2025 celebrates thef- g E

5th PTMC Anniversary on the
31 March, in a symbolic way,
by reuniting online all
institute organizers and A
tutors/assistants who can join ;"'. :
to celebrate together, even if :
virtually.

Page event and registration link:
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This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 101008548




5-year Particle Therapy MasterClass Anniversary

5 YEARS Total: 81 institutes from 40 countries
PARTICLE THERAPY MASTERCLASS 24 A|gerian schools

participated at least once since the first pilots
PTMC Sessions
Year Common Trainings Local Sessions in | Sessions | Institutes | Countries
Moderation Sessions Sessions | Institutes in
xS Videoconferences Algerian
~ <N A Schools
A P -~ v 2026 11 8 54 42 16 38 26
: ) 2025 12 4 62 50 12 45 25
The PTMC2025 celebrates theE T y = . 2024 8 4 48 38 10 34 22
5th PTMC Anniversary on the pu— 2 B . g 2023 9 S 35 34 1 31 20
31 March, in a symbolic way, i) ‘ 2022 6 4 31 33 0 31 19
by reuniting online all &l o 2021 6 5 22 27 0 22 15
institute organizers and Y ; T Total 52 30
tutors/assistants who can join ¢ —

to celebrate together, even if
virtually.

52 moderation common video-conferences
Page event and registration link: . .. .
@ nttps://indico.cern. ch/e/FlveYearPTMC 30 On“ne (3 hOUI’S) tra|n|ng sSessIions

HITPIl

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 101008548
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PTMC and HITRIplus Schools Assistants
Greece 5 years Iat Sarajevo

P At AUTH

1 4 DafmGlann

R - Kostakis & ‘ Alexandros Puckett
& N~ o= FKonstantinos Anastasiol/,

At DKFZ At PATRAS

| At AUTH
¥ o and DKFZ

Christina Litou rk Me | TR\ At Goethe uni At medical
" ce

Thanos
Athanasio

At DKFZ
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This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 101008548




PTMC and HITRIplus Schools Assistants

Greece D years later
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Total of 366 live views
from at least 20 major regions of Greece
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uPPress Release publishednation-wide media
wPost on Facebook resonated wigt600people
wAnnouncement viewe®41 timeson website

PTMC Iin Greece

PTMC2021 online: through Library of Veroia PTMC2022 online: more than 150 participants, PTMC2024: 275 participa

AUTH uni, Dimokritos research centre, Papageorgiou Hospital, Technop
Publicity: Library of Veroia extended networks and national press

9 April 2022
AUTH

Europe/Zurich timezone
Overview
PTMC 2022
Registration
Participant List

PTMC main page

] vyiota.foka@cern.ch
&4 p.foka@gsi.de
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Evdokia Vlachou, Athanasios Athanasiou,
Theodoros Mitrou, Maria Eleni Bozika,
Penelope Ladopoulou, Eirini Gkantia,
Alexandros Puckett Anastasiou
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hands on particle physics



In person at AUTH 23 feb 2023
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https://www.facebook.com/profile.php?id=100090138523461

PTMC In Thessaloniki

Region of Central Macedonia:
Deputy on health and her colleague

Studentdearn in orderto teach

Gain experiences organising events |




What are the
International MasterClasses IMC
and

Particle Therapy MasterClasses PTMC
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International Particle
Physics Outreach Group

Classes by masters, experts

International MasterClasses

Flagship project of IPPO®rings scientific methods to schools! .

IMC2024: 6.5 weeks i

65 countries
310 institutes
15 000 students

Students are given the opportunity to analyze real data the same way that scientists do.

New PTMC:
* what physics has to do with medicine

* how we go from Particle Physics to Particle Therapy: impact of physics research on medicine advancements
 different new career opportunities, various possibilities that physics and STEM studies may open up for interesting jobs

@
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MASTERCLASSES

hands on particle physics


https://indico.cern.ch/e/PTMC

International Particle

e Resources Activities News Calendar
ysics Outreach Group

X 4

INTERNATIONA

MASTERCLASSES

hands on particle physics
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Adapted: online/nybrid modes

Every day 3-5 institutes participate,
during the months of February-April.
School-children (15-19 year old)

are invited at/by an institute of their area.

PTMC: Typical MasterClass Day Agenda -

nnnnnnnnnnnnnnnnnnnnnn

Local: Morning Presentations Local: Afternoon Hands-on

LOCAL TIME: ACTIVITY
8:30 - 9:00 Registration and Welcome
9:00 - 10:00 Introductory lectures Local: Morning Visits Common: Afternoon at 16:00
o _ real t|me onllne ALICE VISIt Vldeo Conference
10:30 - 11:30 Visit of a lab or experiment A s ; =
12:00 - 13:00 Lunch
13:00 - 15:00 Hands-on session
15:00 - 16:00 Discuss results locally
16:00-17:00 Common Video Conference

Importance of collaboration for common projects
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PTMC hands-on Treatment Planning itrerchss®

@;

International Particle
Physics Outreach Group

Based on professional open source treatment planning: matRad | 2 § |"Q 2 & é

developed by DKFZ, Heidelberg www.matrad.org

- | o the target volume?
_Dose prescription using photons, protons and carbon, helium ions

" 00 3 %"g s

multidisciplinary facets of hadratherapy present overall process
what happens from the beginning to the end

Importance ofradio-isotopes for diagnosis and treatmentn the same facility, moom imaging, theragynostics
Importance ofArtificial Intelligencemethods for contouring the target volume



http://www.matrad.org)/
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MASTERCLASSES

hands on particle physics

International Particle
Physics Qutreach Group

https://indico.cern.ch/e/PTMC

Material in different languages
including animations and demos

I8 [Instruction in Albanian

at ¢a/ AY | 1 AGE
Instructions in Bosnian in different Ianguages
with introduction by DKFZ
Instructions in French Including recordings

https://drive.google.com/drive/folders/1L94yhos6L7k3FQIMzD90I7kpk ¢ ABD7

Instructions in Greek Training sessions: 4-5 per year

Importance of training teachers:
Sofia, Madrid, Sarajevo, Oxford
Example of UNSA/Sarajevo:
Instructions in N.Macedonian A in-person at university

A in-person at schools

Instructions in Spanish A common lectures online .

Instructions in Lithuanian


https://drive.google.com/drive/folders/1L94yhos6L7k3FQlMzD9Ql7kpk_c_ABD7
https://indico.cern.ch/e/PTMC
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Accelerators: our key to the subatomic world

Where do we find the particles?
Inside the atoms!

o electron

<10"%cm

PROTON
NEUTRON

We can use eglectrons (very light) or protons (1836 times heavier).

Particle
accelerators are
our door to
access the

subatomic
RAYSyYy aa
exploit the ato
and Its
components




Accelerators: can precisely deliver energy

A «beam» of accelerated particles is like a small “knife” penetrating into the matter

A particle beam can,
deliver energy to a
area, interacting with,
the glectrons and with,
the nucleus.

Particles can penetrate in depth
(different from lasers!).

120

Particle beams are used.in medical and industrial applications, wla
e.g. to cure cancer, delivering their energy at a well-defined depth inside the body (Bragg peak)




Hadron therapy with protons or ions

L d L) L g 5 hd L - )

Bragg peaks -

carbonjions |

relative dose

protons

A A i

0 40

1 A 'l i

80 120 160
depth in water (mm) (a)

22,000 patients/year

Different from X-rays or electrons, protons (and

ions) deposit their energy at a given depth inside (2018) treated with
the tissues, minimising dose to the organs particle beams,
close to the tumour, sparing nearby organs. 25 000.000

patients/year with X-
rays.

Reauired enerqy for full-body penetration: 230 MeV
protons, 450 MeV/u C-ions.




A particle beam can break the DNA and kill a cell

And iIf the cells has the cancer?
Killed !

proton
@
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1993- Loma Linda 1994 — HIMAC 1997 — GSI
USA (proton) Japan (carbon) Germany (carbon)

First dedicated clincal
facility
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Conventional xray Particle/Hadron Therapy with protons Hadron Therapy centers in Europe (2018)
Radiotherapy

25
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Different accelerators for different kinds of radiotherapy

: . . multi-ions up to carbon
Hadrontherapyis anadvancediiche in cancetherapy. CN AO Haly HIT, Germany

22,000 patients/year (2018) treated with particle beams
against 25,000,000 patients/year with conventional RT.
For some of them, 4on therapy ighe only option.

Conventional xray
Radlotherapy

Synchrotron,heavyions

\ 4 ). ‘ ~5,000 M
Cyclotron, protons /

~500 n# HT:411 000 patients treated worldwide

dnn ac —

Linac, Xrays
~50 17 /
9p ace

e @9

Photon (X-ray) Proton Carbon ion
no mass mass: 1 mg mass: 12 m, Photons

Better results come at a price




SEEIIST

South East European International Institute
for
Sustainable Technologies

Proposal for a facility in South East Europe: SEEIIST

50% research and 50% therapy
with multiple ions, optimized for carbQiknitectural design, Kaprinis Architec



