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From Particle Physics to Particle Therapy

From heavy-ion research to heavy-ion therapy

ALICE at the CERN L

Heavyion physicist, involved with medical applications of heawgns for cancer therapy



Heavy-ion research and heavy-ion therapy at GSI

Carbonion therapy room
at GSI in 90s

GSI and future FAIR facility, Darmstadt Germany i

" Pioneered heavyion (carbon) therapy for cncaumoursm Europe (90s)
Implemented in the HIT Heidelberg lon Treatmerdntre and later in Marburg

Mission and mandate of research institutes: fundamental research
Developed technologies and acquired knowledge find applications for society




fundamental science

-ALICE

Heavy-ion research and heavy-ion therapy

Pb-Pb at 5.5 TeV
pp at 14 TeV

QGP studies

Cobdng yystem: PO Py
Colimion seavay 502 TaV

Conventonal

§

X-rays
Gamma rays

Credit: HIRT-Japan

88-430 MeV/u carbon
50-221 MeV/u protons
) conon u Q applied science
medicine
fect oo "":"' zm

Helium Siicon ,

— Credit- T Namiva NIRS lanan




Heavy-ion research and heavy-ion therapy

Pb-Pb at 5.5 TeV Comentons Particle beams 88-430 MeV/u carbon

pp at 14 TeV g | 50-221 MeV/u protons
fundamental science % - ) Corbon - applied science
QGP studies - medicine

Negative  Proton
pon  Newiron

X-rays

Gamma rays Helium

Electron

o - ,
Credit: HIRT-Japan 3 o

101 m
AN

M=2m M=2Zm M»m

O Xem, Protoe bearn Cartion wn basrm

"y
Credit: T. Nomiya, NIRS Japan




What are the International MasterClasses
and

What is the Particle Therapy MasterClass



MASTERCLASSES
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hands on particie physics

Motivate the next generations of scientists !
CKS GLYUSNYIlIGA2YIFf al aG6SNDOflFaasSaé¢ La
IS an educational/outreach activity that brings the excitement
of cutting-edge highenergy physics research into the classroom !!

Classes by masters, experts ¢2 Rl € Qa YI a0 SN& Become scientist for a day !

Joao Seco (DKFZ, Germany)

Amit Ben AntonyDKFZ, Germany)

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

New PTMC:

A what physics has to do with medicine
A how we gofrom Particle Physics to Particle Therapy: impact of physics research on medicine advancements

A different new career opportunitiesarious possibilities that physics and STEM studies may open up for interesting jobs




R IMC typical Reach and Statistics e AU

MASTERCLASSES
Popmcn Ovirmat Qemg Rc

hands on particle physics

Motivate the next generations of scientists !

60 countries
255 institutes
15 000 students

IMC dates :
e 11 Feb i Before Easter

Brings scientific methods and real data to schools! S
Coordination QuarkNet / TU Dresden | A 188 institutes (177)

A 51 institutes (48) A 262 I:;(I)-I E\TEA Aasst/?/rz:glg)s ses (257)
A54 LHC Masterclasses (50) A 101 ATLAS Z (104)
A 22 ATLAS (19) A 64 CMS (58)
A32 CMS (31) A 41 LHCb (39)
A12 MINERVA Masterclasses A 27 ALICE SP (18)
A 3ALICE R_AA(3)

Flagship project of IPPOG, the International Particle Physics Outreach Group
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hands on particle physics

14.03. - 19.03.2022
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International MasterClasse#sttps://physicsmasterclasses.org/



https://physicsmasterclasses.org/
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A2 MASTERCLASSES i e
Rca—— International Particle hands on particle physics
Physics Outreach Group hands on particle physics
Home g
Information for B Hands on Particle Physics Masterclasses

High School Students BB ScHepuLE 2021

Information for
Teachers and Educators

At the end of each Masterclass day a videoconference between the institutes and with moderators at CERN, at Fermilab,
TRIUMF, KEK, or GSl is established. The schedules for 2021 will be created early in 2021.

Information for
Institutes and Physicists

Schedule

Intl. Day of Women
and Girls in Science

My Country
Physics
In the Media

Published Papers

Archive
: © CERN © Fermilab
Contributors

Contact Us

W Follow @physicsIMC

for, jawik=:
‘" S V’;
teachers
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https://indico.cern.ch/event/840212/

[2® PTMC: Typical MasterClass Day Agenda e WU

. MASTERCLASSES

Physics Outreach Group hands on particle physics

Adapted online on zoom

Local: Morning Presentations Local: Afternoon Hands-on

Every year, during the months of
February-April

school-children (15-19 year old)

are invited at/by an institute of their area.

LOCAL TIME: ACTIVITY

8:30 - 9:00 Registration and Welcome
9:00 - 10:00 Introductory lectures

10:30 - 11:30 Visit of a lab or experiment
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 &




PTMC: Typical MasterClass Day Agenda --iC%

hands on particle physics

International Particle
Physics Outreach Group

Start with videos on hadron therapy procedures in a virtual hadron therapy center
while participants arrive (or join the zoom session)
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https://indico.cern.ch/event/840212/

See presentation by :

Joao Seco (DKF2)
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If%O Accelerators: can precisely deliver energy'mwo'«;;!!fm&ss‘!s

hands on particle physics

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

A parficle beam can.

area, interacting with,
the electrons and with,
the nucleus.

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

120

Particle beams are ysed in medical and industrial applications, dageh I ver o
e.g. to cure cancer, delivering their energy at a well-defined depth inside the body (Bragg Q@@jg)
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Particle properties and cancer therapy -3

hands on particle physics

Advantages of hadron therapy
with protons or carbon ions

Human bod
t v Different from X-rays or electrons, protons (and
— ions) deposit their energy at a given depth inside
g 7& the tissues, minimising dose to the organs
K A close to the tumour, sparing nearby organs.
E‘V . entrance tissue . exit tissue
Spread-out Bragg peak

Healthy Tissue Tumor 5 Healthy Tissue
T m Spread-out Bragg Peak
u |/ ey 4 |
wn | —
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a
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Pediatric patients elective for protons

Less dose to healthy tissues
to reduce long term risks of secondary tumours

International Particle

Human body

Protons
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Advantages of particle therapy with:

And iIf the cell has the cancer?

Killed !

See presentation by :
Joao Seco (DKFZ2)

protons

Carton s Dearn

or carbon ions

proton

In addition to ballistic effects
carbonions induce different
radio-biological effects/damage.
Therefore, they are more effective,
and the only solution

for some rare types of cancarmours




L@,? Heavy-ions for cancer therapy: from GSI to HIT
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What is the technology behind?
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Raster scanning Method
Haberer et al., NIM A , 1993

scanning of focussed ion beams in fast dipole magnets
active variation of the energy, focus and intensity in the accelerator and beam lines

Raster Scanning and PET-lome: importance of intherapy imaging



Medical accelerators requirements and parameters

Accelerator Requirements for Scanning

Example: beam parameters Heidelberg lon Therapy (HIT)

(Parameter
ions protons and carbon (3 ion sources);
pre-clinical: helium, research: oxygen (from carbon source)

intensity 2 x 109/s to 8 x 107/s for carbon
8 x 107/s to 4 x 108/s for protons
10 steps; maximum extraction time 5 s
. Increase needed ~ 5x (FLASH not understood today) i

energy 88-430 MeV/u for carbon
50-221 MeV/u for protons
255 steps, 1-1.5 mm spacing, 2-30 cm range in water

focus 3.5-13 mm FWHM
11-33 mm FWHM
4 steps

— a total of 3 x 10 x 255 x 40 = 30600 settings per treatment room!

. —

Universitatsklinikum Heidelberg | April 2019 | Prof. Dr. Thomas Haberer
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MASTERCLASSES

hands on particle physics

International Particle
Physics Outreach Group
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B3  Instruction in Albanian Material in different languages
including animations and demos

https://indico.cern.ch/event/840212/

Instructions in Bosnian APTMC in a kito
In different languages
Instructions in Erench with introduction by DKFZ

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

Instructions in Greek

® Mséopara
[NTRODUCTION 0 PARTICLE
Yo Meoorin TRODyCtION 10 pAtricte T WEATSOFTWARE WLLWEUSE 3 yyqypgon .2 LIVER st
8 Gas s o £ AMENT FUNNING IMUL S
Instructions in Lithuanian — == == ’ =
-"_""“"” - @ 1PartcieTherapy-aM : 1 Liver -
Instructions in N.Macedonian s L3 WD & NECKOSE  4.A CONCWSIONS : :
— = See presentation by :
Instructions in Spanish T T Amit Ben Antony(DKFZ)

B 43.CezaycueticA


https://indico.cern.ch/event/840212/
https://drive.google.com/drive/folders/1L94yhos6L7k3FQlMzD9Ql7kpk_c_ABD7

PTMC: Typical MasterClass Day Agenda -—-2i"%

Imerr_rationalParticIe hands on particle physics
Physics Outreach Group

Real-time virtual visits at the end of the morning lectures to ALICE heavy-ion experiment

Thanks to the ALICE Outreach coordinator:
Despina Chatziphotiadou

Virtual Visit

Particle accelerator: https://youtu.be/DtOsEPWtSkQ
Tumor therapy: https://youtu.be/2KUzT7YZzTA

HIT: https://youtu.be/FW9H_hceNIA
FAIR: https://youtu.be/N48YCJli1lo
3 Years in 3 Min FAIR: https://youtu.be/x0ORTwqaRock

AI ter n at | Vely’ u S e Of p rOV| d ed Vl d eo S Biological modeling: https://youtu.be/azVNWptPA40
i n th e PTM C W e b p ag eS As an alternative to a visit to a local lab or experiment, videos can be used (see the link below)

Animations Link:
https://indico.cern.ch/event/840212/page/18000-animations
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PTMC hands-on Treatment Planning -3

hands on particle physics

International Particle
Physics Outreach Group

See presentation by

Based on professional open source treatment planning: matRad Amit Ben Antony(DKFZ)

developed by DKFZ, Heidelberg www.matrad.org

and handson

Dose prescription
using photons, protons and carbon ions

s P e a

Simplified version for PTMC 'ﬂﬂ'}"‘i

MASTERCLASSES

hands on particle physics



http://www.matrad.org)/

[2© PTMC: Typical MasterClass Day Agenda « Al %

Int cle
Ph Grou

Virtual visits during video-conferencing to GSI research institute and CNAO therapy center

hands on particle physics

LIVE  on Custom Live Streaming Service ~ i GSI moderator CNAO moderator

o T
G

Christian Graeff ﬁ Marco.Pullia

Federico Russo

Anna Gaia Lillo-Od...

- ? .!v ” |
= = O
Yed'e'sufficiente'perché’esse effettuino i primilgiri all'interno del sincrotrone ¥
che ha un diametro di 25 metri ed una circonferenza’di 80 metri. R i

i raggi vengono quindi accelerati nel
~ _ Linear Injector (LINAC).
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PTMC Coommon Video-Conference --~JiCh

hands on particle physics

Virtual real-time visits during video-conferencing
to CNAO therapy center

visit the CNAO experimental room

BNy

LT gt - Michele Colu...  SAMUEL AR...

learn how to find PT educational material and opportunities
provided by HITRIplus EU-funded project

T S I e [0 B T e N et
lllllllllllllllll
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[®®  PTMC VC discussion of results —"

hands on particle physics

Highlight benefit of collaborations discussing results among partners around the world

Show how big collaborations work:

remote communications routinely

On 31 March 2023: 10 institutes:

FNRY WIHLIYE aSEAO2I 9 dzNE L

Highlight the benefit of collaboration:
big projectsdo not come from one person
n2NJ 2yS AYyadAlddziss 2yS 02

Comments on results by DKFZ experts

GTv

D22 R>of-theaZE¢ ONBI
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‘@;o PTMC quiz: a fun way to finish e IO

International Particle

hands on particle physics
Physics Outreach Group

What we have learnt
Gentle competition: who is the winner

Kahoot! x +

PTMC Quiz! - De Kahoot! X Kahoot!

> C ) & playkahootit/v2

¢ > C & playkahootit

n\ @ motadbyeoio). 4 poM [ Hobte . . res @ Hat-Life Ay Go

Which type of interaction is dominant between proton/ion beam with electrons from molecules of
human body?

A Electromagnetic force 0 Weak Force

Bragg peak M Bill's peak Y

& kahoot.it Game PIN: 9923600

Results 1 v o X
> C 0 & playkahootit : uizid € 3706-4959 b « =0

» M X @ ¢ & Astatine (A) |AME.. B NepioBucoc Mivaxa. Isotopes of astatine... ) Specialized Course... Deepl Tansiate: Th.. 8% PTMC 2023 Dates-.. @) askisopolisgr  ** Remove Pin

\

PTMC Quiz!

IVONA
TODOROVA
» 7916




PTMC training and instructions oo U

MASTERCLASSES

hands on particle physics

International Particle
Physics Outreach Group

PTMC session example agenda matRadtutorials and workflow recordings

ece Zoom Meeting

Participants (19)

Particle Therapy Masterclass Training 26th February

Danis Bradari¢ ~ Mara Scepan... > O S
[ Friday 26 Feb 2021, 13:00 — 15:40 Europe/Zurich G ‘Victa Foka (Hoat: mie)
iota Foka (Host, me)
@ UNSA
. Nermine Muradi (Guest) [+ ]

Description PTMC Training for collegues

@ Danis Bradari¢ (Guest)

@ Dimitrova Svezhina[ECM-I... (Guest)

@ Dusan Suboti¢ (Guest)
@ Emina Huko (Guest)

Evdokia Vlachou (Guest)

https://indico.cern.ch/event/1011063/

Welcome and aim of the PTMC training day, set the stage.
For a visual impression a virtual Particle Therapy centre is in the link below.

—13:05 Welcome

A good summary connecting physics and particle therapy can be found on the animation link.

Convener Yiota Foka (G5 - Helmnoltzzentrum fur Scnwerionenforsenung GmoH (DE
— - Feriha Babi¢ (Guest)
LA YFPTMC-TRAINING ¢ YF-PTMC-TRAINING
@ Jakub Wiodarezyk (Guest)
—13:20 PTMC Indico Webpage Example Fed @ Katefina Jirankova (Guest)

Kristyna (Guest)

@ Maja Pawlowska (Guest)
@ Mara Sce... (Guest) IR

@ Martin Sykora (Guest)

& PTMC Example

—13:25 Animations @5m | 2~

‘ﬁ" Animations

—13:30 Theoretical Materlal for Tutors ®sm | &2~ Medina Dugoniic (Guest)
[8 Dosanjh-Physics_to.. [ MasterClass_theory.. [ Radiotherapy.pdf I n Stal Iati O n i n Stru Cti O n S are Se nt i n advan Ce
—13:50 Hands-on-Sesslon Materlal for Tutors ®@20m | &2~

I ALDERSONmat | [l BOXPHANTOMmat  [lj HEAD_AND_NECK I UVERmat (4 MatRad GitHub  [lj PROSTATEmat O n g O I n g WO rk fO r b rOWSdDased Ve rS I O n
& PTMCHandsonSe_  [-&] PTMCpres_-Englis.  [X] RecordingMatRad-.  [lj T6119.mat Workflow_English pdf by D K FZ COI I e ag u e S

—13:55 PTMC Webpage ®sm | &2~

& PrucnaK | B P vcpae Importance of training teachers
i e R — o (£ Example of UNSA/Sarajevo:
: - A in-person at university

W Moderators-DSdoc [ Particle therapyma... 3] Particle therapyma.. [ Particle therapy ma...  [3] Partile therapy ma.. A ”‘]_person at SChOOlS

8 quiz-PTMC-2020-DS.. [ quizPTMC-2020-DS..  ¢§” Video conferencing .. . 26
A common lectures online



‘@; PTMC and matRad Treatment Planning B Vg

International Pilot CERN, GSI, DKFZ April 2019

€

s G G First Local Test: GSI Feb 2019

Web page: UNSA students
at CERN, Aug 2019

First local test: GSI Feb 2019

First International Pilot: CERN, GSI, DKFZ Heidelberg, Apr 2019
IMC Steering Group Approval: GSI May 2019

Web pages: UNSA Sarajevo Uni students Aug 2019 at CERN
CERN Open days: UNSA Sarajevo Uni students Sep 2019




29 PTMC Important Links R o

Intermational Partc MASTERCLASSES

Physics Outreach Group hands on particle physics

A Informationaboutthe PTMCijn adifferent languagescanbe found throughthe PTMGwreb pageandthed t ¢ amA{ A GoégleDrivelinks

PTMGweb page https://indico.cernch/event/840212overview
GoogleDrive: https://drive .googlecom/drive/folders/AjRNLAOIN yRoOG8V8vwg3DIpnetWdB?usp=sharing

A Material for the matRadnstallationcanbe found throughthe word documentin the link below, togetherwith a videodescribingthe procedure

Installation: https://drive .googlecom/file/d/ 1vTotQ9ft 1C7AwU SbU 8pftCOH-ep4BPC/view
Video: https://drive .googlecom/file/d/ 1BdkiN63StXx1kFEQR_FgTgj E&RhL/view?usp=sharing

A Additionalinstructionsfor the useof matRadare providedthroughthe workflow, whichis availablein manylanguageshroughthe PTMGwneb page
Avideodescribinghe workflow of different casess providedviathe googledrive:

Workflow: https://indico.cernch/event/840212page/1799 tworkflow
Video: https://drive .googlecom/file/d/ 1jyCzJFfB -0e45ZEcyfnXTaRJImpK/view?usp=sharing

A Unitsandterminologyof matRadcanbe found here:

Link https://indico.cernch/event/840212page/18006definitions

28


https://indico.cern.ch/event/840212/overview
https://drive.google.com/drive/folders/1jRnLf49N_yRoOGg8V8vwq3DIpnetWdF0?usp=sharing
https://drive.google.com/file/d/1vT9tQ9ft1C7AwUSbU18pftC9H-ep4BPC/view
https://drive.google.com/file/d/1BdkjN63StX-1kFEqR_FgTgj_pgZ2-PhL/view?usp=sharing
https://indico.cern.ch/event/840212/page/17991-workflow
https://drive.google.com/file/d/1jyCzJFfS7I_-0e45ZEcyb4fnXTaRJmpK/view?usp=sharing
https://indico.cern.ch/event/840212/page/18006-definitions

Took it a step further !

A week school insired by the PTMC format

Advanced material for uni students
and up to professionals

Thelevel canbe adjusted
by the level of lectures
and details of matRadcases
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Full week schools

In the framework of HITRIplus EU-funded project

Heavy lon Tharapy Research Integration

Heavy lon Therapy Masterclass Schoo 1050 participants
17-22 May 2021

samevoonne NEEPS://indico.cern.ch/e/HeavylonTherapyMasterClass

bioric Cancer is a central health problem for our society. Heavy ion beams irradiate t

Organizers and Sponsors cancerous tissue whilst sparing healthy tissue around it hence making the tre: ” 3 H I T R I I S h I
any other irradiation treatment. , ‘ r d p US C O O

Objectives and Scientific

P!'Og ramme Heavy lon Therapy Research Integrabon

Due to this the European Union, through its H2020 research and innovation prt

Poster School Heavy lon Therapy Research Integration (HITRIp/us) project which includes th: : Z -y g S P EC I A L I Z E D C O U R S E O N

and training in heavy ion therapy.

.V ..\ CLINICAL ASPECTS OF HEAVY
; ION THERAPY RESEARCH

,,3.,/4»&, 3 -7 July 2023 ONLINE
Specialized Course on Clinical Aspects of Heavy lon Therapy Research

Including: train-the-trainer matRad sessions

Visible impacts: onine.
Tutors motivated to chose/follow these paths —
USI ng matRad for thelr researCh Home Most cancer radiation treatment worldwide is delivered with high-energy X-rays, despite their physical

Organizers and biological limitations. However, particle therapy using protons and heavy ions has many
advantages over conventional X-Ray radiotherapy. Heavy ion beams radiate tumors by focusing on

N Objectives and Scientific . . . . ) ) )
p cancerous tissue whilst sparing healthy tissue around it, making the treatment more effective than any
This project has received funding from the European Union's Horizon 2020 rogramme X Lo
] research and ion prog under grant ag No 101008548 other irradiation treatment.

School Poster

Heavy lon Therapy Research Integration



f
Heavy lon Therapy Masterclass School Particle Therapy Masterclass
https://indico.cern.ch/event/840212/

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

Full week course One day activity
The HITM school is aimed at university students, The Particle Therapy MasterClass,
and up to early stage researchers. Is aimed at high-school students (16-18)

Different options studying physics, for example accelerator physics, medical physics, bio-physicsé
that can provide interesting career paths in upcoming fields where there is lack of specialised personnel

I I I I P ‘| This project has received funding from the European Union’s Horizon 2020
o research and innovation programme under grant agreement No 101008548

g
Heavy lon Therapy Research Integration




World-wide reach motivating next generation of scientists

HITRIplus full week heavy-ion therapy masterclass school

International MasterClasses one day activity

. e

International Particle

Physics Outreach Group hands on particle physics
Home

Information for I Hands on Particle Physics Masterclasses
High School Students -” SCHEDU LE 2021

[TV ST Sy S

a - %
Sao Tomé .
and Principe

S&:

Power of Networks |



[R® Participants of online PTMC in IMC2021 ... a7

International Particle MASTERCLASSES

sssssssssssssssssssssssssssssssssssssssss

PTMC: https://indico.cern.ch/event/840212/

PTMC2021 online:
6 sessions, 1500 students
from 20 countries and 37 institutes

33
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Participants of online PTMC in IMC2022 ...l %

MASTERCLASSES

hands on particle physics

PTMC: https://indico.cern.ch/event/840212/

PTMC2022 online/hybrid:
6 sessions, 1500 students
from 22 countries and 37 institutes

web pages with agendas of every institute with material
in different languages, publicly available for future events

Interest of students, motivation of tutors (voluntary work), potential impact 34




