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hands on particle physics



What is particle therapy?

* Particle therapy uses charged particles,
I. e., protons / light ions, to irradiate cancerous tissue

[A9] esoq

— photons 6 MeV
== protons
— carbon ions

» The Bragg-peak facilitates highly conformal dose

deposition
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* Typical Facility:
* Imaging (CT, MRI etc.)
* Synchrotron / Cyclotron

* Scanning Beamlines

(Clinical / Experimental)
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A Particle Therapy Masterclass within the IPPOG International Physics Masterclasses
Why?

====particle therapy facilities in operation

====Particle therapy facilities under construction/planning stage

Particle therapy is a tangible “real-world” application
of particle/hadron physics principles and

instruments developed for research

» Has left the experimental stage and is

clinically accepted/used (esp. proton therapy)

» Cancer is a widespread disease and almost
everybody is/will somehow relate to it (family,

friends, etc.) = societal impact

Ranking of cancer, 30-69 years old

1st (55)

2nd (79)

3rd - 4th (45)
5th - 6th (4)

» The nature of cancer and/or radiotherapy is often s D

Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries

not well explained / understood at school level Dark blue: Cancer is the leading cause of death for age 30-69
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General Schedule

* 9:15 — 11:30: Lectures on physics background & treatment planning

- We propose two lectures, but alternative schedules are also welcome

°* 11:30 — 12:15: Lunch

* 12:30 — 13:30: (Virtual) visit to therapy center or lab

- Videos/\Web-material available

www.matrad.org
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Proposed Introductory Lectures: /\ /Q\

1st lecture — From particle physics to radiation dose h Q
Q/ Vool /SN
* What is cancer? How can we treat it? Why radiation therapy? ' ‘ q h
(https://f:onér;\;)g:s\na/itl;ir:s(:(ife.grsqlwiki/FiIe:ZeIIteilung_normal_im_Gegensatz_zu_Krebs.svg), JZellteilung

—photons 6 MeV
—protons

—car

* What is radiation dose?

—> Interactions of particles with matter

\
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—> different irradiation modalities (photons vs. charged particles)

Y (©)

* How do we produce radiation dose clinically Newnausr 0 .21, R, 019 The s

—> accelerators (LINACs, synchrotrons, cyclotrons?)

Depending on the presenting expert, focus may be shifted between,

e.g., biomedical, hadron/particle, and accelerator physics
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Proposed Introductory Lectures:
2" lecture — Treatment Planning

* How do we see inside the body? - Imaging (CT)
* How do we find the tumor/organs? - Segmentation
* How do we plan the treatment?

* How do we prescribe clinical goals?

* How to select the beam angles?

_ :g 1x '\
* How do we calculate & optimize dose? 2282
29
 How do we evaluate the treatment plan? ® 20
ry — .
0 50 100

rel. dose (%)
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D]
Hands-On Treatment Planning with matiia ET

* matRad is an open-source toolkit for three-dimensional intensity-modulated treatment planning for

photons, protons, helium and carbon ions

» Available on GitHub
»open patient / phantom dataset

»validated dose calculation with machine data

it
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» Visualization and plan analysis tools

* Written in Matlab

—> Students use a precompiled standalone GPL‘ GitHub
e Can usually run on an average laptop! www.matrad.org

Free asin Freedom
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D
Hands-On Treatment Planning with matiic ET

* Proposed workflow for participants:

1. Treatment planning with photons (IMRT)

- “Common” radiotherapy (50% of cancer patients)

2. Treatment planning with protons (IMPT)

- show advantage/potential of particle treatment plans
3. Peculiarities of particle therapy planning
* Dbiological treatment planning with carbon ions

* impact of treatment uncertainties
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Particle Therapy Masterclass Timeline \‘ 2

Extra PTMC with g

Netz)\:v:k Teilchv:ellrrwelt Onli P MC. . é’ * Individualized PTMC with Netzwerk
(Aug, Mainz) niine S 4 IS‘ = Teilchenwelt for German school’s

- * 6 sessions PN project days (Sep, Online)

* >30 institutes

First Pilots at GSl, * 20 countries
CERN & DKFZ * >1000 students

First “round” of Online/hybrid Currently ongoing
PTMCs within PTMCs: . -
7
IPPOG's IMCs * 6 sessions SEesIons
= Covid-19 | modified PTMC for public . >30 institutes

cancellations outreach at “Physik am
Samstag” (Feb, Online)

* 22 countries
* >1000 students

PTMC School for higher

One week HITRIplus
education (May, Online)
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Summary & Discussion

* Experience so far:
- Tangible translation of fundamental physics research to application in medicine
 Multiple successful “rounds” since 2019
* Integrated into the international Masterclasses

- additional efforts demonstrated tailoring to different educational levels
(middle & upper school levels, higher education, public outreach)

* Biggest challenge:

- Radiotherapy & esp. particle therapy are comparably small research fields
- limited number of experts available (few centers in Europe)
—> dedicated training sessions for tutors at interested institutes

* Future Plans/Ideas:
* Better promotion / streamline organization
* Bigger involvement of other Netzwerk Teilchenwelt hubs
- Web-based interface for matRad
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Contact

* Yiota Foka (Coordination)
Yiota.Foka@cern.ch

* Niklas Wahl
n.wahl@dkfz.de

Links

* Current indico website:
https://indico.cern.ch/event/840212/ (or via https://physicsmasterclasses.org/)
- “PTMC in a kit” provides materials / setup instructions

* matRad
www.matRad.org
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