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Science Context and Particle Accelerators

Uses and applications of particle acclerators

More than 35,000 Particle Accelerators

. o ®m Radiotherapy (>100 000 treatments per
in the world ! (15.000 in 2000 4% 1% 1% year)
10,000 9% ® Manufacturing using ion implantation
~ and surface modification
LHC ® Industrial processing and research
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Radiation Therapy elements

X-rays
P (20 MeV)
é 3 The first steps at the Berkeley Laboratory
“‘ i \‘; In 1946 Robert (Bob) Rathbun Wilson (*):
A& ') Protons can be used clinically
» R Accelerators are available i 2
1 Maximum radiation dose can be placed into the tumor .
Lawrence student Proton therapy provides sparing of normal tissues y \
Fou{j‘ﬁggtg,“ %ff'rSt Modulator wheels can spread narrow Bragg peak
Fermilab Carbon ions can also begffectively used | & S 7
e N 2 it et A J |
4800 MeV carbon ions
A j ; Protons
Jll ¥ _Amaldi Ugo[ECM-ID-151093] g peak (150 MeV)
THE ‘ICON OF HADRON THERAPY’ (7903)
l
Depth (cm) 15

The Bragg peak is a pronounced peak on the Bragg curve which plots the energy loss of ionizing
radiation during its travel through matter.

The discovery of Bragg's law in 1913 by William Henry Bragg and his son William Lawrence Bragg
provided a fundamental understanding of how X-rays interact with crystal structures, leading to
numerous breakthroughs in determining the atomic and molecular structures of materials.

WH. Bragg (1862-1942) 1 he Braggs (fatherdson) won the Nobel Prize in Physics in 1915!
Nobel Prize in Physics

1915 William Lawrence Bragg: 1st pre. of the International Union of Pure and Applied Physics (TIUPAP)
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Radiation Therapy elements

See more applications:

"GaToroid A Toroidal Gantry for Particle Therapy"

Luca Bottura, 29 May 2024

Hadrons vs. photons

Entrance
dose

Useful
dose

Dose (%)

Skin  Shallow
Tissues

Deep Tissues

= Beam
SOBP: Spread Out Bragg Peak

> Galoroid
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Translational Lung Cancer Research, 6(2), 201

Graphics by courtesy of Protom

Accelerating Medical Knowledge Sharing for a Sustainable Future

Ranges of energy.

Scientific Reports, 7, 9781, 2017

Protons
The depth of the Bragg peak  ¢* d
depends on the particle type g3 /
and its energy il C-ions

The typical energy range
required to reach deep seated (o |
tumors is about 50...250 MeV o w0 w0 a0 s0 o
for protons, and 100...500 Freroy ey fam )

MeV/u for carbon ions (to be
compared to 2...20 MeV for photons)

Example proton Bragg curves,
with energy and range straggling

—100 MeV

150 MeV
1.5 1\ 200 MeV
| —250 MeV

The effect of beams of
different energies can be
superposed to deposit partial
doses and treat tumors over
a given depth

Dose deposited (arb. units)

0 005 01 015 02 025 03 035 04
Distance in water (m)

Galoroid


https://drive.google.com/file/d/1RIz_kZCWh59vUDbV510scH3Qc4-AB75j/view?usp=drive_link
https://drive.google.com/file/d/1RIz_kZCWh59vUDbV510scH3Qc4-AB75j/view?usp=drive_link

Radiation Therapy elements

Gantries — bulky preC|S|on objects

. VCIfICIn

2
ko]
o
Q.
Length =10.5m Length =9.5m
Diameter =10 m Diameter =7.2 m
Weight = 270 tons Weight = 110 tons
IO oo =7 <8
w
<
ko)

Length =25 m
Diameter =13 m
Weight = 670 tons

Length = 13 m
Diameter = 10 m
Weight = 350 tons

aloroid
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Length = 10 m
Diameter =8 m
Weight = 17 tons(*)

Length 9 m
Diameter =9 m
Weight = 240 tons




Radiation Therapy elements

Courtesy of CERN KT and E. Felcini, CNAO

"GaToroid is meant to be lightweight:
if used with proton beams, the GaToroid: An interesting project...
structure would have an outer
diameter of about 3.2m, for a total
weight estimated around 12 fons. For
carbon ion beams, the outer diameter
would be of the order of 5m, for a
total weight of around 50 tons. This
represents a substantial weight
reduction compared to conventional
gantries, which weights around 100
tons for protons and over 350 tons

for carbon ions."



applications in medicine & healthcare
q 1 1

Technologies applied
at CERN are also used
in PET, for medical
imaging and

diagnostics

Pixel detector
technologies are
used for high
resolution
3D colour X-ray
imaging

Accelerator
technologies are
applied in cancer
radiotherapy with
protons, ions and

electrons

CERN’s technologlcal innovations have important

CERN produces
innovative
radioisotopes for
nuclear medicine
research
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https://drive.google.com/file/d/1Ojv9qAqz4XULZ5OQVQxJvi6PVYTUVrol/view?usp=drive_link
https://drive.google.com/file/d/1Ipbc-_x2KiueliPtw1zeFkOwoJrNz41x/view?usp=drive_link
https://drive.google.com/file/d/1RzCCVrWJMzHXMgJQsCCbCHsyykHIJyOA/view?usp=drive_link
https://drive.google.com/file/d/1RzCCVrWJMzHXMgJQsCCbCHsyykHIJyOA/view?usp=drive_link
https://drive.google.com/file/d/11mu8L98XQvaQco_l6ndhcPFe9XBA1L8A/view

Anniversary Celebration at CERN

YEARS/ANS CERN

More information and registration three weeks 1954-2024
C\E R'NQTPSU BLI C before each event on vis?t cern
EVE —_ -
S EASO N 2024 Plus dinformations et inscription trois semaines avant
CERN'S 701?1 chague événement sur visit.cerr
Anniversary

Programme Live broadcast:

of Events e
i website
Unveiling the Unive.se From particle physics = The virtuous circle CERN: an extraordinary . CERN'
30 January to medicine of knowledge and human endeavour S
7 March innovation 15-19 May YouTube
‘ 18 April
and
The case of the (still) Exploring farther: LinkedIn
mysterious Universe  machines for new b channels
6 June knowledge e \
Y
‘ C EERNRIEN iione Comeions Discover more at https://cern70.cern
€D«2024/07/16 Accelerating Medical Knowledge Sharing for a Sustainable Future y



Knowledge Transfer

https.//indico.cern.ch/event/1382946/

The event, "From Particle Physics to Medicine,”" on March 7th, 2024,

provides an opportunity to explore the diverse applications of particle
physics instruments and tools in hospitals and medical research,

showcasing how this field is advancing innovative medical technologies:
+"Accelerators to treat cancer”
*"Looking inside the human body"

“+"The digital health revolution”

CD - 2024/07/16 Accelerating Medical Knowledge Sharing for a Sustainable Future


https://indico.cern.ch/event/1382946/

Knowledge Transfer

MediPix
Medipix is a family of read-out chips for particle imaging
and detection developed by the Medipix Collaborations.

Medical Applications from particle physics

from: Manji‘r DOSANJH (CERN) - AUQUST 2010: ...
"Medical Applications from particle physics" ASP2010 o

African School of fundamental Physics and Applications

Source size (electron beam) is key. The smaller the better!

fo: Harry Westfall (SIRIUS) - August 2021: e
“Sirius: The New Bright Lights to Science from the G
Southern Hemisphere” ’
Forum on International Physics (FIP) - Colloguia series ,,e“s:

e . u R O =8
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https://indico.cern.ch/event/78565/contributions/2090045/attachments/1058891/1509875/Dosanjh_MedicalApllications_APS_2010.pdf
http://africanschoolofphysics.web.cern.ch/2010/Program_Overview.html
https://www.africanschoolofphysics.org/
https://engage.aps.org/fip/blogs/christine-marie-therese-darve1/2021/07/28/sirius?CommunityKey=3c4c01e3-d28f-4339-9c6d-8fd1e1afed02
https://engage.aps.org/fip/blogs/christine-marie-therese-darve1/2021/07/28/sirius?CommunityKey=3c4c01e3-d28f-4339-9c6d-8fd1e1afed02
https://engage.aps.org/fip/resources/activities/physics-matters-video
https://medipix.web.cern.ch/

European Network for Light Ton Hadron Therapy
(ENLIGHT) Courtesy Manjit Dosanjh, ENLIGHT Coordinator

CERN/University of Oxford
ENLIGHT was established to .........

* Create common multidisciplinary platform
* Cancer treatment
« Identify challenges

* Share knowledge

 Share best practices

* Harmonise data

* Provide training, education

* Innovate to improve

* Lobbying for funding . . . .
Leveraging Physics collaboration philosophy

intfo a multidisciplinary medical environment

13
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https://enlight.web.cern.ch/
https://enlight.web.cern.ch/

Courtesy Manjit Dosanjh

14
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Build capacity for sustainable health

populations

New career path in global health and
service to the underserved

ENLIGHT Courtesy Manjit Dosanjh |

/ International
PARTNER —a success story | $
: ,

I cancer care

\

Bavalanafferdablas
P
new care delivery paradigms

&

)

" — Increase participation and diversity Create and sustain a critical mass of
° Pa rt | C I e Tra | n | ng N etwo r k fo r in protocal-basz:;;::re and clinical well trained hce:lljt:trc:re workers in

European Hadrontherapy

* 10 academic institutes, research A % R ———
1 H ’ person-to-person mentoring and
centres, 2 |ead|ng companies 4 SUIRR | SIEMENS capacity building network

* 29 young researchers

e
Particle Training Network
for European Radiother

Now working in...

Q) N 0
A
O TR . |

Outcome :

* Now working around the World , fH
N 4
* 7 at Medaustron & s

b O
* Open access PARTNER-JRR A e

CERN
\

>\ ¢b- L024/07/16 Accelerating Medical Knowledge Sharing for a Sustainable Future ,,Ag.“ g -



https://enlight.web.cern.ch/

International Cancer Expert Corps (ICEC) and STELLA

Project STELLA (Smart Technologies to Extend Lives with Linear Accelerators) “Developing medical linacs for challenging
regions”
The Project STELLA is dedicated to: by David Pistenmaa and Norman Coleman, International

Cancer Expert Corps, Inc., and Manjit Dosanjh, CERN

STELLA: A Unique Collaboration
Developing an innovative and transformative radiation therapy

treatment system
Project STELLA

Driving down the cost out of RT and cancer care ' '

Expanding access to high quality cancer treatment globally

An enhanced training, education and mentoring program that Pillar | Pillar Il Pillar 111
catalyzes RTT implementation in the global context
the international arena

New Software Training &

LINAC Integrated Mentoring
Prototype Platform

Science and Lancaster E3 £33% UNIVERSITY OF -
Faciities Souncii UNIIVersity *-% {‘i OXFORD % 3

international @20\ l‘
¥ Cancer /
Expert Corps


https://www.iceccancer.org/green-journal-article-enlight-european-network-light-ion-hadron-therapy/
https://cerncourier.com/a/developing-medical-linacs-for-challenging-regions/

Vel Al-based tool based on the integration of clinical andipatient data
oveia Federated Learning infrastructure developed, tested, vafidated and

Accelerator Data R

“CAFEIN originates in the application of a CERN
technology used to identify defects in LHC”

Courtesy Luigi Serio

Computational Algorithms for Federated

Environments: Integration and Networking
(CAFEIN)

Video: https://cafein.web.cern.ch/Technology

Parameter Server

A Federated Learning (FL) platform, called CAFEIN*, based =&
on artificial intelligence (AI) algorithms, was developed at
CERN in order to ensure immense precision in the operation

of the complex system of the accelerator chain.
=
lﬂ
Pr'OjeCT: TRUSTPOke Webinar' on Feder'(]'red Lear'ning: At the end of the training and without any local data exchange
. . . . a finalised global model aggregating all local Al models
https://indico.cern.ch/e/trustrokewebinar P e

CD - 2024/07/16 Accelerating Medical Knowledge Sharing for a Sustainable Future


https://cafein.web.cern.ch/Technology
https://indico.cern.ch/e/trustrokewebinar
https://cafein.web.cern.ch/

Accelerator Data

"Accelerating stroke prevention”, 13 sep, 2023

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

AI and CERN federated
learning to assist clinicians. KNOWLEDGE TRANSFER

I desianed SEMINAR
CAFEIN, originally designed  [SINPRSINCISINENIUISTIEEE ¢
for spotting anomalies in the [ EElplpeRslEiieliReERREERIE] clinicians%\;
-

in the management of stroke patients e s
CERN accelerator chain : ‘\
Luigi Serio (CERN)
. . Pietro Caliandro (Policlinico Gemelli) 29th September 9:00 CEST
Oper‘a.hon can CllSO be us ed In with introduction by Mike Lamont 40/82-%%1 - Salle Bohr and on zoom
(CERN Director for Accelerators and Technology)
healthcare, in the managemen R

\ trustroke

O f ST r'o ke paT l en.rs * This project is funded by the European Union in the call HORIZON-HLTH-2022-STAYHLTH-01-two-stage under grant agreement No-101080564

18
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https://home.cern/news/news/knowledge-sharing/accelerating-stroke-prevention
https://indico.cern.ch/e/trustroke

Dose (Gyrse)

More CERN initiative for Cancer Therapy

(NIMMS): “Next Ion Medical Machine Study: fighting cancer with
accelerators” by Maurizio Vretenar

40
Tumour Organ at W - -
= Layout of a facility for treatment and research with helium
MV Phoon and proton beams
30 |
A HERAPY WETH HELIUM AND FROTON BEAMES » Two beamlines for treatment, one for research.
25 | M.Vretenar”, M. E. Angoletta, G. Bisoffi', J. Borburgh, L. Bottura, K. Pajskis, R. Taylor, . .
Treatment v s i e [ > Rotating superconducting gantry.
il N beamline | NIMMS Collaboration, IPAC22 Conference > Injector with parallel radioisotope production
' with gantry| |  Static S e
A | treatment HEace o tm
sl \ | beamline
1.0 |
Research
05 [ Beamline Helium
&_\_ Synchrotron
00 i A
5 10 15
Depth (cm)
lon
Spread-out Bragg peak for proton, Sources Radioisotope
Linear Accelerator Production

helium, carbon compared to X-rays

(K. Kirkby et al., Heavy Charged Particle Beam Therapy
and related new radiotherapy technologies,
https://doi.org/10.1259/bjr.20200247)

19
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https://indico.cern.ch/event/1269171/contributions/5330627/attachments/2618973/4527568/NIMMS_Kaunas_03_23.pdf
https://indico.cern.ch/event/1269171/contributions/5330627/attachments/2618973/4527568/NIMMS_Kaunas_03_23.pdf

More CERN initiative for Cancer Therapy

South East European International Institute for Sustainable Technologies
(SEEIIST)

Proposed in late 2016 by Prof. Herwig Schopper, a former Director General of CERN and
initiator of the international SESAME project in Jordan, received first official political
support by the Government of Montenegro in March 2017.

SEEIIST is a collaborative initiative among South-East European states to establish a
cutting-edge research infrastructure focused on accelerator-based cancer therapy and
biomedical research, with strong regional and international support, aiming to foster
scientific cooperation, economic development, and social cohesion in the region.

Register to the LIFE Virtual PHYSICS MATTERS Colloquium on Aug. 29
"Beating Cancer with SEEITST while Shaping Science in South-East Europe"
by Sanja Damjanovic, former Minister of Science in the Government of Montenegro

CD - 2024/07/16 Accelerating Medical Knowledge Sharing for a Sustainable Future 20


https://seeiist.eu/
https://seeiist.eu/
https://engage.aps.org/fip/blogs/christine-marie-therese-darve1/2024/06/09/seeiist/

« - Book Open Access: Herwig Schopper i
Br"ng'ng L'gh"' “ Scientist and Diplomat in a Changing World B

in a Changing World

High Award
for Science
Diplomacy
Herwig Schopper
| acenturyin physics
A Sym pOSi um tO ma rk the lOOth birthda On February 15, 2019, Khaled Toukan, Herwig Franz Schopper, Zehra

Sayers, Eliezer Rabinovici and Sir Christopher Llewellyn Smith, were
awarded the 2019 American Association for the Advancement of
IBSP-sponsored International Years Science (AAAS) prize for science diplomacy for their considerable

IBSP /G /\@
Internationsl Besic Science

~$ of Herwig Schopper

T

x Programme

Science for Peace

Two organisations created under the umbrella of UNESCO:

Global science advocacy and popularization actions

[

“Visionary leadership, » 2005 International Year of Physics
science without borders * 2009 International Year of Astronomy
and science for peace” * 2011 International Year of Chemistry
7 » 2014 International Year of Crystallography
» 2015 International Year of Light

3 CER H Y =
il i CERN SESAME
£ b Second Collisions
' o ol iz, MHP . : :
. 1 7 A 7 P.‘\\Z ‘3 PIACE oF Conceived late 1940s - aim: Conceived late 1990s with the same aim:
i/ P 4\ = + Enable construction of a facility beyond means of + Members: Cyprus, Egypt, Iran, Israel, Jordan,
. PEACE4 \ n individual countries v Pakistan, Palestine, Tarkiye
«0 o A I\ (gl + Foster cooperation between peoples recently in + SESAME is more challenging, because of the

conflict persistent political crises engulfing the Middle East
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https://link.springer.com/book/10.1007/978-3-031-51042-7
https://link.springer.com/book/10.1007/978-3-031-51042-7

Courses and
Colloquia

Suggestions




Knowledge Sharing - Suggestions

= Massive Open-Online Courses:

— MOOQOC & school Nordic Particle Accelerator Project

— MOOC Accelerate Your Teaching (incl. SiS)

= African School of Fundamental Physics and Applications (ASP)

= FASEM - Scattering technology Advanced school

» PHYSICS MATTERS Online Colloguia Series by FIP at APS

= Int. Union of Pure and Applied Physics (TIUPAP) w14

CD - 2024/07/16 Accelerating Medical Knowledge Sharing for a Sustainable Future


https://npaperasmusplus.wordpress.com/
https://www.europeanschoolnetacademy.eu/courses/course-v1:AT+AcceleratingTeaching+2023/about
https://www.africanschoolofphysics.org/
https://www.linxs.se/events/2023/03/11/fasem-school-linxs-partner-event
https://engage.aps.org/fip/resources/activities/physics-matters
https://iupap-wg14.web.cern.ch/

Massive Open Online Courses for Accelerators
Nordic Particle Accelerator Project (NPAP)

Existing educative platforms and programs:

v’ Accelerator schools: JUAS, CAS, HASCO, USPAS, ACAS, ASP, etc

v'University programs (e.g. Aarhus, LU)
v'EU-TIARA market surveys

v'EU-ARIES and LFAST Accelerating News

New Pedagogical tools for Accelerator science?
» School levels are typically advanced

» Domains/Field complementarity; User communities

» To provide sustainable and "users-friendly” tools

CD - 2024/07/16 Accelerating Medical Knowledge Sharing for a Sustainable Future

3rd cycle
Doctorate

2nd cycle
Master

1st cycle

Bachelor
180-240 ECTS L +60-120 ECTS

Doctoral

—

Master with
Acc. course

ARIES MOOC

Undergraduate studies:
general physics


https://npaperasmusplus.wordpress.com/
https://aries.web.cern.ch/
https://ifast-project.eu/
https://ifast-project.eu/taxonomy/term/214

Nordic Particle Accelerator Project (NPAP)

From proof of Concept 2015 summer School to MOOC

» Three Summer Schools 1’ @ Q .
* 90 students

Anders Karlsson Deana Ekberg Nannskog ~ Karima Kandi (LU) Julius Kvissberg (Evi_

 Education in accelerator technology SRR nEtmyea il
* Visit of MAXIV and ESS ; “
éd‘ﬁﬂiﬂe Darve (ESS) Francesca Curbis (MAXIV)  Sgren Pape Mgller (AU)  Erik Adli (OU)

rker Werin (MAXIV) Pedro Fenandes Maja Olvegard (UU) Pauli Heikkinen (JU)

Tavares (MAXIV)

Develop capacity in Northern Europe

with emphasize on MAXIV and ESS




Nordic Particle Accelerator Project (NPAP)

We have reached out 104 Countries worldwide |

In July 2024 Cy )

~ 19,200 NPAP
learners

1 - N 2,986
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Nordic Particle Accelerator Project - Topics

MOQC1: Particle

Accelerators introduction
—> Launched in August '19

Accelerators for Synchrotron Light

Light and Light Sources

Accelerator to make light

The development of accelerators for
synchrotron light

Photon light sources and MAXIV
Synchrotron radiation

Bending magnets, wigglers and
undulators

Free Electron Lasers

Spallation source and ESS
Introduction and neutron science

European Spallation Source
Particles Colliders

Introduction to Particles Colliders
The LHC and its experiments
Linear Colliders

Future Circular Colliders

Plasma Wakefield (to be completed)

CD - 2024/07/16

MOOQOC2: Fundamentals of MOOC3: Medical Applications

accelerator technology
- Launched in March '19

RE-System
Introduction to RF-systems

RF cavities

Waveguides

RF Amplifiers

More about cavities

Magnets technology for
accelerators

Magnets part1/2/3

Beam Diagnostics

An overview

Beam intensity and position
Transverse Beam Profile
Longitudinal Beam Profile
Beam Loss Monitoring

Basics of Vacuum techniques
An overview and motivation
Residual gases and vacuum regions
Vacuum equipment

Other vacuum components

Accelerating Medical Knowledge Sharing for a Sustainable Future

of Particle Accelerators

- Launched in Nov. '18

Introduction to the course and
radiotherapy

Introduction

Biological rational for radiotherapy
Intro. to the electron linac for radiation
therapy

Electron Linacs for radiation therapy
The multi-energy electron Linac structure
Dose delivery to the patient

Proton therapy 1

Rationale of proton therapy
Accelerators for proton therapy
Treatment delivery of proton therapy
Proton therapy Il and production of
medical radionuclides

Heavy ion therapy

Challenges in pr. th. and heavy ion th.
Introduction to medical radionuclides
Production of medical radionuclides



https://npaperasmusplus.wordpress.com/
https://www.coursera.org/learn/fundamentals-particle-accelerator-technology/?utm_medium=email&utm_source=other&utm_campaign=opencourse.qpc6hYZNEeaG-BL9miwwYw.launch
https://www.coursera.org/learn/fundamentals-particle-accelerator-technology/?utm_medium=email&utm_source=other&utm_campaign=opencourse.qpc6hYZNEeaG-BL9miwwYw.launch
https://www.coursera.org/learn/medical-applications-particle-accelerators
https://www.coursera.org/learn/medical-applications-particle-accelerators

NPAP - MOOC Content

MOOCI: Fundamentals of accelerator technology

https://www.coursera.org/learn/fundamentals-particle-accelerator-technology

About this Course i S S

5,694 recent views
, Fundamentals of [ ot oduction to RE Systens e A
particle accelerator Reading: Introduction
Did you know that particle accelerators play an important role in many functions of todays society and that there ;‘A?gg‘g)'OEY(NPAP Coubtsned ) © 10
are over 30 000 accelerators in operation worldwide? A few examples are accelerators for radiotherapy which & o oy
are the largest application of accelerators, altogether with more than 11000 accelerators worldwide. These ' Reading: Basc concepts 1
: - ontent A 5 (Cpublished ) ® 10
accelerators range from very compact electron linear accelerators with a length of only about 1 m to large e =
@ Edit Content = Quiz: Quiz Introduction
SHOW ALL Cowsa Rasouras & Costhea ) © o
E Discussion Forums Video: Outhne of the RF-system
Learning Objectives ' &5 Crublsned ) © 2
Asset Library Quiz: Outline of RF-system
. 5 5 Crublished ) © em
WHAT YOU WILL LEARN o e
g @ Video @ Reading @ Quiz @ More
Feedback
 You will learn the basic technology of  Youwill understand the basic principles for alll o - = Rissttons R
particle accelerators. how particles are accelerated, and how Scheduing & ®
they can be guided. e N

@ Reading: A mathematical description of the pillbox cavity

: : ; ® Approx. 17 hours to
 You will learn about different ways to + Youwill learn about vacuum: Why we need let
monitor the beam. vacuum in accelerators; Where particles complete _
B ;s Suggested: 4 weeks of study with 5-8
that give rise to pressure comes from; How
one create vacuum hours/week
» English

Subtitles: English
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https://www.coursera.org/learn/fundamentals-particle-accelerator-technology

NPAP - MOOC Content

MOOC3: Medical Applications

For Individuals

coursera I

(@ > Browse ) Health > Research

. LUND UNIVERSITY

For Universities

For Governments

Medical Applications of Particle
Accelerators (NPAP MOOC)

X Taughtin English | 21 languages available | Some content may not be translated

Alread Il
Go To Course TCRCIEL Y
Financial aid available

7,473 already enrolled

4.6 *

(259 reviews)

Beginner level

No prior experience required

About dul Rec d

Details to know

v—
o—
o—

Shareable certificate

Add to your LinkedIn profile 22 quizzes
Accelerating Medical Knowledge Sharing for a Sustainable Future
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Assessments

7 hours to comple

3 weeks at 2 hours a week

Reading: Dose delivery
of radiotherapy

10 min

Practice Quiz: Dose
delivery of
radiotherapy

5 min

Reading: Further

reading

10 min

Introduction to the
electron linac for
radiotherapy

Reading: Introduction
to the lecture

1 min

@ Video: The main
components of a
radiotherapy electron
linac

3 min

Practice Quiz: Main
components of a
radiotherapy linac

10 min

Reading: Access to

external-beam
radiotherapy
worldwide and in
Europe

10 min

O Quiz: Graded Quiz

15 min

9[nglishv {v} ov

) a topic and learn the fundamental
‘or: Lars Hjorth Praestegaard

d with Coursera Plus

coursera

The LINAC structure 7 Share

Lund University
ND WHRTR Y 46(259 ratings) | 7.5K Students Enrolled

UNIVERSITY

This Course Video Transcript

Hello and welcome to this course! The NPAP - Medical Applications of Accelerators is one out of three courses in the
Nordic Particle Accelerator Program (NPAP). Here you will be taken on a tour focusing on the medical applications of
particle accelerators. You will see that there are two very important, but different, applications of accelerators in

hasaitals Tha fives timasi Aiavk t

SEE MORE v

And tha athar sansarns tha ar sinm A maadisal

View Syllabus

Electron linacs for radiotherapy

Module 2 + 2 hours to complete

Proton therapy |

Module 3 + 1 hour to complete

Proton therapy Il and production of medical radionuclides

Module4 « 2 hours to complete




NPAP - MOOC Content

Learning Objectives

Week 1: Introduction to the course and Radiotherapy
Explain the basic principles of radiotherapy

*Give examples of different methods to position the patient
before radiotherapy.

Explain the basic physics of the treatment machines used
for radiotherapy

Motorized metal rod
(energy switch)

Week 2: Electron linacs for Radiotherapy [TTTITTTITTIT]

—— —— —

«Compare different types of linear accelerators used forl | | B 0 T i

RF input

radio therapy

Explain the different systems used to shape the dose
distribution in the patient

Describe how one can radiate a certain volume without
damaging the surrounding tissue

Figure 3: Varian Clinac energy switch. Image courtesy Varian Medical Systems Inc.
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Magnetic field Fixed Fixed vary
Energy Fixed Fixed vary
Particle radius vary vary Fixed
Electronic signals RF frequency Fixed Vary Vary
:%;g:puter for size WeakiLarge Strong/Small
construction Se Gonpect iMeryicompect Lorge)
Beam pattern Continuous beam Pulsed Pulsed
Avg. beam current High Low Low

NPAP - MOOC Content

Learning Objectives

Lead collimator

Week 3: Proton Therapy I T
*Explain the differences of the dose deposition between radiotherapy......
and proton therapy
“Review the different types of accelerators used for proton therapy

*Explain how the tissue surrounding a tumour is affected by proton

therapy
Explain how protons are accelerated and guided to the patient in
proton therapy

»| Coincidence
processing
unit

v

Computer

Week 4: Proton Therapy II and Production of radionuclides SE
«Compare heavy ion therapy and proton therapy
Explain advantages and disadvantages of heavy-ion therapy with
respect to proton and x-ray radiotherapy

Image
reconstruction

>

Describe how medical nuclides can be produced
*Explain why medical radionuclides are important and where they are |

unstable /3

US ed \ X radiotracer s

9 g
Annihilation of e* and e-
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MOOC Beginner: Accelerate your Teaching

- Presentation by Joanna Lewis: google drive

EUROPEAN
| SPALLATION

LUND

Erasmus+ oMy o ivios |
https://bit.ly/AT_MOOC23
Yot & 8 () |
° ( H‘.{smgmgg ‘.(\) accelerating
Accelerate Your Teaching 7%%

Q accelerating
( teachinc
@

Approaching particle accelerators and
new scientific research through
online professional development for
high school teachers

Research Facilities to support
STEM educotlon

Ths the Euopeon Unon - project Acceleroted Teoching  (Agreement  number:
Fur Moﬂhy 2022-1 SEO KQZ?OSC 000089631). k&5 0is0 supported by Scientix, an ntiotive of Europe et. The contert of cle
n- European Union v‘-xxm o( ganzer. I'.do‘-‘.rvxmry&aln‘eoonoﬂo‘ux-Euoo(-oﬂU'vo'v«EU)WL‘ 2 EU's not responsbie for ony use that might be.

of ‘
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https://bit.ly/AT_MOOC23
https://docs.google.com/presentation/d/1VmTiteuRHx3z3IQUrxOYtmbkkG0g8HO6/edit?usp=sharing&ouid=115409982957584898216&rtpof=true&sd=true
https://bit.ly/AT_MOOC23

.. and learn more for free !

s European AT AcceleratingTeaching X Hel
ikismn Academy  Accelerate Your Teaching MOOC P

ChristineDarve v

Course  Progress Discussion Live Events  Meet Your Peers  Behind the Course  Certification  Glossary

Accelerate Your Teaching MOOC ‘Q accelerati

teachin
Pick up where you left off Set a weekly learning goal

Setting a goal motivates you to finish the course. You can always
change it later.

- N

t Expand all
R Fa [
©  Module 1: Introduction to Accelerate Your Teaching MOOC + Casual Regular Intense
1 day a week 3 days a week 5 days a week
© Module 2: The Science Behind Large Research Facilities +
©  Module 3: Accelerating Society from Home-Based Investigations to Massive Course Tools
Collaborations R Bookmarks
Updates .
@ 3.0 Module Introduction Trailers
Important dates
© 31The Physics of Atoms and Particles Wed, Nov 22, 2023 D . t
escriptions
© 3.2 What's the Smallest Thing in the Universe Course ends
This course is archived, which means you can review course
© 3.3 Accelerators as Colliders content but it is no longer active.
© 3.4 AcceleratAR to Study Radiation View all course dates
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https://youtu.be/jt_2SKcl7_4?si=oaQUWB1d6zxFunTT
https://www.europeanschoolnetacademy.eu/courses/course-v1:AT+AcceleratingTeaching+2023/course/

MOOC (@ w

Short Videos of scientists

ess.eu/explore

European Spallation Source * 16 views * 4 days ago

Superconductors and data

European Spallation Source + 576 views * 6 months ago

Accelerators for life sciences

Using accelerator-driven 2
research facilities

European Spallation Source * 639 views * 6 months ago

European Spallation Source
6 videos 86 views Updated yesterday

4 I European Spallation Source + 1K views * 6 months ago
=+ (7))
| ‘ H
m > shuffle ! l’ 1 ,ﬂ !h" ' Accelerators to study the distant past
5 TR European Spallation Source * 1K views * 6 months ago
P ; | 7
Scientists talk about how using large accelerator- ’ WY
driven research facilities benefits research. \|
- ':Q"%E Who inspires you?
6 i‘ ] ; P g .| European Spallation Source * 2K views * 5 months ago
1 - >
. \
SRt
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Accelerate Your Teaching MOOC Module 1 Introduction to Scientist Stories

Downl¢

Downl¢

—
«What is science...
...and what is fiction?


http://www.ess.eu/explore
https://www.youtube.com/playlist?list=PLFSUXC0l5E6sFpv1Sqf3aYqcnz7rBbO6W

Science in School

A
@ Sciencein School

The European journal for science teachers

Home CurrentlIssue Alllssues Inspire Understand Teach Events About Getinvolved Author guidelines

Science in School > All Issues > Issue 67 >

Accelerate your teaching with links to
cutting-edge science

Author(s): Jo Lewis

INSPIRE
ARTICLE

April 4,2024

Ages: 11-14, 14-16, 16-19

Accelerate Your Teaching is a free online course for high-school teachers.

Topics: Biology, Chemistry, Earth Introduction

science, Engineering, General

science, Health, Physics,

<& European
~Schoolnet
Academy

Resources, Science and society

Keywords: Accelerators,
Multidisciplinary science, Particle
physics, Teaching resources

Available languages

3
|

Research Facilities to support
[ STEM education }

S English

See all articles in S English
CD - 2024/07/16

©Accelerating Teaching
Accelerating Medical Knowledge Sharing for a Sustainable Future

Discover how particle accelerator stories can bring a range of STEM topics to life.

W
* Science in School

The European journal for sclence teachers

Home Currentissue Alllssues Inspire Understand Teach Events About Getinvolved Author guidelines

Science in School > All Issues > | 7>
Build a linear accelerator model

April 4, 2024 Author(s): Jo Lewis, Lukasz Michalak

Ages: 14-16,16-19

Build a linear to - the source of high-energy
neutrons used by the new European Spallation Source being built in Sweden.

|

Topics: Engineering, Physics

Keywords: Acceleration, Collisions,
Energy, Kinetic energy, Magnetism,
Momentum

Available languages
BB Englsh

See all articles in &8 English

© Ullo Hammarlund/ESS

Contact Newsletter Search

Supporting materials
Activity instructions sheet
Activity worksheet

ESS scheme

Download

Share this article

X f in

Subscribe to our newsletter

https://www.eiroforum.org/



https://www.scienceinschool.org/
https://www.eiroforum.org/

(vic)A2

Accelerating particles

Gang Wang 3 lectures at ASP2021

Gap -

Beam

ok 0
L

Electro-Magnetism - Lorentz and Maxwell F = dp = e(E+vxB)
dt N
Electron  |Proton E= -V - a_A (
Rest mass [Kq] 9.1ME-31] 1.67E-27 ' | dat /
Rest mass [MeV] 0.511 938 —J
V~0.95 c [MeV] 1.1 2000 DC AC
ratio 1 1836 D.
In plane normal to B:
electrons - va ymovz
F=ewvB=——= ——
P g p
p B m‘a(gnetlc rigiaity p[GeV/c]
S =Bp Bp[T.m] ~ ——'—=
protons 03
2r_re
= p c FE
“ﬁ;ﬁon” “Einstein” V= liﬁz
0 100 200 300 400 50C momentum p = ymy
Kinetic Energy [MeV]

total energy E = ymc®

kinetic energy K = E —mc®

E* = (mcz)2 +(pc)2

J Power Coupler

Y'Y

. A Waveguide

RF Input- Power Amplifier (Klystrons)

— Beam tubc —ore

Beam tube —»

Magnetic ficld

Magnetic ficld

= Equator


https://indi.to/Gzg57

Particle Accelerator Main Ingrédients

Rf cavities

1- Ion Source to produce the charged
particles to be accelerated (h* or h°)

2- Accelerating structures to accelerate charged
particles 2> could be SUPRA

3- Magnets are used to bend and focus the particle
trajectories > could be SUPRA

Magnetic

chambers fields

4- Vacuum chamber to minimize scattering of the beam ,«’/ L particle

beam 3
particles by gas particles Courtesy Caterina

Biscari
5- Cooling systems to remove the heat dissipated in accelerator components; use of superconducting

magnet and cavity
6- Beam diagnostics to provide information about the beam intensity (current), position, beam profile
and beam loss

7- Control system to record and control each equipment
37
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FASEM for Life science 2024

French-Swedish Academy
for Scattering
Experiments and
Modeling (FASEM) for Life
"Neutrons for Soft science: from experiments

and Biological to data analysis - LINXS
Matter” by Giovanna Partner Event
Fragneto

Monday, 11 March 2024, 09:00 CET -
Friday, 15 March 2024, 17:00 CET

Huge Range of Science for deuteration

Organic Sustainable
Photovoltaics | giomaterials

Biosensors

Lubrication lonic

liquids

Surfactants
& Polymers

Proteins and
peptides

g
\ Neut ft Z
. eutron so Pharmaceuticals

\‘ l_,o/ \‘ 0:5 7 -

N
,.I‘\

MORE INFORMATION

REGISTRATION AND PROGRAMME IS COMING SOON

When: 11-15 March 2024
Where: at LINXS (Scheelevdagen 19, Lund), Workshop room on the 5th floor.

DESCRIPTION

The main objective of this advanced school is to train young researchers in biology, biophysics,
pharmacology, etc. to the use of X-ray (XR) and neutron scattering structural techniques
(crystallography, small-angle scattering, reflectometry), ranging from experiments to complete and
in-depth analysis of the data, based on mathematical and modeling approaches (e.g. analytical fits,
ab initio modeling, artificial intelligence, Bayesian and multimodal methods). The complementarity of
these scattering techniques with other structural biology methods, such as NMR, will be considered
as well.

See also: ScilLifelLab is a national resource providing unique

siagea technologies and expertise to life scientists, fostering cross-

3 development
science

- , prF disciplinary collaborations among researchers, industry, healthcare,
/ Deuteration/contrast variation/isotopic labelling are powerful . . . . .
methods to study structure and interactions: it is essential to foster pUbllC research OPQGHIZGTIOHS, and international par‘Tner‘S.

development at neutron facilities in collaboration with the user base
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https://indico.ess.eu/event/3378/
https://www.linxs.se/events/2023/03/11/fasem-school-linxs-partner-event
https://indico.ess.eu/event/3378/contributions/19046/attachments/15047/28295/Giovanna_Fragneto_FASEM-SCHOOL-MAR-20024-NEUTRONSSOFTBIO.pdf
https://indico.ess.eu/event/3378/contributions/19046/attachments/15047/28295/Giovanna_Fragneto_FASEM-SCHOOL-MAR-20024-NEUTRONSSOFTBIO.pdf
https://indico.ess.eu/event/3378/contributions/19046/attachments/15047/28295/Giovanna_Fragneto_FASEM-SCHOOL-MAR-20024-NEUTRONSSOFTBIO.pdf
https://www.scilifelab.se/

African School of fundamental Physics and applications

A non-profit organization created by a small group of worldwide scientists to
stimulate and include more African talented physics students in the world
scientific community

The aim of the school is to build capacity in African countries, to
harvest, interpret, and exploit the results from physics experiments
with particle accelerators, and to increase proficiency in related
applications and technologies

Contribute to a Support financially up to Establish a biennia Provide high quality
world w/ equal 85 African students for Eﬂl educative program classes by
access to 3- week classes to be hosted @ international re-
knowledge attendance across Africa known Scientists

Details by Mounia Laassiri: ACP2023: An overview of the ASP and Christine&Ketevi
"The ASP: Shaping the future”, Wits, SA, June ‘22
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https://indico.cern.ch/event/1229551/contributions/5544919/
https://www.africanschoolofphysics.org/info-the-african-school-of-fundamental-and-applied-physics-shaping-the-future/
https://africanschoolofphysics.org/
https://africanschoolofphysics.org/
https://africanschoolofphysics.org/

African School of fundamental Physics and applications

Particles and

related applications

Nuclear physics,
Particle physics,
Medical physics,
(Particle)astroph
ysics &
cosmology,

Fluid & plasma
physics,

Complex systems

Light sources and

their applications

Light sources
Condensed
matter &
materials physics
Atomic &
molecular physics
Optics &
photonics

Earth science

Cross-cutting fields

Accelerator physics
Computing .
Instrumentation &
detectors .
Quantum computing

& quantum .
information

Machine learning & .
artificial

intelligence

Societal

engagement

Physics
education
Community
engagement
Women in
physics
Early career
physicists

ASP online lectures and "Synchrotron and neutron based diffraction and spectroscopic techniques”

Conferences - ACP
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https://africanschoolofphysics.org/
https://africanschoolofphysics.org/
https://africanschoolofphysics.org/
https://www.africanschoolofphysics.org/online-lecture-series/
https://www.linxs.se/related-events/2020/11/24/asp-online-lecture-series-the-african-school-of-physics-synchrotron-and-neutron-based-diffraction-and-spectroscopic-techniques
https://africanschoolofphysics.org/acp/

THE EIGHTH BIENNIAL AFRICAN SCHOOL OF
nmomnmu PHVSICS AND APPLICATIONS +

O

08 Foculty of Scienc Seemiohc, MORTABAR, MOCCO
AR 18510 o sty T2, 2024

Applications of Accelerators

APS2024 - "Light sources & applications"
by Caterina Biscari (ALBA, ES)

Energy and power emitted in a ring

ALEBEA
4 2 Larmor formula:
P 2cr, E” o 2r,emyc” 4| Instantaneous power emitted by an electron
SR 3 (m 02)3 pz 3 p2 y travelling in a circle of radius p (by integrating the
0 Poynting vector) 2 2
14 14
2 ds E*\GeV* —_— —_—
IPSR dt ==rmc’py* —=C, J—} o 7*1,| Energy emitted per Psp p2 UO x p
finite p 3 P’ P (m) turn by every
Ar r o particle. Note the
C,=——5=8.846 10°° —_— fore e’ strong dependence
3 (mcz)’ GeV ony
Emitted power per turn by N, electrons (positrons) and protons E(GeV*I(A E(TeW*I(A
(antiprotons) _qds P,(kW) = 88.5 w P.(kW) = 6.0 w
4 4 Ly o) 4 p(m)
P.(kW) = 24 I, = 88.46M .
380 2 p(m) 472'£ — Emitted power per turn by electrons (positrons) and protons (antiprotons)

Electrons are the particles used for synchrotron light production

4 4
pp(kW)=i1 —6.03 ETeV) I(4)

1T,
3,0 p(m) No=— '
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https://indico.cern.ch/event/1417241/timetable/?view=standard
https://indico.cern.ch/event/1417241/contributions/5957442/attachments/2896330/5078253/ASP24%20-%20SR%20Lesson.pdf

Applications of Accelerators

"Radionuclide production and radiation therapy with particle accelerators”
by Marco Silari (Polytechnic Milano, IT)

Particle accelerators operational in the world

DIPARTIMENTO DI ENERGIA

Three main applications: 1) Scientific research, 2) Medical applications 3) Industrial uses

Particle accelerators for medical uses

AR S 1968 | 1970 | 1989 | 1994 1998 2000 2004 2007 2009 2012 2014
: : 1 121 131 | 14.5] | (6-8] | 19.10] | [11.12] | [13.14] | [15,16] | [17. 18] | forecast

Industrial accelerators, ~2000 [ ~2700 | >4000| =4500| ~7500| ~8500| =>8500|~17900| 22500( 25300f 27000 |.  Production of radionuclides with (low-
including EI'\ETEY) cyclotrons

Electron accelerators rated ~650| 1500 1500 1500 =>1500 2700 2750 | ~5000 | ~5000 1. |mag|ng (PET and SPECT)

to energies in excess of 300 keV

Electron accelerators rated =350 >1000 4500 7000 7500 | ~8000 II. Thera Py

to energies below 300 keV . .

B I Il. Electron linacs for conventional

[on implanters and accelerators ~3000| >2000| ~6000| ~7000( =>7000| ~9700|~10000 ~11300 §j~12000 S % -

for ion analysis radiation therapy (including advanced

Neutron generators ~1000| ~2000( ~2000f ~2000 moda"ties)
Accelerators in science ~1000| ~1200| ~1200| ~1200| ~1200| ~1200| ~1200 ~1200 Ill. Medium-energy cyclotrons and
Accelerators in medcine, 306 | 2500 | ~4200 | ~4700 | ~5200| ~8500| ~9650|~11600 ~13000 fj~14000 SynChrOtronS for hadron therapy Wlth
includi H H
SR protons (250 MeV) or light ion beams

Electron accelerators ~2500 | ~4000 | ~4500| ~5000| ~7500| ~9000| >11000|~12000 §~13000 (400 MeV/u 12c-i0ns)

Proton and ion accelerators 11 17 20 20 25 29 32 39 ~59

(radiotherapy) [19] IV. Compact proton accelerators for BNCT

Production of radioisotopes ~200 ~200 ~200 ~260 =550 >600( ~1000Q ~1100

for medicine
Total ~2000 | ~3000 | >6500 | >=9700 | >13500 | >15000 | >18000 | ~27 500 | ~30 000 | ~39500| 41000

A. P. Chernyaev and S. M. Varzar, Particle Accelerators in Modern World, Physics of Atomic
Nuclei, 2014, Vol. 77, No. 10, pp. 1203-1215.

M. Silari —RN Production and RT with particle accelerators — ASP 2024 9
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https://indico.cern.ch/event/1417241/contributions/5957419/attachments/2896142/5077910/ASP%202024%20on%20line%20-%20Medical%20accelerators,%20RN%20production%20and%20RT.pdf

Hierarchies in Biology

10° F
e 100 >
: w b ’

Function

Applications of Accelerators

APS2024 - "Fundamentals of Biophysics”
by Tjaart Kriger (Pretoria, SA)

« Enormous ranges in time & space

Typical time scale (s)
3

104
« Emergent properties
10¢ F =
= more than the sum of their parts
r + Physics problems are solved at all
Protein functions: Communication 10 F levels of complexity
The hormone insulin (yellow) £ - 101 R
Is a small, stable n
that can easily maintain its.
shape while travelling
Fie ol &
- ” . . . x‘mmmvum A A A A L A A A A L A L L
Quantum B|°|°gy. Magnetic Field Sensing 107 10° 10¢ 107 10¢ 10% 104 10° 102 10" 10° 10' 1o=6 R —
g Sy y with an : o 0 Typical spatial scale (m) YUNIBESITAI YA PRETORIA
n-=9
— bl 3 Quantum Physics, Emergence, and Chemistr®
DA ncutral donor-accepior molecule i
1ok reshaorg
Cryptochrome l"‘ The Puzzle of Quantum physics in relation to complexity
D'eA  Photo-excited neutral domor-acceptor molecule Photon absorption creates . H 1 . .
wpue  radical pair in singlet state photosynthesis respiration DNA repair anaesthesia
l Hyperfins interaction Emergence of complexity: what is its basis?
e D e AT
PeOMaERTC Interation Molecular biology based in molecular shape: Quantum Chemistry
ks Teconbimtion & The local wave function approach is key to this
singlet products wipiet peoducts
wepe . Quantum phy: and biology: the loc:
el Y ou e 0% 0100030 oMy G Ellis: Journal of Physics: Conference Se
Ritz, Adem, and Schulten., Biophys. J. (2000)
olfaction magnetoreception enzyme catalysis cognition? 2024-03-11: NITheCS Colloquium: 'Quantum Physics and Biology: the Local Wavefunctio
.
i Sy by Q) ™o, 0 swserbed %t P e Ko

49
Q@ LUMIBESITHI YA PRTORIA Picture adapted from the Theoretical and Computational Biophysics Group, Beckman Institute, University of Illinois at Urbana-Champaign

294 views 4 months ago NITheCS/NITheP Colloquium and Webinars
2024-03-11: NITheCS Colloquium

Quantum Physics and Biology: the Local Wavefunction Approach

Prof George Ellis, FRS (UCT  ...more

2024-03-11: NITheCS Colloquium: 'Quantum Physics and Biology: the Local Wavefunction "
by George Ellis (UTC, SA)
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https://youtu.be/Ake9eK6CR7I?si=TozSVCrDSLPqMWc3
https://indico.cern.ch/event/1417241/timetable/?view=standard
https://indico.cern.ch/event/1417241/contributions/5957455/attachments/2895386/5076365/ASP2024%20Biophysics.pdf

Forum on
International Physics

B FIP/PHYSICS MATTERS

-l | Physics Matters - FIP

# Denna karta har skapats med Google Mina kartor. Skapa din egen karta.

» SESAME Light Source (members and observers) and Developing Communities

* Matters for Users: Scientific Cases using Photon and Neutron Sources

* Particle Accelerator and large Research Infrastructure

S
* Outreach & Education 42+1 Colloquia so farl | k. 'y
« Organizations & Collaborations &athering up to 34 countries at once

Watch the latest PHYSICS MATTERS edition: "Forum to accelerate a global

:/c" ‘;\\ digital world"
FINTERNAN W

u_5P H Y S \ C:% Sl8) Forum to accelerate a global digital world
C

2 Forum to accelerate a
global digital world

* Forums and Topical colloquia:

Watch Jater = Share

* Environmental & Sustainable developments

* Health & Life Science H

PHYSICS MATTERS P ium# & @
Christine Darve :

_ ] T i i &) European Spalaion Saurce
Subscribe/unsubscribe form YouTube recordings available st
Next: "TechWomen: Harnessing the power of global women in STEM" R s

Thursday July 25, 2024 ' 16:00 CET (10:00 ET)

Past PHYSICS MATTERS Colloquia Below

Learn more "Why Physics Matters!”

@ =W = April 2024: "Forum to accelerate a global digital world" by Dr. Christine
Darve and Dr. Stephane Kenmoe

"Facilitating Global Scientific Exchange: The "Impact of PHYSICS MATTERS” e-EPS

CD - 2024/07/16
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https://engage.aps.org/fip/resources/activities/physics-matters
https://engage.aps.org/fip/resources/activities/physics-matters-video
https://drive.google.com/file/d/1r_wDU91Ss4os7QmGtiewCHc8J4ZDtTzg/view?usp=drive_link
https://www.eps.org/blogpost/751263/498879/Facilitating-Global-Scientific-Exchange-The-Impact-of-PHYSICS-MATTERS
https://info.aps.org/fipphysicsmatters
https://engage.aps.org/fip/blogs/christine-marie-therese-darve1/2024/05/30/techwomen?CommunityKey=3c4c01e3-d28f-4339-9c6d-8fd1e1afed02

© E=May 2024: " Neutron Scattering: Exploring Cell Membrane Mechanisms'
by Prof. Giovanna Fragneto

FIP/PHYSICS MATTERS museyumeyzs e

"Neutron Scattering: Exploring Cell Membrane Mechanisms"
See Slides:
“How do intruders take over their hosts?” « [Siides_GiovannaFragneto]

SCIENTIFika ) A p ril 2021 For complementary information:

e See Also: Nobel Laureate Prof. Ada Yonath explaining "How do intruders take over their
hosts?" (SCIENTIFika event organized in collaboration with ESS, MAXIV on the basis of APS
Pf'Of. Ada YOnth March meeting “Chat with the Experts”) Prof. Ada Yonath, Israeli crystallographer, received her
2009 NO bC' Pr'l zZe Nobel Prize in Chemistry in 2009 for her pioneering work on the structure of the
in Chemistry

ribosome. [PHYSICS MATTERS - July 2021]

e PHYSICS MATTERS Colloquium - Thursday, April 27, 2023- "Role of large-scale facilities for
battery research and innovation" by Prof. Aleksandar Matic

Speaker: Prof. Giovanna Fragneto, European Spallation Source (ESS) Science Director
Ribosome

| IN n
~ Why use neutrons to study soft an blologlcal materlal’ A ter

Ew. Neutrons interact with nuclei

.........

KACHKAQ 2.09

* are sensitive to light atoms, particularly hydrogen
* can exploit isotopic substitution, especially H/D
* ‘see’ materials differently to X-rays, complemen
* no markers

Watch on (3 YouTube

Ribosomes and
: ; Proteins
Ada vorat BB\ (WAL crystallography

Nobel Prize

Kolpsas, V.,
(2021) WCrJ 8 633643
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https://engage.aps.org/fip/resources/activities/physics-matters
https://youtu.be/2lnsqFKm_AI

International Union of Pure and Applied Physics WG14
Mandate

Promote the exchange of information and views
among the members of the international scientific
community in the field of Accelerator Science

IUPAP Worklng Group 14 was created in 2015 to promote the exchange

including, but not limited to, the following: e ]

*Education and training in Accelerator Physics and Technology

*The theory and experiments concerned with the nature and properties of particle accelerators ar
beam physics

*The improvement of international communication in Accelerator Science through the sponsorship
professional meetings

*The future of accelerator facilities for various fields that benefit science and society

*The industrial, medical, energy production and environmental applications of relevant accelerator

technologies
9 More Accelerator Conferences via TUPAP
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https://iupap-wg14.web.cern.ch/
https://iupap-wg14.web.cern.ch/node/12

More Suggestions

»International Atomic Energy Agency (TAEA) (incl. interactive map)

»American Physical Society (APS) selected FIP Sessions (2024-25)

lightsources.org

>https://lightsources.org/ /N i R
See: next conference (Aug. 26-30) on Synchrotron Radiation Instrumentation (SRIZ024)

»Central European Research Infrastructure Consortium (C-ERIC): #A,?M ngW g‘%‘f
 Connecting Industrial R&D Staff to State-of-the-Art Neutron Methods

* Lancer Brochure Platform: CERIC - ACCELERATE

»LINXS - Institute of advanced Neutron and X-ray Science

See: Additonal article: "What is the size of the global light- and neutron source research communities?”

»National Institute for Theoretical and Computational Sciences (NITheCS)
See: "Engaging in a digital educated world with large scale-projects” Coll. Oct. 23

CD - 2024/07/16 Accelerating Medical Knowledge Sharing for a Sustainable Future
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https://www.iaea.org/
https://drive.google.com/file/d/15dmscilTT4snS3ZKyOXm88SY5JG0fzJN/view?usp=drive_link
https://lightsources.org/
https://www.sri2024.eu/
https://www.ceric-eric.eu/
http://www.accelerate2020.eu/watch-now-%E2%96%BAconnecting-industrial-rd-staff-to-state-of-the-art-neutron-methods/
https://www.ceric-eric.eu/wp-content/uploads/2023/01/Cancer-Brochure-12.2022.pdf
https://www.linxs.se/
https://www.linxs.se/news/article-series-i/size-of-the-global-light-and-neutron-source-communities
https://nithecs.ac.za/
https://youtu.be/OOFIPVsZ41Q?si=W6rxR6_PRizjOj3g
https://www.ceric-eric.eu/
http://www.accelerate2020.eu/

Accelerator for
Innovation in

Life Science




Sharing for a Sustainable Future

Paradigm for healthcare _

INDUSTRIAL INFORMATION  MOLECULAR (NBIC)

economy economy economy

ggg:fl;’[)[ZATION Thcé Atdap‘rfve * Nanotechnology ESS Bilboa - SOCIO-
> nerprise » Biotechnology ECONOMIC IMPACT
% ----------------------------------- Newwedia~Z 7/  *Information technology The Spanish contribution from ESS
3 BUSINESS IT services o CogniTive science Ealbao TEIEISCS European Spallation
8 (maturity) Portals * Materials See s
h ___________________________________________________ .
S :
S ChIpS
S | TECHNOLOGY -
§ (growth) Operating S@Tv%r\r)\j ” W
S SCTENCE Solid state physics / /
L§, (gestatigp Information thegy \ ,

1750s 1850s 1950s 2050s  Year
It's Alive - The Coming Convergence of Information, Biology, and Business Christopher Meyer 2003
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https://www.essbilbao.org/wp-content/uploads/accelerate/Accelerate_Report.pdf
https://www.essbilbao.org/wp-content/uploads/accelerate/Accelerate_Report.pdf
https://www.essbilbao.org/wp-content/uploads/accelerate/Accelerate_Report.pdf
https://www.essbilbao.org/wp-content/uploads/accelerate/Accelerate_Report.pdf
https://www.essbilbao.org/wp-content/uploads/accelerate/Accelerate_Report.pdf

The ElectroMagnetic Spectrum

Radiation Type Radio Microwave Infrared Visible Ultraviolet  X-ray Gamma ray
wavelength (m)  10° 0.5x10°° 1078 -10 -12

1072 1075 o "
Approximate Scale | =
of Wavelength 3 5;

Buildings Humans Butterflies Needle Point Protozoans Molecules Atoms  Atomic Nuclei

Frequency (Hz)

Temperature of
objects at which
this radiation is the

most intense
wavelength emitted 1K 100 K 10,000 K 10,000,000 K

=272 °C -173 °C 9,727 °C ~10,000,000 °C
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Photons & Neutrons as tools for discovery

Atom c N o P S Fe
No. of electrons 6 7 8 15 16 26
Coherent scattering +6.65 +9.37 +5.81 +5.13 +2.80 +10.1

L it b | Wirth %-
JL@Q,)\L v | . . . . ® ‘ RRays eyess

Rivkin/PSI

6 protons
+6 neutrons

with
Né&wt rons
eyes

Neutrons

@ etectron
< Nucleus

@ neutron

3 Water molecules
> € @ Observed with
neutrons

Carbon atom

(2
3 N. Niimura, et al.
o,
H atoms mqke up 50% of Neutrons
Protein
| DNA

A proten
molecule

From structure to function

moving along
theDNAchain
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Life science using photons and neutrons as a tool !

10" m 10°m 10" m 10°m 10°m
Crystallography |  Nanostructure (Micro)Structure _
Zi Viruses
Proteins p Bacteria .
% k Imaging 4

Liposomes
Atomic Structures S

Porous  Protein aggregates, fibres Grain Structures
Materials TEM
: 7 >
Diffraction =

(X-rays, e’) | | PANS, Reflectometry — Light Scattering —>
1-100 nm

«— STM, AFM — Optical Microscopy ————
Neutron Inelastic Spectroscopy QENS Neutron Spin Echo spectroscopy

A

Molecular dynamics (ps) Collective motions (ns) Diffusion (10-100ns)
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Synchrotron

Rad iC("'i On / PETRA Ill MAXIV 5

Facilities £« 3%, 0 /< [/ L
T o ' 4@ (" BESSYH

Clse Wgd T Y DIAMOND-g " 38

HEPS )\ SPRINGS
SOLE}=%¢ 3 ‘a2

‘ \ P SSRF / oPLS
JESRF ELETTRAY \/ 1® /g ¢

Courtesy C. Biscari| . e . Lofial> & AL

ALS
[}
)

SIRIUS | |
Approved upgrade projects in Europe:
e SLS2 (in execution; op: 2025)
* Elettra2 (in execution; op: 2026)
* Diamond2 (in execution; op: 2027)
@ 4" Generation IN OPERATION * Soleil2 (in execution; op: 2028)
@ 4t Generation in construction

@ Upgrading or planning upgrade from 3" to 4t" generation



https://laaamp.iucr.org/tasks/brochure
https://laaamp.iucr.org/tasks/brochure
https://laaamp.iucr.org/tasks/brochure

Neutron sources around the world

Farschungs-Neutronenquelle )
NEUTRONS Heinz Maier-Leibnitz - )
FOR SOCIETY : , 7 - Korea Atom|c.Energ
. /KAERI Research Institute

CNS Yk ¥s &

China Spallation Neutron Saurc

Pll HIOI NLUHON SOURCE

O Reactor
O Spallation




Case: Advanced Materials for Health

5

Double network hydrogels provide strength and resilience
together with high water content.

Gel structure forms over multiple length scales.

Kinetics of gelation can be rapid needing sub-second time
resolution.

Cornea

Life sciences

Neutrons provide the structure of each component in the
presence of the other.

& Swelling of a double network

hydrogel designed for use as
a cornea replacement.
(Frank Group, Stanford)
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Case: Neutrons reveal how drugs interact

Life sciences

CD - 2024/07/16

with drug targets

)

Accelerating Medical Knowledge Sharing for a Sustainable Future

Carbonic anhydrase &

« Enzyme
« Transports CO,
* Regulates blood acidity

Scientists are studying its role in
some cancers, glaucoma, obesity
and high blood pressure

Neutron crystallography pinpoints
protons and waters in the active
site, showing how the drug
Acetazolamide binds to this
enzyme

Image: Fisher, S. Z. et al. 2012 JACS



Neutron Protein Crystallography (NPX)

NPX is used to determine the atomic crystal structure of protein molecules. Uses neutrons in the
wavelength range ~ 0.7 to 7 A

Single crystal Bragg diffraction (can be monochromatic or Laue) - same as X-ray diffraction
theory.

Data quality is significantly weaker and takes longer to collect. Quality, speed enhanced in /abeled
samples, still requires large crystals.

->NMX Instrument: K

See Kalliopi Kanari “"Neutron

Sources. Thermal neutron ’

detection at ESS” |

M CRYSTALS DIFFRACTION ELECTRON-DENSITY ATOMIC MODEL

PATTERN MAP

57
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https://indico.cern.ch/event/812393/contributions/4362147/attachments/2289794/3893206/kanaki_ASP_July2021.pdf
https://indico.cern.ch/event/812393/contributions/4362147/attachments/2289794/3893206/kanaki_ASP_July2021.pdf
https://indico.cern.ch/event/812393/contributions/4362147/attachments/2289794/3893206/kanaki_ASP_July2021.pdf
https://indico.cern.ch/event/812393/timetable/?view=standard

NPX: the ability to "see” Hydrogen atoms

“Neutron protein crystallography reveals molecular details of inhibitor binding to clinical targets
by Zoe Fischer

"

Elucidate enzyme mechanism and function
Protonation states, orientation of amino acid residues
Observe water structures/H-bonded networks
Discerning solvent species (D,O vs OD- vs D;0")

A w1026 o

2

w1023 2 1 :j
g Vs
NS

It can also: tell us about H/D exchange kinetics, minimal protein folding domains and solvent
accessibility, drug/inhibitor/substrate binding interactions.
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https://vimeo.com/478953240

Neutrons: all in one ...

Wave Particle
%é Magnetic momeno

Probe of magnetism

Charge neutral 2
. ! .

Deeply penetrating Nuclear scattering
Sensitive to light

element and isotopes

03 05 07

. . Solve the HTS
uzzle

Li motion in fuel P

cells

Efficient high-

Improve electric speed trains

cars
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Magnetic moment

Neutral

]

They have wavelengths appropriate to inter-
atomic distances

They have energies comparable to molecular
motions

They interact weakly with materials, and can
penetrate into the bulk

They are non-destructive
Most important: they see a completely

different contrast compared to x-rays (with
appropriate isotope labelling).



ESS Neutron Instrument for soft/bio scuence @

———
\

Andersen, K. H.; Argyriou, D. N.; Jackson, A. J. et al. The Instrument Suite of the European Spallation Source. - IW'WF - \\ _//

Nuclear Instruments and Methods in Physics Research Section A: 2020, 957, 163402. i

https://doi.org/10.1016/j.nima.2020.163402. g m
LokI N7

M Chmate/Environs ment

. Securty fsoft security challenges
‘uch 25 terrorism, border sacurty
cyber sacurtty, eec)

15 instruments + Test Beamline

W Fundamental Research

West Sector

—Other

Diffractometers (DREAM, MAGIC, HEIMDAL)
SANS (LoKl, SKADI)

Reflectometers (Estia, FREIA)

Imaging (ODIN)

Engineering Diffraction (BEER)
Macromolecular Crystallography (NMX)
Spectrometers (CSPEC, T-REX, BIFROST, MIRACLES, VESPA)

Neutron world:
BrightnESS Survey

North Sector

<3
S3
PEIVBAL _

Novel detector technologies and geometries
Complex pulse-shaping

Shared neutron bunker — common space for components
Common timing system for facility

Single controls infrastructure (EPICS)
Control and data recording running remotely from instrument \

: East Sector
South Sector ‘ [
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https://europeanspallationsource.se/sites/default/files/files/document/2018-06/NEUTRON%20USERS%20IN%20EUROPE%20-%20Facility-Based%20Insights%20and%20Scientific%20Trends.pdf
https://europeanspallationsource.se/sites/default/files/files/document/2018-06/NEUTRON%20USERS%20IN%20EUROPE%20-%20Facility-Based%20Insights%20and%20Scientific%20Trends.pdf

Neutron scattering simplified

Labs prepare the samples locally

The pattern of the scattered
- neutrons is detected

Computational analysis
translates the detected
pattern into information
on what’s in the sample

0%0% 4 %%\ % ::l“./
» *
The neutrons are accelerated
towards the sample m‘.“‘\‘
The neutrons hit the

sample and the nuclei The flight time of the scattered =~
are ‘scattered’ off inside neutrons is detected

Neutrons tell us: Sample environment to vary temperature, apply ESS will provide support in the form of

Where the atoms are (pattern) magnetic fields, pressure, humidity, in-operando data analysis packages, user support,
What they are doing (flight time) processes like operating battery, welding, forging, etc. data storage, etc.

61
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Diffraction - Bragg

“Materials Physics” by Sonia Haddad presentation, ASP2018

Using the grains as internal strain gauges

A

A=2dsinf
g=-cot(d) (0-6,)

A

Tex’ru:f"e
Phase Volume
Two ways to measure d: i

-keep A fixed and measure © - constant wavelength || Microstructure ________

-keep 6 fixed and measure A - time-of-flight

Braggs law gives information about position of a
diffraction peak from a type of lattice planes. Rietveld

approach calculated height, position and width of v
diffraction peaks from first principles. Single peak Lattice spacipg
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https://indi.to/rpCQM

Diffraction - Bragg

Diffraction of X-rays or neutrons by polycrystalline
samples is one of the most important, powerful and
widely used analytical techniques available to
materials scientists. For most crystalline substances
of technological importance, the bulk properties of a
powder

or a polycrystalline solid, averaged throughout the
sample, are required; in general a single-crystal data,
even if they can be obtained, are usually of little
interest except for determination of the crystal

structure or for studying some other fundamental

physical property. By J Ian Langford and Daniel Louer

CD - 2024/07/16 Accelerating Medical Knowledge Sharing for a Sustainable Future

.

X-rays and neutrons interact with
the atoms in a crystal.

\S/
J.

According to the 26 deviation, the phase
shift causes constructive (left figure) or
destructive (right figure) interferences.
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Detector

Neutron scattering
Where are the atoms and what are they doing?

Measures structures at length scales from 1 nm to 100 nm

2D detector

SANS
10000
1000'-\
£ 100f
. (3]
Beam‘ i 10k
<)
Neutron (SANS) = 1
0.1k
or X-ray (SAXS) . ,
0001 001 0.1 1 [
QUA
Q,,;,=0.03° Ars §
in : =
Qo m3° 10E zsin ¢ In a standard crystallography experiment, s
A theta_max is typically 45 degrees
R oo, ek
“Nanoscale to Microscale Structural Analysis with Neutrons®by Judith Houston e
1E-3 0.01 0.1

‘Neutron Sources” and further readings by CD ASP2014 o

Accelerating Medical Knowledge Sharing for a Sustainable Future
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https://vimeo.com/475902128
https://indico.cern.ch/event/276481/contribution/56/material/slides/2.pdf
https://indico.cern.ch/event/276481/contribution/56/material/slides/4.pdf

Neutron Energy

Boltzmann distribution De Broglie

1
E [meV]=0.0862 T [K]=522v*[km/s]=81 .81? [A]

cold 0.1-10 1-120 30-3

thermal 5-100 60-1000 4-1
hot 100-500 1000-6000 1-0.4
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An Integrated ESS

How does a giant microscope work? wiii i

. i '.> TO;‘\!’I?IES
...Wthh 6,000 ‘ 2 TARGET WHEEL
releases high (EENES o
Ion source: energy NG| N

produce ion neutrons weuTaon
PGV‘TJirdeS Accelerate them using a linear accelerator "™ Slow down and guide
(protons) ’ the neutrons into

: |NSTRI:JMENT
: | ’ the instruments
.................................................................. AT O e e o
G 10N SOURCE *
; : 7
SAMPLE
EXAMPLE ‘ “/ -
OF CAVITIES

o=
yf/\f/.\( '\(:\f’\i EXPERIMENTAL
...........

. Use detectors to catch the neutrons that
€D - 2024/07/16 Accelerating Medical Knowledge Sharing for a Sustainable Future come OUT Of The OTher' end Of The Sample

YY) [irc them into a
target...

EXPERIMENTAL :
HALL 3 SCIENTIFIC




Neutron Production !

Fission & Spallation

Neutron with
thermal energy

O Neutron

‘ Proton

Nucleus
U-235

Neutron Fission

Fission

O product

Neutron

produCt/YO

o*®
9 o .
0 'ﬁm&o;uum,m.
o o

. ° .

® ° Spallation‘\

s 2 o
.o Fission

Neutron spectrum
(integrals normalized to unity)
3
w
e

10—6 PERETEEY RS ArS SN SRR U NS U NS U N S SN U N SR
10* 10° 102 10" 10° 10" 102 10°
Neutron energy [MeV]

[D. Filges and F. Goldenbaum, Handbook of Spallation Research]

Spallation is a non-elastic nuclear interaction induced by a
high-energy particle producing numerous secondary particles

Slow neutron ——> Fission ——> Chain reaction

Process

Reaction

Neutron yield

Energy deposition

-
Fission 235U(n,f) 3 n/fission 190 MeV/n Protons
Spallation | p 1GeV — Hg | 30 n/proton 55 MeV/n :
g Nucleus Pions
Primary particle
O—— > —> Neutrons
GeV \

\ Residuals
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High time average and peak flux
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1930

Reactor Sources

mTr HIFAR  HFIR

Spallation Sources

AFARI-1

Berkeley 37-inch cyclotron

350 mCi Ra-Be source

Chadwick
] ] ] ]

P If

ESS
SIS m-PARC CSNS O
ILL LANSC s — - -~
MARIAORPHEE |PN;I"/ImHANARo NS O, -
oNIST . » ruv ° @ cARR PIK

ZING-P

WNR

ZING-P

|

o :TERR Z:R.'VHPOPAL
kendbr-1Rs’RR-3sINQ ”

m Particle driven pulsed

¢ Particle driven steady state
A Pulsed reactor

o Fission reactors

| | | |

1940 1950 1960 1970
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1980

Year

1990 2000 2010 2020 2030

(Updated from Neutron Scattering, K. Skold and D. L. Price, eds., Academic Press, 1986)



Long pulse, short pulse and reactor sources @
More flux needed &/

4 EsssMw e
2018 design }\ — 5 A

Possibilities for pulse shaping

A

ESS-TDR 56 MW

updated engineering model

New opportunities: i JPARC

- SNS L2
Smaller samples. 2 MW

[/ isis 151 18IS TS2
Weak effects. /' 1280w 32kW l\ A ILL 57 MW

Parametric studies. 0 1 o 3 4 time (ms)

Brightness (n/cm?/s/sr/A)

Kinetic behaviour.
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ESS Linear Accelerator: A Collaborative Project

Normal Conducting | Super Conducting

Key parameters:

- 5 MW beam

power‘ Uw'? USALA
= L/ Istitut: UNIVERSITET

(120 peak) i

4 % duty cycle
2 GeV

62.5 mA :
—— 0221 MH* ! 0442 MHZ i
2.86 ms long pulses M AN 3B oms < > «<77m > <« 179m —>
14 Hz SOURCCANIEETRERFQ MR SPoKes) RMeditim bias High b R
75 keV 3.6 MeV 90 MeV 216 MeV 571 MeV 2000 MeV

96% of acceleration will be provided by superconducting cavities supplied by dedicated high power RF sources

CD - 2024/07/16 Accelerating Medical Knowledge Sharing for a Sustainable Future



Concluding Comments

Developing sustainable medical accelerators necessitates a multidisciplinary approachl!
Accelerators have extensive applications in healthcare, with radiation therapy being
the most well-known.

Beam times utilizing synchrotron radiation or neutron beams generated by particle
accelerators are advancing basic science discoveries in life sciences!

Technology and knowledge transfer are crucial for developing this innovative

ecosystem, facilitated by scientific communication, education, and collaboration.

Much more information at:
https://cdarve.web.cern.ch/ ‘Wﬁ\ ;%’ﬁ
w“h v



https://cdarve.web.cern.ch/

Bookmarks on cdarve.web.cern.ch/

Short bio - Christine "D'Arves”

iplome d' in%t‘énieur UTBM, Institut Polytechnique de Sévenans (FR),
“Thermomechanical of Systems and Materials”

PhD Northwestern University (USA), "Phenomenological and Numerical
Studies of Helium IT Dynamics in the Two-Fluid Model”

« 25 years as Engineering Scientist at CERN, FNAL, ESS

* From design to operation of particle accelerators in

Iar'ge scale collaborations (incl. Large Hadron Collider, Cryogenic
Magnets and Cavities, LH, absorber)

» In-Kind Collaborations Management

I ing with -profit organisations:
- International Union of Pure and Applied Physics (TUPAP), WG14 Accelerator ce
- Forum on International Physics (FIP), Chair-line, American Physical Society (APS)
- African School of Physics and Applications (ASP) Co-founder, Oraaniser and Lecturer
- Nordic Particle Accelerator Program (NPAP) (schools, MOOC) Co-founder, Oraaniser and Lecturer
- Physique-sans-frontieres (1998 Sc. Secretary) “WWW: A Windows on Science and Technology”, Sa::qjevo
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