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1. The LIGHT accelerator “product”
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Clinical motivation — Photon vs proton therapy for cancer treatment

Photon Therapy (X-rays) Proton Therapy
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From clinical needs to beam and system requirements

(" Energy: 70-230 MeV
- | o —
urrent: ~1 nA — — = .
(~ 6 Billion protons per - 4
second) | |
. Scanning Magnets Tumor tissue

The requirements of Beam spots with:

the beam spots of the

LIGHT system include:

variable charge, = Variable charge: ~ 1-250 Million
variable energy and .

variable spot position protons in a pulse

= Variable energy: 70-230 MeV
(in depth scanning between 3 and
32 cm)

= Variable spot position: spot can
be moved transversally up to a
30x30 cm? field
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The high-frequency linac technology choice

1991: first “all-linac” approach to proton therapy

- 28 METERS

W, Hoowo, K. H, Crowcall awd 00 B Potter,
Preliminary design of a dedicated preton therapy
linge, in Meoe, PACS, Yol 4 [San Franciseo, 10915,
P 20832085

Schematic loyvout of the model PL-250 proton therapy e desizped o 1990 by B Hameo, K Cragdall aod J0 Potter

1994: “cyclinac” approach to proton therapy
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The LIGHT Beam Production System

Linac for Image Guided
Hadron Therapy:
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» Why 3 GHz ?
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3 GHz electron linac for «conventional» radio-therapy

« Energy range of linacs: 4-25 MeV

= Electrons are accelerated by microwaves |:1l.'l3 1D4Msz
= Philips SL 75/5: S-band 2856 MHz, MW cavities dimensions - lenght
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» Why 3 GHz ?
—->medical linacs used in conventional radiotherapy are based on 3 GHz
structures

—->RF power sources and network components are readily available

» From 3 GHz electron linacs to 3GHz proton linacs
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From electron linac to proton linacs = speed and energy

Electron: B S5 1
m.= 0.511 MeV/c?

m—— Electrons
s Frotons
e [Mewton

400 con J. Lallement, JUAS2015

Protons B=0.37-0.60
m,= 938.27 MeV/c?
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» Why 3 GHz ?
—->medical linacs used in conventional radiotherapy are based on 3 GHz
structures

—->RF power sources and network components are readily available

» From 3 GHz electron linacs to 3GHz proton linacs
* Rest mass of protons is ~ 2000 bigger than the rest mass of electrons
* Energy gain required is 10 times bigger: 20 MeV - up to 230 MeV

-> Multiple units with increasing speed of the beam
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Cell Coupled Linac structures — unit

RF power
transport and
splitting

RF power
source

accelerating
module

space for quadrupoles
—
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Accelerating modules
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Cell Coupled Linac structures

7 - - = Linear gcceleratlng structure:
- . | — Standing wave
| [ _ | — 17/2 phase advance
\ n I — biperiodic structure (with
N coupling cells on the side)
>
‘ = Synchronicity condition:
T A A
[ | == | = ] = | _ 2 2c 2
1T=T1T=1=1=7 t=0
= Energy gain (per cell):
N [ ] [
(ST=T=T=1 t=T12 _ ,
1T=T1T=1=1=7 AW = qE,T - L cos¢
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Example of synchronous particle motion (in a 5.7 GHz linac)
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Permanent Magnet Quadrupoles for transverse focusing

» PMQ are needed to keep the
beam focused

» Given a quadrupolar magnetic
field distribution, the Lorentz
force acts on the moving charge
focusing in one plane and
defocusing in the other
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From LIBO to the first unit of LIGHT

» LIBO (Linac Booster) prototype
by TERA-CERN-INFN

— Built in 1999-2000
— First proof of principle

1 |

» First Unit of LIGHT (ADAM)

— first industrial 3 GHz linac
unit for Proton Therapy

— Optimized for industrial production

— Produced following industry
standards in 2009-2010
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LIGHT —linac technology

-> Pulsed beam at 200 Hz

-> Active energy modulation v A
(i.e no mechanical degrader) % ‘

-> Pencil beam scanning or
“spot scanning”

,/" v\

-> Modularity & flexibility

The LIGHT accelerator

comprises 4 sections:
the Proton Injector, the
RFQ, the SCDTLs and
the CCLs
/" broton Injector RFQ: Radio- N| SCDTL: | CCL:
Frequency Quadrupole Side Coupled Drift Tube Linac Coupled Cavity Linac
- Pantechnik - CERN-ADAM (2013- - ENEA concept (Picardi et al. - TERA-CERN-INFN concept
(at Geneva) 2015) 1996) (LIBO, 1998-2000)
- Dreebit (at - 15t prototype, unique in - Tested with beam in ENEA - Tested with beam in Catania
Daresbury) the world F.rascati (IMPLART project) in 2002
- AVO-ADAM: since 2011
adapt and - Industrial design: ADAM (first
optimize for - Industrialization: AVO- - Industrialization: AVO-ADAM Unit, 2010)
variable intensity ADAM - Mass production: AVO-ADAM - Mass production: AVO-ADAM
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LIGHT Linac Technical Feasibility - Geneva

B. energy: 40 keV 5MeV 7.5MeV 16 MeV 26.5MeV 37.5MeV 52 MeV
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LIGHT Linac Technical Feasibility - Geneva

coaxial power lines SCDTLs modules: accelerating tanks
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LIGHT Linac Technical Feasibility - Geneva

P2 bunker - from
. left (injection) to
| right: 4 SCDTL
. modules up to the
MLFC (white box)
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LIGHT Linac Technical Feasibility - Geneva
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LIGHT Full-Scale Integration at 230 MeV

STFC Daresbury laboratory, Daresbury, Warrington

& Science & Technology
@ facilities Council

= Daresbury Integration Site (DIS): technical test site in UK
» End-to-end testing: Accelerator & Medical technical systems
=  After the complete installation and integration 2 V&V tests

= Partnership with University Hospital Birmingham NHS Foundation Trust (“UHB”),
aiming at treating patients in Daresbury in the context of our certification plan
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https://www.youtube.com/watch?v=07TFUL5DzMU
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2. Theindustrialization process
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The technology application...

Medical Industry

User (patient)

_ New
Clients Technology opportunities

application
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The technology application...and what is behind it

Medical Industry

User (patient)

. New
Clients Technology opportunities
application
Research
. Regulation
Intellectual Documentation
properties and Certification
Quality process
Testing evelorfnent
V&V Standards
oduct
Supply chain Funding
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The technology application...and what is behind it

product

®

Medical Industry

User (patient)

. New
Clients Technology opportunities Industry
application '
Research i
& ommercialization Regulation
Intellectual .~ Documentation
properties ~and Certification
Testing
V&V Standards :
Academia/Labs
Supply chain Funding
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Industry Standards for Medical Device

PROJECT INITIATION

User Needs & Regulatory
Requirements
Validation

ISO-13485 Medical devices
framework

It relies on Quality Management e
System and on process
Design Input
CHAMGE MAMAGENENT Verification > Design Research & Activities

+ Design Charge Managa st

4 L « 2MS Change Management
+ Supglier Sualivy + Rizk Revies
+ Identfication { Traceaaiiby Design Output

Reprezentative
product

Design Transfer '

CORRECTIVE AND
FREVENTIVE ACTIZN

DESIGN CONTROL

- Risk F-"-'ms-'m_e"ﬂ Q UAUTY « Eimirata Manconmfamites
- Inpulls rl:h.r.'_-l..: « Gl Improeement
» Wardication ¢ Validation MAMAGEMENT « Wariy Effectioeness Medical Device

SYSTEM

Post-design
Commercialization [l "' i PRODUCT
P Post-market END OF LIFE

PRODLET L L 1] MANAGERENT surveilance /
SURVEILLANCE _‘_1__ ] RESPOMSIEILITY
« Comalaint Handing + Management Rowierw ’
= Riz« Monroring + Irspeclion Aeadiness
+ Wigilanos + Intemal Audt Complaints

Regulatory Changes

= Persannel Competency New. H_azards
Deviations

= Indsasiruchrs
= Wiork Eriranmers:
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The Design and Development Roadmap — from concept to market

Concept Screening

Evaluation Concept

Literature
Patents
Predicates

- Concept
Development
+ Prototyping

User needs
analysis
Complaint
review

Product Development

‘erification
and Validation

Product
Development

Product
Design
Simulations
Product
Testing
Functional
Tests

+ Design
Verification

+ Design
Validation

Launch

Market
introduction
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The Innovation Chain: converting science into wealth

e

o eSS B>

TRL1 TRL2 TRL3 TRL4 TRLS TRL6 TRL7 TRLS TRLY
\ J \ ] J \ 1 J
= l — < : — N | i
Research to Technology Market launch and
prove feasibility development commercialisation
and prototypes
Basict Technology Pilot plan and scale up
research demonstration

Source: vk-cpi.com
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Accelerators and Innovation

MARKET
INTRODUCTION

SYSTEM READY
for full scale
SYSTEM deployment

INCORPORATED
INTEGRATED in commercial

PILOT SYSTEM design

PROTOTYPE  peMONSTRATED
SYSTEM

VERIFIED

LABORATORY

TESTING
LABORATORY of integrated
TESTING cystem
CRITICAL of prototype
FUNCTION component or
APPLIED Proof of concept process
RESEARCH established
BASIC Technol
RESEARCH penitgiai
concept and/or
Basic principles application
are observed formulated
and reported
. L
1
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The case of LIGHT

MARKET
INTRODUCTION

SYSTEM READY
for full scale

SYSTEM deployment
INCORPORATED
INTEGRATED in commercial
PILOT SYSTEM design
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Thank you for your attention!

Questions ?
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