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In 1946 Robert Rathbun Wilson wrote that (*):
— Protons can be used clinically to spare normal tissues
— Modulator wheels can spread narrow Bragg peak

' ) ) — Helium and Carbon ions can also be used
Founder and first director

of Fermilab

(*) Wilson, R.R. (1946), “Radiological use of fast protanSisRadiology 47, 487.
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Cornelius Tobias
1918-2000
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\ At the Berkeley Laboratory
First treatmentiof,pituitary glands: 1954

Treatment of pituitary tumors: 1956

1000 patients treated with protons by the end ofthe program 1974

THIS COURSE: Start of Biophysics in Hadron Therapy and LBL
Speaker: Eleanor Blakely (LBNL)
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Helium: 2000 patients

» ] Neon: 500 patients

2l 1992

| Clinical treatments ended
with the closure of
—— the Bevatron

===
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Alignment system
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Borje Larsson

Doctoral dissertation - 1962

-

(1931-1998)

“On the Application of'a. 185 MeV Proton
perimental Cancer Therapy
and Neurosurgery: a Biophysical
Study”




30 years oripIoneeH g rOICTIIErIPYATININSICSN IS,

Lawrence Berkeley Laboratory USA
Uppsala Sweden
Harvard Cyclotron Laboratory (*) USA

Dubna Russia
Moscow Russia
St. Petersburg Russia
Chiba Japan
Tsukuba Japan

Paul Scherrer Institute Switzerland
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1945 ¢
Bob’ Wilson - a Lawrence student —
became Associate professor at Harvard
and designed a new160 MeV cyclotron

.. .l

e ":‘l'l@,
"mrpﬁn MeV ..

Avg. power ' 250 KW
COST 0O.75 Million (19488%)

= i

(L) Dr. Lee Davenport (R) Dr. Norman Ramsey
June 10 1848
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Neurosurgery fot intercranial) lesions

(AVMs)
(3,687 patients)
Neurosurgery Dept. of MGH
Raymond N. Kjilberg, Bernard Kliman

Eye tumors

(2,979 patients)
Massachusetts Eye and Ear Hospital.
lan Constable, Evangelos Gragoudas

Larger tumors
(2,449 patients)
Radiation Medicine Dept of MGH

Herman Suit, Michael Goitein,
Joel Tepper, Lynn Verhey



http://phys4.harvard.edu/~wilson/cyclotron/eyetumor.html
http://phys4.harvard.edu/~wilson/cyclotron/largetumor.html

FIrStimportaniresuliSiobiainediaidViGhi=d arard;

Condrosarcomas, protons

Control
(%)

Cordomas, protons

conventional RT
| | )
10 years 15 years
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Protontherapy hasibeenidevelopediaii=SINorasl yeaE

2017
Gantry 3

Gantry 2

PROSCAN at the maximum of its developemnt

Medical physicists: Eros Pedroni
Tony Lomax
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Pierre WandrillonyPierrelierevrenetial REUIN VA
ENIEYGER

European Light lon

Medical Accelerator

superconducting cyclotron nehrotron o ilor 4o A
P. Mandrillon e al P. Lefevre et al

HITRIplus-04.07.22-U. Amaldi ¢ 13




1988 SerEeNViananiiG

European Light lon
Medical Accelerator

superconducting cyclotron
P. Mandrillon e al P. Lefevre et al



First hospltal centre' Loma L

vl

e Dr. James Slater MD

synchrotron

built at Fermilab

_f'*g- X
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1993 Como, Italy
Loma Linda treats first patient with protons : :
First International

Symposium on
MGH selects IBA for first commercial p-centre | f1adrontherapy

Hadrontherapy

At GSI the ‘pilot project’ is approuved in Oncology

Editors:
Ugo Amaldi
Bériel

HIMAC treats the first patient with C i

Excerpta Medica

Intermational Congress Series 1077
HITRIplus-04.07.22-U. Amaldi




The GSI ‘pilot project’ (1997-2008)

500 patients treated with carbon ions

Gerhard Kraft

J. Debus

» 'GS| :
Darmstadt
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HeavyloniVedicalpACCeleraloraiiCHibe
flest gzt 1 19944
QST hospital

of the National Institute for Quantum Science and Tecnologies

Yasuo Hirao

Medical Director:
Hirohiko Tsuijii

HITRIplus-04.07.22-U. Amaldi 15 000 pts 1994-2021
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B. FLASr] faelloingzioy
(C. lluliETog) trzzlimaris)
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The accelerators used today inhadrotherapyiare. %il@

Therapy with protons (200-250 MeV)
CYCLOTRONS (*) (Normal or SC) SYNCHROTRONS

}“M“"-r—r—r"“‘\

A
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) 4-5 metres "

(*) recently synchrocyclotrons
Therapy with carbon ions (4800 MeV = 400 MeV/u)

SYNCHROTRONS

= 8 W

18-25 metres
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UEY ; e =4 CYCLOTRON (1]
FIXED BEAM TREATMENT ROOM €) ‘

ROOM-TEMPERATURE CYCLOTRON

HITRIplus-04.07.22-U. Amaldi . 21




| Slgejle=room Eleiliiy Oy 2 Yo

tesla superconducting
synchrocyclotron
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SYNCROCYCLOTRON

Protect, Enhance and Save Lives

HITRIplus-04.07.22-U. Amaldi

New Compact Gantry for
pencil beam scanning

WiLLIS-KNIGHTON CANCER CENTER IN SHREVEPORT, LOUISIANA

Synchrocyclotron with

superconducting coil:
S2C2

Patient treatment room

(bo.




3, SingleNroomiaciity S UMV ONIEpaY)

Footprint:
16m x 20 m

‘Cockscrew’ gantry
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superconducting [}
cyclotron g &yt
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<, Sl zielliiy 0 rlitzierll

Room temperature
synchrotron

Field: 30 cm x40 cm
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<, Slgleflz ool zelliiy 9y Prolorr)

Radiance 330:
Room temperature
synchrotron

at MGH

Mounted with a
compact gantry in two
standard vaults for
photon radiotherapy
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Protoni therapy: - SthelchallEngEloaIASHEHETAPY

(typically:200imsinsteadihiansZ00IS e IVETAiITE)
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Time structure of the t

CYCLOTONS: Beam always present with 50-100 MHZ RF structure

SYNCROCYCLOTRONS: Pulsed beam every 0.1 ms (1000 Hz)
with 50-100 MHz structure

SYNCROTRONS: Pulsed beam every 2-5 seconds (0.2- 0,5 Hz) with or
without RF structure ; no'beam for about 1 second

LINACS: Pulsed beam every 5 ms for afor 2-5 microseconds every 5 ms
(200

HITRIplus-04.07.22-U. Amaldi




FLASH therapy: requiressiO0=.000NIIGHEAGOSENTLES;

CYCLOTONS: Beam always present with 50-100 MHZ RF structure

SYNCROCYCLOTRONS: Pulsed beam every 0.1 ms (1000 Hz)

m with 50-100 MHz structure

SYNCROTRONS: Pulsed beam every 2-5 seconds (0.2- 0,5 Hz) with or
without RF structure ; no'beam for about 1 second

DIFFICULT

LINACS: Pulsed beam every 5 ms for afor 2-5 microseconds every 5 ms

- MEDIUM

HITRIplus-04.07.22-U. Amaldi




Status: ol lIghtionNHETaPYACENHESHITN APl UN=UTOE
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[e) Elezle) she ezlfdor) Tog) fzeiliifas

Leader: Nat. Inst. for Quantum Sciences and Technologies

Construction: Mitsubishi

STRICT COLLABORATIONS
WITH COMPANIES MITSUBISHI,
HITACHI, TOSHIBA

 Heavy ion radiotherapy is under operation atit unma University
 Heavy lon Medical Center, Hyogo lon Beam Medical Center
d Kyushu International Heavy lon therapy Center

O lon Beam Therapy Center, Kanagawa Cancer Center, Osaka
1 Heavy lon Therapy Center, Saga
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Medical Director: Jurgen Debus

Technical director: Thomas Haberer

sources

treatment 7 AL
room1 \ J“
<3

tréatment .
room 2
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THIS COURSE: Marburg Facility
Speaker: Kilian Baumann
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ILESA 1n 1995 UA - P Bryant = W
start Protonjyonivea

PL: Phil Bryant -  PAC chair: Giorgio Brianti
Contributors: CERN -TERA Foundation - MedAustron

linacs for
- carbon ions

S

and
protons

PROTON and ION
MEDICAL
MECHINE STUDY

was a toolkit

o
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From PIMNVI S GNAGRNG J/i?dz)ﬁiﬂm

| R Verbruggen, JUAS 2012 ‘

_—p—
s [TT11] (SR
Thomas Haberer: comparlson of four facilities

THIS COURSE: Introduction to MedAustron facility
Speaker: Dr Thomas Schreiner (MedAustron)

HITRIplus-04.07.22-U. Amaldi




70 know. moreraboUuttheNISTOYACTA G OYINIETY,

- Particle Accelerators:
From Big Bang
Physics to
Hadron Therapy)
VV
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CurrentichallerngeSIoighN OHRIETIRY
Compactness SUpPerconaducingiiiagRESRESN O

B. FLAYr] Reldloingrzoy
(C. YltfiFlon irz1i2r115)
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The 1st generation The 2nd & 3rd
: generaticn

NIRS in 1994 Gunrma Univ. in 2010
120=65m e0x=x50m(1/3)

smaller smaller and smaller ‘
25x 1dmf{approximately 1/20) 10=20m{approximately1/40), ¢



her@uantimiseca

4th generation heavy-ion
therapy machine

Ongoing
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Zrle) of il grocrzn; 2030
Worldwide !
Whenever,

Wherever, Whoever

The 4th generation

(1'Superconducting syncrotoron

s

‘h J _”ﬁ I
O .

T | e— W 25 % 14m

ZMulti-ion irradiation system

Upgrading
from

the 4th generation

The 5th generation

@Multi-ion irradiation system

+

3 Injector with laser acceleration technology

10=20m

1Superconducting syncrotoron
HITRIplus-04.07.22-U. Amaldi



In Europe: IBA SUpErconauctingiCy/clouGHN OGN OIS)
211l 1015 2l Orotors

IBA C400 Cyclotron : ARCHADE project in
400MeV/u carbon, 265 MeV p Caen. France
(B,=4.5T) .
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Two layouts of superconductinion synchrotrons
+ superconducting gantries

THIS COURSE: NIMMS-SEEIIST Design
Speakers: Elena Benedetto (SEEIIST Association (CH))
Mariusz Sapinski (Paul Scherrer Institute (CH))
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The threeroffSprngsSIoRNERAN-0URRG A6,

(Jege) Ied Mozl O S29ii92r 15,1992)
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Tihe threelolisprHNgSICIMIERANOURNGEAU G,
(creatediniNoVardionIS EPIEIPEIMON OO,

Symposiun for the 30 years of TERA
CERN Council Chamber
15 September 2022



Project by the TERA Foundati
based on PIMMS and passed to
CNAO Foundation in 2003

Sandro Rossi: TERA Tech. Dir.
. CNAO Tech. Dir.

THIS COURSE: CNAO virtual visit - physics-biology
Speakers: Dr Angelica Facoetti (CNAO),
e XISt Dr Marco Pullia (CN AO)
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LIBO=Scientific: prototypeuilanaoeaiiiNeSIEd N

IERA=CERN=INEINENHENIISIRCY G|

w3 GHz proton standlng wave CeII Coupled Linac CENTRAL

BRICGE COUFLER

2+
e —— WM TANK 3 TANK 4 K INPUT WAVEGUIDE
W
A
@ CENTRAL CEL
HALE
COURLING CELL ' F|5=1 HALF COUPLING
— Nt CELL
AT —1 P =T
~ SI
ACCELERATING GELL ENOCEE Permanent quadrupoles :
] b
L .
= = PMQ
= == S
PUMPING PORT i I GIRDER
/’ =
2 HALF—CELL-PLATES BRAZED MANIFOLD LI

BACK TO BACK

= 74 MeV

!

b . LBO

62 Me\/ﬁ
Catania / N E T |

Basic unit:
half-cell

SC cyclotron |
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ADAM start-upy creatediniZ00siandboughia / AV ONRRZOTS:

In a CERN bunker AVO-ADAM has
accelerated protons to 52 MeV

-IACBM “ é%\?gfsgmpv
— = ;
Integration: Source | RFQ | SCDTL1 | SCDTL2 | SCDTL3 | SCDTL4 | CCL1-2

B. energy: 40keV 5MeV 7.5MeV 16MeV 26.5MeV 37.5MeV 52 MeV
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ADAW start-upr creatediniz00sana e ug by AAV.ONIRULS

Linac for Image Guided
Hadron Therapy:

Parameter Value m

Length ~25

High Energy

Beam Transport Max. Energy 230

Output Peak Current

(at the end) U =4l

Pulse Length 0.5-2
In room Patient RF Frequency 2997.92
Imaging system
Max. Repetition Rate 200

THIS COURSE: ADAM and LIGHT
Speaker: Alberto Degiovanni (ADAM)

HITRIplus-04.07.22-U. Amaldi




3. EBA=lVed S tari=upN o1 o toINHE PO

EBA-Med develops Cardio-kit to enable non-invasive heart motion ultrasound
imaging and real-time synchronization of the proton therapeutic beam produced
by commercial.proton therapy systems.

HITRIplus-04.07.22-U. Amaldi




3 EBA=V ed S Tari=tp N OIaprolORIETIY IO
CArGICRIdINHIIICS,
EBA-Med develops Cardio-kit to enable non-invasive heart motion ultrasound

imaging and real-time synchronization of the proton therapeutic beam produced
by commercial.proton therapy systems.

External Beam Ablation will substitute the invasive catheter ablation technique

THIS COURSE: External Beam Ablation Medical Devices
HITRIplus-04.07.22-U. A Speaker: Adriano Garonna (EBAMed)
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PHYSICS IS BEAUTIFUL AND USEFUL
Physik ist schon und nutzlich
La'physique.est belle et utile

La fisica e bella e utile




This material was prepared and presented
within the HITRIplus Specialised Course on
Heavy lon Therapy Research, and it is
intended for personal educational purposes to
help students; people interested in using any
of the material for any other purposes (such
as other lectures, courses etc.) are requested
to please contact the authors

Ugo Amaldi — ugo.amaldi@cern.ch



