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1895
discovery of X rays

Wilhelmreoniead
ROMIGEN

Jo b iempsen

1897

“discovery” of the
electron
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1930
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1945: E. McMillan and V.J.Veksier Trig syrenrairor)

discover the

principle of phase stability

1 GeV electron synchrotron

Frascati - INFN - 1959
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19509: VeksTer visits McMilan at Berkeley
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Sigmur Varian William W. Hansen

Russell Varian

1939

Invention of the klystron
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Large
Hadron

Collider
2007

All'the CERINISIGREFGEUSIRG synchrot

LEF/LHC

| Morth Ares

8.5 km
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Grand Saseo

rllﬂ1.l|rl:-l:|_$-:_.“' =
e
+> LINAC P-.

iona g :

BOOSTER

b o {oroton} ek (antiproton) AD Antiproton Decelerator LHC Large Hadron Collider
B ion =-H— protonfantiproton comvarsion PS5 Proton Synchrotron n-TaF Meutrons Time of Flight
[+ mauirons Pk  neutrinos 5PS Super Proton Synchrotron CNGS Cern MNeutrinos Gramd 5asso

In 1952 the “streneEiecusing” method
iInvented arBNLE (USA)
was chosen forthe CERN PS
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ANeealereiors furining in tne world

CATEGORY OF ACCELERATORS NUMBER IN USE (*)
High Energy acc. (E >1GeV) ~120
Synchrotren radiation SOUrces >100
Medical radioisetope production ~200 |
Radiotherapy accelerators > 7500 Y9000
Research acc. included biomedical research ~1000
Acc. for industrial processing an‘d esearch ~1500
lon implanters, surface modification >7000

1 > 17500

(*) W. Maciszewski and W. Scharf: Int. J. of Radiation Oncology, 2004
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Synchretren: Light SeuCESEAEel /SIS ENEEICIIENIgE NS

e -— : M -

. — agnetic
Electrons circulating 5 Field

in a storage ring

crystallography
PhySiCS : : gﬁ?llnalur
materials analysis

Chemistry,
fast chemical reactions
» structural biology
Biology. biological imaging
" <
Medicing medical imaging
: : 7 %anhrotron
* microbeam radiotherapy “" European Synchrotron
: Radiation Facility
Grenoble
__ litography ; Riber o PGapndnt ox6 STERS
En g nern g ) Insertion device ports for the machine
. . . CRG beamlines (¢ ational)
micromachining % X Froc bencing magnet ports

Under construction
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Electron Linac
3 GHz

6-20 MeV
[1000 x R6ntgen]

Radiotherapists only use one type of acceleraie)s
the electron linac
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“Hadroniherapy A usSESNIEEIiE

electron “e”

quark “u” or “d”
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Beam of hadrons
which slow down in matter

protons
carbon ions




Protens, andensrareNneENEEISENIEY

Tumour between the eyes

1 proton beam

Dose % |

104

Carbon ions are even better

i 13
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Head and Meck Tumors
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Protentherapy:
35 000 patients

Cost about 20000 Euro
2-3 x X-rays

If cost would be
the same

as for X-rays
902 of the treatments
Wwoeuld be with

pretens:!
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Ntigrlogrs of gaieniizl gz

X-ray therapy.  every 10 millien imhabitants: 207000 pts/year

Protontherapy.

12% ofi X-ray patients = 2400 pts/year

Therapy with Carben ions for radi&r@_sistant iumour

3% of X-ray patients = 600 pts/year

10 M
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Japan: 4 proion CERESIENE G BIINGIINCEI]

WAKASA BAY PROJECT
by Wakasa-Bay Energy Research Center
Fukui (2002) TSUKUBA CENTRE
protons (<200 MeV) synchrotron i : i Ibaraki (2001)

(Hitachi) protons (£ 270 MeV)
1 h beam + 1v beam + 1 gantry synchrotron (Hitachi)

2 gantries
HYOGO MED CENTRE 2 beam for research
Hyogo (2001)
protons (<230 MeV) - He and C ions (< 320 MeV/u) KASHIWA CENTER
, _ Mits;k;?sh(ijsygchrotrozn_ Chiba (1998)
p ganiries + 2 Tixed p beam + 2 ion rooms protons (£ 235 MeV)

cyclotron (IBA — SHI)
2 Gantries + 1 hor. beam

HEAVY ION MEDICAL
ACCELERATOR
HIMAC of NIRS (1995)
He and C (£ 430 MeV/u) 2 synchrotrons
2 h beams + 2 v beams

2000 patients
SHIZUOKA FACILITY with carbon ions

Shizuoka (2002)
Proton synchrotron
2 gantries + 1 h beam

ESOF2004-Stockholm - 27.8.04 - U. Amaldi L 1 18



G. Kraft

200 patients treated
with carbon ions
under
J. Debus (Heidelberg)

PET on-line
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FlIF—University of Heidel

Financed with 72 MEuro:
State: 36

loan: 36

Heidelberg: J. Debus
U. Weber

GSI: H. Eickhoif
Th. Haberer

Blejecisiarited 1n 2001
FiSipaneni: end 2006
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HA Folncaiiorn

TERA has proposed and designed a National Centre
fior carbon ions:

The ltalian National Centre is being
pullt I Pavia

TERA is developing a nevel technigue for nestics and protontherapy

The “cyclinac”
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Proton lon Medical
Machine Study

PIVIVIS: 1998 - 2000

Proton lon Medical Machine Study.

CERN — TERA — Med-Austron
Project leader: P.Bryant

PAC Chairman: G. Brianti

NWVIWISTAR = RIA
> Onedinac ala GSlinside the ring
> MultiteiFavipiection

> Short beamyines

22



CNAG = CentioiN ez eiel ExeiRAUIBLEEI9]IEl

CNAO Foundation was created by the ltalian Government in 2001
to realize CNAO: 4 Hospitals in Milan, 1 Hespital in Pavia and TERA
INEN'Is Institutional Participant

Ini September 2003 TERA has completed and passed tes CNAO
the design ofi the high-techi part of CNAO and! 25 peoplie

PIMMS/TERA
President: E. Borloni

Med. Dir.; R. Orecchia
Tech. Dir: S. RossI
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Project: Calvi —-TEKNE

-

Magnets ordered
August 2004

17 companies applied for the civil
enginerering construction

First patient: end of 2007
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130 m

Approval expected:
this year

Chairman: R. Potter

Beam dum P

Med!. Dir.:
Tech. Dir;

1. Auberger
E. Griesmeyer
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Sl ggen Netwaori for LIGr-lon Trigrzoy

® GS| project for the University of Heidelberg Clinics

® [ERA project for CNAO in Pavia

® Med-Austron fior Wiener Neustadt
partner off PIMMS since 1996

® ETOILE in Lyon
started in 1997 by TERA — Prelim

ry design by IN2P3 and CEA
[ASCLEPIOS in Caen in 2004]

® Baltic Centre in Stockholm
Preliminary design by TERA: NIM B184 (20
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3 GHz
17 MV/m

IBA Cyclone 30/
produces radioisotopes
for diagnostics
and therapy.

10 modulators
0 MW peak each

N

- lﬂ‘—'/—ﬁlig—g—-ﬂ—vg—uﬁ—#—-
First Second

room SOOI

Linear accelerators have

anillrant fiuture!
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LEP/LHC

7 8.5 km

2007 — 110 years later

] =
¥

Large Hadron Collider

Est Araa

LINAC P %
NS —tL = o -
BOOSTER lons : ?a Lair

» P {proton} EBF (antiproton) AD Antiprovon Decelerator LHC Large Hadron Collider
i protonfantiproton comvarsion PS5 Proton Synchrotron n-TaF Meutrons Time of Flight
LPS Super Proton Synchratron CNGS Cern Neutrinos Grand Sasso
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Ugo Amaldi studied physics at Rome University where he finished
his post-graduate studies in 1960. At the Rome “Istituto di Sanita”
he worked in radiation physics and introduced two new experimental
methods: Electron Momentum Spectroscopy (in atomic physics) and
(e,e'p) reactions (in nuclear physics). In 1973 Amaldi moved to
CERN. Since then his research activities are woven around the

Prof. Dr. Ugo Amaldi physics of elementary particles At the ISR he co-discovered the

8 proton-proton rising cross-section. In 1975 he founded with K.
Department of PhySICS Winter the CHARM Collaboration, which performed many

University of Milano Bicocca fundamental experiments on neutrino scattering. Since 1980 to
Piazza della Scienza, 3 1993 he served as spokesman for the DELPHI Collaboration at the

; electron-positron storage ring LEP. In 1991, using the first LEP data
1-20126 Milano he gave a widely recognized contribution to the understanding of
Email the unification of the electroweak and strong forces. The hadron

cancer therapy project of the TERA Foundation at Novara, founded
in 1992, is Amaldi's most recent initiative At present he is Professor

Home page: of Medical Physics at the University of Milano Bicocca. About one
quarter of all the Italian high-school pupils study physics on his text
books.

Abstract:

The discovery of quarks as components of all the strongly interacting particles (the hadrons) and the
construction of the Standard Model would not have been possible without the development of particle
accelerators. These accelerators, invented and improved with the aim of understanding the inner working of the
subatomic world, have since their beginnings - i.e. since the discovery of X rays - also been used to cure cancer.
About half of the accelerators running in the world are installed in hospitals to treat, for every 10 million people,
about 20'000 patients per year. The story of how X-ray tubes, cyclotrons, synchrotrons and linear accelerators
have become essential instruments in cancer care proves that also apparently exotic technologies invented for
basic research have practical applications. The last frontier — on which Europe is particularly active - is the use
of beams of protons and carbon ions. This kind of radiotherapy was proposed in 1946 by Bob Wilson who later
became the founder and first director of Fetmilab. Not by chance this approach is called “hadrontherapy”.

Japan patients with timoursSithat resist to treatments with both X-rays and proton
eams are irradiated wi arbon,ions in two centres in the Provinces o iba an
* b diated with Carb t t the P f Chib o
Hyogo. In Europe two centres for Carbon ion therapy are under construction:

* -
e Eurﬂsclence OF'EH Forum 2004 vicatin Heidelberg (Germany) and CNAO in Pavia (Italy). They have been

* Highlighting Science, TEEhﬂGlG!]}F& Innovation in Eumpg designed by GSI (Darmstadt)iand TERA Foundation (Novara) respectively. The
two centres feature the same “injector”, that pre-accelerates the Carbon ions. On

July 15, 2004, an agreement has been signed between GS| and the CNAO
Foundation - (responsible for the'realisation of the Italian centre) - following which
GSI will realise for CNAO an injector identical to the one under construction for
Heidelberg.

Recent publications:

TERA acknowledges the financial support ofi the MonziReN=eundauen, Milan
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