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15 years of TERA: 1992-2007

TERA has proposed and produced 3 designs for the National Centre for carbon ions
(and p) to be built on 3 sites: Novara (1993-1995), Milano (1996-2000) and Pavia

CNAO is being completed in Pavia

by the CNAO Foundation

TERA has developed (1993-2006) a novel type of accelerator:

the “cyclinac” for protens and carbon ions

2. IDRA (2001)

3. CABOTO (2005)
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The National Centre in Pavia
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CNAO = Centro Nazionale di Adreterapia Oncoloegica

CNAO Foundation created on TERA request by the Italian Health Minister in 2001:
4 Hospitals in Milan, 1 Hospital in Pavia and TERA
In. 2003 TERA passed to CNAO the full design (3000 pages) and 25 people
INEN has become Institutional Participant in 2004 with construction responsibilities

Hospital building High-tech building
ey i 200y "ctober 3008

Project: TERA

A

/

FFAGO7 - Cyclinacs A company has asked CNAO a license for PIMMS/TERA




TThe surface buildings

Main source ofi 90 M€:
ltalran Health Ministry:

First beam:
end 2007
CNAO EFoundation President: E. Borloni
Medical Director: R. Orecchia
Technical Director: S. Rossi
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The hospital building
in- March 2007
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Emplacements of the sources, LEBT and Linac: 20 Eebruary 07

iy e
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B TS ==Start of sources installation:
e 26 march 2007

......
.....

lon source
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Cyclinacs
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24 MeV protons, 350 pA
Commermal cyclotrons
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The new concept introduced by TERA: the “cyclinac”

Sophisticated computer - - - X -
controlled source lon Linac = Drift Tube Linac and/or Cavity Coupled Linac

cyclotron + linac = cyclinac

The linac used in conventional radiotherapy is f = 3 GHz.
f =3 GHz has been chosen for IDRA and CABOTO because
(i) it is an international standard,
(i) components are relatively cheap,
(iii) it implies shorter linacs since the gradient is roughly proportional to

This high frequency had never been used to accelerate protons and ions
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TThe new concept introduced by TERA: the “cyclinac”

Sophisticated computer - - - - -
controlled source lon Linac = Drift Tube Linac and/or Cavity Coupled Linac
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cyclotron + linac = cyclinac

The cyclotron is used as injector but has other valuable medical utilizations:

A. Production of radioisotopes for diagnostics and/or therapy 24-30 MeV p

A. Isotopes for diagnostics and/or therapy and eye melanoma 60-70 MeV p
7 Mev/u He*™? and C*6

C. Deep (shallow) therapy with protons (with carbon ions) 230-300 MeV/u H,*, C*6

Note: TERA has deposited two patents, one for A.+B. and one for C.




Time and amplitude structure of the beam - the proeton example:
IDRA

2ms: ‘spot’
movement

T 1ms: variation
pratons N,/ 50 SNS N,
/o 30 MeV <E< 230 MeV

100 , , ; |

10

i N_< 4 107
prntun pulse : | | ;:'pulse
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Cyclinac uses the GS| approach to face the challenge:
moving organs

CYCLINAC:

energy

: iati suitable motio
magnetic scanner system PMMA wedge elgg{;g[rll?cns t(% q suitable motion
tracking system

t I not mechanics

dynamic treatment plan

4D radiotherapy is the frontier of

IMRT and the future of hadrontherapy
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Properties ofi the therapy heams

Accelerator Beam always Energy variation Time needed for
present during by electronic varying the energy
treatments means

Cyclinac Yes Yes 1 millisecond

(*) With movable absorbers

The energy is changed by adjusting

the RF pulses to the modules

FFAGOQ7 - Cyclinacs - 16.4.07 - U. Amaldi * 16




FFAGOQ7 - Cyclinacs - 16.4.07 - U. Amaldi

A proton cyclinac: IDRA
Institute for Diagnostic and RAdIotherapy.
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IDRA, the first cyclinac, was proposed in 1993

30 MeV cyclotron o | Protons = 230 MeV

Gantry 2 of PSI

IDRA design: Riccardo Zennaro
with “LINAC” by Ken Crandall
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Prototype ofi 2 ‘modules’ of the CCL LIBO= LInac BOsoster
(new: inf Microcesm-CERN)

Collaboration INFN-CERN-TERA 1999-2002
Proiect leader: Mario Weiss
Module tested at LNS, Catania - NIM paper

k '-u.I:

= Project value: 16 MV/m;

measured 27 MV/m

with 12 MW

- l-qn-. | . _.. - E-r-..
. '1‘—.. g i‘l '1'__
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NIM-A 2004

i li 501 I .
Available online at www.sciencedirect.com NUCLEAR

. INSTRUMENTS
nm.unl@mnln'r & METHODS

IN PHYSICS

RESEARCH
Serhon &

Nuclear Instruments and Methods in Physics Research A 321 (2004) 512-529

wwelsevier com/loeate nima

LIBO-—a linac-booster for protontherapy: construction and
tests of a prototype

U. Amaldi®*'. P. Berra®. K. Crandall®. D. Toet®. M. Weiss". R. Zennaro™
E. Rosso’. B. Szeless”. M. Vretenar®. C. Cicardi®Y. C. De Martinis®, D. Giove®Y,
D. Davino®'. M.R. Masullo®'. V. Vaccaro®*"

TERA Foundation, Via Puccini 11, 28100 Nevara, aly
“CERN. Geneva 23, Switzerlanid
¥ Department of Physics, Universita degli Studi di Milan, Taly
d INEN Section of Milano, Via FIQ Cervi 200, 2000 Segrale, J'.I'.::.{r
* Department of Physics, University Federico 1T af Naples, Taly
"INFN Section of Naples, Complesse Univ. MSA, Via Cinthia, 80126 Napoli, Ttaly
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The cyclotron has 4 high-current beam lines (30 MeV, = 1000 yA)
to preduce radioisetopes for diagnestics and endoradiotherapy

systemic Neutron fields for BNCS and
hadrontherapy Adiabatic Resonance Crossing

targets for

by AAA:
Ga-67 TI-201 Re-186, Ho-166 (liver)
1123 Bi-212 -
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The first two modules of the linac of IDRA

1 klystron
2 x 3.0 MW
200 Hz ) ps

. ¥ EH
= l-.""-.""'- I .

‘-‘-

15 1 MV/m

35 MeV

3 = locations of the permanent quadrupoles
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Construction details of the first moedule built by Industry

1.3 m

Bridge coupler 23




[TITRENS
MAINTERANC E

AEAVETES

FIMED BEAM e ——
ROOM

mm_._ i THY PEMCLEAR MEINCINE
| TREATMENT TREATMENT
ROOM 2

RO 1

X PERIMENTAL & !
1o P R SLIPPLY

18t floor: receptions, klstron gallery , NM and PT areas

2nd floor: laboratories, offices and common spaces
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RE power distribution system with 20 klystrons

The new solution has 10 modulators,
10 klystrons and 20 FFTs:

Plug power: 200 kW at 200 Hz
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10 pulsers, 10 klystrons and 20 FETs (Peter Pearce)

NOVEL
IQMPhaseand @1 )
IQMs = FAST FERRITE

Attenuation

Control M1—>
TRANSFORMERS

[ RF window
vary the power of

I Directional coupler

. Power Circulator individual modules

I g Tee

1QM fast ferrite

assembly Klystron ‘
Klystron Drive Amplifier @

Drive Amplifier
Computer Digital

Computer Digital !
Attenuation— " Attenuator éttetnu?tlon > Attenuator
ontro

Control

Computer Computer

Phase —— | Digital () Phase
Control shifter 360 deg Control

A

3 GHz frequency System
RF Drive
U\High Voltage

Synthesizer
Am i
RF source p U\Elllgl]:evmtage Pulse

| Digital ()
shifter 360 deg

DKSSM
Mod-1

|

Machine timing pulse




Cowan - China:
modulator bullt for
Physics Department
Milano Bicocca

~.  The first modulator is in-house
T
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< —
The depth is adjusted by

varying the RF peak
power sent to the last

active module

20 modules ON

—-— 4

depth [mm]

15 modules ON

5 modules ON

o

[sjiun pajeas] asop
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Protons at 200 Hz for 1 liter sphere at 10/and 20 cm:
distance/FWHMI= 0.75

Giulio Magrin and Marco Dominietto
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At least 16 paintings for 4 Gy |- min=: a missing spot s2.5%

on 193 =19772 deliveries on 133 = 6544 deliveries
99 (trans)+ 15 (long) =114 s 33 (trans)+ 9 (long) =42 s

Giulio Magrin and Marco Dominietto [ but on 19° 107 S]
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A carbon lon cyclinac: CABOTO
CArbon BOoster for Therapy in Oncoelogy.

31




The new IBA/LNS
SC cyclotron

A side view of the cyclotron

250 MeV/u H,*1, C*6

300 MeV/u H,*I, C*6

spiraled sectors highlighted in the model
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TThe last LNS paper

Available online at www . sciencedirect.com S NUCLEAR

= INSTRUMENTS
BECIENCE @BIH'ET l“Eer
IN PHYSICS
RESEARCH
Muclesr Instruments and Methods in Physes Research & 562 (2006) 10048-1013 . TTv > Y. S—

ww elseyvier comylocate' mima

A novel superconducting cvclotron for therapy and
radioisotope production

Luciano Calabretta®™*. Giacomo Cuttone®. Mario Maggiore™®
Maurizio Re”. Danilo Rifuggiato®

LN INFN, Via X Sofie 62, Caramig 95123, fraly
h Crmiversity of Catania, Via 5 Sofia 64 Cawgnip 951235, fraly

Available ontine 6 March 2006

Abstract

The design of a lour sector compact superconducting cydotron, able to accelerale up to 250 A MeV light ions with charge/mass ratio
0.5, is in progress, Light jons like "C"",'""B** *Li*™ will be extracted by electrostatic deflectors while HY ions can be extracted also by
stnpping, thereliore a beam power of TOEW or more is avairlable. This cydotron can be used for radiotherapy with protons or carbon wons
and also to drive a Facility for production of unusual medical radioisolopes. The main parameters and sone features of the machine are
here presented.

i 2006 Elsevier BV, All nghis reserved.

PACE: 29.20.Hm; 41.75 Ak

Kevwords: Cyclotron; Carbon beam: Therapy; Radicisotope; Production
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300 tons

— external source

Controllo




Patients

Maximum water-range used by HIMAC-NIRS on 2000 patients

% treated with 300 MsV/u
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Upgrading of the SC cyclotron te 435 MeV/u with CABOTO

o

Controlled

1
1
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—
'
'
E = - by -
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| =
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435 MeV/u
C*® area

N

plug power at 400 Hz = 350 kW
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Comparison CABOTO-CNAO

SC cyclotron + CABOTO CNAO @ Pavia

L |

Controlled
p, C source

1M

To be
developed ||

F Controllo

Fei11 111

. '!‘.,_ 1
435 MeV/u
C*® area

“u
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The modules of CABOTO are longer than the ones ofi IDRA

1 klystron = '..':-_“-.

4.2 MW I —— f ; Blperlodlc chain of acceleratin
400 Hz, 4.5 ps _ ' i ells and coupling cells.

. pl

Bridge coupler for the housing End cell for the housing
of a PMQ of a PMQ
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lon Bragg curves by adjusting the klystrons: 300-435 MeV/u

16 modules

13 modules

10 modules

7 modules

4 modules

O modules
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A better solution with SC cyclotron of 250 MeV/u and 20 medules

18 Klystrons on

With 20 modules

the covered range is
12-30 cm of water

15 Klystrons on

12 Klystrons on

9 Klystrons on

N
|

6 Klystrons on

3 Klystrnn:s on CABOTO is a

cyclinac:

0 Klystrons on

—
&
K=
e
E
3 1.5 -
L
w
2
(]

Ej, and N, can be
| varied every C-pulse |

3000 MeV 3600 MeV 4800 MeV
12 cm 17 cm 27 cm
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Carbon ions at 400 Hz with 10 paintings
Giulio Magrin and Marco Dominietto FWHM = 5 mm, diStanCe/FWHM — 075

10,120 voxels

3. 75 mm

42,868 visits and 163 energy steps to have at least 10 paintings
4 GyE to 0.5 literin (107 + 16) = 123 s, i.e. 4 Gye It min-!
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THE END
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