
R&D of ion sources and cyclotrons for hadron therapy facilities
S. Gammino*, L. Calabretta, L. Celona, G. Ciavola, G. Cuttone, M. Maggiore, L. Piazza

Istituto Nazionale di Fisica Nucleare, Laboratori Nazionali del Sud, 
Via S. Sofia 62, 95123 – Catania, ITALY

*gammino@lns.infn.it

The MISHA source

The Centro Nazionale di Adroterapia Oncologica (National Center for Oncological Hadrontherapy,
CNAO) of Pavia is the Italian center for deep hadrontherapy. It aims to offer treatments with
active scanning both with proton and carbon ion beams, accelerated up to 400 MeV/amu by a
synchrotron. Two ECR sources of the SUPERNANOGAN type (built by the Pantechnik company
according to specifications set by INFN) are in operation. A further increase of accelerator
reliability involves the improvement of the beam brightness, which can be achieved with the
design and construction of a new ECR ion source, able to provide more than 600 eµA of C4+ with
an emittance figure of 0.75π mm. mrad. This source should be also easy-to-use and with high
reliability as the existing ones. The MISHA source will be a multipurpose device, operating at 18
GHz and providing enough versatility for future needs of the hadron therapy, including the ability
to run at larger microwave power to produce different species and to get higher charge states
than C4+. The MISHA source is based on a hybrid magnetic system, able to confine the plasma
radially by means of a permanent magnet hexapole, providing a maximum field of 1.25 T in the
plasma chamber; the axial confinement will be given by a set of superconducting solenoids,
enclosed in a compact cryostat including a cryocooler that permits to the equipment to run in
LHe-free configuration. The use of two middle coils instead of one may allow to finely tune the
mirror ratio that is deemed to improve the ECR heating process. The cryostat has quite compact
dimensions (its total length is 620 mm and its diameter 550 mm); the ECR region may be
sufficiently long to favour the production of highly charged ions (up to a length of about 100 mm).

SC(EN)T
Superconducting Cyclotron for (Exotic Nuclei and) Therapy

A vast majority of the tumours treated in protontherapy center, as Chiba or GSI, do not require the
very high energy of a synchrotron. The minority of tumours, deeply located and to be treated with
Carbon (Prostate, Uterus), could also be treated with lighter ions such as 6Li3+ or 4He2+.

The Accelerator R&D team of Laboratori
Nazionali del Sud (LNS) has designed a
compact superconducting cyclotron for
hadrontherapy. This machine was optimized to
accelerate both the fully stripped Carbon ion and
the H2

+, both with a charge to mass ratio of 0.5.
The Carbon beam is extracted by electrostatic
deflectors at the maximum energy of 300 AMeV.
The ionised hydrogen molecule H2

+ is extracted
at the inner radius, by the stripping process at
the energy of 260 AMeV, delivering a proton
beam with this energy. [M. Maggiore et Al., Int.
Cyc. Conf. 2007, p. 163. EPAC ’08, p.1812]. The
300 AMeV energy for the carbon beam is the
result of balancing two requests: to design a
machine with an outer radius of 5 m and to
maximize the beam energy. According to
figure below, a carbon beam with 300 AMeV
allows to treat about all the tumors of the head
and neck district and more than the 70% of
tumors (ref. treatments at CHIBA center).
Anyway, in the near future INFN will cooperate
with IBA company (B) and JINR of Dubna to
the C-400 cyclotron construction.

A 300 AMeV carbon beam allow us to treat tumors depth up to 172 mm. 
75% of patients treated at HIMAC could be treated

6Li @ 300 AMeV 339 mm, 100% of patients
12C @ 300 AMeV             
Max. depth 174 mm, 
74% of targets

The magnetic field was designed by means of 3D and 2D dedicated FEM codes. Despite the
charge to mass ratio of both ion species accelerated (12C6+ and H2

+) is similar Q/A~0,5, the
isochronous magnetic field has to be changed of ~0.7% to guarantee an acceptable isochronism
during the acceleration. A pair of additional room temperature coils, placed symmetrically with
respect to the median plane, on the top and bottom of the cyclotron yoke, allow to perform this
small field tuning.

The RF system for the SCENT 300
cyclotron is composed by four
resonant cavities operating in the
fourth harmonic, at a RF frequency of
99.50 MHz. These cavities, copper
made and water cooled, are entirely
installed inside the free valley regions
and will be powered by four RF
amplifiers. The cavity study was
performed by means of the 3D
electromagnetic code CST
MicroWaveStudio.

The magnetic field obeys to the Geller’s
Scaling Laws and to the High-B Mode concept.

Maximum radial field 1.3 T
Maximum axial field 2.5 T / 1.5 T
Frequency 18 GHz + 17.8 GHz
Maximum RF power 500 W + 500 W
Maximum extraction field 50 kV
Chamber diameter Ø 92 mm
LHe free

Two separate inputs for microwaves will improve the electron heating in the
plasma by means of the ECR principles. The recent achievements in this field
will be incorporated in the source technical design.

General layout of the MISHA source and of its LEBT.
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