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Abstract stalled in a hospital environment are high reliability as well
A design study of a 7 MeV/i2C*+ injector LINAC for a as stable and reproducible beam parameters. Additionally,

synchrotron for light-ion tumour therapy is presented. Thgompactness, reduced operating and maintenance require-

njclorconsists of a 1.5 Gz ECR on sourc,  LEBEST1 0% WESment and g coss of e machine
line, a 216 MHz RFQ structure of 1.2 m length for accel jlities is not needed. For the injector LINAC, a very small

eration from 6 keV/u to 300 keV/u and a subsequent 21 uty cycle of about 0.1 % is sufficient, reducing the cooling

MHz IH drift tube LINAC of 4.0 m length for acceleration : ¢ h. Th ting f £216
to 7 MeV/u. The IH structure consists of four drift tube secic Ao MeNts VETy much. -1he operating frequency o

. i idgofbini MHz allows to find a quite compact LINAC design. In our
Kl%ﬂsGarlgglg?ugk:ES KONUS beam dynamidsobinierte present layout (Fig. 1, Tables 1 — 3), the complete injector

has a length of about 10 m, including an ECR ion source,
a Low Energy Beam Transport line (LEBT), an RFQ and
1 INTRODUCTION an IH-DTL. After acceleration of?C** ions delivered by

The treatment of deeply sited tumours using energetic pri?€ ion source to 7 MeV/u in the LINAC, the ions are com-
ton and/or light ion beams meets a strongly growing in_pletely stripped in a carbon foil stripper before injection
terest since the last decades and, most recently, the fif&o the synchrotron.

patients were treated in Europe with light ion beams at GSI

[1]. While HIMAC in Japan and Loma Linda in USA 2 ECRION SOURCE

are the only dedicated clinical facilities in operation, so , ,

far, most of the running hadrontherapy projects are locate® Provide very stable beam currents without any pro-
at nuclear research institutes where the capacity is limitdunced time structures as well as high beam quality an
to a small number of patients. Hence, additional hospfF'€ctron Cyclotron Resonance lon Source (ECRIS) is se-
tal based accelerator complexes consisting of synchrotrofg§ted- The maximum bean; m;in_smes discussed for a ther-
or cyclotrons are planned, under construction or alread}Py Synchrotron are abot” C°* ions per spill at the pa-
under commissioning all around the world [2]. In gu-tient [2]. Assuming a mqu-tum injection scheme using 15
rope, improved accelerator designs are discussed, for §irns at 7 MeV/u, a bunch train of about 28 length de-
stance, for the TERA/PIMMS [2, 3], MED-AUSTRON livered by the LINAC is injected into the synchrotron. Tak-
and GSI/Heidelberg projects. Within these projects thi'd into account beam losses in the synchrotron injection

design of a carbon LINAC used as an injector for a clinline: the synchrotron and the high energy beam line, this

ical synchrotron is investigated at GSI. correspond; to_a LINAC output current qf about 10@\e
The most important demands on a medical machine if=’*. Considering further beam losses in the LEBT, the
LINAC and the stripper foil, a € current of about 130
euA extracted out of the ion source is required. To fulfill
this demand, the SUPERNANOGUN type ECR source [4]
Bgveloped at GANIL is well suited for the carbon injector.
This is a high performance ECRIS with the magnetic field

Table 1: Output beam parameters of the designed carb
injector LINAC.

Design ion r2cht provided exclusively by FeNdB permanent magnets. The
lon species to synchrotron '>C%* (after stripping) required beam intensity can be delivered in a stable DC op-
Beam energy 7 MeVlu erating mode and with normalized beam emittances below
Pulse current after stripper~ 100 euA C%* 0.47 mm mrad [5]. The source may be operated preferably
Beam pulse <200 ps, < 5 Hz at 14.5 GHz. An extraction voltage of 18 kV correspond-
Duty cycle ~0.1% ing to a beam energy of 6 keV/u is selected in the design
Norm. beam emittance < 0.6 7 mm mrad presented here (Table 2). To optimize beam quality and
Momentum spread £1.5x 1072, current as well as to minimize losses in the extraction sys-
incl. stripper foil tem and in the LEBT, a three electrode extraction system is
Total LINAC length ~10m® planned.

@ depending on source version and current Alternatively, a single turn injection scheme has been

b incl. ion source and up to stripper foil discussed for the PIMMS design [3]. Source currents of

several hundredeA up to almost 1 emA EF are required
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Figure 1: Schematic drawing of the designed carbon injector LINAC.

in this case. Such large currents might be provided by thaesired'2C** ions from other charge states and from sev-
HYPERNANOGUN model (ECR4-M type, larger plasmaeral other light ions. Behind of the image slit, the beam is
chamber, electrical coils) or by an ECRIS using superconransformed by a magnetic quadrupole triplet to a circular
ducting magnet technology. symmetry at the subsequent solenoid magnet which finally
is focusing into a small matched waist at the beginning of
3 LOW ENERGY BEAM TRANSPORT the RFQ electrodes. A pair of chopper plates for macro-
pulse formation will be placed in between the solenoid lens
The ion beam extracted out of the ECRIS is focused by @nd the RFQ. For beam diagnostics, profile grids and Fara-
solenoid magnet into a 90spectrometer dipole followed day cups are planned behind of the extraction solenoid of
by an image slit. The theoretical mass resolving power dhe ion source, at the image slit and in front of the second
the system is about 300. This is sufficient to separate tis®lenoid magnet (Fig. 1).

Table 2: Parameters of the designed carbon injector. Table 3: Parameters of the designed carbon injector (cont.).

ECR ion source: IH drift tube LINAC:
Model SUPERNANOGUN [4] Components one tank, 58 gaps,
Magnets fully FeNdB permanent 3 magn. quad. triplets
magnet source Input energy 300 keV/u
Operating frequency 14.5 GHz Output energy 7 MeV/u
Extraction voltage 18 kv Operating frequency 216 MHz
Source current (DC) > 130 uA C*+ RF peak power requir. 1MW
Norm. beam emittance < 0.47 mm mrad RF pulse length 300s, 5 Hz
RFQ: Max. eff. gap voltagéd,T° < 450 kV
Components one tank, 4-rod structure  Max. on axis fieldEy < 18 MV/m
Input energy 6 keV/u Drift tube aperture diam. 10-16 mm
Output energy 300 keV/u Lens aperture diam. <20mm
Operating frequency 216 MHz Acceptance, transv., norm.~ 0.8 mm mrad
RF peak power requir. 100 kw Acceptance, long. ~ 1.57 keV/u x ns
RF pulse length 300s, 5 Hz Transmission >0.9
Electrode peak voltage 70 kV Emittance blow up <1.2,1.3 (transv., long.)
Electrode length ~l1l2m Tank length 4.0m
Aperture radius ~ 3.6 —2.7mm Tank diameter ~0.35m
Acceptance, transv., norm.~ 1 7 mm mrad Vacuum pressure < 10~7 mbar
Transmission >0.9 Stripper section:
Tank diameter ~0.3m Components 1 magn. quad. triplet,
Vacuum pressure < 10~7 mbar 50 ug/cn? carbon foil
Intertank matching: Beam diam. on foil ~2mm
Longitudinal 2 drift tubes inside Emittance growth, transv. >5 %
RFQ tank [6] Momentum degradation 5 x 10~* add. inAp/p
Transverse 1 magn. quad. doublet Transmission ~ 0.75
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E Sr horizontal and the IH tank is required. Furthermore, an xy-steerer im-

é 5 MM mediately behind of the RFQ would be desirable.

o

e O 5 |HDTL

5 F

£ 25 M‘ The 216 MHz IH drift tube LINAC (Table 3) designed for

 sbo o acceleration from 0.3 MeV/u to 7 MeV/u is subdivided into
0 100 200 300 400 500  four KONUS sections which are housed in the same cavity

RS of about 4 m in length and 35 cm in diameter. The sub-

=~ sequent magnetic quadrupole triplet focuses the beam onto

% the stripper foil placed about 1 m behind of the IH tank

= (Fig. 1). The rf power required by the DTL is about 1 MW.

< i Each KONUS section consists of a short re-bunching unit
i (2 to 4 gaps applyings = —35°), a0° synchronous par-

-5(; s ‘1‘00‘ e éob s z‘lo‘o‘ — 50 ticle section for effegtive acceleratior_1 (8 to 14 gaps) and a

o subsequent magnetic quadrupole triplet for transverse fo-

8 20 cusing Combined)® Synchronous Particle Structufg]).

= i The particle dynamics has been simulated using the LO-

3 F\ F\ ——— RASR computer code [7] and is presented in Fig. 2. The

simulations start at the end of the RFQ electrodes and in-
clude the complete beam matching between RFQ and IH-
DTL. The beam emittances at the exit of the RFQ assumed

o0 inour simulations are about O#mm mrad at 2 mm beam

diameter in both transverse phase planes and aboaut 1
keV/u x ns in the longitudinal plane. The transverse beam
diameters within the IH structure are below 6 mm along the

cluding the intertank beam-matching section and up to tHlfift tube sections and below 10 mm within the quadrupole
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Figure 2: 98 % beam envelopes within the IH-DTL, in-

stripper foil (compare to Fig. 1). The IH cavity begins at arfnagnets. This _aIIows small drift tube diameters of about
axial coordinate of about 17 cm and ends at about 414 crh® MM for the first gaps and up to about 16 mm along the

For longitudinal beam matching two drift tubes integratedSt drift tube section. The maximum effective on axis gap
in the RFQ cavity are included in the simulations. voltage along the 58 gaps is 450 kV resulting in an maxi-
mum on axis field of about 18 MV/m. The generated av-

eraged effective voltage gain (including the length required
4 RFQ AND INTERTANK MATCHING for quadrupole magnets) is about 5 MV/m. An 1:2 scaled rf
model for optimization of the rf properties of the IH cavity

A four-rod RFQ structure of 1.2 m length with an electrodg? designed at present
0

voltage of 70 kV and operated at the same rf frequency
216 MHz as applied to the IH-DTL is designed for acceler-
ation from 6 keV/u to 300 keV/u by the Instituif Ange- 6 ACKNOWLEDGEMENTS
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¢ Integration of two drift tubes at the exit of the RFQ 3
resonator [6] and negative synchronous phase arouLJ
—35°in the first IH-DTL gaps.

For transverse matching a short magnetic quadrupole do[a1
blet of about 14 cm in length placed in between the RFQ
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