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A new injector for the ISL-Berlin Cyclotron is under construction. It consists of a 200 kV platform with 
a permanent magnet ECR source and a two stage frequency variable RFQ accelerator. The injector is 
specially designed to produce high intensity beams with energies of 90 to 350 keV/amu and charge to 
mass ratios of 1/8 to 1/5 without using a stripper. The final energies out of the cyclotron are 1.5 to 6 
MeV/amu. The coupling of a RFQ to a cyclotron needs special matching requirements for frequency, 
energy and bunching. The beam transport calculation, the design of the injection beam line and the 
status of the project will be discussed. 

1 Introduction 

The scientific program of our department underwent a sig­
nificant change in the last years. Nuclear physics is closed 
almost totally and the accelerator is now used for solid state 
physics, materials modification and -analysis. An addi­
tional application will be the therapy of ocular melanoma 
with proton beams 1. Therefore the requirements on the 
properties of the beams changed drastically. There is no 
longer need for high energies, but for beams with high in­
tensities and energies around 5 MeV/amu. In 1993 it was 
decided to modify the old VICKSI facility2 : The tandem 
injector should be replaced by a high current injector for 
the cyclotron. Several types of accelerators had been inves­
tigated as possible alternatives. In this paper we describe 
the solution we found and the status of the project. 
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Figure 1: Stripper efficiencies for beams with different energies 
extracted out of the cyclotron versus ion mass. 

2 Possible high current injector 

As our cyclotron has no central region (the injection radius 
is about 43 cm) and as its energy gain factor is about 17, 
we have to inject the ion beams with energies of some hun­
dred keV/amu to get beams with energies of several 
MeV/amu out of the cyclotron. The charge state Q of the 
ions which is needed for the cyclotron is given by : 

Q / A = SQRT (E / (K * A)) 

with E = extr. energy 
K= 133 
A = atomic mass 

The only injector in use now is a 6 MV Van-de-Graaff with 
an ECR - source3

. A stripper is used between injector and 
cyclotron to increase the charge state of the ions. This has 
the following disadvantages: 

- For ion beams with masses higher than 40 a foil stripper 
is used. The stripper efficiency for the charge state needed 
for the cyclotron injection goes down exponentially as 
shown in fig. 1. 

- The maximal current on a stripper foil is limited by the 
life time of the foil. For beam currents of some ellA and 
for heavy ion masses the life time is in the range of 15 
minutes only. 

To increase the beam current a solution without using a 
stripper was looked for. As there are powerful ion sources 
available, which deliver intense beams with high charge 
states we wanted to use such a source to produce directly 
ion beams with the desired charge state for the cyclotron. A 
suitable source for this purpose is an Electron Cyclotron 
Resonance (ECR) source4. To keep the energy variability, 
the injector should deliver beams with variable energy and 
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with the needed time structure. At the start of the discussion 
in 1990 the only possible injector which met our conditions 
was a small cyclotronS. In 1992 we found a simpler solu­
tion by using a frequency variable Radio Frequency 
Quadrupole (RFQ) accelerator as injector. 

3 The new RFQ - cyclotron combination. 

The desired energy for this combination should reach from 
1.5 to 6 MeV/amu. The needed charge to mass ratio for 
those beams are 118 to 115. Ions with these charge states 
can be produced by ECR sources with sufficient intensities. 
At the time of our discussion the fIrst frequency variable 
Radio-Frequency-Quadrupole accelerator designed by A. 
Schempp came in operation6. A variation of the frequency 
by a factor of 1.4 is possible, which results in an energy 
variation of a factor of 2. When the RFQ is splitted up in 
two cavities, an energy variation of 4 is possible : With 
both in "normal" operation, energies of 3 to 6 MeV/amu 
should be attainable. Accelerating only with the fIrst one 
and using the second one for transporting the beam, this 
system should deliver beams from 1.5 to 3 MeV/amu. A 
comparison of intensities of beams made with the Van-de­
Graaff injector + stripper and with the RFQ for a beam en­
ergy of 5 MeV/amu out of the cyclotron is shown in fig. 2. 

This fIgure shows, that the RFQ - cyclotron combination 
equipped with a powerful state of the art ion source can de­
liver by a factor of 5 to 10 higher beam currents and a 
larger variety of ion species especially for heavier elements 
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Figure 2: Intensities of ion beams with an energy of 5 MeV/amu out of 
the cyc\ctron for 2 different injectors versus atomic number (for 
the RFQ injector a tctal transmission from the source to the ex­
periment of 10 % is assumed ). 

than the V.-d.-Graaff - cyclotron combination with a strip­
per. As the ion source of the V.-d.-Graaff is inside the pres­
sure tank, it is relatively complicated to produce ions from 
other materials than gases. Whereas the ECR source for the 
RFQ is relatively easy to access and allows the production 
of practically all ion species. 

The RF-frequency of our cyclotron is variable from 10 to 
20 MHz and the working frequency of a RFQ is typically 
in the range of 100 MHz. Therefore the RFQ frequency 
was chosen as the 8. harmonic of the cyclotron frequency. 
To get the desired energy from the cyclotron, the energy of 
the beam extracted from the RFQ has to be between 90 and 
350 keV/amu, which can be reached easily. To make the 
RFQ as simple and short as possible, the beam will be 
preaccelerated and prebunched, especially as we have al­
most all the parts needed for this purpose from our old tan­
dem injector. 

The conditions for the new injector are: 

- High currents of highly charged ions with charge to mass 
ratio of 118 to 115. 
- Preacceleration to energies in the range of 60 to 180 kV 
times charge state. 
- Emittance matching of the beam to the acceptance of the 
RFQ: 

Beam size: 1.5 x 1.5 mm 
Divergence: about 30 mrad 
PuIs length: 1 nsec 
Energy width: +/- 1.5 % 

3.1 Preinjector 

To preaccelerate the beam, the old 200 kV platform from 
the tandem injector will be used. The platform bad been 
dismantled at its old position and is now installed in the 
tandem tower on a lower floor. As there is only limited 
electric power available on that platform, a permanent 
magnet 14.5 GHz ECR source will be used. This source 
had been designed by P. Sortais, GANIL, and is being built 
by PANfECHNIK S. A., Caen, France, and will be 
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Figure 3 : Injector assembly 
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delivered end of 1995. The beam line system is under con­
struction using the old components of the tandem beam 
line. A target place to use the low energy beam from the 
platform is foreseen. The buncher and the chopper to pro­
duce one nsec long beam pulses in front of the RFQ are un­
der construction. The fIrst tests of the injection system with 
beam are planned for spring 1996. A sketch of the injector 
is shown in fIg. 3. 

A calculation of the beam envelope from the exit of the 
200 kV acceleration tube to the entrance of the RFQ is 
shown in fIg. 4. The upper curve shows the horizontal, the 
lower the vertical beam size. The lowest curve shows the 
puIs length. 

Figure 4: Beam envelope from the exit of the 200 kV acceleration 

tube to the entrance of the RFQ. 

3.2 RFQ injector 

The RFQ injector has been designed by A. Schempp and 
coworkers. It is being built by NTG Neue Technologien 
GmbH & Co. KG, Gelnhausen, and should be delivered 
together with the RF amplifIers and the control system in 
summer 1996. A detailed description of this device is 
given in ref. 7. The parameter of the RFQs and some other 
relevant parameter are given in table 1. The RFQ tank is 
nearly completed and the quadrupole rods are under fabri­
cation. 

One problem in the design of the RFQ was to match the 
parameters of the extracted beam to the requirements of 
the cyclotron 8 : 

- The RFQ extraction energy should agree with the cyclo­
tron injection energy better than 0.2 %. 

- The energy width of the extracted beam should be 
smaller than about 1 % and the puIs length smaller than 1 
nsec. 

- The emittance should be smaller than 10 1t mm mrad. 

Calculation shows, that the extraction energy agrees well 
with the cyclotron injection energy. When only one RFQ is 
used (for the low energy band), the energy width and the 
pulse length of the beam extracted from the RFQ is rather 
large. An additional buncher just behind the RFQ may cure 
the problem. 

3.3 Beam line system from the RFQ to the cyclotron 

The layout of the beam line system from the RFQ to the 
cyclotron is shown in fig. 6. It is about the same as used 
with the tandem injector before. An additional dipole will 
be installed to use the beam from the RFQ for low energy 
experiments. The beam envelope is shown in fIg. 5. 
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Figure 5: Beam envelope from the RFQ to the cyclotron. 

4 Conclusion 

The combination of an ECR source with preinjector and 
buncher, a frequency variable RFQ and a cyclotron should 
be a rather simple and reliable accelerator system to pro­
duce intense heavy ion beams with energies in the range of 
several MeV/amu. The new injector will deliver a wide va­
riety of ion species up to masses of about 180. 

This new accelerator will mainly be used for solid state ex­
periments beginning in 1997, while the old V.-d.-Graaff 
cyclotron combination will be used for the proton tumor 
therapy. While one injector is in use with the cyclotron the 
other one can be used for low energy experiments. 
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Figure 6: Beam line system from the end of the vertical part to the cyclotron. 

to low energy 
experiments 

Table 1: Parameter of the accelerator system 

RFQ1 
(RFQ 2 transporting) 

CYCLOTRON 
Extr. Energy 1.5-3 

Frequency 10.6 - 15. 

Harmonic No. *) 7 

Energy Gain 16.5 - 16.8 

PuIs Length 1 

RFQ 
Extr. Energy 91 - 178.3 
Frequency 85.6 - 119.8 
Harmonic No. **) 8 
Energy Gain 6 
Inject. Energy 15.-30. 
Acceptance 39 - 27 
Emittance 13-11 
Energy Width (extr.) 0.9 
PuIs Length (extr.) 5.8 - 4.6 
Transmission 60 - 81 

ECR SOURCE 
Charge I Mass 118 - 116 

Extr. Voltage 20 

Emittance 100 

200 kV PLATFORM 
Voltage 100 - 173 

RFQ 1 +2 

3-6 
10.6 - 15. 

5 
16.8-17.2 

1 

178.1 - 349.6 
85.6 - 119.8 

8 
11.76 

15. - 30. 
39 - 27 
10 - 7 

0.4 - 0.5 
0.5 

90- 98 

1/6 - 115 
20 
100 

40 - 120 

*) Harmonic No. of the particle revolution frequency **) Harmonic No. of the cyclotron frequency 

from the 
Van de Graaff 

MeV lamu 
MHz 

nsec 

keY lamu 
MHz 

keY lamu 
It mm rnrad 
It mm rnrad 

+/-% 
nsec 
% 

kV 
It mm rnrad 

kV 
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