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Abstract. We present the on-line production system and tests for the Phase-I of SPIRAUGANIL (Radioactive Ion 
Production System with Acceleration on-Line) where exotic multicharged noble gas ion beams have been obtained with 
the ECRIS (Electron Cyclotron Resonance Ion Source) NANOGAN-III. A new ECRIS (MONO 1000) for monocharged 
radioactive ions is also presented. together with the diffusion properties of different graphite targets for He and Ar 
isotopes. 

The SPIRAL facility (1) is based on the ISOL (Iso
topic Separator On Line) technique for production and 
separation of Radioactive Ion Beams (RIB). The primary 
heavy-ion beam accelerated by the GANIL facility bom
bards a production target located inside a well shielded 
cave. The radioactive atoms produced by nuclear re
actions diffuse out of the target. which is at high tem
perature ('" 2300K) and pass though a transfer tube to 
reach a permanent magnet ECRIS (Electron Cyclotron 
Resonance Ion Source) NANOGAN-III. The low-energy 
RIB is selected by a relatively low resolution separa
tor (R=250) and accelerated by the compact cyclotron 
CIME. The energy range of the RIB varies from 1.7A to 
25A MeV. Concerning the production of Radioactive Nu
clear Beam, different systems have been developped (2) 
by GANIL for rare gaz and helium beams (NANOGAN
III), for alkali (MONOLITHE) and for the 1+/n+ project 
(MONO 1000). 

The NANOGAN-III (3) (Figure 1) is a compact per
manent magnet ECRIS developed for the first phase of 
the SPIRAL project. The magnetic circuit consists in a 
sextupolar magnetic structure for radial confinement su
perposed by two axially and one radially magnetised per
manent magnet rings. This ion source has been designed 
for operation with a 10GHz transmitter. Its power con
sumption is of 200W when tuned for the best charge state 
distribution performance. NANOGAN-III is an evolution 

,of the preceeding model NANOGAN-II which worked at 
14.5GHz. The new version. even working at lower fre
quency, has several advantages. In order to lower the 
magnetic field in the center of the plasma chamber, one of 

the permanent magnet rings has been removed. This de
creased the cost and the weight of the ECRIS to 4/5 of the 
preceeding one. The transmission of the beam through 
the separator has been improved, which could mean that 
the emittance of NANOGAN-III is smaller than the pre
ceding version. The ion source is linked to a carbon tar
get by a cold and short transfer tube. This allows efficient 
production of noble gas elements with reasonable sup
pression of condensable contaminants. 

The ionisation efficiency - all charge states - of Ar 
ions has been measured to be better than 95% when 
NANOGAN-lli is tuned in order to maximise the 8+ 
charge state. (see Figure 1). In this same figure, we com
pare the charge state distribution of 40Ar leak with and 
without beam on the target. The comparison between the 
off and on-line distributions attests that the ion source is 
almost insensitive to the heating and to the presence of 
the beam on the target. 

At GANIL. the development of ECRIS for 
monocharged production is intrinsically related to 
the I+/n+ project, i.e. the reinjection of the beam into 
another ion source for charge multiplication before the 
injection into the accelerator. This important condition 
fixes not only the required efficiency but also the char
acteristics of the beam provided by the 1+ ECRIS which 
its cost is cheaper than a multicharged ion source. If 
one consider that the life time of the production system 
is limited, a smaller and cheaper ion source is needed 
inside the production cave - very close to the irradiation 
point.The MON01OOO ECRIS (4) (Figure 2) has been 
designed in order to have a large magnetised chamber 
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FIGURE 1. NANOGAN-III system and charge state distribution of 4OAr with and without beam in target 

of approximately 1 liter of volume, allowing one to of ionisation for the compounds of 32S of around 95% It 
place a target and/or a heating internal wall system with is clear that several different molecules are still present 
external cooling. The magnetic structure is made with on the spectrum of the extracted ions. The ratio between 
two p'ermanent magnets rings (total weight of 22.2 kg), the yield of this molecules and the 32S (1+) beam varies 
which allows to create a closed 2000 Gauss surface at strongly with the microwave power.Presently we are lim
the wall of the plasma chamber. The plasma electrode ited to around 20W due to our microwave coupling. A 
is located in a 1800 Gauss magnetic field. It has to new coupling is being developed which could allow one 
be pointed out that no specific radial structure is used to deliver one order of magnitude more power in the ion 
- the magnetic field is on revolution symmetry - and source. 
that the magnetic field in the extraction area presents a 

The efficient production of radioactive nuclear beams 
cylindrical geometry. During the first commissioning 

by ISOL method is intrinsically related to the efficiency 
tests, the 2.45 Ghz microwave was injected into the large 

of the ion source and to the release delay time of the tar
diameter (90 mm) cylindrical plasma chamber through a 

get. The carbon target has been chosen due to its excel
coaxial transition ended by an antenna. 

lent release properties, low atomic number and high sub
limation temperature. A special conical design has been 
choosen to distribute uniformly the power density of the 
beam (due to the Bragg peak) (5). We present in figure 
4 the diffusion-effusion efficiency of carbon targets with 
different grain microstructure, i.e. 1~, 4pm and 15~. 

The results (6) show an important enhancement of the 
diffusion effusion efficiency for the Ipm microstructure. 
We also observed an enhancement of a factor 2 for the 
production for 35 Ar and a factor 10 for 32Ar. The diffu
sion effusion efficiency of 6He in the Ipm microstructure 

FIGURE 2. The MONO I 000 ion source target has been also mesured as a function of the target 
temperature. The obtained efficiencies are presented in 

The first tests of this ion source have been made with 
figure 4.The most imponant observation is the fact that 

Argon through a calibrated leak and Helium as support the 6He diffusion effusion efficiency reaches 100% at rea
gas. The measured ionisation efficiencies for 40Ar at 1+ 

sonably low temperatures, around 1600K. 
and 2+ states were respectively 90% and 9%, inside a root 
mean squared emmitance of271t mm mead atE = 14keV. We also developed a carbon target for helium produc
Moreover, 32S beam production has been also studied in tion which is devided in two parts, due to the long range 
jecting a calibrated quantity of the gaseous molecule of of 8He in C (figure 5). The first part (production target) 
S02 in the source. This test revealed an overall efficiency is only heated by the 13C primary beam; the second part 
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FIGURE 3. Diffusion-effusion efficiency as a function of the target temperature for 35Ar and 6He 

diffusion target production target 
He produced He produced 
by projectile by target 
fragmentation fragmentation 

FIGURE 4. Target for helium production 
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