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ABSTRACT 

A brief description of an isotopic separator test 
bench installed at CiANIL is given. This test bench is 
equipped with a very compact ECR ion source made 
entirely from permanent magnets, operating at 10 CiHz. 
Results obtained during the first run with a 20Ne beam 
at 95 A *Me Y on a MgO thick target are presented. 

1. INTRODUCTION 

There is over the last years a growing worldwide 
interest on the possible use of radioactive nuclear bcmns 
for a variety of fundamental and applied sciences studies. 
In our project we use the high energy heavy ion beams 
provided by the GANIL cyclotrons facility to produce 
"exotic" beams. hlr the moment the primary beam 
intensities are limited to 2 1012 pps for light ions. With 
the new high intensity axial injection system the 
primary beam intensity will be multiplied by a factor of 
10 for light ions from 12C to 40ArI). 

In order to detennine if heavy ions can be 
competitive compare to high energy protons for the 
production of "exotic" nuclei we have built an isotopic 
separator on-line test bench. This test bench is equipped 
with a very compact ECR ion source made entirely from 
permanent magnets, operating at 10 GHz. All over the 
year we will measure the production rate using other 
heavy ion beams such as 24Mg, il6Kr, 12C, etc. on 
various target materials. 

For future applications of "exotic" nuclei, we 
plane to post-accelerate them up to a few tenth Me Y per 
nucleon. TIlCre arc two major solutions under study, the 
linear accelerator based on super conducting cavities ,md a 
compact cyclotron. 

In section 2 general layout description of the 
separator is given. The target assembly and the ECR ion 
source is described in section 3.2 and 3.3 respectively. In 

section 4 we will present the flfSt results obtained with 
this separator. 

2.GENERAL LAYOUT O}' THE SEPARA­
TOR 

A schematic top view of the separator is given 
in fig. 1. TIle ion beam from the accelerator makes an 
angle of n° to the axis of the separator beam. Reaction 
products are thermalized in the target ,md subsequently 
ionized in the ion source. The reaction products are 
extracted axially from the ion source. The accelerating 
voltage is usually 15 kY, but it can go up to 20 kY. The 
extraction system is the same as the one used on the 
Eel{ ion source used at GANIL. "TIle extraction electrode 
is at the ground potential. In order to compensate the 
space charge effect observed during Ule first runs a new 
extraction system is under studies. 

The separator beam travels through the 102° 
magnet into a collection chamber. The collection 
chmllber is equipped WiUl diagnostic instrumentations, in 
particular a Faraday cup and a profile monitor mounted 
on a remote control mech,misll1. 

Low intensity stable bemlls and radioactive 
be;uns can be guided UmJUgh a narrow slits aperture and 
after continuing Ulfough a quadrupole doublet, comes to 
a second focus in another collection chmnber. This 
collection chamber is equipped with various 
instrumentation for final diagnosis and collection, 
including a tape transport system and detectors for 
radioactive species identification 

The separator beam lies in a horizontal plane, 
coplcmar with the acceleration bemll lines. The separator 
is located in an experimental room, so the second 
collection chamber is not shielded enough from the 
accelerator be CUll lines. This brings some problems 
during the detection of the radioactive species, so Ule 
primary beam must be pulsed to avoid high level of 
background. 
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Fig. I Schematic top view of the separator test bench installed in tlle experimental room D2 at GANIL. 

3. DETAILS OF THE SYSTEM 

3.1 The sector magnet 

Due to the requested short delay of realization 
we have chosen for our separator, tlle smne magnet as tlJe 
one used for the ECR ion source test bench2). The 
magnet was built with an H configuration under the 
following specifications: radius of curvature ro= 3S() 
mm, sector angle 102°, the pole face angle are 26°. '!lle 
resolving power R defined by R=M/8M, where 8M is tlle 
full width at half maximum of a peak at mass M is 
about 100 for low masses (A<20). 

3.2. The target chamber 

In tile on line mass separator discussed in tlJis 
paper tile reaction products are always brought to rest 
before being ionized. We have to separate continuously 
the product nuclei from a huge mnount of target nuclei 
and transfer them into the gas phase to tile ion source. 
This is done by heating a low vapour pressure target 
material to a sufficiently high temperature at which tlJe 
nuclei of interest are released by diffusion mld desorption 
process. 

The transfer process is govemed entirely by 
element specific diffusion, desorption and chemical 
processes. 
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Fig 2 Schematic view of tile target and ECR ion source. 

We used the same t.arget as tile one constructed 
by the ISOCELE group at Orsay3). Fig. 2 shows a 
schematic view of tile target chamber and tile coupling to 
the ECR ion source. 

The target is on high voltage (20 kV) mounted 
on a flange of tile vacuum chamber. 

lbe nickel target oven is a 7.5 cm long cylinder 
heated by resistive heating up to the maximum 
temperature of about 1200 0c. 'TIle current feedthroughs 
are water cooled copper. Inside tile oven is tile target 
crucible supported on boron nitride insulators which 
holds the target material. The wall of tile crucible are 
made from a very thin grid allowing tile gaseous products 
to escape. TIle oven is connected to a nickel transfer line. 

The transfer line is a 25 cm long, 5 mm 
diameter nickel tube. This tube can be also heated to 
several hundred ° C by resistive heating independentiy of 
the target oven. 

3.3 The ECR ion source 

The ion source selected for tile on line mass 
separator is a single stage electron cyclotron resonance 
ion source (ECRIS). ECRIS showed high efficiencies in 
ionizing various species and as well demonstrated long 

running times without any maintenance being necessary. 
In addition, to post accelerate the radioactive ions up to 
several tenth Me V per nucleon, a high charge state 
obtained directly from the ion source will reduce 
considerably the cost of the planned post accelerator. For 
tilis reason it was decided to couple an ECRIS to our test 
bench. 

We have built a completely new ECRIS, the 
axial field is made using FeNdB pemlanent magnets. The 
mirror ratio is 2.9 at the injection and 2.7 at the 
extraction. This difference is due to tile shape of the 
plasma chamber at the extraction ( Fig. 2). An octupole, 
also made from FeNdB pemlanent magnets provide the 
radial electron confinement. The surface field is 0.6 T. 
Our ion source is 17 cm long and l3 cm of diameter. 
Such very small ECRIS can only be done by using 
permanent magnet'>. 

The radio frequency power is brought by a 10 
GHz klystron powered amplifIer. lbe rf injection is done 
using a coaxial line tuned by a small piston. The gas is 
fed in tile ECRIS through the copper tube of tile coaxial 
rf injection. The injection of the vapour directiy into the 
ECR zone seems to lead to very good ionization 
efficiencies. We plan in a very ncar future to measure the 
ionization efficiency using calibrated leak. This can also 
be done using a similar technic as the one described by 
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R. Kirchne(4), a stable incoming beam is brought at rest 
in the target. The ions after neutralization are released to 
the ion source, ionized and subsequently they are 
accelerated. Then, we can obtain the release profile 
lout/lin, where lin is tlle primary and tl1e secondary 
beam intensities. 

The extraction chamber of the ECRIS is 
pumped by a 450 I/s turbomolecular pump. Typical 
pressures achieved in the extraction chamber are of tlle 
order of 5xlO-6 mbar or lower. 

3.4 Detection system 

The collection chamber at the end of the 
separator beam line is a cube. It is equipped witl1 a 
Faraday cup and a tape transport system from 
ISOCELE3). The tape transport system is operated in 

Table 1 Summary of the observed isotopes. 
Isotope Half life 

19Ne1+ 
19Ne2+ 
19Ne3+ 
18Ne2+ 

18Ne4+ 
23Ne1+ 
24Ne 1+ 
13Nl+ 

(s) 

17.2 

1,67 

37,5 
2,0 102 

6,0 102 

primary vacuum, except for tl1e collection point placed in 
a secondary vacuum. 

The collected beam is moved periodically to one 
of tlle two different detector locations. In tlle first one 
two NaI detectors are used to detect in coincidence tl1e 
two gammas produced by tl1e annihilation of tl1e ~+. At 
tlle otl1er location we have placed a plastic scintillator 
and a Ge detectors. We can make single y detection or 
coincidence between tlle plastic and !lIe Ge for delayed y 
emitter. 

For tl1e bOtll detection systems tl1e informations 
on particle energies and tlle characteristic decay time were 
registered for each studied isotopes. 

All information are send to the GANIL 
acquisition system consisting of V AX computers for 
furtl1er off-line analysis. 

Primary beanl 
(nAp) 

35 
35 
32 
95 
90 
100 
110 
40 

Yield 
(particle/s/f.lAp)CD 

4,8 107 

8,9 106 

1,6 106 

1,9 106 

1,9 105 

6,3105 

1,5 105 

3,8 105 

CD This tl1e yield observed on tlle transport tape, tl1e efficiency of tlle transport system is not take into account. 

4. RESULTS AND DISCUSSIONS 

The first run was in march 1992, we have used a 
95 A*MeV 20Ne beam impinging a tl1ick target of 
natural MgO. We succeeded to exy-act and ionize the 
18,19Ne, 23,24Ne and 13N. The results are summarized 
in Table 1. 

The intensity on !lIe target was limited to 1f.lAe 
for handling and danlages cause on tl1e tl1in window at 
tl1e entrence of !lIe target. 

This results are verJVt>romising since tllis is tlle 
very first attempt to produce radioactive species Witll tl1e 
on-line isotopic separation metllOd at GANIL. 

A new location is under study in order to avoid 
problems coming from the slow neutrons and 
background in tlle experimental room. A new separator is 
also under consideration, the resolving power should be 
much greater, of tl1e order of few tllOusands, in order to 
separate properly masses in tlle region of mass 100. 

Following the magnet we will place a 
cylindrical electrostatic deflector in order to separate off 
neutral components. The new beam line will pass 

through a concrete wall and the second collection 
chamber will be well shielded behind 4 m of concrete. 
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