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Abstract: The goal of this paper is to present the new facility LIMBE built at 
GANIL. This facility is dedicated to the Ion-surface, Ion-Atom and Ion
molecule research. It is made of an ECR ion source called SUPERSHYPIE and 
two beam lines. We will describe the ECRIS, the beam properties and the 
performances of LIMBE facility. 

1. Introduction 

Since 1990, the ECRIS named The SUPERSHYPIE ion source is an 
ECR3, ECR4, ECR4M, ECRIS type. It derives from the 
SUPERSHYPIE and NanoganII have GANIL ECR4M ion source. Its axial 
been used for Ion-surface, Ion-Atom magnetic field is an hybrid one. It is 
and Ion-molecule research. Whether composed of two main coils and 
the ECRIS quality, placed at our permanent magnet rings. 
disposal by the GANIL, has allowed Figure 1 shows the piling up of the 
to obtain many physics results two axial magnetic field 
leading to numerous thesis and contributions . The coils contribute 
publications, the poor beam qualities mainly to the configuration of the 
have restricted the development of axial magnetic field whereas the 
new experiments. In this way, the permanent magnets create a 
LIMBE conception has been decided. modulation of the field that enhances 
Now, LIMBE has already been the maxima B. The magnetic radial 
mounted, tested and the first beam field is made with an hexapole (in 
has been delivered in the middle of Halbach configuration) of 0.9 T at 
2000. LIMB E is composed of an the inner chamber. Thanks to the 
ECRIS named "SUPERHYPIE"I.2 and addition of two hexapolar rings, the 
two beam lines. plasma volume increases and the 

Now, we are going to describe performances too. 
each part of this facility: first the The figure I shows a typical view 
ion source and second the beam of the axial field (dash line) used for 
lines. We will conclude with the the multicharged ion beam 
future of this equipment. production. Now, the HF injection is 

a coaxial one. The rectangular HF 
2. The SUPERSHYPIE ion guide is transformed into a circular 

source HF guide just before HF injection. 
12000 ,.......~,...............,~~~.--,.~~~..., The plasma electrode is placed in 

,. " Totol field 8000-9000 Gauss zone inside the" ,~10000 
II \.c- magnetic bottle and allows to extract 
o '8000 

o 
. current up to 10 mA without damage . 
o§ 6000 The SUPERSHYPIE ECRIS is able 

o to provide many highly charged ion*4000 , beams as we can see on the table 
I " COilS contributionr " I.The typical intensities were: 1 \ I ,.:,\, __ -" \~ measured with a faraday cup locatedo 

...... ' J \"" at the focal plane of the analyzing
\ permanent magnet

-2000 \ I cont';bu1;on \ ./ dipole and for an energy of about 17 
keV*q (q the charge state).

-4000 0:--'--'-':"1O!:-'--~20:---~3~O:----"'4:-::0"""""":50~"""""60 
z(em) 

Figure I: Axial magnetic field profile ofSUPERSHYPIE 
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Figure 4: Kr charge state distribution for theTable I: Intensities (epA) of the SUPERSHYPlE 
optimization of""'Kr2+(PHF = lOOOWECRIS measured after the analyzing dipole. 

I ..... 0 .... 
20 

On figures 2 up to figure 5 are 
shown four typical spectra dedicated ,s . 
to furnish highly charged ion beams 
requested by the physicists. 

10 . 

5 •2000 r;:::=:=============;
• ellA� CJ ·~rti<:If:1 
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charge state 

1000 - Figure 5: Xe charge state distribution for the optimization 
of 129Xe27+(pHF = 800W) 

Each spectrum shows the charge 
500� state distribution in eflA and eflp and 

each spectrum was measured as to 
optimize the highly charge state. For 

a� He, there is as much as He'+ and 
charge state 

He 2 +. The maximum particle number 
for a q c h a r gest ate i s 1 I / I 2 fo r A r , Figure 2: He charge state distribution for the� 

optimization of 1Hel 
+ (PHF = 600W) 19 for Kr and 26 for Xe.� 

3. The beam Ii nes 

The figure 6 represents a 
schematic drawing of the LIMBE 
facility. 

Beam hne LA 
~ 
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Figure 3: Ar charge state distribution for the� 

optimization of16Ar'+(PHF = IOOOW)� 

Figure 6: Artistic view ofthe UMBE faciliJy 
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The maximum magnetic rigidity 
of the system, at this time, is 0.05 
T.m. It is limited by the analyzing 
dipole. The ECRIS is mounted on a 
high voltage platform able to 
provide a beam with an energy range 
between 1.5 and 25 keV*q. The two .. beam lines can be alternatively used. 
They are dedicated to transport high 
current intensities with very high 
emittance up to 150 1t.mm.mrad. The 
operational vacuum inside the beam 
lines are around 10. 9 mbar and limit 
greatly the charge exchange with 
residual gas. The pumping units are 
made of three cryopumps and three 
turbomolecular pumps. 

The transmission is very high: 
better than 80% for L3 and better 
than 60% for L4. These 
transmissions are available as long 
as there is no diaphragm. The 
transmission difference would come 
from a length 30% higher for L4 than 
for L3. For the moment, it is 
difficult to transport high intensity 
beams inside L4 beam line due to the 
space charge. We have to work as to 
find the good optic parameters. As to 
tune the beam, LIMBE is equipped 
with five beam profile monitors and 
three faraday cups. The beam can be 
cut by a set of horizontal slices 
placed at the focal plane of the 
analyzing dipole. 

As an example, let us take a beam 
40A 1 1+ .o f r at 121 keY. The figure 7 

shows the shape of this beam alon o 

the L3 beam line. The last profile~ 
named "PR", represents the beam 
shape and size where the physicist 
mounts its experiment. For this case, 
the horizontal slices were fully open 
(24 mm). The distance between PR32 
and PR was about 80 cm. At the PR 
profile, the beam size is around 23 
0101 diameter (see figure 7). 
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Figure 7: View oflhe 4nAr"+ beam profiles at 121 keVon Ihe� 
L3line� 

The divergence values are about 
40 mrad and 17 mrad for the 
horizontal and vertical beam profile 
respectively. The transmission 
between CF32 and CFI3 was 83.3% 
and the transmission between CF32 
and CFphysicist was 98%. 

All procedures (adjustment of 
dipole and quadrupole currents, beam 
profiling, vacuum, etc ... ) are 
supervised and visualized by 
computers. The control-command has 
been made with the Labview 
software. 

The first experiment] was devoted 
to collisions between 0 7

+ and He 2 + 

with CO. Ten experiments have been 
5 6 7accepted and about eight 4 

• . . have 
been successfully performed (mid 
July 2001). In particular, a double 
e~periment requiring the use of very 
h I g h Iy c h a r g e d X e be a m s w i t,h a 
constant velocity was able to do. One 
of this experiment 8 was a great 
technology challenge. It has been 
realized because the LIMBE facility 
was able to provide continuously a 
high stability Xe 9 

+ beam during 30 
hours. 

The high performance and great 
stability of the SUPERSHYPIE ion 
source joined with the numerous 
tunings of beam line allow us to 
provide many multicharged ion beams 
of great quality to the physicists. 
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4. The future 

For the future, two projects will 
be realized. The former will be the 
magnetic rigidity increase up to 
0.136 T.m by the exchange of the 
analyzing dipole (102° switched for 
a 90°). The latter will be the 
merging of the AIM (Grenoble) 
facility with the LIMBE facility. At 
this time, H. Lebius (from Grenoble) 
develop an ion slackening of speed 
as to use eV energy beams. In the 
medium term, six beam lines and two 
ECRIS will be available for 
Physicists with energy from eV*q up 
to 25 keV*q. 

But the requests of highly 
charged ion beams leads us to go on 
to get better the ion source 
performances. Two ways will be 
prospected: the double frequency 
which mainly improves the high 
charge state distributionS and the ion 
source extraction. We would like to 
insert an Einzel lens just behind the 
mass extraction electrode as to 
increase the beam transport which is 
quite low at this time (10% to 40%). 

Finally, we will adapt the 
"MONOI000,,9 monocharged Ion 
source to LIMBE as to furnish high 
intensity beams. A factor 10 for Ar 
and 100 for Xe wi th respect to the 

SUPERSHYPIE intensities can be 
reached in terms of particle number. 

It is very significant that this 
facility must always keep its 
adaptability to receive easily most of 
the high performances ion sources. 
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