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The Isolde faci l ity nas been one ot the main 
cl ients for beam time at tne l-t.kl~ synctlrocyclotron 
since 1967 . It was decided in 19H3 to expand the capa
bility of Isolde by the addition of a second primary 
proton target station and a second on-line isotope 
separator. At the same time it was decided to run the 
~C almost exclusively for Isolde in the future. The 
new separator has two stages of separation and nas been 
designed so as to fit into existing buildings in order 
to keep the cost to a minimum. At present the separ
ator is being installed, and we expect first beam 
towards the end of 1986. 

INTkU(JUCTIUN 
--lsoide is known throughout the world as the on
line isotope separator faci 1 ity at the Cl:.kN 60U I'€V 
synchrocyclotron. The earliest experiments at Iso l de 
date from 1tjb7, since when there has been a continual 
i mprovement in target/ion source techniques and in 
remote nand 1 i ng, so that what started as an experiment 
has now become a dependable facility for the users. In 
1lj74/75 tne ~c: was upgraded, with tne result that the 
beam intensity delivered to the Isolde target rose by a 
factor 4U to at least i. iJA. I\t the same time the 
original Isolde installations were upgraded, and the 
facility then became Known as Isolde c. 

by the early 191)U's it started to be clear that 
the I sol de taci l ities were becoming saturated. I\t that 
time Iso l de had about au shitts each year, or roughly 
one third of the total beam time avai 1 able at the ~l.. 
Howev er this number ot shifts appeared to be close to 
saturation because of the limited number of target/ion 
source units which could be manufactured and tested 
with the resources available. Furthermore, the 
necessity for repairs and maintenance of parts of the 
separator in highly radioactive areas required that 
sufficient "cooling" periods be scheduled. To these 
limitations were added the difficulties experienced by 
the experimental teams in the overcrowded experimental 
zones. Thus ways were sought to improve the situation 
by constructing a new facility. A relatively cheap 
solution was adopted finally, whereby a second target 
station was to be placed in the well-shielded cyclotron 
vault and a new separator was to deliver its ion beams 
to an exi st ing experimental hall (known as the Proton 
Hall). In thi s way no new bui ldings were required and 
the over a 11 cost coul d be kept low. The proposal 1 was 
accepted in (Jecember 19H3 when it was also agreed that 
the SC would run primari ly for I solde in the future. 
The new separator was given the title Isolde J. 

2. ThE ISULUE 3 SEPAkATUk 
2.1 General 

A plan view of the new separator is shown in Fig. 
1. The extracted proton beam from the SC: trave 1 s a 
distance of about 10m to a new target station situated 
in the corner of the cyclotron vault : the protons 
arri ve from the top in Fi g. 1 After passi ng through 
th~ thick target (typically 100mm of heavy metal), the 
diverging proton beam is dumped in the shielding wall. 
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Figure 1 Plan view of the new Isolde 3 separator 

Ion beams emerge from the ion source perpendicular to 
the direction of the protons, and pass through the SC 
shielding wall to the accessible area beyond, where the 
two separator magnets are situated. The beam is 
distributed to the experiments in the Proton Hall. 

2.2 Target/ion source units and remote handling 
A great deal of development work went into 

the target/ion source units for Isolde, especially in 
the late 1970's, with the result that hign performance 
units can be produced, which work reliabl{ in the 
highly radioactive environment of the SC: hall. Figure 
2 shows such a un it equ i pped with a t ubu 1 ar surf ace 
ionisation source. The figure shows the unit as seen 
by the irradiating proton beam. About 50 target/ion 
source units will be used each year at Isolde. 
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Figure 2 urawing of a target/ion source unit, equippeo 
with a tubu 1 ar surf ace ion i sat i on source. 

In 1~U2 an industrial robot was introduced as the 
best way to install, remove and store the Isolde 2 
target units. A second robot has now been purchased and 
installed on rai ls in the SC hall. Its purpose is to 
make the exchange of the target/ion source units and to 
store them temporari ly in eight niches in the wall of 
the SC hall, behind lead doors. The robot retires to 
a safe distance (10 m) during the actual irradiation. 

The intention is to use the same targets and ion 
sources as are used already at Isolde although, of 
course, there is a constant evolution in this field. 
Yields which have been obtained at Isolde have been 
published 3 and Fig. 3 shows which elements are current
ly available as beams. Plasma ion sources and positive 
surface ionisation sources are most frequently used, 
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Figure 3 The elements available as beams at Isolde. 

but negative surface ionisation sources are also in 
demand : all these wi 11 be u sed at I S3. One exc it i ng 
new feature, however, wi 11 be the use of hi gh current 
sl it sources as developed at I socele". The new separ
ator has been designed with large apertures to accom
modate the intense beams from such sources and all the 
lenses have been fitted with space-charge restoring 
guard rings. The I socele group has succeeded in adapt
ing the slit source to fit the geometry at Isolde and 
currents up to 3 mA are planned. 
2.3 Front ena 

The term "front end" is used to describe the first 
part of the separator, often known as the "acce 1 erat i on 
chamber". It includes the target coupling mechanism, 
the extraction electrode assembly and the first elec
trostatic quadrupole lens triplet, the whole mounted on 
a tro 11 ey and fi t ted wi th a Faraday cage around the 6U 
kV section. Two such units are planned initially, one 
of which is at present being fitted with services (wat
er pipes, cables, compressed air, vacuum connections) 
in such a way that it wi 11 be a fairly quick job in the 
radioactive SC hall to decouple and exchange it when
ever thi s becomes necessary. A third front end is 
under active discussion, which would be suitable for 
new types of i on source such as an eCk source or a 
laser ion source. 

The target/ion source units wi 11 be held at a po
tential of 60 kV during operation, the same as at 
Isolde 2. The main insulator is made of polystyrene, a 
materi al which has good vacuum and radi at ion proper
ties. A Faraday cage of volume of order ~ 01 3 surrounds 
the high voltage part and includes a patch panel 
through which the various services arrive. 1-111 the 
power supplies for the target/ion source units are 
situated in the Proton Hall out of the raaiation on the 
other side of the SC shielding wall, from where tne 
cables run to the target in a coaxi al tube nigh in tne 
wall, designed to have as Iowa capacity as possible, 
to keep the stored energy low . Tne Faraday cage will 
be supplied with dehumidified air so as to limit 
sparking and reduce tne corrosion produced by acid 
formation initiated by the passage of the several ~ 
proton beam in wet air. The air will be at a slight 
under-pressure so as to contain any release of activity 
should there ever be a leak from a target unit. 

The most important element of the "front end" is 
the extract ion electrode developed by the Strasbourg 
Group. A photograph is shown in Fig. 4. 

Figure 4 Photograph of the extraction electrode. 

The water-cooled electrode is mounted between two insu-
1 ators but wi 11 normally be operated at earth poten
tial : however, if necessary, it could De raised to a 
potential of 40 kV. The electrode has a longitudinal 
movement of 150 fll1l so as to allow an optimum posit ion 
to be found for all the different ion sources envi s
aged. At its entrance there is a removable collimator 
made of Ta which is able to rotate about both a 
vertical and a horizontal axis by roughly l()O: this is 
achieved by the push or pull of rods controlled by a 
water-filled hydraulic system. These rods may be seen 
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in the photograph. A prototype of th is rather comp 1 i -
cated extraction electrode has been tested in the labo
ratory unaer realistic working conditions of vacuum and 
high temperature. 
2 . 4 beam optics 

TIetalled calculations of the optics of the separ
ator tlave been made in Giessen 5 with the result 6 shown 
in Fi g. !i. 

60' Magnet Multi pole 90'" Magnet 

Ton Cour ce 

~igure!i The beam optics in the horizonta l plane. 

oeams from the ion sources used at I solde have a 
typical divergence of up to ±c!i mrad and an effective 
source size of ±O.2mm in each plane : slit sources 
have a similar emittance in the horizontal plane, but 
extend vertically to ±7.5mm with a vertical divergence 
of ±!i mrad. The beam has to be transported a di stance 
of 8m through the SC shielding wall to a focus in front 
of Ule first of the two separator magnets. This simple 
beam transport section contains five wide-aperture 
electrostatic lenses. After the focus, a singlet lens 
spreads the beam horizontally so as to fi 11 the useful 
pole area of the <J(f' magnet and thus obtain a good 
reso l ving power. Calculations show that a resolvlng 
power of order !JUOO should be possible for the first 
separator stage . 

After thi s magnet the beams of di fferent masses 
are focussed along a line inclined at 20° to the axis, 
here the dispersion is -l!imm per mass unit at mass lOu, 
perpendicular to the beam axis. The central mass is 
selected by sl its and is passed through to the second 
stage of the separator which includes a bOO magnet, and 
the beam is finally brought to a focus before being 
distributed to the experiments in the Proton Hall. 

Although the separator consists of nine electro
static lenses and two magnets we expect a good perform
ance to be achieved relatively rapidly since all the 
elements have been constructed to high preci sion and 
can be accurately aligned. However, the separator has 
been designed for high quality beams, with a resolving 
power up to 30,000. Provi sion has been made for the 
installation, progressively, of a number of correct l ng 
elements: three electrostatic multipoles and two sets 
of auxiliary coils in each of the two magnets. The aim 
of these elements is to correct second- and third-order 
aberrations in the optics. To obtain the ultimate per
formance of the separator wi 11 require careful tuning 
of all the correcting elements when these are in
st~lled and may well be at the sacrifice of intensity, 

since narrow s 1 its wi II be requ ired ; however, such a 
high resolving power will permit experiments which are 
not possible toaay at Isolde. 

A further feature whi ch has been inc 1 uded in the 
design is the insulation of each of the magnet vacuum 
vessels in order for them to be maintained at poten
tials up to b kV if required. This feature 6 wlll allow 
the rejection of ions of the wrong mass but correct mo
mentum which have found themselves following the cor
rect trajectory after a scattering process in the resi
dual gas, especially in the initial acceleration re
gion. We hope that this feature will bring . a distinct 
advantage when it is necessary to run wlth a hlgh 
enhancement factor. 
c .!i ~Iagnet s 

A "CD shape was chosen for the design of the sep
araator magnets because u ~ cl1e good accessibi 1 ity thi s 
allows. The steel used throughout is of very low co
ercive force «bO A/m) and the pole gaps are constant 
to 20~. ~Iagnet ic measurements have been completed on 
both magnets, using Hall plates mounted on a radial arm 
whose centre of rotation corresponded to the desired 1m 
bending radius. Two iterations were necessary in the 
machining of the removab l e pole ends so that the magnet 
woula nave the desired magnetic length. Field maps 
were obtained at various vertical positions in the gap, 
and for various excitation currents : furthermore, a 
study was made of the effect of the SC's fringe field. 
The 90P magnet has normal entry, but the pole pieces at 
the exit are inclined at 20° so as to give some verti
cal focusing to the beam. The gap is 110 rrrn, of which 
7b mm is the aperture . inside the vacuum vessel. The 
radial width of the poles is ,+2U IflTi of which the beam 
occupies 220 mm. I' iaximum field strengthS of almost 
U.7T will be used, so both mag nets are far from satura
t i on : they are fed from high ly stabi I i sed current sup
pi ies (one part in !U 5 ). 

2.b Diagnostics 
~everal dlagnostic tools will be used at Isolde 3, 

developed mainly by the Copenhagen group and from expe
rience at the present Isolde facility. The Copenhagen 
group has developed an extremely compact module con
sisting of motor driven vertical and horizontal slits, 
a Faraday cup, vertical and horizontal scanners: two 
of these units wi 11 be used at the object points tor 
the two magnets of the separator. In two places at the 
beginning of the separator, wire grids consisting of 32 
x 32, u.2 mm diameter wires spaced at 2.5 mm will be 
used to give details of the beam profile in a non
dest ructive way. 

The most important aiagnostic devices, however, 
are the scanners. These will be used at several places 
in the separator, but they wi 11 be independent of the 
control system, for financial reasons. The scanners 
deve loped at Copenh agen have sc an s of 8Umm and are par
ticularly well adapted to places where space is l imited 
as, for example, close to the object points of the two 
magnets. 

We hope that thi s model of scanner can be devel
oped to yield a 500 mm scan, which will be immediately 
useful in the focal pl ane chamber after the tirst ';loP 
magnet, where masses up to ±10% of the central mass are 
focussed along a line inclined at 2Uo to the beam 
axi s. The present 80 mm scanners have the advantage 
over commercial models in their compactness and their 
high precision (0.1 mm), although their response is a 
little slow (2 scans per second). These advantages are 
not needed in the beam 1 i nes in the Proton hall where 
the separated beam is sent to the experiments, and so 
commercial units will be used there. 
2.7 Target/ion source supplies 

A large Faraday cage has been constructed to house 
the nine suppl ies for the target/ion source units, in
sulated for the working potential of 60 kV. Electric
ally this Faraday cage is an extension of that sur-
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rounding the target in the SL hall, on the other side 
of the 6 m shielding wall (see Fig. 1) . The biggest 
supply produces lOUU A for heating the target, and the 
total peak power available is 50 kVA , which is supplied 
by an i so 1 at i on tran s former situ ated adj acen t to the 
Faraday cage. Commercial units have been purchased 
throughout. Control wi l l be via a fibre optic link in 
CAMAC . The power cab 1 es run to the target through a 
co-axial tube designed to keep the stored energy as low 
as po s sib 1 e in order to reduce any damage from the 
propagation of transients when there is a bO kV spark . 
2.8 60 kV supply 
~~wer supply is subject to a pulsed load 

because of the time structure of the beam from the syn
chrocyclotron. The beam passes through -300 Inn air be 
fore and after the target, and there is consequently a 
peak load of order !:l mA due to air ionisation. In order 
to obtain the required high stabi 1 ity both long-term 
and in ripple (1 part in 10 5 ), it was decided that the 
only solution was to bui ld the 60 kV supply in CEKN. 
Construction is well advanced and the supply will be 
placed in the Proton hall where the ease of access will 
be a considerable bonus compared to the present 
I solde. The high volts wi 11 be controlled oy CAI-IAL 
and the supp 1 y is de signed to gi ve a cu r rent of up to 
30 mAo 
2.~ Control 

The separator was designed to be fully computer 
controlled from the beginning, but some concessions had 
to be made for financial and manpower reasons . In par
ticular it was clear that our resources wou l d limit us 
to the application of known techniques and standard 
material already used elsewhere at CERN. Thus the idea 
to use a central mini - computer was abandoned in favour 
of a system based on CAMAC units, most of them devel
oped in the CERN-SPS7. Three independent conso l es will 
be used, each one controlled by a "mother crate" full 
of specially designed CAMAC units, several containing 
I~otorol a 68000 !i-processors. 

The mother crates can handle only a single user 
and single task at any moment, and for the time-being 
there will be no communication channels between them. 
This is a limitation which we hope to circumvent at a 
later stage. The layout of the control system is shown 
in Fig. 6 where the tasks allocated to the three 
consoles are also indicated . A full description is 
give in kef.H. The mother crates have to take care of 
a range of tasks such as running the applications pro
grammes, communicating with the peripheral devices, 
storing the programmes and data tables, prooucing the 
vioeo signals for the display units and the touch 
screens, and controlling the serial. CA~IAC highway. 
Seri al CAI'IAC has been used because of the large di s
tances involved (for example the control room will be 
situated 150m away from the separator). 

Interact ion with the computer system wi 11 be by 
means of touch screens (with sixteen sensitive fields), 
knob encoders, mechanical function buttons (whose task 
is selected from the touch screen), and a tracker 
ball. The system is therefore very versatile and since 
it uses mostly standard units, can be adapted in the 
future as needs arise. 

Application programmes have been written in NODAL, 
a user-friendly interRretive language much used at 
CEKN 9 and also in K.EK10. The writing of these pro
grammes was much he 1 ped by the preparat i on of software 
packages called "equipment modules", also written in 
NODAL (although later it may be possible to speed them 
up by writing in a compiled language) : these equipment 
modules contain a l l the CAMAC instructions for a par
particular task, such as setting a value on a power 
supply, and are very clearly written so that non-spec
i ali s t scan use them ea s i 1 y . We were also ab 1 e to use 
the existing software developed in C~RN for producing 
the tree structure of menus on the touch screens. 

MOTHER CR-,TES 
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Figure 6 Layout of th e control system. 

3 . CO NCLUSION 
The present time is--a:il exciting one because all 

the elements that make up the separator are corning to
gether and progress is very vi sible. We hope to have 
assembled the separator by the end of this year, and to 
run stable beam tests . The intention is to be certain 
th at there are no maj or prob 1 ems before we i r r ad i ate 
the target/ion source for the first time. Ttle r eafter 
there will st i 11 be a gre at de al of work to do before 
we can really consider the separator a working faci 1-
ity: in particu l ar there will be work to do on im
proving the monitoring and in integrating it properly 
with the computer, for this is an area which has re
ceived insufficient attention so fa r , due to lack of 
manpower. 
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