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SUMMARY 

GANIL has been in operation since January 1983. During this period beams from 
Carbon to Xenon have been available continuously for physics. There is now a demand 
to extend the ion range up to uranium, and to increase the beam intensity above the 
present level of about 3 microamperes with li^ t ions. The corresponding 
modifications of the machine have been studied and wi be made in the near future. 

Progress in ion sources, beam diagnostics, comput'r control is reported. 
Speculative considerations on the distant future are discussed. 

INTRODUCTION 

Continuous progress has been made up to now to improve the performances of 
GANIL. The most important steps have been the introduction of sophisticated beam 
diagnostics, the replacement of the PIG source by the ECU source, and a general 
effort in making all equipments more reliable. 

The accelerator will undergo two modifications for extending the heavy ion 
energy range and upgrading the beam intensity. 

For the future, the addition of another accele; '.ion stage could be 
considered, but no convenient proposal appears to be in sigi . 

To illustrate the kind of development made at GANIL, and with the hope to 
convey useful information, we have put in this report an emphasis on the 
description of some new equipments. 

1. MODIFICATION FOR INCREASING OF THE ENERGY RANGE 

The maximum beam energy of a stand-alone cyclotron is approximately 
proportional to the square of the charge to mass ratio of the accelerated ion. 
Hence the great advantage for this kind of machine to be equipped with an E.C.R ion 
source which is able to produce heavy ion beams of several microamperes with a 
charge to mass ratio twice as large as that of the PIG source. 

Normally, no change is involved in the cyclotron itself. But the accelerating 
system must own the ability to work efficiently on the lower RF harmonics modes. 

The source being external, an injection system must be provided. 
In the case of GANIL, which is composed of three cyclotrons in cascade, the 

use of an ÊCR source instead of a PIG source for reaching higher energies is not so 
simple. The two sectored sector cyclotrons are coupled by means of a stripper 
(figure 1). The stripping ratio of 3.5 corresponds to an optimal matching of the 
two sectored cyclotrons for a beam produced by a PIG source. 

In the present configuration light ions are fully stripped and no energy gain 
can be expected at the extraction radius of SSC2 if using another type of source. 
But, in the case of heavy ions, which are not fully stripped, the use of an ECR 
source at the best of its performances can result in a higher charge to mass ratio 
of the ions accelerated in SSC2 and consequently in an increase of their final 
energy. 

However, the use of an ECR source implies a higher energy of the beam up to 
the injection into SSC2, and a.decrease of,the stripping ratio (2.5 seems the best 
choice). 

As a consequence, the following modifications become necessary : 
- The injection radius of SSC2 must be increased by the factor 1.4. 
- SSCÎ should be able to accelerate ions on harmonic 5 instead of the 
present harmonic 7. 



- Upstream of SSCI, the rebuncher Rl and the injector cyclotron must 
match the increase in beam energy. Their design must be reviewed, the 
length between two successive bunches of ions being larger by a factor of 
1.4. 

The decision' to study this modification has been taken in 1985. 
The work to be done on the accelerator has beert described previously in 

detail (1). GANIL will be shut down in december 1988. Six months are needed to 
complete the whole transformation which includes the field mapping of SSC2 with its 
injection system. For the injector .cyclotron, changes of the dee angle, of the 
magnetic focusing and extraction radius are necessary. This is a long process, 
already almost completed on one of the two injectors of GANIL. 

The energy characteristics are shown on figures 2 and 3. Physics experiments 
will resume in July or August 1989, depending on the time needed to tune the 
accelerator in the new configuration. 

2. CONSTRUCTION OF A NEW BEAM LINE FOR LOW ENERGY PHYSICS 

For the time being, an appreciable loss of particles occurs in the beam line 
downstream of the stripper. This is particularly true for the heavy ions, the 
stripping efficiency being less than 50 per cent. The particles which don't have 
the right charge state "q" are lost on carbon screens located in the beam pipe. 

The project called S.M.E. consists in a modification of the beam line between 
the stripper and SSC2, as shown on figure 1. The particles with a lower charge 
state will be separated from the main beam by a magnetic bending system which has 
the double task of analysing the particles in momentum and then recombining the 
beam. Particles of charge q - i (i = 1 for light ions, i = 2 or 3 for heavy ions) 
will be directed by means of a magnetic septum and a subsequent appropriate beam 
line toward an experimental room dedicated to low energy physics. Beams up to 13 
MeV/A for light ions will be available for experiments without any disturbance of 
the main beam injected into SSC2. 

This modification is planned to take place during the machine shut-down. 

3. PROJECT FOR INCREASING THE BEAM INTENSITY 

An ECR source and an axial injection system have been routinely used on 
injector C02 since January 1986. The source potential reaches 18 kV at maximum 
energy and the beam is extracted continuously, at earth potential. One advantage of 
the axial injection is the possibility to use a buncher to increase the flux of 
particles included within the phase acceptance of the cyclotron. The efficiency of 
the bunching process varies between 10 and 15 per cent, for a phase acceptance 
supposed to be around 12 RF degrees. Without bunching, the efficiency drops to 3 
per cent. 

Even from the very beginning, it has been observed that the bunching 
efficiency is a decreasing function of the beam intensity. The phenomenon has been 
rapidly related to space charge effects in the last part of the injection line, 
before the first accelerating gap. In the case of light ions such as carbon or 
oxygen, the accelerated beam intensity is limited to about 6 electrical 
microamperes, even if the source yields a current of 150 microamperes and with the 
buncher on. 

The solution to this problem is classical. The intensity limitation can be 
overcome by an increase of the energy of the injected beam. This corresponds to a 
larger injection radius. It can be said, in a simple manner, that if the new 
longitudinal dimension of each injected bunch of ions is larger for the same phase 
acceptance of the cyclotron (12 degrees), the repulsive coulomb forces within the 
bunches are greatly reduced. It has been demonstrated by numerical computation that 
up to 20 microamperes could be accelerated by using an injection potential of 100 
kV. 

The determination of this potential results from a compromise between the 
small aperture of the magnetic gap, and the voltage which should be applied to the 
electrodes of the electrostatic inflector for bending the beam into the median 
plane. The choice of an inflector of the "PAB0T-BELM0NT" type has been made. This 
kind of inflector is more compact, but also more complex than the "MUELLER" 
inflector presently in use (figure 4). 



A detailed study of the optical properties of the inflector is nearing its 
completion (2). It can be shown that a coupling exists in the plane transverse to 
the central trajectory and also between the transverse and longitudinal planes. 

These coupling effects result in a debunching of the particles going through 
the iiiflector. Particles which are supposed to be bunched at the entrance of the 
inflector are found debunched at the exit because of the difference of their 
respective length of path. In other words, it can be said that the inflector is not 
isochronous. 

This characteristic can mainly show that the axial injection efficiency never 
goes above 15 per cent even for beams of low intensity, which cannot be suspected 
of being disturbed by space charge effects. 

The understanding of these couplings has resulted in a complete redesign of 
the axial injection beam line. The new configuration includes special features, 
with rotated quadrupoles, so as to realize deliberately an opposite and preventive 
coupling in the transverse plane. An isochronous beam path between the buncher and 
the first accelerating gap of the cyclotron is realized in this way. 

For routine operation, an efficiency of 40 per cent could be reasonably 
expected from this new design, with or without space charge effects, for 
accelerated beams up to 50 microamperes. 

The project of the new injection line is now under way. The construction will 
start by the middle of the next year and the installation will be operational by 
the end of 1990. A new ECR source will be available by that time. 

The expected intensities are in the order of 10**10 pps for very heavy ions, 
10**11 pps for medium heavy ions, and 10**13 pps for light ions. 

4. PROGRESS AND DEVELOPMENT OF ECR SOURCES 

A special effort has been made to equip GANIL with ECR sources. They are very 
reliable, and necessitate a light maintenance. They are stable for dayf and weeks 
with gaseous ions. The development of the production of "metallic" ions is still 
going on. 

4.1. Production of ions from solid materials 

The production of gaseous ions is a routine operation with ECR sources. But 
the majority of the heavy elements samples are only available under solid form. 

Most laboratories have developed their own way of succeeding in producing ion 
beams from solid bodies (3). Gaseous composites are generally not available and 
often unstable. In general, the starting material i~ available under solid form and 
must be heated to produce enough \/apour pressure for the production of ions. The 
material can be pure or a composite. Experiments made at Oanil show that care must 
be taken to avoid the use of chlorides, or bromides which saturate the source with 
halogenous ions and reduce drastically the production of metallic ions. In fact, 
each, chemical body is a special case and no general rule can be formulated. Some 
bodies have a very low melting point, and a high boiling point. Some others are 
brittle and desintegrate before reaching the right temperature. 

The most effective means of heating is the plasma itself. A small sample of 
material inserted at the tip of a thin rod is introduced into the plasma chamber. 

Some support gas is needed to keep the source running. Tuning, although not so 
difficult to maintain, necessitates some care in the choice of the different 
parameters. 

GANIL is using a test bench for this kind of development. It must be 
emphasized that the ,reliable production of a stable beam of metallic ions 
necessitates weeks and even months of research for "difficult" bodies. Such has 
been the case for nickel or copper. After many trials, the metallic samples of 
these elements proved to be too difficult to handle : a rod of nickel has a 
tendency to form a drop of molted metal which is uncontrolable for a long period. 
Metallic copper must be installed in a container, but has a tendency to evaporate 
tumultuously. Finally, small samples of compressed oxydes (NiO and Cu20 ) proved to 
be the right materials for production of a very stable beam of ions during periods 
lasting up to 24 hours. 



One of the most promising means for brittle samples and powders is the small 
crucible devised at GANIL which was successfully used for the production of a beam 
of calcium 48. The material, provided by the physicists from DUBNA, was a mixture 
of calcium oxyde and aluminum. The crucible was introduced at the border of the 
plasma, and the chemical reduction of the calcium oxyde proved to be a process 
contrôlable over more than 24 hours, up to the total consumption of the calcium in 
the crucible, 

4.2. Future ECR sources for GANIL 

The future sources for GANIL have been described in a recent communication 
(4). The construction program can be summarized as follows : 

- A "Caprice" type source will be completed by the end of this year. 
This source, made according to the design of the laboratory "PADSI" at 

Grenoble has improved performances as compared with the present one. The 
frequency is 10 GHz. Code name of the source : ECR3. 
- A prototype of a "NE0MAFI0S" source is being studied. This source makes a 
large use of high performance permanent magnets (Figure 5). It can be 
considered as an extrapolation of the prototype "NE0MAFÏ0S" 10 GHz recently 
built at Grenoble. This source is characterized by a moderate electrical power 
consumption and an outstanding aptitude for the production of heavy ions on 
high charge states. The frequency will be 14 GHz. Code name of the source : 
ECR4. 

For the future, it could be interesting to look toward a cryogenic ECR source 
of the type developed at M.S.U. But this technological development is out of the 
scope of GANIL. 

5. BEAM DIAGNOSTICS 

The tuning of the whole accelerator takes about 24 hours routinely, when 
starting from the stand-still situation. There are some incompressible delays in 
the starting procedure like the time needed for the field of the large magnets to 
be sufficiently stable ( a few hours). But most of the time spent for the tuning 
can be related to the work to be done step by step, to follow the beam all along 
its path through the machine. Even if starting anew a beam made in the past, minute 
changes in the recorded settings are necessary. It appears that a constant progress 
in beam dignostics design, signal processing, and computer control, is a condition 
for reaching the ultimate goal of achieving the tuning of the accelerator in a few 
hours delay. Moreover, GANIL is a machine able to accelerate all types of ions, at 
variable energy. In some cases the beam intensity could be small : the intensity 
for beams of "rare" ions should not go below 10 nanoamperes. The tuning of the 
accelerator implies very sensitive diagnostics in that case. 

5.1. Diagnostics development 

The improvement of the existing equipments and the development of new 
diagnostics is a constant activity done in the following directions. 

5.1.1. Non intercepting devices are needed, they are the only means of 
monitoring the beam when in operation. This is the case of the beam 
intensity transformers, of the central phase beam monitors already in 
use in most parts of the accelerator. Two other examples of 
non-intercepting beam position monitors are described in the paragraphs 
5.2 and 5.3. 
5.1.2. The time response of the various diagnostics must be improved : 

- long probes for the SSC's should be moving with more 
celerity. 
- the integration time for the wire grid profile monitors 
should be decreased. 



5.1.3. Dedicated devices must also be used and have been recently 
developed: 
- a measurement of the time profile of the ion bunches by using X rays 
emitted by a thin aluminum target (this device intercepting). 
- a tomographic head for the probes of the cyclotron, to monitor the 
transverse beam profile (intercepting, too). 
5.1.4. A better sensitivity is now required from various equipments : 
The detection threshold of the beam current monitors located where beam 
losses can be expected, is to be lowered. 

The present central phase probes must be modified to be sensitive 
enough for low intensity beams. 

These probes are permanently used as parts of loops for achieving 
beam stability in the longitudinal coordinate. Their present detection 
threshold corresponds to a beam of 20 nanoamperes. 
New probes of this type are being developed. They are partly intercepting 
the beam, but by the detection of X rays they will give the measurement 
of the central phase and the total time width for a total beam current as 
low as 1 electrical nanoampere. 
5.1.5. The performances of the data processing should be improved. Offset 
currents, spurious signals, non linearities must be minimized. Filters 
and gains should be optimized. Calibration signals should be provided. 
The correct behaviour of each equipment must be permanently monitored, 
and, during maintenance period, some kind of simulation would be helpful 
for a general test ot the equipments. 
5.1.6. Every step must be taken for rendering more figurative the display 
of the signals to the operators. 
5.1.7. There are now more than a hundred computer tasks which are used 
successively during the tuning of the machine. These tasks are more and 
more sophisticated. But to have a complete automation of the system will 
require a long period of programming. Each diagnostic has its own 
peculiarities. In the event of an erroneous signal, the tasks must be 
intelligent enough to acknowledge it and make the necessary compensation. 
And finally, tasks must give the right orders, and be able to check by 
themselves if the results are correct. The trend is to automatically link 
one task to the next one and this is far from being a straight-away 
process. 

A more elaborate computer system becomes a necessity in the 
perspective of a fully automated accelerator (see paragraph 6.2). 

5.2. Capacitive beam position monitor (5) 

Capacitive probes have been recently designed to allow the permanent 
measurement of the beam position along the beam lines. Some of them will also be 
installed in the first part of the beam injection system into the SSC's during the 
1989 shut-down. These probes are non intercepting and although they give only an 
indication of the position of "center of gravity" of the beam, they could 
advantageously be used in place of the present beam profile wire monitors, which 
cannot withstand high intensity beams. 

The sensor is made of four electrodes. The picked up signals are transmitted 
by a vacuum tight rigid coaxial cable (figure G). 

The electronics consists of the following circuits : 
- a very low noise RF amplifier 
- a 10 GHz heterodyne detector on the second harmonic of the electrode signals 
- an amplitude-to-phase convertor 
- a phasemeter 
- an interface with the control system 
- a calibration circuit. 
The absolute accuracy of the position measurement is better than 1.0 mm and 

the resolution is better than .5 mm for a beam of at least 20 to 100 electrical 
nanoamperes according to beam energy. This detector works with a 60 db beam 
intensity range. The next improvement step is to increase the probe sensitivity for 
high energy beams (20 to 95 MeV/A). 



5-3. A non intercepting beam profile monitor (6) 

The secondary electrons produced by the interaction of the beam with the 
residual gases can be used for the measurement of the beam profile. 

Pressures as low as 10**-7 torr in the beam pipes allow the detection of the 
beam profile for intensities from 1 microampere (or more) down to a few 
nanoamperes. 

The secondary electrons are accelerated by a transverse electrical field and 
the detection is made by means of micro-channel plates having a multistrip 
collector anode. The electronic circuits are the same as for the present wire grid 
monitors. The time response is very short. A prototype of this non intercepting 
monitor is in the final stage of development before application to beam handling 
control (figure 7). 

6. EVOLUTION OF THE COMPUTER CONTROL 

The computer control system at GANIL is working satisfactorily and is of a 
great help in the handling the 2000 parameters of the whole accelerator facility. 
But more must be done in this field, to render the tuning easier. 

6.1. The present status 

The control computer is a "mini" computer MITRA 625. Another MITRA is used off 
line for the preparation of the software. Part of the work is done locally by CAMAC 
controllers made with microprocessors such as INTEL 8080 or MOTOROLA 680x0. For 
example, controllers are necessary for putting the RF "on", or to handle the 
intricate process of phases measurement and control. Programmable controllers, 
simple and almost totally reliable relieve the central computer from tasks 
involving the safety of the equipments : vacuum system handling, diagnostics 
interlock. 

All equipments are controlled by means of 35 Camac crates, and signals are 
transmitted through 2 serial CAMAC loops. 

The interface between the operators and the accelerator is normally assumed by 
consoles in the main control room and also, in case of tests to be made locally, by 
mobile consoles. 

The operator can use the different equipments individually, or in group by 
means of computer tasks. For example, all magnets in a beam line can be set at the 
right field level by a simple order to the computer. 

However, a faster control of the machine, an improved display of the signals 
and processes at the consoles are difficult to envisage in the present state of the 
system. 

6.2. The future system 

The evolution of the control system is motivated by basic needs : 
- higher speed for the central processing unit 
- more memory capacity 
- more precision (32 bits words instead of 16 bits) 
- fault tolerance 

and this evolution cannot be planned as an extension of the present system which is 
based on a centralized computer. In the present configuration almost all signals 
transit through the central computer, even if no special processing is needed, and 
this limits drastically the time-response of the computer. 

However, the replacement of the MITRA by a convenient computer is not possible 
without interrupting the accelerator for perhaps a year : all interfaces would have 
to be renewed, all programs would have to be rewritten, tested. The real-time 
langage of MITRA is specific. 



The only possibility is a slow move toward a distributed system conceived in 
the following manner. 

More and more modern microprocessors will be installed in different "regions" 
of activity for example : 

- control room 
- injector cyclotrons 
- experimental areas 
- health safety 

and all these regions will be linked to a common system of communication. The VME 
system will be progressively implemented, and the role of the present "MITRA" will 
become less and less important, until a complete take-over by the new system a few 
years later. 

7. LONG TERM DEVELOPMENT 

What will be the future for the accelerator ? This is a question which comes 
up again and again and up to now we don't see any clear answer. The analysis of the 
following suggestions have to be considered as pure intellectual speculation. 

If GANIL is being used as an injector, there are different possibilities for a 
future extension : a booster for an important increase of the energy range, a 
system for stretching the pulse width giving a new dimension for time-of-flight 
experiments, or else experimental rings. 

7.1. Cyclotron booster 

The adjunction of a fourth cyclotron seems at first the most logical approach 
to an increase of the energy range. There are several solutions. 

A preliminary remark must be made . A stripper located downstream of cyclotron 
SSC2 will cause more complication than benefit because the light ions are already 
fully stripped, and the stripping ratio for heavy ions will be variable and at most 
in the order of 1.5. Moreover, for heavy ions, the stripping process gives a broad 
range of charges, and the intensity of the beam to be accelerated again will drop 
by a large factor. 

The fourth cyclotron consequently shall be considered only as a prolongation 
of SSC2. 

What type of cyclotron could be envisaged ? A compact cyclotron with cryogenic 
coils doesn't have enough focusing capabilities above 200 MeV/A. Another serious 
objection is the difficulty to match the longitudinal emittances. The radius of 
injection of the compact cyclotron will be very small as compared to the extraction 
radius of 5SC2. The longitudinal beam widths will be quite different, owing to the 
respective rotation frequencies. 

Would a cryogenic SSC be the solution ? A project of this sort has been 
studied at Garching (7). The focusing seems to be large enough to reach 400 or 500 
MeV/A. The main problems to solve are located in the beam injection line, which 
must be perfectly shielded from the large magnetic field present in the valleys. 
The injection equipments as well should not disturb the accelerated beam by their 
fringe field. And what consequences will the influence of the very large fringe 
field of the main magnets have on the beam lines located in the vicinity ? 

The last possibility is a room temperature SSC, with a conventional field 
level, but equipped with cryogenic coils to reduce the electrical power 
consumption. The injection radius will reach 3 meters, and the extraction radius 
about 6 meters if a energy up to 500 MeV/A is to be obtained for light ions. The 
major difficulty will not be the weight of the machine (15000 tons!) but its 
inability to cover the whole energy range, between 100 and 500 meV/A. The magnetic 
field must assume the "gamma" law radially in a cyclotron. At ejection radius gamma 
will vary between 1.2 and 1.54 and this range can't be practically covered by trim 
coils. 

A cyclotron booster doesn't appear to be the right choice. 



7.2. Linac booster 

A linac is conceivable as a booster. To fceep up with the present time 
technology, it will be composed of sections of cryogenic accelerating cells 
interspaced by focusing sections. The beam intensity will be preserved, and 
variable energy will be achieved by shutting down part of the accelerating system. 

An energy of 380 MeV/A is considered sufficient for the production of an 
intense beam of exotic nuclei. The type of the RF structure, quarter-wave or 
half-wave, has already been tested at Seattle, Heidelberg and Argonne, for 
frequencies in the 150 to 225 MHz range and for "beta" between 0.1 and 0.2. The 
main other characteristics are : average electrical field 3 MV/m, power dissipated 
12 watt/m, 0 coefficient higher than 10**9. 

The longitudinal matching between the cyclotron (RF frequency around 10 MHz) 
and the linac (RF frequency to be chosen in the range 100 to 200 MHz) will be made 
by a dedicated linear section working at the non accelerating phase, giving one 
fourth of an oscillation in phase. 

Different configurations, based on the above mentioned principles, are 
possible depending on the range of the ions to be accelerated (8). 

Here is an example. If an energy of 45 MeV/A at the extraction of SSC2 is 
considered, the ions up to xenon will be available. For xenon, an ionisation charge 
of 54 will be obtained after stripping, and the voltage necessary to reach 380 
MeV/A is 838 MV. Taking into account the above mentioned characteristics of the 
quarter-wave cells, the linac could have the following parameters : 

- number of cells : 280 
- total length : 700 m 
- total RF power : 85 kW 
- power dissipated : 10 kW liquid helium 

50 kW liquid nitrogen 
25 kW beam 

This project appears to be very large. If one considers the necessity to add a 
matching section between SSC2 and the linac, the question is raised to evaluate the 
advantage of this booster project, as compared with a complete new linac of the 
same characteristics, but built from the ion source, with a perspective of more 
intensity and a greater simplicity for the tuning. 

7.3. Synchrotron booster 

A synchrotron is not the right choice if the goal is to increase the energy 
without any loss in intensity. However its advantage is an almost total 
transparency for the other users of the beam at the present energy of GANIL. 

7.4. Beam stretcher 

The frequency range of Ganil being 7 to 14 MHz, the time-width of each beam 
pulse is in the order of 1 nanosecond. 

For time of flight experiments, it would be advisable to use beam pulses of 
about . 2 nanosecond duration. 

This goal cannot be achieved very easily in the present configuration, without 
a very large loss of beam intensity, by a factor of 50 or more. 

The installation of a beam stretcher, similar to the mabching section of the 
linear booster could be a solution. However, its total length is important and some 
significant change in the beam line downstream of SSC2 would be necessary. 

7.5. Cooling rings for experiments in general 

Many projects of cooling rings are under way, and recently the Indiana ring 
has been put into operation for nuclear physics. This type of machine has several 
advantages : the beam can be accelerated or decelerated, extreme characteristics 
for the beam can be obtained, and experiments cover a large scope in atomic and 
nuclear physics. 



A cooling ring with a radius twice as Large as the ejection radius of SSC2, 
could have a circulating number of particles of about 10**8 particles, which means 
a factor of 100 in the apparent intensity of the beam, as compared with the 
intensity of SSC2. 

7.6- Cooling rings for exotic nuclei 

The enlargement of the beam emittance coming from the use of thick targets for 
the production of exotic nuclei, the short life time ot these nuclei are limiting 
factors for the intensity of the beam which can be stored in a single ring. 

A system composed of two rings in cascade seems to be the appropriate approach 
to solve this problem. 

The beam of SSC2 would be injected in the first ring. The emittance of the 
beam is small (12 mmmrad) . By means of a cooling process in the ring, it can be 
expected to store up to 10**9 particles in the first ring. Then, the extraction of 
the stored beam will be made on one turn, and the external beam will impact on a 
thick target for the production of exotic nuclei. The selected particles will then 
be injected in the second ring, on one turn also, where they will be stored and 
cooled. In this way, 10**3 to 10**5 exotic nuclei could be stored in the second 
ring. 

If the diameters of the rings are large enough, an acceleration of the beam in 
the first ring may be possible to get the optimal energy for the production of the 
nuclei. 

8. CONCLUSION 

In the next few years GANIL will keep its present configuration, but the 
energy range for heavy ions up to uranium, and the beam intensity will both be 
improved. ECR sources under development will contribute to the performance of the 
machine. 

This progress will enlarge the field for the nuciear physics experiments to be 
made, particularly in the exotic nuclei domain. 

A constant pressure is maintained on the need to develop better beam 
diagnostics so as to make the accelerator easier to tune and more reliable. The 
computer control system is being modernized, in order to keep-up with an increasing 
demand in sophisticated tuning procedures. The coordination of these efforts will 
result in better beam characteristics and more machine time for experiments. 

For the distant future, no clear prospect appears for a large development of 
the accelerator, but reflexion keeps going on this vital subject. 
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Figure 1 : GANIL general lay-out. 

- The accelerator will undergo a series of modifications for upgrading the 
heavy ion energy range, during the first semester of 1989. 

- The magnetic analysing system, shown on the beam line dowstream of the 
stripper, will be installed during the same period. An auxiliary beam of ions at 
intermediate energy will be available in room Dl. 

- Injector COl is to be equipped with a high performance axial injection line 
by the end of 1990. 

Figure 2 : 
Energies computed (solid lines) and obtained 
(dots) as a function of the charge state of 
the PIG or ECR source in the present state. 
Stripping ratio 3.5. 
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Figure 3 : 
Energies expected at ejection of 
SSC2 after the modification. 
Stripping ratio 2.5. 



Figure 4 : Electrostatic inflector for axial injection. 
a) Picture of a model of the inflector. The beam enters verticals ii 
is progressively bended into the median plane of the cyclotror. ;e 
voltage on the electrodes shc.'ld be + or - 15 kV for a potential 01 100 
kV for the ion source. The height of the inflector is about 10 cm. 

The shielding, here shown partly removod, is for avoiding R.F. 
interference. 
b) Theoretical shape of electrode surfaces for this inflector. 
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Figure 5 : Cross-sec t ion o f ion source ECR4 
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A stronger magnetic confinement added to an increase of the RF frequency will help 
reaching higher performances, mostly for the production of heavy ions. 

The construction and tests of this prototype will take two years. 



Figure 6 : Non intercepting beam 
central position probe. 

This capacitive probe has been 
developped for on line detection of the 
transverse position of the beam in both 
radial and a:dal planes. The accuracy is 
better than 1.0 mm. 

The trend is to generalize the use 
of non intercepting probes in the beam 
lines and in the accelerator. 

Figure 7 : Non intercepting beam 
profile monitor. 

The principle is based on the 
detection of electrons emitted by 
residual gases. 

This prototype is very accurate 
and sensitive. The beam aperture here 
is 16 mm for a special application, but 
an aperture of 40 mm is possible. The 
limit depends only on the maximum size 
of available micro-channel plates. 


