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In August 197b, the french government decided to start the 
construction at Caen (Normandy) of a national heavy ion facility, Ganil. 
This program is financed jointly by the I.R.F. (The Institute of 
fondamental Research depending of the Atomic Energy Commission) and by 
the IN'P3 (Institute for Nuclear and particle physics depending of the 
National Center for Scientific Research). Presently 150 persons are 
working on the Ganil site, mainly machine physicists and technicians. 

GENERAL PRESEMTATIM. 
The Ganil accelerator is composed of 3 cyclotrons in Cascade 

as presented schematically in fig. 1 ; the main characteristics are 
shown in Table 1. The first stage is a small compact cyclotron (Co, 
K * 30) with a conventional pig source in its Center. Then the following 
stages are two Identical isochronous and separated sector cyclotrons 
(SSC, K = 400). The first one SSCI acts as an Injector of the second 
one SSC2 after that ions went through a stripper whjch increases their 
charge states by a factor 3.5 which is the ratio between the ejection 
radius of SSCI and the injection radius of SSC2. The magnetic field 
in both Cyclotron is equal under usual conditions and its maximum 
value 1s 1.6 Tesla.Ihe phase width of the'beam is 15° at the exit of 
Co and is reduced at b by a buncher R,> before injection in SSCI 
(1 ns pulse width). The charge selector after the stripper and the 
second buncher R~ have been postponed. To set correctly both SSC, to 
control the energy dispersion down to 10 , to deviate the beam at 
90 toward of the experimental area under achromatic conditions* a 
system of 4 magnets (6/5 x 4) acting as a monochromator will be 
provided. 



The expected beam qualities are the following : 

. All ions from C to II will be accelerated 

. Lnergies are ranging from 5 MeV/A up to a maximum value depen
ding of the ion masses as shown in fig. 2. The maximum energies and 
intensities are based on the performances of pig source for heavy ions. 

. Intensities are expected of the order of 10 ions per 
second for light niasses and up to 10 ions per second for the heavier 
ones depending of the charge state. 

. The energy dispersion is 2.10 as already mentionned and 
the beam emittance is lower than 10 » mm mrad which corresponds to a spot 
on target of ? mm radius and 0 2 angular divergence. 

The beam distribution in experimental area shown in fig. 1 looks 
like a fish-bone. The main reason was to be able to deliver at least two 
beams simultaneously in any target rooms. The beam transport in the central 

, part of the fish-bone is ensured by two quadrupole triplets which provides 
an achromatic mesh-point each 8 meters. The beam deviation into target 
room at 60', is made by two 30 magnets with quadrupoles In-between to 
deliver an achromatic beam on targets. The first 30 magnets will be 
pulsed from 1 to 9 seconds with 0.5 s to set in or set out the magnetic 
field. The data handling building are located each side of the experimental 
areas (fig. 1). 

PRESENT STATE OF THE GANIL CONSTRUCTION ANV PLANNING. 

- Buildings. 

A general view of the Ganil site taken in May 1979 Is shown in 
fig. 3. At right of the picture is a T building (5 000 m 2 area) for offices' 
arid laboratoires. At left of the picture 4s the machine building which 1$ 
116 m long, 11 in large and 16 m high ; an inside view in presented 1n fig. 
4 and we can see a 00 Tons travelling crane to handle the machine compo
nents and the concrete girders which covers the ceiling for radiation 
protections. 

The control room building is ready since July 1979.The construction of 
the experimental area building is presently starting and will be ready In 
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summer 1980. This building will cover 4200 m , but because of 2 m width 
of concrete for protection walls, only 3000 m will be available to set 
up apparatus in 8 main targets rooms. The general lay out of the machine 
and experimental building has been managed in order to allow easily 
possible extensions in future. 
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The four sector magnets of SSCI will be all installed at Caen 

this summer and the four other one (SSC2) will be in place at the spring 
1980 . On fig. 5 is shown the first one which arrived at Caen last April 
and on which has been achieved a magnetic fiels map. The main characte
ristics of sector magnets are presented In table 2. The field mapping is 
planified in December 1979 for SSCI and in June 1980 for SSC2. 
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The general lay out of the resonators (two for each SSC) is shown 

in fig. 6. The frequency ranges from 6.5 MHz up to 14 MHz. The coarse 
timing is achieved by the mean of a movable panel with an overable displa
cement of 0.40 meter. The sector angle is 34° and the maximum tension 
for acceleration 1s 250 KV (table 1). The rf system is synchronized by 
a master oscillator to within + 0°5 and the amplitude stability will be 
better than 10" 3. 

Studies of these cavities are now completed and they will be 
ordered in September 1979. The 100 KW amplifiers have been already 
ordered. The reception at Caen of the SSCI cavities are expected at 
end 1980 and beginning 1981 for SSC2. 

A model view of the vacuum chamber Is presented in fig. 7. It 
1s a monolithic structure made of stalnlessteel. Its volume 1s 46 m3 and 
Its weigh is 57 Tons. The vacuum achieved by 8 cryopumps at 20° K fitted 

-8 with active carbon panels is expected to the 5.10 mm Hg necessary to 
present charge exchange for heavy accelerated Ions. The seals will be 



in pure Aluminium. The first one will be at Caen in April 80 and the 
second six months later. 
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The injector cyclotron Co is a small compact cyclotron which is 
schematically represented in fig. 8. The -nagnet is set up at Caen presently 
as shown in fig. 9. Tte poles are flat and circular. The rf system consists 
of a pair of dees having a 60° aperture suitable for running beams on 
harmonics 4 and 8. The extraction is accomplished by an electrostatic 
deflector. 

THE GENERAL EXPERIMENTAL PROGRAM. 

The beam is currently expected for experiments at the end of 
1982. So, it is obvious that a precise experimental program has not been 
defined so far. Nevertheless, because of the long time necessary to 
achieve them, two programs have been accepted to start now by the scien
tific comittee of Ganil. 

The first one is concerning the data acquisition : a system of 
5 computers his been recently ordered to MODCOMP (4 classic 7860 and 
1 classic 7870) which will be implanted at Ganil progressively in the 
next two years. The first two will be at Ganil at the end of 1979 in 
order to start the preparation of the software and the connections 
between them. 

The second one is an energy loss magnetic spectrometer (SPEG). 
This device will be described in some details in a detector sessions at 
this conference. But let me just mention the main goals of this project. 
The SPEG will matches the incident beam to outgoing ions of interest, 
in order to obtain spectra with energy resolution much better of the 
primary beam. A group of physicists, in the last one year and half, 
designed a magnetic spectrometer and performed trajectory calculations 

-4 showing that a final energy resolution of 2.10 might be achieved at 
Ganil energies. This goal implies of course limitations on beam emittance 
and needs thin and homogeneous targets, kinematic corrections etc... 
Since for experimentalists only overal energy resolution is significant, 
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I plotted in fig. 10, the values which might be expected assuming as an 
2 exemple the use of a Nickel target of 20 ug/cra on carbon backing and 

-4 a whole system (spectrometer • detection) giving 2.10 . One notices that 
for masses lower than 50 and energies lower than 3 GeV, an energy reso
lution lower than 500 keV might obtained in principle. I recall that for 
light projectiles and at energies above 30 McV/A, the ejectiles will be 
completely charge stripped and so the detection problems with a magnetic 
spectrometer are simplified compared to those at 10 NeV/A where reaction 
products have a broad charge distributions. SPEG will also allow to 
identify masses as it will discussed in detail in the detector session. 
I present in table 3, some types of experiments requiring SPEG . The 
construction will begin in 1980 and SPEG ij expected to operate in 1983. 

The Ganil scientific comittee ask recently the french physi
cist community for proposals and 200 people answerred ; then groups on 
different subjects (scattering chamber, time of flight for particle identification 
gamma detection, ion collection, 4 w chamber, etc..) are now defining 
the most convenient apparatus. 

Before to end this bird's eye view of the Ganil status, I would 
like to mention some experiments with heavy ions ranging from 40 MeV/A 
to 150 MeV/A which will be achieved in 1979-1980 and whose results will 
certainly influence the Ganil scientific program : 

8 9 . Saturne II will deliver 10 to 10 ion per second at the end 
1979 (C, 0, Ne at the beginning and then up to Ar). Outlines of the 
proposals from D.Ph.N groups are presented in table 4. 

. The 600 MeV proton SC of CERN will deliver next fall a carbon 
beam at a fixed 85 MeV/A energy but witn intensities expected to be 10 
to 10 ions per second. Fusion, deep inelastic and detection of light 
particle will be studied by Orsay and Grenoble groups. Furthermore an 
important test to determine the usefulness of an 1sotop1c separator at Ganil 
will be achieved. The basic problem is the production rate determined by the 
beam intensity, the cross section and the target thickness. If we compare to 
high energy protons, the heavy ion beam intensities might be of the same 
order. However since the high energy protons allow to use very thick targets 



(20 cm of La for exemple), the 50-100 MeV/A heavy ion projectiles must have 
strongly peaked cross section to compensate the use of a much thinner target. 
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TABLE 1 

ture des tons accélérés 

Co1«tCo2 CSS1 
tous les ions a partir du carbone 

CSS2 

r. ->e d'énergie cies ions accélérés 0.03à0.50MeV/A 0.4à7MeV/A 5i'.00MeV/A 
nr^e des rapports (q'A) minimaux t\4A 0.1 i 0.5 nr^e des rapports (q'A) minimaux • U.UJ i u , n — 0.1 i 0.5 
p,ort minimal des charges après et avant le strippeur à l'énergie maximale 3.5 

vuc^ure HafiMtique 
y ore de secteurs « 4 

;g:t de secteurs 52e 52< 
yoii iioyen d'injection Source au centre 0.814 m 0.857 m 

i/on moyen d'extraction 0.465 m 3m 3m 
îàmp rn^é' ir j^e m4y1rn.il 1,67 T 1.6 T 1.6 T 

ŝterne <r acceleration 
" l " ~ 

4 

60° 

2 
•\ 
4-

34° 

or.iwt «k cavités accélératrices " l " ~ 

4 

60° 

2 
•\ 
4-

34° 

2 

ombre «finii»rv.illp\ <f.tcrrk' r.ilmn por r.ivilé 

f%le d'ouverture des cavités 

" l " ~ 

4 

60° 

2 
•\ 
4-

34° 
2 

34° 

vision maximale sur les cavités accélératrices 100 kV 250 kV 250 kV 

atn,ne de fréquence /> «L * 1 4 M H T atn,ne de fréquence 

* ; nonique d'accélération 4 e t 8 7et14 2e t4 

r*sùoA dans les accélérateurs 6.1(T*Pa 6.10"* PJ 10-* Pa 

^ndMistiqiMS d~ fùscMux 
•anime des intensités obtenues 10" à 10" 5.10° a 5.10" 10*à10'3 

on* -ci ir en phase des paquets accélérés 15° <6° «6° 
•««vi-sion en énergie i l'éjection <10~2 <2 .10 " ' < 2 . 1 0 - J 

nuttance transversale à rejection < 45 n mnvmrd <15 jrmm.mrd < 1 0 JTmm.mrd 

l - U mm 1 
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TABLE 2 

caractéristiques des aimants d'un CSS 

*m 

Paramètres généraux 
Nombre des secteurs 4 
Angle d'un secteur 52 degrés 
Hauteur d'entrefer 
induction maximale : B max. 
Rayon interne minimal du pôle 

10 cm 
1.6 T 

59 cm 
Rayon externe maximal du pôte 3.45 m 
Rapport JWBn, maximal pour isochronisme 1,11 

Circuit magnétique d'un secteur 
Masse 430 tonnes 
Hauteur hors tout 4.82 m 
Longueur hors tout " -~ 5,11m 
Largeur hors tout 320 m 

Pôles (2 pôles par secteur) 
Masse d'un pôle 25 tonnes 
Surface 5 m 2 

Hauteur 0.6 m 
Longueur suivant Taxe du secteur 2.86 m 

Bobines principales 
(2 bobines par secteurs : 
une autour de chaque pôle) 
Puissance maximale 
dissipée dans une bobine 
Intensité mnximnk? 

100 kW 
1850 A 

Nombre d'ampères/tours 190.000 
Masse du cuivre 3,4 tonnes 
Section du conducteur de cuivre 20 x 20 mm* 
Diamètre du trou de refroidissement 11 mm 
Débit d'eau par bobine 10 mvh 
Pression de l'eau à fentrée 15 bars 
EchaufTement 10 degrés 

Enroulements polaires 
(2 nappes polaires par secteur : 
une sur chaque pôle) 
Nombre de bobines par nappe 
Intensité maximale dans une bobine 
Puissance maximale dissipée par nappe 

32 
300A 

12 kW 
Diamètre du conducteur avec isolation 8.2 mm 
Diamètre conducteur cuivre 6,2 mm 
Diamètre du trou 
de refroidissement 2.7 mm 
Débit d'eau par nappe 1m 3/h 
Pression à rentrée 15 bars 
Echauffement 15 degrés 
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TABLE 3 

Elastic scattering 
Study of the nucleus-nucleus interaction over a wide range 

of energy. Changes due to nucleon-nucleon versus bulk effects and to 
lifting of constraints of the exclusion principle. 

Nuclear rainbow : balance between nuclear strength and 
absorption. 

Study of orbiting effects at 0° by interverting projectile 
and target such as Pb on 0 at 5-10 MeV/A In cm system. 

Inelastic scatterings 
Study of high multipolarity (L>3) resonances. Transition 

region between coherent excitation and incoherent nucleon-nucleon 
scattering. 

Study of specific excited state which might reveal critical 
effects due to pion condensation. 

Transfer reactions 
Nucléon and cluster transfers might excite states with 

reaction mechanisms simpler than those at less than 10 MeV/A which 
are complicated by two step and successive processrcore polarization, 
etc... 

Exotic nuclei 
Formation of exotic nuclei by transfer of a great number 

of nucleous. Study of their excited states. 



TABLE 4 

Study of complete fusion induced by C, N, 0, Ne at energies ranging 
between 30 HeV/A to 150 MeV/A, to explore the stability limits of 
nuclei versus maximum excitation energies and angular momenta. 
Emission of light particles before fusion. Measurement of 
evaporation résidu es .fission fragments and projectile-like fragments. 

Experiment using SPESI and 0 beam between 40 to 120 NeVA to 
study elastic and inelastic scatterings. 

Study of Ar fragmentation between 40 to 150 MeV/A. 

/ 
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