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Abstract : S.A.R.A. (système Accélérateur Rhône-Alpes) the two stages 

accelerator built at Institut des Sciences Nucléaires-Grenoble/ is 

described. It is made of a K - 90 compact cyclotron running since 1968 

. and a new four separated sectors cyclotron with K = 160. On March 24th, 

12 +6 
1982, a 80 nA beam of C has been obtained inside the post-accelerator 

until the extraction radius. 



1. Introduction 

Several new heavy-ion accelerators will start to run in 1982 

or in a very near future : SARA and GANIL in France and MSU in the 

States4 These machines are designed to produce heavy-ions beams having 

energies higher than 25 MeV per nucléon. This is their only common cha

racteristic } they all differ by their conception. In this brief report, 

I present the machine called SARA wich Is built actually at Grenoble. 

Z. Description of'S.A.R.A. facility 

S.A.R.A. {Système Accélérateur Rhônes-Alpes) is a new heavy 

Ion machine which will start to run in 1982. It is situated at Institut 

des Sciences Nucléaires (I.S.N.}, Grenoble and is a common realisation 

of I.S.N., Grenoble and Institut de Physique Nucléaire, Lyon. The accele

rator system is made of two cyclotrons : the first one was built in 1988, 

the second one is a new 4 separated sectors cyclotron used as a post-acce

lerator. 

line project accepted in 1977 consists of the construction of 

the post-acceleratdr, an injection line between the first cyclotron and 

. the post-accelerator and an extraction line between the post-accelerator 

and the switching magnet (figure 1). 

2,1. The first cyclotron 

Hie first variable energy cyclotron is a compact cyclotron desi

gned by CSP with a 85 cm extraction radius and a constant k = 90-MeV. 
max. 

It is running since 1968. The acceleration Is done by two 80 s dees with a 

voltage up to 60 kV, The frequency range is 10.5 KHz <* £ < 20 KHz and the 

harmonics h « 1,2 and 3 can be used. 
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An internal P.I-G. heavy-ion source is used for elements 

from hydrogen to argon. The maximum energy of the protons is 58 MeV. Carbon 

and nitrogen ions can be accelerated up to 10 MeV/K. The energy range of 

the other elements goes from 2 to 7.4 MeV/H. It is possible to use also 

an external source placed on the top of t̂io machine. 

2.2. The post-accelerator 

The second machine is a 4 separated sectors post-accelerator 

(figure 2) with a k constant Jc = 160 MeV. The energy gain is equal to 

5.4. 
e 

The beam acceleration is obtained by two 34 dees with a fre
quency between 21 and 32 MHz (harmonics = 4 or 6) and a high voltage 
range from 70 to 110 JtV. The frequency and the harmonics in the 
second cyclotron are twice those in the first one. 

After acceleration, the ions will have an energy in the range 

11 MeV/N (frequency limit) and 40 MeV/N (K limit). I will go into all the 

details concerning the performances in chapter 5. 

3. Detailed description of the post-accelerator 

3.1. The main magnets ' 

Their main characteristics are given in table I. The poles are 

machined from 290 mm thick laminated steel (0.06 % carbon) and surrounded 

by a welded stainless steel flange which supports the vacuum seal. The 

pole face itself is under vacuum. 

2 

The main coils are made of 64 turns of 14 x 14 mm copper conduc

tor with a 7 mm diameter hole for water cooling. The insulation is made by 

epoxy resin impregnated fiberglass. 

The four magnets have been shimmed in order to obtain the syn

chronism without corrections for particles of q/m = 1/2 accelerated up to 

30 HeV per nucléon. 



Each magnet has 15 correcting coils except for the magnet D2 

which receives injection and extraction elements and has only 12 correc

ting coils. These correcting coils consist of an unique flat copper 

conductor laying on the pole face along the trajectories. The maximum 

intensity of the current in one coil is 200 amperes producing a As = 75 

gauss field variation. 

In magnet D4, the first and second correction coils are coupled 

in order to produce an harmouic 1 field bump in the injection region and 

the fifteenth will be used to create a field bump at the extraction 

radius. 

The properties of the magnets and the shinrcing have been veri

fied by doing a field map of each individual magnet. The field between 

two adjacent sectors has been also measured. The effects due to the injec

tion elements have also been compensated. 

3,2. She radiofrequency system 

'Some characteristics are indicated in table II. The acceleration 

is done by two identical Indiana type resonatorst The dee is supported.by 

two vertical stems which act like a X/4 coaxial line with fixed short 

circuits. The tunning is obtained by means of two symmetrical movable panels 

driven by hydraulic jacks. 

Each resonator is driven by an indépendant regulation loop. 

The last amplification is produced by a water cooled tetrode for which 

the maximum anode dissipation is 30 KM. 

The .operating frequency of the second machine is twice that 

of the first cyclotron R.F. system. 



3,3, Injection and extraction elements 

The injection is obtained by means of two magnets DT6 and 

DI8, one magnetic channel DI9 on the pole tip of D2 and one electros

tatic deflector EDI (figure 2). The throe magnetic elements DIE, DIS 

and DI9 have angles equal to 42°,45° and 95° and gaps equal to 15 mm, 

• 15 mm, and 14 mn>, respectively. 

' The maximum field in the electrostatic deflector is 52 KV/cra, 

the maximum voltage being 55 kV and the horizontal gap of the order of 

10 mm. 

The beam extraction is obtained with a 1460 mm long electros

tatic deflector in the gap of magnet D2 and a 769 mm long septum 

magnet DEI placed in the valley between D2 and D3. The exit of the elec

trostatic deflector, the entrance and the exit of the septum magnet can 

~be moved independently. 

4. The beam transfer lines 

The injection line between the cyclotron and the post-accele

rator is made of four dipole magnets (18°, 90°, 37° 45*) and ten quadru-

poles. This line is achromatic and match the beam emittance at the accep

tance of the post-accelerator. The stripper is placed on this line just 

before the second magnet. 

The extraction line connects the exit of the post-accelerator 

to the switching magnet placed in the cyclotron vault. It is made of 

two magnets (32°) and six quadrupoles. The beam transfer can-be achroma

tic or. chromatic* In the last case, the energy resolution is 4 x 10 • 

Beam properties are summarized in table XII.. 
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5. Performances of the machine 

They depend essentially on the ion source of the first 

cyclotron. In the first period, SARA will run with the classical P.r.G. 

source working since 1974. The performances of the machine in function 

of ions are shown in figure 3 : we expect 40 MeV/N up to mass 20 for 
an 

fully stripped ions with N « Z and IS Mev/N for Ar. 

An electron cyclotron resonance (E.C.R.) ion source is actual

ly under construction and will be set up on the injector cyclotron at 

the begining of-1983. This E.C.R. source called "MICROMAFIOS" and 

designed'by Geller et al £ 1 ] is much smaller (1/4) than the first 

"SUFERHAPIOS" version. The .volume is severely reduced so that the solenoid 

coils need only 100 kw for electric power. The hexapolar field used to 

confine the plasma is created by permanent magnets of samarium cobalt. 
32 With such an E.C.R. source, we expect to accelerate 5 ions at 40 MeV/N 

and Kr ions at 11 MeV/N (figure 3). In a second phase, we hope to be able 

to obtain Xe ions at 11 MeV/M. The performances of SARA when working with 

an E.C.R. source are compared in fig. 4 with those of GANIL and MSU. 

6. . The construction and present status 

The estimated cost of the project was 7.4 MF (* 1.5 Mfi) in 

1976 not including the laboratories technical staff salaries. The real 

cost is around 9 MF (1976), the additional cost being due to higher 

required performances. 

This relatively low cost implies that nearly all the items of 

the,new machine would be done or designed at the laboratories. The main 

elements which have been constructed at the Institutes .are : the main 

and correction coils j injection and extraction magnets ; RF resonators ; 

RF amplifiers ; all the power supplies for the main and correcting coils. 



the magnets and RF systems j the probes ; the injection and extraction 

lines. Only the parts too large to be machined at the laboratories 

workshops (the magnets yokes and vacuum chamber) were done by facto

ries. 

In February 1982, the machine was completely assembled and all 

the parts were tested separately. The radio frequency system worked in its 

final configuration. All the beam diagnostic elements (slits and probes) 

were ready for use. The properties of the injection line had already been 

verified until the entrance of the post-accelerator by sending an a-particles 

beam from the cyclotron. The vacuum was good enough to make the first beam 

tests. 

On March 24 1982, the first attempt of acceleration has been 
j 2 +3 made. A S00 nA beam of C particles extracted from the first cyclotron 

has been completely stripped and sent to the booster. A 80 nA beam of 

C has been accelerated until the extraction radius. Its energy was 

of the order of 330 HeV. 
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Table I 

Characteristics of the main inagnets 

Sector angle 

Gap 

Field at K = 160 

Ampere-turns 

Magnetic radius 
- Injection 
- Extraction 

Maximum beam radius 
- Injection 
- Extraction 

Total weight 4 x 10O t 

48 > 
60 mm 
1 6S T 

95 000 At 

480 mm 
1122 mm 

900 mm 
21 lO mm 



Characteristics of the radiofrequency system 

Dee angle 34" 

Dee vertical gap 3 an 

Tuning range 21 to 32 MHz 

Peak' RF voltage 10O kv at 32 MHz 

- 70 kv at 21 HHz 

Q factor SOOO - 7000 

Phase regulation 1° 
Amplitude regulation to" 4 

Power 2 x 60 kw 



TaMe III 

Optical properties of the beam 

From the. cyclotron : 

- horizontal emit tan ce 20 -n mm mrad 

- vertical emittance 20 n mm inrad 

- ûp/p ± 2 lo" 3 

Prom the post accelerator : 

- horizontal emittance 10 v mm mrad 

- Vertical emittance 10 it mm mrad 

- Ap/p " + 2 10~ 3 



Figure captions 

Figure 1 : General lay-out of S.A.R.A. 

Figure 2 : General view of the post-accelerator 

Figure 3 : Energy diagram in terms of ion mass for P.Z.G. and E.c.R. 
sources. 

Figure A : Comparison of the energy ranges of SARA, GANIL and KSU. 
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Figure 1 ' : General lay-out of S.H.R.A. 
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Figure 2 : General view of the post-accelerator 
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Figure 3 : Energy diagram in terms of ion mass for P.I.G. and E.C.R. 
sources. 
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Figure 4 : Comparison of the energy ranges of SARA, GAHIL and MSU 


