
GANIL starts up 

View of the GANIL cyclotron hall during 
the assembly period. The injector cyclotron 
can be seen in the foreground with the two 
separate sector cyclotrons in the 
background. 

A f t e r six years o f c o n s t r u c t i o n , the 
French GANIL (Grand Acce le ra teu r 
Nat ional d ' l ons Lourds) mach ine at 
Caen recent ly came on s t r e a m , ac­
ce lerat ing a 5 0 n A b e a m o f a rgon 
ions t o an energy o f 4 4 M e V / n u -
c leon . ( 1 0 0 n A b e a m s are n o w han­
dled.) T o d a y ' s phys ics in te res ts 
amp l y con f i rm the th ink ing beh ind 
the launching o f the GANIL p ro jec t 
t en years ago . 

G A N I L ' s m a x i m u m energy var ies 
f r o m abou t 1 0 0 M e V / n u c l e o n f o r 
l ight ions like ca rbon d o w n t o 
10 M e V / n u c l e o n f o r u ran ium. For 
each t y p e o f i on , it can supp ly b e a m 
f r o m the m a x i m u m avai lable energy 
d o w n t o abou t 5 M e V / n u c l e o n . 

GANIL is based on a sequence o f 
th ree cyc lo t rons opera t i ng at t he 
s a m e f requency . The main d i f f icu l ty 
w i t h heavy ion acce lera t ion is tha t 
the par t ic les have t o be suf f ic ient ly 
ionized f o r acceptab le e f f ic iency o f 
the acce lera tor and m a g n e t s y s ­
t e m s . The f i rs t t w o c y c l o t r o n s p r o ­
v ide enough energy t o ensure a large 
loss o f per ipheral e lec t rons (the e l ­
ect r ic charge is mul t ip l ied on average 
by 3.5) w h e n they pass t h r o u g h a 
ca rbon s t r ipper , be fo re be ing acce l ­
e ra ted in the th i rd c y c l o t r o n . 

Cyc lo t rons 2 and 3 are o f the sep ­
arate sec to r t y p e , p rov id ing g o o d ra ­
dial and ver t ica l b e a m f o c u s i n g , and 
w i t h an in ject ion radius o f app rox i ­
ma te ly 8 5 c m and e jec t ion radius o f 
3 m , are v i r tual ly ident ica l . T h e rat io 
b e t w e e n the radii is app rox ima te l y 
t he same as the f ac to r by w h i c h the 
ion charge is mul t ip l ied dur ing pas ­
sage t h rough the s t r ipper . Cyc lo t ron 
No . 1 , the cyc lo t ron in jec tor , is c o n ­
s iderab ly smal ler and m a y be re­
ga rded as the cent re o f c y c l o t r o n 
No . 2 , bu t loca ted ou ts ide t o i m ­
p rove access t o the ion source . Cy­
c lo t rons 2 and 3 mul t ip ly energy by 
13 .6 and 12 .3 respec t i ve ly . A 
change in GANIL ' s o u t p u t energy 
the re fo re invo lves ad jus tmen t o f the 

ent i re mach ine including the sou rce , 
cyc l o t r on f ie lds , r.f. f requency and 
the t rans fe r line e lements b e t w e e n 
the cyc l o t r ons . Th is p rocedure is 
s impl i f ied by the con t ro l c o m ­
pu te rs . 

The ma jo r change t o the or ig inal 
1 9 7 5 p ro jec t is t ha t , in the in te res ts 
o f beam usage , it w a s dec ided t o 
have ve ry smal l phase ex tens ions , 
so tha t the f l a t - t opp ing cav i t ies , used 
t o reduce energy d ispers ion and t o 
p rov ide c o m f o r t a b l e phase accep t ­
ance , are no longer requ i red. A 
phase c o m p r e s s i o n p rocess w a s 
evo l ved t o reduce the natural energy 
d ispers ion by a f ac to r o f b e t w e e n 2 
and 2 .5 wh i le conserv ing adequate 
phase accep tance . A n a lpha-shaped 
s p e c t r o m e t e r w a s added t o measure 
ou tpu t energy d ispers ion and reduce 
it t o a m i n i m u m o f ± 5 x 1 0 ~ 4 . 

A l t h o u g h GANIL is a c lassical m a ­
chine us ing t r ied and t e s t e d t e c h ­
n iques , i ts var ious c o m p o n e n t s have 

p resen ted a number o f techn ica l 
cha l lenges. 

T h e or ig inal p ro jec t inc luded the 
insta l la t ion o f t w o a l ternat ing injec­
t o r s , bu t on ly o n e , a c o m p a c t cyc lo ­
t r o n w i t h f la t po les , has so far been 
bui l t . The PIG-type ion source re­
qui res f r equen t rep lacement , , but i ts 
a u t o m a t e d insta l la t ion and remova l 
and to ta l v a c u u m re- res tab l i shment 
can be accomp l i shed in less than an 
hour. A l l t y p e s o f ions c o m p l e t e 
14 o rb i t s in the c y c l o t r o n . The m a x i ­
m u m vo l t age on the dee is 9 0 k V . 
T h e cent ra l g e o m e t r y o f the cyc lo ­
t r o n w a s s tud ied on a specia l ly c o n ­
ve r t ed m o d e l o f the CERN synch ro ­
c y c l o t r o n . It is cur rent ly de l iver ing 2 
x 1 0 1 2 charge 4 a rgon ions per sec­
o n d , in an emi t tance o f 4 5 % m m 
mrad ian w i t h an energy d ispers ion o f 
6 x 1 0 ~ 3 . 

The s e c o n d cyc l o t r on in jector , 
cur ren t ly under c o n s t r u c t i o n , w i l l d i f ­
fe r on ly in i ts ECR M in ima f i os - t ype 
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General layout of GANIL 

Experiments 

sou rce , n o w being bui l t at the Cent re 
d 'E tudes Nucleaires at Grenob le . T h e 
source wi l l natural ly be loca ted ou t ­
s ide the c y c l o t r o n , in to w h i c h ions 
w i l l be in jected axial ly. Th is t y p e o f 
sou rce has t w o a d v a n t a g e s : it has a 
ve r y long life c o m p a r e d w i t h the PIG 
s o u r c e s , w h i c h have t o be t r ea ted 
af ter s o m e th i r t y hours o f o p e r a t i o n , 
and it p rov ides charge s ta tes pe rm i t ­
t i ng cons tan t ope ra t i on at the max i ­
m u m magne t i c f ie ld i m p o s e d by the 
s t r ipper . Th is means tha t t he m a x i ­
m u m energy o f 1 0 0 M e V / n u c l e o n 
can be conse rved d o w n t o i r on , t ha t 
t he energy o f the sem i -heavy ions 
can be doub led and t ha t u ran ium can 
be ob ta ined at 18 M e V / n u c l e o n . 

Each separa te sec to r c y c l o t r o n 
cons i s t s o f 4 magne t i c s e c t o r s : t w o 
r.f. cav i t ies in the ' va l l eys ' b e t w e e n 
the s e c t o r s , the in ject ion and e jec­
t i on s y s t e m s and the d iagnos t i c s y s ­
t e m s . The fou r sec to r s c o m p l e t e 
w i t h coi ls w e i g h 2 0 0 0 t o n n e s and 
c o n s u m e 1 M W . The magne t i c f ie ld 
in the sec to rs m u s t ensure i s o c h r o n ­
ous t ra jec to r ies . Because o f the re la­
t i v i s t s co r rec t i on , the f ie ld c o n f i g u ­
ra t ion m u s t be mod i f i ed f r o m one 
energy t o another . Bo th t he sec to r s 
and the main coi ls are the re fo re f i l led 
w i t h shee ts o f w i n d i n g s , each c o n ­
s is t ing o f 15 so-ca l led i soch ron i sm 
co i l s , in ser ies on the fou r s e c t o r s , 
and o f six i ndependen t co r rec t i on 
co i ls . The coi ls o f the shee ts o f w i n d ­
ings , c o m p o s e d o f py ro tenax c o n ­
d u c t o r s , are sealed in an enve lope 
and the w h o l e a s s e m b l y is l oca ted 
inside the v a c u u m chamber . T h e 
c o n d u c t o r s are f i t t ed in to g r o o v e s 
f o l l o w i n g the t ra jec to r ies , a nove l 
fea tu re on ly poss ib le w i t h a numer i ­
cal ly con t ro l led mach ine . 

T o ob ta in a clear unde rs tand ing o f 
t he m a g n e t s at d i f fe ren t f ie lds and 
d i f fe rent cur ren ts in the co r rec t i on 
co i l s , 2 0 0 f ie ld m a p s o f 3 6 0 0 0 
po in t s each w e r e p repa red us ing a 
Hall p robe . 

The m a g n e t sec to r s , bui l t by A l s -
t h o m A t l an t i que o f Be l for t , cons i s t o f 
e ight hor izonta l laminat ions w i t h o u t 
b o n d i n g , each we igh ing no m o r e 
than 6 0 t o n n e s so as t o min imize 
handl ing d i f f icu l t ies. The polar b lock 
cons i s t s o f 2 po les o f 2 5 t o n n e s 
each . T h e air gaps are p rov i ded by 
th ree spacers and are l inked t o the 
y o k e s by th ree c ross - f rames cut t o 
size af ter t e s t f i t t i ng at the w o r k s (hy-
pers ta t ic m e t h o d ) . Under the e f fec ts 
o f the magne t i c f ie ld , each spacer 
bears an add i t iona l pressure o f 2 0 0 
t o n n e s and is c o m p r e s s e d t o be ­
t w e e n 2 and 10 m m . Th is induces 
relat ive m o v e m e n t b e t w e e n the 
m a g n e t s and the chamber w h i c h is 
a b s o r b e d by specia l ant i f r ic t ion de ­
v ices (bronze m ic ro ball bear ings in a 
t e f l o n / l e a d mat r ix ) . 

The t w o ident ical v a c u u m c h a m ­
bers w e r e des igned at GANIL , in c o ­
ope ra t i on w i t h an engineer s e c o n d e d 
f r o m CERN, and built by Neyrp ic at 

Grenob le . T h e y are one-p iece m e ­
chanical ly w e l d e d assembl ies w i t h 
an average d iamete r o f 9 m and a 
height o f 4 . 5 0 m. The main j o in t s 
w e r e mach ined af ter all w e l d i n g had 
been c o m p l e t e d , necess i ta t ing ve ry 
large mach ine t o o l s . T h e chambe rs 
are m a d e o f s ta in less s tee l chosen 
f o r i ts non -magne t i c qual i t ies and i ts 
l o w ou t -gass ing rate. Each w e i g h s 
5 7 t o n n e s and has a sur face area o f 
2 3 0 m 2 . The w e l d i n g w a s checked 
by s w e a t i n g at the w o r k s . Each 
c h a m b e r w a s carefu l ly c leaned u p o n 
de l ivery at Caen , f o l l o w i n g i ts t r ans ­
po r ta t i on by w a t e r v ia the Rhone and 
the St ra i ts o f Gibral tar . 

T h e c h a m b e r s w e r e des igned us ­
ing ' f in i te e l emen t ' c o m p u t e r c o d e s 
s o as t o min imize f lange d e f o r m a t i o n 
dur ing es tab l i shmen t o f the v a c u u m . 
T o i m p r o v e v a c u u m qual i ty , meta l 
seals w e r e used w h e r e poss ib le in 
p re fe rence t o e las tomer o n e s , as 
t h e y are far less p rone t o d e f o r m a -
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t i on . T h e v a c u u m requi red t o acceler­
ate the beam w i t h o u t loss (bet ter 
than 1 0 ~ 5 Pascal :1 a t m = 1 .013 x 
1 0 5 Pascal) is m o s t cr i t ical in t he f i rs t 
separa te sec to r cyc lo t ron (SSC) and 
is ach ieved us ing seven c ryogen ic 
p u m p s at 2 0 K, w i t h o u t a l iquid n i t ro ­
gen sc reen , each w i t h a p u m p i n g 
speed o f 2 0 0 0 0 l / s f o r s t e a m and 
10 0 0 0 1 / s f o r h y d r o g e n . W h e n air 
en te rs , the pressure c l imbs t o 1 0 ~ 4 

Pascal (wh ich is enough f o r the r.f. 
p o w e r in the cavi t ies) w i t h i n t w o 
hours . A f t e r f i ve hours , t he pressure 
reaches 5 x 1 0 ~ 5 Pascal , w h i c h a l ­
l o w s ions t o be acce lera ted w i t h a 
loss o f on ly 2 0 % . 

GANIL incorpora tes seven r.f. cav ­
it ies ( t w o on each SSC, one on each 
cyc lo t ron in jector and a cav i t y ac t ing 
as a buncher ha l f -way b e t w e e n the 
in jector cyc l o t r ons and the f i rs t SSC) 
w h i c h can be tuned t o any f r equency 
w i t h i n the 6 . 4 t o 13 .8 MHz range. 
Thei r nove l t y lies in thei r c o m p a c t ­

ness , made poss ib le by the use o f 
removab le capac i t i ve panels , replac­
ing the bu lky qua r te r -wave lines nor­
mal ly used . T h e y w e r e buil t by SEIV 
in Paris f o l l o w i n g var ious t echno log i ­
cal s tud ies at GANIL and technica l 
research by CGRMEV. 

The m a x i m u m vo l tage on the dee 
at the in ject ion radius var ies f r o m 
b e t w e e n 1 0 0 t o 2 5 0 k V , depend ing 
on the opera t ing f requency . A s the 
resonance rat io var ies f r o m 8 5 0 0 t o 
14 0 0 0 , b e t w e e n 5 6 and 7 8 k W per 
cav i ty is requi red t o ob ta in the max i ­
m u m vo l tage . The cavi t ies opera te in 
con t i nuous w a v e m o d e at a vo l tage 
stabi l ized at ± 1 0 - 4 . The tun ing o f 
each cav i ty and the phase regulat ion 
o f one cav i ty w i t h respec t t o the o t h ­
ers is guaran teed t o w i th in ± 0 .1 o f a 
degree . The c o p p e r c leaning t e c h ­
n iques used have made poss ib le a 
ve ry l o w rate o f ou t -gass ing and no 
di f f icul t ies w e r e encoun te red in 
pass ing the mu l t i pac to r areas. 

The acce lera tor is con t ro l led by a 
M I T R A 125 c o m p u t e r and 15 J C A M 
10 m i c r o p r o c e s s o r s l inked by a C A -
M A C n e t w o r k . M o s t o f the 3 0 0 s t a ­
bi l ized p o w e r supp l ies and s tepp ing 
m o t o r s used are l inked d i rect ly t o the 
centra l M l T R A 125 c o m p u t e r v ia the 
C A M A C . 

(We intend to publish a further arti­
cle, describing the physics at GANIL, 
in a forthcoming edition.) 

Operating principle of the new French GANIL 
heavy ion accelerating complex, showing 
how energy and ion charge are 
progressively increased. 
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