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SUMHAflY 

The performances of CANIL are In constant progress 
and some special equipments are now insta l led which 
give a great operation f l e x i b i l i t y . Moreover we now 
rout inely accelerate ions from en external ECR source. 
We f i r s t report on these two aspects. 

Then we w i l l shortly describe two of cur main 
experimental equipments namely the "SPEC" spectrometer 
and the "LISE" beam l ine both used In par t icular for 
pxotlc bonm production and mint val A* 

We w i l l conclude, ment tormina; the funded GANIL 
improvements :"2.5" transformation and "SHE" beam 
l i n e . 

GANIL Ion beams 

Characterist ics of the CANIL ton beam» : Figure 1 
shows the v U l character ist ic o f GANIL and the beams 
which have been obtained up to now. 

F i n . l : W(Z) character ist ic of CANIL when the most 
abundant charge state Is selected behind the str ipper . 

The in tens i t ies on target renge from? 1.5 1 0 ' * pps 
(016 a t 9à Mev/Ai down to = 2 .10 ' pps (MolOO at 23 
MeV/A) i .e f ro»*;» eyA down t e s 10 enA. 

Rpnrn ehflrncteriatiea at the entrance of the 
expertmentn | areas ere typical ly û W/M = 10"' ander , ç z 
cSwma.arnd. The t ine structure is determined by the 
inn source duty cycle (frrwi 0.2 to 1 ) . the RF 
frequency it rem fi.fi to t3.fi MHaî nnrt the bunch phn.<e 
length ( < 10»1. Fig 2 shows the characterist ics of a 
3-1 MeV/A - 300 enA Kr beam at the output of SSC2 
(behind t h e Q - spectrometer). 
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f i g . 2 ! Characteristics of • Kr beam : 
a) energy spread - 1.2 • / , , FW ; O.H^Fvm 
b) phase spread • 6.7 m FW, 2 ns FWim (1 na = 3") 
c) H and V enittances : not well matched in H plane, 
d) transmission ef f ic iency a l l along the machine. 

S t a t i s t i c s on machine operat ion' : CANEL Is operated 3 
weeks per month and 10 months per year (1 month of 
s hut flown for energy saving during winter and one more 
during the summer). 
tn 1965, the machine w*s operated for *7*tO hours of 
which 605 (3760) were allocated to expérimenta. Fig.3 
gl ves the dl a t r l butlon of these 4750 hours ; we can 
I M M P K l.h(* r n M i T lona Mm« nn'îrteil for nr>£tlnRri 
i n i t i a l settings and Ion or energy changes which both 
imply complete rntuning nf the machine including SSC's 
magnet cycl ing. â3a hours were devoted to cure hard or 
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noftwnre failures about 28% being due to I1F 
components, 17* to the various supplies, ?0% to the 
control (electronics, diagnostics, computers) and less 
than 13% to the vacuum and cooling. 

1965 (4750 h) JUNE 1986 («0 h) 
Ft|,3 : Running time repartition (X) 
A) machine studies and new beam developments 
8) initial settings Tor the runs 
C • 0) energy and ion changes during rum 
E) scheduled maintenance during runs 
Fl failures during runs 
C) special tunings required by physicists 

GAHIL Improvements 

During the Inst 18 months, the major improvement 
concerns the installation of an ECR external ion 
soiiree on the second COS injector but a lot or special 
devices which ennp the GANM. operation or (il low for 
special beam sittings have been installed. 

The external ECU Ion source ond axial injection' : 
Operated m rice Doc 85, the ECU 1on source eases the 
life at GANII. due to the constant current it can 
delIver during very long periods of time. Moreover, 
due to the very low gas consumption (< I liter per 
month) we can use very expensive enriched Isotopes 
(018 : 98%, Kr8< -86 : 90 and 9 » . Xel29 : 66%). 

The characteristics of the beam from our ECR art 
very clone to those obtained by R. CELLES : 

- currant ranging from 250eun (0*2) to 20euA (Kr*9) 
- emlttances à 90%* (100* 2SJnnm.arad at ? kV < Vext 
< 17 KV for the whole set of ions and Intensities. 
A second ECR providing also metallic ions la under 

construction at Grenoble and will be delivered by the 
end of this year. 

Concerning the axial injection of the ions from our 
FCI1 source, we have immediately noted that the overall 
transmission from the source to the Injector output 
was strongly dependent on the beam intensity due to 
Hie big reduction of eh* bunching factor under the 
npnee ctwrp.e forma. 

I OUT / 1 IN % 

•I»: 
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Fie..4 : Injector transmission with snd without buncher 
as a function of the injected Intensity 

Typirnl lrnitt:Mlr..f lonn ,irr (nro nlnn l'1f*.4) 
- beam Une from the ECU source to th» Injector : 

50-60% to be Improved by a better knowledge of initial 

conditions 
- in.fertor : without- buncher » 3.51S nnrt with a 

dnuhLe drift harmonic buncher more thon 20% for low 
currents Ï < lOeyA Injected) decreasing -a 3.5% at high 
currents ( < lOOeuA). 

As a consequence of these strong apace charge 
effects and of our goal to accelerate higher 
Intensities In the "P.S" version of GANTL* we are 
develop/lng studies on these eTfects in the low energy 
part of the machine * (from the ECR source to the SSCI 
output). Ve have already decided to move the buncher 
much doner tn the injector than presently. 

Special devices : Besides a cc-ntlmioun development of 
our diagnostic s and control system*, we have Inn to I lot) 
vartoun devices nil along Che CANIL beam lines, we 
will note : 

The Intensity modulator*: it allows for the two 
possibTë~trmë~ëharëT"tïiperIments, to receive different! 
beam currents. 

Located in the achromatic section In front of the 
a- spectrometer, two "V" shaped flanges, according to 
their respective position, define a squsred aperture 
(0-40 am). 150 mssc are necessary to commute between 
the 2 positions corresponding to the 2 required 
intensities ; this time In to be compared to the 
500 msec necessary to connuts from one experimental 
cave to the other (pulsed dlpoles). During the 
commutation the beam la switched off by acting on the 
I1F of the injector. 

Due to the q̂itnrod nlinpe nf '-he modulator aperture, 
the beam on target la no more adapted (if the full 
beam was ) and 11 may be necessary to re tune the 
transfer line» for experiments. 

Such n nyr:ir?m vory car.lly a I lawn for an Intensity 
ratio of 100 between two experiments. 

The enercy absorber : this device. located between 
SSC2 ând~tn"ë~Ôb.ject point nf the 0. -spectrometer. If* « 
target which can be rotated between 0 and 45" in order 
to adjust its thickness as seen by the bean. Three 
main applications are used : 

- slowing down the beam without having to retun* 
the whole machine. For instance from a 44 HeV/A Art. 16 
beam (ell *6w ,tV-r 3x, (\w/w *2 10"') we obtain, using a 
700 um target of graphite, a 27 MeV/A Ar*l8 beam 
(CH-CV-*18 n, oW/V>4.10~' ) with a 60% transmission. 

- changing the charge state of the beam without 
important energy loss- For instance Kr*>26 at 35 MeV/A 
through a ?.5 |im target or Ni gives the following 
chnrge atate distribution . • 33 (10%), * 34 (37%), 
* 35 (39%), * 36 (13%). 

- getting secondary 
hrnmn fcir detertor 
calibration. Figure 5 
shows the spectrum of 
light ions given by a 
4d MeV/A Ar benm stopped 
In an 1mm thick graphite 
target and analysed by 
the a-spectrometer. 
The different components 
allow for a fine energy 
calibration of the detec
tors for these particles. 
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'%e.-£l%&-&£!J-—£h9JUtfi£' : I t l s i n s t a l l e d i n the 
t r a n s f e r l i n e from the r,n2 I n j e c t o r to SSCI and a l l o w s 
to s e l e c t n g iven number o f bunches a t a g i v e n r a t s . 

Two p l a ' e a , 750 mm long with an a d j u s t a b l e and 
v a r i a b l e aperture f i n tn IS mm a t the entrance to 4^ 
In tin M ni. 11».- nulpnl I twrfovm i ver-Hrnl *fen<*et,l<in 
of the beam. The f i r s t one i s a t a cons tant v o l t a g e 
( < 2 . 5 kV) and the second one l s supp l i ed by p u l s e s o f 



•<lual voltage (30 nsee r is ing and f a l l i n g t inea ) . The 
deflected bean is stopped on flanges located 3.1 • 
behind the electrodes. 

The pulses «re synchronized on the RF p i lo t of the 
machine, the i r phase Is adjustable and the i r duration 
A t can be chosen between l and 99 flF periods T ; 
therefore we can select from i to 99 bunches. 

The repet i t ion period can be chosen from 70 t to 
7 0 n t • NT with N - 0-99990. Figure 6 shows as an 
example the selection of 1 and 8 bunches : the signals 
rrtttr from the movable phftfte nnrnnd probe of SSCI 
I>nn1 ttnnneri at one o f the f i r »h nrcelernhetl turn». 

achromatic focal point where a « e l l shielded small 
size telescope Rives the <mergy. The Bo I * «endured by 
n position sensit ive detector in the intermediate 
dispersive rocal plane and the velocity la deduced 
from a t ine of f l i g h t measurement. Therefore a vary 
f ine mass Ident i f ica t ion Is achieved. 

Fit.g 

CANIL being operated with two time shared exper i 
ments i t has bean necaasary to provida the possib i l i ty 
to turn o f f and on tha chopper at the lane rata as the 
commutation from one experiment to the other. 

The system wan f i r s t used for eirperlments in Hay 
1916 and gave complete aat ia fact lon. In part icular no 
•purlous pulaea «ere detected. 

A f l r r .l.'"> yivirrs of n|i(vnl:inn, 'mr kimwlettf*/* '»!' Mti* 
mnrtiiiiP nn«I Hie akillneSF» of the operatnrn Unv* 
incrensnil KO that we are abJe tn itellver on targets 
h âmrt of better and better ^unt i t les . For exnmnlo, A 
60 Mev/A Argon beam has been delivered for s 
channeling experiment with an angular divergence of 
( 0 . 1 5 : 0.06) mrad both In the H and V directions and 
- 5 mm spots on these two a x i s * . On the other hand, 

due mainly to tne ECU ion source and to our feedback 
systems locked on beam phases, the s t a b i l i t y of the 
machine is excellent and i t Is not unusual to see on a 
target a beam of rea l l y constant characterist ics for 
more.than 30 hours. 

Experimental f a c i l i t i e s of GANIL 

Figure 7 shows the expertmenral areaa of GANIL ; 
among the various equipments which are Instal led we 
chose to b r i e f l y present the "LISE" beam l ine and the 
"SPEC* spectrometer. 

An Intermediate s t r i p 
ping a f te r the f i r s t 
dtpole eliminates the 
components of the primary 
beam havtig the same flp 
•s the detected products. 

As an example Fig.9 
shown a resul t obtained 
with "LTSE" In experiments 
aiming at new lsotopea 
In>nr1 ff<*nHon : wr» con 
In pur l | f t i ( ( t f tn iMi-" '•:>:', 
Nrvj ;ind the n«ii <*xintfinne 
of CPt for Instance. Ftg.9 r»/ u**'<*»/ 

The "SPEC" -jricctrowoter : Sl'EC is -(«voted to the 
study of discrete nuclear states with spacinga of the 
order or 1 MeV or leas at the GANTL energies whleh are 
typirally 1 or 2 GeV. An excellent resolution is 
necessary and we chose to build an energy loss 
magnetic spectrometer with a maximum rigidity of 
2.88 T.ffl. Its momentum resolution nss been measured 
and turns to be 3. 10"* lowered to 10"" taking into 
account the target and the detectors. The solid angle 
is 7 msr { t 2' vertically and horizontally). The 
standard detection system consists of two X-Y drift 
chambers which give X-Y-9 and + for the outgoing 
porticles, their Identl riration b*ing mode from the 
combination of time of flight aeasc ements by parallel 
plate detectors and & t-E given by a big ionisation 
chamber. 

oiigcraW ^ o a 

The CANIL experimental aresa 

The "LISE" beam Une * : "LISE" Is used ei ther for 
atomic physics ( I t provides H or He l i k e atoms up to 
X<*> nr for nuclear physics (reaction product 
iinpnration and ident i f i ca t ion , secondary radioactive 
brnma). 
Two ident ical dt poles and 10 Q-poLea give an 

A large number of experiments have already been 
performed since "SPEC" became operational in mid 95. 
W«* ran mention Rhiidl»» on e las t ic scatter!™», tmnsfer 
reac 11 oris. charge exchange, giant resonances and so 
on. As an I l l u s t r a t i o n f ig .21 shows a result obtained 
in the study of the 208Ptoi160-15NIZ09BL react ion. 



Moreover SPEC proved to be a very praciae tool for the 
nnaa determination or exotic nuclei : in this rase, 
Kir torp,rt linn to Oc located before the a spectrometer 
which providea a length of flight of 100 m. 

1100 1125 1150 1175 1200 
CHANNEL 

fig..11 •' 1 nucléon tranafar leading to the first 
•netted atatea of 209B1 

GAfirt upgrading and additions 

Two major developments of CAN IL are going on : the 
"2.5" transformation and the "SHE" adjunction, we will 
also nota a possible Industrial application of GANIL. 

The "g.S" transformation : »n invited paper at this 
conference being devoted to this iiparadlng, « e Just 
show on rig. 12 the u(Z) characteristics of GANIL In 
Its "2.5" version as compared to the present ones. The 
achievement la foreseen for aid 89 

20 

(Z) characteristics of GAH1L in the 
versions and related minimum charge 

40 eo so 
characteristics of GAtill Fit.12 : «Max 

"3.5" and "2.5" 
state at the ion source when the moat abundant charge 
state Is selected after atrlpping 

The "SHE" addition"; the medium energy output (Sortie 
Moyenne Energie) will use the presently lost charge 
states at the stripper level. Thia new facility will 
provide a specific experimental area and more beam 

time for atomic ond solid state physlca. The project 
Impltrn n charp/* rml^ctlon behind Mm stripper «nd new 
•ïxpor I mcnl.nl larl1 Itlrn (el ther n now flmsl I building 
or event: ta I ly a new beam 1 Ine going to one of our 
actuol experimental cave : namely 01). 

The charge selection, sketched on fig.13. uses one 
dlpole Ml .and a septum magnat SM. Three additional 
dlpoles providing (together with Ml) an achromatic 
system wilJ put the GAN7L beam back on Its initial 
direction (charge state Qo) 

The drift length between the stripper and SSC2 will 
be Increased giving a slight phase spread Increase at 
the 5SC2 input and aa a consequence an increase of 
ÛW/W of the order of 10* at Its output. 

The charge stnte selected for the "SHE" will be 
Qo-1 (6<Qo<:25). Qo-2 (2ft<l>xS0) and Qo-3 [5l<Qo<75) 
giving a beam at the stripping energy (a to 15 MeV/A) 
in an emlttance » 18 wmm.mrad in the two transverse 
plnnrn nnd with Int̂ nnIt.Inn rnns>lr\n from 10" pps for 
2 <10 to some 10 1 pps fnr the heaviest elements. 

Ftfl.13 

An Industrial application at CAHIL : the CANIL besms 
seemed well suited (ton masses and energy range) to 
the production of micro-porous filters In s wide 
thickness range (10 to a few hundreds of g m). After a 
serien of tests we hnve decided to built a special 
line devoted to this application. 

A sweep Ing system spreads the beam on a large 
Irradiation wlnrtnw wltu a good homogeneity and the 
1 0 " . i n " pfifl rtlfnw Tor n f-iit prnrfitr tlrtn roto. 

Of course, GANIL being devoted to fundamental 
reaeareh, any industrial use of Its beam haa to remain 
mnrnlnnl and the various prnf^dures from the 
1 rrnrl 1 « ted mo ter loi to the r ommerc 1 a 1 Tl I ters shoul d 
be made by an Industrial firm taking in charge their 
treatments, conditioning and commercialization. 

Conclusion 

In Its present state, and obviously when the "2.5" 
transformation becomes opérationnel, CANIL la cer
tainly an excellent tool. However, the identifie 
community always thinks of new capabilities that could 
for instance be provided by a vary high intensity 5SC0 
upstream of SSCI and a cooling ring downstream of 
SSC2. 
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