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The SPIRaL project makes use of the very high iutcusily 
ion beans so011 available at GANII> (over 10’ 3 pps ;II 05 
MeVlu frown He to Ar) to produce radioactive nuclei by the 
ISOJ, uudhod. The facility will consist of a production tarpct 
situated close to an ECRIS specially designed for this purpose. 
;I very tow energy he,un line. a k=265 cornpact cyclotron as 
postaccelerator (2 to 20 MeV/u according to the Q/A factor), a 
Inediuln energy bean line trausferring the radioactive bewna 
into the existing experimental rooms through the fi 
$pectromctcr The whole facility will bc iost;Ulctl at the Ztlcl of 
tltc existing umchinc. 

I. INTRODUCTION 

l;roln the first experiulcnts at (iANit,, fr;qgncutation 
reactions have been used to pro&cc and study exotic nuclei. 
Such a rcseach ma&z use of the large intensities obti~iued 
through the whole accelerak>r systeln. It was realized that lhesc 
healns could also be used to procluce nuclei at rest in thick 
tiNgets and to adapt the ISCIJ, mclhod to primary heavy ion 
IXillIl~. 

‘Jbis prognun is uow under consideration will1 the pro.ject 
of ;I JXJB facility here presented autl ;I strong effort of J-?&l) 
coucerning the production ;uld the ionization of sccourl;try 
elelnents tirlk bccu set up [ 11. 

Such ;I progriun cat1 only bt: conducted if the GANII, 
accelerator is able to deliver very intense bean% ‘l‘hc first part 
of this operation is itilmOSt coqdelcd 121 and over 1Ol3 pps 01 
light ions (He to Ar) are already available at the exit of the 
t~ijector cyclotron. ‘I’hc second part, which consists in 
InJccting, accctcrritin, (7 and transferring such be:uns up to the 
high energy beam line. ha< parti;Uly hecn funded [his year. So 
more thau lOl3 pps (-5 kW of bean power) at full energy 
(05 MeVhj wilt routinely be OhtGud by the end of 1005. 

After \~iu-ious vcrsious [4] our final project for ;I JilB 
facility Cillld SJ’IR~ll. (S~p~lla~Cur Ct I’O.4t~lCC~l~r~ltcul. tl’IOllS 

R;lrli0itCtifs protluits till 1 .iguc) is clescrihd betOw. 

II. TARGET AND ECRIS SYSTEM 

J~ti~vitlg decitlcd to IOO~ ;It iI RIB fkility bad OII iI IlCiIVy 
ion prinmry kun and ;I high charge state ion SOIITCC’, WC‘ sooii 
bcgall ill1 important R Kr I> progriun to investigalc the 
possibilities of this solution rued to get soinc’ expericncc 011 
the target anct asscKi;d JTR &vices. 

A first rather crude test beuch [l ] was built and gave the 
first results in 02. (Jsiug iI 95 MoV/u, *(‘NC bean a11cl ;I MgO 
target. radioactive iso(opch iu charge skltcs 1 to 4 hibvc beeu 
producctl (JX. lo, 23. 24N~, ’ 7N ) The yields for the 

various isotopes were, at the target level, in the range of 109 
to 107pps per p@p of prinmry Ne bean. 

These encouraging results led us to conceive a new 
efficient (cst bcuch uow uuder construction [l] with the goal 
to ruu it by thc curl of this year. 

It will realty be the prototype of the target-ECRJS systcrn 
of our pqicct allowing us to study all the technical problems 
involved : target bchaviour under high power, permanent 
magnet ECR in a high r;ltliilli011 field, coupling of the target to 
the l:<‘R. remote ti;uidling problems aud so on. 

III. THE POST-ACCELERATOR 

Our choice of ;I cornpact cyclotro~i is based on the 
t’ollowinp main rcahons : 

- I:irst of all, using ii high ch;u’gu state ion source allows 
us to consida a cyclotron. 

- Second, the cncrgy range to bc covered (K 2 IO 
20 McV/u) :111cl the charge O~CI’ IniIsS ratio ZIS given by the 
E:,(lliIS (E 0.1 I0 0.15) ill-C fypiCil1 Of ;I colnpact cyclotron 
whose k;un char;lc~cristics satisfy rdcr well the requirements 
of the physicists. Morcovcr, n cyclolron is by itself a powerful 
nmss ;ul;~lyscr ant1 will dclivcr ralhcr pure beans, a prime 
quality iu RIB physics. 

- ‘I‘hird. (<ANTI, has a good knowledge about cyclotrons 
and ;i Iargc experience iu Uieir tlesigu ilIltt operation SO tht 110 

Inore th;~n 4 years after funding will be needed to tleliver ;I first 
heiun. Morcovcr. this new facility will fit in the loose cud of 
the existing huildin, (7 still lowering the cost of an already 
rallier Ckilp soluliorl. 

A. 7Ar \i~~krr~,q d~trr-/ 

‘t’hc goal king to provide the A ~100 ions produced by 
the lTJ<lS with Q/A G 0. IS ;II au energy I 6 MeV/u, we thus 
obtain : 

(l3.r)c!jx = 2.344 ‘l‘.lIl (K = 265) 

‘J’hc rnagnc~ic rigidity 01’ thc present high energy bezun 
lines hoiug 2.Xx ‘t’.ln. rhc cyclotron bean& will be accepted 
wilhout ;tnv prohlern iu our experirncut;U LII’L’XS. 

Ctiool;ing;i ineaii cjectioii radius of 1.5 In results in il 

conscrvativc Bumx z 1.56 ‘I‘ and in the working charts 
tlisplayetl ou the figures t and 2. The lilnils seen on these 
figures arc rctatett lo thc ~~11~0s chosen for the nmx and Inin 
Incan ficltl (0.75 - 1.56 7‘). the rnax VOltilgC 011 the 2 &es 
(z 100 kV), the lowcsl ion source: extraction potential 
(- 10 kV) and the revolution frequency range (z 1 .02 
to 7.25 Ml 1~). 
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Figure 1, Working chart. 
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Figure 2. Euergy range 

R. Ikscription of the cyclotron 

. Beam emittance : injecting a 1natched be;un, 
XOrcmm.1nrad iu each transver>e plaue aud f 6” in phase width, 
leads in front of the extraction syste1n to a monocln-omatic 
transverse emittance I 8.5 Tc.mm.1nrad ;urcl to an energy 
dispersion of t 33%~ 111 these conditions, the extracted beam 
will contain parts of the 3 lnst accclcrated turns and so the 
characteristics of the extracted beam will be lowered. However, 
it see1ns possible, at least for Ii = 2 - 3 to bunch the iujectcd 
beam in a + 3 - 4” phase width, in this case due to the low 
energy spread (5 + 1%) a siugle turn extraction is possible 
and the extracted heCam qualities are much improved (AW/W I 
l!&, emittauces $ 10 Tc.inrn.mrad). 

. The RF system covers the frev range usiug the 
harmonics 2-3-4 and 5 with 0.6 < f,f (MHz) < 14.5. Such an 
RF frequency range leads to a rather compact resonator : 
external di‘ameter g 1.2m, length 2 1.3m, internal coaxial line 
diameter z 0.2Sm and displacement of the short circuit z 
0.701n. The power dissipated at 100 kV tu111s out to be as low 
as z 40 kW. LJsing two 40” dees and choosing to accelerate all 
the ions whatever their output euergy with a constant turn 

pattern, the number of turns will he z 250 and the turu 
sep;u-ation at ejection G 3m1n. 

. The magnet will bc built usiug 4 independ;u1t yokes antl 
com1nou circular poles (3.5 in diameter) equiped with 4 
straight 45” sectors. Hill aud valley gaps are respectively 12 
and 30 cm allowing au easy fittiug of the 2 dees and giviug ;I 
good nut ter. 

IJsiug TOSCA code, we have refined the magnet 
geolnetry so that the maximu1n correction required is as low LIS 
z + 200 gauss, the gradients heiug 5 SG/cm. Circular trim 

MZLSS analysis : besides the usual analyser following the 
E&IS which cli1niuates most of the contaminents, (see IV), 
the cyclotron will select Q/A within 3.5 to 1.5 10e4 depending 
upon the harmonic. These v;Uues should be sufficient for 1nc)st 
of the experilneuts : if uot, we will put a thin target at the 
ob,ject point of the cx spectrometer, which will select the right 
co1npoiieut within home lO-s taking advantage of the 
difference in the eriergy losses of the v‘arious ions (isobars) 
through the foil. The resultiug bean will of course suffer of 
the target crossing (mean energy, emittances and energy 
dispersion), nevertlicless good characteristics could be restored, 
the price being to be paid o11 the intensity. This method will 
be limited to io11s of A < X0 at W 2 6 MeViu. 

coils (~10) located 011 the poles and giving 7.S.10-2 G/AT ,and 
2.5. 10e3 G/c1n/AT. will be used to shape the field withiu the 
required tolerances. The inner region (r < 20cm) where the 
sectors ioiu the central plug is I;till to be refined. 

. The central geometry (axial i11.jection and Mueller type 
inflector) is uudcr study with the goal to work out a fixed 
i1i.jection patter11 suited for the 4 harmonics we will use. Our 
first studies coocerniug the beam centering and its 6D 
matchiug lead to fine results for h = 2 - 3 (above the heavy ion 
(‘oulomb barrier) ;md h = 4. In the c;Lse of h = 5 (< 3 MeV/u) 
the s:une geometry cau still bc used but the accept‘auce and so 
for, the intensities will be reduced. 

. The extraction system is quite conventioual including 
oue electrostatic deflector located in a valley (5 60 kV/cm) 
followed by two magnetic cl~~mels (gradient compensation). 
A field bu1np will be used to increase the turu separation. 

C. The herr~r~ ~h~~la~tel-istic.v 

1 Jsing either the multiparticule code NA.10 or the newly 
written oue LIONS 131 we bavc sirnulatecl the beam behaviou1 
iii this cyclotron. 

. Bezun trans1nissiou : using similar central region and 
‘11.jection line (6D matchi11g) as for our present GANlL 
mjector [2], we ca11 expect si1nilar transmissious e.g 2 40%’ 
from the ion source :malyzed bemn to the cycloton extracted 
one (we have obtaiued ;I 75%. record transmission in our 
iujector). 
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Figure 3. Layout of the SPlRal facility 

IV. THE BEAM LINES 

The layout of the RIB SPlRaL facility is shown on the 
figure 3. As we see, we need to study and to build three beam 
lines. 

. The primary beam line from the SK2 output to the 
target will be the prolongation of L3. From the object point 
of the a spectrometer, the primary beatn (Bp 5 2.88T.m) goes 
straight through the first n dipole and is bent Clown to the 
heavily shielded production target cave (-3m) using au 
antisymetrical achromatic deviation and a two quadrupole 
doublet system devoted to the transverse matching of the beam 
on the target. The beam spot is adjustable from + 2.5 to + 
13mm for transverse emittarices ranging from 2.5 to 
6 nmmmrad. This primary beam line 2 13m in length could 
be extended to a second target cave using the same optics. 

. The low energy be:un line (Bp < 0.05 T.m) from the 
EC‘RIS extraction to the cyclotron intlector is I 10 m in 
length. It can be divided into two main parts : 

- The first p‘art includes an achromatic magnetic mass 
spectrometer system followed by a matching section to the 
second part. The optics [I] will insure a m/&n resolution of 
250 for a 80 K.mm.mracl radial emittance. Such a resolution 
is quite enough as far as the cyclotron injection is conceliied, 
anyway it would be almost impossible to exceed the cyclotron 
resolution at this level in order to fulfil the physics 
requirements. The second dipole will accommodate the beam 
from the second ECRIS if any, it can also be crossed without 
any deviation to feed a very low energy beam area under 
discussion (atomic and astro physics). 

- The second part similar to the one used WI our present 
itI,jector is devoted to the 6D matching on the fist accelerated 
orbit of a 80 7c.mm.mrad, + 6” in phase beam as accepted by 
the cyclotro11. 

. The high energy beam liue (Bp < 2.344 I’m) extends 
from the cyclotron exit to experimental caves through the 
analyzing section of the cl-spectrometer (to do so the fist 2 
dipoles of the a-spectrometer can be rotated by 45”). The 
acceptance of this line will amount at least to 10 x.mm.mrad 
and i 3% in energy dispersion. We will have to build G 21 m 
of new line divided into a first part allowing a betatronic 
isochronisation of the cyclotron beam and a second one to be 
used for the transversal matching of the beam at the a - 
spectrometer object point. 

V. CONCLUSION 

The reposal will greatly enlarge the possibilities qxmxl 

at GANI E in the field of radioactive ion beam physics at low 
and medium energy. Moreover, this new facility can be built 
without disturbing the cl,?ssical use of GANIL. 

Due to its rather low cost (< 100 MF), to the short delay 
involved (5 4 years) and to the available experimetd facilities 
we can really expect that UC project will be funded and so be 
confident in the future of our laboratory. 
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