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Abstract 2- The Isotope Separation On Line (ISOL) methdutre
a primary beam is passing throughd stopped in a thick
SPIRAL, the radioactive ion beam facility under target where radioactive nuclei are produced at rest.
construction atGANIL (Caen) is now entering the These nuclei must then hevaporatedrom the target,
commissioning phase. The first phase of the project willifized and accelerated:he chemical interactionsetween
completed bythe end of 1998 but theproduction of the nuclei and the target play an important role.
radioactive beams for phySiCS will onIy begin in 1999. Very short life-time Species cannot [pmoduced by‘th|s
This delay is due tathe delivery of the administrative way. On the other hand, one can expect more inteeams
authorizations whictare expected ithe course of the firstwith good optical properties.
half of 1999. GANIL acceleratingbeams of all the stable elements
The paper reviews the characteristics of the machinefgggh Carbon to Uranium with a maximuemergy of up to
gives some preliminary results of the commissioning MeV/u offers a nearly uniqueopportunity for RIB
Plans for the future (SPlRAL Phase 2) are also indicateq:)roduction_ The two ways are used project"e

fragmentation with SISSland ISOL technique with
1 INTRODUCTION SPIRAL.
The interest for the Radioactien Beams (RIB) is

increasing all around the world. In Europe,NUPECC 2 THE SPIRAL PROJECT [1,2,3
created a working group to study the technical challenges
such facilities. TheLarge Scale Facilities in Europe als%
createdthe FINA working group (Frontiers irNuclear
Physics and Astrophysics) which studies the feasibility

f

ci’he GANIL heavy ion beamvill be used as primary
eam to produce radioactive species by projectile
‘Ij‘rj%gmentation in a thick graphite target. The project was
. ts of Wigh-intensity RIB facility. M approved by the French agencies (CEA and IN2P3 in 1993)
requirements ot a newmgn-intensity actity. vore andthe constructiorstarted inthe first days of 1994. On

recently, in the OECDMega-ScienceForum of Nuclear ) . 4 .
y g the mean time GANIL is upgraded and will produce primary

Physics, a sub-group of RIB has bemrated to define 3
world-scale strategy on the same topic. ag?;:;)m up t@.10° pps (up toAr) at 96 MeV/u (THI

Nuclear physicists are obviously demandingfor RIB’s, .
but also the nuclear-astrophysicistsipologists, atomic- EPSAPCIRAL fwasalrea(?t)r/nprelsented |mr:e 1994ang 1?.96
physicists, solid state physicists, and so on. '~ CONTETences. ainly consisis on gproduction
station including a graphite targend acompact ECR

For nuclear physicists, the interest is obvioudore lot CIME) for thaccelerati f
than 6000 exotic nucleire predicated texist while hardly source, a new: cyclotron ( .) or ceieration o
radioactive ions to energies ranging from 1.2®&MeV/u

2000 of themhave beeralreadysynthetizedand studied. X
Many of these nuclei show unusual structureproperties and of the beam lines between these elements.
described interms of halos, clusters, pairing etc.These
exotic structures require strong developments oftieear
theories for their understanding.

A better description of these structures is alsoessary

in nuclearastrophysics taunderstandhe stellar dramatic
events like Novae or Super-Novae whateknown as the SPIRAL takesadvantage othe large range ofGANIL

source of a large part of heavy stable elements preserﬁrI ary beam;. T.h's open the possibility ofduction
earth. of exotic nuclei which cannot_be.produced eIseWher.e.
Production of RIB’s can be obtained by two waysch Nevertheless, for the beginning, only noble gases

are complementary : will be produped. ) .
P y SPIRAL is one of the first facility over thevorld

specifically dedicated tahe productionand acceleration of

radioactive ions.

The few radioactive facilities already running are :
ISOLDE at CERN ; producing mainly fission

The design of the beam linemd of the cyclotron was
dominated bytwo considerations : Procure maximum
transmissiorefficiency and good optical properties of the
beam.

1- The projectile fragmentationvhere a high speed,
heavy projectile idFragmentedwhile traversing a relatively
thin target. Thismethod procure many species of exotic

nuclei at high energy. The intensitipeoduced arédow and . .
the optical properties of the bearepoor ; on theother fr_agments by using the GeV PSproton peam. Running
handthereare no chemical interaction with thearget SI"C€ 30 years atlow energy, ISOLDE will soon be able to
material and very short life-times nuclei can be producedPOSt accelerate 1ons up to 4 MeV/u (Rex-ISOLDE project).
y P - ARENA (Louvain-La-Neuve) where the 30 MeV proton
beamproduced by amall cyclotron acts as primatyeam

68



while the old « Cyclone » cyclotron isused as goost- An importantfeature ofthe productionsystem is that,
accelerator. due to the rather high radiation leskveralSv) at the end

This excellentinstallation is nevertheless limited to thef a production period (2 weeks at full power of the primary
production of radioactivéons nearthe stability valley by beam), the targeind sourceassembly must beemoved in
the primary beam. a remote-controlled way.

- HRIBF (Oak RidgeNat. Lab.) Where the 60 MeV  Once the assembly is disconnected, a robot takdgut
primary beam igproduced bythe old ORIC cyclotron. Theit in a 100mm thicklead container. A new assembly,
post accelerator is the 25 MeV tandem. previously carefully tested ontast bench is positioned in

the same way.
3 THE PRODUCTION SYSTEM As there could be a risk of contamination faglioactive
The production system is o€tourse of paramoun

dusts or gases, the primary beam inpodthe radioactive
importance for the good performances of the facility. ~ 0eam outputare closed bydouble vacuum valveshus
It consists of a graphite target, a compact E&Rrce keeping the assemblynder static vacuum during the

(NANOGAN 2) [4] wherethe magnetidields are produced fransfer and storage. ,
by FeNdB permanent magnets and two front ends : high arid'® fwo front-ends cannot tiésconnectedemotely, but
low energy. All of these elementsre installed in an their disconnection wastudied to besmp[e and rapid.
heavily shielded casemate built at the underground level, Th€Y can be removed bghe same robot. Fig. 1 shows a
The primary beam hits a conical graphite target whictp@oal view of the production casemate.
machined with slices 0.7 mm thick.
The target is designed suttat its temperature increases 4 THE CYCLOTRON CIME [5]
up to nearly 2300C when receiving the full beam power. CIME is a room temperature, compact, medianergy
This high temperature eases the evaporation of Hﬁotron The table 3 gives its r;1ain chara;cteristics
radioactive ions from the graphite structure. The shape é ’ '

dimensions of the target designed insuch a way that the Table 3 : CIME overall characteristics

temperature is asniform as possible while therimary Min Max
beam rotates at loWequencyfor a uniform distribution of [ Extraction enagy (Mev/iA) | 1.7 25
the thermal power. Injection energy (KeV/A) | 1.5 13

If the primary beam powedtecreases, aauxiliary ohmic oA 0.1 0.5
heating allows to maintain thieemperature of the target. | RF frequency (Mhz) 9.6 14.5
The source itself is as simple as possible. It alesady Harmonics 2 5
describedmany time (1). It consists principally in al Average B (T) 0.75 1.56

cylindrical tube, 36 mm internatliameter,surrounded by

the FeNdB permanent magnets. A first stable beam wajected inCIME on the lastdays

of 1997 while the commissioningtartedreally in last
Table 1 : Main characteristics of the April.
NANOGAN 2 ECR source

4.1 The magnetic system

Maximum axial field 0881 T

Minimum axial field 0373 T CIME is a compact cyclotron with two circular poles 3.5
Mirror length 150 mm m in diameter. Nevertheless, the magnet has a relatively
Radial field Hexapole original structure with 4 return yokesade ofthick slabs.
Frequency range 8 -18 Ghz The magnetic circuit was built by CREUSOT LOIRE and
xgi'tg%??oﬁisgwer %Org]r\:]v SFAR and the coils were manufactured bYSIGMAPHI
Maximum Ext. voltage 34 KV (main coils)and SEF (correctingcoils). The table 4 gives

some characteristics of the magnet.

The table 1 gives the most importattiaracteristics of Table 4 : the CIME magnet

the sourceandthe table 2 gives some intensitipsoduced Pole diameter 35m
at the test bench with Argon. Extraction radius 15m
Table 2 : Beam currents produced on test bench ?gg?g;g? E\l,genigtﬁ field 257051- 1.56 T
lon Extracted beam je) Overall dimensions 6.4%6.4x3.2m

Ar* 143 Max. excitation 272000 At

Ar® 60 Turns/coil 168

Art* 10 Pancakes/coil 7

Art? 4 Trim coils 11 sets

Arlst 1 Number turns/Trim coil i 8 and 10

Max. total excitation 75600 At

69




The correcting coilare made otircular pancakeslosed parts) and two magneto-static channels. Position and
in a stainless steel, vacuum tight box. Thae located electric field of the electrostatic channel can dmjusted
between the pole face and the sectors. while only the positions of the magnetic channels are

All the magnetic calculationsvere made in 3Dwith adjustable. The table 7 gives some details on these

TOSCA. The magnetic measurememnd®k place in the
spring 1997. They were done using a rotating arm with
hall probes 20 mnspaced inthe acceleration zonand 10
mm in the extraction region. Measurememtsre firstly
donewithout the extraction elemenénd later-onwith the
extraction channels installed. The results of
measurements were very near the calculations.

4.2 Injection

Injection of the beam isloneaxially, through thdower
yoke and pole. Two different geometria® usedlepending
on the harmonic number (table 5).

Table 5 : injection elements

Harmont Inflector type Magnetic Max. source
number radius (mnj voltage (kV)
2,3, (4)i Hyperboloid 34 34
(Mueller)
4,5 SPIRAL 45 34
(Belmont-Pabot

The geometry of the central region wsisidied with
special care. The electromagnetic fieldere calculated in
the whole injection space and multiparticle programs

t

elements.

93
Table 7 : Extraction elements

Electrostati Magnetostatic
Azimuthal extension 2 x 17 2x16
hiMaximum fieldgradient; 70 kvV/mm ;5.5 and 13.3 T/m
Free aperture 14 mm 32 mm

The magnetostatic channelgere designed in order to
minimize the perturbation of théeld in the acceleration
region. Nevertheless, in addition, image channgstse
added at 180to suppress any possible first harmonic.

4.5 Vacuum system

Pumping in the vacuum chamber is maidiyne by two
cryopannels installed in one valley. A temperature of RO
is obtained inthe inner panel by circulation oliquid
hydrogen. Thehydrogen is liquefied inheat exchangers
feeded by 4 cryo-generators.

The pumpingspeed is othe order 0of30000 I/sand the
residual pressure is less than 5 Ibarafter half aday of

pumping.
4.6 Diagnostics

allowed tosimulate the behaviour of bunches of particles.pye to the very large intensity range of the bearhich

The injection line allows tgerfectly match theinjected
beam to the cyclotromcceptance. Arnjection efficiency
higher than 50% (with buncher) is expected.

4.3 Acceleration

The beam is accelerated two A/4, cantileverdeeswith

a maximum peak voltage of 80/100 kV. The main

characteristics ofthe CIME RF systemare given in
table 6.

Table 6 : RF characteristics

Dee number 2

Dee angle?) 40

Frequency range (Mhz) 9.6-14.5
Accelerating gap (mm) 15 to 30
Vertical dee aperture (mm) 30

Max. peak voltage (kV) 100

Max. surtension coefficient Q i 913

Coupling system Adjustable loop

The deetips were carefully studiedor injection. The

can beaccelerated byCIME (1C° to 10°pps), two type of
diagnostics are us€€] :
- Classical diagnostics including :

- A main radial, intercepting probe, witbeveral
fingers, covering the whole radial range.

- A set of central non intercepting phase probes.
- A retractableplate in front of each magnetic
channel.

- « Nuclear » type diagnostics :

- A plastic scintillator, followed by a photo
multiplier is supported bythe radial probe. It can be
retracted behind the probe when the intensity is large.

- A silicon detector, installed in an otheadial
probe at 45from the main one.

These detectors argensitive to very low intensities
(down to a fewpps). They give grecise measurement of
the phase and also, possibly of the energy.

On the other hand, the life-time of these diagnostics is
limited, they are easily destroyed by an excess of beam and

their useful range is limited as they do miliver signal if

angle is 60 for the first turns and 4Cfurther. Posts help tothe energy is too low.
get a better definition of the electric field in the first gaps.

4.4 Extraction

The beam isextracted at aneanradius of 1500 mm.
Extraction is complete in less than half a turn. It
performed byone electrostatiaeflector (splitted into two
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5 PROPOSED METHOD FOR SETTING
THE CYCLOTRON

Adjust the cyclotron parameters directlywith the
radioactive beam is not suitable because :



- The intensity of theaesearchedeam is usuallywery  These tests havalowed to predicthe futureproduction
low and,most of the time, it isparasitized bybeams of of radioactiveions by the source, at GANIL. The table 8
very near g¢/m which can beorders of magnitude moregives some typical values.
intenses. The commissioning of the lownergy beantine and of

- The production time ofadioactiveions is limited by CIME started in Decemberl997 with stable beam.
the life-time of the target, it is a precious timeéhich Commissioning of the line was obviowsd without any

cannot be used to set the machine. difficulty. A first beam {#0*) wasinjectedand accelerated
The proposed method to set the macharel the beam in CIME up to nearly 10 MeV/u before Christmas 1997.
line is in two steps : The testsrestarted inApril, after the GANIL winter
1) Using the recorded data (field maps) andsineulation shutdown. Two beam&®0*, °0°*) were tested at theame
programs, a first set of parameters is determined. frequency and energy (10.4 Mhz, 10MeV/u) but at very
2) A stable beam of vennear g/m value of the
radioactive one iproduced and acceleratéhis will allow Table 8 : Typical production of radioactive beams
to pretune the machine. Beam Source production (pps)
Once the radioactive beam will be produced by the ZHe 6.10
source, its presencewill firstly be controled by the 1;—|e 2-1g
identification station (mainly by gamma raydetection) 27He gi s
then, the fine setting will be performed either byAR or a 32A$ 1'103
AF variation. 46 '
_ 5(q/ m) 72Ar 6.1C
by puttinge = ————+ Kr 4.1C
(a/ m) TKr 9.10
One gets :
oB different magnetic fields (1Tand 1.44T) with thesame

<few10* & =0 (— =-
a)e < few ( B ) cme = € type of results :

The magnets of the beam lines have talbined by the . Very low energy beam line transmission : 80% for the

same amount. nominal emittance (8@mm.mrad) in the first, analysing
4 _ __ ¢ section and 92% in the rest of the line.

b)e zfew 10%and <16 88=0 3f = y max . Injection  transmission into CIME 10% without
The Settings of the beam lirsge not Changedlhe source bunching and 53% with the buncher « on », but still to be
voltage as well as thebuncher must be returned improved.
(6is —¢) . Acceleration up to r = 1426 without lossasd in good

Vs accordance with calculations.

Whichever methodwill be used, we must always - Complete and unexpected loss of beam atrédsus, a
rememberthat the probably tinyradioactive beam will few centimeters before the electrostatic deflector.
most of the time becceleratedimultaneously withmuch ~ This unexpected difficulty is not yet clearly understood.

more intense parasitic beams, at least up to a certain radiu8ome localized magnetic perturbation (whickould be
caused by the structures added after the magnetic

6 PRESENT STATUS, measurements) is suspectedd several hypothesis are
COMMISSIONING presently investigated (resonancspchronism, median

Nearly all the items of SPIRALare now installed and plane displacement .....)
operational with the excgption of thg beam !ine at the 7 CONCLUSIONS AND FUTURE
output of the cyclotron which must be installed in the next PLANS
summer.

Some auxiliary equipment toarry-off the used targets As alreadysaid, SPIRAL Phase 1 will beompleted at
andsourcesand tostore themhavestill to be built in the the end of the year and the first beams are expected in 1999.
course ofthis yearThe air conditioning systerincluding  In parallel, two importantdetectorsfor physics were
high efficiency filtering andthe storage of theadioactive approved : VAMOS : alarge acceptance magnetic
gasesproduced bythe targetarealso designed and ready tépectrometeand EXOGAM : a very efficient 4 gamma
be ordered. detector. These programs are supported by several European

The developmentand commissioning of the target angountries.
source assemblystarted along time ago in aGANIL ~ Thedemandfor exotic beams being very large, Wwave
station speciallydevoted tothese studies (SIRa). Thélready plans for future developments of SPIRAL.

GANIL beam power being limited at 400 W for thessts, The first step will certainly be theeplacement of the
complementary tests of the targe¢re made atouvain-la- ECR, multichargedion source NANOGAN 2 by a much
Neuve with a 6 kW proton beam of 30 MeV. simpler source for one charge-state, followed bycygure
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of the 1+ beam in a very efficieBICR source toget the CNRS/IN2P3. Inaddition tothe limited SPIRAL group
necessary multicharged beam. many other colleagues from GANIL have contributed. The
This process which wastudied atthe Institut desexternal French laboratories whare engaged in a
Sciences Nucléaires de Grenopr¢ for the PIAFEproject collaboration work with SPIRAL (IPN Orsay, LNS Saclay,
would have several advantages. LPC Caen, SUBATECH Nantes, CEA/DANBruyeéres,
a) Immediate access to the alcalin ions. ISN Grenoble ...) and the international scientific and
b) The 1+ source, can be smaller and less expensive tiemical committeesre also important actors for the
the NANOGAN 2 source, thus reducing the running costsuccess of SPIRAL.
This 1+ n+ process is presently beingtudied in
collaboration with Grenoblend adecisionwill be taken REFERENCES
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