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THE ADVANCEMENT OF SPIRAL 2 PROJECT

P. Bertrand, M.H. Moscatello, GANIL, Caen, France
on behalf of the SPIRAL 2 team.

Abstract In what follows, we give a description of the magrts

After a detailed design study phase (2003-2004, tpf the machine, and the status of its construction.
SPIRAL2 project at GANIL (Caen, France) was offilsia
approved in May 2005, and is now in its phase of SPIRAL2 DRIVER ACCEL ERATOR AND
construction, with a project group in which mamgrch AEL EXPERIMENTAL AREA
laboratories (CEA,CNRS) and international partnans
participants. The SPIRAL2 facility is composed of aE’eamSto be accelerated
multi-beam driver accelerator (5mA/40Mev deuterons, In order to fulfil the physics requirements, the
5mA/33Mev protons, 1mA/14.5 Mev/u heavy ions), &SPIRAL2 driver accelerator must be able to acctdera
dedicated building for the production of radioaetion high-intensity beams of protons, deuterons, iongh wi
beams (RIBs), the existing cyclotron CIME for thesp A/g<3, and optionally ions wittVg<6. As indicated in
acceleration of the RIBs, and new experimentalsarka table 1, a maximum beam power of 200kW is requioced
will deliver high intensity beams for radioactiveni deuterons in CW mode. In order to transport and
production by the ISOL method (the main processdpei accelerate these intense beams with a minimumssé
the fission of a uranium carbide target), and stdlglavy many beam dynamics calculations have been performed
ions for nuclear and interdisciplinary physics. Aghh all along the machine, by using realistic sourcdige
intensity neutron flux will also be produced foraidiation distributions, real 3D magnetic fields, compengatio
and time-of-flight experiments. In this paper wesctébe space charge effects in various situations, and &lth
the various parts of this facility, the resultsaibed with systematic errors studies [6][7]The whole driver
prototypes of several major components, the statilse  accelerator will be controlled using the EPICS wafe
construction itself, and the research and developme8] coupled with the TRACEWIN/PARTRAN code in
which remains to be done in some domains, includingrder to implement the notion of a “virtual machine
safety aspects.

INTRODUCTION AND OPPORTUNITIES Table 1: Beam Specifications

FOR PHYSICSEXPERIMENTS beam P+ | D+ | ons | ions
A strong demand exists for availability of radideet Q/A 1 | vz 13 1/6
isotope beams. NUPECC and ESFRI have established pax. | (ma) 5 5 1 1

roadmaps and given recommendations for the futfire :
nuclear physics and facilities in Europe. SPIRAk2ne | Min. output W (MeviA) | 2 | 2 2 2
of the selected projects. Max output W (Mev/A) | 33| 20| 145 8
This new facility will extend the possibilities efied at
GANIL to heavier radioactive beams, with much highe
intensities [1]: it will provide intense beams adutron-
rich exotic nuclei (18-10"pps), created by the ISOL Iniector-1
production method, in the mass range from A=60 toJ
A=140. The extracted exotic beam will be used eith@ ~ The Injector-1, dedicated to protons, deuterons and
new low energy experimental area called DESIR, dPns of /A=1/3, is mainly composed of two ECR ion
accelerated by the existing SPIRAL 1 cyclotron (E)M  Sources with th_elr associated LEBT lines, a warnQRF
The intense primary stable beams (deuterons, pspto@nd the MEBT line connected to the LINAC. _
light and heavy ions) will also be used at variensrgies  1heé 2.45GHz ECR source for deuterons is a
for neutron-based research, irradiation and adtiwat Simplified” SILHI-like source (100mA CW, 95kV),
studies and multi-disciplinary research, all thes#itially developed by the CEA/DAPNIA laboratory rfo
experiments taking place in a new area (AEL). the IPHI project [9]. In 2005, the Saclay source
Originally proposed in June 2002 [2], and afteradet! demonstiated its cap§b|llty to produce_ a very stabl
design studies [3][4][5], SPIRAL2 was accepted iayv 6.7mA D" CW beam with an rms normalised emittance
2005, and is now in its construction phase, witk thless than Otmm.mrad. It will also produce protons
objective of obtaining the first beams for physigsthe  (5mA) and H', with a voltage of 20kV for protons and
end of 2011. Many French laboratories participat¢he 40kV for D+ and H" (3=0.0067). The ECR source for
construction of the SPIRAL2 facility, and there areSPIRALZ2 is now under construction.
numerous European and international collaborations, The objective for SPIRAL2 is also to produce a ¢arg
either for the accelerator itself or for which thbysics diversity of heavy ions with intensities up to 1m#able
areas. gases like A¥*, and metallic ions like Cr, Ni and Ca are

[«

CW Max. beam power

(KW) 265 | 200 44 48




required. During the initial DDS phase, an R&D pag monitor, the first rebuncher will be used to det@erthe
was conducted to measure the performances of thmngitudinal emittance of the RFQ.

PHOENIX ECR heavy ion source from the LPSC
laboratory (Grenoble), and in particular to meastime
transverse emittances obtained for 1mA &f Gat 60kV
(0.221Ttmm.mrad rms norm.).

In parallel, a new ECR source design has recemnb
proposed by the LPSC: the so called “A-Phoenix’rseu
[10]. It is a compact hybrid ECRIS with high-tematere
superconducting (HTS) coils (3T axial magnetic djel
and a permanent-magnet design (2T hexapolar fieldg
With a 28-GHz frequency, the goal is to approaahA -
intensity for an A ion beam. The components of the
source are now assembled and the first plasma aests
being performed presently.

Both light and heavy-ion ECR sources have their own
chromatic transfer line able to separate the specie Figure 1: View of injector-1 (LEBT, RFQ and MEBT)
extracted from the source and select the desireifigol _
beam. These lines are connected to a common LEBM]ector-2

which contains a slow chopper, diagnostics and $iit  The optional Injector-2 will be dedicated tA=1/6

redefine the emittance before connection to the RF@ heavy ions connected to the LINAC via the MEBT line

magnetic elements are being manufactured, and th§ihis injector is under detailed study in order tepare

magnetic measurements will start by the end of 2007 engugh space in the accelerator building for tteréu
Developed by the CEA/DAPNIA team, the RFQ [11] ispthough it will give only half the energy comparea

a  4-vanes, S5-meter warm copper cavity ensuringjector-1, there is much interest in having higheam

adiabatic bunching (88Mhz) of the continuous beand intensity for very heavy ions. A design study isnge

acceleration at 0.75Mev/uP£0.04). It is specially conducting in the frame of a MoU with the Argonne
designed to give a transmission of better than 98%:  |aboratory.

meter segment prototype was built during the APBsgh
and tested at Grenoble and Catania in order tokctiec LInac
feasibility. The construction of the RFQ is nowrstay The LINAC accelerator itself is based on
and will take about two years. superconducting independently-phased resonatois If14
The RFQ cavity requires some 150kW and will bgs composed of 2 families of quarter-wave resomator
driven by four 50kW amplifiers equipped with ciratdrs (QWR) at 88MHz, developed respectively by the
[12]. Digital low-level RF will ensure Id and 1° CEA/DAPNIA and the IN2P3/IPNO teams: 12 resonators
amplitude and phase stability respectively. Th@jth B,=0.07 (1 cavity/cryomodule [15]), and 16
CEA/DAPNIA team in charge of the LLRF is studying &egonators ap,=0.12 (2 cavities/cryomodule [16]). The
standard card which will be used to control alllymf ransverse focusing is ensured by means of warm
cavities along the accelerator (RFQ, rebunchers$@d qgyadrupole doublets located between each cryomodule

LINAC resonators). __ These warm sections include also beam diagnostiesho
The MEBT line takes care of the beam transmissiogng vacuum pumps.

and matching between the RFQ exit and the LINAC The maximum reference gradient of the QWRs is
entrance. Its function is also to allow future cection of Eac=Vacdpr=6.5MV/m. Two prototypes QWR1 and
the injector-2, and to operate a very clean faspping of QwWR2 were constructed during the initial R&D phase.
the beam bunches for various AEL experiments. Thipstalled in vertical test-cryostats, both resormteached
explains the length of this part (8m) and the n&ige$0  yery high gradients, between 9 and 11MV/m. Thet firs
use three rebunchers in order to match the begiRa series cryomodules are being assembled, and
longitudinally. Most of the devices are completelyoomplete tests with cavities will be achieved by émd of
designed and will be orded very soon. One exceffion ong7.
the challenging fast chopper and its associate#W.5 peyeloped by IN2P3/LPSC (Grenoble), the RF power
beam stopper, which are under detailed study [13]. couplers have to provide 12kW CW power to eachtgavi
Due to delays concerning the construction of thFl?]. Two coupler prototypes, using either disk or
accelerator building, the whole of Injector-1 witle cylinder ceramic window geometries, were also
installed at Saclay and tested with beam, befoiegbe constructed. Both prototypes have reached CW power
transported to GANIL. In addition, a specific meuiu |eyels greater than 30kW, giving a good margin tfoe
energy diagnostic plate is under construction ideorto nominal operation power levels. The series of censpl
prepare the beam commissioning of the RFQ and @f thyj| pe ordered by the end of this year.
MEBT during this first phase, and to test various gojid-state amplifiers will be used, and first mtypes
diagnostic devices on line. Associated with a phesgth 4t 10 and 20 kW have recently been tested at GANIL




[18]. These amplifiers are based on latest tramsisfor | .
FM applications and water cooling allows us to tm&
3kW racks for each 10kW cabinet. Power tests on the
cryomodules will help us to choose the best comsem
between the required gain linearity and the worldlags.

An operating efficiency around 55% is expected.

Figure 3: View of the AEL beam lines (up) and line
towards the RIB production (bottom)

QWR (beta=0.12
CNRS-IPN
(Orsay)

B =0.07
;L ::5 =012 SPIRAL2 RADIOACTIVE BEAM AREA
EL 63"2"9 Exx | 55 The studies on the radioactive beam area have been
il Bew | 10,1 | { progressing since the beginning of the SPIRAL2
R 521 o construction phase [1], and have led to new satstio
QUR (beta=0.07 Q°wg = both in the general layout and in the mechanicaigteof
CEA/DSM/DAPNI; o8 o .
(Saclay) the target/ion-source (TIS) system and the beanspart
lines.
Figure 2: The SPIRAL?2 superconducting cryomodules
(left: o=0.07, right3,=0.12) ;';dl _ :

(Spirall type) Safety Control System: To be nuclearised if necessary

To be defined

HEBT lines an AEL experimental hall

The high energy beam transfer lines (HEBT) are ' 1+ lines

divided into three main parts:
- LEBT1: A straight beam line with a beam dump is [gm |

needed for the beam commissioning and eventuahduni —Lezeeen b zore Tt

and beam studies. The beam dump can handle a_ . o o patmares i
maximum beam power of 200kW. Depending on nuclear Lﬁ:ﬁ;“”o?;' fon s ecn Tobe nuclearised
safety licensing requirements, mainly related te th = . e e

material activation, the effective beam power d#éjpend
on ion species.

- LEBT2: This transfer line will transport light-nd n+ line
heavy- ion beams towards the two RIB productioragyre ode %ﬁbgwd Under design
located in a separate building. (see next section).

- LEBT3: These lines will deliver the beams to gL
experimental hall, installed in the same buildirg the TIS production system

S

driver accelerator. Three subsidiary beam lines tmu i )
deliver light and heavy ions to three large experital ~ The main TIS system of SPIRAL2 is based on the use
of a carbon converter for the production of neusrénom

rooms: a) for neutron experiments where a neutroe-t ! i
of-flight facility will be installed, b) for highsitensity the SmA 20A.MeV deuteron beam combined with a
stable ions experiments where a Spectrometer \Ngh h uranium carbide target in which the neutron ﬂu&d]lces

mass selectivity will be installed, and c) an interfission reactions, and thus a very large variety of

disciplinary experimental area for atomic physiasia radioactive isotopes. o
material studies. - Carbon converter target: the new design is based

The LEBT3 contains several rebunchers in orger the one developed for the SPES project [19], infthme

keep the beam bunched, with a bunch length as smallof the collaboration with the LNFN/LNL and
possible at the target (<1ns). Various targets béllused, BINP/Novosibirsk laboratories. A graphite prototypas

in particular actinides, which necessitate spesifety been tested with a 50-kW electron beam: some
procedures for manipulation. improvements are still needed, in particular of the
bearings, in order to validate the technical sohutior a
first step. A test bench for the development ofséhe
bearings is being designed and is to be built leefbe

x target oven (Ta):

bted at 1700C

X target: high density tested
duction lab: Cadarache

High energy
Primary beam

GANIL

M-H Moscatello
01/06/07 Status.

Figure 4: Principle scheme for the RIB part



end of the year, while the 200-kW target is untiermo- withstand very high power densities (several 100uA
mechanical design. beams).

- Uranium carbide target: the target geometry haenb . .
optimised, and the best compromise has been chaserB€aM tranSpor_t IllneS to DESIR experimental
2.2-kg high-density target (11g/&rfor a production of areaand to existing GANIL areas

5.10fissions/s [20]. The high-density target developten The radioactive beam transport lines from both
is taking place in the frame of the PLOG collabiorat production caves towards the experimental area hav
and very important results have been obtained I#88 been designed from the beam-optical viewpoint. A
year: the 11g/crhtarget is as rapid as the normal densityeneral implantation scheme is proposed in Figifl,the

one for the atom release, and the effect of thengsi@e detailed study has still to be started in closéabalration
on the release time has been demonstrated as thell: with the building technical design team.

optimum seems to be around 25um [21].

- Four types of 1+ ion sources are planned. Thenmai
developments of the 1+ ion sources concern their
resistance to the highly radioactive environment the
high reliability level requirement, as irradiatigreriods , e Towards
are planned to be around 3 months long. The ECR ion % o Tl EE
source “Monobob” is undergoing tests and improveien
at GANIL [22], the FEBIAD ion source “IRENA” is
under development as well at IPN Orsay [23]. A acef
ionisation source is also being developed [24], lavhi
some collaboration has to be implemented for tregde
of the laser ion source.

- The TIS production module has been totally
redesigned, taking into account the numerous caingsr
given by the radiological environment and the sagetd
contamination handling rules. The production modsile
totally remote-operated system, which will be _—
disconnected, transported into the hot cell for e cIME
maintenance and TIS replacement, and reconnected by
robot and manipulator system. Its general mechhnica
design is illustrated in Fig.5.

Figure 6: Beam-optical layout for the RIB transport
lines in the production building

The 1+ line, going from the ion sources towards an
identification  station (IBE1+), the low-energy
experimental area DESIR or the charge booster will
include both electrostatic and magnetic componéitts.
mechanical design of the line is based on the udse o
independent modules that will be extracted with ataty
operated tools from inaccessible places like the
production caves, around the charge booster, arahyn
zone where radioactivity and/or contamination will
become important. A preliminary technical propofal
the modules is presented in Fig. 7

Figure 5: Spiral2 UCx production module

Several other kinds of TIS will be developed het ;
coming years and during the facility’s life, usiegveral Beam line mechanical module Pinching of the bellow
different reactions types (deep-inelastic, transfiesion-
evaporation), different beams and targets. The TitS  Figure 7: Details of beam line remote-controlleddules
system under development is based on the fusion-
evaporation reaction type, and is being designethén The charge booster, needed to inject the RIB ih® t
IN2P3/CENBG laboratory. The main technical challengCIME cyclotron, is a Phoenix type developed by the
concerns the thermal design of the target, which tha LPSC laboratory [25]. Charge breeding has beepdest




the LPSC test bench with the MONOBOB ECR 1+ sourceases, the major one being the case of fire intide
for argon krypton and xenon beams, together with thcaves. In that unfortunate case, the facility Wwilve to
tuning procedure to pass from the stable referdv@@am remain totally safe, especially for the public arédl

to the radioactive one. It is now to be testedlifgint-ion  these considerations might lead to some intensity
beams first, and then with metallic ions for whiale limitations, especially for highly contaminatingeeients
know that theV tuning is very sharp. (i.e. iodine nuclei), or for elements which decagy o
The n+ line that transports the beam from the aharglaughter nuclei which are themselves highly
booster to CIME cyclotron is under optical andcontaminating (i.e. Sn nuclei that decay to iodine)
mechanical design, and will first be constructedhaut . .
remote-operatedgmodules, but with mechanical iates Acceleration of RIBsin CIME cyclotron

that will allow us to add remote-operated valvesl an Another issue in the acceleration of RIBs in CIME
bellows in the future, when the RIB intensitiesateghe cyclotron concerns the separation of the diffeisabars

nominal values. inside the cyclotron. The RIBs produced in SPIRALiR
. _— have higher masses, and thus will have much lower
Production building and safety aspects differences inAm/m and very small differences in phase

The production building, which will host the RIB position at the cyclotron extraction (Table 2).
production cave and the RIB transport lines will &e

nuclear type building. The safety requirements jmal Table 2: Mass separation and phase differenceeat th
double confinement in the whole building that wibst CIME extraction for different isobars
the UCx pro_ductlon cave as well as the Franspnesllfor s [A O [ogA [ element [A [0 [ogA Jeiement [A [0 [dgA [
the radioactive beams composed of fission prodi&p Kr_loi]20l000 _fcs 132 [0 [858107 |Ba  [144 [20 |-238107]-34
. Mo [91/20|1.2810" |I 132 |20 |7.3910° |Ce 144 |20 |41310° |+6

The whole vacuum system will be connected to the ga [Ww [ei[=o[1s1107[in [t 20 [1uwn07|cs  [144 [20 [-86410°]-125

. . . Rb 191/20|7.6010° |Sb 132 |20 |26910° |Eu 144 [20 [55710° [<1
storage system, and a public enquiry will be lagadcto Ru_[91]20[-32710%| sn 12 [0 000 |ta [1%4[20 [000 _[om0
get the authorization to release gas from the gira oo iaien e oo ool b a2 {oeg 96
facility, after a suitable period of radioactiviigcrease. 2 TR ER AT S 114 20 [528107 476

The use of additional separation systems will thas

ACCELERATION OF THE RIBs IN CIME necessary. A vertical separator placed inside yaktron
CYCLOTRON AND USE OF THE hasbeen developed at GANIL [27] which will allow t0

EXISTING EXPERIMENTAL AREAS separate most of heavy ions (downfioym ~10°) from
_ o SPIRAL2.
Safety issues and Intensity limitations Some new diagnostics will be also necessary, tise ga

The SPIRAL2 RIBs will either be used at low eneigy Peam profilers used presently in SPIRAL facility/imay a
the DESIR experimental area, or accelerated by ttignited mass range (due to the thickness of thedomw).
existing CIME cyclotron. The CIME cyclotron has bee
constructed in the frame of the SPIRAL project, atd
that time only the production of rather light iofugp to CONCLUSION
krypton) and very short-lived elements was congder
Thus, the problematic of long-range radioactivigda  The major parts of the injector and the supercotioigic
contamination deposited inside the low-energy bka@s SPIRAL2 accelerator are now under construction. The
or in the cyclotron centre (where the inflectoreits philosophy and structure of the HEBT lines are gein
intercepts 50% of the beam) had been totally igh@e completed in order to take into account the latest
that time. With the SPIRAL2 project, and the uséoo)- evolutions of the AEL experimental hall and the
lived fission products, one of the main issuesue th the connection to the production area. The design ef th
beam losses inside the cyclotron (and in a lesseme building is under way and its construction will rstan
inside the low-energy beam lines). The differemites 2009. After installation and beam tests at Sacthg,
which are used for the different harmonic tuninge a injector-1 will be transported and installed at GANin
frequently changed, with manual mounting angarallel with the LINAC and the HEBT lines. The Iful
dismounting mechanical operations, and sometimegam tests should take place by the end of 2011.
somewhat uncomfortable positions for the operatdrs. The radioactive beam area is still in a preliminary
detailed study is under way to evaluate preciséigtvihe design study phase. The final detailed design iswidor
level of potential contamination along the existinghe process equipment (TIS, transport systems) mispe
GANIL equipments will be, from the low-energy beamessentially on the detailed design study of thelpction
lines, through the CIME cyclotron, to the experitan building that will be done by a nuclear engineering
areas. Important mechanical modifications will hewde company from 2008. In addition, the necessary
made, in order to be able to disconnect and re@innenodification of the existing GANIL facility might Iso
equipment very quickly and if possible with remgtel lead to some major work, but one can hope to lusvati
operated tools. Hopefully, higher energy implangains to start with reduced RIB intensities, compatiblighvthe
should be released much less than at low energgtoat present facility from the safety point of view.
all. Nevertheless, one has also to consider actE@ten
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