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Abstract 

At the “Laboratorio Nasionale de1 Sud” the existing 15 
MV Tandem will be coupled to the Superconducting Cy- 
clotron booster, which will provide light and heavy ion 
beams in the energy range 100-20 MeV/n. Using these 
beams, secondary radioactive beams can be produced by 
projectile fragmentation. A fragment separator will collect 
the secondary beam produced at energies near that of the 
projectile and deliver it into the experimental areas. It is 
also discussed the possibility of using an ECRIS source for 
the axial injection into the Cyclotron and producing ra- 
dioactive ions on a thick source placed inside the Tandem 
preinjector. 

1 INTRODUCTION 

At the “Laboratorio Nationale de1 Sud” (L.N.S.) a 15 MV 
MP-Tandem has been delivering ion beams since 1983 [l]. 
In 1993 The Tandem will be coupled to the K-800 Su- 
perconducting Cyclotron (C.S.) 121, which will permit to 
reach energies up to 100 MeV/n for fully stripped light 
ions and up to 20 MeV/n for the heaviest ions, like Bi or 
U. The project to build a superconducting ECRIS source 
[3] for axial injection in the C.S. has started and will be 
completed by 1995. The Cyclotron will work in “stand 
alone” mode; the beam intensities are expected to be 2- 
5 times higher for light ions with respect to the Tandem 
injection. In addition to the superconducting source, a 
room temperature one will also be installed. Two differ- 
ent facilities for the production of secondary beams can be 
available at L.N.S. in the coming years: a fragment aepa- 
rator, which has already been designed, and a low energy 
radioactive beam facility, which is now propoeed. In the 
first case, radioactive ion beams at intermediate energies 
(up to 90 MeV/n) can be obtained by projectile fragmen- 
tation on a thin target, then they will be analyzed and 
collected by the extraction beam line, which ia designed 
aa a Fragment Recoil Separator (F.R.S.), and sent directly 
to the experimental rooms. In the second case, operating 
the Superconducting Cyclotron in “stand alone” mode by 
using the external ECR source, the light ions beams will 
be accelerated at an energy between 50f80 MeV/n and 
will be transported to the Tandem injector’s area. 

In the following the main features of the low energy fa- 
cility and of the F.R.S. will be presented. 

2 THE EXCYT (EXOTICS AT THE 
CYCLOTRON-TANDEM) FACILITY 

The energetic light ions (50-100 MeV/n) are an alterna- 
tive to high energy protona (1 GeV) for the production of 
radioactive nuclei by interaction in a thick target. This so- 
lution allows to optimise the choice of the projectile-target 
in order to enhance the production of a given isotope and 
makes the extraction of secondary beams easier, the target 
being thinner than in the case of a proton beam. 

In fig. 1 the layout of the proposed facility is shown. A 
major feature of this project is that a large part of compo- 
nents already exist. The new hardware and the modifica- 
tions of the existing components are shortly described. 

2.1 The ECR source 

A 14.5 GHa superconducting magnets ECR source [3] will 
be coupled with the C.S. by Autumn of 1995. Moreover 
a room temperature ECR source will soon be purchased 
to be dedicated to the production of high intensity light 
ions beam. In both cases currents up to 1-2 ppA of fully 
stripped light ione and currents up to 10 ppA of (Z-l)- 
charged ions will be delivered. Special care haa to be put 
on the extraction design, because the high magnetic field 
on the extraction side is detrimental to the emittance, and 
the performances of the cyclotron inflector are strictly re- 
lated to the emittance of the beam coming from the source. 

2.2 The axial beam line and the inflector 

The axial injection will be achieved by a couple of 
solenoids, whoee function ie to reduce the effects of the 
magnetic field on emittance increase, and by a spiral in- 
flector. The spiral inflector is the best suited for a Super- 
conducting Cyclotron, considering the small clearance of 
the central region (height of the inflector N 2 cm., width 
- 1.4 cm.) and the fact that the beam can be injected 
along the axis of the machine (this feature being primor- 
dial to the quality of the beam). The emittance of the 
beam and the conditions at the entrance of the inflector 
determine the inflector’s transmission. As far aa the cen- 
tral region is concerned, a harmonic 2 operation in cur- 
rently planned and the design haa been made for a costant 
orbit mode. 
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Figure 1: Layout of the EXCYT Facility 

2.3 The Superconducting Cyclotron 

The Superconducting Cyclotron ie now near completion. 
Here we want to point out that up to now there is no 
experience on the acceleration of intense ion beams with 
superconducting cyclotrons and special attention must be 
paid to finding the solution of the intensity limitation prob- 
lem. Particular care will be devoted to the following as- 
pects: extraction, axial injection, acceleration, loading of 
cavities. We present Borne evaluations about the first sub- 
ject, which we believe to be the most critical. The beam 
can be extracted in two different ways: by means of an 
electrostatic deflector, or by means of a sudden change of 
the beam magnetic rigidity, obtained by stripping an ac- 
celerated ion on a carbon foil. 

One of the major problems arising with the electrostatic 
deflector is the maximum beam power allowed. Extraction 
by stripping is conceived as the solution to this problem. 

We have performed a study on the feasibility of extrac- 
tion by stripping in the case of our Cyclotron, keeping the 
general lay-out of the accelerator fixed and allowing only 
for minimum changes. AB a consequence of this choice, the 
magnetic channels will be entirely redesigned. In fact, the 
beam can be transported along the extraction channel if 
local fields of about 637 kG (opposite to the main field) 
and gradients of It kG/cm are provided along the extrac- 
tion trajectory. This result haa emerged when atudying 
the case loo, qi=7, q/= 8, qi and qf being the charge 
values before and after the stripping. The holes already 
drilled in the cryostat and in the yoke can be used, and a 
further fixed channel should be installed. In this case the 
stripping process allowa the beam to achieve an inter-turn 
separation of 4+5 cm. 

2.4 Recoil production and ionization 

The target has to be thick (1~5 5)) in order to give a 
number of recoils as high as possible, but has to release 
promptly the short-lived recoils. This can be obtained 
maintaining the source near the fuuion temperature, but 
it requirea a complicated system of temperature control, 
which will be working in a very hostile environment. The 
target haa to stand the high operating temperature and 
must have a low vapour >xessure. The thickness haa to be 
optimited depending on the range of primary beams. The 

efficiencies of release are element-dependent, and a strong 
effort will be necessary to find the beat suited materials. 

A He-jet flow will thermalise the recoils released by the 
target which will be attached to aerosols, in order to in- 
crease the efficiency of the system, as reported in (41. 

Two kinds of ion sources have been considered for neg- 
ative ion production: direct surface ionization and charge 
exchange. For both of them the total average conversion 
efficiency from radioactive atoms to negative ions varies 
widely, depending on the element (2-20 %). Therefore we 
plan to use two source8 on the same high voltage plat- 
form, one (FEBIAD) for direct am-face ionitation and the 
other for positive ion production (microwave discharge), 
followed by a charge exchange canal. 

2.5 The mass separator 

The ions are negatively single charged and then no sepa- 
ration in charge ia necessary, however they must be sepa- 
rated in mass. To analyse exotic short-lived nuclei a mass 
resolving power --10.000 ie required. This value is feasi- 
ble with an accurately constructed mass separator which 
corrects the image aberrations [51. The High Resolution 
Separator planned for ISOLDE PSB project IS] represents 
a possible scheme for our maaa separator. The ion source 
will be coupled to the mama separator by a transfer line 
consisting of Borne magnetic or electrostatic lenses which 
can quickly vary their focal lengths 80 an to compensate 
the varying focusing properties of the ion source without 
changing its plasma parameters. 

2.6 The Tandem 

The performances of the Tandem are not influenced when 
short-lived radioactive ions are accelerated, and then there 
is only one pre-caution to take into account: the current to 
be injected has to be lower than 1 PA, in order to avoid the 
overcharge and to obtain an optimal transmission. This 
limitation can be real only for a few species of ions which 
have an intense contaminant which cannot be diacrimi- 
nated by the maso separator. The transmission through 
the Tandem depends on the mauu: for mmea up to 80 
and for the most probable charge state we have measured 
a transmission up to 40%. 
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2.7 The secondary beam intensities 

The production rate may be calculated with the formula 
I = Q 1, T, where u ia the croos section in cm-‘, 1, is 
the beam intensity in pps and T is the thickness of the 
target in atoms/cma. In our case, considering a Q value 
of 10~100 mbarn, an extracted Cyclotron beam of 1 ppA 
and T=1+5 g/cm2, we expect to have a recoila yield of 
I = 10’ t lO”pps/ppA. Assuming a total efficiency in 
the negative source and in the Tandem of l+lO%, we can 
obtain a final intensity in the experimental rooms of I = 
10’ + 10Qppa/p~A. 

3 THE FRAGMENT SEPARATOR 

The F.R.S. of the LNS can be operated in two modes. In 
the dispersive mode it ie a useful tool to tune the energy 
spread of the Cyclotron beam and to determine the time- 
energy correlation and the dependence on the accelerator 
parameters. In the achromatic mode the F.R.S. is useful 
to select enough pure secondary beams. In the latter case 
a water cooled target will be located at the position T in 
fig. 1. The first separator stage aelects the fragments, pro- 
duced at T, according to their magnetic rigidity. At the 
intermediate position D the ions go through a degrader 
that provide an energy loss roughly AE a g. The sec- 
ond stage ia tuned to be achromatic; therefore it can select 
one isotope with small contaminants from neighbours. 

The design rigidity of our F.R.S. L 4.5 T.m, about 10% 
higher than the maximum magnetic rigidity of the beam 
accelerated by the Cyclotron, to allow us to separate neu- 
tron rich fragments. 

The F.R.S. was designed to be mirror symmetric with 
an intermediate horizontal focus and a sero angular dis- 
persion at the symmetry point, to obtain the achromatiam 
of the device. At thin position a degrader is placed. Four 
aextupoles were also included to correct aberrations. 

In Table 1 the parameters of the F.R.S. are presented. 
They have been determined by the requirement of collect- 
ing as many fragments as possible and by constraints im- 
posed by our accelerator roomer. In order to collect the 
ions emitted in a solid angle of about 2.2 mar, a supercon- 
ducting eolenoid 1 m long will be placed 30 cm far from 
the target. 

Table 1: Characteristics 
Magnetic elements 
Magnetic rigidity [ T.m] 
AP/P 
AD [mar] 
Mom. dispersion at Fd 
Mom. dispersion at F,, 
Resolving power 
Lencth Iml 

f the LNS Fragment Separa 
SQDQQQFciQQQDQQFa 

4.5 
3.0 
2.2 

1.9 cm/% 
1.37 cm/% 

750 
22 

S=solenoid lens, Q=quadrupole lens, D=magnetic dipole, 
F,t=dispemive focus, F,=achromatic focus. 
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Figure 2: Calculated reparation for different element8 at 
the focal plane 

Moreover the emittance of the transmitted fragments 
beam along the FRS and to the experimental beam lines 
depends on the solid angle collected and on the initial 
beam spot. To match the emittance of the fragmenta beam 
to the acceptance of our beam lines, a 0.6 mm wide beam 
spot WM used in the simulation. Such a small spot is diffi- 
cult to be delivered by our matching line, then it could be 
necessary to put a superconductive solenoids just before 
the target to reach the goal 171. These two superconduc- 
tive solenoids are the main elements to be deaigned and 
realised in the near future. 

We evaluate the performancee of the F.R.S. using the 
code “RAYTRACE” with a subroutine simulating the en- 
ergy loss and the angular straggling introduced by the de- 
grader. Employing an achromatic degrader one third of 
the range thick, our device has a charge resolving power 
Z/AZ-l00 ark shown in fig. 2. 

The performances of our device are comparable to other 
devices, with the remarkable advantage that secondary 
beams can be delivered to all the experimental areas. 

4 CONCLUSIONS 

The realiaation of a radioactive ion beam facility haa been 
studied and it is feasible in the framework of the Labo- 
ratorio Naaionale del Sud. The study ia under develop 
ment, with the goal of the optimiration of injection and 
extraction in the Cyclotron and of target and ion source 
efficiencies, in such a way as to permit a deliverance of 
high intensity secondary beams. 
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