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Abstract : In the continuation of secondary beams production studies started in 

the eighties, GANIL laboratory has been running for two years an efficient 

device called SISSI, dedicated to the production of exotic beams by projectile 

fragmentation. It is based on two supraconducting solenoids surrounding a thick 

target. Its magnetic field is as high as 11T and its nominal angular acceptance 

around 160 mr. SISSI is located at the CSS2 cyclotron exit that is upstream the 

selecting alpha spectrometer and all the experiments rooms which can therefore 

receive secondary beams on any target.

I. INTRODUCTION

The production of secondary beams started at GANIL as early as 1984-1985, worked 

out by R. Bimbot et al [1] by selecting the projectile fragmentation mechanism in 

interactions of heavy-ion-beams with thick targets. At GANIL-energies, this mechanism 

carries a large fraction of the reaction cross-section. These experiments performed with 

the LISE spectrometer [1], studied the different parameters of such beams production , 

that is the intensity , the emittance, the momentum distribution of beams as well as their 

purification by magnetic rigidity selection or the achromatic degrader technics. Later 

on, experiments were carried on at LISE by adding a Wien filter [2] (figure 1) in order 

to improve the purification of beams but also with the Alpha spectrometer (figure 2), 

which permitted to produce secondary beams, and send them onto any target of the 

experimental areas.



Figure 1.

As a conclusion of the different results obtained at LISE or Alpha spectrometer, was 

mainly pointed out the lack of solid angle of both devices, resulting in a poor collection 

and consequently a low intensity of secondary beams, the primary beam intensity being 

itself low at that time.

On this basis, W. Mittig proposed in 1989-^0 to study and construct a device 

satisfying at first two requirements. This device should have a large angular acceptance 

and could produce and deliver secondary beams in any room of the experimental areas. 

Thus, was born the SISSI project [3] (achronism of Source d’ions Secondaires à 

Supraconducteurs Intenses).

II. SISSI DESIGN

SISSI consists of a set of two superconducting solenoids of ver> short focal lengths 

(0.60 m). The first one is used to strongly focus the incident beam coming from the



CSS2 cyclotron onto a rotating target, while the second collects the reaction products 

emitted at large angles, and achieves an emittance matching with the downstream Alpha 

spectrometer and beam lines guiding nuclei onto the different targets located in the 

experimental hall (figure 3a). The size of the primary beam spot obtained on the target 

is x =± 0.2 mm, and the nominal angular acceptance of the second solenoid is 0  = (j) = ± 

80 mr, resulting in a theoretical first order secondary beam emittance of d% = 0.2 x 80 = 

16 mm.mr.

Figure 3a.

1. The superconducting solenoids have been manufactured by Oxford Instruments, 

their maximum magnetic field is 11 T. The coils consist of two identical solenoids SI 

and S2 which parameters are listed in table 1. [4], The configuration chosen for each 

solenoid is duplex co-axial coils. The inner section is made of Nb3Sn wire, the outer 

one of NbTi conductor, both sections operating in a 4.6 K common vessel of liquid 

helium.

The two solenoids are located on both sides of a tube in which the target is inserted 

(figure 3b).

2. The cryogenic system has been designed by the CEA [5], It consists of :

- a condenser where the gaseous helium relequefies,

- a three stage refrigerator. The first one at 80 K, the two others at 42 K and 12 K,

- a joule Joule-Thomson expansion to get the 4.6 K temperature .

The cooling capacity of the refrigerator is 4 W at 4.6 K.



3. The target [6] is located in a rather confined volume where the magnectic field is 

of the order of 2 T. It is pinched between two pieces of graphite, the whole set being 

enclosed in a water cooled copper shell. Its diameter is 120 mm and its rotation velocity 

3000 tpm, providing a spread of the radiated heat on an area, 1000 times larger than that 

of the beam spot. Simulations and tests have led to the conclusion that the power 

deposited in the target must not be larger than 1 kW. The rotating target can be tilted 

between 0 and 45°, resulting in a variable thickness target, a very powerful tool to 

optimize the production ratio of emitted fragments.

The target realization was a critical point of SISSI device, because of the needed high 

rotation velocity under vacuum, the eddy currents in the 2 T residual magnetic field and 

the high neutron flux coming from the beam-target interaction and directed towards the 

cold parts of the second solenoid.

ni. optics

Calculations have been done with TRANSPORT and ZGOUBI codes [9]

1. Primary beam characteristics [7]. Figure 4 shows the different phase ellipses on the



Figure 4. Figure 5.

target, for the nominal GANIL beam emittance that is e/n - 5 mm.mr and Ap/p = ± i.5 

10-3. It can be noticed that the spot of ± 0.2 mm can be obtained and that the effect of 

aberrations is limited, due to the fact that the incident beam is of good quality and that 

the solenoid aberrations are not amplified, the target being very close to the solenoid 

exit.

2. Secondary beams characteristics [8]. Figure 5 shows the effect of both third order 

geometrical aberrations and chromatic ones, on the emittance at the object point of the 

Alpha spectrometer, with an incident beam, y0 = ± 0.2mm and T0 = ± 80 mr, while 

figure 6 shows the angular acceptance of the whole device SISSI + Alpha spectrometer 

at the target location, versus momentum D0 = Ap/p. On figure 7 can be seen the 

theoretical transmission versus momentum D0, that is 80%. Between Alpha 

spectrometer exit and target, transport has been optimized to reach 85%.
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IV. SOME RESULTS

SISSI has been working for two years , mainly coupled with the spectrometers LISE 

or SPEG.

1. The angular acceptance has been measured with light fragments during an 

experiment of fragmentation of a beam of 13C at 75 A.MeV on a 1155 mg/cm2 C target, 

which studied the elastic diffusion of light exotic rich nuclei [10] (figure 8). It was 

estimated to ± 50 mr, that is less than the theoretical one.
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2. Momentum transmission and beam size (figures 9a-9b) have been measured during 

the successfull 100Sn production experiment, by fragmentation of a 1!2Sn beam at 58 

MeV/A on a 78 mg/cm2 Ni target [11]. We estimate that the emittance of the transmitted

beam at LISE, was around 12 II mm.mr, and that the transmitted momentum was 1%,

that is, the nominal one. This momentum spread measurement was performed in the 

dispersion focal plane of LISE where the dispersion is 18 mm/%.
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CONCLUSION

Emittance, momentum spread : SISSI + Alpha Spectrometer produces secondary 

beams of good emittance, 10-12 rimm.mr and small momentum spread, 1%. It is 

particularly efficient for neutron deficient beams production, (BR < 2.88Tm).

Intensity : If we compare the production obtained with SISSI+ Alpha Spectrometer, 

to the one obtained with Alpha Spectrometer only, the mean gain is around 50, in 

agreement with the predictions calculated with the LISE or INTENSITY codes.

Finally, as previously pointed out, with the construction of SISSI, GANIL laboratory 

has become a secondary-beam facility which can deliver exotic nuclei onto any target of 

the experimental areas.
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FIGURES

Figure 1 : 11 Li beam obtained by a three stage selection at LISE.

Figure 2 : General layout of GANIL laboratory .

Figure 3 : General layout of SISSI.

Figure 4 : Primary beam optics. Phase space, at the SISSI target location.

Figure 5 : Secondary beam optics. Phase space at the object point of the Alpha 

spectrometer.

f
Figure 6 : Angular acceptance of the whole system, SISSI + Alpha spectrometer.

Figure 7 : Momentum transmission of the system SISSI + Alpha.

Figure 8 : Identification matrix AE - E of the nuclei produced in the reaction 13C + 12C at 

75 A. MeV.

Figures 9a, 9b : Beam size and momentum transmission of the secondary beam, 

obtained by fragmentation of a u2Sn on a Ni target at LISE.



Minimum operating field integral 7.8 T.m

Integral length 800 mm

Maximum axial field 11 T

Axial field 700 mm from coil mid plane Ô.21 T

Operating temperature 4.6 K

Maximum operating current 186 A

Repulsive force between the two coils 149 kN

Energisation rate 1 j T/min

Inner winding diameter 170 m

Outer winding diameter 256 mm

Winding length Nb3Sn section 700 mm

NbTi section 800 mm

Inductance 69.5 H

Stored energy at max.oper.current 1.2 MJ

Windig mass 150 kg

Coil specifications (from Oxford design).


