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Abstract

Up to now, eighteen Target & lon-Source Systems (TISSs) have been built and used for the production of radioactive ion beams on SPIRAL 1 facility, based on the Isotope Separator On Line (ISOL) method. The
TISSs are composed of a carbon target and the fully permanent-magnet ECRIS Nanogan lll. After irradiation and a period of two years for radioactive decay, each irradiated TISS is dismounted and, if its magnetic
field is still suitable, the ECRIS is associated to a new target. In this way, thirty-two runs have been performed using new or renewed TISSs. Sometimes, however, the measurement of the magnetic field after
irradiation shows a degradation of the permanent magnets. Our experience with these TISSs is reported here.

In a second part, we present the progress with the NanoNaKE setup, which aims to extend the radioactive ion beams used in SPIRAL | to the alkali elements, by coupling a surface-ionization source to the Nanogan IlI
ECRIS via a compact 1+ ion beam line. The main issues and difficulties are discussed and the preliminary solutions are described.

SPIRAL 1 at GANIL: Permanent magnets under irradiation
Radioactive Ion Beam (RIB) facility | i/

The primary beam is stopped in a thick carbon target. The projectile
fragmentation (1) produces the exotic elements in the first part of the target and
they are stopped in the second part. The gaseous elements diffuse (2) out of
the target and effuse through the cold transfer tube (3) in the N+ ECR ion
source. This ion source produces a multicharged radioactive ion beam

Neutrons produced by nuclear reaction between a primary beam and the target can have high
energies (> 10MeV). Because of the high cross section between the high-energy neutrons and the
boron atoms of the permanent magnets, those are degraded.

These reactions produce neutrons but also charged particles, like protons or alpha-particles, for
example, which damage the magnets further. [1]
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In the SPIRAL | facility, 18 TISSs were used for 32 irradiation periods.

If we look at their efficiencies as a function of the number of neutrons seen by the ion
sources, we can see there is no reliable way of forecasting the lifetime of the ion
source.
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The destruction of the magnets depends of neutrons flux, but also depend on the
primary beam (energy, intensity, position on the target) and the kind of target which
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FeNdB (Tesla) (Tesla) (kA/m) (kA/m) the ion sources will be break down. We can only check the performance at the end of the run using a stable
VACODYM 655 HR 1,28 122 990 925 beam of argon and then judge whether the ion source will still be useful for producing radioactive ion beams.

\ireoicion Nanonake: Issues and Difficulties

In the framework of the production of multi-charged radioactive alkali ion beams in SPIRAL | at GANIL, a surface ionization source to produce singly-charged ions of Na and K associated with the multi-
charged ECR NANOGAN Il was developed [2]. The system, called NanoNakE, has shown the possibility to obtain the 1* capture and the 1*/N* transformation in the ECRIS for the radioactive 4’K5* but with
an efficiency which is lower than expected [3].

To understand this problem, several hypothetical problem areas were investigated:
v Interaction of the 1* ion beam, along the 1* beam line with the residual gas (energy and angular spreads), due to the low conductance of the pumping path. Residual gas is composed of outgassing of
the hot parts (oven, ionizer) and gas flow coming from the N* source.
v Possible interaction of the 1* beam with the backward N*ion beam extracted from the ECR ion source.

In order to make a correct diagnostic, complete and stringent tests are being made with very careful procedures. To this end :
v A small alkali ion system, built in order to generate a constant 1* flux of alkali stable beam, was calibrated.
v This system was coupled with the 1* beam line and the ECR ion source. Transmission measurements were performed with different parameters.
v Finally, the plasma capture was tested.
v’ Simulations were also performed with the CPO (Charged Particle Optics) [4] and SIMION [5] codes.
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