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RECENT PROGRESS IN TARGET DESIGN FOR HEAVY ION INERTIAL FUSION

M.M. Basko
ITEP, Moscow, Russia

Heavy ion accelerators are considered as a leading driver option for inertial fusion energy (IFE) because of their high efficiency and repetition rate. However, the development of the heavy ion IFE concept is still in the phase where different accelerator and target options are being investigated.  The main difficulty – as it was demonstrated by several recent studies – seems to be in matching the realistic parameters of focused beams with the target requirements.

The indirect drive target  proposed by Tabak et al. [1]  has a cylindrical hohlraum  and is intended for two-sided illumination by heavy ion beams, which fits into the induction linac driver concept being developed in the USA. With the driver energy of Ebeam = 6.5 MJ in the form of Eion = 3 GeV (foot of the pulse) and Eion = 4 GeV (main pulse) lead ions, focused on two 5 mm radius spots,  an energy gain of G = 66 is calculated for this target. This driver-target combination relies heavily on beam neutralization in the residual plasma of the reactor chamber.

At the same time, the European HIDIF study [2] has been conducted for Eion = 10 GeV, A ( 200 ions with the goal to lay out a concept for a heavy ion ignition facility. Its driver concept is based on a radio-frequency linac with storage rings and a ballistic final focusing. Because of a longer ion range, the HIDIF targets use compact (rather than distributed as in Ref. [1]) X-ray radiators with focal spot radii of  ( 1.7 mm. The two main target options considered – one with two X-ray converters and radiation screens inside the hohlraum, and the other with 8 converters and no radiation screens – have been evaluated to produce rather low energy gains of  G = 3–5 at Ebeam = 3–4 MJ.  Neither of them appears to scale up favourably to the IFE energy level.

An alternative option of the indirect drive target with a spherical hohlraum  irradiated by some 20 ion beams was proposed in Ref. [3].  Here the low asymmetry modes (l < 8) are suppressed by directing the ion beams along the zeros of the fourth Legendre polynomial P4, i.e. approximately at angles ( 20( and ( 60( with respect to the horizontal plane.  An energy gain of G = 78 was calculated with the 1-D 3-T code DEIRA for the input energy of Ebeam = 6.1 MJ in the form of  Eion = 5 GeV bismuth ions. The focal spot is essentially the whole target cross-section with a radius of  ( 6 mm.

Recently, a new concept of a heavy ion fusion facility has been put forward at ITEP (Moscow), which uses a direct drive cylindrical target with fast ignition. The target is irradiated from its ends by two pulses of heavy ions with a relatively high energy of Eion ( 100 GeV:  the first long pulse (Ebeam ( 5–10 MJ, tp ( 40 ns) compresses the DT fuel, whereas the second intense pulse with parameters Ebeam ( 0.5 MJ, tp ( 0.1–0.2 ns ignites the fuel from one end and launches a burn wave along the target axis.  A high degree of axial symmetry of compression can be provided by fast rotation of the ion beam in the first pulse around the cylinder axis. This concept is presently under investigation. 
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