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Abstract

The European laser fusion project HiPER is developing technologically feasible components for a laser fusion power plant
with an evacuated dry wall chamber which is likely to operate with a shock ignition scheme and direct targets. One of the key
components is the final optics. In this work, we consider silica transmission final lenses and address the major issues regarding
the unavoidable neutron irradiation they must withstand. For pre-commercial power plants (150 MI target yield at 10 Hz) a
distance of 16 m between the final lenses and target leads to maximum lens temperatures within tolerable limits. However, a
non-uniform steady-state temperature profile is a major concern because it is the origin of unacceptable aberrations that severely
affect the target spots. We have devised an active intervention system based on a heat-transfer fluid to keep the temperature
profile as smooth as possible. The main characteristics of the temperature control system are defined throughout this work and
enable the operation of the plant, both for the start-up procedure and for normal operation.

1. Introduction

Currently, the National Ignition Facility (NIF) is devoting its
efforts to the demonstration of fusion laser ignition [1]. Recent
achievements are very promising for the development of laser
fusion. However, technological developments are needed to
reach the goal of building a power plant. Several projects are
already working on this goal, notably, LIFE [2] in the US and
HiPER [3] in Europe. In commercial fusion plants several new
aspects will have to be considered, in particular those related to
materials under irradiation. One of these problems is studied
in this paper: the effect of neutron irradiation on the final lenses
of HiPER.

The final optics assembly (FOA) must be protected from
the «, B, y particles, charged particles and neutrons stemming
from the target explosions at the chamber centre. In fact,
whatever the solution is, at least one optical component will
be in the field of view of the radiation and the debris from the
target. In order to avoid or minimize back reflected light or any
kind of radiation from the target, it is necessary either to focus
the beam with optical components far from the target (and so

far alarge focal length will be required), or to tighten the beam
with a small pinhole (in the radiation shield made of concrete)
somewhere close to the chamber wall.

The solution adopted in HiPER is the use of a cassette of
lenses with or without debris shields. This design has been
detailed in [3] and is shown in figure 1. With this design,
a 4m focal length gives a total distance between the target
chamber centre and pinhole of 16 m because the lens is placed
at a 2 f-2 f position (magnification = —1). The size of this
lens is 0.75 x 0.75m? and the clear aperture for the beam is
0.6 x 0.6m”.

An alternative to the cassette of lenses is the use of
grazing incidence metallic mirrors (GIMM). GIMM have
been designed and tested during the high average power laser
program [4]. The real drawback of the metallic mirrors (apart
of radiation-resistance considerations) is the distance from the
target: 24 m to the focal point, which is three times longer than
the NIF/LLMIJ focal length (8 m); so far it is almost impossible
to reach the same beam pointing accuracy on the target [5].

The use of the cassette of lenses chosen for HiPER is
analysed in this paper. Following previous studies [6,7] we






