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Abstract

Within the framework of optical fibres and sensors in
nuclear and space applications, this PhD work aims
at a detailed investigation of the behaviour of optical
fibres in radiation fields such as is the case for vari-
ous nuclear and space applications. The core of the
work consists of spectral and kinetic analysis of the
radiation induced optical attenuation. Models have
been developed, taking into account the known
underlying physical phenomena, both for the spectral
and time dimensions. As a complementary goal, the
potential of silica optical fibre waveguides for intrin-
sic dosimetry is assessed by employing specific
properties of radiation induced defects in the silica
waveguide material.

Several types of fibres have been the subject of vari-
ous irradiation campaigns in the SCK_CBN facilities
to study their kinetic and spectral behaviour with
respect to the radiation induced attenuation. The
experiments conducted in the framework of this
work are by no means complete for a universal set of
models and for all parameters to their possible
extent.

Care has been taken, however, to reach a high level
of quality for the data-sets produced, and where
every possible systematic error is eliminated. Most
of the experiments took considerable time to prepare,
to conduct and to analyse in a post-processing
scheme before undertaking physical interpretation or
modelling. The resulting spectral and kinetic data
covers therefore a particular domain of the hyper-
space of all possible variations in fundamental
parameters like radiation type, dose-rate and temper-
ature regime. The systematic and pragmatic
approaches followed in analysing and modelling the
experimental data, however, are showing the way for
more in future research.

The simultaneous kinetic and spectral analysis also
allowed for a new dimension in the significance of
modelling results: the spectral deconvolution, linked
to elementary building blocks of the radiation
response of optical fibres allowed for a break-down
into fundamental kinetic formalisms. In their turn,
these fundamental formalisms resulted in robust
models for the overall behaviour and in robust esti-
mators for the radiation dose.

For on-line, in-situ dosimetry of dose ranges from
several Gy up to 100 kGy, high OH multi-mode
fibres proved to be a reliable candidate at room tem-
perature. An original temperature (and dose-rate)
independent, annealing-free dose estimator was
derived, based on the kinetics of the absorption
bands attributed to non-bridging oxygen hole and
Peroxy defect centres. By employing the radiation
induced attenuation measured at different wave-
lengths in the visible range, the response of these sta-
ble radiation induced absorption bands could be iso-
lated from the other annealing absorption bands,
resulting in not only accurate dosimetry, but also in a
better model for the overall kinetics of the radiation
response.

Even more potential for dosimetry was demonstrated
with (sensitive) phosphorous doped fibres. The phos-
phorous fibre proved to be very interesting for dis-
tributed dosimetry when interrogated within a spe-
cific wavelength range (1550 nm). Temperature
effects and annealing were studied proving their
applicability for dose ranges from a few tenths of Gy
up to several kGy. Low-level photo-bleaching was
evidenced in the erbium doped samples and could be
used as a technique for on-line dose-rate measure-
ments, however, more experiments and analysis is
necessary in this regard.
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