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Preface

Coherence plays an important role in the interaction of y-radiation with
nuclei. The basic concept is that a single photon, when it interacts with
an ensemble of nuclei, can follow several quantum mechanical paths.

Two kinds of coherence can be distinguished. First of all, there is spatial
coherence between different nuclei in the sample. When a photon of right
energy falls onto an ensemble of identical nuclei, it can be resonantly scat-
tered by each one of these nuclei. According to quantum mechanics, it is
impossible to distinguish between different scattering paths and to deter-
mine on which particular nucleus the scattering actually happened. The
excitation, created by absorption of a single photon, is in fact spread out
over the whole ensemble. One could say that all nuclei are partly excited.
This delocalized, intermediate state is called a nuclear exciton. It is a co-
herent superposition of states in which one nucleus is excited and all the
others are in the ground state. When the nuclear exciton decays, the waves
emitted by all nuclei will interfere. In forward and Bragg direction the in-
terference is constructive and the radiative intensity is enhanced compared
to that of a single nucleus.

There is also energy coherence which can happen inside a single nucleus or
between different nuclei. When the incident y-quantum has a broad energy
spectrum, it can excite several nuclear transitions simultaneously. Again,
there are different quantum mechanical paths that can interfere.

In this thesis two new techniques are worked out which are both based on
the coherence with vy-radiation.

In a first part, time-integrated synchrotron-radiation spectroscopy is devel-
oped. It is a new hyperfine interaction technique which relies on both the
spatial and energy coherence.

In a second part, nuclear emission holography is treated. This technique,
which allows three-dimensional imaging of nuclei, is based on the spatial
coherence of radiation emitted by nuclei inside the sample.






