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In nuclear medical research detector systems based on scintillation crystals and photomultipliers have been used
for many years. Tomographic techniques such as SPECT (Single Photon Emission Computed Tomography) and
PET (Positron Emission Tomography) have been developed to visualize the spatial distribution of metabolic
processes. In a SPECT camera the detector rotates around the object and measures angular projections to
generate tomograms. PET detects the annihilations photons by means of a circular arrangement of the scintillator
crystals. The spatial resolution of PET and SPECT is mainly restricted by physical, technical and geometrical
parameters and is an order of magnitude smaller than the resolution of radiological methods such as CT and
NMR. In the case of applying radioactive substances to man physiological reactions as well as rules derived by
radiation protection have to be considered. This thesis presents the application of physical effects and
optimization of technical methods to improve spatial resolution of PET and SPECT.

The introduction presents the physics and the measuring techniques of SPECT and PET  as well as the used
simulation programs. The performances of PET and SPECT are compared with those of other imaging
techniques in medicine such as CT and NMR.

In the second chapter the extent was theoretically and experimentally investigated to which homogeneous
magnetic fields up to 7 Tesla reduce the spatial distance positrons travel before annihilation (positron range).
Computer simulations of a non-coincident detector design using a Monte-Carlo algorithm calculated the positron
range as a function of positron energy and magnetic field strength. The simulation predicted improvements in
resolution, defined as full-width-at-half maximum (FWHM) of the line-spread function (LSF) for a magnetic
field strength up to 7 Tesla: negligible for F-18, from 3.35 mm to 2.73 mm for Ga-68 and from 3.66 mm to 2.68
mm for Rb-82. Also a substantial noise suppression was observed described by the full-width-at-tenth maximum
(FWTM) for higher positron energies. The experimental approach confirms an improvement in resolution for
Ga-68 at 4.5 Tesla but practically no change for F-18.  It is concluded that the simulation model is appropriate
and that a homogeneous static magnetic field of 4.5 Tesla reduces the range of high-energy positrons to an extent
that improves spatial resolution in positron emission tomography

The third chapter presents performance characteristics of scintillation crystal disks and needles such as energy
spectrum, energy resolution and number of photoelectrons. Basic differences in the presented geometries are the
discrete (arrays) or the continuous (disks) incrementation of the scintillation. Most of the low-energy animal
cameras use crystal needles arranged in arrays to guarantee both linearity and optimal spatial resolution. Further
reduction of the needle size to improve spatial resolution leads to internal reflection losses and detection
efficiency. On the other hand crystal disks offer a high light output, but show nonlinear effects close to the
edges. Different kind of geometries of CsJ(Na), CsJ(Tl) and NaJ(Tl) disks with various CsJ(Na) and CsJ(Tl)
needles have been compared. To determine the energy resolution as well as the number of photoelectrons a
single electron photomultiplier (RCA8850) and a 140 keV gamma source was used. The measurements of
CsJ(Na) needles showed a high influence of the surface treatment and choice of the external reflector on the
photoelectron output and energy resolution of crystal-matrix based camera system. Crystal disks always
generated a greater number of photoelectrons and had a better energy resolution compared to optimized needle
shapes. Calculations based on the presented data helped to recognize the limitations of spatial resolution for low
energy camera designs.

The last chapter introduces a feasibility study of the combination of an animal PET camera and a MR scanner.
This method promises simultaneous in-vivo measurements to achieve both anatomical and metabolical
information without losing information caused by image-matching procedures susceptible to errors. The design
allows to separate sensitive detector components of the PET from the main magnet field of the NMR without
loss of spatial resolution and acceptable decrease of energy resolution.
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