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ABSTRACT - A review is given about the research activities around the 250 kW TRIGA reactor Vienna,
which are adequate to other neutron sources of comparable or bigger size. The topics selected for presentation
range from neutron radiography, materials irradiation, neutron small-angle scattering, neutron activation
analysis, neutron polarization to neutron interferomeiry. It is the aim of this presentation to stimulate programs
for more efficient use around TRIGA research reactors with neutron flux densities of 1013 cm-

2
s- at the center of

the reactor core. We briefly describe the experimental facilities installed at the 250 kW TRIGA reactor of the
Austrian Universities in Vienna and present a great part of the current research activities performed with them.
We believe that most of the techniques and experiments presented here arc adequate for implementation to other
reactors of similar or even higher power. Those technologies which require extremely specialized know-how not
generally available at every research institute will not be treated here or are just mentioned without any further
details.

1. The TRIGA Mark II reactor

The TRIGA reactor Vienna has a maximum continuous power output of 250 kW (thermal).
Since the moderator, zirconium hydride, has the special property of moderating less
efficiently at high temperatures, the TRIGA reactor can also be operated in a pulse mode
(with a rapid power rise to 250 MW for roughly 40 milliseconds). The power rise is
accompanied by an increase in the maximum neutron flux density from lx10l cm' s (at
250 kW) to lxlOt( cm-2 sK (at 250 MW). In accordance with its purpose as a research reactor,
the TRIGA Mark II is equipped with a number of itradiation devices (Figure 1):

5 reflector irradiation tubes
1 central irradiation tube
1 pneumatic transfer system (transfer time 3 seconds)
1 fast pneumatic transfer system (transfer time 20 milliseconds)
4 neutron beam holes
1 thermal column
2 neutron radiography facilities
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Figure 1. Experimental set up at the TRICA Mark1 a reactor, Atominstitut Vienna

2. Neutron and solid state research

2.1 Ultra small angle scattering

Small-angle scattering of X-rays and neutrons is a widely used diffraction method for
studying the structure of matter. This method ofelastic scattering is used in various branches
of science and technology, including condensed matter physics, molecular biology and
biophysics, polymer science, and metallurgy. Many snmall-angle scattering studies are of value
for pure science and practical applications. It is well known that the most general and
informative method for investigating the C(patial structure of matter is based on
wave-diffraction phenomena. In diffraction experiments a primary beam of radiation
influences a studied object, and the scattering pattern is analysed. In principle, this analysis
allows one to obtain information on the structure of a substance with spatial resolution
determined by the wavelength of the radiation.

The Double Crystal Diffractometer (Bonse-Hart camera ) 41 at the 250 kW TRIGA-Mark-
II reactor in Vienna is located at the bean-dine C (Fig. 1). It consists of two perfect silicon
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channel cut crystals which have been adapted to a recently developed tail suppression method
[2]. They are placed on a 1.2 meter long vibration isolated optical bench. The sample to be
investigated can be inserted in between the two crystals (Figure 2).

Split Channel Cut n
Analyser Optical Bench

Sample
lr Detector Split Channel Cut

M onochromator

Figure 2. Schematic view of the Bonse-Hart camera.

Monolithic channel cut single crystals are used to reduce the wings of the Darwin curve. The
Si (331) plane of the crystal is used with an incident Bragg angle of 45° which corresponds to
the neutron wavelength of 1.76 A. The analyser crystal can be rotated in steps of 0.1513 Prad
to measure the diffraction pattern. The observed full width at half maximum (FWHM) of the
Braggs reflection is 3.3 prad and the Q-resolution is about l.lx10-5&A-.

For the treatment of Double Crystal Diffractometer (DCD) data a modified version of
Indirect Fourier Transformation method was developed to deconvolute and to transform the
Ultra Small Angle Scattering (USAS) patterns into real space. The modification is the
simultaneous fit of the rocking curve to correct the transmitted beam. Some simulations are
made to verify the limits of the method. Commercially available superconducting
multifilament wires manufactured by Vacuumschmelze HANAU [3] were treated at 700 'C
with varying aging times up to 144 h. The diffusion process of Sn into Nb filament is studied
with USAS of Neutrons (USANS) performed on various DCD. The results show a direct
relationship between the temperature treatment and the characteristic SAS parameters. The
selective absorption of hydrogen (Fig. 3) and deuterium [4] into the Nb-filaments is used to
change the contrast between the filaments and the matrix. The characteristic distance between
the filaments could be determined out of the first correlation peak in the scattering pattern.
The value fits well to the corresponding distance determined out of Scanning Electron
Microscope (SEM) pictures.
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Figure 3. Different scattering behaviour of hydrogen and deuterium.

2.2 Neutron polarimetry: cryogenic temperatures and pulsed magnetic fields

Since powerful neutron sources in the form of nuclear reactors became available, neutron
diffraction and transmission experiments on condensed matter have developed into standard
methods of solid state physics. This is a consequence of the neutron's remarkable properties:
for structure investigations, its de Broglie wavelength may be adapted to interatomic
distances, while at the same time its kinetic energy compares to the excitation energies of
atoms or molecules in solids. For magnetic investigations, the neutron seems to be even more
predestinated: although it carries no net charge as a particle, its magnetic moment is non-zero
(which is due to its quark constitution). This makes it a sensitive magnetic probe that is very
mobile in solids, even at low kinetic energies, since it is neither affected by the Coulomb
forces of lattices or nuclei, nor is absorbed in recombination processes.

The EXPON group Vienna (EXperiments with POlarized Neutrons) mainly utilizes the
latter properties and has focused on polarimetric transmission measurements, including
neutron depolarization measurements, aiming to investigate the magnetic domain structures
and dynamics of ferromagnets under various physical conditions, as well as on selected
quantum mechanical fundamental experiments to be carried out with neutrons.

The existing setup is sited at the tangential beam tube of the TRIGA Mark 11 reactor Vienna,
i.e. it is hosted by the Atominstitut der Osterreichischen Universitaten, and driven by the
Institut fur Kernphysik, TU Vienna. The latest installations allow the exploration of magnetic
ordering structures in condensed matter down to temperatures of about I K and the
observation of relaxation processes induced by transient strong magnetic fields up to a field
density of 11 T. Generally, polarimetry with neutrons requires intensities as high as available
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at a maximum degree of polarization. With respect to this, in 1996/97 the whole setup at the
reactor site (beam tube D, see Figure 1, top right) was modified and improved by the use of
high-efficiency components. The neutron beam exciting the collimator is now
monochromatized at two mosaic crystals made of pyrolitic graphite (also referred to as
"oriented" graphite, OG) with 0.520 and 0.660 mosaic spread. OG crystals yield high
integrated reflectivities and manifest low gamma contamination. According to the chosen
Bragg angles 2G = 28.50 and 2& = 34.70 respectively, and the distance of the hexagonal
lattice planes (2d = 6.704 A) of oriented graphite two beams of the wavelengths ?, = 1.65 A
and X.2 == 1.99 A result in this way. They are led out of the biological shielding via supermirror
polarizers. As such then can provide various experiments to be installed independently on the
optical benches of the subsequent experimental area. The supermirror polarizers, as well as
the technically identical analyzers, represent CoFe-TiZr-multilayer devices in a multiple
parallel construction. When set to work in 1997, the setup yielded an overall intensity gain of
41% at a degree of polarization of about 98 %.

Beam #1 permanently hosts the 3D depolarization unit: a neutron beam of distinct
polarization (prepared to point into one of the three space directions) enters the domain
structure of a ferromagnet and is rotated around the field axis of each domain it crosses
(Larmor precession), while at the same time being shortened due to the averaging process
over the different trajectories covered by the beam cross-section (see Figure 4).

1 2 3 N

M \ | 2\ ...

Figure 4. The nature of neutron depolarization

The direction of the exiting polarization as well as the extent of its reduction is measured by
three-dimensional polarization analysis. The desrcribed technique, together with certain
model assumptions, allows to give average values of the magnetic domain size or the
quadratic direction cosine of domain magnetization, at temperatures down to about 1 K.

At beam #2, presently, the pulsed field coil for magnetic relaxation measurements on
condensed matter is installed, which was set to work in spring 1998. The measuring technique
used herein bases on the principle of depolarization analysis and aims to detect field-induced
relaxational changes in the magnetic structure of solids. To be effective, this experiment
exploits the possibility of exceeding the TRIGA reactor's stationary power and thus the
neutron flux, by a factor of up to 1500 for an average interval of 40 ms (transient mode).

Since the field pulse produced by means of a capacitor battery lasts only about 3-4 ms
(depending on the pulse form), the synchronized reactor pulse is sufficiently long to detect
any magnetic reordering effect at least in one dimension during a single pulse (Figure 5).
Apart from this more application-oriented measurements, beam #2 is the place for quick
setups during practical courses, as well as for fundamental experiments concerning the
quantum mechanical properties of fermions as the neutron is (for instance Pancharatnam's
phase).
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Figure 5. How magnetic structure relaxation subsequent to a magnetic field pulse is made
visible by means of neutron depolarization

2.3 Neutron radiography (NR)

Two neutron radiography facilities are located at the Atominstitut 250 kW TRIGA Mark-HI
reactor. Station 1 has a large beam diameter of 40 cm suitable for industrial applications, and
station 2 (Figure 6) is used for examinations with high demands concerning the resolution.
The detectors consist of X-ray films and a Gd-converter [5] enclosed in a vacuum cassette.
The main characteristics of these two facilities are shown in Table 1.

STATION 1 STATION 2
FLUX DENSITY (cm 2s_) 3-105 1,3 105
L/D-RATIO 50 125
BEAM DIAMETER (cm) 40 9
Cd - RATIO 3 20

Table 1. Main characteristics of the two neutron radiography facilities at the Atominstitut
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Figure 6. Neutron radiography - station 2 at the Atominstitut
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NR-activities at the Atorninstitut cover both research oriented work including development
of NR-methodology and systematic assessment of NR-performance, as well as non-
destructive testing (NDT) for various users [6]. Emphasis in neutron radiographic experiments
were the exploration of hydrogen diffusion in solids, the H2 0-D20 diffusion, the study of
metallic alloys [7], the radiographic examination of irradiated in-core neutron detectors, the
detection of cracks and the burn-up determination of TRIGA fuel rods [8,9], the inspection of
metal-tritium-helium-systems [10], and the study of hydrogen content in metals [11]. During
the last years the focus of neutron radiography activities was on the study of humidity
transport in porous building material [12-15] (Figure 7).

Figure 7. Left: brick sample saturated with water; right: same brick sample after 40 days of
drying

For precise quantitative deterninations of moisture distributions in building materials
effects like multiple scattering of neutrons in the sample cannot be neglected [16]. Scattering
of neutrons in a sample can be described by a point spread function (PSF) [171, which can be
derived by Monte Carlo calculation. For all calculations concerning point spread functions for
determinations of moisture distributions in building materials at the Atominstitut [18], the
Monte Carlo Code MCNP 4A [19] was used.

Emphases in the present work on neutron radiography at the Atominstitut are on better
characterization and improvements of the design of the facilities with the aim of reducing the
scattered y- and n-radiation, progress in digital image reconstruction to improve the extraction
of information contained in images obtained by neutron radiography, and the development of
a new nitrogen cooled CCD-camera based detector system [20]. The advantages of this new
detector system compared to the film method are a larger dynamic range and a better
reproducibility and linearity, which are essential parameters for high standard neutron
radiography.
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