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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 polarisation to neutron 
interferometry. 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-2s-1 at the centre 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 are adequate for implementation to other reactors of similar or even higher 
power. Those technologies which require extremely specialised know-how not generally 
available at every research institute will not be treated here or are just mentioned without any 
further details. It is common knowledge that due to the relatively low neutron fluxes of such 
reactors one of the most important applications of neutron scattering on condensed matter, 
namely the study of atomic and molecular dynamics of solids and liquids, a priori must 
remain out of consideration. However, this does not mean that it is in general impossible to 
develop new or to improve existing techniques for such experiments at TRIGA research 
reactors. In fact such developing work has always been a crucial point of our research efforts 
in the variety of fields of applied and fundamental neutron physics we were engaged in. On 
the other hand, a small reactor facility is optimally suited to perform neutron activation 
analysis due to the rather short transfer distances of the sample into the reactor core.  
 
 
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 1x1013 cm-2s-1 (at   
250 kW) to 1x1016 cm-2s-1 (at 250 MW). In accordance with its purpose as a research reactor, 
the TRIGA Mark II is equipped with a number of irradiation devices (Figure 1): 
 
 
 5 reflector irradiation tubes 
 1 central irradiation tube 
 1 slow pneumatic transfer system (transfer time 4 seconds) 
 1 vertical fast pneumatic transfer system (transfer time 0,3 seconds) 
 1 horizontal fast pneumatic transfer system (transfer time 20 milliseconds) 
 4 neutron beam holes 
 1 thermal column 
 2 neutron radiography facilities 



  

Figure 1. Experimental set-up at the TRIGA Mark-II reactor, Atominstitut Vienna 
 
 
2. Neutron and Solid State Research 
 
2.1 Neutron Radiography (NR) 

Sonja Körner 
 
Neutron radiography (NR) provides a very efficient tool in the field of non - destructive 
testing as well as for many applications in fundamental research. A neutron beam penetrating 
a specimen is attenuated by the sample material and detected by a two-dimensional imaging 
device. The image contains information about materials and structure inside the sample 
because neutrons are attenuated according to the basic law of radiation attenuation. Contrary 
to X-Rays, neutrons can be attenuated by some light materials, as for example hydrogen and 
boron, but penetrate many heavy materials. Therefor NR can yield important information not 
obtainable by more traditional methods. 
 
At the Atominstitute of the Austrian Universities neutron radiographic examinations have 
been carried out for more than 35 years [1]. Presently, two neutron radiography facilities are 
located at the 250 kW TRIGA Mark II reactor. Main data of these facilities is shown in tab. 1.  
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 STATION 1 STATION 2 
 
FLUX DENSITY (cm-2s-1) 

 
3!105 

 
1,3!105 

L/D-RATIO 50 125 
BEAM DIAMETER (cm) 40 8 
Cd - RATIO 3 20 

 

Tab. 1. main characteristics of the neutron radiography facilities at the Atominstitut 

 
 

 

 
Figure 1. neutron radiography station 2 

 
One of the key-components of a radiography facility is the detector. Usually it is a two 
dimensional, integrating imaging device. At the Atominstitute of the Austrian Universities 
neutron radiographic examinations have been carried out mainly with detectors consisting of 
X-ray films and a Gd - converter enclosed in a vacuum cassette. Recently, for NR applications 
requiring high quantitative precision as well as for neutron tomography investigations, a 
CCD-camera based NR detector has been developed [2]. The principle of this detector is the 
following: The neutron beam reaches the neutron sensitive scintillator screen (Levy Hill, 
ZnS(Ag)-6LiF) where each detected neutron triggers a photon cascade. The photons are 
reflected to a CCD-camera by a mirror to allow placing the camera out of the direct neutron 
beam. All components are placed in a light tight box. The camera is an Astrocam nitrogen 
cooled slowscan CCD-camera with a thinned SITe SI502A/T chip of the format (512 x 512) 
pixels and a pixel size of (24 x 24) µm2. We have the possibility to chose between two lenses, 
a Nikon NOKT 58 mm F/1.2 or a Nikon 180mm F/2,8 lens, depending on the sensitivity and 
resolution needed for each application. The high precision CCD driver electronics provides 
16-bit digitization (65535 gray levels) [3]. The image size is (21 x 21) cm2 for using the 
58mm F/1,2 lens (1) and (5 x 5) cm2 for the 180mm F/2,8 lens (2). This means that an area of 
(428 x 428) mm2 (1) or (80 x 80) mm2 (2) of the object is projected on one camera pixel. The 
detector has an excellent linearity and sensitivity. Exposure times can get as low as 20 s per 
image. With this new imaging device, a neutron tomography facility has been installed in 
front of the thermal column. A rotary table driven by a step motor connected to a 
computerized motion control system has been installed at the sample position. A computer 
synchronizes the rotary table and the electronic imaging device, so that a sequence of images 
from certain different view angles is taken automatically [4]. The principle of this neutron 
tomography facility is shown in fig. 2.  



  

 

 
Figure 2. neutron tomography facility 

 
For each neutron tomography 200 images at different view angles of the object (object is 
rotated 0,9 degrees between each exposure), as well as several dark and open beam images are 
taken. After the preparation of the images -as white spot correction, dark image correction, 
flat field correction, search of the rotation axis, calculation of the attenuation coefficient and 
creation of the sinograms- the 3D voxel array representing the 3D inner structure of the object 
is calculated using the filtered backprojection algorithm. 
First reconstructions have been made at the TU Munich and in parallel at Paul Scherrer 
Institute. Fig. 3 shows the neutron tomography of a diode, as an example of a neutron 
tomography made at the Atominstitute. 
 

 
Figure 3. neutron tomography of  a diode 

 
 
2.2 Neutron Interferometry 
 M. Villa 
 
In 1974 the first interferometer for matter waves with macroscopic spatial separation of the 
interfering beams has been successfully developed and installed at our reactor [5]. Since that 
time it was used for a series of quite spectacular fundamental quantum mechanical 
experiments [6]. Although the overwhelming majority of this experiments had to be 
performed on the high flux reactor of the Institute Laue-Langevin Grenoble simply because of 
intensity reasons, it was essential to conceive and to prepare them at our reactor as well as to 
be able to test the functionality of the various components of the final setup. And not to 
forget, we and our involved students could accumulate sufficient know-how to finally realise 
the experiments at the high flux reactor. 
 
Again, facilities like a neutron interferometer definitely represent one of the most advanced 
technologies in the field of neutron scattering and from that reasoning an unexperienced staff 
at a low flux neutron source should not at all start with such a difficult topic. Because of its 
complexity we will also not discuss it further here. Even only an introductory review would 



  

go far beyond the scope of the present report. But on the other hand it is an outstanding 
example of the importance of small reactors for the development and realisation of new 
experiments and techniques, by giving young scientists the opportunity to improve their 
experience and by giving them a chance to follow unconventional ideas and concepts, which 
is often not possible at larger reactor facilities with their ultimate need of cost effective 
exploitation of the available beam time. 
 
 
2.3 Ultra Small Angle Scattering 

M. Villa 
 
The Double Crystal Diffractometer (Bonse-Hart camera ) [7] at the 250 kW TRIGA-Mark-II 
reactor in Vienna is located at the beamline C (Fig. 1). It consists of two perfect silicon 
channel cut crystals which have been adapted to a recently developed tail suppression method 
[8]. Bonse-Hart Double Crystal Diffractometers (DCD) with multi-bounce channel-cut 
crystals show rocking curves that depart dramatically from dynamical diffraction theory in 
their wings [7]. The intrinsic background is many orders of magnitude higher than the 
predictions of dynamical diffraction theory. This effect was studied at the Ultra-Small-Angle-
Neutron-Scattering (USANS) facility at the Atominstitut in Wien. It was found that the wings 
of the rocking curve contained a large contamination from neutrons undergoing a single 
Bragg reflection from the back face of the first reflector. This effect does not appear in similar 
USAXS instruments due to the high absorption of X-rays in silicium, which is about four 
orders of magnitude higher than for neutrons [9]. The scattered intensity also contains Bragg 
reflections from the front and the back faces, and thermal diffuse scattering (TDS) from 
internal volume. This contamination was eliminated by cutting a groove in the middle of the 
back plate of the channel-cut crystals and inserting a cadmium absorber (0.8 mm thick) in this 
groove.  

 
Figure 5. channel-cut crystals with cadmium absorber 

 
With this modification an additional suppression of the wings of the rocking curve of about 
one order of magnitude was achieved. The total width of the rocking curve of the instrument 
is about 0.51'' and the wavelength of the neutrons is 1.76 Å with a cross section of 2.6 x 2.6 
cm. The minimum accessible scattering vector of the USANS instrument is about Qmin ≈ 5 x 
10-5 Å-1, which corresponds to a maximum resolvable real space dimension of 2π/Qmin ≈ 1.2 
x105 Å (12 µm). The improvement of  the resolution of our instrument is shown in the figure 
6.  
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Figure 6. Rocking curves of the DCD diffractometer : 

A triple triple bounce scheme; B triple triple bounce scheme with modified channel cut 
crystals containing cadmium insert.  

 
 
These two crystals 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 7). 
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Figure 7. 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 Å. The analyser crystal can be rotated in steps of 0.1513 µrad 
to measure the diffraction pattern. The observed full width at half maximum (FWHM) of the 
Braggs reflection is 3.3µrad and the Q-resolution is about 1.1x10-5Å-1.  
 
 
 
 
 



  

3.4 Polarized Neutron Measurements 
R. J. Buchelt 

 
The following measurements were performed as a precise test for the spindependent 
refraction of neutron beams at homogeneous magnetic fields of prismatic shape. The latter 
were realized by permanent magnets with triangular pole shoes (10 cm baselength), providing 
a maximum field of 0.96 T in a 10 mm high air gap. Below figure shows the experimental 
USANS setup and the results of three measuring arrangements: the central curve gives the 
intrinsic peak width of the empty Bonse-Hart-camera, the inner peaks appear with a single 
prism inserted symmetrically (i.e. perpendicular) to the beam, the outer with two identical 
prisms inserted.  
 
The observed effect actually arises because, upon entering a static magnetic field, a neutron 
beam is refracted according to its spin components. Hence, a prismatically bounded field 
region induces a deviation in the propagation directions of the spin subensembles, i.e. an 
angular separation of a few arc seconds which may be resolved later-on by the narrow 
acceptance curves of silicon perfect crystals,  as e.g. neutron interferometers are.  The 
described arrangement such acts as a neutron beam polarizer, according experiments have 
already been performed [10]. 

 
Figure 8. Angular separation caused by magnetic prism refraction 



  

4. Conclusion 
 
We have shown that even at research reactors with low neutron fluxes a variety of valuable 
possibilities exist both for applied and fundamental research. Besides the topics we have 
presented her one should not forget two other important activities which are absolutely 
necessary to operate any nuclear reactor, namely radiation protection and reactor technology. 
For both of them qualified staff must be available, which in general can hold its standard only 
if it is not only involved in running the reactor but is also engaged in state-of-the-art research. 
Furthermore we have also not treated here the possibility to develop and to test new 
techniques and facilities at a small research reactor which are intended for later use at high 
flux neutron sources. Always during the last three decades this was a major field of effort at 
our institute, the most outstanding example being, of course, the successful development of 
the first neutron interferometer. And, once again, we finally want to stress the importance of 
small reactors for the education of young scientists and for the preparation of experiments at 
large high flux facilities. 
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