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B  N  C 
Experimental Report 

Experiment title 
Total scattering experiments on aqueous electrolyte 
solutions 

Instrument: 
MTEST 
 
Local contact 
L. Temleitner 

Principal proposer: 
L. Temleitner (Wigner RCP) 
Experimental team: 
V. Mile, I. Harsányi (Wigner RCP) 

Proposal No. 
MTEST_12_2_IH 
Date(s) of Exp. 
17-26 Apr 2012 

 
Objectives 
Aqueous electrolyte solutions are in the centre of scientific interest form long time and their structure is still 
not known in details. Other salts solutions have been examined by the research group before [1], some 
samples were measured before successfully here, at Budapest Neutron Centre [2]. The size of ion shells and 
the number of water molecules in them are responsible for the ion's behavior in the solution. Biologically, one 
of the most important cation is calcium. It has key role in muscular movements and it is one of the basic 
components of the bone tissues. Its hydration has special feature, bones must be solid, but the ion has to be 
in solution on the way to bones and in muscles. Besides its biological importance, calcium ion itself is very 
good model for diffraction experiments, because of its relative big size and the high solubility of its simple 
salts in water the ion has significant weight in both X-ray and neutron diffraction experiments.  
The measured samples were heavy water solutions of two calcium salts: CaBr2 at 10, 6 and 1 mol% and CaI2 at 
3 and 1 mol% concentrations. The aims of these measurements at first were to see whether MTEST is 
appropriate for collecting data on aqueous solutions. Second goal was to see if any structural differences 
could be detected between measured data on MTEST of different anions and concentrations. 
Over the calcium containing samples, we attempted to measure a 4.3 mol% aqueous nickel sulphate solution, 
as a step towards more complicated hydrated ions and also connected to phosphoric acid solutions 
examined before [3].  
 
Results 
The measurement has been carried out with 1.43 Å wavelength. During the measurements the samples were 
contained in a 6 mm vanadium can. For these measurements wide range data were collected at 7-144° range 
(0.6-8.3 Å-1 in Q). 
Resulting normalized curves show the typical shape of water and aqueous salt solutions, one main peak at ca 
2 Å-1, and following smaller ones. The position of the first peak is shifted with concentration. The quality of the 
data are according to the reachable statistics of the given neutron source, detailed analysis has to be applied, 
but the main features can be observed easily.  

 
Figure 1.  a) Normalized experimental neutron diffraction data of CaI2 and CaBr2 solutions at 5 concentrations. b) Normalised experimental 

neutron diffraction data of 4.3mol% NiSO4 solution(/home/ildi/niso4/niso4_q.dat) 
Future prospects 
The result of the measurement will be combined with X-ray data by Reverse Monte Carlo simulations, possibly 
will be compared with molecular dynamics simulations and the will be published. 
 
References 
[1] Harsanyi et al. J Chem Phys 122 124512 (2005) 
[2] Harsanyi et al. J Mol Liq 131-132 60 (2007) 
[3] Harsanyi et al. J Phys Cond Matt accepted (2013) 
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Experiment title 
Trial measurement of the linear position sensitive 
detector of the MTEST diffractometer 

Instrument: 
MTEST 
 
Local contact 
L. Temleitner 

Principal proposer: 
L. Temleitner (Wigner RCP) 
Experimental team: 
L. Kőszegi, L. Temleitner 

Proposal No. 
MTEST_12_3_IH 
Date(s) of Exp. 
26-27 Apr 2012 

 
Objectives 
The MTEST instrument with single detector setup is able to study internal stress and texture of alloys in a small 
volume by measuring the shift of Bragg-peak(s) and spots (single crystal). The installation of the high-
temperature vanadium furnace (RT..1000˚C, which is unique in BNC) extended its abilities not only on its 
original domain, but melts and high-temperature phases of crystals. The medium-low level of background 
makes possible to record the so-called total scattering diffraction pattern. This pattern consists of the Bragg- 
and diffuse scattering, which are related to the average crystal structure (Bragg) and short/medium range 
order between the atoms (diffuse). As we showed on MTEST_12_1_IH report, the required time to record 4 
phases with the corresponding calibration and empty can measurement took 4 reactor cycles with single 
detector. To record the diffraction pattern on reasonable time in the future, an ORDELA 1200N type one-
dimensional linear position sensitive detector has been started to install. For signal processing, an ORDELA 
AIM-206 encoder and a 2k Ortec Trump-PCI multichannel analyzer used. 
The purpose of the present measurement after the setup of electronics is to check the detector efficiency, its 
applicability to measurement of liquid and amorphous materials and get some suggestion for the design of 
the shielding of the detector.  
 
Results 
The measurement has been carried out with 1.44 Å wavelength, without any collimators of the 
monochromatic beam. During the measurement of aqueous solution (MTEST_12_2_IH), the detector has 
been placed about 2 meters from the sample, without any shielding (not disturbing the another 
measurement). So, the incoming neutrons from the sample and the background provided almost direction 
independent pattern. Thus, the relative efficiency of the detector has been recorded over a night (see Fig. 1). 
When measurement on solutions has been finished, the detector placed about 30 cm from the sample, 
approximately 38˚ degrees of 2  of its centre. To reduce the background both side cadmium foils has been 
used. Empty instrument, 6 mm (wall thickness: 0.05 mm) vanadium can, and 99 mol% D2O measured over 15 
minutes. 
We concluded that the efficiency of the detector makes possible to measure liquid samples. Also, the slope of 
the detector efficiency is almost flat, but the observed background is high. 

 
Future prospects 
The level of background should be suppressed by proper shielding. At the time of writing, it has been 
designed and the current level of it equals to the difference between red and green curves (approx. 25 
counts) on Figure 1.   

Figure 1.  a) Measured raw pattern by the linear position-
sensitive detector. 
Black solid line: D2O in 6 mm can; red solid line: empty 
instrument; green solid line: 6 mm vanadium can; magenta 
solid line: rescaled detector characteristics. 
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Experiment title 
Commissioning the triple monochromator-changer  

Instrument: 
MTEST 
 
Local contact 
L. Temleitner 

Principal proposer: 
L. Temleitner (Wigner RCP) 
Experimental team: 
L. Kőszegi (Wigner RCP), L. Temleitner 

Proposal No. 
MTEST_12_4_IH 
Date(s) of Exp. 
10-12 Oct 2012 
16-18 Oct 2012 

 
Objectives 
The MTEST diffractometer obtains five single crystal monochromators, which allows performing various 
studies on this machine. However, changing them is a laborious (requires to remove about 10 tons of 
biological shield) and time-consuming (waiting until radiation reaches an acceptable level) task. To save time 
and make possible to tailor the resolution and range of impulse transfer on demand even in one reactor cycle, 
a triple monochromator-changer (Figure 1) has been created as in-house development (idea: László Kőszegi, 
design: Péter Schlosser, construction: Technical Base of Wigner RCP).  
 
Results 
During the 2012 summer shutdown period of the reactor, the shielding of the monochromator removed and 
the changer installed mechanically. On the time of the integration into the control system figured out, that 
the resolution of the encoder belonging to the horizontal axis is insufficient (1 step=22’). Thus, this part has 
been redesigned to allow 5’ accuracy. 
Within the available crystals, the Cu (111) (most intense), Cu (220) (high Q-range), Ge (111) (good resolution) 
has been selected and placed into the changer.  At the same take-off angle (40˚) with 30’ collimator of the 
monochromatic beam, the pattern of nickel powder in 6 mm diameter of vanadium can has been recorded to 
determine the wavelength for each (see Table 1). 
To test the reproducibility of the mechanics (with slightly different beam compared the previous paragraph) 
after the recording of nickel pattern, three of the four motors are removed far away from their original 
positions and set them again. Then, the pattern recorded and wavelength has been determined (see Table 2). 
Only very small inaccuracy has been found. 

 

 

Crystal Wavelength [Å] cps 

Ge (111), 15’ 2.251(2) 155 

Cu (111), 30’ 1.4399(3) 2240 

Cu (220), 30’ 0.8816(3) 330 

 

Run 1st 2nd 

Wavelength (Å) 1.4403(7) 1.4393(6)
zero error (˚) -0.56(2) -0.55(2) 

Figure 1.  The installed 
monochromator-changer 

Table 1.  Wavelength and beam intensity (monitor 
counter) at 40˚ take-off angle of the 
monochromator with 30’ collimator 

Table 2.  Result of the reproducibility test 

 
Future prospects 
Using the monochromator changer made possible to change wavelength on demand within 5 minutes (this 
can be decreased by improving of the control software). Based on the results of the test of reproducibility, the 
measurement of amorphous materials (where usually requires higher Q-range) can be done much more 
economical by recording Cu (111) and the remaining part in Q (with some overlapping) by Cu (220). Another 
application in the case of crystalline materials is to increase resolution by changing to Ge (111). The advantage 
of this development is enjoyed not only at room, but until 1000˚C using the installed vanadium furnace.  



DETAILED RESULTS 189

 

 

B  N  C 

Experimental Report 

Experiment title 
Orientational correlations in the liquid phase of 1,1-
dibromo-1-chloro-2,2,2-trifluoroethane (C2F3Br2Cl)  

Instrument: 
MTEST 
 
Local contact 
L. Temleitner 

Principal proposer: 
Sz. Pothoczki (Wigner RCP) 
Experimental team: 
Sz. Pothoczki, L. Temleitner (Wigner RCP) 

Proposal No. 
MTEST_12_5_IH 
Date(s) of Exp. 
18-26 Oct 2012 

 
Objectives 
Phase transitions and phase stabilities under different thermodynamic conditions are important for both 
physics and material science. To understand them deeply it is necessary to follow with attention the local, 
intermediate and long range ordering. A total scattering experiment is able to provide this information. 
Analysis of the total scattering type diffraction pattern gives information about the average structure and the 
differences from it, as well: Bragg scattering provides knowledge on average structure and the diffuse part is 
characteristic to the local order. Molecular crystalline materials are rich in crystalline phases (under different 
thermodynamic conditions). Within these materials — beyond the average structure — local ordering (and its 
changes within the same crystal phase) can play a significant role during transitions from one phase to 
another. This proposal aimed to determine the total scattering structure factor of crystalline C2F3Br2Cl and 
answer two main questions: What kind of mutual arrangements of molecules are preferred? What is the role of 
dipolar interactions?  
 
Results 
The measurement has been carried out with 1.4380(5) Å neutrons at room temperature using a 0.7 cm3 gel-
like sample. During the measurements the sample (C2F3Br2Cl) was contained in a 6 mm vanadium can, which 
is rotated along its cylindrical axis to prevent preferred orientation. The observed diffraction pattern (Figure 1) 
shows the usual features of plastic crystals: the great part of the observed signal is originated from the diffuse 
scattering and there are only few Bragg-peaks, whose intensities are significant in comparison with diffuse 
scattering. This shows increasing disorder, where even the material is crystalline, the mutual orientation of the 
molecules have a determined role in short range.  

 

 

 

 

 

 

 

 

 

 

 

Figure 1.  Corrected neutron powder diffraction pattern of C2F3Br2Cl 

Future prospects 
We have already undertaken a series of experiments using X-ray diffraction experiments to study the liquid 
and crystalline phase of C2F3Br2Cl. All of neutron diffraction structure factors are to be used in combination 
with our SPring-8 experimental results to be analysed simultaneously by means of the Reverse Monte Carlo 
(RMC) structural modeling method. Additionally, classical molecular dynamics simulations will be carried out 
on the same systems, using standard software and potential models (see, e.g., Gromos). This is a unique 
combination, leading to a much deeper understanding of the structure than it would be possible to gain on 
the sole basis of either technique. Actually, these simulations on progress. 
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B  N  C 
Experimental Report 

Experiment title 
Neutron diffraction study on molten alumino-
silicates and mixed non-ferrous oxide systems 

Instrument: 
MTEST 
 
Local contact 
L. Temleitner 

Principal proposer: 
G. S. E. Antipas (National Technical University of Athens)  
Experimental team: 
G. S. E. Antipas, K. Karalis (National Technical University of Athens)  

Proposal No. 
BRR_326 
Date(s) of Exp. 
12-16 Nov 2012 

 
Objectives 
The short-range order of alumino-silicates and mixed oxides in the liquid state (1500 °C) and in the glass state 
[2] during aerodynamic levitation was studied by high-energy X-ray diffraction [1]. In order to extend the 
above analysis was necessary the use of neutron diffraction (ND). A superposition of the ND dataset promotes 
an RMC supercell with a higher fraction of uncoordinated oxygens, more pronounced Fe-Al cluster 
interconnections and a markedly reduced Fe-Si-Mg cluster bridging, as compared to the RMC-generated 
environment restricted solely by XRD total scattering. 
 
Results 
Because of we would like to get information about the local structure, we chose short wavelength (with the 
help of Cu (220) crystal 0.881 Å was used). The sample placed in a 8 mm-diameter vanadium can with a wall 
thickness of 0.15 mm and was then measured via a single BF3 proportional counter.  During the measurement, 
the scan range was from 60 to 144 degrees, thus allowing Q-range between 7.2 and 13.5 Å-1. The 
interpretation of the ND high-Q spectrum in a multi component system such as the one treated in the current 
study is an ambitious task.  The simulation using high resolution XRD, ND and RMC is considered to enhance 
reliability.  Fig. 1 is a comparison of the RMC-estimated vs. the experimental total structure factor for both 
simulations.  The XRD offered satisfactory resolution up to approximately 12 Å-1; the material’s S(Q) shape 
below 0.7 Å-1 is suggestive of long-range ordering, while short-range order is flagged by the fluctuations 
between 5.5 and 11.5 Å-1.  Similarly the ND offered satisfactory resolution between 7-14 Å-1.   
 
Conclusions 
The additional RMC restriction by the ND dataset had a mixed effect on different partials; overall, however, the 
additional ND dataset led to an increase of the oxygen coordination of both network forming as well as 
network modifying cations. Atomic environments indicated the higher fraction of non-boned oxygens at 
approximately 2%; introduction of the ND-constraint in RMC fitting also promoted Fe-Al cluster 
interconnections and reduced the frequency of corner-linked bridged Fe-Si-Mg clusters via oxygen bridges in 
favor of other linkage types as edge-sharing or even face-sharing. 

 
 
References 
[1] G.S.E. Antipas et al., Journal of Molecular Structure, 1019 (2012) 151-158. 
[2] G.S.E. Antipas et al., Journal of Physics: Condensed Matter, 2013. 

Figure 1. Glass experimental 
(lines) and RMC-generated 
(points) total structure factors. 
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Experimental Report

Experiment title 
SANS study of the structure of biogenic ferrihydrite 
dispersion in aqueous solution using the contrast 
variation technique. 

Proposal No. 
 BRR_233 
Local contact 
A. Meiszterics 

Principal proposer: 
Maria Balasoiu1,4 
Experimental team:  
Lidia Ishchenko2, Serghei Stolyar2, Rauf Iskhakov2, Alexander Kuklin1, Yuriy Raikher3 , Aniko 
Meiszterics 
1 FLNPh, JINR, 114980, Dubna, Russia  
2 Siberian Federal University, 660041, Krasnoyarsk, Russia 
3 Institute of Continuum Media Mechanics, Ural Branch of RAS, Perm, Russia  
4 IFIN-HH, PO Box MG-6, Bucharest, Romania 

Date(s) of Exper. 
 
2010-02-24 
 
 
Date of Report 
2013-10-05 
 

 
Objectives  
Intense research interest to nanoparticles is motivated by their unique physical properties, 
important both from fundamental and technological points of view, for example in high density 
magnetic recording media, permanent magnets, magnetic refrigeration, magnetic sensing, etc. 
Biogenic iron oxides particles make a separate class of magnetic nanoparticles that is of special 
interest for biomedical applications. In the given experiment water dispersions of biogenic iron oxides 
particles metabolized by Klebsiella Oxytoca bacteria are probed by small-angle neutron scattering to reveal 
features of the nanoparticles system and compared with similar results of ferritine standard (Sigma-Aldrich) 
sample. 
 
Results 

 
 
 
 
 
 
 
 
 
 
 

Fig.1 Experimental SANS curve of a 10% ferritine Sigma-Aldrich 
sample. 

Fig.2 Experimental SANS curve of a biogenic ferrihydrite 
sample. 

 
We have investigated a 10% ferritine standard Sigma-Aldrich dispersion in D-water, in Fig.1 is 
presented the obtained experimental SANS curve. In Fig.2 are represented the experimental SANS 
curve of the biogenic ferrihydrite dispersion. 
Using the FITTER program it was found for ferrihydrite sample a form factor for cylinder having 
diameter 2R and height L, described with the expression 

22
1

2 2
0

sin cos sin
4 sin

cos cos
QH J QR

P Q d
QH QR

 

where, 1J  is the cylindrical Bessel function of order 1, best represents the experimental data. 

 
Future prospects  
We plan the continuation of the investigation using ultrasonic treatment for improving the long-
term stability in aqueous solution of biogenic ferrihydrite nanoparticles samples under ambient 
conditions in experiments with improved statistics and contrast variation matching. 
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B  N  C 
Experimental Report

Experiment title 
SANS study of lysozyme amyloid aggregate 
disassembly caused by magnetite nanoparticles 

Proposal No. 
BRR 245 
Local contact 
N.Szekely 

Principal proposer: 
Peter Kopčanský 
Experimental team: 
Gábor Lancz, Peter Kopčanský, Milan Timko, Mikhail Avdeev, Artem Feoktystov, 

Date(s) of Exper. 
Dec 2010 
Date of Report 
Feb 2011 

 
Objectives  
Amyloidal aggregates of proteins are related to several diseases. Some nanoparticles are able to change this 
pathological state of proteins. In this study, the effect of magnetic nanoparticles on amyloidal fibrils of the 
protein lysozyme was studied by small angle neutron scattering (SANS). Mixtures of electrostatically 
stabilised magnetite (Fe3O4) nanoparticles with hen egg white lysozyme (HEWL) amyloidal fibrils were 
prepared and measured. Time dependence of the structures in such mixtures was investigated. Also, the 
structure of pure amyloidal fibrils was of interest. Electrostatically stabilized magnetic fluids (MFs) 
containing sodium oleate and dextran, which were probed prior in mixtures with amyloidal fibrils, were 
studied as well. 
 
Results 
The amyloidal HEWL fibrils were in diluted hydrochloric acid providing an acidic environment compatible 
with the Fe3O4 particles stabilised with perchloric acid. The obtained SANS curves from mixtures of fibrils 
and magnetite particles with different content of D2O (Fig.1a) were compared with previous measurements 
(PSI, Villigen) performed about two months earlier. These mixtures declared practically the same SANS 
curves. In MIX 12 with nearly pure D2O the scattering length density of the magnetite particles of the ionic 
ferrofluid was almost the same as of D2O, thus the scattering came practically solely from the protein 
structure. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1. Experimental SANS curves (T = 37 °C) from (a) fibril+MF mixtures (concentration of amyloid 1.5 mg/ml) and  
(b) dextran containing MFs with H2O (hDEXMF) and D2O (dDEXMF). 

 
No significant change in the behaviour of the curves for pure amyloidal fibrils (HCl+D2O) with low (1.5 
mg/ml) and high (10 mg/ml) concentration was detected. Beside HEWL fibrils in diluted HCl, systems close 
to pH 7 were tried as well. Both amyloidal and native protein solutions in phosphate buffer were unstable. 
The residual scattering (non-precipitated particles) in the case of native protein could be related to 
lysozyme. The experimental radius of gyration of the registered Guinier region coincided rather well with 
the theoretical value of 1.53 nm calculated from the protein crystal structure. 
The scattering from ionic ferrofluid with dextran (Fig.1b) was treated by the indirect Fourier transform 
showing that single particles of magnetite were partially aggregated before the coating with surfactant 
with characteristic aggregate size of about 20 nm. It is seen from the absolute values of the scattering 
intensity at two contrasts (Fig.1b) that the match point of the system is shifted towards H-solvent, thus 
reflecting the formation of quite extended surfactant shell around these aggregates taking more than 50 
vol. % in the complex particles. The secondary aggregation (size above 120 nm) is also reflected in the 
scattering curves. 
 
Future prospects 
The lack of difference of SANS curves between the mixtures and pure amyloidal fibrils, and also the lack of 
change in time, was contrary to the expectation. A fluorescence study of MIX 12 showed a structural 
alteration of fibrils. A suggested mechanism is that upon binding of magnetite particles to the fibrils a 
change of secondary structure of the protein molecules took place without the disassembly of fibrils on the 
size level of below 100 nm, which is detectable in SANS measurement. By following data analysis a model of 
(helical) fibril structure is foreseen. To make further growth in this field, mixtures at physiological conditions 
and mixtures of more progressed disassembly should be studied. 

(a) (b)
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The PSD neutron diffractometer is suitable for 
atomic structure investigations of amorphous 
materials, liquids and crystalline materials where 
the resolution requirements are not high. It is a 2-
axis diffractometer equipped with a linear position 
sensitive detector system. The detector assembly is 
mounted on the diffractometer arm and it spans a 
scattering angle range of 25° at a given detector 
position. The entire diffraction spectrum can be 
measured in five steps. During the year of 2002, 
the detector system of the PSD has been upgraded: 
instead of the original analogue design, a new 
system has been purchased from Studsvik NFL 
(Sweden) with a digital electronics technology. The 

detector system is based on three 3He filled linear 
position sensitive Reuter-Stokes detectors (610 mm 
in length, 25 mm diameter), similarly as the previous 
ones, but a more novel type (P4-0824208). Three 
detectors are placed in the scattering plane above 
each other. Data transfer and instrument control 
has been done by PC-AT (Master PC) with Eagle I/O 
card. A Windows based - user friendly - instrument 
software program package has been developed.
Recently the interface electronics has been fully 
upgraded. A new dedicated electronic device has 
been constructed, which serves for the electronic 
control of the movements and data transfer of the 
diffractometer.

6.1.	 PSD – Neutron powder diffractometer with 
position sensitive detectors 

Instrument scientists: Margit Fábián1,2 and Erzsébet Sváb2

1	 Centre for Energy Research, Hungarian Academy of Sciences, H-1525 Budapest P.O.B. 49, 
Hungary

2	 Institute for Solid State Physics and Optics, Wigner Research Centre for Physics, Hungarian Academy 
of Sciences

Channel  thermal, 9T  tangential

Primary collimation Soller-type : 20’

Take-off monochromator angle facility -5° < 2ΘM < 45 °

Monochromator and mosaicity Cu(111), 16’ Cu(220), 20’

Monochromatic wavelength 1.069 Å 0.66 Å

Resolution, ∆d/d 1.2·10-2 2.4·10-2

Flux at the sample position 106 ncm-2s-1 105 ncm-2s-1

Beam size at the specimen 10 mm×50 mm

Scattering angle, 2θ 5° < 2Θ < 110°

Momentum transfer interval, Q 0.6-9.2 Å-1 0.8-15.8 Å-1

Monitor counter fission chamber

Detector system
3 linear position sensitive 3He detectors

the detector assembly spans 25° scattering angle 
at a given position

Data collection Xilinx preprogrammed unit

Data transfer and control
PC-AT with Eagle I/O card and a dedicated 

electronic device

Remote control and file transfer Windows programme package

 Table 1.     
Characteristic features of the 

PSD diffractometer for two 
actual arrangements
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 	 Figure 1.
Schematic arrangement of the 
PSD neutron diffractometer

 	 Figure 2.
Photographs taken from the PSD 
neutron diffractometer

< PSD – Neutron powder diffractometer with position sensitive detectors 
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The M(aterial)TEST neutron diffractometer was 
originally designed for studying internal stresses 
in alloys. Recently, the diffractometer has been 
upgraded by a position sensitive detector and by a 
monochromator changer; this way, a more efficient 
use of the available beamtime, with various sample 
environments, can be achieved. At the present 
status, the instrument allows for performing total 
(Bragg and diffuse) scattering measurements on 
powder, liquid and amorphous materials. The four-
circle goniometer maintains also the chance for 
texture measurements.

The MTEST diffractometer is installed on the 6th 
axial thermal channel of the reactor. The maximum 
flux can be obtained at a wavelength of 0.144 nm. 
A sapphire single crystal is used, deep inside the 
beam shutter, to filter out epithermal neutrons. The 
neutron flux at the sample table is 2*106 neutron/
(cm2*sec) at a wavelength of 0.133 nm.

In order to produce monochromatic beams, various 
single crystals are available (Table 1.). Changing the 
wavelength is easy and doable in 5 minutes, by using 
the newly designed monochromator changer that 
can use 3 crystals: (Ge(111), Cu(111) and Cu (220)). 
The diffractometer is equipped with air cushions to 
achieve the necessary flexibility for a continuously 
variable wavelength. Thus, monochromator take-off 
angles between 28° and 54° may be set, without 
removing any elements of the current setup (the 
upper limit increases to 90° if some elements are 
removed). This allows to obtain neutron beams of 
wavelengths between 0.065 nm and 0.35 nm.

From the monochromator to the sample various 
Soller-type collimators can be installed (1°, 40’, 30’ 
and 12’). 

A low efficiency fission chamber monitor and an 
Ordela position sensitive detector (with two sample/
detector positions) serve data collections. For high 
resolution measurements, a BF3 point-detector 
(with various receiving collimators) is available. The 
diffraction spectra can be measured up to 144º by a 
single detector, up to 141° by using “near position” 
and up to 151° by “far position” of the position 
sensitive detector. The whole angular range can be 
covered by 6 (“near”) or 10 (“far”) angular positions 
of this detector. The current level of background 
in “near” position equals to the scattered intensity 
from a 6 mm diameter, 0.05 mm thick, 40 mm long 
vanadium sample holder. 

At the sample stage, the following options are 
available by the four-circle goniometer:

Automatic X, Y sample displacements, manual Z 
displacement.
Automatic sample changer is available for 4 samples 
(only with four-circle goniometer).
Sample environment: vacuum-furnace (RT to 
1000ºC); liquid N2 cryostate (scheduled to be 
installed in 2013 and commissioned in the first 
half of 2014).

Our group is ready to help users, starting from 
measurements, through data evaluation, simulation 
and publication.

6.2.	MTEST  diffractometer 

Instrument scientists:László Temleitner, László Kőszegi

Institute for Solid State Physics and Optics, Wigner Research Centre for Physics

Monochromator Ge(111) Cu(111) Ge(220) Cu(220)

Wavelength at 40° take-off angle (nm) 0.223 0.143 0.137 0.087

The corresponding Q-range (Å-1) 0.25~5.35 0.4~8.35 0.4~8.7 0.65~13.7

 Table 1.     
Available  

monochromators
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 	 Figure 3.
MTEST diffractometer with 
the automatic X, Ysample 
displacements

 	 Figure 2.
MTEST diffractometerwith the 
point detector and goniometer 
option together with the 
vacuum-furnace (RT-1000ºC)

 	 Figure 1.
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The high resolution time-of-flight powder 
diffractometer (TOF) at BNC has been installed to 
a radial thermal neutron beam in a new guide-hall 
in collaboration with the Hahn-Meitner-Institut. 
According to Monte-Carlo simulation results [2-3] 
it was expected that this type of instrument can 
outperforms a conventional crystal monochromator 
powder diffractometer at continuous reactor source 
in the resolution range of Δd/d =1–5×10−3. The 
other advantage to apply TOF monochromatisation 
to neutron diffractometry on a continuous source 
is the variable resolution and intensity. A full 
diffraction spectrum can be gained within a variable 
bandwidth with ultrahigh resolution or with high 
intensity at conventional resolutions.

The monochromator system consists of a fast 
double and the two single choppers and a straight 
neutron guide with 2.5x10 cm2 cross section at 
the end. The double chopper is designed for a 
maximum speed of 12000 rpm. While in high 
resolution mode the very short - 10µs – neutron 
pulse and the 25m total flight path allows us to 
obtain a diffractogram with an accuracy of 10-3Å 
(at back scattering mode) in a single measurement 
on polycrystalline materials, in low resolution 
mode liquid diffraction can be performed at good 
neutron intensity up to 15Å-1 scattering vector. 
As it was expected, the beam was contaminated 
with epithermal and fast neutrons because the 
straight guide is directed on the centre of the 
zone and the gadolinium coated chopper disks 
are transparent for them. Temporary silicon filters 

was applied with which the signal-noise ratio had 
been increased by a factor of 5-10. The double disk 
chopper (Ch1 and Ch2) has two windows: a 1.5° 
opening for short pulses (10 μs) and a 15° window 
for long variable pulses (20–200 μs), and can be 
operated in parallel or counter rotating mode. The 
latter option is used to produce very short pulses 
at high speed. To minimize the opening time the 
neutron beam is reduced from 25 to 10 mm width 
at the position of the pulse choppers using a 4.5m 
compressor neutron guide section before and a 
same decompressor after them (see Figure1). Ch3 
limits crosstalk between different pulses and Ch4 
prevents frame overlap.
 
The instrument is working in back scattering 
mode to reach the best possible resolution. Until 
the planned detector (a 60x100 cm2 2D detector) 
reach completion, a box of four 3He tube is used 
with a 2.5MHz event recording board. Because of 
the much smaller surface, the box is placed closer 
(2m) to the sample opposite to the designed (3m). 
To achieve the maximum resolution the 2D position 
sensitive detector will be applied in combination 
with a banks of 400 pieces 6 mm thick pressed 
3He tubes to cover the whole available angular 
range. The data are acquisited in so called list or 
time stamping mode: all the event on the detector, 
the chopper signs and optionally changes in the 
sample environment are registered with the time 
passed since the starting of the experiment. In this 
mode many uncertainties can be filtered out during 
the treatment and re-treatments.

6.3.	TO F – High resolution time-of-flight powder 
diffractometer 

Instrument scientists: György Káli
Instrument team: Gy. Káli, G. Eszenyi

Institute for Solid State Physics and Optics, Wigner Research Centre for Physics

References:

1.	 H. J. Bleif, D. Wechsler and F. Mezei, 2000, Physica B:, V276-278, p 181-182
2.	 J. A. Stride, F. Mezei, H. -J. Bleif and C. Guy.,1997 Physica B:, V 234-236, p. 1157-1159,.
3.	 J. Peters, H.-J. Bleif, Gy. Káli, L. Rosta and F. Mezei, 2006, Physica B:,  385-86 1019-1021
4.	 Káli Gy., Sánta Zs., et al. 2006 Proceedings of EPDIC10 Zeitschrift für Kristallographie; 
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Total flight path  from chopper 1 L=25 m  

Wavelength range 0.08-0.5 nm

Bandwidth in single experimentΔλ  from 0.4 nm  to 0.08 nm (200 Hz)  

Resolution Δd/d  1x10-3 at d=0.15 nm  

Straight neutron guide cross section  25x100 mm2  

   Coating  Supermirror NiTi, m=2  

Beam flux at opened windows 4x107 neutron/s/cm2 

Pulse length 10-1000 µs

   Max. speed for the double chopper 12000 rpm

 	 Figure 1.
Instrument Layout

 	 Figure 2.
The medium resolution wide-
band spectra from sintered 
alumina illustrates the d-spacing 
range available for high 
resolution at back scattering.

 	 Figure 3.
The (1 1 9) and (1 0 10) peaks from a high resolution spectra.

	 Table 1.
Main parameters
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The SANS diffractometer Yellow Submarine covers 
a Q-range from 0.003 to 0.7 Å-1 allowing to probe 
structures at length scales from 5 Å to 1500 Å. It 
has a wide range of applications from studies of 
defects and precipitates in materials, surfactant 
and colloid solutions, ferromagnetics, magnetic 
correlations, alloy segregation, polymers, proteins, 
biological membranes. The instrument is installed 
on the curved neutron guide No.2, with 4x4 cm2 
cross-section, made of (1.5 θc) supermirrors. The 
beam is monochromatized by a multidisc type 
velocity selector, (L. Rosta: Physica B 174 (1991) 
562) the rotation speed can be tuned between 700 
and 7000 rot/min (wavelengths between 3.5 and 25 
Å). The width ∆λ/λ of the transmitted wavelength 
distribution can be varied between 12% and 30% 
by changing the tilt angle between the selector axis 
and the direction of the neutron beam. 5 m and 
1m collimation distances allow the optimization of 
flux and resolution for different sample-to-detector 
distances. 

Sample environment
In most of the experiments an automatic sample 
changer with 6 positions is used. It can be thermostated 
from an external bath between –10 and 100oC.   A 11 
position sample changer can be used for ambient 
temperature experiments. Liquid nitrogen cryostat, 
or closed cycle refrigerator can be used (from 10K-
300K). Electromagnets can also be mounted on the 
sample table (field 1.4T in the gap 25mm)  

Detector 
The scattered neutrons are detected by a 64 x 
64 pixels (1cm x 1cm pixel size) two dimensional 
position sensitive LETI (Grenoble, France) detector 
filled with BF3 gas. 

Data acquisition
The control and data acquisition electronics and 
software have been made by Laboratoire Léon 
Brillouin, Saclay, France, and ANTE Ltd., Budapest, 
Hungary. 

6.4.	 YS-SANS – Small Angle Neutron Scattering 
Instrument Yellow Submarine

Instrument scientists: László Almásy, Adél Len, Renáta Ünnep

Wigner Research Centre for Physics, Neutron Spectroscopy Department

Beam tube : Cold neutron guide No.2/1

Monochromator : Multidisk velocity selector

Detector:
2D position sensitive, 64 x 64 cm2,  
filled with BF3 gas

Collimations : 	 1 m or 5m 

Flux at the guide exit : 5x107 n/cm2/sec

Sample-to-detector distance: Continuously adjustable between 0.92 and 5.6 m

Incident wavelength: 3 – 25 Å 

Wavelength spread: Adjustable between 12 – 30% 

 Table 1.     
Main characteristics
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Scheme of the SANS diffractometer Yellow Submarine

< YS-SANS – Small Angle Neutron Scattering Instrument Yellow Submarine
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The schematic view of the reflectometer is shown 
in the Figure 1 below. The original position of REF 
was the guide No. 3. This scheme illustrate the 
configuration of the reflectometer after relocation 
to the guide No. 1. Due to the geometrical 
restrictions in the guid hall the neutron path had 
to be aligned parallel with the guide No.1. This 
solution could be realised by introduction of a 
double monochromator system with pyrolitic 
graphite (PG). The slit system, the sample holder 
table and the control electronics remained as it 

was in the previous position. The main technical 
novelty is the installation of a 2D position 
sensitive detector.	
	
The reflectometer operates at wavelength:  λ  = 4.28 Ả 
Maximal scattering angle: Θscatt = 5o 
Angular resolution is variable by changing of the 
slit widths using micrometer screws down to 
0.0055 grad. 
Flux of the neutrons: 200 n/cm2 sec 
Background for the whole detector: 5n/sec 

6.5.	 REF – cold neutron reflectometer

Instrument scientists: Tamás Veres, László Cser

Wigner Research Centre for Physics, Neutron Spectroscopy Department

• quality control of supermirror multilayers; 
• thin layer studies for a PhD work.

In the current configuration with the relatively low 

flux and increased background the applicability 
of the reflectometer is mostly limited to the 
investigation of large area industrial samples. An 
example is shown in Fig.2.

Utilization of the reflectometer 

	 Figure 2.   
Tests of m=3,5  supermirror coating on polished borkrone glass 
(RMS surface roughness: 4 Å) measured by neutron reflectometry, 
compared to float test glass.

	 Figure 1.      
The schematic view of the reflectometer (REF)  
at the guide No.1.

Improvements in progress
The double monochromator system is being 
replaced by a focusing phase space compressing 
geometry using high quality PG crystals. Due to 
the improvment in the mosaicity and focusing 
geometry, according to Monte-Carlo simulations, 

a tenfold increase of beam intensity is expected 
to be achieved at the sample position. The 
PSD detector is also to be upgraded for the 2D 
analysis by a new data aquisition system. It is also 
essential to get rid of the epithermal neutrons 
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causing the dominant part of the background. 
For that both the shielding of the guide No.1 and 
that of the reflectometer will be improved. In this 
way the reflectometer will be again attractive for 
the users by offering an intensity/background 
ratio much better than at the earlier position at 
the guide No.3.

Potential use after upgrading:
•	 Fast quality check of supermirrors;
•	 continuation of the standing-wave observation;
•	 application for nanometer thickness 

measurements;
•	 application for biological investigations (e.g. 

bio-membranes).

Typical papers for REF:

•	 Veres T, Cser L: Study of the reflectivity of neutron super mirrors influenced by surface oil layers; Rev 
Sci Instr; 81, 063303, 2010

•	 Bodnarchuck V, Cser L, Ignatovich V, Veres T, Yaradaykin S: Investigation of periodic multilayers; JINR 
Comm; E14, 127, 2009

•	 T. Veres , L. Cser, V. Bodnarchuck, V. Ignatovich, Z.E. Horváth, B. Nagy: Investigation of periodic 

< REF – cold neutron reflectometer
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The GINA reflectometer is a constant-energy angle-
dispersive, vertical-sample instrument [1,2]. The setup 
is displayed in Figure 1 and the operation parameters 
are summarized in Table 1. The focusing graphite 
monochromator MONO provides neutrons with 
wavelength 4.6 Å and ≈1%. The polarized neutron 
beam is produced by using a magnetized supermirror 
(P1) and an adiabatic radio-frequency (RF) spin flipper 
[3] (SF1). The beam scattered on the sample may 
undergo spin analysis by an identical setup of a spin 
flipper and a spin analyzer (P2), and finally it is detected 
by a two-dimensional position sensitive neutron 
detector (DET). The incident intensity is monitored 
by a low efficiency (∼0.1% at λ = 4.6 Å) beam intensity 
monitor (IM). The components of the reflectometer 
are mounted on two heavy-load optical benches. The 
first one supports the beam shutter (BS), the IM, the 
beryllium filter (BF), the slit (S1) and the SM polarizer 
(P1), the adiabatic RF spin flipper (SF1) and the slit 
(S2). The downstream end of the bench is fixed to 
the central sample tower ST and supports the various 
sample environment components (electromagnet, 
cryostat, etc.). The incident angle on the sample 
surface is set by the major (θ) goniometer of ST. The 
second bench – the 2θ-arm of the reflectometer 
– supports the slit S3, the spin flipper SF2, the spin 
analyzer P2, and the detector along with its electronics 
and dedicated control PC mounted underneath. The 
slit S4 in front of the detector is optionally used when 
data collection is restricted to specularly scattered 
neutrons. The 2θ-motion is driven by a wheel running 
on the marble surface while the corresponding air 
pads are activated. 

The monochromator MONO is situated behind a 
concrete biological shielding (SH) and comprises five 
highly oriented pyrolytic graphite crystals on small 
motorized 2-circle cradles for horizontal alignment 
and vertical focusing. Higher harmonics intensity is 
efficiently filtered by a Be block. The transmission of the 
filter is 87% for λ=4.6Å, with liquid nitrogen cooling.

The polarized neutrons are produced by an Fe-Co/Si 
magnetic SM placed in an in-plane vertical magnetic 
field of 30 mT in transmission geometry (P1 in Figure 
1). Spin analysis of the specularly reflected beam is 
performed by a single magnetic SM analyzer (P2) of 
identical construction with P1. In order to decrease the 
scattering of neutrons by the beam-line components, 
adiabatic RF spin flippers are installed. The flipper coil is 
placed in a longitudinal gradient field with a center field 
of 5.6 mT. The flipper coil is part of a resonant circuit, with 
typical values of effective RF current and bandwidth of 
4 A and 4.5 kHz at the resonance frequency of 166 kHz

Fine definition of the beam is maintained by the four 
slits with cadmium blades. The blades are operated with 
a precision of 0.05 mm. With these optical elements the 
setup exhibits a relative Q-resolution of 10% to 2% for 
the available Q-range of 0.005 to ∼0.25 Å-1. 

Scattered neutrons are registered by a delay line type 
multi-wire proportional chamber with active area of 
200×200 mm2 and spatial resolution of 1.6 mm (FWHM). 
The detector is filled with a 3He / CF4 gas mixture of 
2.5/3 bar partial pressures and is encased in a boron-
containing shielding for background suppression.

6.6.	G INA - Neutron Reflectometer with 
Polarization Option

Instrument scientists: L. Bottyán, D.G. Merket, B. Nagy

Wigner Research Centree for Physics

CHARACTERIZATION OF THIN FILMS AND MULTILAYERS

SAMPLE ENVIRONMENT 
GINA is dedicated to reflectometry of magnetic 
heterostructures, for studies requiring different 
environmental parameters, such as (low) temperature 
and (occasionally high) external magnetic fields. 
A closed-cycle cryostat (12 to 300 K range) can be 

mounted on the sample tower ST with or without the 
electromagnet. At GINA an air-cooled electromagnet 
is available, which generates magnetic fields up to 
550 mT. The optional water-cooled air core coil pair 
provides fields up to approx. 35 mT.
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Our example in Figure 2 highlights the polarized 
specular reflectivity performance of GINA on a sample 
of a 20×20 mm2 isotope-periodic multilayer prepared 
with a MgO(001)/[natNi(15nm)/62Ni(5nm)]5 nominal 
layer structure by molecular beam epitaxy (MBE) [4]. 
Spin-dependent neutron reflectivities were recorded at 
room temperature. The sample was magnetized from 
the initial nonmagnetized (as prepared) state by 50 mT 
in-plane external magnetic field. The total data collection 
time was 56 hours. The measured R+, R- and the spin 
asymmetry  are displayed in Figure 2. The simultaneous fit 
using FitSuite program [5] to the measured R+ and R- (solid 
lines in Figure 2) reveals (17.5±0.5) nm and (5.35±0.5) 
nm thickness for natNi and 62Ni layers, respectively. The 

magnitude of the fitted scattering length densities (natSLD 
= (9.13±0.5)×10-6 Å-2 and 62SLD=(–7.01±1)×10-6 Å-2) show 
only minor deviations from their known bulk values. 
The magnetizations of the natNi and 62Ni layers were 
constrained identical and the fit provided 0.44±0.12T. 
This value amounts 66% of the known room temperature 
saturation magnetization MS of the bulk Ni. According 
to the magnetooptical Kerr-loops the magnetization 
at 50 mT (the value of external field in the reflectivity 
measurement) is 74% of the saturation magnetization 
of the same sample. The lower value of 66% given by 
the reflectivity fit can be explained by a somewhat lower 
magnetization in the virgin magnetization state of the 
sample during the reflectivity experiment. 

EXAMPLE REFLECTOGRAM

Wavelength 3.9÷5.1 Ǻ in five steps

Present wavelength 4.6 Ǻ

Max. scattering angle ≥θ=35°

Angular resolution (Δθ)  0.003°

∆λ/λ ~1%

Background level 0.01 cps cm-2

Detector 2D PSD, 200×200 mm2

Detector spatial resolution 1.6×1.6 mm2

Neutron flux at the monochromator position 4×105n×cm-2×s-1

Background reflectivity < 7×10-6

Overall polarization efficiency 0.9

 	 Table 1.
Operation parameters  
of GINA

References:
1.	 L. Bottyán, D.G. Merkel, B. Nagy, J. Major, Neutron News, 23, 21 (2012)
2. 	 L. Bottyán, D.G. Merkel, B. Nagy, Sz. Sajti, L. Deák, G. Endrőczi, J. Füzi, A. V. Petrenko, J. Major, submitted to 

Review of Scientific Instruments 
3.	 S.V. Grigoriev, A.I. Okorokov and V.V. Runov, Nucl. Instrum. and Meth. A 384, 451 (1997)
4.	 The sample was prepared in the MBE laboratory of the KFKI Research Institute for Particle and Nuclear Physics 

Budapest. This laboratory provides growth and characterization services of metallic multilayers – including 
deposition of various stable isotopes (57Fe, 62Ni, etc.) also for external users. 

5.	 Sz. Sajti: FitSuite data fitting and simulation program code available from www.fs.kfki.hu

 	 Figure 1.
The layout of the GINA neutron reflectometer. 

 	 Figure 2.
Measured R+, R– specular 
polarized reflectivities and 
the derived spin asymmetry, 
(R+-R–)/(R++R–) on MgO(001)/
[natNi(15nm)/62Ni(5nm)]5. The 
statistical errors for most data 
points are smaller than the 
symbol size.
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The cold neutron three-axis spectrometer (TAS) at 
BNC is installed on the 17 m position of the first 
neutron guide (NG1). The beamline is a borofloat 
glass substrate NiTi coated supermirror (m=2) guide. 
This instrument was in extensive use on a thermal 
beam in the period of 1972-86. Since the reactor 
reconstruction and the cold source installation 
this instrument – with a major upgrade – has been 
relocated on this cold neutron guide and it was 
named ATHOS.

The ATHOS instrument provides moderate 
resolution (0.01-1.0 meV) with sufficient intensity 
for use in a wide range of problems. It is ideally 
suited for the study of phonon dispersion curves 
in single crystals, tunneling modes of energies 
greater than ≈ 0.025 meV, quasielastic scattering 
studies of rotational and non-local diffusion in 
the time regime of picoseconds, vibrations of 
surfaces or molecules adsorbed on surfaces 
and phonon density of states for that large class 
of materials which contain hydrogen. Specific 
mention of the applicability of neutron scattering 
to the study of hydrogenous materials should 
be emphasized here. The hydrogen nucleus has 
the largest cross section (scattering interaction) 
for neutron scattering and is predominantly 
incoherent. Hydrogen vibrations have been 
detected in samples containing as little as 0.01 
mol. of total hydrogen in the sample. Because 
the instrument is energy sensitive, it can also be 
used to measure purely elastic scattering whether 
it be due to coherent (nuclear or magnetic) or 
incoherent events. Information on the time-
averaged structure of the atomic and molecular 
constituents of the sample is therefore accessible. 
Finally, the ability of producing and analyzing 
polarized neutrons allows more detailed 
measurement of the magnetic properties of 
the sample. These magnetic properties can be 
static, i.e., a structural description of the magnetic 
moments, or dynamic such as magnons.

The range of energies (0.025-14 meV) of excitations 
accessible to this instruments is substantially larger 
(although with poorer resolution) than available with 
the spin-echo and backscattering spectrometers. 
Independent control of the momentum (Q) and 
energy transfer (E) is routine if required as opposed 
to the time of flight spectrometer in which Q and E 
are related by the instrumental configuration. The 
monochromatic beam is provided by a 90mm high 
focusing multi-blade ZYA grade pyrolytic graphite 
monochromator. 

The movable part of the monochromatic shielding 
has a chain type construction. Changing the 
incident wavelength the whole chain is driven by 
the monochromator-sample arm. This construction 
automatically provides the most effective shielding 
near the detector area (see Fig.1). This enables very 
low background conditions (1 neutron/300s).

For higher order filtering in the incident 
monochromatic beam a multidisc neutron 
velocity selector can be installed in front  of the 
sample goniometer, or Ge analyzer used. The beam 
divergence is determined by thin film Soller-type 
Mylar collimators coated with gadolinium-oxide 
paint. A 200x200 mm2 two dimensional position 
sensitive 3He detector in medium resolution 
mode was installed in 1999. Using this detector 
the efficiency of data collection has been raised 
40 times in quasielastic mode. 

Although this tree-axis spectrometer has been 
designed for structural and dynamical studies of 
condensed matter – because of the limited number 
of other operational equipment – the instrument 
is extensively used in a multi purpose regime, e.g. 
for high-resolution diffractometry, strain analysis, 
reflectometry, quasielastic and inelastic scattering. 
This spectrometer has been served also for testing 
polarization setups, detectors, monitors, any other 
neutron beam components developed in our 

6.7.	 ATHOS - Cold neutron tree-axis 
spectrometer

Instrument scientists: Gyula Török, Alex Szakál

Wigner Research Centre for Physics, Neutron Spectroscopy Department
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Laboratory. For example a neutron spin-echo 
setup was also realized on this instrument (Fig.1). 
This “mini-spin-echo” can be used for training and 

methodical development purposes (Török Gy, 
Lebedev VT, Nagy A, Gordeev GP, Zsigmond G,  
Physica Status Solidi C 1, No 11, 3182 (2004).

Beam tube : Cold neutron guide No.1/1

Monochromator : pyrolitic graphite 90x80 mm (24min mosaicity)

Analyser :
pyrolitic graphite 50x90 mm (24min mosaicity),  
or Ge monocrystal  (15min mosaicity)

Collimations : 	 interchangeable  45’, 30’, 15’

Range of monochromator angle: 36°<2Θ< 126°

Range of scattering angle : 	 -120°< 2Φ < 70°

Range of analyser angle : 	 -40°< 2Θ < 120°

Range of crystal orientation :	 0°< 2Θ < 360°

Angular resolution :	 0.01°

Flux at specimen : 2x106 n/cm2/.sec

Beam size : 	 25x90 mm2

Momentum transfer : 	 0 – 2.7 Å-1

Energy transfer : 	 0 - 9 meV

Characteristic resolution at 3.3 Å    	 120-150 µeV

Sample enviroment :
Thermostate (-20°C - 100°C), cryostat (15 K) , 
magnet up to 2T (max scattering angle 100 deg)
furnace up to 1000°C

 	 Figure 1.
Neutron spin-echo setup 
installed on the TAS

 	 Table 1.
Main parameters  
of the spectrometer
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The thermal neutron three-axis spectrometer 
(TAST) at BNC is installed on the thermal neutron 
channel No.8 at the Budapest Research Reactor. 
The instrument provides moderate resolution (~1.0 
meV) with sufficient intensity for use in a wide 
range of problems. It is ideally suited for the study 
of phonon and magnon dispersion curves in single 
crystals, phonon density of states for that large class 
of materials which contain hydrogen. Independent 
control of the momentum (Q) and energy transfer 
(E) is routine if required as opposed to the time of 
flight spectrometer in which Q and E are related 
by the instrumental configuration. This triple axis 
spectrometer can also be used in a multipurpose 
regime, e.g. for high-resolution diffractometry, strain 
analysis, quasielastic and inelastic scattering as well as 
for thermal beam irradiation and transmission tests. 

The monochromatic beam is provided by a 
90mm high doubly focusing multi-blade Cu 
monochromator. In order to suppress the intensity 
of fast neutrons 15 cm long sapphire single crystal 

is inserted in the primary shutter. For higher order 
filtering in the incident monochromatic beam a 
Ge analyzer can be used. The beam divergence is 
determined by thin film Soller-type Mylar collimators 
coated with Gd2O3.

A highly efficient (90% at 1 Å) 3He single counter of 1” 
diameter is applied as detector. A two dimensional 
position sensitive detector in medium resolution 
mode is also available. Using this detector the 
efficiency of data collection can be raised about 
40 times in quasielastic mode. For energy analyzing 
a focusing pyrolytic graphite crystal assembly is 
used.

The spectrometer can be equipped by an Eulerian 
Cradle, or a goniometer that can hold various 
sample environment devices up to a weight of 
100 kp. Since 2005 TAST can be used also as a 
dedicated instrument for atomic resolution neutron 
holography measurements both in neutron or 
gamma ray detection modes.

6.8.	T AST/HOLO - THERMAL NEUTRON TREE-AXIS 
SPECTROMETER AND NEUTRON HOLOGRAPHIC 
INSTRUMENT 

Instrument scientists: Alex Szakál, Gyula Török

Wigner Research Centre for Physics, Neutron Spectroscopy Department

Beam tube : Channel No.8 (radial - sapphire single crystal filter)

Monochromator : Cu 200 (doubly focusing)

Analyzer : pyrolytic graphite 002 (horizontally focusing)

Detector 3He single 

Range of monochromator angle: 14°<2Θ< 90°

Range of analyzer angle : 	 -100°< 2Θ < 120°

Range of crystal orientation :	 0°< 2Θ < 360°

Angular resolution :	 0.01°

Flux at specimen at 1 Å: 2x106 n/cm2/.sec

Beam size : 	 50x50/10x15 mm2 (depends on focusing)

Momentum transfer : 	 0.2 – 10 Å-1

Energy transfer : 	 1 - 60 meV

 Table 1.     
Main parameters  

of the spectrometer
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 	 Figure 1.
Layout of the thermal neutron 
three-axis spectrometer
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Neutron radiography utilizes transmission to 
obtain information on the structure and/or inner 
processes of a given object. It is used for various 
non-destructive test measurements. A dynamic 

radiography station has been built out visualize 
and analyse the flow of fluids, the evaporation and 
the condensation processes in closed metal objects, 
tube systems and other types of dynamic events. 

6.9.	 DYNAMIC RADIOGRAPHY STATION 

Instrument responsible: Horváth László, Márton Balaskó

Centre for Energy Research, Hungarian Academy for Sciences

Main parameters of the dynamic radiography station:

„A”	 In the conventional arrangement: 
•	 Complex pin-hole type collimator for 

neutron and gamma radiation with a 
collimation ratio of L/D = 170

•	 Neutron flux at the objects position:  
6 107 n×cm-2×sec-1, behind of CD an In 
filter: 3×106 n×cm-2×sec-1

•	G amma intensity: ~ 8,5 Gy/h

•	 X-ray energy: 50-300 keV; 5 mA

•	 Variable beam diameter, with a 
maximum of 150 mm at the object 
position. 

	 Maximum surface for investigation: 
700×1000 mm2

•	 Maximum weight of the investigated 
object: 250 kg

„B”	 In the extended inspection area (for study 
of helicopter rotor blades)
•	 Maximum beam diameter:  

185 mm 

•	 Maximum surface: for investigation 
9750×700 mm2

•	 Maximum weight of the investigated object: 
200 kg

•	 Practicable to study, the efficiency of 
the moisture condition of the inspected 
objects, by a Moistening module is 
driven by a High pressure water pump

•	 Converters (radiation into light): for neutron 
radiography NE 426 scintillation screen 
with resolution of 100 µm; for gamma and 
X-ray radiography NaCs single crystal with 
resolution of 200 µm, or ZnS screen with 
resolution of 100 µm

•	 Variable filters: Cd, In

•	 Detection of the radiography image: low-
light-level TV camera with a light sensitivity 
of 10-4 lux, imaging cycle is 40 msec, and 
a double cooled CCD camera (756 x 580 
pixel), 10 bit.

•	 Radiography image is visualised on monitor, 
stored by S-VHS video recorder and DVD 
recorder and for further quantitative 
analysis a Quantel image processing system 
is used with Sapphire V.0.5 software, and 
an Iman β version software.

•	 Photo-luminescent Imaging Plates 
technique used by X-ray radiation or by 
neutron radiation with transfer method 
BAS IP-SR 20×25 and IP-SR 20x40[In and Dy 
(100 µm) foils]. The evaluation of exposed 
IP-s are by BAS 2500 reader unit used an 
AIDA picture reconstruction software.

•	 Thermal channel: No. 2
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Our radiation sources give a possibility to study 
semi-simultaneously or simultaneously the 
investigated objects by neutron-, gamma- and X-
ray radiography to use the all advantages of the 

complementary features of the different radiations. 
Simultaneously, other non-destructive inspection 
as vibration diagnostics and acoustic emission can 
be used.

Unique feature of the dynamic radiography station :

< DYNAMIC RADIOGRAPHY STATION
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The NORMA facility is located at the end position 
of the neutron guide NG1 as a complementary 
part of the NIPS facility. It has been designed 
for neutron radiography (NR) and tomography 
(NT), and as a position feedback for imaging-
driven Prompt Gamma Activation Imaging 
(PGAI). In latter mode, the combination with the 
element information obtained with NIPS gamma 
spectroscopy detector makes well localized 
element analysis possible.

The beam arrives through a flight tube of 5×5 
cm2 cross section into a sample chamber with 
dimensions of 20×20×20 cm3 for imaging and 
position-sensitive applications. It is made of 
AlMgSi alloy, and lined from inside with 6Li-
enriched polymer. By removing one or more side 
panels, larger objects (or at least parts of those) 
up to 5 kg weight could also be imaged (such as a 
sword, vase, stones, etc.). Samples can be loaded 
manually from the top, or placed onto an XYZω 
motorized sample stage with a travel distance 
of 200 mm and a guaranteed precision of 15 μm, 
which is introduced to the sample chamber from 
the bottom.

The imaging system of the NORMA setup consists 
of a 100 μm thick 6Li/ZnS scintillator, an Al coated 
quartz mirror and a cooled, black-and-white, back 
illuminated Andor iKon-M CCD camera with 
1024×1024 pixels and 16-bit pixel depth, mounted 

in a light tight aluminum housing. The custom 
optics projects a 48.6×48.6 mm2 field of view 
(in which the beam spot is about 40×40 mm2) 
onto the 13.3×13.3 mm2 sensitive surface of the 
CCD chip. The spatial resolution of the imaging 
system changes linearly between 230‑660 μm, 
proportional to the 1.5‑100.5 mm distance from 
the scintillator screen. The measured L/D ratio, 
characteristic to the neutron beam’s divergence, 
was found to be 233. The specifications of the 
facility are listed in Table 1. The spatial distribution 
of the beam is illustrated in Figure 1a; whereas the 
energy distribution of the neutrons, measured by 
time-of-light technique, is shown in Figure 1b.

The radiography images taken at NORMA require 
several steps of data treatment. The spatial 
inhomogeneity of the beam and the thermal 
noise of the camera should be removed. These are 
called ‘beam image correction’ and ‘dark image 
correction’, respectively. In tomography, the goal 
is to determine a measure of the interaction 
probability between the material and the 
neutron as a function of spatial coordinates. This 
quantity delivers the structural information about 
the interior of the sample. The reconstruction 
codes, such as the OCTOPUS reconstruction 
software, apply the inverse Radon-transformation 
and filtered back projection algorithms. The 
visualization of the dataset in 3D space (volume 
rendering) is carried out using VGStudio 2.1.

6.10.	NORMA - Neutron Optics and Radiography 
for Material Analysis 

Instrument scientists: Zoltán Kis, László Szentmiklósi

Centre for Energy Research, Hungarian Academy for Sciences

 NORMA - Neutron Optics and Radiography for Material Analysis >
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Beam size for imaging: up to 40×40 mm2

Beam cross section for PGAA/PGAI:
2×2cm2, 1.4×1.4cm2, 1×1cm2, 42mm2, 23mm2, 
10mm2, 5mm2, 1×20 mm2 slit

Collimation ratio (L/D) : 233

Beam energy distribution: Cold beam

Thermal-equivalent flux at target: ≈2.7×107×cm-2s-1

Scintillator screen : 100 µm thick 6Li/ZnS scintillator on an Al plate

Mirror:
Al coated quartz mirror set in 45 degree to the 
neutron beam

Lens: Canon EF 85mm f1.2 L II USM

Standard imaging detector : 	
Back-illuminated Andor iKon-M 934 CCD camera 
with 1024×1024 pixels and 16-bit pixel depth

Spatial resolution:
230‑660 μm according to the 1.5‑100.5 mm 
distance from the scintillator screen

Sample stage:	
XYZω motorized sample stage with a travel 
distance of 200 mm and a guaranteed precision 
of 15 μm

Sample chamber dimensions: 20×20×20 cm3

Sample environment: Ambient pressure and temperature

 	 Figures 1a. and 1b.
a) The spatial distribution of the 
neutron beam at the sample 
position of the NIPS/NORMA 
facility and some flux values 
measured by gold foils; and 
b) the energy and wavelength 
distribution of the neutron 
beam. 

 	 Table 1.
Specifications of the NORMA 
facility
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An irradiation facility existed at the BRR from 1968 
for 18 years. During the reconstruction of the 
reactor a new system for biology and dosimetry 
research was designed and completed in 1995. 
The final tests and the investigation of the beam 
quality were performed in early 1996. Since that 
time the system is in continuous operation and 
improvement.

The channel lock consists of 3 steel and heavy-
concrete segments turnable by an excentrical axis 
to open and close the channel. There is an internal 
remotely controlled filter holder at a distance of 
262 cm from the core which has six windows with 
the following materials: four Bi disks of 5, 10, 15 and 
20 cm thick and one Pb disk of 20 cm, the 6th one is 
an open hole. At the orifice of the beam tube two 
cylindrical tanks were constructed of alumina to 
serve as a water shutter and its emergency water 
storage, respectively. The water can be pumped up 
from and released to a larger buffer tank located 
outside of the reactor shielding block by pressurized 
air. A micro-processor controlled electronic unit 
connected to a PC operates the two shutters 
and the internal filter systems. The construction 
materials inside the beam tube work as internal, 
not removable filters with total thickness of 18 mm 
Pb and 15 mm Al.

The irradiation cavity is situated outside of 
the shielding block of the reactor in a distance 
of 1400 mm, thus its surface-to-reactor core 
distance is 3100 mm including the exchangeable 
core window (65 mm) made either of beryllium 
(rolling as the fast neutron reflector, too) or of 
aluminum. This window can be changed only 
during the maintenance or refueling period. The 

use of the aluminum window results in a hard 
neutron spectrum. Between the shielding surface 
of the reactor and the cavity there is a borated 
water shielded collimator with a useful diameter 
of 10 cm. It is possible to use this collimator as a 
holder for outer filters of about 800 mm length. 
Presently, filters of plexi-glass, polyethylene, iron, 
aluminum and lead are available to decrease the 
gamma and neutron intensity or to modify the 
neutron spectrum and the neutron-to-gamma 
ratio. There are two changeable filter disks of 
boron-carbide working as thermal and epithermal 
absorbers. The collimator is movable on a rail. The 
samples to be irradiated can be rotated to achieve 
a uniform, homogeneous irradiation. Cadmium 
or Boron carbide filters are used, if required, for 
decreasing the thermal neutron contribution. 
A large variety of irradiation geometry can be 
configured inside or outside of the collimator 
depending on the state, shape, weight of the 
material to be exposed.

The cavity is surrounded by a borated water shield 
which can be moved on a rail, as well. The whole 
construction is covered and surrounded by shielding 
elements, like a bunker, made of borated water and 
paraffin vax, heavy concrete and lead.

Three levels of the dosimetry system were 
developed: real time, active beam monitors; 
passive activation, track-etch and TL detectors 
and computer codes for spectrum and dose 
calculations. Each exposure is individually planned 
and continuously monitored during the procedure. 
Some typical dose and flux values are presented 
in 1. Table and the schematic view of the system 
is presented in 1. Figure.

6.11.	BIO – Biological irradiation channel 

Instrument responsible: Balazs Zabori

Centre for Energy Research, Hungarian Academy of Sciences
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Quantity Energy range Min Max

Neutron dose rate
(mGy/s)

E > 0.5 eV 0.023 14

Gamma dose rate
(µGy/s)

- 1.5 2570

Fast neutron flux
(cm-2s-1)

E > 100 keV 2×10E+6 2×10E+9

Intermedier neutron flux
(cm-2s-1)

100 keV > E > 0.5 eV 8×10E+3 2×10E+6

Thermal neutron flux
(cm-2s-1)

E < 0.5 eV 5×10E+4 3×10E+8

 	 Table 1.
Presently existing minimum and 
maximum dose and flux values.

 	 Figure 1.
Schematic view of the Biological 
Irradiation Facility

< BIO – Biological irradiation channel
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When a nucleus captures a neutron, the binding 
energy of the neutron is promptly emitted in 
the form of gamma radiation. The energies of 
the gamma photons are specific to the nucleus, 
while their numbers are proportional to the 
quantity of that nuclide. By analyzing the energy 
spectrum of these gamma rays, the isotopic and 
elemental contents of the irradiated sample can 
be determined. This is the principle of the prompt 
gamma activation analysis method.

The PGAA facility is located near the end position 
of the neutron guide No. 1. It is used for non-
destructive elemental analysis of samples by 
observing neutron-capture prompt gamma rays. 
From the cold neutron-source of the Budapest 
Research Reactor, the neutrons are guided to 
the experimental positions by a curved neutron 
guide to decrease the background coming from 
the reactor core. Before the beam enters to the 
experimental area, the beam is divided into two sub-
beams (upper and lower) by suitable collimators, 
and the upper beam operates the PGAA facility. 
The neutron guide has been recently upgraded 
with 2Θc supermirror guides that improved the 
thermal-equivalent neutron flux at the PGAA 
sample positions to 9.6×107 cm–2 s–1. The beam 
could be collimated to a maximum cross-section 
of 2×2 cm2. The intensity of the incoming neutron 
flux is monitored and recorded with an ORDELA 
Model 4511 N neutron detector throughout the 
whole reactor campaign.

For special experiments, a pulsed beam can also 
be used. Modulation in the order of milliseconds 
can be done by a revolving chopper blade, while 
longer on-off periods can be achieved with a fast 
beam shutter.

The experimental area is a 3×6.5 m2 space at 
the rear end of the guide hall (see Figure 1). The 
neutrons enter the cabin and fly along a 3 m 
long evacuated aluminum flight-tube across the 
experimental area, to the beam stop placed at the 

wall of the guide hall. A pneumatically actuated 
instrument shutter is used to control the entry 
of the neutron beam into the cabin while two 
computer-controlled secondary shutters are in 
place to allow independent operation of the 
PGAA and NIPS/NORMA facilities. Sections of 
the modular aluminum flight tube can easily be 
removed and reinstalled as needed. Collimators 
of appropriate sizes are used for the two beams. 
At present, the upper beam is used for PGAA 
measurements while the lower beam is used for 
NIPS/NORMA experiments.

The PGAA target chamber is at 1.5 m distance from 
the end of the guide. The sample chamber can 
be evacuated or filled up with gases to decrease 
beam-induced background. To prevent scattering 
of neutrons to the PGAA sample from the lower 
beam, a layer of neutron absorber is placed below 
the sample. The targets are mounted on thin Al 
frames by Teflon strings. Optionally, an automated 
sample changer with a capacity of 16 samples 
can be used. A neutron absorber after the PGAA 
target chamber stops the upper beam.

The detector system of the PGAA facility consists 
of an n-type high-purity germanium (Canberra 
HPGe 2720/S) main detector with closed-
end coaxial geometry, and a BGO Compton-
suppressor surrounded by a 10 cm thick lead 
shielding. The sample-to-detector distance 
is adjustable, but it is typically 230 mm. By 
removing the front detector shielding the HPGe 
main detector can be placed as close as 12 cm 
to the target.

The BGO annulus and catchers around the HPGe 
detect most of the scattered gamma photons. If the 
events from the HPGe and the BGO are collected 
in anticoincidence mode, Compton-suppressed 
spectra can be acquired. An analogue spectroscopy 
amplifier combined with an ADC and an Ethernet-
based multichannel analyzer (Canberra AIM 556A) 
collects the counts.

6.12.	PGAA  – Prompt Gamma Activation Analysis 

Instrument scientists: Zsolt Kasztovszky, László Szentmiklósi, Boglárka Maróti

Centre for Energy Research, Hungarian Academy for Sciences
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 A schematic drawing of the experimental area, 
the sample chambers and the HPGe-BGO detector 

assembly is shown in Figure 1. The main parameters 
of the PGAA system are collected in Table 1.

Beam tube: NG1 guide, end position

Distance from guide end: 1.5 m

Beam cross section (computer selectable):
2×2cm2, 1.4×1.4cm2, 1×1cm2, 42mm2, 23mm2, 
10mm2, 5mm2, 1/30 attenuator

Thermal-equivalent flux at target: ≈9.6×107 cm–2s–1 (in air)

Vacuum in target chamber (optional): ≈1 mbar

Target chamber Al-window thickness 0.5 mm

Form of target at room temperature:
Solid, powder, liquid; gas in a pressurized 
container

Target packing at atmospheric pressure: sealed FEP Teflon bag or vial

Sample chamber dimensions: 4×4×10 cm3

γ-ray detector n-type coax. HPGe, with BGO shield

Distance from target to detector window: 230 mm

HPGe window: Carbon epoxy, 0.5 mm

Relative efficiency: 27% at 1332 keV (60Co)

FWHM: 2.1 keV at 1332 keV (60Co)

Compton suppression factor: ≈5 (1332 keV) to ≈40 (7000 keV)

 	 Figure 1.
Layout of the PGAA-NIPS experimental area (left). The PGAA facility, with the standard sample chamber (middle) and with the 
automated sample changer (right)

 	 Table 1.
Specifications of the PGAA 
facility
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The NIPS facility is located at the end position of 
the neutron guide No.1. It is designed for a wide 
range of experiments that involve nuclear reaction-
induced prompt and delayed gamma radiations, 
γ-γ-coincidences, large-sample PGAA, Prompt-
Gamma Activation Imaging (PGAI).

From the cold neutron-source of the Budapest 
Research Reactor, the neutrons are guided to the 
experimental positions by the same curved neutron 
guides as for the PGAA facility. Before the beam 
enters to the experimental area, the beam is divided 
into two sub-beams (upper and lower) by suitable 
collimators, and the lower one operates the NIPS 
facility. The thermal-equivalent neutron flux at the 
NIPS sample positions is 2.7×107 cm–2 s–1. The beam 
could be collimated to a maximum cross-section of 
4×4 cm2. The intensity of the incoming neutron flux 
is monitored and recorded with an ORDELA Model 
4511 N neutron detector throughout the whole 
reactor campaign. 

The beam arrives through a flight tube of 5×5 
cm2 cross section. If multiple detectors are to be 
placed close to the sample, a narrow aluminum 
tube with a 5×5×5 cm3 sample chamber is available. 
Alternatively a sample chamber with dimensions 
of 20×20×20 cm3 is available for large-sample 
PGAA and position-sensitive applications. It is 
made of AlMgSi alloy, and lined from inside with 
6Li-enriched polymer. By removing one or more side 
panels, larger objects up to 5 kg weight could also 
be analyzed (such as a sword, vase, stones, etc.). 
Samples can be loaded manually from the top, 
or placed onto an XYZω motorized sample stage 
with a travel distance of 200 mm and a guaranteed 

precision of 15 μm, which is introduced from the 
bottom. If custom devices are to be built into the 
beam, a short flight tube without a sample chamber 
is the proper choice.

An n-type coaxial HPGe detector (Canberra GR 
2318/S) equipped with a Scionix BGO Compton 
suppressor is used for the routine prompt gamma 
measurements. This latter can accommodate 
HPGe detectors with larger crystals (up to end 
cap diameter of 76 mm). The passive shielding 
is made of standard lead bricks in a thickness 
of 10 cm for each direction. A changeable 
gamma collimator system is available for PGAI 
measurements consisting of three different lead 
collimators with an opening of 30 mm in diameter, 
a 2×20 mm2 slit and a 5×5 mm2, respectively. The 
gamma detector systems are regularly calibrated 
for counting efficiency and non-linearity. This 
procedure results in a precision of about 0.5% for 
the relative efficiency curve, 1% for the absolute 
efficiency curve and a precision of 0.005-0.1 keV 
for energy determination of peaks. The complex 
γ-ray spectra are evaluated with the spectroscopy 
program Hypermet-PC.

A digital signal processor combined with an Ethernet-
based multichannel analyzer module (Canberra 
AIM 556B) collects the counts. Alternatively, a four-
channel, all-digital XIA Pixie 4 spectrometer can also 
be used. A user-friendly facility control program, 
“Budapest PGAA-NIPS Data Acquisition Software”, 
has been written for manual, semi-automatic, and 
unattended automatic batch measurements. It 
controls the beam shutters, the motorized sample 
stage and the gamma acquisition. 

6.13.	NIPS - Neutron-Induced Prompt Gamma-ray 
Spectroscopy 

Instrument scientists: László Szentmiklósi, Zoltán Kis, Katalin Gméling

Centre for Energy Research, Hungarian Academy for Sciences

Operated by: Centre for Energy Research, Nuclear Analysis and Radiography Department
Instrument responsible: László SZENTMIKLÓSI, +36-1-3922222/3153,  
szentmiklosi.laszlo@energia.mta.hu
Instrument scientist(s): Zoltán KIS, Katalin GMÉLING
Location: Cold neutron guide No.1/4
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Beam tube: NG1 guide, end position

Distance from guide end: 2.6 m

Beam cross section for PGAA/PGAI:
2×2cm2, 1.4×1.4cm2, 1×1cm2, 42mm2, 23mm2, 
10mm2, 5mm2, 1×20mm2 slit

Beam cross section for imaging: up to 40×40 mm2

Thermal-equivalent flux at target: ≈2.7×107×cm-2s-1

Vacuum in target chamber: Not available

Form of target at room temperature:
Solid, powder, liquid; gas in a pressurized 
container

Target packing at atmospheric pressure: sealed FEP Teflon bag or vial

Sample chamber dimensions: 5×5×5 cm3/20×20×20 cm3

Distance from target to detector window: minimum 25 mm, typical 280 mm

γ-ray detector n-type coax. HPGe, with BGO shield

HPGe window: Al, 0.5 mm

Relative efficiency: 23% at 1332 keV (60Co)

FWHM: 2.2 keV at 1332 keV (60Co)

Compton-suppression factor ≈3.5 (1332 keV) to ≈30 (7000 keV)

 	 Table 1.
Specifications of NIPS facility

 	 A) Element analysis of small samples  	 B) large-sample PGAA/position-sensitive element 
analysis with radiography-driven PGAA or PGAI

 	 C) coincidence measurements with multiple HPGe 
detectors

 	 D) experiments with a custom equipment (the 
figure illustrates an in-beam neutron coincidence 
counting setup)

 	 Figure 1.
Possible configurations of the 
NIPS experimental station. The 
beam arrives from the lower-
right corner of the images.
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At the Budapest Research Reactor, two gas cooled 
irradiation rigs (BAGIRA 1 and 2) have been operated 
since 1998. Twenty four  different irradiation researches 
have been performed, testing irradiation ageing of 
reactor and fusion devices, structural materials, as low 
alloyed and stainless steels, Al, Ti and W alloys, ceramics 
etc. The devices served more than 12 years. The 
material aged by irradiation and corrosion, and their 
capacity cannot satisfy the up-to date requirements 
of the newly developing materials.

Presently the main  interest of the nuclear industry 
is the development of fusion reactors and 
Generation IV reactors. To increase the efficiencey 

and decreasse the impact on the environment, high 
operation temperature will be used. Consequently 
high temperature irradiation combined with in pile 
creep and fatigue testing are the future tasks of the 
irradiation devices.

Nowadays, there are only a few research reactors 
in Europe. With the new device in connection with 
the hot laboratory and with the existing know-how,   
we are capable of participating in international 
research projects, as well as customized irradiation 
and post irradiation examination in cooperation 
with several institutes and nuclear power industries 
worldwide.     

6.14.	BAGIRA3 – Reactor irradiation loop 

Instrument scientists: Attila Kovács, Ferenc Gillemot, Ákos Horváth

Centre for Energy Research, Hungarian Academy for Sciences

Description of the new device
The new device is called Budapest Advanced Gas-
cooled Irradiation Rig with Aluminium structure 3, 
BAGIRA3. 

The main features of it are:
•	 The rig capacity is 36 Charpy size specimen 

(appr. 1200 gr steel) or similar. The specimen 
sizes and shape can be varied according to the 
requirements, since only the target simple holder 
has to be changed.  

•	 At each of the new six zones, the electric heating 
can be separately controlled, ensuring to keep 

the required irradiation temperature within 
±5°C. Irradiation temperature can be controlled 
between 150°-650°C with gamma and electric 
heating and helium-nitrogen gas mix cooling. 

•	 The maximum fluence rate is 1-5*1013 n/cm2 
E>1MeV (approximately 0,5 dpa/year). The 
irradiation rig is shielded with boron carbide, to 
filter the thermal neutrons, reducing the activity 
of the irradiated specimens and the nuclear 
heating. Reduced target activity decreases the 
cost of the test or transportation of the irradiated 
specimens.

Figure 1.     
Target holder,  

filled with specimens
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•	 The target holder is separated from the 
thermocouples and electric heating system. 
This way the cost of the heating elements and 
thermocouples decreasing, and only minor 
quantity of aluminium or titanium heat removal 
material goes into the radioactive waste

•	 The new target pick up and eject system 
allows the quick target change during the 
operation brake of the reactor , and active 
target also can be used (e.g. irradiated and 
annealed material can be reirradiated)

•	 The target can be rotated during irradiation to 
ensure the same irradiation of the specimens 
located on the same level.

•	 The rig design allows irradiation creep or 
irradiation-low cycle fatigue study too.

•	 The device is designed for automatic 
operation, programmable, and it has several 
safety features, ( including emergency 
passive cooling system, automatic reset 
in case of any malfunction of the control 
system, etc.)

The equipment is ready and the control 
software is tested several hundred hours. Twelve 
different safety tests performed successfully, 
and the Hungarian National Safety Authority 

permitted the installation into the reactor. The 
test run in 2012 august was also successful. 
The rig operates from January 2013 in several 
research projects. 

The present situation and the remaining work

 	 Figure 2.
Assembled Bagira3 in the reactor 
channel with the view of the 
rotating engine

References:

•	G illemot Ferenc: „Study of Irradiation Effects at the Research Reactor” Strenghts of materials, Vol 42. No 
1. 2010, Springer Science pp.78-83



222 progress report

Combined with computerized high resolution 
gamma-ray spectrometry, RNAA offers mostly 
non-destructive, multi-element routine analysis 
needed in such areas as environmental monitoring, 
geochemistry, nutrition, archaeology and material 

science. Among its favourable characteristics 
negligible matrix effects, excellent selectivity 
and high sensitivity are worth mentioning, for 
about 75 elements less than 0.01 µg can be 
determined.

6.15.	RNAA – REACTOR-NEUTRON ACTIVATION 
ANALYSIS 

Instrument scientists: Ibilya Sziklai-László, Dénes Párkányi

Centre for Energy Research, Hungarian Academy for Sciences

Inner dimensions of the polyethylene rabbit 14 mm dia. x 42 mm

Thermal neutron flux 4.45 x 1013 n/cm2s

f (thermal to epithermal flux ratio) 34.8

α (representing the epithermal flux with 1/E1+α ) 0.029

Besides more than 40 vertical channels, a pneumatic 
sample transfer system is also available at the BRR 
(Figures 1 and 2). The control and data acquisition 
electronics and software of the fast rabbit system 
of the BRR has been upgraded recently. In the 
new system Field Point modular based I/O was 
implemented (National Instruments, USA). In order 
to extend the irradiation period (up to 20 minutes) 
a new sample holder capsule made from a high 
purity polymer (DuPont™ Vespel SP-1) was used. 
The cleanliness of this new material was measured 
by INAA as well as the surface contamination of 

the capsule during irradiations and the sample 
temperature inside the capsule. The concentrations 
of the Al, As, Cu, Mg, Mn, and Na producing short 
half - life isotopes with impurities <0.7 ppm, have 
no limiting effects on the usage of these capsules 
in several irradiation cycles per day.

In the “B” vertical pneumatic tube, thermal neutron 
flux variation along the axis of the irradiation capsule 
is less than 5 %. Neutron flux parameters have been 
measured with the “Bare Triple- Monitor” method 
using Zr, Al-0.1%Au and Fe foils (Table 1).

Instrumentation

Figures 1a. and 1b.     
The multi-purpose pneumatic 
transfer systemThe Field Point 

modular based I/O of the multi-
purpose pneumatic transfer system

 Table 1.     
Main specifications for channel 

“B” and rotating channel No17
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For long cycle irradiations, samples together with 
flux monitors are irradiated in one of the vertical, 
rotating irradiation channels (No17) of the reactor 

at a thermal neutron flux density of 1.86*1013 n.cm-

2.s-1, a thermal to epithermal flux ratio (f ) of 42 and 
α = 0.031.

Gamma-ray spectrometry
High resolution gamma-ray spectrometric 
measurements are performed with a Canberra HPGe 
detector (energy resolution of 1.82 keV and rel. efficiency 
of 36% for the 1332.5 keV 60Co line) and TRP preamplifier, 

CI 2026 amplifier (4 µs shaping); ACCUSPEC/B MCA  
(2x 8K), 8715 8K/800 ns ADC and Genie 2000 program 
for data acquisition. Counting losses are corrected with 
a Loss-Free Counting module (Figure 2).

Gamma spectra evaluations and calculation of element concentrations
For gamma-ray spectrum evaluation, the Hypermet-
PC (ver. 5.) is applied involving automatic peak 
search, energy calibration, net peak counts 
computation with the NonLin and Dual Spectrum 
Loss-Free Counting (LFC) Option. For the quantitative 
evaluation, an in-house program RNAACNC, based 

on the k0 standardization, is used. This program 
supports the following features: absolute activity, 
alpha value, element concentration, detector 
efficiency, isotope identification, thermal and fast 
neutron flux and flux ratio (f ), nuclear data library, 
specific activity computation (Figure 3).

Developments and applications
Selenium and other trace element levels were 
measured in basic food ingredients, human milk 
and formula milk from Hungary. Se intake, blood 
status and urinary Se excretion of healthy, diabetic 
and asthmatic children were also measured.
The activity concentrations of characteristic fission 
and corrosion products (Cr, Mn, Co, Cu, Fe, etc.) 
in the primary cooling water and the chemical 
concentrations of different impurity components 
in various water systems of the BRR are measured 
to monitor the water quality.

Epithermal neutron activation analysis (ENAA) was 
developed, boron activation ratios (RB) and improvement 
factors (IFB) for 23 nuclides were determined. Using the 
boron shield a very effective suppression of strongly 

activating 1/v and low resonance target isotopes (i.e. 
24Na, 42K, 38Cl, 46Sc,...) can be achieved and number of 
important nuclides (75As, 197Au, 111Cd, 121Sb, 124Sn, 238U) 
can be determined in geological and biological samples 
with minimum delay.

A radiochemical method for the selective separation 
of Cs has been adopted and tested. NAA and ICP-MS 
were applied parallel for the accurate determination 
of 135Cs in nuclear power plant wastes. Acceptable low 
detection limits (10-50 ng/L) and high accuracies (5-20 
%) were achieved by both techniques. Results of 135Cs 
determination by ICP-MS and NAA agreed well.

Using NAA complementing with PGAA in the fields of 
materials material science, archaeometry and geology.

 	 Figure 3.
Screen shot of the RNAACNC 
program

 	 Figure 2.
A gamma-ray spectrometer equipped with Dual Spectrum LFC module
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Graduate and postgraduate courses

Computer Aided Engineering (L. Zoltan SZIE)

Control theory (J. Füzi, PTE) 2010-2011

Digital Control (J. Füzi, PTE-PMMK) 2011

Disorder in condensed phases (L. Pusztai) 2010-2011

Electronics (J. Füzi, PTE-PMMK) 2011

Introduction to the neutron scattering for the microscopic investigation of matter, with applications in 
Physics, Chemistry, Biology and Geology (G. Nagy, Grenoble, France) 2010

Machine elements I. (L. Zoltan SZIE)

Machine elements II. (L. Zoltan SZIE)

Neutron beam methods in materials science, (L. Rosta, BME) 2010

Research of materials structures by neutron scattering (L. Rosta, ELTE) 2010

Laboratory practice and seminars 

Control theory practice (J. Füzi, PTE-PMMK) 2010-2011

Electronics laboratory practice (J. Füzi, PTE-PMMK)

Laboratory practice in neutron diffraction (L. Pusztai, ELTE) 2010-2011

Neutron detectors (J. Orbán, BME-NTI) 2011

Practice course in experimental physics for engineer-physicists (A. Szakál, BME) 2010-2011

Practice course in electrodynamics for energy-engineers (A. Szakál, BME) 2010- 2011

Introduction of the PGAA and NIPS facilities, (Z.Kis, L. Szentmiklósi, Zs. Kasztovszky, T. Belgya, Zs. Révay: 
AEKI Open University, 21 November 2011

Ph.D. students

László Z (SZIE) Magnetic bearings for neutron beam phase space tailoring (Supervisors: J. Nagy, J. Füzi)

Merkel DG (ELTE) Modification and study of magnetic thin films (Supervisor: Bottyán L)
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Nagy B (BME): Superconductor-ferromagnet proximity effects in thin films revealed by neutron 
reflectometry (Supervisor: Bottyán L) 

Orbán J (BME): Investigation and development of signal processing electronics for position sensitive 
particle counters (Supervisor: Rosta L and Sükösd Cs*)

Szakál A (BME); Investigation of the structure and dynamics of metal-hydrogen systems with neutron 
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The 5th Central European Training School on 
Neutron Scattering (CETS 2010) has been held 
between May 31 - June 04, 2010. The school 
was organized by the Neutron Spectroscopy 
Department and the Budapest Neutron Centre. 
The course provided an introduction to neutron 
scattering with special emphasis to hands-on-
training at the BRR facilities. The training consisted 
of five days of tutorial lectures given by renowned 
lecturers from Europe including also major neutron 
centers like Dubna, FRM II, HZ-Berlin, ILL. The 
lectures were followed by experimental works at the 
instruments to demonstrate to the students the art 
of utilization of instruments at a large-scale facility 
giving insight in sample preparation, experiment 
planning and running as well as data processing 
and interpretation of results. The participants were 
divided into groups of maximum 5-6 students 
in order to facilitate individual involvement in 
the performance of the experiment. The school 
brought together young physicists, chemists, 
biologists, actual or potential neutron users. Most 
of the attendees (23 non-Hungarian students) 
came from our neighbour countries. We enjoyed, in 
particular, the last day poster session including the 
student’s flash oral presentations: most of the work 
they presented had witnessed of serious effort - and 
their excitement of presenting was a nice moment 
of the school. 

CHARISMA - (Cultural Heritage Advanced Research 
Infrastructures: Synergy for a Multidisciplinary 
Approach to Conservation/Restoration) is an EU-
funded integrating activity project carried out in 
the FP7 Capacities Specific Programme “Research 
Infrastructures”. CHARISMA aims to target the lack of 
support currently offered to researchers on cultural 
heritage, as museums curators, conservators and 
conservation scientists. Central objective of the 
technical plan is the development of a coherent 
powerful platform to offer access directly to the 
widest number of scientific techniques available in 
large scale facilities and small/medium installations 
and tools, supporting the most promising and 
innovative experimental research, helping EU 
researchers to carry out advanced characterisation 
of heritage materials and exploiting advanced 
instrumentation capable to meet specific interests 
and to provide cross-subject solutions. 

CHARISMA 2nd Interim Meeting was held in 
Budapest at the Hungarian Academy of Sciences 
on March 3 to 4, 2011 with the participation of 
more then 60 experts from the the European 
Union partner institutes. It has been an hounor 
to organise the event at Budapest, after the 
serial meetnigs of CHARISMA, located at the 
Louvre, Prado and the di Belle Arti in Florence. 
Hungarian platform is a part of a support service, 
which offers to transnational users from Europe 
and associated countries, in order to let them 
carry out at best their research, exploiting the 
most advanced instrumentation and to multi-
techniques available in medium and large scale 
facilities in Europe. For applying to techniques 
for non-destructive examination of objects and 
samples the FIXLAB access is planned to two 
strongly integrated platforms, where Large Scale 
Facilities are coupled to a set of medium scale 
instrumentations, completed when needed with 
more conventional examination and analysis 
tools. One platform in France (Synchrotron SOLEIL, 
AGLAE Ion-beam - CNRS) is devoted to ion-beam 
and synchrotron radiation investigations and the 
other one, in Hungary (Budapest Neutron Centre 
and ATOMKI), is devoted to neutron and micro-
PIXE investigations. Neutron facility open to the 
national and international community, recognized 
component of the European network of neutron 
centers, joining institutes of RISP, IKI and RMKI. The 
activity – including 21 European partner institutes 
– provides transnational access to most advanced 
scientific instrumentations and knowledge 
allowing scientists, conservators-restorers and 
curators to enhance their research at the field 
forefront. The three research institutes of Hungarian 
Academy of Sciences are put together to form the 
neutron platform in CHARISMA. The infrastructure 
offers for access to neutron techniques and non-
destructive neutron experiments at the Budapest 
Research Reactor. The 2nd Interim Meeting was 
welcomed by Prof. Norber Kroó, Vice-president of 
the Hungarian Academy of Sciences. On the first 
day the scientific results of the first 18 months 
of the project were introduced and evaluated 
along with the discussion of future plans of the 
activity. On the second day the project related 
financial and other administrative tasks had been 
negotiated by the participants. 

CONFERENCES
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NMI3 - To mark the Hungarian Presidency of the 
European Union the annual Board meeting of the 
Neutron Muon Integrated Infrastructure Initiative 
(NMI3) project in FP7 was held on the 12th of 
May 2011 in Budapest, it was hosted by BNC, and 
organised by the contribution of the Neutron 
Spectroscopy Department. This project gathers 
the 10 major European neutron source facilities 
and another 10 adjoining institutions to provide 
access and research opportunities for a wide 
community of researchers. Nearly 50 delegates 
of the project partners discussed the next 4 years 
plans: the great news at this occasion was that the 
European Commission has awarded a 13 M€ grant 
to this project. Having recognized the last few year’s 
developments at our facility, BNC was the only to 
increase its share among the project partners. 

ENSA – The European Neutron Scattering 
Association (ENSA) held its first annual Committee 
meeting on the 13th of May 2011 in Budapest, 
it was hosted by the Budapest Neutron Centre, 
and organised by the Neutron Spectroscopy 
Department. ENSA groups 24 countries as member 
organizations and it has recently performed a 
thorough survey on the European user community 
establishing that neutron science and the 
utilization of neutron beam facilities at neutron 
source centres have a healthy growth to reach by 
now a community as large as 6000 users in Europe. 
During this meeting it was also considered that 
over the past two decades Hungary became an 
important part of the European neutron scattering 
landscape. As Prof. M.Steiner (HZ-Berlin) formulated: 
“The Budapest Neutron Center is one of the 
international user centers financially supported 
by the European Union, many research results of  
Hungarian scientists are highly recognized and 
in 2005 Hungary became one of the 14 member 
countries of ILL in Grenoble, the world leader in 

neutron research. This multifaceted presence in 
an area of European leadership in science largely 
contributes to the reputation of Hungary as a 
most valuable partner.” This ENSA meeting was 
attended by ~40 delegates and observers.

IAEA - A symposium “Concerted Actions in 
Research and Applications with Neutron Beams in 
Europe” was organized by he International Atomic 
Energy Agency (IAEA) in collaboration with the 
Government of the Republic of Hungary through 
the Budapest Neutron Centre on 1-3 June 2011 in 
Budapest. The IAEA promotes networking, coalitions 
and regional collaboration to improve the efficient 
and sustainable utilization of Research Reactors 
(RRs). This workshop aimed to strengthen the 
cooperative efforts of the member institutions in 
the field of neutron beam research and applications. 
The event covered the main neutron beam 
methods, examined the current status of neutron 
beam facilities and discussed the future trends 
in neutron science and applications in Europe. 
The role of smaller neutron beam facilities was 
evaluated in particular. The workshop also intended 
to provide a forum for sharing of information and 
good practices among developed and developing 
countries in the region, including leading neutron 
research centres. The meeting was attended by 39 
participants from 14 Member States in Europe. The 
workshop covered several topics as research and 
industrial applications using various neutron beam 
techniques, recent modernization/upgrade projects 
related to neutron beam facilities, education and 
training using neutron beams. Brief summaries of 
individual presentations are given in the Book of 
Abstracts. Technical tour to the Budapest Neutron 
Centre (BNC), including Budapest Research Reactor 
and its neutron beam facilities was organized as 
part of the meeting agenda.

Workshops

Spallation target workshop has been held on the 
2nd July 2010 at the KFKI site hosted by the Atomic 
Energy Research Institute with participation of 
the Research Institute for Solid State Physics, 
Mirrotron Co, Japan Proton Accelerator Research 

Complex (JPARC) and the Rogante Engineering 
Co. Lectures were focused on spallation neutron 
source development, considering different target 
options and industrial aspects of some target 
related issues. 
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Professional training in neutron research and 
instrumentation was provided by the Neutron 
Spectroscopy Department (SZFKI), Nuclear Solid 
State Physics Department (RMKI) and the Mirrotron 
Co. for visiting scientists of the Institute of Nuclear 
Physics and Chemistry, Mianyang, China. The event 
has been held on July 10- August 26, 2010 at the 
MTA KFKI Research Campus in Budapest, consisting 
training in neutron scattering with specific 
orientation on neutron reflectometry, delivering 
lectures by leading scientists of the Budapest 
Neutron Centre (BNC) and hands-on-training using 
BNC neutron facilities. The training performed on 
the cold and thermal neutron beam instruments 
of BNC included the following items: introduction 
to neutron techniques and instruments at BNC, 
training in Monte Carlo simulation for spectrometer 
components and neutron spectrometer function 
utilization, assistance in performance of real and 
simulated experiments at BNC reflectometers and 
training in data treatment. 

The Neutron Spectroscopy Department in 
cooperation with MIRROTRON Co. organized 
a training course in Neutron Research and 
Instrumentation with the specific purpose of 
training in Residual Strain Neutron Diffraction for 
a group of scientists and engineers of the Institute 
of Nuclear Physics and Chemistry, Mianyang, China 
in the  period of June 19 - July 16, 2011 (4 weeks). 

The training consisted of education in neutron 
scattering with specific orientation on neutron 
diffraction an strain scanning, including lectures 
given by leading scientists of the Budapest Neutron 
Centre (BNC) and renowned European experts 
invited by BNC as well as hands-on training using 
BNC neutron facilities. The training has included the 
following items: Introduction to neutron techniques 
and instruments at BNC, training in MC simulation 
for spectrometer components, training in neutron 
spectrometer function utilizations, assistance in 
performing real experiments at BNC diffractometers, 
training in data treatment

Mini-symposium “Modern nuclear and other 
analytical methods for the application in research 
of microelements in health, agriculture and the 
environment” was organized in Budapest, 18 
October, 2011 by the KFKI Atomic Energy Research 
Institute of HAS and the Microelement Committee 
of HAS.

Experimental Methods in Material Science 
Polarized neutron reflectometry is part of the course 
“Experimental Methods in Material Science” at the 
University of Technology and Economics Budapest 
(BME) for Master students in physics. The one day 
session is divided into two lectures and two hands-
on laboratory practices on neutron reflectometry 
and on small angle neutron scattering.

Professional Training
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EXPERIMENTAL STATIONS AT BNC

Acronym Instrument Current status
Responsible person
phone: +361 392 2222  
/EXT, e-mail

PSD
Powder diffractometer, 
Thermal beam No.9

scheduled, FP7
Margit FÁBIÁN/1965
fabian.margit@bnc.hu

MTEST
Materials test diffractometer, 
Thermal beam No.6

scheduled, FP7
László TEIMLEITNER /1469
temleitner.laszlo@bnc.hu

TOF
Time-of-flight diffractometer, 
Thermal beam No.1

scheduled, FP7
György KÁLI/1439
kali.gyorgy@bnc.hu

YS-SANS
Small angle scattering 
spectrometer (Yellow 
Submarine), Cold guide No.2

scheduled, FP7
Laszló ALMÁSY/1447
almasy.laszlo@bnc.hu

F-SANS
Focusing small angle 
scattering spectrometer,  
Cold guide No.3/2

Under 
commissioning

Adél LEN/ 1447
len.adel@bnc.hu

REFL
Neutron reflectometer,  
Cold guide No.1/2

scheduled, FP7
Tamás VERES /1738
veres@szfki.hu 

GINA
Polarised neutron 
reflectometer,  
Cold guide No.3/1

scheduled, FP7
Laszlo Bottyan/2761
bottyan.laszlo@bnc.hu

ATHOS
Three-axis spectrometer,  
Cold guide No.1/1

scheduled, FP7
 Gyula TÖRÖK/1439
torok.gyula@bnc.hu

TAST
Three-axis spectrometer on a 
thermal beam,  
Thermal beam No.8

scheduled, FP7
Alex SZAKAL/1416
szakal.alex@bnc.hu

DNR/SNR
Dynamic/static  radiography, 
Thermal beam No.2/3

scheduled, FP7
László HORVÁTH/1434
horvath.laszlo.z@energia.mta.hu 

NORMA
Neutron Tomography,  
Cold guide No.1/4

scheduled, FP7
Zoltán KISS/ 3311
kis.zoltan@bnc.hu

BIO
Biological irradiations,  
Thermal beam No.5

scheduled, FP7
Balázs ZÁBORI/1341
zabori.balazs@bnc.hu 

PGAA
Prompt gamma activation 
analysis, Cold guide No.1/3

scheduled, FP7
László SZENTMIKLÓSI /3143
szentmiklosi.laszlo@bnc.hu 

NIPS
Neutron Induced Prompt-
Gamma Spectroscopy,  
Cold guide No.1/4

scheduled, FP7
Zsolt KASZTOVSZKY /3234
kasztovszky.zsolt@bnc.hu 

BAGIRA
Controlled temperature 
irradiation rig, Reactor tank

scheduled, FP7
Attila KOVÁCS/1420
kovacs.attila@energia.mta.hu 

RNAA
Fast-rabbit system and 
activation analysis,  
Reactor tank

scheduled, FP7
Ibolya SZIKLAI /1411
sziklai.ibolya@bnc.hu


