


Experiment title Instrument:

B N ( Total scattering experiments on aqueous electrolyte | MTEST

solutions
Local contact

Experimental Report L. Temleitner
Principal proposer: Proposal No.
L. Temleitner (Wigner RCP) MTEST_12_2_IH
Experimental team: Date(s) of Exp.
V. Mile, I. Harsanyi (Wigner RCP) 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: CaBr; at 10, 6 and 1 mol% and Cal, at
3 and 1T 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 A 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
(06-83Ain Q).

Resulting normalized curves show the typical shape of water and aqueous salt solutions, one main peak at ca
2 A, 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.

! I ' 1 ' 1

C L 1 T T T I
N Cal,
Culr =
’ 0.01 - _;’\\. —_— lmal%
— 1mol% s M —— 3.5mol%
- = ol B - TTmEmsmmem=— - 7
Q01 = - 1imol% |
0.005 —_/\_x— —
b o | . | 1 1
0 z 4 .., @
CHA
1 — T 1
0.005 — NiSO,
—_— A 3ol T
0.005
L [ 1 L L 1 | L 1 " 1 1
8] o
[¢] 2 4 ., 6 E] 0 z 4 . a B
CHA A

Figure 1. a) Normalized experimental neutron diffraction data of Cal2 and CaBr2 solutions at 5 concentrations. b) Normalised experimental
neutron diffraction data of 4.3mol% NiSO4 solution(/home/ildi/niso4/niso4_gq.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.
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Experiment title Instrument:
B N ( Trial measurement of the linear position sensitive | MTEST
detector of the MTEST diffractometer
Local contact
Experimental Report L. Temleitner
Principal proposer: Proposal No.
L. Temleitner (Wigner RCP) MTEST_12_3_IH
Experimental team: Date(s) of Exp.
L. K&szegi, L. Temleitner 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-PCl 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 144 A 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% D20 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.

Figure 1. a) Measured raw pattern by the linear position-
sensitive detector.

Black solid line: D20 in 6 mm can; red solid line: empty
instrument; green solid line: 6 mm vanadium can; magenta
IS - solid line: rescaled detector characteristics.

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.
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Experiment title Instrument:
B N ( Commissioning the triple monochromator-changer | M7EST

Local contact

Experimental Report L. Temleitner
Principal proposer: Proposal No.
L. Temleitner (Wigner RCP) MTEST_12_4_IH
Experimental team: Date(s) of Exp.
L. K&szegi (Wigner RCP), L. Temleitner 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: L&szlé Készed;,
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 [A]  |cps Run 1 2nd
Ge (111),15  [2251(2) 155 Wavelength (A) [1.4403(7) 1.4393(6)
Cu(111),30° [1.439903) 2240 geroenor () [0562) 0550
. ¥ Cu (220),30" 0.8816(3) 330
Fiur 1. The /nsra/)ed Table 1. Wavelength and beam intensity (monitor ~ Table 2. Result of the reproducibility test
monochromator-changer counter) —at 40° take-off angle of the

monochromator with 30’ collimator

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.
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Experiment title Instrument:

B N C Orientational correlations in the liquid phase of 1,1- | MTEST
dibromo-1-chloro-2,2,2-trifluoroethane (C,F;Br,Cl)
Local contact

Experimental Report L. Temleitner
Principal proposer: Proposal No.
Sz. Pothoczki (Wigner RCP) MTEST_12_5_IH
Experimental team: Date(s) of Exp.
Sz. Pothoczki, L. Temleitner (Wigner RCP) 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 C,FsBr.Cl 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) A neutrons at room temperature using a 0.7 cm’ gel-
like sample. During the measurements the sample (C2F;Br,Cl) 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.
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Figure 1. Corrected neutron powder diffraction pattern of CoF3Br.Cl

Future prospects

We have already undertaken a series of experiments using X-ray diffraction experiments to study the liquid
and crystalline phase of C,FsBrCl. 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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Experiment title Instrument:
B N ( Neutron diffraction study on molten alumino- | MTEST
silicates and mixed non-ferrous oxide systems
Local contact
Experimental Report L. Temleitner
Principal proposer: Proposal No.
G. S. E. Antipas (National Technical University of Athens) BRR_326
Experimental team: Date(s) of Exp.
G. S. E. Antipas, K. Karalis (National Technical University of Athens) 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 A 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 BFs proportional counter. During the measurement,
the scan range was from 60 to 144 degrees, thus allowing Q-range between 7.2 and 135 A" 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 A; the material's S(Q) shape
below 0.7 A" is suggestive of long-range ordering, while short-range order is flagged by the fluctuations
between 5.5 and 11.5 A Similarly the ND offered satisfactory resolution between 7-14 A",

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.
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Proposal No.
BRR_233
Local contact
A. Meiszterics

Experiment title

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

BNC

Experimental Report

Principal proposer: Date(s) of Exper.
Maria Balasoiu'*

Experimental team:

Lidia Ishchenko?, Serghei Stolyar?, Rauf Iskhakov?, Alexander Kuklin', Yuriy Raikher®, Aniko
Meiszterics

" FLNPh, JINR, 114980, Dubna, Russia

2 Siberian Federal University, 660041, Krasnoyarsk, Russia

3Institute of Continuum Media Mechanics, Ural Branch of RAS, Perm, Russia

4IFIN-HH, PO Box MG-6, Bucharest, Romania

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
N = Ferritine Sigma-Aldrich . ® .
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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

P(0)- 4;}sin2 (OH cosa) J, (ORsina) i arde
I (QH cosa)’ (QRcosot)2

where, J, 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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Experiment title Proposal No.
B N ( SANS study of lysozyme amyloid aggregate BRR 545
. . . Local contact
disassembly caused by magnetite nanoparticles N.Szekely
Experimental Report

Principal proposer: Date(s) of Exper.
Peter Kopcansky Dec 2010
Experimental team: Date of Report
Gdbor Lancz, Peter Kopcansky, Milan Timko, Mikhail Avdeev, Artem Feoktystov, 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 (FesO4) 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 FesO, particles stabilised with perchloric acid. The obtained SANS curves from mixtures of fibrils
and magnetite particles with different content of D,O (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 D,O the scattering length density of the magnetite particles of the ionic
ferrofluid was almost the same as of D,O, thus the scattering came practically solely from the protein
structure.
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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 H,O (hDEXMF) and D20 (dDEXMF).
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No significant change in the behaviour of the curves for pure amyloidal fibrils (HCI+D,O) with low (1.5
mg/ml) and high (10 mg/ml) concentration was detected. Beside HEWL fibrils in diluted HCI, 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.
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Table 1. >

Characteristic features of the
PSD diffractometer for two
actual arrangements

194

6.1. PSD - NEUTRON POWDER DIFFRACTOMETER WITH
POSITION SENSITIVE DETECTORS

Instrument scientists: Margit Fabidn'2 and Erzsébet Svdb?

' Centre for Energy Research, Hungarian Academy of Sciences, H-1525 Budapest PO.B. 49,

Hungary

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

of Sciences

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

Channel

Primary collimation

Take-off monochromator angle facility
Monochromator and mosaicity
Monochromatic wavelength
Resolution, Ad/d

Flux at the sample position

Beam size at the specimen

Scattering angle, 26

Momentum transfer interval, Q

Monitor counter

Detector system

Data collection
Data transfer and control

Remote control and file transfer
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detector system is based on three *He filled linear
position sensitive Reuter-Stokes detectors (610 mm
inlength, 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. AWindows 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.

thermal, 9T tangential
Soller-type : 20’
-5°<20,,<45°

Cu(111), 16’ Cu(220), 20’
1.069 A 0.66 A
12102 24102

10°ncm2s’! 10°ncm2s’!

10 mmx50 mm

5°<20<110°
06-92 A’ 0.8-15.8 A"
fission chamber

3 linear position sensitive 3He detectors
the detector assembly spans 25° scattering angle
at a given position

Xilinx preprogrammed unit

PC-AT with Eagle I/0 card and a dedicated
electronic device

Windows programme package



< PSD — Neutron powder diffractometer with position sensitive detectors

SOLLER COLLIMATOR-15"

NEUTRON BEAM

BORATED PARAFFIN

IRON RING

SHIELDING SEGMENTS

COLLIMATOR SLIT 15X50 mm

MONOCHROMATOR CRYSTAL
Cu <111> 16’

MONOCHROMATOR AXIS

COLLIMATOR SLIT 20X50 mm

CADMIUM SLIT

MONITOR COUNTER

DETECTOR SHIELDING

*He LINEAR POSITION
SENSITIVE DETECTORS

im
M1:20

INSTRUMENTS

< Figure 1.
Schematic arrangement of the
PSD neutron diffractometer

< Figure 2.
Photographs taken from the PSD
neutron diffractometer
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Table 1. >
Available
monochromators
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6.2. MTEST DIFFRACTOMETER

Instrument scientists:Ldszl6 Temleitner, Ldszl6 K6szegi

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

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
wavelengthiseasy 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.

Monochromator

Wavelength at 40° take-off angle (nm)

The corresponding Q-range (A")
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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 144°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
1000°C); 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.

Ge(111)  Cu(111)  Ge(220)  Cu(220)
0.223 0.143 0.137 0.087
0.25~535 04~835  04~87 0.65~13.7



. Top - view of the whole system < Figure 1.

Sapphire Reactor
single crystal
Thermal neutrons
channel Nos.

Detector

MTEST
Diffractometer

26) movement (from Doto 1416

b. Side- view of the 4 - circle diffractometer
Tilting (from -13:0 to +384)

Detector "
J L Sample position

4
Sample tablew

nmmllinn fo the

shiclding

< 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-1000°C)

INSTRUMENTS 197



198

6.3. TOF - HIGH RESOLUTION TIME-OF-FLIGHT POWDER

DIFFRACTOMETER

Instrument scientists: Gyorgy Kdli
Instrument team: Gy. Kdli, G. Eszenyi

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

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 Ad/d =1-5x1073. 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 cm? 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 - 10us — neutron
pulse and the 25m total flight path allows us to
obtain a diffractogram with an accuracy of 10°A
(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 15A" 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

References:

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 ps) and a 15° window
for long variable pulses (20-200 ps), 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 cm? 2D detector)
reach completion, a box of four *He 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
*He 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.

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. K&li, L. Rosta and F. Mezei, 2006, Physica B, 385-86 1019-1021
4. Kali Gy, Santa Zs., et al. 2006 Proceedings of EPDIC10 Zeitschrift fur Kristallographie;
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Beam comprasor

Back scattering detector

Ch1

Beam stop

< Figure 1.
Instrument Layout
Total flight path from chopper 1 [=25m < Table.
Main parameters
Wavelength range 0.08-0.5 nm
Bandwidth in single experimentA\ from 0.4 nm to 0.08 nm (200 Hz)
Resolution Ad/d 1x10% at d=0.15 nm
Straight neutron guide cross section 25x100 mm?
Coating Supermirror NiTi, m=2
Beam flux at opened windows 4x107 neutron/s/cm?
Pulse length 10-1000 ps
Max. speed for the double chopper 12000 rpm
. » < Figure 2.
l_‘h - [ \ The medium resolution wide-
T T T T T T p— T T T T T L T T T band spectra from sintered
05 1.0 15 20 25 alumina illustrates the d-spacing
d-spacia [A range available for high
resolution at back scattering.
&0 -4 |-
] M, I
4 |
400 |'I II -
1 ]
[ 4
00 | *I -
- 4o i
100 = II I." -
T T T T — 1
17785 130 1765 1240 1245
e < Figure 3.
The (119)and (10 10) peaks from a high resolution spectra.
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Table 1. >
Main characteristics
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6.4. YS-SANS - SMALL ANGLE NEUTRON SCATTERING
INSTRUMENT YELLOW SUBMARINE

Instrument scientists: LdszIl6 Almdsy, Adél Len, Rendta Unnep

Wigner Research Centre for Physics, Neutron Spectroscopy Department

The SANS diffractometer Yellow Submarine covers
a Q-range from 0.003 to 0.7 A" allowing to probe
structures at length scales from 5 A to 1500 A. 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 cm?
cross-section, made of (1.5 6 ) 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
A). The width AM) 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.

Beam tube:

Monochromator :

Detector:

Collimations :

Flux at the guide exit :
Sample-to-detector distance:
Incident wavelength:

Wavelength spread:
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Sample environment

In most of the experiments an automatic sample
changerwith 6 positionsis used. It can be thermostated
from an external bath between -10and 100°C. 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 14T in the gap 25mm)

Detector

The scattered neutrons are detected by a 64 x
64 pixels (Tcm x Tcm pixel size) two dimensional
position sensitive LETI (Grenoble, France) detector
filled with BF, 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.

Cold neutron guide No.2/1

Multidisk velocity selector

2D position sensitive, 64 x 64 cm?,
filled with BF, gas

1 mor5m

5%10” n/cm?/sec

Continuously adjustable between 0.92 and 56 m

3-25A

Adjustable between 12 — 30%



< YS-SANS — Small Angle Neutron Scattering Instrument Yellow Submarine

Scheme of the SANS diffractometer Yellow Submarine

10 MW power reactor and Collimation system (5 m long)

cold source (beam splitter, collimator, neutron
guide, telescope) Thermostat ( 10 +100 °C)

Curved neutron guides 2™ beam shutter ﬁ

Yellow Submarine
|
- A'J
Disc type velocity DGR Sample holder /
selector
2D position sensitive
detector
Beam shutter Entrance aperture Exit aperture SD distance varied

hetween (0.9m - 5.6m
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6.5. REF - COLD NEUTRON REFLECTOMETER

Instrument scientists: Tamds Veres, Ldszlo Cser

Wigner Research Centre for Physics, Neutron Spectroscopy Department

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

Utilization of the reflectometer
- quality control of supermirror multilayers;
- thin layer studies for a PhD work.

In the current configuration with the relatively low

was in the previous position. The main technical
novelty is the installation of a 2D position
sensitive detector.

The reflectometer operates at wavelength: A =428 A
Maximal scattering angle: O¢ ¢ = 50
Angular resolution is variable by changing of the
slit widths using micrometer screws down to
0.0055 grad.

Flux of the neutrons: 200 n/cm? sec

Background for the whole detector: 5n/sec

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.

- i
e — i
—— S RS —_es00 s 80 —TII/BF
deacy 2D detector [ —— float glass
{ Slits Sample |
| “ |
| |
l | E
| |
B - 21 |
| 3_,___‘.._———-'—— —t - 1860 % - ] '
= ~ Reflec tome‘ter 0 |
0 1 2 3 4
m
~ Figure 1. ~ Figure 2.
The schematic view of the reflectometer (REF) Tests of m=3,5 supermirror coating on polished borkrone glass
at the guide No.1. (RMS surface roughness: 4 A) measured by neutron reflectometry,
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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,
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compared to float test glass.

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. Itis also
essential to get rid of the epithermal neutrons



< REF - cold neutron reflectometer

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.

Typical papers for REF:

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.q.
bio-membranes).

Veres T, Cser L: Study of the reflectivity of neutron super mirrors influenced by surface oil layers; Rev

SciInstr; 81, 063303, 2010

BodnarchuckV, 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. Horvath, B. Nagy: Investigation of periodic
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6.6. GINA - NEUTRON REFLECTOMETER WITH

POLARIZATION OPTION

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

Wigner Research Centree for Physics

CHARACTERIZATION OF THIN FILMS AND MULTILAYERS

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 A 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
flipperand a spin analyzer (P2), and finally it is detected
by a two-dimensional position sensitive neutron
detector (DET). The incident intensity is monitored
by alow efficiency (~0.1%at A = 4.6 A) 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 (6) goniometer of ST. The
second bench - the 26-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 26-motion is driven by a wheel running
on the marble surface while the corresponding air
pads are activated.

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 300K range) can be
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The monochromator MONO s 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 A=4.6A, 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 alongitudinal gradient field with a center field
of 5.6 mT.Theflipper 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 A",

Scattered neutrons are registered by a delay line type
multi-wire proportional chamber with active area of
200x200 mm? and spatial resolution of 1.6 mm (FWHM).
The detector is filled with a *He / CF, gas mixture of
2.5/3 bar partial pressures and is encased in a boron-
containing shielding for background suppression.

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.



EXAMPLE REFLECTOGRAM

Our example in Figure 2 highlights the polarized
specular reflectivity performance of GINA on a sample
of a 20x20 mm? isotope-periodic multilayer prepared
with a MgO(001)/["™Ni(T 5nm)/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 simultaneousfit
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 "Ni and ®Ni layers, respectively. The

References:

magnitude of the fitted scattering length densities (“'SLD
=(913+05)x10° A2and SLD=(-7.01+1)x10° A?) show
only minor deviations from their known bulk values.
The magnetizations of the ™Ni and %2Ni layers were
constrained identical and the fit provided 044+0.12T.
This value amounts 66% of the known room temperature
saturation magnetization M, 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.

1. L Bottyan, D.G. Merkel, B. Nagy, J. Major, Neutron News, 23,21 (2012)
2. L Bottyan, D.G. Merkel, B.Nagy, Sz. Sajti, L. Dedk, G. Endrécz, J. Fuzi, A. V. Petrenko, J. Major, submitted to

Review of Scientific Instruments

3. SV.Grigoriev, Al. 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 wwwifs kfki.hu

Wavelength

Present wavelength

Max. scattering angle
Angular resolution (A)

ANV

Background level

Detector

Detector spatial resolution
Neutron flux at the monochromator position
Background reflectivity
Overall polarization efficiency

3.9+5.1 Ain five steps
46 A

>0=35°

0.003°

~1%

0.01 cps cm™?

2D PSD, 200x200 mm?
1.6x1.6 mm?
4x10°nxcm2xs’
<7x10°
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g!%
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~ Figure 1.
The layout of the GINA neutron reflectometer.
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< Table1.
Operation parameters
of GINA

< Figure 2.

Measured R*, R~ specular
polarized reflectivities and
the derived spin asymmetry,
(R*-R)/(R*+R-) on MgO(001)/
[Ni(15nm)/Ni(5nm)].. The
statistical errors for most data
points are smaller than the
symbol size.
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6.7. ATHOS - COLD NEUTRON TREE-AXIS

SPECTROMETER

Instrument scientists: Gyula Torék, Alex Szakdl

Wigner Research Centre for Physics, Neutron Spectroscopy Department

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.
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The range of energies (0.025-14 meV) of excitations
accessible to thisinstruments 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 () is routine if required as opposed
to the time of flight spectrometer in which Qand £
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 mm? two dimensional position
sensitive *He 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.q.
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



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

Beam tube :

Monochromator :

Analyser :

Collimations :

Range of monochromator angle:
Range of scattering angle :
Range of analyser angle :

Range of crystal orientation :
Angular resolution :

Flux at specimen :

Beam size :

Momentum transfer :

Energy transfer :

Characteristic resolution at 3.3 A

Sample enviroment :

methodical development purposes (Torok Gy,
Lebedev VT, Nagy A, Gordeev GP, Zsigmond G,
Physica Status Solidi C1,No 11, 3182 (2004).

< Table1.
Main parameters
of the spectrometer

Cold neutron guide No.1/1
pyrolitic graphite 90x80 mm (24min mosaicity)

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

interchangeable 45,30, 15’
36°<20< 126°

-120°< 20 < 70°

-40°< 20 < 120°

0°< 20 < 360°

0.01°

2x10° n/cm?/.sec

25x90 mm?

0-27A"

0-9meV

120-150 peV

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
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Table 1. >
Main parameters
of the spectrometer
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6.8. TAST/HOLO - THERMAL NEUTRON TREE-AXIS
SPECTROMETER AND NEUTRON HOLOGRAPHIC

INSTRUMENT

Instrument scientists: Alex Szakdl, Gyula Toérék

Wigner Research Centre for Physics, Neutron Spectroscopy Department

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 £ 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

Beam tube:
Monochromator :

Analyzer :

Detector

Range of monochromator angle:
Range of analyzer angle :
Range of crystal orientation :
Angular resolution :

Flux at specimen at 1 A:
Beam size :

Momentum transfer :

Energy transfer :
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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 Gd,0,.

Ahighly efficient (90% at 1 A)3He single counterof 1
diameteris 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.

Channel No.8 (radial - sapphire single crystal filter)
Cu 200 (doubly focusing)

pyrolytic graphite 002 (horizontally focusing)
*He single

14°<20< 90°

-100°< 20 < 120°

0°< 20 < 360°

0.01°

2x10° n/cm?/.sec

50x50/10x15 mm? (depends on focusing)
02-10A"

1-60 meV



Monocromator
i Shielding
| =

Reactor
shielding

-—

s

New facility in our research activity: neutron holography setup

The principle and two ways of experimental realisation of atomic resolution neutron holography was proposed
by Loszly CSER (BNC). An international team lead by L. Cser has performed the first successful experiment
proving the feasibility of the so called internal detector on a Pb-Cd single crystal. Neutron holography is a
unique method for direct measurement of local lattice distortionss with sub-picometer accuracy. On the TAST
instrument a dedicated holography setup was installed at the Budapest Reactor (Figure on the right). The first
holographic spectra were recorded on an NH,C, single crystal .
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< Figure 1.
Layout of the thermal neutron
three-axis spectrometer
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6.9. DYNAMIC RADIOGRAPHY STATION

Instrument responsible: Horvdth Ldszlé, Mdrton Balasko

Centre for Energy Research, Hungarian Academy for Sciences

Neutron radiography utilizes transmission to  radiography station has been built out visualize
obtain information on the structure and/or inner  and analyse the flow of fluids, the evaporation and
processes of a given object. It is used for various  the condensation processes in closed metal objects,
non-destructive test measurements. A dynamic  tube systems and other types of dynamic events.

Main parameters of the dynamic radiography station:
Thermal channel: No. 2

+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 10’ nxcm?xsec!, behind of CD an In
filter: 3x10° nxcm~xsec’

Gamma 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:
700x1000 mm?

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
9750x700 mm?

Maximum weight of the investigated object:
200kg
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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 pm; for gamma and
X-ray radiography NaCs single crystal with
resolution of 200 um, or ZnS screen with
resolution of 100 um

Variable filters: Cd, In

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

Radiographyimageis visualised on monitor,
stored by S-VHS video recorder and DVD
recorder and for further quantitative
analysis a Quantelimage processing system
is used with Sapphire V.0.5 software, and
an Iman 3 version software.

Photo-luminescent Imaging Plates
technique used by X-ray radiation or by
neutron radiation with transfer method
BAS IP-SR 20x25 and IP-SR 20x40[In and Dy
(100 um) foils]. The evaluation of exposed
IP-s are by BAS 2500 reader unit used an
AIDA picture reconstruction software.



< DYNAMIC RADIOGRAPHY STATION

Unique feature of the dynamic radiography station :

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.

INSTRUMENTS
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6.10. NORMA - NEUTRON OPTICS AND RADIOGRAPHY
FOR MATERIAL ANALYSIS

Instrument scientists: Zoltdn Kis, LdszIl6 Szentmikldsi

Centre for Energy Research, Hungarian Academy for Sciences

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 5x5
cm? cross section into a sample chamber with
dimensions of 20x20x20 cm? for imaging and
position-sensitive applications. It is made of
AIMgSi alloy, and lined from inside with SLi-
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 XYZw
motorized sample stage with a travel distance
of 200 mm and a guaranteed precision of 15 um,
which is introduced to the sample chamber from
the bottom.

The imaging system of the NORMA setup consists
of a 100 um thick 6Li/ZnS scintillator, an Al coated
quartz mirror and a cooled, black-and-white, back
illuminated Andor iKon-M CCD camera with
10241024 pixels and 16-bit pixel depth, mounted

in a light tight aluminum housing. The custom
optics projects a 48.6x48.6 mm? field of view
(in which the beam spot is about 40x40 mm?)
onto the 13.3x13.3 mm? sensitive surface of the
CCD chip. The spatial resolution of the imaging
system changes linearly between 230-660 pm,
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.
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Beam size for imaging:

Beam cross section for PGAA/PGAI:

Collimation ratio (L/D) :
Beam energy distribution:
Thermal-equivalent flux at target:

Scintillator screen :
Mirror:
Lens:

Standard imaging detector :

Spatial resolution:

Sample stage:

Sample chamber dimensions:

Sample environment:

up to 40x40 mm?

2x2cm?, 1.4x1.4cm?, 1x1cm?, 42mm?, 23mm?,
10mm?, 5mm?, 1x20 mm? slit

233

Cold beam

=2.7%x10’xcm?s™

100 um thick °Li/ZnS scintillator on an Al plate

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

Canon EF 85mm f1.2 L [l USM

Back-illuminated Andor iKon-M 934 CCD camera
with 1024x1024 pixels and 16-bit pixel depth

230-660 pum according to the 1.5-100.5 mm
distance from the scintillator screen

XYZw motorized sample stage with a travel
distance of 200 mm and a guaranteed precision
of 15 um

20x20x20 cm?

Ambient pressure and temperature

Neutron beam characteristics at the NIPS-NORMA facility

The spatial distribution of the neutron beam.

1.48E+07

1.05E+0 7NN

A48 mm

2.70E+07 1.98E+07

48 mm

The energy and wavelength distribution
of the neutron beam (time-of-flight measurement)

Neutron energy spectrum

The flux values are measured by activating Au-foils
(five opaque circles in the image).
Numbers are in n.cm?.sec?,
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< Table 1.
Specifications of the NORMA
facility

< 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.
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6.11. BIO - BIOLOGICAL IRRADIATION CHANNEL

Instrument responsible: Balazs Zabori

Centre for Energy Research, Hungarian Academy of Sciences

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 6" oneis
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
Pband 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
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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.



< BIO - Biological irradiation channel

Quantity Energy range Min Max
Neutron dose rate
E>05eV 0.023 14
(MGy/s)
Gamma dose rate
- 1.5 2570
(LGy/s)
Fast neutron flux
E> 100 keV 2x10E+6 2x10E+9
(cm™sT)
Intermedier neutron flux
100 keV > E>0.5eV 8x10E+3 2X10E+6
(cm2sT)
Thermal neutron flux
E<05eV 5%10E+4 3X10E+8
(cm?sT)
Biological Irradiation Facility ckvaca
atthe Budapest Research Reactor
Reactor block
Heawvy concrete Reactor hall
shielding m;e"‘ e Lchetséges besug. pozicidk
0-20 cm Free space for samples
S?‘lt:tn:r \;.ﬁ::: 18 mm e oty ZB:EN or additional shielding

«—CORE
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B ==

B
10 cm 3 B
oy S]] of | el

Beam tube 45 mm
T Remote T P
Controllad
96 cm
ahove
Heavy concrete floor I Move
shieldin: -
9 Stop bar to close o O
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< Table1.
Presently existing minimum and
maximum dose and flux values.

< Figure 1.
Schematic view of the Biological
Irradiation Facility
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6.12. PGAA - PROMPT GAMMA ACTIVATION ANALYSIS

Instrument scientists: Zsolt Kasztovszky, LdszI6 Szentmikldsi, Bogldrka Maréti

Centre for Energy Research, Hungarian Academy for Sciences

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 20 _ supermirror guides that improved the
thermal-equivalent neutron flux at the PGAA
sample positions to 9.6x10” cm s7'. The beam
could be collimated to a maximum cross-section
of 2x2 cm? 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 3x6.5 m? 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
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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 chamberis 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.



Beam tube:

Distance from guide end:
Beam cross section (computer selectable):

Thermal-equivalent flux at target:
Vacuum in target chamber (optional):

Target chamber Al-window thickness
Form of target at room temperature:

Target packing at atmospheric pressure:
Sample chamber dimensions:

y-ray detector

Distance from target to detector window:
HPGe window:

Relative efficiency:

FWHM:

Compton suppression factor:

A schematic drawing of the experimental area,
the sample chambers and the HPGe-BGO detector

NG1 guide, end position
1.5m

2x2cm?, 1.4x1.4cm?, 1x1cm? 42mm?, 23mm?,
10mm?, 5mm?, 1/30 attenuator

~0.6x10” cm=2s~" (in air)
=1 mbar
0.5 mm

Solid, powder, liquid; gas in a pressurized
container

sealed FEP Teflon bag or vial
4x4x10 cm?

n-type coax. HPGe, with BGO shield
230 mm

Carbon epoxy, 0.5 mm

27% at 1332 keV (*°Co)

2.1 keV at 1332 keV (*°Co)

=5 (1332 keV) to =40 (7000 keV)

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

< Table1.
Specifications of the PGAA
facility

~ 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)
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6.13. NIPS - NEUTRON-INDUCED PROMPT GAMMA-RAY

SPECTROSCOPY

Instrument scientists: Ldszl6 Szentmikldsi, Zoltdn Kis, Katalin Gméling

Centre for Energy Research, Hungarian Academy for Sciences

Operated by: Centre for Energy Research, Nuclear Analysis and Radiography Department
Instrument responsible: Laszlo SZENTMIKLOSI, +36-1-3922222/3153,

szentmiklosilaszlo@energia.mta.hu

Instrument scientist(s): Zoltan KIS, Katalin GMELING

Location: Cold neutron guide No.1/4

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,
y-y-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 positionsis 2.7x10” cm=2 5. The beam
could be collimated to a maximum cross-section of
4x4 cm?. 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 5x5
cm? cross section. If multiple detectors are to be
placed close to the sample, a narrow aluminum
tube with a 5x5x5 cm?® sample chamber is available.
Alternatively a sample chamber with dimensions
of 20x20x20 cm? is available for large-sample
PGAA and position-sensitive applications. It is
made of AIMgSi alloy, and lined from inside with
°Li-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 XYZw motorized sample stage
with a travel distance of 200 mm and a guaranteed
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precision of 15 um, 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 2x20 mm? slitand a 5x5 mm?, 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
y-ray spectra are evaluated with the spectroscopy
program Hypermet-PC.

Adigital 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.



Beam tube:

Distance from guide end:
Beam cross section for PGAA/PGAI:

Beam cross section for imaging:
Thermal-equivalent flux at target:

Vacuum in target chamber:
Form of target at room temperature:

Target packing at atmospheric pressure:
Sample chamber dimensions:

Distance from target to detector window:
y-ray detector

HPGe window:

Relative efficiency:

FWHM:

Compton-suppression factor

NG1 guide, end position
26m

2x2cm?, 1.4x1.4cm?, 1x1cm? 42mm?, 23mm?,
10mm?, 5mm?, 1x20mm? slit

up to 40x40 mm?
=2.7x10"xcms’
Not available

Solid, powder, liquid; gas in a pressurized
container

sealed FEP Teflon bag or vial

5x5x5 cm?/20x20x20 cm?
minimum 25 mm, typical 280 mm
n-type coax. HPGe, with BGO shield
Al, 0.5 mm

23% at 1332 keV (°°Co)

2.2 keV at 1332 keV (*°Co)

=3.5 (1332 keV) to =30 (7000 keV)

~ A) Element analysis of small samples

~ B)large-sample PGAA/position-sensitive element
analysis with radiography-driven PGAA or PGAI

~ () coincidence measurements with multiple HPGe
detectors

~ D) experiments with a custom equipment (the
figure illustrates an in-beam neutron coincidence
counting setup)
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< Table 1.
Specifications of NIPS facility

< Figure 1.

Possible configurations of the
NIPS experimental station. The
beam arrives from the lower-
right corner of the images.
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Figure 1. >
Target holder,
filled with specimens
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6.14. BAGIRA3 - REACTOR IRRADIATION LOOP

Instrument scientists: Attila Kovdcs, Ferenc Gillemot, Akos Horvdth

Centre for Energy Research, Hungarian Academy for Sciences

At the Budapest Research Reactor, two gas cooled
irradiation rigs (BAGIRA 1 and 2) have been operated
since 1998. Twenty four differentirradiation researches
have been performed, testing irradiation ageing of
reactor and fusion devices, structural materials, as low
alloyed and stainless steels, Al, Tiand 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

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

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.

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*10' n/cm?
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.

Six heat controlled zones

| s
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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 present situation and the remaining work
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

References:

- 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.)

< Figure 2.

Assembled Bagira3 in the reactor
channel with the view of the
rotating engine

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.

Gillemot Ferenc:,Study of Irradiation Effects at the Research Reactor” Strenghts of materials, Vol 42. No

1.2010, Springer Science pp.78-83
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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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6.15. RNAA - REACTOR-NEUTRON ACTIVATION

ANALYSIS

Instrument scientists: Ibilya Sziklai-Ldszl6, Dénes Pdrkdnyi

Centre for Energy Research, Hungarian Academy for Sciences

Combined with computerized high resolution
gamma-ray spectrometry, RNAA offers mostly
non-destructive, multi-element routine analysis
neededinsuchareasasenvironmental monitoring,
geochemistry, nutrition, archaeology and material

Instrumentation

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/0 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

Inner dimensions of the polyethylene rabbit
Thermal neutron flux
f (thermal to epithermal flux ratio)

a (representing the epithermal flux with 1/E'*¢)
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science. Among its favourable characteristics
negligible matrix effects, excellent selectivity
and high sensitivity are worth mentioning, for
about 75 elements less than 0.01 ug can be
determined.

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).

14 mm dia. x 42 mm
445 x 10" n/cm?s
348

0.029



For long cycle irradiations, samples together with
flux monitors are irradiated in one of the vertical,
rotating irradiation channels (N°17) of the reactor

Gamma-ray spectrometry
High
measurements are performed with a Canberra HPGe

resolution gamma-ray spectrometric

detector (energy resolution of 1.82 keVand rel.efficiency
of 36% for the 1332.5 keV*Coline) and TRP preamplifier,

ey
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~ Figure 2.
A gamma-ray spectrometer equipped with Dual Spectrum LFC module

at a thermal neutron flux density of 1.86*10" n.cm
25, a thermal to epithermal flux ratio (f) of 42 and
a=0.031.

(12026 amplifier (4 us 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).
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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

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

on the ko 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).

activating 1/v and low resonance target isotopes (i.e.
#Na, K, *Cl, ©Sc,..) can be achieved and number of
important nuclides (PAs, ’Au, '"'Cd, ?'Sb, '#Sn, #8U)
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 *Csin nuclear power plant wastes. Acceptable low
detection limits (10-50 ng/L) and high accuracies (5-20
%) were achieved by both techniques. Results of *Cs
determination by ICP-MS and NAA agreed well.

Using NAA complementing with PGAA in the fields of
materials material science, archaesometry and geology.
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< Figure 3.

Screen shot of the RNAACNC

program
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GRADUATE AND POSTGRADUATE COURSES
Computer Aided Engineering (L. Zoltan SZIE)
Control theory (J. FUzi, PTE) 2010-2011

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

Disorder in condensed phases (L. Pusztai) 2010-2011
Electronics (J. Fuzi, 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 Il. (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. Fizi, PTE-PMMK) 2010-2011

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

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

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

Practice course in experimental physics for engineer-physicists (A. Szakal, BME) 2010-2011
Practice course in electrodynamics for energy-engineers (A. Szakél, BME) 2010- 2011

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

PH.D. STUDENTS

LaszI6 Z (SZIE) Magnetic bearings for neutron beam phase space tailoring (Supervisors: J. Nagy, J. Fuzi)

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

Orbén J (BME): Investigation and development of signal processing electronics for position sensitive
particle counters (Supervisor: Rosta L and Stikdsd Cs”)

Szakal A (BME); Investigation of the structure and dynamics of metal-hydrogen systems with neutron
scattering (Supervisor: Cser L)

Unnep R (ELTE); Study of self-assembly functional nano participles by neutron scattering (Supervisor:
Mezei F)

DISSERTATIONS

Gmeéling K (PhD, ELTE) A Karpat-Pannon térség miocén-kvarter mészalkali vulkani kézeteinek bor
geokémiai 6sszetétele és kapcsolata a szubdukcios folyamatokkal: prompt-gamma aktivacios analitikai
vizsgalatok (Supervisor:

Len A (PhD, ELTE) Tungsten Wires Studied by Small Angle Neutron Scattering (Supervisor: Rosta L)

Marké M (BME) Atomic resolution neutron holography (Supervisor: Cser L)

Meiszterics A (ELTE): Calcium containing bioceramics prepared by sol-gel method and their (Supervisor:
Rosta L and Sinko KY)

Nagy G (ELTE, Université de Grenoble) Analysis of lamellar systems related to the photosynthesis with
the use of neutron scattering (Supervisor: Rosta L, Peters J, Timmins P, Garab Gy)

Mile V (ELTE) Structural studies of aqueous cesium-halide solution (Supervisor: L. Pusztai)

Székely NK (PhD, ELTE) Small angle neutron scattering study on aqueous solutions of various diols and
methylurea derivatives (Supervisor: Rosta L)

Szildgyi V (PhD ELTE) Inka kori kerdmidk archeometriai vizsgélata (Paria, Bolivia): nyersanyageredet és
technolégia (Supervisor:)

Tancziké Ferenc (PhD, ELTE) Determination of the direction of magnetization by elliptically polarized
resonant photons (Supervisor: Bottydn L)
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CONFERENCES

The 5 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 I, 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.
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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 lon-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, IKl 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 Kroo, 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.



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

WORKSHOPS

Spallation target workshop has been held on the
2" 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

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 (BNQ), including Budapest Research Reactor
and its neutron beam facilities was organized as
part of the meeting agenda.

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.

EVENTS
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PROFESSIONAL TRAINING

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).
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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 BNG, 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.






232

ARTICLES

Kulvelis YV, Trunov' VA, Lebedev' VT, Orlova’ DN, Torok Gy, Gelfond” ML; Complexes of ferromagnetic
fluids with photoditazin and their promising applications in photodynamic therapy; Journal of Structural
Chemistry; 150, 949-953, 2009

Lebedev' VT, Vinogradova' LV, Torok Gy; Structural features of star shaped fullerene (C,,) Containing
Polystyrenes, Neutron Scattering Experiments; Polymer Science Ser A, 50, 1090-1097, 2009

Aksenov’ VL, Tropin® TV, Kyzyma OA, Avdeev" MV, Korobov™ MV, Rosta L; Formation of C_ fullerene
clusters in nitrogen-containing solvents, Chemistry and physics of polymers and fullerenes, biology,
and pharmacology; Physics of the Solid State; 52, 1059-1062, 2010

Aksenov' VL, Avdeev” MV, Shulenina” AV, Zubavichus" YV, Veligzhanin® AA, Rosta L, Garamus” VM, Vekas
L, Neutron and synchrotron radiation scattering by nonpolar magnetic fluids, Crystallography Reports;
56, 5, 792-801, 2011

Almasy L, Bende"A; Ab initio structures of interacting methylene chloride molecules with comparison
to the liquid phase; J Mol Lig; 158, 205-207, 2011

Avdeev’ MV, Tropin' TV, Bodnarchuk’ IA, Yaradaikin® SP, Rosta L, Aksenov VL, Bulavin® LA; On structural
features of fullerene C_ dissolved in carbon disulfide: Complementary study by small-angle neutron
scattering and molecular dynamic simulations; The Journal of Chemical Physics; 132, 164515,2010
Balasoiu” M, Bica" I, Raikher" YL, Dokukin” EB, Almasy L, Vatzulik” B, Kuklin® Al; Particle concentration effects
on the ferrofluids based elastomers microstructure, Optoelectonics and Adv Mat; 5,514-517,2011

Bende" A, AlImdsy L; AB initio study of mixed clusters of water and N,N'-dimethylethyleneurea; Ukrainian
J Phys; 56, 796-800, 2011

Bende" A, Almasy L; Weakly bonded cluster structures of N,N'- dimethylethyleneurea and water; JMo/
Lig; 162, 45-49 2011

Borella, A, et al., Determination of the 2098Bi (n,y )210Bi and 209Bi (n,y )210m,gBi reaction cross sections
in a cold neutron beam; Nuclear Physics A, 2011.850 (1): p. 1-21.

. Cornelius* TW, Schiedt B, Severin* D, Pepy G, Toulemonde* M, Apel* PYu, Boesecke* P and Trautmann*

G, Nanopores in track-etched polymer membranes characterized by small-angle X-ray scattering,
Nanotechnology, 21, 155702-155709, 2010

. Fuzi J, Rosta L; Neutron beam conditioning for focusing SANS spectrometers; J Phys Conf Ser; 241,

012075, 2010

. Gallovd™ J, Uhrikova™ D, Kucerka™N, Svorkova“ M, Funari® SS, Murugova' TN, Almésy L, Mazur” M, Balgavy”

P; Influence of cholesterol and beta-sitosterol on the structure of EYPC bilayers; J Membrane Biol, 43,
1-13,2011

Gunsing F, et al., Neutron Capture on (209)Bi: Determination of the Production Ratio of (210m)Bi/
(2109)8Bi.; Journal of the Korean Physical Society, 2011.59(2): p. 1670-1675.

Heaton" ME, Rogante” M, Len A, Denieffe” D; Investigation of the processing effects of UV, heat and
laser ablation on SU-8 microturbines; A first approach by small angle neutron scattering; Multidiscipline
Modeling in Materials and Structures; 6, 364-372,2010

Hurst, A, et al,, Gamma Spectrum from Neutron Capture on Tungsten Isotopes. Journal of the Korean
Physical Society, 2011. 59(2): p. 1491-1494.

. Justino® LLG, Ramos” ML, Knaapila® M, Marques” AT, Kulda® CJ, Scherf" U, AImasy L, Schweins” R, Burrows"

HD, Monkman" AP; Article Gel formation and interpolymer alkyl chain interactions with Poly(9,9-
dioctylfluorene-2,7-diyl) (PFO) in toluene solution: results from NMR, SANS, DFT, and semiempirical
calculations and their implications for PFO B-phase formation; Macromolecule; 44, 334-343, 2011
Khaydukov Yu.N, Aksenov VL, Nikitenko YuV, Zhernenkov KN, Nagy B, Teichert A, Steitz R, Ruhm A, Bottyan L;
Magnetic Proximity Effects in \//Fe Superconductor / Ferromagnet Single Bilayer Revealed by Waveguide-
Enhanced Polarized Neutron Reflectometry; J. Supercond. Nov. Magn. 24 (2011) 961 - 968.

Khaydukov YuN, Nikitenko YuV, Bottyan L, Rihm A, Aksenov VL; Feasibility of Study Magnetic Proximity
Effects in Bilayer “Superconductor / Ferromagnet” Using Waveguide Enhanced Polarized Neutron
Reflectometry; Crystall. Rep. 55 (2010) 1235 - 1241.

PROGRESS REPORT



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

Kis, Z., T. Belgya, and L. Szentmiklosi, Monte Carlo simulations towards semi-quantitative prompt
gamma activation imaging; Nucl Instr. and Method, 638(1): p. 143-146. 2011

Kis Z,, et al,, MUitargyak roncsoldsmentes vizsgélata neutronokkal — az EU-Ancient Charm project;
Fizikai Szemle; 7-8: p. 235-239. 2011

Knaapila®M, Evans'RC, Vasil" M. Garamus” VM, Almasy L, Székely NK, Gutacker” A, Scherf U, Burrows™ DH;
Structure and “Surfactochromic”Properties of Conjugated Polyelectrolyte (CPE): Surfactant Complexes
between a Cationic Polythiophene and SDS in Water; Langmuir; 26(19), 15634-15643, 2010
Knaapila® M, Bright" DW, Nehls™ BS, Garamus” VM, Almasy L, Schweins” R, Scherf” U, Monkman™ AP;
Development of intermolecular structure and beta-phase of random poly[9,9-bis (2-ethylhexyl)fluorene]-
co-(9,9-dioctylfluorene) in methylcyclohexane; Macromolecules; 44, 6453-6460, 2011

Knaapila”M, Bright” DW, Stepanyan R, Torkkeli® M, Aimdsy L, Schweins’ R, Vainio™ U, Preis” E, Galbrecht”
F, Scherf U, Monkman" AP; Network structure of polyfluorene sheets as a function of alkyl side chain
length; Phys Rev E; 83,051803, 2011

Knaapila” M, Evans” RC, Gutacker™ A, Garamus” VM, Szekely NK, Scherf” U, Burrows™ HD; Conjugated
polyelectrolyte (CPE) poly[3-[6-(Nmethylimidazolium)hexyl]-2,5-thiophene] complexed with aqueous
sodium dodecylsulfate amphiphile: synthesis, solution structure and “surfactochromic” properties;
Soft Matter 7,15, 6863-6872, 2011

Kornilov N,, et al, The U-235(n, f) Prompt Fission Neutron Spectrum at 100 K Input Neutron Energy;
Nuclear Science and Engineering; 165(1): p. 117-127.2010

Krakovsky'l, Székely NK; Small-angle neutron scattering study of nanophase separated epoxy hydrogels;
Journal of Non-Cristalline solids; 356, 368-373, 2010

Krakovsky" |, Székely NK; SANS and DSC study of water distribution in epoxy-based hydrogels; European
Polymer Journal 47,2177-2188, 2011

Kulvelis" YU, Lebedev' VT, Trunov' VA, lvanova’ IN, Torék Gy; Building of complexes of sulphonated
tetraphenylpophyrine with Poly-N- vinylpyrrolidone by the data of small angle neutron scattering;
Journal Poverhnost — X-ray —synchrotron and neutron investigation; 2, 14-20, 2011

Kulvelis" YV, Trounov VA, Lebedev’ VT, Orlova DN, Torok Gy, Gelfond ML; Structure of magnetically
guided nanocarriers of the photodithazine sensitizer from small-angle neutron scattering data; Physics
of the Solid State; 52, 1040-1044, 2010

Lebedev' VT, Kulvelis™ YV, Torok Gy; Dynamics of water in binary and ternary solutions of DNA and
porphyrins; Physics of the Solid State; 52, 1074-1079, 2010

Lebedev' VT, Orlova’ DN, Lebedev' VM,. Térok Gy, Melnikov™ AB, Vinogradova® LV, Selforganisation of
sulpho-polystyrene ionomers with ionogenic groups of SO, Liin carbon tetrachloride; Russian Journal
of Applied Chemistry, 83, 864-868, 2010

Lebedev' VM, Lebedev' VT, Orlov" SP, Pevzner BZ, Tolstichin™ IN, Térék Gy; Supra atomic structure of
radiation defects in synthetic quartz by the data of small angle neutron scattering; Physics of the Solid
State, 52, 1000-1005, 2010

Lebedev' VT, Mel'nikov" AB, Torok Gy, Vinogradova® LV; Self organization of sulfopolystyrene ionomers
in solutions: dependence on the polarity of the solution and the content of ionogenic groups in
chains1, 2; Viysokomolekulyarnye Soedineniya, Ser A; 53, 8, 1362-1375, 2011

Lebedev" VT, Torok Gy, Vinogradova® LV; Internal organization and conformational characteristics of
star shaped polystyrene with fullerene C, as a branching center in deuterotoluene; Polymer Science,
SerA;53,7,537-545,2011

Lebedev' VT, Torok Gy, Vinogradova' LV, Mechanisms of the self organization of star shaped polymers
with a varied structure of branching center based on fullerene C60 in solutions; Crystallography Reports,
56,7,1118-1122,2011

Marczak™ W, Czech™B, Almasy L, Lairez" D; Molecular clusters in aqueous solutions of pyridine and its
methyl derivatives; Phy Chem, Chem Phys; 13, 6260-6269, 2011

Markdé M, Krexner® G, Schefer” J, Szakal A, Cser L; Atomic resolution holography using advanced
reconstruction techniques for 2D detectors; New Journal of Physics; 12, 063036, 2010

PUBLICATIONS

233



234

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Merkel DG, Bottyan L, Tancziké F, Zolnai Z, Nagy N, Vértesy G, Waizinger J, Bommer L; Magnetic
patterning perpendicular anisotropy FePd alloy films by masked ion irradiation; J. Appl. Phys. 109
(2011) 124302.

Merkel DG, Sajti Sz, Fetzer Cs, Major M, Ruffer R, Rihm A, Stankov S, Tancziké F, Bottyan L: Isotope-
periodic multilayer method for short self-diffusion paths — a comparative neutron and synchrotron
Maossbauer reflectometric study of FePd alloys; J. Phys. Conf. Ser. 211 (2010) 012029.

Merkel DG, Horvath ZE, Szécs DE, Kovacs-Mezei R, Kertész GGy, Bottyan L:Stress relaxation in Fe/Si
neutron supermirrors by He™ irradiation; Physica B 406 (2011) 3228 - 3242.

Meiszterics A, Rosta L, Peterlik H, Rohonczy” J, Kubuki® S, Hentis™ P, Sinkd™ K, Structural characterization
of gel-derived calcium silicate systems; Journal of Physical Chemistry A; 114, 10403-10411, 2010
Nagy G, Posselt” D, Kovacs™ L, Holm" JK, Szabd™ M, Ughy” B, Rosta L, Peters™ J, Timmins™ P, Garab” Gy;
Reversible membrane-reorganizations during photosynthesis in vivo - revealed by small-angle neutron
scattering; Biochem J.; 436, 225-30, 2011

Nikitin AM, Borisov MM,. Mukhamedzanov EKh, Sajti S., Tancziké F, Dedk L, Bottyan L., Khaydukov Yu.N,,
Aksenov VL; Precision Structural Diagnostics of Layered Superconductor/Ferromagnet Nanosystems V/Fe
by Reflectometry and Diffuse Scattering of Synchrotron Radiation; Crystall. Rep. 56 (2011) 858 - 865.
Orbén J, Cser L, Rosta L, Torok Gy, Nagy” A; Design and experimental results of a large, position sensitive,
multi-wire prototype detector developed at BNC Review Article; Nuclear Instruments and Methods in
Physics Research Section A: Accelerators, Spectrometers, Detectors and Associated Equipment; 632, 124-
127,2011

Petrenko™ VI, Avdeeva® MV, Garamus VM, Bulavin® LA, Aksenov™ VL, Rosta L; Colloids and surfaces A:
Physicochemical and engineering aspects; An International Journal of Colloids and Surfaces A; 369,
160-164, 2010

Petrenko" VI, Aksenov’ VL, Avdeev' MV, Bulavin® LA, Rosta L, Vekas™ L, Garamus™ VM, Willumeit” R; Analysis
of the structure of aqueous ferrofluids by the small-angle neutron scattering method; Non-Crystalline
materials, nanostructures and liquids; Physics of the Solid State; 52, 974-978, 2010

Revay Zs., Szentmiklosi L, Kis Z; Determination of new k(0) values for prompt gamma activation analysis
at Budapest; Nuclear Instruments & Methods in Physics Research Section a-Accelerators Spectrometers
Detectors and Associated Equipment, 622(2): p. 464-467. 2010

Rogante” M, Pasquini” U, Rosta L, Lebedev" V; Feasibility study for the investigation of Nitinol self-
expanding stents by neutron techniques; Physica B: Condensed Matter; 406, 527-532, 2011

Rogante” M, Rosta L; Forged components and possibilities of their investigation by neutron techniques;
Croatian Society for Mechanical Technologies; 69-81, 2010

Rogante, M., Z. Kasztovszky, and A. Manni, Prompt Gamma Activation Analysis of bronze fragments
from archaeological artifacts; Notizario Neutroni e Luce di Sincrotrone; 15(1): p. 12-23. 2010

Rosta L, Baranyai' R, Budapest Research Reactor 20 years of international user operation, Neutron News;
22,31-36,2011

Rosta L, Len” A, Pépy G, Harmat™ P, Nano-scale morphology of inclusions in tungsten wires a complex
SANS study, Neutron News; 23, 2011

Russina” M, Kali Gy, Sdnta Zs, Mezei F; First experimental implementation of pulse shaping for neutron
diffraction on pulsed sources; Nuclear Instruments and Methods in Physics Research Section A: Accelerators,
Spectrometers, Detectors and Associated Equipment; 654, 383-389, 2011

Schulze R; et al,, New neutron based imaging methods for cultural heritage studies. Archeologia e
Calcolatori, 21: p. 281-299. 2010

Seghedi [; et al, Note on the evolution of a Miocene composite volcano in an extensional setting,
Zarand Basin (Apuseni Mts., Romania); Central European Journal of Geosciences; 2(3): p. 321-328; 2010
Sleaford, B, et al., Capture Gamma-ray Libraries for Nuclear Applications. Journal of the Korean Physical
Society; 59(2): p. 1473-1478; 2011

Szakal A, Czifrus' Sz, Markd M, Fuzi J, Rosta L, Cser L; Optimization of focusing supermirror neutron
guides for low gymma background; Nuclear Instruments and Methods in Physics Research A; 06, 007,
2010

PROGRESS REPORT



59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Szakmany, G, et al,, Discrimination of prehistoric polished stone tools from Hungary with non-destructive
chemical Prompt Gamma Activation Analyses (PGAA), Eur. J. Mineral; 23: p. 883-893;2011
Szentmiklési L; et al, Upgrade of the Prompt-Gamma Activation Analysis (PGAA) and the Neutron
Induced Prompt-gamma Spectroscopy (NIPS) facilities at the Budapest Research Reactor; J. Radioanal.
Nucl. Chem; 286: p. 501-505; 2010

Szentmikldsi L, Révay Zs, Belgya T; Measurement of partial gamma-ray production cross-sections and k(0)-
factors for radionuclides with chopped-beam PGAA-Part Il Nuclear Instruments & Methods in Physics Research
Section a-Accelerators Spectrometers Detectors and Associated Equipment; 622(2): p. 468-472; 2010

Péterdi B, et al,, Bazalt anyagu csiszolt kéeszkdzok kdzettani és geokémiai vizsgalata (Balatondszod
- temetdi dUI6 leléhely); Archaeometriai Mdhely;1: p.33-68. 2011

Tancziké F, Sajti Sz, Dedk L, Merkel DG, Endréczi G, Nagy DL, Bottydn L,. Olszewski W, Szymanski K;
lectron proportional gas counter for linear and elliptical Mdssbauer polarimetry; Rev. Sci. Instrum. 81
(2010) 023302.

Tapasztd™ O, Tapasztd” L; Markd M; Kern™ F; Gadow” R; Balazsi” C; Dispersion patterns of graphene and
carbon nanotubes in ceramic matrix composites; Chemical Physics Letters; 511, 340-343, 2011
Teschner D, et al,, Role of Hydrogen Species in Palladium-Catalyzed Alkyne Hydrogenation. Journal of
Physical Chemistry C, 114(5): p. 2293-2299. 2010

Torok Gy, Lebedev' VT, Vinogradova® LV, Orlova™ DN, Shamanin™VV; Molecular correlations in bulk
star-shaped polystyrene with fullerene C_; center; Fullerenes, Nanotubes and Carbon Nanostructures,
18,431-436,2010

VeresT, Cser L; Study of the reflectivity of neutron super mirrors influenced by surface oil layers; Review
of Scientific Instruments; 81,063303, 2010

Wallner, A, et al., Neutron-capture Studies on (235)U and (238)U via AMS. Journal of the Korean Physical
Society, 59(2): p. 1410-1413; 2011

Zamponi® M, Pyckhout-Hintzen® W, Wischnewski® A, Monkenbusch'™M, Willner'L,
Kali Gy, Richter'D; Molecular Observation of Branch Point Motion in
Star Polymer Melt; Macromolecules; 43, 518-524, 2010

Nagy G, Pieper J, Krumova SB, Kovécs L, Trapp M, Garab G, Peters J; Dynamic properties of photosystem
I membranes at physiological temperatures characterized by elastic incoherent neutron scattering.
Increased flexibility associated with the inactivation of the oxygen evolving complex; Photosynth
Res; 111,113-124, 2011

Rosta L, Len A, Pépy G, Harmat P, Nano-scale morphology of inclusions in tungsten wires —a complex
SANS study; Neutron News; 23, 13-16, 2011

Szakal A, Czifrus S, Marko M, Fuzi J, Rosta L, Cser, L; Optimization of focusing supermirror neutron
guides for low gamma-background; Nucl Instr Meth A; 634, S130-5133, 2011

Cser L, Krexner G, Markd M, Szakal A; Neutron holography — a brief history and overview; Neutron
News; 23, 17-20, 2012

Fabian M, Svab E; Uranium surrounding in borosilicate glasses from neutron- and X-ray diffraction
and reverse Monte Carlo modeling; Neutron News; 23,9-12, 2012

Kasztovszky Zs, Rosta L; How can neutrons contribute to Cultural Heritage Research; Neutron News;
23,25-28,2012

Mezei F, Russina M, Kéli Gy; Neutron diffraction for long pulse neutron sources; Neutron News; 23,
29-31,2012

Nagy G, Szabé M, Unnep R, Kéli Gy, Miloslavina Y, Lambrev PH, Zsiros O, Porcar L, Rosta L, Garab G;
Modulation of the multilamellar membrane organization and of the chiral macrodomains in the
diatom Phaeodactylum tricornutum revealed by small-angle neutron scattering and circular dichroism
spectroscopy; Photosynth Res; 110, 71-79, 2012

Posselt D, Nagy G, Kirkensgaard JJK, Holm JK, Aagaard TH, Timmins P, Rétfalvi E, Rosta L, Kovécs L, Garab
Gy; Small-angle neutron scattering study of the ultrastructure of chloroplast thylakoid membranes
- periodicity and structural flexibility of the stroma lamellae; Biochim Biophys Acta — Bioenergetics;
8,1220-1228,2012

PUBLICATIONS

235



236

79.

80.

81.
82.
83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

SaerbeckT, Klose F, Le Brun AP, Fiizi J, Brule A, Nelson A, Holt SA, James M; Polarization “Down Under”:
The polarized time-of-flight neutron reflectometer PLATYPUS; Rev Sci Instr; 83,081301/1-12, 2012
Torok Gy, LebedevV,Vinogradova L; Structural and conformational properties of polymeric stars with
fullerene centre in solutions by SANS; Procedia Chemistry; 4, 154-163, 2012

Rosta L, Nyolcvan éves a neutron; Nukleon; 5(4), 1-5, 2012

Rosta L, Neutronkutatdsok Magyarorszagon; Nukleon; 5(5), 1-5, 2012

Franklyn CB, Térok Gy; Use of small angle neutron scattering to study various properties of wool and
mohair fibres; In: Proc. Applications of Nuclear Techniques Eleventh International Conference (12-18
June 2011 Crete, Greece); AIP Conf Proc; 1412, 93-97, 2011

Russina M, Mezei F, Kali Gy; First implementation of novel multiplexing techniques for advanced
instruments at pulsed neutron sources; J Phys Conf Ser; 340, 2012

Vrhovsek* A, Gereben O, Jamnik* A, Pusztai L; Hydrogen bonding and molecular aggregates in liquid
methanol, ethanol and propanol; J Phys Chem B; 115, 13473-13488, 2011

Harsanyi |, Bopp* PA, Vrhovsek* A, Pusztai L; On the hydration structure of LiCl aqueous solutions: a
Reverse Monte Carlo based combination of diffraction data and Molecular Dynamics simulations; J
Mol Lig; 158, 61-67, 2011

104. Fabian* M, Svab E, Pamukchieva* V, Szekeres* A, Vogel* S, Ruett* U; Study of As-Se—Te glasses
by neutron-, X-ray diffraction and optical spectroscopic methods; J Non-Cryst Solids; 358, 860-868,
2012

Temleitner L, Pusztai L, Rubio-Arroyo* MF, Aguilar-Lopez* S, Klimova* T, Pizio* O; Microscopic and
mesoscopic structural features of an activated carbon sample, prepared from sorghum via activation
by phosphoric acid; Materials Research Bulletin; 47, 4409-4413, 2012

Svéb E, Beregi* E, Fabian* M, Mészéros Gy; Neutron diffraction structure study of Er and Yb doped
YAI3(BO3)4; Optical Materials; 34, 1473-1476, 2012

Harsanyi |, Temleitner L, Beuneu* B, Pusztai L; Neutron and X-ray diffraction measurements on highly
concentrated aqueous LiCl solutions; J Mol Lig; 165, 94-100, 2012

Ohara* K, Temleitner L, Sugimoto* K, Kohara* S, Matsunaga* T, Pusztai L, Itou* M, Ohsumi* H, Kojima* R,
Yamada* N, Usuki* T, Fujiwara* A, Takata* M; The roles of the Ge-Te core network and the Sh-Te pseudo
network during rapid nucleation-dominated crystallization of amorphous Ge2Sb2Te5; Advanced
Functional Materials; 22, 2251-2257, 2012

Gereben O, Kohara* S, Pusztai L; The liquid structure of some food aromas: joint X-ray diffraction,
all-atom Molecular Dynamics and Reverse Monte Carlo investigations of dimethyl sulfide, dimethyl
disulfide and dimethyl trisulfide; J Mol Lig; 169, 63-73, 2012

Pothoczki Sz, Temleitner L, Pusztai L; Determination of molecular orientational correlations in disordered
systems from diffraction data; Advances in Chemical Physics; 150, 143-168, 2012

Antipas* GSE, Temleitner L, Karalis* K, Kohara* S, Pusztai L, Xenidis* A; A containerless study of short-
range order in high-temperature Fe-Si-Al-Ca-Mg-Cr-Cu-Ni oxide systems; J Mol Struct; 1019, 151-158,
2012

Steinczinger* Zs, Pusztai L; An independent, general method for checking consistency between
diffraction data and partial radial distribution functions derived from them: the example of liquid
water; Condensed Matter Physics; 15, 23606/1-6, 2012

Gereben O, Pusztai L; Molecular conformations and the liquid structure in bis(methylthio)methane
and diethyl sulfide: diffraction experiments vs molecular dynamics simulations; J Phys Chem B; 116,
9114-9121, 2012

Mile V, Gereben O, Kohara* S, Pusztai L; On the structure of aqueous cesium fluoride and cesium
iodide solutions: Diffraction experiments, Molecular Dynamics simulations and Reverse Monte Carlo
modeling; J Phys Chem B; 116, 9758-9767, 2012

Gereben O, Pusztai L; RMC_POT, a computer code for Reverse Monte Carlo modeling the structure of
disordered systems containing molecules of arbitrary complexity; Journal of Computational Chemistry;
33,2285-2291,2012

PROGRESS REPORT



99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

171

112.

113.

114.

115.

116.

Voleska* |, Akola* J, Jovari P, Gutwirth* J,Wagner* T, Yannopoulos* SN, Jones* RO; Structure, electronic,
and vibrational properties of glassy Gal1Ge11Te78: Experimentally constrained density functional
study; Phys Rev B; 86,094108/1-9, 2012

Kaban* I, Jovari P, Wang* R-P, Luther-Davies* B, Mattern* N, Eckert* J; Structural investigations of
Ge5AsxSe95-x and Ge15AsxSe85-x glasses using x-ray diffraction and extended x-ray fine structure
spectroscopy; J Phys: Condensed Matter; 24, 385802:1-7, 2012

Chrissanthopoulos* A, Jévari P Kaban* |, Gruner* S, Kavetskyy* T, Borc* J, Wang* W, Ren* J, Chen*
G, Yannopoulos* SN; Structure of Agl-doped Ge-In-S glasses: Experiment, reverse Monte Carlo
modelling, and density functional calculations; J Solid State Chem; 192, 7-15, 2012

Fabian* M, Svab E; Uranium surrounding in borosilicate glasses from neutron- and X-ray diffraction
and reverse Monte Carlo modeling; Neutron News; 23,9-12, 2012

Fabian* M., Svab E; Boroszilikat Gvegek szerkezetvizsgalata neutrondiffrakcioval (Neutron diffraction
study of borosilicate glasses, in Hungarian); Nukleon; V(119), 1-6, 2012

L. Bottyan, D.G. Merkel, B. Nagy, J. Major: Neutron Reflectometer with Polarization Option at the
Budapest Neutron Centre Neutron News 23 (2012) 21 - 24.

L. Dedk, T FUlop: Reciprocity in quantum, electromagnetic and other wave scattering Ann. Phys.
- New York 327 (2012) 1050 - 1077.

L. Dedk, L. Bottyan, T. Filop, G. Kertész, D.L. Nagy, R. Riffer, H. Spiering, F. Tancziké, G. Vankd: Switching
reciprocity on and off in a magneto-optical X-ray scattering experiment using nuclear resonance of
a-57Fe foils Phys. Rev. Lett. 109 (2012) 237402.

D.E. Walker, M. Major, M.B. Yazdi, A. Klyszcz, M. Haeming, K. Bonrad, C. Melzer, W. Donner, H. von
Seggern: High mobility indium zinc oxide thin film field-effect transistors by semiconductor layer
engineering ACS Appl. Mater. Inter. 4 (2012) 6835 - 6841.

Gy. Torok , V. Lebedev, L. Vinogradova Structural and Conformational Properties of Polymeric Stars
with Fullerene Centre in Solutions by SANS Procedia Chemistry 4 (2012 ) 154 — 163

Yu. V. Kul'velis, V.T. Lebedev, V. A. Trunov, O. N. Primachenko, S. Ya. Khaikin, D. Torok, and S. S. lvanchev
Effect of Preparation Conditions on Nanostructural Features of the NAFION® Type Perfluorinated
Proton Conducting Membranes ISSN 0965_5441, Petroleum Chemistry, 2012, Vol. 52, No. 8, pp.
565-570. © Plejades Publishing, Ltd., 2012. Original Russian Text © Yu.V. Kul'velis, V.T. Lebedev, V.A.
Trunov, O.N. Primachenko, S.Ya. Khaikin, D. Torok, S.S. Ivanchev, 2012, published in Membrany i
membrannye tekhnologii, 2012, Vol. 2, No. 3, pp. 179-185. BIIVAHWE YCNOBUW MONYYEHWA HA
HAHOCTPYKTYPHbIE OCOBEHHOCTN MEPOTOPVPOBAHHbIX MPOTOHOMPOBOAALLMX MEMBPAH
TUMA NAFION 10.B. Kynbsenuc, B. T. Jlebenes, B. A. TpyHoB, O. H. MpumaueHko, C. A. XakuH, [. Topok,
C. C. MiBaHueB MEMBPAHbI 1 MEMBPAHHBIE TEXHOJIOMM, 2012, mom 2, N° 3, ¢. 179185

Fabian M, Svéb E. Boroszilikat Uvegek szerkezetvizsgalata neutrondiffrakcioval, Nukleon V. 119 1 (6pp)
(2012)

E. Svab, E. Beregi, M. Fabian, Gy. Mészéros, Neutron diffraction structure study of Er and Yb doped
YAI3(BO3)4, Optical Materials 34 1473 (4pp) (2012)

M. Fabidn, E. Svab, Uranium Surrounding in Borosilicate Glasses from Neutron- and X-ray Diffraction
and Reverse Monte Carlo Modelling, Neutron News 23 9 (4pp) (2012)

M. Fabian, E. Svab, V. Pamukchieva, A. Szekeres, P. Petrik, S. Vogel, U. Ruett, Study of As-Se-Te glasses
by neutron-, X-ray diffraction and optical spectroscopic methods, J. Non-Cryst Solids 358: pp. 860-
868 (2012)

Lancastre” JJH, Margaca' FMA, Ferreira” LM, Falcao” AN, Miranda Salvado’ IM, Nabica® MSMS, Fernandes”
MHYV, Almasy L; Thermal analysis and SANS characterization of hybrid materials for biomedical
applications; J Therm Anal; 109:(1) pp. 413-418. (2012)

Flzi J,Rosta L; Neutron Beam Conditioning for Focusing SANS Spectrometers, J Phys Conf Ser, accepted
for publication

Kulvelis YV, Lebedev” VT, Trunov' VA, Ivanova’ IN, Torok Gy; Building of complexes of sulphonated
tetraphenylpophyrine with Poly-N- vinylpyrrolidone by the data of small angle neutron scattering;
Journal Poverhnost-X-ray-synchrotron and neutron investigation; accepted for publication

PUBLICATIONS

237



238

117.

118.

119.

120.

121.

122.

123.

124.

125.
126.

127.

Lebedev' VT, Torok Gy, Vinogradova® LV; Effect of center of branch for the selforganisation of fullerene
containing star-shape polystyrenes in deuterated toluene; Journal of Applied Chemistry; accepted for
publication

Lebedev" VT, Torok Gy, Vinogradova“ LV; Structure and supramolecular formations of fullerene
containingpolymers with heteroarms in deuterated toluene; Viysokomolekulyarnye Soedineniya A;
accepted for publication

Lebedev' VT, Torok Gy, Vinogradova' LV, The internal organisation and conformation features of star-
shape polystyrene with C_ center of junction; Vysokomolekulyarnye Soedineniya, Ser; accepted for
publication

Marké M, Szakdl A, Torok Gy, Cser L; Construction and testing of an
instrument for neutron holographic study at the Budapest research Reactor; Review of Scientific
Instruments; 81, 105110, accepted for publication

Nagy G, Szabd™ M, Unnep R, Kéli Gy, MiloslavinaY, Lambrev’ PH, Zsiros™ O, Porcar” L, Timmins P, Rosta L,
Garab” Gy; Modulation of the multilamellar membrane organization and of the chiral macrodomains
in the diatom Phaeodactylum tricornutum revealed by small-angle neutron scattering and circular
dichroism spectroscopy; Photosynthesis research; 110, accepted for publication

Meiszterics A, Sinkd K, Study of bioactive calcium silicate ceramic systems for biomedical applications;
IFMBE Proceedings, accepted for publications

Petrenko" VI, Avdeev' MV, Turcu’ R, Vekas' L, Aksenov' VL, Rosta L, Bulavin™ LA, Structure of powders
of magnetic nanoparticles with polymer coating based on substituted pyrroles by small-angle
neutron scattering; Surface Investigations. X-ray, Synchrotron and Neutron Technique, accepted for
publication

Tropin" TV, Kyrey” TA, Kyzyma“ EA, Feoktystov™ AV, Avdeev” MV, Bulavin™ LA, Rosta L, Aksenov” VL,
Study of mixed solutions C_ /NMP/toluene by means of UV-Vis spectroscopy and small-angle
neutron scattering, Surface Investigations X-ray, Synchrotron and Neutron Techniques; accepted for
publication

Pépy" G; Practice of 2D data treatment in SAS, Journal of Physics, accepted for publication

Rogante” M, Pasquini* U, Rosta L, Lebedev" V; Feasibility study for the investigation of Nitinol self-
expanding stents by neutron techniques, Physica B, in press.

Russina” M, Kéli Gy, Sdnta Zs, Mezei F; First Experimental implementation of pulse shaping for neutron
diffraction on pulsed sources; Accepted to Nucl.Instr& Methods A.

CONFERENCE PROCEEDINGS

Belgya, T, Kasztovszky Z, Szildgyi V; Provenance Studies of Archaelogical Artifacts using PGNAA; 4th
International Symposium on Nuclear Analytical Chemistry (NAC-IV), R. Acharya, Reddy, AV.R, Chatt,
A., Venugopal, V., Editor; BARC, Dept. of Atomic Energy, Trombay, Mumbai, 400085 Bhabha Aomic
Research Center, Mumbai, India. p. 88-92; 2010

Belgya T, Kis Z; PGAA analysis of isotopically enriched samples; Proceedings of the Final Scientific EENUDAT
Workshop, E. CHIAVERI, Editor; European Laboratory for Particle Physics, CERN, Geneva, Switzerland,
30 August — 2 September p. 1-7. 2010

Belgya T, Szentimiklosi L, Kis Z; Cold nerutron source spectra at the Budapest PGAA-NIPS facilities;
Report on Consultance meeting, IAEA NDC(NDS)-0590 Vienna. p. 17-20. 2010

Meiszterics, K. Sinko:,Study of bioactive calcium silicate ceramic systems for biomedical applications”
EUROPEAN IFMBE MBEC 2011 - 5th European Conference of the International Federation for Medical and
Biological Engineering, Proceedings

Franklyn™ C, Gyula Torok; SANS observations of the efficacy of different wool cleaning agents; 5%
European conference on neutron scattering, Prague, Czech Republic, 17-22 July, 2011, Proceedings

PROGRESS REPORT



10.

12.

13.

14.

15.

16.

17.

14.

15.

16.

Franklyn™ C, Gy Torok; The use of small angle neutron scattering to study the effect of the wetting
process in wool and mohair fibres; 5" European conference on neutron scattering, Prague, Czech Republic,
17-22 July, 2011, Proceedings

Hlavathy, Z, et al, Urdn kimutatdsa aktiv, pulzdld hidegneutronos gerjesztéssel, a késé neutronok mérésével.
2010, Orszagos Atomenergia Hivatal: Budapest. p. 1-23.

Hlavathy Z, etal, Urdn kimutatasa hidegneutronos gerjesztéssel, nagy hatasfoku koincidencia-berendezéssel
és a késé neutronok mérésével kiilonbozs idétartomanyokban; OAH-ANI-ABA-04/11. 2011

Hurst AM,, et al,, Data evaluation methods and improvements to the neutron-capture g-ray spectrum;
Second International Ulaanbaatar Conference on Nuclear Physics and Applications; AIP Conf. Proc. 2011:
Ulaanbaatar, Mongolia 2010. p. 24-31. 2011

Kasztovszky Zs., et al,, New Developments in Neutron Radiography; IAEA Radiation Technology Series
No. 2: Nuclear Techniques for Cultural Heritage Research, M. Rossbach, International Atomic Energy
Agency:Vienna. p. 121-129. 2011

. Kasztovszky Zs; et al.,, Archaeometry Applications of Cold Neutron Based Prompt Gamma Neutron

Activation Analysis, IAEA Radiation Technology Series No. 2: Nuclear Techniques for Cultural Heritage
Research, M. Rossbach, International Atomic Energy Agency: Vienna. p. 165-178. 2011

Kasztovszky Zs, Sajo SV; Neolitikus rézgydngyok vizsgalata Polgar-Csészhalom leléhelyrél — elézetes
eredmények; Archeometria M(ihely, elektronic journal,137-140. 2010

Lebedev VT, Mel'nikov" AB, Torok Gy, Vinogradova' LV: Hydrodinamic features of polystyrene ionomers
with ionogen groups SO3Li in weakly polar solvents; In: Proc. V-th Russian Kargin's conference (Moscow,
Russia, 21 June, 2010), Poster P5-129 Thesis p. 68, Procedings

Mezei F, Multiplexing neutron chopper systems and pulsed neutron source design; ICANS XIX. March
8-12,2010; Grinwald, Switzerland, in press

Rogante'M, Rosta L; Forged components and possibilities of their investigation by neutron techniques;
Proc. Tst Int. Conf. Mechanical Technologies and Structural Materials, Split, Croatia, 21-22 October 2010,
Ed.: D. Zivkovic, Croatian, Society for Mechanical Technologies, Split, Croatia, p. 69-81, 2010

Rosta L; Multipurpose Utilisation of a Medium Flux Research Reactor — Benefit for the Society,
International Conference on Research Reactors: Safe Management and Effective Utilization, 4-18 November
2011, Rabat, Morocco, IAEA-CN-188, Proceedings, accepted for publication

Széraz' Z,Torok Gy, Vladimir' K, Hadhner' P, Ohms™ C; Microstructure evolution of high Cr-content ODS
steels during thermal ageing; DIANA I: 1st International Workshop on Dispersion Strengthened Steels for
Advanced Nuclear Applications, Aussois, France, April 4-8, 201, Proceedings

Széraz' Z, Torok Gy, Ohms C, Hahner P; SANS investigation of microstructure evolution in high Cr-
content oxide, 5" European conference on neutron scattering, Prague, Czech Republic, 17-22 July, 2011,
Proceedings

Lebedev' VT, Vinogradova® LV, Torok Gy; Neutron scattering studies structures and self-assembly of
star-shaped polymers with fullerene centres in solutions, Macromolecular Symposia; Wley-Vch Verlag
Gmbh & Co KgaA (Wiley —=VCH) 2010, accepted for publication

Chris Franklyn, Gyula Torék The Use of Small-angle Scattering to Study Wool and Mohair Fibres”
International Proceeding of the Innovation in Polymer Science and Technology 2011 (IPST2011),
ISBN 978-602-18820-0-9.and Procedia Chemistry of Elsevier vol. 4, the Proceeding of the IPST2011,
Indonesian Polymer Journal (MPI) of Indonesian Polymer Association (HPI) vol. 13(2) 2011, vol. 14(1-2)
2012,

BOOKS, BOOK CHAPTERS

L.Cser: Kondenzalt kdzegek vizsgélata neutronszorassal (Investigation of condensed agents with
neutron scattering, in Hungarian), Typotex kiadd, 2010

PUBLICATIONS

239



240

WORKSHOP

Belgya, T, Target preparation forin-beam thermal neutron capture experiments, in EFNUDAT Fast Neutrons,
Scientific Workshop on Neutron Measurements, Theory and Applications Nuclear Data for Sustainable
Nuclear Energy, F-J. Hambsch, Editor. 2010, European Commission: Geel, Belgium, 28 — 30 April, 2009.
p. 21-26.

Belgya, T, Determination of thermal radiative capture cross section, in EFNUDAT Slow and Resonance
Neutrons, a Scientific Workshop on Nuclear Data Measurements, Theory and Applications, 23-25 September
2009T. Belgya, Editor. 2010, II-HAS: Budapest, Hungary. p. 115-120.

Belgya, T. EFNUDAT — Slow and Resonance Neutrons. in The 2nd EFNUDAT workshop on Neutron
Measurements, Theory and Applications, 23-25 September 2009. 2010. Budapest, Hungary: Institute of
Isotope, Hungarian Academy of Sciences.

Kappeler F, et al.,, EFNUDAT synergies in astrophysics, in Proceedings of the Final Scientific EFNUDAT
Workshop, E. CHIAVERI, Editor. 2011, European Laboratory for Particle Physics (CERN): CERN, Geneva,
Switzerland, 30 August — 2 September 2010. p. 9-15

Kis Z., et al., Determination of the total neutron capture cross section for 58Ni(n,y)59Ni reaction;
EFNUDAT Slow and Resonance Neutrons, a Scientific Workshop on Nuclear Data Measurements, Theory and
Applications, 23-25 September 2009 T. Belgya, Editor. 2010, II-HAS: Budapest, Hungary. p. 121-126.
Massarczyk R, et al.,, Photon strength function deduced from photon scattering and neutron capture;
EFNUDAT User and Collaboration workshop,; Measurements and Models of Nuclear Reactions, 25-27 May
2010. 2010: Paris, France. p. EPJ Web of Conferences 8, 07008.

Oberstedt, A, et al, Measurement of prompt fission y-rays with lanthanum halide scintillation detectors,
in Proceedings of the Final Scientific EFNUDAT Workshop, E. CHIAVERI, Editor. 2011, European Laboratory
for Particle Physics (CERN): CERN, Geneva, Switzerland, 30 August — 2 September 2010. p. 85-89.
Oberstedt, S., et al., Correlation measurements of fission-fragment properties, in EFNUDAT User and
Collaboration workshop: Measurements and Models of Nuclear Reactions, 25-27 May 2010, EPJ Web of
Conferences 8. 2010: Paris, France. p. 03005.

Oberstedt, S, et al.,, VERDI — a double fission-fragment time-of flight spectrometer, in Proceedings of the
Final Scientific EFNUDAT Workshop, E. CHIAVERI, Editor. 2011, European Laboratory for Particle Physics
(CERN): CERN, Geneva, Switzerland, 30 August — 2 September 2010. p. 91-97.

Pécskay, Z.and K. Gméling, Role of the intrusive processes within the evolution of the Neogene-Quaternary
calc-alkaline volcanism of the Carpathians. New Advances in Maar-Diatreme Research in Hungary, Germany
and New Zealand, in Results and Perspectives International Maar Workshop13-15 August 2010, B. Karoly
Németh, Editor. 2010: Tapolca, Hungary.

Ferenc Gillemot', Norbert Kresz?, Ferenc Oszwald? Andreas Ulbricht?, Mercedes Hernandez Mayoral*,
Gyula Torok®, Bertrand Radiguet®, Sylvain Chambreland®, Akos Horvéth', Mérta Horvath', Attila
Kovacs'

Paper Title: Microstructural changes in highly irradiated 15H2MFA steel

Symposium: 26th Symposium on the Effects of Radiation on Nuclear Materialsx

BOOKS, BOOK CHAPTERS

Jovari P, Kaban I*; Structural study of multicomponent glasses by the reverse Monte Carlo simulation
technique; Nanostructured Materials for Advanced Technological Applications; Ed. J. P. Reithmaier, P.
Petkov, W. Kulisch, C. Popov; in press, 2008

PROGRESS REPORT






EXPERIMENTAL STATIONS AT BNC

Acronym

PSD

MTEST

TOF

YS-SANS

F-SANS

REFL

GINA

ATHOS

TAST

DNR/SNR

NORMA

BIO

PGAA

NIPS

BAGIRA

RNAA

242 PROGRESS REPORT

Instrument

Powder diffractometer,
Thermal beam No.9

Materials test diffractometer,

Thermal beam No.6

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

Small angle scattering
spectrometer (Yellow

Submarine), Cold guide No.2

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

Neutron reflectometer,
Cold guide No.1/2

Polarised neutron
reflectometer,
Cold guide No.3/1

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

Three-axis spectrometer on a

thermal beam,
Thermal beam No.8

Dynamic/static radiography,

Thermal beam No.2/3

Neutron Tomography,
Cold guide No.1/4

Biological irradiations,
Thermal beam No.5

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

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

Controlled temperature
irradiation rig, Reactor tank

Fast-rabbit system and
activation analysis,
Reactor tank

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

Margit FABIAN/1965
fabian.margit@bnc.hu

Laszlo TEIMLEITNER /1469
temleitnerlaszlo@bnc.hu

Gyorgy KALI/1439
kali.gyorgy@bnc.hu

Laszlo ALMASY/1447
almasy.laszlo@bnc.hu

Adél LEN/ 1447
len.adel@bnc.hu

Tamas VERES /1738
veres@szfki.nu

Laszlo Bottyan/2761
bottyan.laszlo@bnc.hu

Gyula TOROK/1439
torok.gyula@bnc.hu

Alex SZAKAL/1416
szakal.alex@bnc.hu

L&szl6 HORVATH/1434
horvath.laszlo.z@energia.mta.hu

Zoltan KISS/ 3311
kis.zoltan@bnc.hu

Baldzs ZABORI/1341
zabori.balazs@bnc.hu

L&szIé SZENTMIKLOSI /3143
szentmiklosi.laszlo@bnc.hu

Zsolt KASZTOVSZKY /3234
kasztovszky.zsolt@bnc.hu

Attila KOVACS/1420
kovacs.attila@energia.mta.hu

Ibolya SZIKLAI /1411
sziklai.ibolya@bnc.hu



