PREFACE

I would like to introduce the report on the scientific activity of the Frank
Laboratory of Neutron Physics (FLNP) of the Joint Institute for Nuclear Research
(JINR) in 1997. The report consists of two parts. The first is a brief review of the
result of experimental and theoretical investigations in condensed matter physics,
nuclear physics and applied research. The second contains experimental reports
that provide more detailed information on the conducted research. The list of
1997 publications completes the picture.

The 1997 year was a difficult one for FLNP. The February cycle of the
IBR-2 pulsed reactor was cancelled because of financial difficulties. From June to
November, IBR-2 was shut down due to malfunctioning of the fast alarm system.

Further development of User Policy aimed at attracting a larger number of
physicists, chemists, biologists, and specialists in materials science to carry out
experiments at IBR-2 was one of the main objectives in the reported year. As a
result, 152 proposals for experiments were received in 1997 and the total amount
of experiments conducted with IBR-2 from 1995, the year of the launch of IBR-2
user policy, to 1997 is over 460. Proposals came from 25 countries, including
JINR nonmember states. On the average, the requested beam time was 2.5 time
larger than available.

The financial situation in FLNP remains unstable. A lot of works on the
project for
IBR-2 modernization have been suspended. The IREN projected has practically
been frozen up.

At the same time, in the reported year, FLNP managed to put into operation
the new spectrometer SKAT, include into user policy the REFLEX spectrometer
and continue the construction of the KOLHIDA spectrometer for neutron nuclear
physics and the FSD instrument for strain measurements.

In spite of the difficult economical situation in its host country, FLNP JINR
retains the position of one of the leading neutron centers in Europe thanks to
continued effort aimed at development of new and improvement of the existing
experimental and theoretical facilities.

V.L.Aksenov
{\)7 . WV\X/\N\' Director
‘L L

28 February 1998



1.1. CONDENSED MATTER PHYSICS

In accordance with theme -0864- neutron scattering investigations in the field of
condensed matter physics are conducted at IBR-2 using four main experimental techniques:
diffraction, small-angle scattering, inelastic scattering, and polarized neutron optics. Beam time
is allocated according to experts recommendations based on submitted proposals and the existing
long-term agreements for co-operation.

Spectrometers for investigations in condensed matter physics. To the experimental
halls of the IBR-2 reactor 14 neutron beams are extracted and physical instruments are arranged
on them. At present, 12 spectrometers are for condensed matter investigations. In 1997, nine of
them were operating in the user mode: HRFD, DN-2, NSVR, YuMO, SPN, REFLEX-P,
KDSOG, NERA, and DIN. The DN-12 spectrometer had undergone radical modernization
completed by the summer of 1997. Following PAC recommendations the SNIM spectrometer
was excluded from the user program for 1997. The DIFRAN spectrometer operated in the frame
of a special program.

For the most part, the main parameters of spectrometers included in the IBR-2 working
schedule have been formed and on the whole, they are on the world level. At the same time,
work to expand the possibilities of several instruments was conducted in 1997.

The parameters of the DN-12 diffractometer for experiments with high pressure cells
based on sapphire or diamond anvils were essentially improved by introducing a new neutron
guide. This curved 20 m supermirror neutron guide gave a double increase in the total thermal
neutron flux and at the same time, a several times increase in the flux of neutrons with A>2 E
(Fig. 1) and a sharp decrease in the background (see Sec. Experimental Reports).
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putting into operation of the SKAT spectrometer

in place of the NSVR spectrometer that had operated over 10 years at IBR-2. The detector
system for SKAT arranged in the vertical plane made it possible to optimize essentially the
registration of pole figures in investigations of bulk sample textures, have shorter measuring
times as well as improve the quality of measurements. .
On the high resolution Fourier diffractometer (HRFD) a second detector at 26=—152° was

put into operation. This reduced the time of structure experiments two times. Final adjustment of
the detector elements decreased the geometrical component of the resolution function. This
reduced the relative width of the resolution function to 0.12% for d=1.5 E and the rotation
velocity of the chopper 8000 rpm. In Figure 2 diffraction spectra measured with HRED and the
TOF-diffractometer HRPD at ISIS with the flight path 100 m are compared. One can see that in
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spite of the fact that HRFD has an approximately 5 times shorter flight path the resolutions of
these spectrometers are about equal.

Fig.2. The part of the diffraction spectrum from
one Al;O3 sample measured with HRPD (ISIS)
and HRFD (IBR-2) diffractometers .
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4 A In 1997, work to improve

o position-sensitive detectors was carried
out. The possibilities of the DN-2 diffractometer have noticeably increased after a two-
dimensional detector (320x280 mm?) with the position resolution about 2.5 mm in two
coordinates started operation. In addition to time-of-flight analysis, this detector allows
registering the three-dimensional scattering in the reciprocal space of the crystal without rotating
the sample or the detector. Figure 3 illustrates a tow-dimensional distribution of intensity in one
of the reciprocal lattice sites in a La,CuO4 single crystal following the tetragonal to
orthorhombic phase transition and twin structure formation. On the SPN spectrometer
experiments using a linear position-sensitive detector with the resolution 1.5 mm started. This
detector registers the reflected neutron distributions in the SPN reflectometric mode and can be
also used to realize the SPN small-angle mode.

Execution of the scientific program. From 1995 the scientific program for investigations
with the IBR-2 spectrometers is formed, in the main, on the basis of proposals submitted to
experts commissions by users from JINR member states (10% from other countries). About one
half of proposals is for investigations under auspices of long-term agreements for cooperation
between FLNP and other laboratories or institutes in investigation of particular problems of
condensed matter physics.

10



500
400
3001
200

1001

Fig.3. Neutron diffraction pattern along of (hh0) direction of a La;CuOy crystal (in the ferroelastic phase),
measured with a two-dimensional PSD and summed over vertical coordinate of the detector.

Diffraction experiments. The program for investigations of mercury based high
temperature superconductors carried out in collaboration with the Department of Chemistry of
Moscow State University (MSU) continued and extended to studies of the atomic structure of
the compound HgBa,CuOy4F's i.e., the compound with extra oxygen replaced by fluorine atoms.
The idea of the experiment is to replace a bivalent doping element by a monovalent element. In
this case, the conservation of the charge balance and the ionic nature of carriers formation
require doubling the amount of doping atoms to have an equivalent superconducting transition
temperature. The Hg-1201 initial phase with T,=61 was successfully fluorinated with XeF; in
MSU (E.V.Antipov’s laboratory). As a result, T, increased initially to 97 K and then decreased
which was followed by suppression of superconducting properties as the fluorine content in the
sample increased. A neutron diffraction analysis of two HgBa,CuO4Fs compositions
(experiments with HRFD at IBR-2 in May 1997) confirmed the implantation of fluorine in the
charge reservoir (Hg-plane) and really showed the doubling of the fluorine content in the
structure in comparison to HG-1201 oxygen phases with close T. (Fig. 4). This is a strong
argument in favor of the ionic model of electric charge carriers (holes) formation in Hg-1201 in
the process of doping (see Sec. Experimental Reports).

To investigate the phenomenon of macroscopic phase separation in superconducting
crystals, a series of experiments to study the transformation twinning in La,CuQy, s crystals were
conducted with the DN-2 diffractometer. Concurrently, experiments with the X-ray
diffractometer of ISSP (Chernogolovka) were carried out. In the DN-2 experiments the new
position-sensitive detector was used. The measurements demonstrated that the domain (twin)
structure in such crystals is noticeably different from the classical scheme realized at a loss of an
axis of the 4th order and observed in KDP crystals or Y-123. It appears that the boundaries
between domains are mainly coherent (the portion of domains with incoherent boundaries is not
large). Moreover, in crystals where macroscopic phase separation takes place this portion is not
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larger than a few percent. This, possibly, leads to extra oxygen diffusion and, as a result, to
separation.
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Studies of the magnetic state of crystals in both neutron and PSR experiments yield
interesting results. During 1997, a number of such investigations were performed using the uUSR
spectrometers in the Meson Factory in PSI (Villigen, Switzerland). One of the compositions of
the system U(Pdj..Fe;),Ge, studied earlier in detail by means of neutron diffraction was
investigated on the GPD spectrometer over a wide temperature interval. It is discovered that
muon spin precession takes place at not only one but two and even more frequencies (Fig. 5).
An analysis proves that this is connected with the existence in an elementary cell of the
compound of equivalent crystallographic positions which are nonequivalent from the point of
view of the magnetic surrounding (see Sec. Experimental Reports).

Another example of analysis of combined neutron and USR data is the results obtained
for La,CuQy, s single crystals with the doping level 6=0.02-0.03, i.e., lying inside the miscibility
gap but having a reduced coefficient of oxygen diffusion. According to neutron data the long-
range order with the coherent length large enough to observe the magnetic diffraction peaks is
established either in a small volume portion (~10%) of the crystal or is not established at all. At
the same time, PSR data are evidence of the fact that in the superconducting phase transition
poifit or its vicinity there arises the magnetic order sufficient to observe muon spin precession.
These results can be interpreted as the appearance of separation into the superconducting and
antiferromagnetic phases that occurs on the electron level in regions small in size and is induced
by the superconducting state transition (see Sec. Experimental Reports).
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Fig.5. The time dependence of the muon spin polarization function in the U(PdygeFego;):Ge; at 13K measured by
USR-spectroscopy. The polarization reflects the muon spin precession around internal magnetic fields in the sample.
The presence of characteristic beats is due to the existence of two or more precession frequencies.

FLNP in collaboration with IBC (Moscow), ISSP (Budapest) and LURE (Orsay)
investigated the vesicle transition in the system phospholipin/sodium cholate/water with the
YuMO spectrometer. Morphological and structural changes following changes in the temperature
or the detergent concentration were studied. In a dimyristylphospatydilcholine-based system the
transition from the multilamellar structure to the unilamellar structure formed through the stage
of elongated rod-like micelles formation was observed. Also, an analysis of SANS data allowed
determination of the geometrical characteristics of the formed micelles.

The first experiments of generating and registration of neutron standing waves were
carried out on the SPN spectrometer. Developing the method may prompt the solution of the
problem of the determination of the structural positions of atoms in the near-surface region of
matter. In the experiment the dependence of the intensity of y-quanta emitted following neutron
capture in a thin gadolinium layer (~50 E) deposited on a magnetized Fe layer (~1000 E) on the
incident neutron beam polarization was registered. The preliminary analysis of the measured
dependence allows us to speak about an observation of a standing neutron wave with about 90%
probability (see Sec. Experimental Reports).

Concurrent with detailed certification, on the new polarized neutron reflectometer
REFLEX experiments to study the properties of some neutron-optical systems, such as
multilayer mirrors produced by PINP (Gatchina) and CIFI (Budapest), the interference filter for
the UCN spectrometer (Dubna-Grenoble-Melbourne collaboration), etc. were carried out. A high
resolution of the reflectometer which is probably the record one today makes it possible to
obtain information about fine details of surface layers (Fig. 6).
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Fig.6. The reflection coefficient of neutrons from multilayer mirrors. The modulation of the reflection coefficient is
due to fine details of the surface layer.

The main research direction on the NERA spectrometer was the study of the dynamics of
ammonium and methyl groups at phase transitions in stoichiometric compounds of the type
(NH4)>S04) and solid solutions of the type (NHg)2.xRb:SOy4). Replacing ammonium ions by Rb
with about equal ionic radius leads to some disorder in the system of hydrogen bonds and allows
investigation of the influence of disorder on the dynamics of ammonium. The system
(NH4),..Rb,SO4 was investigated over the entire concentration interval (0<x<22) for a wide
temperature range (I0ST<300 K) by neutron diffraction, inelastic and quasielastic scattering.
This has made it possible to complete the determination of the phase diagram of the compound
on which the critical transition point to the ferroelectric phase was found. The registered
inelastic scattering spectra were used to verify the macroscopic model of the dynamics of such
crystals. The model yields a satisfactory explanation for the mechanism of the observed phase
transitions and the role of ammonium dynamics in the formation of the ferroelectric properties of
crystals (see Sec. Experimental Reports).

In 1997, on the KDSOG spectrometer largely increased the number of external users and
consequently, the number of solved problems, including, in particular, the measurement of
crystalline fields in HTSC and CMR materials, determination of phonon spectra in ferroelectrics,
NisAl-based intermetallic compounds isotope substituted amorphous alloys in the system Zr-Ni
and nitrous steels, and the study of hydrogen vibrations in nonequilibrium ®-Ti and Zr, the
intermetallic compound FeTi, and complex carbo- and nitrohydrates. One of the interesting
results obtained is the discovery of a change in the magnetic response following the doping of
the compound AISryEr;.xCaxCu;0; (1212). This allowed constructing the model of charge
redistribution in the CuQ- planes. There are plans for carrying out experiments to verify the
model over a wide doping range. |

On the DIN spectrometer investigations in traditional directions, such as the atomic
dynamics of liquid metal systems with gas admixtures, relaxation characteristics of liquid
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helium, hydrogen dynamics in triple implantation systems based on transitional metals of the
V-group, continued and were aimed at refining and systematization of the earlier obtained data.

Applied research was actively conducted on the HRFD diffractometer (investigations of
internal stresses in bulk samples, determination of the structure of activated catalysts) and the
NSVR diffractometer (textures of geological materials).

In particular, Al;03/Al composites with a ceramic matrix were studied with HRFD. The
development of the technology of production of new materials has led to the new method of
manufacturing composite materials by infiltrating metals into a porous ceramic matrix by means
of gas pressure and formation of a deep grid microstructure. In this case, fragile ceramic
materials are strengthened by introducing the elastic phase using metals, as a rule. This makes it
possible to improve the mechanic characteristics of composites. Usually, a metal is infiltrated
into the matrix at temperatures a little higher than the melting temperature of the metal. The
typical materials of that kind are Al;O¥Al composites where the metallic Al phase is infiltrated
in the porous ceramic 0-Al203 matrix. Residual stresses in Al;O3Al composites arise as a
consequence of an essential difference between the coefficients of thermal expansion of two
phases (for Al,O; - a=8.3x10° °C™!, for Al - 0=22.5x10® °C'1). On HRFD two series of
Al,OyAl composites with the average size of metallic implants 0.1 pm or 1 um were
investigated. In each series the porosity of the matrix and correspondingly, the volume portion of
Al is 15%, 25%, or 35%. An intensity analysis of Al reflexes demonstrates the existence of a
strong texture in the metallic phase and the absence of a preferred orientation in the Al;Oj; phase
(see Sec. Experimental Reports).

Scientific program of the Condensed Matter Physics Division in 1997 was performed
in cooperation with the following institutes and organizations:

Bulgaria University; Institute for Nuclear Research and Nuclear Energy (Sofia)

Czech Republic Polytechnical Institute (Prague)

Egypt Atomic Energy Authority of Egypt (Cairo)

Finland Technical Center (Espoo)

France Laboratoire Leon Brillouin (Saclay); Institut Laue-Langevin (Grenoble)

Georgia University (Tbilisi)

Germany Hahn-Meitner Institute (Berlin); Research Center (Rossendorf); University
(Bayreuth); Technical University (Kemnitz); Research Center (Darmstadt); GKSS
(Geesthacht); Fraunhofer Institute for Nondestructive Testing (Dresden-
Saarbruecken)

Hungary Research Institute for Solid State Physics (Budapest)

D.P. Republic of Korea
Poland

University (Pyongyang)
Institute of Nuclear Physics (Cracow); University (Poznan)

Romania Atomic Physics Institute (Bucharest)

Russia Kurchatov Institute; Institute of Solid State Physics; Institute of Theoretical and
Experimental Physics; Petersburg Nuclear Physics Institute; Institute of Physics of
Metals; Moscow State University; Institute of Crystallography; Physical
Energetical Institute (Obninsk)

Slovakia University (Bratislava)

Sweden University (Goteborg)

Switzerland Paul Scherrer Institute (Villigen)

U.K. Rutherford Appleton Laboratory (Abingdon)

Uzbekistan Institute of Nuclear Physics (Tashkent)

Vietnam Institute of Physics (Hanoi)
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1.2. NUCLEAR PHYSICS WITH NEUTRONS

In 1997, nuclear physics investigations with slow neutrons were carried out on seven
beams of the IBR-30 + LUE-40 neutron source, on beam 11 of the IBR-2 reactor and on
neutron beams of other sources in Russia, Germany, France, USA, and China. In the reported
year, the research program at IBR-30 was formed accounting for the working schedule of
creation of the new JINR neutron source for nuclear physics investigations, IREN. A very
extensive program of studies in resonance neutron induced fission was, in the main, completed.
At the same time traditional investigations of the properties of highly excited states of heavy
nuclei, parity violation effects, and reactions with emission of charged particles were
successfully carried out. Very interesting and promising results were obtained with UCN in ILL.

1.2.1. EXPERIMENTAL
Parity Violation and Time Non-Invariance Effects in the Interaction of Resonance Neutrons
with Nuclei
TRIPLE collaboration. Recent results

In the framework of a TRIPLE collaboration, the investigation of the mass dependence of
the mean-square matrix element M,, of the weak neutron-nucleus interaction continued on the
polarised neutron beam of LANSCE, Los-Alamos. The (0,k,) correlation measurements were
conducted by the transmission method for natural Pa and the capture gamma-ray registration
method for the "®Pa and '%Pa isotope targets. For the neutron energies E, < 1000 eV, there are
observed 6 p-wave neutron resonances with meaningful P-odd effects. It was established that
most of the resonances represent the compound states of 1%5pa nuclei. Analysis of replicated
experiments with 21 and 28U targets in the energy region up to 300 eV is completed. The
results for the mean-square matrix elements M are: M(238U) = 0.68+0.25-0.16 meV, M(232Th) =
1.28+0.33-0.24 meV. In them, the main uncertainty is due to the limited number of resonances.
For uranium, 3 P-odd effects with a plus and 3 with a minus sign are found while for thorium,
the existence of the so-called “sign effect” (all effects (10) have plus signs) is confirmed.

Nuclear fission
Angular correlations of fission fragments in the resonance neutron induced fission
of the 25U nucleus

Investigations of the angular anisotropy of fission fragments Ax(E,) with respect to the
target spin orientation continued on beam 5 of IBR-30. The total measurement time at low
sample temperature (T ~ 0.1 K) for measuring the angular anisotropy of fission fragments Ax(E,)
with respect to the target spin orientation increased up to 1100 hours. Thus, the experimental
data for A(E,) are now available in energy bins of 0.05 eV with an accuracy of 3 —5 %, up to
E, < 30 eV. With the aid of an original code for multilevel, many-channel R-matrix analysis as
well as a specially modified standard code SAMMY, the Ay(E,) data are fitted together with spin
separated and total fission cross-sections, neutron capture and total cross-sections. It is
established that to describe the experimental data adequately, one has to assume that fission
channels with K=0, K=1 and K=2 are open for resonances with spin J=3 and channels with K=1,
K=2 - for resonances with spin J=4. In this case, the relative contribution to AxE,) from
different K-channels appears to be 18%, 63% and 19% for K=0, 1 and 2, respectively. It is also
found that the interference of resonances with different spins appears to be significant and
contributes approximately 16% to A(E,). It becomes evident that the old approach in which
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definite A, values were assigned to definite resonances does not work because of a high level
density and strong interference between resonances.. Progress in the description of the fission
process is achieved thanks to the new theoretical approach developed by Barabanov- Furman.
The results of measurements and the theoretical description are presented in Figure 1.
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Solid points are the experimental data. The solid curve is the theoretical curve with parameters
correlating well with total cross section and fission cross section data (total and spin separated).
Figure 2 illustrates the influence of separate K-channels and spin interference.

Subthreshold fission and delayed neutron yields

The experimental data on 2 7Np subbarrier fission obtained last year were improved and
the fission widths I't were determined for 13 resonances. Also, the cross section energy
dependence was determined in the energy region 1- 50 eV. The statistical accuracy and the
energy resolution increased two times in comparison with those for the data set obtained in
1993. Figure 3 shows the resonance parameters evaluation: points - experimental data, solid line
- fitting curve.

From the earlier obtained data on ***U subbarrier fission the smallest upper limit for the
cross-section of thermal neutron induced fission ( 6,< 20 mbn ) was determined.

The first experiments started to study the yields of different fission modes and their
correlation with the quantum states of compound nuclei during the fission induced by resonance
neutrons. A Frisch double-grid ionization chamber was designed and constructed in 1997. It
allows one to detect the energies and masses of fission fragments and the emission direction
with respect to the target plane. New electronics was also created which makes it possible to
measure these fission parameters simultaneously with measuring the initial neutron time of
flight. Measurements of 23y fission fragment mass and energy distributions were performed up
to 25 eV. About 50 million fission events were registered and data analysis started.

For the first time neutron resonances in the 243Am(n,f) reactions were measured using a
fast ionization chamber which makes it possible to register fission fragments against a high
background of o-particles (Ny/ Ng ~ 1079, This opens good possibilities for measuring earlier
unknown fission cross-sections for minor actinides in the resonance region.

High resolution prompt ¥ spectroscopy of fission fragments

To refine the earlier experimental data on independent fission fragment yields and obtain
new information with the aid of fast y-y coincidences for two fission fragments, measurements
of the y-spectrum of 23py fission fragments were performed on the 57 m flight path of beam
5 at IBR-30. There were registered 6-10® fission events. Data processing is in progress.

Highly excited states of nuclei
Cascade gamma decay of compound states after thermal neutron capture

Investigations of highly excited nuclear states in energy regions not properly studied so
far, continued. To this end, coincidence gamma spectra of 27y-cascades were studied for 4014
and #%0s target nuclei. The energy of the final levels lies below 0.8 MeV. Analogously to the
earlier studied spherical nuclei, the cascade 7y-decay of their compound states demonstrates
typical features. Namely, the probability of excitation and y-decay of low lying (E<2-3 MeV)
states enhances in comparison with model calculations based on standard assumptions concerning
the level density and radiative strength functions. At the same time, these probabilities are
relatively depressed at high excitation energies. So, the situation is quite opposite to that
observed in deformed nuclei where most 2y-cascades are connected with the excitation of levels
lying above 3-4 MeV.

A combined analysis of experimental results for 40 nuclei studied up to now gives good
reason to believe that the coupling nucleon interaction at excitation energies in the 1-5 Mev
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energy region produces much stronger influence on the levels structure than predicted by modern
nuclear models.
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Radiative resonance neutron capture. ROMASHKA & PARUS spectrometers
Pioneering experiments to measure the effects of resonance self-shielding and the value

of &= yo‘ , for 23U target nuclei in the 20-2000 eV energy region were performed.

Multiplicity spectra were also measured for the 239py target to refine the o value for 2*°Pu in the
plicity sp g

0.007-20 keV energy region. As a result, a values were obtained for 80 resonances and several
energy groups.
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Figure 4 and 5 show the experimental o values for 2’Pu (points) in comparison with the
evaluated by the GRUCON computer program on the basis of BROND-2, ENDF/B-6, and

JENDL-3 library data.
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Figure 5

With the PARUS spectrometer (beam 3 of IBR-30, 122 m flight path) 80-litre volume
multisectional detector multiplicity spectra were measured for 22y, 235 238y 23%py and Pb to
determine o values and radiative capture cross sections.

Neutron induced reactions with charged particle emission
The 26Al(n, o) and 26Al(n,p) nuclear reactions may form the basis of the main mechanism
of Al destruction in nature. Precise measurements of their cross sections are important for the
understanding of <y-spectra of “live” 26Al in our Galaxy and “ dead” %Al in meteorites.
In collaboration with Los-Alamos physicists investigations of the “’Al(n, o)* Mg and
2Ai(n, p)26Mg* reactions in the energy region from thermal to 10 keV and 70 keV, respectively,
were performed. The results are illustrated in Figure 6 and 7.
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These very reactions are mainly responsible for Al destruction in the nucleosynthesis and
the determination of their cross sections is therefore very important.

T i v rorr T v T r oo T s T rrorn

10"k : 28Al(n,0,.)*°Na
10° E
a F
© N
107 E
102 I
: T I NI 1 AR E ST ] 18 hiin 1 1 1 511110 L] 4 1011 P | [N SN T .
102 101 10° 10! 102 10° 104
E, (eV)
Figure 6
o LA ARRiL] ¥ LA RLLL T LR BALLLE AR L = T T o rranae "
| 26Al(n,p1jEEMg :
10° |
)
© -
-1 |
10" E
L ]
10.2 NSRS WU ST U S S S P TG AR W WO ;l-...u ——
102 10" 10° 10! 102 10°%
E, (6V)
Figure 7

(n, ) reactions for astrophysics

The investigation of the *“Ca(n, ) reaction completed in 1997. The results were obtained
and processed for a Maxwellian neutron spectrum with kT = 25 keV. The OTi(n, ¥) reaction
was studied with neutrons from a Maxwellian spectrum with k7 = 25 keV as well as with
29 keV and 145 keV monoenergy neutrons. The results are being processed.
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Investigations with ultracold neutrons
Experiment to study the temperature dependence of the UCN upscattering on beryllium

According to both theory
and experiment, one of the best
materials for UCN storage is
R { beryllium. However, total UCN
fm MANAGH mgarin e losses in the walls of a trap

' appear to be about two orders of

E: magnitude higher than predicted.
¥ Also, the UCN temperature
i L dependence is surprising: there is

L e IR found some additional

{1 . S % g e 5 S temperature-independent  mecha-
§ R nism of losses with a high cross
section of 0.9 bn corresponding to
the loss probability 3.107 per
bounce (solid curve in Figure 8).
Also, in the same experiment it
was determined that no additional
losses in the walls material take
place. Thus, the losses can be attributed to the surface. This experiment has no reasonable

explanation up to now.
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Figure 8

An experiment to study the upscattering of UCN on Be was performed in May-April
1997 on the High Flux Reactor in Grenoble, France. The experimental count rates of
upscattered neutrons were transformed into upscattering cross-sections. One can see the results in
Figure (uppper triangles). Introducing capture cross-sections obtained in different experiments
one can explain the anomaly of UCN losses for temperatures down to 90 K. It should be noted
that further investigations of UCN upscattering in the temperature interval from 90 K to liquid
helium temperatures are essential for the verification of the hypothesis of anomalous
upscattering.

Precise experimental test of the UCN dispersion law

In the frame of a FLNP-Kurchatov Institute-ILL-Melbourne University collaboration, a
precision experiment to verify the neutron wave dispersion law was performed using an original
method. It is based on a search for the resonance line shift in an interference filter, the Fabri-
Perrot interferometer, accompanied with a change in the neutron velocity component parallel to
the filter surface. It is found that when the filter moves parallel to its surface with the velocity
35 m/s, the effective neutron spectrum goes through the resonance shifted by +0.100£0.016 neV
for the initial UCN energy 107 neV. In the test experiment it was shown that when the initial
spectrum is narrow and the transmission line of the filter broadens, monochromatic neutrons do
not change their energy during tunnelling through the moving filter. The observed effect may be
interpreted as a very serious evidence of the fact that some deviation from the commonly
accepted dispersion law really exists.
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1.2.2. THEORETICAL

The effect of electromagnetic interactions on the strangeness-conserving B-decay of
baryons, neutron (n) and X-hyperon (X), is demonstrated. The modifications of the total decay
probability, W, =~ 8% , SWs = 0.5%, the e® spectrum and the angular distribution with respect
to the polarization vector £ of the initial baryon, dA,~1.9% , Az ~ 1.8%, were obtained. The
dependence of the results on the value of the ultraviolet cut-off parameter A is elucidated. The
spectrum and the yield of y-radiation accompanying [-decay are calculated and special
attention is paid to infrared (soft-photon) radiation. The photon radiation of pions constituting
the baryon's ““pion cloud" is investigated. Radiative corrections to the total B-decay probability,
the electron energy and the angular distributions found in this work prove to be of pivotal
importance for obtaining the main characteristics of weak interaction by experimental data
processing.

It is shown that applying the multiple wave scattering technique to the problem of the
interaction of slow neutrons with a substance with simple crystalline structure does not reveal
any anomalies in the slow neutron dispersion law and cannot explain excessive UCN losses
during storage in material traps.

A possible alternative explanation of anomalous UCN losses is investigated theoretically.
The ground for this hypothesis is the de Broglie description of the wave function. The results of
experiments are analyzed under this assumption.

Due to high densities, some intermediate products of the pp-cycle in stars can emerge not
only from two-body but also three-body initial states. Their role is not properly estimated yet.
Moreover, three-body states have different selection rules and may significantly change the
entire picture of the nucleosynthesis. We performed (for the first time) a microscopic analysis of
several nuclear reactions not included in the standard model of the pp-chain. The fate of ’Be in
this chain is of special interest. The fact is that a combined analysis of all experiments
measuring the neutrino flux from the sun leads to a paradox conclusion: the production of ’Be
nuclei (more precisely, the flux of neutrinos due to "Be) must be strongly suppressed or even
negative. This means that something is wrong either in the standard model or in the

experimental data.
The problem of possible T-invariance violation in the "backward" elastic scattering of

neutrons by a spinless nucleus was investigated. It is shown that under T-invariance the
amplitude and the cross-section of "backward" scattering do not depend on the neutron spin. An
observation of such dependence will unambigously point to T-invariance violation. However, the
fulfilled estimates of the possible spin asymmetry of "backward” scattering demonstrate that the
corresponding effect is very weak (about 10® - 107) and can hardly be observed experimentally
in the nearest future.

1.2.3. METHODOLOGY
KaTRIn project status

In the frame of the KaTRIn project (see a separate article below) aimed at studying
time-non invariant (T-odd) effects in resonance neutron induced reactions, work to create a “He
based neutron polarizer - analyzer was carried out during 1997 in collaboration with Lebedev
institute (Moscow).

A ’He based neutron polarizer with laser pumping is attractive for many tasks in neutron
physics. It does not require cooling and strong magnetic fields. The polarization that can be
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achieved for 1 eV neutrons is about 75% with the transmission about 20%. This allows such a
polarizer to be compact with a small weight.

During 1997, the prototype of the Rb - He polarizer, a two-chamber aligned
aluminosilicate glass cell filled with ’He at 10 atm, was created. Two Helmholtz & 1400 mm
coils to produce the leading field about 20 G with the homogeneity not worse than 35X 107
the center and a pair of RF & 600 mm coils perpendicular to the leading one were built and w1ll
operate at 80 kHz. The pick - up coils are incorporated with a cell holding platform. The setup
is a multifunctional stand for the investigation and adjustment of the design and working regime
of the cell.

Nentron induced reactions with emission of charged particles
Using the
created unique
A T S S R (L S o VO - ionization chamber (IC)
' “Ninp)'c lhc’[”-‘”“c' with a gas target a

i ' ‘N number of reactions

were measured,
] including: ! 70(n, a)MC,
l ] %ar(n, ®”S and
Lo | 2INe(n, @)'®0.  The
Netn w) O '
| : . new method for
‘He(np)'H \ ' measuring (n, @) and
} ) \ 1 (n, p) was developed
=) L7 R } ' and tested on the
0 160 320 480 640 n ' thermal neutron beam
at the IBR-2 reactor.
Figure 9 shows the
pulse-height spectra
form the IC collector.
The thermal neutron cross sections obtained from these measurements are in good
agreement with earlier ones for 170) and %Ar while for ’Ne, our result is significantly smaller.
Further development of this technique will make 1t possxble to use resonance neutrons in
the investigation, particularly, of (n, @) reactions using Ar and FAr targets. These processes
are of crucial importance for the understanding of the origin of 75S rare isotopes.

Pud

Figure 9

Modernization of the ISOMER installation
The new system for automatic alternating the background and physical measurements was

created.
The new fast electronics was created to decrease sufficiently the dead time in the whole

delayed neutron registration module.
After the modernization rather precise data on delayed neutron yields from the 27Np

fission induced by thermal neutrons were obtained.
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Neutron spectra analysis in the 2-100 keV region with the aid of a (n, Y) converter.

The new method of neutron spectrometry based on shape analysis of Yy lines was tested at
the electrostatic generator EG-5. The preliminary results show high efficiency of the method for
the purposes of spectrometry with stationary and pulsed neutron sources.

The anticompton gamma spectrometer HPGe-BGO for nuclear physics experiments
at pulsed neutron sources

The HPGe detector with the efficiency 9% and the resolution 2.0 keV at the energy
1332.5 keV is used as the main part of the spectrometer. The detector is 78 mm in diameter and
120 mm in length. The choice of the design is determined by its simplicity and cost as well as
the results of computer modelling. The schematic view of the spectrometer including the passive
shielding is presented in Figure 10. The BGO surrounding consists of 32 rectangular crystals
with maximum dimensions 40 mm X 40 mm X 80 mm and the total volume 3 litres. A
simplified system with 10 photomultipliers is used for photon registration. The employed module
scheme of the design allows the transformation

/ / of the shielding to make the spectrometer

//;’é’/%ﬁjff'/ﬁﬁzﬁ’&%ﬂw | . . L ys el .
suitable for studying vy-ray multiplicities in

f/ neutron-nuclear  interactions.  Figure 11
demonstrates the unsuppressed (1) and
=Y suppressed (2) experimental spectra together

with the experimental (3) and calculated (4)

suppression coefficients for the standard %co
”’/;;:(;e source. The use of the CSS for the investigation
deeetor— of the peculiarities of the resonance neutron
Pb CHBY "~ BGO  induced fission of 2Pu has reduced the
background of the measured prompt y-spectra 2
- 3 times and improved the accuracy of fission
fragment yields by a factor of 1.5.

Figure 10

Test of the UGRA installation e~ .

10%] i ‘

The first test of the UGRA instrument WU B

shows that it is necessary to modernize old ':':110?3’”"'“{.__::__. LI  preray o *'”"1 X
neutron detectors to adjust them for operation in ‘ Sl k‘rﬁ‘
vacuum conditions. This work was carried out at Em:
the end of 1997. However, without IBR-30 M{"\

10% — {\,—

neutron beams it turned out to be impossible to

test the new detectors. 250 Sm 750 ,mm 1230
Energy (keV)

Figure 11
Construction of the KOLHIDA instrument
The new set-up KOLHIDA shipped from Georgia in 1996 is and mounted and adjusted
on beam 1 of the IBR-2. This installation allows one to use the intense beam of polarized
neutrons to study nuclear pseudomagnetism and some new parity violating effects in neutron
optics.
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1.3. APPLIED RESEARCH

A series of multielement NAA studies of ecological samples from the Kola peninsula to
investigate technogenic transformation of podzolic Al-Fe-soil as a result of air pollution by copper-
nickel production were completed. These studies were conducted in cooperation with the Institute of
Industrial Ecology of the North of the Kola Scientific Center from 1992.

The first stage of the International Program for the study of atmospheric deposition of heavy
metals on the territory of Romania was completed. Moss-biomonitors were collected in the Eastern
Carpathians in 1995. The obtained results are represented as maps made using the GIS (geographic
information systems) technologies (GIS-INTEGRO) in collaboration with the Department of
Mathematics of the International University of Nature, Society and Man in Dubna.

Work to analyze peat samples from peat cores in Arctic Norway was fulfilled. A comparison
was conducted of the results of the paleoclimatic reconstruction of the atmospheric deposition in the
North with the new data obtained by the sector for neutron activation analysis and radiation research
(NAA&RR) for peat cores from Switzerland and Indonesia in the framework of the collaboration
with the Institute of Geology of the University in Bern, Switzerland.

One of the important directions of investigations in ecology by the NAA&RR sector is the
study of the multielement composition of different fractions of atmospheric aerosols (AA) from
West and East Siberia. This work carried out for a number of years in collaboration with specialists
in atmospheric ecology from the Institute of Chemical Kinetics and Combustion of the Siberian
Branch of the Russian Academy of Sciences (Novosibirsk) was successfully continued in 1997.
Several hundreds of AA samples from different areas of the Novosibirsk, Krasnoyarsk, Tumen,
Irkutsk, and Baikal regions have been analyzed using NAA. In some of them (the Tumen, Irkutsk
and Baikal regions), a high content of a number of technogenic, including toxic elements — Ni, Co,
As, Cd, Mo, Ag, W, is observed in AA. This is an alarming signal and is of interest for ecologists.

The data obtained for a large number of elements (45-65) were submitted to ecologists of
the Institute of Chemical Kinetics and Combustion of the Siberian Branch of RAS and at present,
are used to reveal the most significant sources and factors of technogenic pollution of the
atmosphere over these Siberian regions as well as to study regional and local peculiarities and
yearly and seasonal dynamics of changes in the AA element composition. A large amount of
reliable data on the AA element composition obtained by NAA, one of the most sensitive and
suitable techniques, is of importance for the formation of the data bank on the AA element
composition (the work is carried out in the Siberian Branch of RAS). Several papers covering the
results of the multielement NAA of atmospheric aerosols are to be published.

An analysis of moss-biomonitors collected near the Baikal paper producing plant in the
summer of 1996 was performed. The results of this investigation presented at the International
Forum “Safe Development of the Region” (July 2-6, 1997, Irkutsk) won the Second Prize of the
Forum Organizing Committee.

The work initiated by the Department of Geography of Moscow State University and aimed
at studying the microelement composition of ferro-manganese nodeles from one of the regions in
the Pacific Ocean was completed.
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Analytical studies of the NAA&RR sector to analyze rocks, soil, sediments and water
contributed to the development of the experimental interrepublican system of ecological monitoring
of the Terek basin.

The paper devoted to studies of the halogen distribution from the coast of the Arctic Ocean
deep into the continent carried out in collaboration with the Norwegian University of Science and
Technology (Trondheim), is prepared for publication.

At the NATO Conference “Ecological Problems of Industrial Regions of the Urals” held on
May 25-30, 1997, three reports on the use of the biomonitoring technique to study atmospheric
deposition of heavy metals were presented. This gained the appraisal of specialists from the
Academy of Metallurgy in Magnitogorsk and the Institute of Biophysics in the town of Ozersk of
the Chelyabinsk region (MAYAK Industrial Enterprise) and led to the development of a project for
studying atmospheric deposition of heavy metals and radionuclides in the Chelyabinsk region by
nuclear physics methods. The proposal for the project was submitted to the IAEA and has
successfully developed into a co-ordinated research program on biomonitoring air pollution through
trace element analysis.

Part of industrial monitoring work under the auspices of the other IAEA grant connected
with monitoring of the plant for production of phosphorous fertilizers in the town of Voskresensk in
the Moscow Region was completed and the the results were submitted to the IAEA as a yearly
report.

In the framework of a special course “Neutron activation analysis as a nuclear physics
method for the determination of the element composition of matter, its application to ecological
studies” by M.V .Frontasyeva, four-year students of the Department of Ecology of “Dubna”
University do practicals in the NAA&RR sector.

In 1997, investigations of semiconducting crystals of the A’BS-A°B°CP, type with a highly
anisotropic crystalline lattice structure continued. The electric and photoelectric properties of the
heterojunction (HJ) in a TiSe - TlInSe; system obtained by the liquid-phase epitaxy method from a
TiSe melt on the surface (110) of TlInSe, are described in the framework of the model of an
isotypical HJ without local states on the interface. The main parameters of HJ — the boundaries of
free and valence zones, equal to E.=0.69 eV and E,=0.05 eV, respectively, were estimated. The
peculiarities observed in the HJ photoresponse spectra were explained using the Dember effect. The
results are to be published in “Physics and Technology of Semiconductors” and “Nuclear
Instruments and Methods”.

Studies of defect structures in crystals with specific physical properties which are of interest
for applied research, continued.

Defect formation in nonstoichiometric crystals in solid zirconium oxide and yttrium oxide
solutions with different concentrations (the monocrystals were grown by E.E.Lomonova and
V.V.Osiko) was investigted using two diffraction methods: (1) diffusion scattering to determine
short-range order and (2) Bragg diffraction to determine the middle structure. The experiments were
carried out with participation of Bente Lebech in the Riso National Laboratory, Denmark, and
Arthur Schulz in the Argonne National Laboratory, USA. It is shown that in the cubic structure the
main peculiarities of the diffuse scattering pattern are connected with the existence of implanted
oxygen atoms and the fact that the population of their positions changes little as the concentration
of yttrium oxide changes. At the same time, an increase in Laue diffuse scattering as the
concentration of yttrium oxide increases is probably connected with an increase in statistical
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isotropic displacements in the Zr/Y averaged position. It is established that in the tetragonal phase,
the observed strong hardening of crystals is connected with the coexistence of coherently linked
cubic and tetragonal phases with a low yttrium oxide concentration. Most recent results are obtained
with the high resolution Fourier diffractometer in FLNP.

The cycle of neutron diffraction measurements to investigate the defect structure of a C60
fullerene crystal (grown by R.K.Nikolaev in ISSP in Chernogolovka) was conducted by the same
group of people in Riso and ANL at room temperature, 200 K and 20 K.

The data processing and a symmetry analysis of the reciprocal space geometry of fullerenes
are under way. As a preliminary result, it is established that several twinning systems exist in the
fullerene crystal and its symmetry in the low temperature phase is not P a-3, as it is accepted in the
literature, and is sooner lower than that.

The main tasks of the NAA&RR sector for 1998. In accordance with traditional research
themes the main objectives of the sector in 1998 are the investigations in the field of ecology and
environmental protection. In the framework of the European Program “Atmospheric Heavy Metal
Deposition in Northern Europe 1995” monitoring of several regions in the Arctic, Norway, Finland,
and Rome as well as studies of the multielement composition of atmospheric aerosols in West and
East Siberia (the “Aerosols of Siberia” and “Aerosols of Baikal” projects) will be continued. Several
research projects and programs are under preparation in collaboration with the Institute of
Limnology of SB RAS (Study of atmospheric aerosols and sediments of Lake Baikal); Swiss
Institute of Geology (Study of element composition of peat cores from different regions of the
world for paleoclimatic reconstruction); Institute of Radioecological Problems, Minsk (Study of the
effect of the Chernobyl accident on the health of children); Institute of Geology, RAS and
V.I.Vernadsky Institute of Geology and Chemistry (Estimation and prediction of a balance in the
distribution of toxic elements in technologic flows from the Astrakhan gas-refining complex), a
number of the Urals Institutes and the IAEA (biomonitoring of atmospheric deposition in the Urals
regions with a high technogenic impact).

In the field of condensed matter physics, the mechanisms of electric conductivity in
heterojunctions (volt-ampere and volt-capacitive characteristics) in crystals with a highly anisotropic
crystalline structure will be investigated. For this purpose, a p-p-TlSe-TlInSe, heterojunction will be
produced for which the material for epitaxial 7ISe plating will be preliminarily purified by the zone
recrystallization method up to the concentration of acceptors Ng; ~ 10'5-10'® cm'3, and the substrate
material TlInSe, will be alloyed with Se up to the concentration of acceptors Ngz ~ 10'-10" cm™.
This will make it possible to improve the HJ detector characteristics, i.e., increase the current
sensitivity to g-n radiation, extend the range of spectral sensitivity to include the long-wave region,
decrease the response time, etc.
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2. NEUTRON SOURCES

2.1. THE IBR-2 PULSED REACTOR

In 1997, the reactor operation for physical experiments on extracted neutron beams was
continued. Detailed information on the operation of the reactor is presented in Tables 1 and 2.

On June 12, 1997, the reactor was shut down to repair a malfunction in the prompt
emergency shutdown (PES) system (the system could not be set in the operative position,
connected with a decrease in the travel range).

In accordance with the characteristics of the control and emergency system (CES) and
methods of providing safety accepted for the IBR-2 reactor, in response to the alarm signal the
1PES and 2PES systems shut down the reactor (efficiency — 0.3610.02 Ber and 0.4910.03 Begr,
respectively) for less than 0.02 s.

The measurement of the efficiency and speed of response of 1,2PES with the decreased
working strokes of the PES units on July 11-16, 1997 demonstrated that on retention of the
speed of response less than 0.02 s the efficiency of CES units was 0.21 Begr for 1PES and 0.35
Besr for 2PES, respectively.

In places accessible to observation (using a remotely controlled tool and photographing
and filming) the elements which can affect the technology of setting PES system in the operative
position were examined by stages. This made it possible to detect a worn spot on the upper front
surface of the 1PES unit. This spot is direct evidence that the 1PES unit in the operative
position came in contact with the case of the stationary reflector.

So, the provided clearance disappeared, and this prevented the setting of the 1PES unit in
the operative position. A visual inspection of the 1PES unit and the places of the construction of
the 1PES channel accessible to observation testified that all elements are intact (see Fig.1 and 2).
When examining the mechanism of the rod of 1PES, the vertical backlash of the lower end of
the rod was detected, which is a result of the wear while in service.

Taking into account that the efficiency of the PES units is practically independent of
(within the travel range) the location of the point of the operative position of units, and depends
on the travel range itself, it was decided to move the construction of 1PES 12mm away from the
active zone and to fix it in that position, as well as to replace the water moderator by a newly
manufactured one with geometry which ensures the absence of contact between 1PES and water
moderator within the full travel range.

The results of the repairs are illustrated in Table 3.

The repairs, which proceeded under difficult radiation conditions, were completed in
October 1997, and on November 11, 1997, the reactor was put into operation.

Positive experience in operating two movable reflectors of the IBR-2 reactor, which have
worked out their service life: the first one — 13000 hrs. and the second — 20000 hrs, made it
possible to redetermine the limit values for the levels of vibration for the third generation
reflector (PO-2R) now in service. These levels are used as a basis to control the operation of the
reflector. In addition, vibration diagnostics is carried out to detect malfunctions of the movable
reflector early in their development using different algorithms of static analysis of vibration

signals, which make it possible to identify the origin of changes in this or that parameter of
vibration signals.
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Table 1

IBR-2 reactor operation characteristics for 1997

Ne Start and Operation MR Number of Causes of emergency shutdowns Number
cycle | completion time for operation emergency (malfunction classification according to RD-04-10-94) of )
dates of cycles | physical time, Tygr shutdowns, : operating
experiments, NEgs beams
Tph.c.
Voltage Equipment Electronic Personnel | Scheduled Malfunctions
drops (MR8) | breakdowns | equipment €eITors emergency of safety
(MR7) breakdowns | (MRS) shutdowns systems
(MR7) (MR4)
| 20.01 - 01.02 250 284 2 1 0 1 0 0 0 12
2 10.02 - 21.02 cancelled by order of the FLNP Directorate
3 10.03 - 25.03 263 328 5 3 0 0 0 0 2 12
4 07.04 - 18.04 252 273 2 0 1 0 0 1 0 12
5 19.05 - 30.05 242 273 4 | 2 1 0 0 0 12
6 |9.06-12.06 54 92 2 0 0 0 0 0 2 12
7 10.11 - 26.11 367 441 b 29 l 0 2 1 1 0 12
8 8.12 - 26.12 403 427 6 0 1 5 0 0 0 12
Total: 1831 2118 26 6 4 9 1 2 4

the reactor was shut down because of a malfunction in the prompt emergency shutdown systems (1,2PES)




Table 2

IBR-2 operational parameters as on November 1, 1997

Ne Parameter Achieved Allowed
1 Total operation time for physical experiments, hrs. 32143
2 Total generated energy, MW/hrs. 60970 85000
3 PO-2R total operation time, hrs. 6392 18000
4 Maximum fluence on the reactor jacket at the centre of 2.68 3.72
the active core ( 10?2 n/cmz),
for E, > 0.1 MeV
5 Maximum fuel burning, (%) ~49 6.5
6 | Total number of emergency shutdowns 380 550 - —
Table 3

Efficiency, speed of response and full travel range of 1,2PES units in the previous and new

working positions

Characteristics Previous value Value in a new working
position
Full efficiency of 1PES, Pes 0.3610.02 0.3710.02
Full efficiency of 2PES, Ber 0.49+0.03 0.37+0.02

Speed of response of 1PES, s

less than 0.02

less than 0.02

Speed of response of 2PES, s

less than 0.02

less than 0.02

Full travel range of 1PES, mm

23.5

24

Full travel range of 2PES, mm

235

17.5

The diagnostics of the current state of PO-2R is performed using the vibration monitoring
program, the basis for which is the construction of base spectrum “mask” from data of vibration
measurements in i-th cycle (operation time of the reflector in one cycle is ~ 280 hrs). This cycle
is chosen as stationary from the viewpoint of constancy of characteristics of vibration signals
picked up from the bearing supports of PO-2R following its running-in. The allowable limit
values of vibration levels are established for each subrange of spectrum characteristics (low-
frequency, medium and high-frequency). The position of current spectra relative to the base
mask characterizes the current state of the movable reflector. The analysis of the trend curve,
constructed from the results of measurements of vibration-acceleration as a function of the
number of operation cycles taking the statistical spread of readings into account, allows us to

evaluate the residual service lifetime of

PO-2R.
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In addition, to evaluate the degree of wear of rubbing parts of the movable
reflector—radial and radial thrust bearings, spur and cone gears, journals of the shaft of the
reflecto—and to establish a correlation with the parameters of vibration signals, the method of
neutron activation analysis of samples of oil of the lubrication system of PO-2R was proposed.
This method makes it possible to determine the content of the wear products on the basis of
analysis of spectral presentation of nuclides of activated metal impurities. The nuclide content in
oil samples, radiation energy in keV, and pulse area following the operation of PO-2R for 21
cycles (6000 hrs) are presented in Table 4.

Table 4

Spectral content of metal impurities in oil samples following the operation of PO-2R

for 6000 hrs.

Element No. | Energy, keV Pulse area Resolution in keV Nuclide

1 135.95 350 1.84 Se-75

2 192.45 174 1.88 Fe-59

3 264.51 386 3.73 Se-75

4 279.36 208 1.66 Hg-203, Se-75, Pb-203
5 320.02 789 2.38 Cr-51

6 336.14 264 2.57 In-115m

7 411.95 165 2.77 Au-198

8 528.20 156 1.91 Cd-115

9 563.74 146 4.75 Cs-134, Sb-122
10 602.73 789 2.08 Cs-134, Sb-124
11 646.33 115 4.80 Sb-124

12 723.27 163 2.83 Sb-124

13 765.14 140 2.76 Nb-95

14 834.61 220 6.51 Mn-54, Ga-72
15 1099.17 770 2.69 Fe-59

16 1115.44 4757 3.26 Zn-65

17 1173.06 1373 3.13 Co-60

18 1291.18 481 2.78 Fe-59

19 1332.23 1267 4.37 Co-60

20 1460.27 275 4.19 K-40

21 1689.75 99 . 145 Sb-124
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Qualitative and quantitative changes in mass of the wear products in oil in the further
stages of the operation of PO-2R together with the results of vibration diagnostics will allow us
to detect more precisely the starting moment of the progressing wear of the rubbing parts under
study.

The experimental investigations into the dynamic properties of the IBR-2 reactor have
been carried out. The main result of these studies is as follows: after the second reloading
(1996) the reactor operates steadily over a whole range of power (up to 2 MW) and at a sodium
flow rate of 80-120 m*/h.

Work to manufacture a cryogenic moderator (CM) has been completed in the main.
However, the factory endurance tests have revealed that significant modifications in the
construction are required to ensure reliability of CM, which will delay the ultimate date of
manufacture until the middle of 1998.

Work to modernize the circulating water supply system has been performed. This makes
it possible to set a more economical regime of water supply when the reactor does not operate.

The reserve power supply of IBR-2 from the Ivankovskaya hydroelectric power station in
case of emergencies at the GPP-2 reserve control desk has been improved.

The financing of theme 0851 was low and unstable as before. For eleven months the
contract payment amounted to 806 million rubbles (~140 k$) as compared to the annual plan of
1620 k$. For this reason, work on the projects for the modernization of IBR-2 and the
production of TVELs has not been carried out. The debts for work executed in 1996 have not
been redeemed either.

Table 5
Financing of theme 0851 (IBR-2) in 1997 (in k$) (as on November 1, 1997)
STE CM MR-3 TVEL Main Total
Equipment

January - - - - - -
February - - e - -
March - 9 - - - 9
April 8.5 6 = - 7 21.5
May 8.3 13.1 - - - 21.4
June - - - - - -
July 2.6 - - = - 2.6
August 245 3.7 - 30.1 - 58.3
September 1.0 - - - 2.6 3.6
October 2.7 - 20.6 - - 233
TOTAL: | 476 | 318 20.6 30.1 9.6 139.7
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2.2. THE IREN PROJECT

The project status. Following the recommendations of the JINR Plenipotentiary
Committee (March 1993) the JINR Directorate adopted the decision, approved at the 76th
Session of the JINR Scientific Council June 1994), to construct the new modern source of
resonance neutrons for investigations in fundamental and applied nuclear physics. The
completion date (physical startup date) was the end of 1997. The IBR-30 analogous scheme, ie.,
the combination of a powerful linear electron accelerator and a subcritical multiplying target,
was chosen for the new neutron source. The new IREN facility will permit the neutron energy
resolution to be increased an order of magnitude at a double increase in luminosity.

In 1997 financing of the work on the IREN project became lower than in 1996 (30 K$
per year) and only extraordinary efforts of the project management allowed to preserve validity
of the key contracts ensuring construction of the main IREN systems. So to the initial
completing date of the IREN project established at the official beginning of the project in 1994
we have at least two years delay. To the end of 1997 in the frame of the project implementation
it was invested 870 K$ and the total cost of the signed contract achieved 2700 K$. In spite of
lack of financing minor progress took place in design and construction of the electron gun (at
LHE and LPP), the RF system of the LUE-200 and the full scale stand for testing the
accelerating systems of the linac (at FLNP). The first variant of the control system for the IREN
was created and will be tested during 1998 at the IBR-30.

The situation with implementation of the IREN project was considered by the special
expert committee formed by the JINR Directorate and by the 7th session of the Program
Advisory Committee for nuclear physics. Both committees strongly recommended the JINR
Directorate to seek possibilities for completing the project in 1999-2000.
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3. MEASUREMENT AND COMPUTATION COMPLEX

Work within the theme was focused on two main activities:
operation and modernization of equipment and software of the spectrometer measurement and
control systems, as well as design of new data acquisition systems based on electronics in VME
standard;
e development of local computing network.

Data acquisition systems. In 1997, trouble-free operation of the experiment automation
systems on the spectrometers of the Scientific Department of Nuclear Physics (SD NP) at the IBR-
30+LUE-40 complex and of the Scientific Department of Condensed Matter Physics (SD CMP) at
the IBR-2 reactor was afforded. In addition, at the majority of spectrometers, work to modernize
specific subsystems (detector electronics — DN-12, NERA-PR, SPN, UGRA, the setup with
polarized nuclei, etc.; control over executive mechanisms — HRFD, SKAT, SPN, KOLHIDA;
temperature regulators — HRFD, NERA-PR; data acquisition and accumulation - PARUS,
ROMASHKA, EPSILON, etc.) was completed.

The studies of the annular PSD at the YuMO spectrometer have been completed. The
amplitude and position spectra were measured with new detector electronics. A set of electronic
blocks for all 8 wires of the detector was manufactured and is to be adjusted.

In 1997, experience in using VME-based data acquisition systems at the NSVR, SKAT and
NERA-PR spectrometers was gained. The debugging of the software for the VME-system at HRFD
is nearing completion. All blocks of the unified electronics for the DN-2 spectrometer were
constructed (block for receiving data from PSD; processor block and histogram memory block). The
analogous electronics is being constructed for the SPN, DN-12 and YuMO spectrometers.

Network and computer infrastructure. In 1997, new communication equipment of the
CISCO firm was installed and put into operation in the FLNP local computing network (LCN). This
made it possible to switch over to data-transfer rates of up to 100 Mbits/s in the FLNP network.
The proposed LCN structure for 1997-2000 is presented in Fig.1. It is based on the Switch
technology, which allows different LCN standards to be used in one network.

The Workgroup Switch Catalyst 5000 is the central element of the network. For connections
inside the central segment (computer center (CC)) the 10/100TX commutated ports with the data
transfer via twisted pairs are used, and for connections between the segments (buildings) up to
twelve 100FX (Fast Ethernet) ports with the data transfer via fibre-optic communication lines are
employed. The Catalyst 2800 commutator, which has one 100FX port and sixteen 10TX ports, has
been chosen as a peripheral communication node in the segments. The end users are connected to
the network via HUBs using mainly the 10XT standard.

At present, two Catalyst 2800 commutators (for the experimental setups of IBR-2 and
offices of the Scientific Department of Nuclear Physics) are available. In the near future two more
commutators (for IBR-2 and offices of the Scientific Department of Condensed Matter Physics) will
be purchased. '

A separate workstation with the SUN Net Manager software and the CiscoWorks package
integrated with it, is used to control LCN and computers of the SUN-cluster. These means allow
one to promptly change the network configuration and its load, to obtain dynamic and statistical

39



1]

<

LU

b |

3K

. | : _

RS : = .

: ' - cawc

: | [Hus AUB | fr ! i : :

; = — ;. 'l [Aue ] [Fue ] [Aue ] [[Fue ] DATA ACQUISITION SYSTEM: OFTHE. |~ |

: | : ;IBR—Z axparimental halls . :

. ] | T e B s e S e T T

*" o the JINR backbone o :
s i :

/_ \ 4' A8 ] [Hua ]
e 10 MIBIT TWISTED PAIR 2.

ETHERNET LINE

100 MBIT TWISTED PAIR
ETHERNET LINE

100 MBIT FIBER OFTIC
ETHERNET LINE

S22  ETHERNET SWITCH

ﬁ NECESSARY EQUIPMENT

...........................................................................................................



analysis of the traffic for the commutator ports, to block access to certain ports for all users except
for the specified ones, to limit unauthorized access to the network, etc.

The installation of new network equipment and software has made it possible to sharply
reduce the number of collisions in the network and the load onto the Backbone when exchanging
large data arrays.

In 1997, the optic communication line between the buildings of CC and IBR-2 was
assembled and put into service. The technical project for switching over the network in the
Laboratory and SD CMP buildings to twisted pairs was worked out.

The radical reconstruction of the network provides new possibilities in the development of
information service. An example is the information system for the users of the IBR-2 reactor. This
system allows the users (including external users) to obtain information in real time on the current
state of the reactor and its most important parameters from the FLNP Web-server. The data are
presented in the form of tables and graphs. The system provides for automatic renewal of
information and generation of HTML-pages as the data coming from the measuring complex located
at the reactor are updated. The core of the system is the data processing server, which operates on
the basis of the PV-Wave commercial package intended for analysis and visualization of data. The
programs of the server are written in the built-in programming language of the mentioned package.
The server provides for reading, coping and processing of data, as well as for generation of HTML-
pages and graphic files to present information to the users on request from the program-clients. The
use of the WWW technology results from the desire to make information available for as many
users as possible, and to avoid designing applications on a large number of platforms used in the
Laboratory.

In the near future the outdated file-servers, SUN SPARCstation 10 and 2 will be replaced by
Enterprise 3000, and all machines of the SUN-cluster will be changed to the Solaris 2.6 operating
system. The fast commutator by the New Bridge firm is to be installed to connect FLNP LCN with
the JINR backbone network. This will provide access to the centralized resources of the Institute at
the rate of 100 Mbits/s. On completion of this work, in the Laboratory a new network infrastructure
will be created, which will meet modern requirements as to reliability, transfer rate, potentialities
and computational resources. '

The controllability of the network and the possibility to dynamically distribute resources and
priorities create optimum conditions for using LCN in carrying out experiments on the Laboratory
base installations.

In 1997, the International Workshop on Data Acquisition Systems for Neutron Experimental
Facilities (DANEF’97, June 2-4, 1997, Dubna) was held, twenty five papers were published and one
dissertation thesis was defended.
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Effect of fluorination on the structure and superconducting properties of
the Hg-1201 phase

A.M.Abakumov', V.L.Aksenov?, V.A.Alyoshin', E.V.Antipov', A.M.Balagurov’,
D.A Mikhailova', S.N.Putilin', M.G.Rozova'

'Department of Chemistry, Moscow State University, 119899 Moscow, Russia
2Frank Laboratory of Neutron Physics, JINR, 141980 Dubna, Russia

HgBa,CuO,,s (Hg-1201) is one of the most attractive compounds for investigating the
relationship between structure and superconducting properties owing to its simple structure,
wide range of superconducting compositions (from underdoped to highly overdoped states),
small number of structural parameters, and an absence of stacking faults, cation intermixing,
large static atomic displacements, etc. In general, there is good agreement in the published
structural parameters of Hg-1201 and their variations caused by changes in the concentration
of the extra oxygen located in the Hg-layer. There are severe discrepancies, however, among
different papers concerning the occupancies of the Hg and extra oxygen sites, though these
parameters are extremely important for understanding the doping mechanism in Hg-based
superconductors. The high extra oxygen content (up to 6=0.18 for the optimally doped Hg-
1201 [1]) determined in several studies is in obvious contradiction with the optimal hole
number, p,,, per conduction CuQ, layer, which is assumed to be p,,~0.16 (see [2] and refs.
therein) and the ,,=0.08—0.09 determined by iodometric titration [3,4]. As a result, the most
natural and simplest ionic model of Hg-1201 doping (two holes per inserted extra oxygen
atom) is presently under discussion and the reduced doping efficiency of oxygen in Hg-1201
has been assumed [1, 5, 6]. _

To verify the different hypotheses, we decided to exchange the extra oxygen in the Hg-
1201 structure with extra fluorine atoms. Oxygen and fluorine anions have close
crystallochemical behaviors, while their formal charges differ significantly: -2 and -1,
respectively. Therefore, assuming a simple charge transfer model, we would expect the extra
fluorine concentration to be twice as high for the fluorinated phase for the same doping level.
It would also be interesting to determine the dependence of T, and the structural parameters
vs. the extra fluorine content.

Single-phase samples of HgBa,CuO,,; were synthesized from a mixture of Ba,Cu0O,,;
and HgO according to the procedure described in [7], then reduced in a dynamic vacuum to
the composition HgBa,CuO,,, determined by iodometric titration. The samples were
monophase and exhibited superconductivity with T.=61 K. The reduced Hg-1201 samples
were subsequently fluorinated by XeF, under different conditions. All operations were made
in a glove box in a dried N, atmosphere that excluded the presence of O,. The conditions of
the treatments, lattice constants (determined using a FR-552 Guinier camera, Ge internal
standard) and the superconducting properties of the initial and six fluorinated samples are
summarized in Table I.

The neutron diffraction measurements of samples #3 and #5 were performed at room
temperature with the high-resolution RTOF Fourier diffractometer (HRFD) at the IBR-2
pulsed reactor in Dubna. A cylindrical, 5-mm diam, Ti-Zr can was used to hold the Hg-1201
powder (m~1 g).
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TABLE I. Fluorination conditions, T, values and lattice parameters of HgBa,CuO,F;.
M is the molar ratio of XeF, to Hg-1201.

Conditions Toomset! To K|  a, A c, A
reduced Hg-1201 61761 | 3.8915(5) | 9.52902)
M=0.1,150°C, 15 h 97197 3.8828(4) | 9.523(1)
M=0.3, 200°C, 15 h 97/97 3.8825(3) | 9.510(1)
M=05,200°C, 15h | 96/96 | 3.8788(3) | 9.498(1)
M=0.4, 200°C, 20 h 90/ 80 3.8742(4) | 9.493(2)
M=03,200°C,30h | 88/80 | 3.8721(3) | 9.482(2)

M=1.0, 200°C, 50 h 78 /- 3.8679(7) | 9.459(2)

Q| v v =] Z

The high d,,, resolution of the diffraction patterns helped us calculate the difference
scattering density map for the basal plane of the unit cell. This map, calculated excluding the
F atom (Fig.1), revealed an extra anion only in the middle of the mesh (1/2,1/2,0) and no
anion near the middle of the edge was found. Therefore, we can conclude that the fluorinated
Hg-1201 samples have a stoichiometric cation composition with only one site for the
oxidizing extra anion.

100,

Fig.1. The difference scattering-density map for the
basal plane for sample #3 calculated with the
difference of the experimental and calculated
structure factors. The fluorine atom was excluded
from the calculation. The extra anion is seen only
in the middle of the mesh. The amplitude of its

_ _ | peak is ~5 times larger than the most intensive

n B 7/ background maxima.
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The occupancy of the fluorine position was refined with a fixed thermal parameter of
1 A2 The values of n(F)=0.24(2) and n(F)=0.32(2) were obtained for samples #3 and #5,
respectively. Thus, the n(F) values are significantly larger than the values of 0.124(9) and
0.19(1) obtained for the oxygenated Hg-1201 samples with close T, values [3]. This
comparison is quite correct since oxygenated and fluorinated materials were measured by the
same NPD facility and the initial Hg-1201 samples were prepared by the same synthesis
technique.

The amount of inserted fluorine, however, was found to be significantly larger than
could be expected for the optimally doped phase, assuming an optimal hole number p,,=0.16
(8¢ should be equal to 0.16 instead of 0.24 if V5=V, = +2, Vo= -2 and V= —1). Therefore,
we can conclude that the doping mechanism in the Hg-1201 superconductor is more complex
than a simple oxidation of the (CuO,) layers by an inserted fluorine or oxygen. They can
oxidize not only the (CuQ,) layers, but, also, possibly, the HgO, “dumbbell” as well. The
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carrier concentration in the conducting band is a result of the delicate charge balance among
these fragments.

Variation of the apical Cu-O2 bond distance caused by the extra anion exchange when
Ox~28, is well-pronounced in contrast to the in-plane bonds. Figure 2 shows a practically
linear dependence of the Cu-O2 distance vs. 8 (oxygen or fluorine). An increase in the amount
of the extra anion in the Hg-layer results in a compression of the apical Cu-O2 distance. These
distances differ significantly between the fluorinated and oxygenated Hg-1201 phases with
close T, and in-plane Cu-Ol1 bond lengths. For instance, the difference between these
distances in the phases with T,=97 K is about 0.04 A, which is much larger than the standard
deviation and the difference between the c-parameters.

204 :;g:r ﬂum;‘e o 282 Fig.2. Bond distances Hg -
Z 20 *\ [ 280 < 02 (left scale, open
et ] = symbols) and Cu-O2 (right
?D \ﬁ ﬁ —F - o=-, scale, full symbols) as a
802,00 -2.78 3 :
5 1 r 3 Sfunction of extra oxygen or
§ Log 506 8 Sfluorine content. Data for
g & 9 »%k s> & oxygenated samples
B oes % 04 B (6=0.057,0.124,0.19) are
| - DY r " taken from Ref [3]. Lines
Y T [_2.72 through points are guides
0.00 005 010 0.5 020 025 030 035 040 to the eye.

Extra oxygen / fluorine content

The origin of this unusual phenomenon may be explained if we also take into account
the variation of the apical Hg-O2 bond distance. The more probable origin of the elongation
of the Hg-O2 distance is not a variation of the formal Cu valence, but an interaction between
Hg and the extra anions (even located far from the Hg atom). An increase in the coordination
number of Hg by the inserted extra anions is accompanied by a shift of the O2 atoms away
from the Hg cations towards the Cu atoms, thus elongating the Hg-O2 distance and shortening
the Cu-O2 one. We can conclude that the exchange of extra oxygen for double the amount of
fluorine causes a variation of the apical distances, predominantly, while the in-plane distance
and T, remain the same. This transformation can be formally considered as an anisotropic
compression (along the c axis) of the CuO, octahedron.
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Development of the DN-12 diffractometer: new parameters

V.L.Aksenov, A.M.Balagurov, D.P.Kozlenko, S.L.Platonov, B.N.Savenko
JINR, Frank Laboratory of Neutron Physics, Dubna, Russia.
V.P.Glazkov, V.A.Somenkov
Russian Scientific center ”Kurchatov Institute”, Moscow, Russia
A.P.Bulkin, V.A.Kudryashev, V.A.Trounov
Nuclear Physics Institute, Gatchina, Russia

Two years ago the first stage of creating the new diffractometer DN-12 [1] for
neutron scattering experiments using polycrystal samples in high pressure cells based on
sapphire or diamond anvils was completed. After the first successful experiments [2-5]
development of the DN-12 diffractometer continued during the reported year.

To improve the background conditions and increase the region of available
wavelengths, the straight vacuum neutron guide was replaced by a curved supermirror
neutron guide. The new design of DN-12 diffractometer on beam N12 of the IBR-2
reactor is shown in fig.1.

[ ]
L

&
==l
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Fig 1. The layout of the DN-12 diffractometer at the IBR-2 pulsed reactor:

1 - active core, 2 - moderator, 3 - background chopper, 4 - fast neutron shield, 5 -
curved supermirror guide, 6 - detector shielding, 7 - two-ring detector, 8 - sample
position

The wavelength distributions of incident neutrons measured using a vanadium
sample before and after the diffractometer was improved are shown in fig.2. As a result,
the total neutron flux on the sample increases practically twice and the flux of neutrons
with long wavelengths increases several times. The main parameters of DN-12 (before
and after improvement) are presented in Table 1.
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Fig 2. The effective spectra of incident neutrons measured using a vanadium sample
with the vacuum tube (1) and the supermirror guide tube (2)
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As the first test experiments, the diffraction patterns of Al,O; (fig.3) and fullerene Ceo

(fig. 4) were measured.

Parameters 1994 1997
1. Thermal neutron flux at 1-10° 2:10°
sample position (n/cm?/s) -
2. Distances:
moderator - sample 31.8m 26.1 m
sample - detector 0.4 m 0.4 m
3. Range : wavelength 1+4 A 0.8+10 A
scattering angle 45°+135° 45°+135°
A 0.8+5.2 A 0.6+13 A
4. Resolution (Ad/d d=2 A):
for 26=90° o 0.022 0.022
for 26=135° 0.012° 0.012
5 Solid angle of detector 0.125 sr 0.125 sr
system
6. Pressure range:
with sapphire anvils 5 GPa 5-10 GPa
with diamond anvils 10 GPa 15-20 GPa
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Fig.3 The diffraction pattern of Al,03, measured in normal conditions and processed by
the Rietveld method. The scattering angle 20=90°. The experimental points, the
calculated profile and the difference curve are also shown.
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Fig.4. The diffraction pattern of Csp, measured in normal conditions. The scattering

angle 20=45.5°, sample volume V~0.5 cm’, exposition time t=1 h.

Hematite Fe;O; was studied at pressures up to 3.7 GPa. At the pressure P~2.5 GPa in
this system the magnetic phase transition occurs (see fig.5 - the intensities of the
magnetic peaks (111) and (100) sharply change under pressure). Due to improvement of
the parameters of the diffractometer, more diffraction peaks than in [6] are resolved and
the magnetic structure of the new phase can be solved more exactly.

33



P=26 GFa

(100 111)
|
%
AN
1
A " R
i t . S
* o L !
|{.'i 14 [l . ) I 11:
[* U s g} {
¥ .;'\:. VoM i | SERE O N
3 T ] " F 4
ARSI TN e Al mR
y I
15 20 2.5 a0 15 a0 45 5.0
P=0 GPa (111 |
Iy |
L
: : oI
(100)
r (el
I a
. - ' %
f ! \ |
' H \ l &
| ' 13
i -I\ p ! LA M 1 |
1%} f 1 g1t 42 R et T [0
' %5 1 |
U Y Nt B B
.......... R SR Y A C o
15 2.0 25 3.0 35 4.0 45 5.0

d- spacing, A

Fig 5. The diffraction patterns of Fe;O3, measured at normal and high pressure.
The sample volume V=0.5 mm’, scattering angle 260=45.5° exposition time t=40 h.
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The La;<A'xMnOs perovskites (A'=Ca, Sr, Ba) are intensively studied now after observation
of “colossal” magnetoresistance (CMR) effect in early 9o [1]. This system is characterised by a
strong competition between two basic states - insulating and metallic, which depends on the doping
level, the temperature or the external magnetic field. Phase transitions between them are usually
followed by changing Mn-O bond lengths and oxygen thermal motion. This is the reason of the use
of neutron scattering for the investigation of CMR compounds. Total or partial substitution of La for
rare earth cation with a smaller ionic radius can be also the reason for changing of the charge or the
magnetic state of a compound. The system with Pr was studied especially carefully since both Prt
and Ca?" ionic radii are rather similar (1.179 A for Pr** against 1.180 A for Ca®") [2]. A particularly
detailed neutron diffraction study of Pr;xCa,MnQO; was performed by Z.Jirak et al. [3].

For Lag3sPrg35Ca030MnO3; (LPCM) which was prepared as a high quality thin film on
LaAlO; substrate, unusual transport properties - the resistivity of the film below 30 K depends on
the time and thermal prehistory - was found in [4]. To clarify the possible microscopic background
of these effects, we undertook a neutron diffraction study of LPCM. In this report we present the
preliminary results of the study.
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In the experiments two neutron
e = diffractometers were used: HRFD at the

08 10 12 14 16 dvl/.{8 20 22 24 26 28 IBR.) pulsed reactor in FLNP JINR and
DMC at the SINQ neutron source in PSI

(Villigen). HRFD is a high resolution Fourier diffractometer with the Ad/d resolution close to 10°,
which offers the possibility for obtaining precise structural data. DMC is placed at a cold neutron
source and is quite suitable for magnetic peak measurements at large dha. The typical neutron

diffraction patterns measured at these two instruments are shown in figs. 1 and 2.
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Fig.2. Diffraction pattern of

Lay 35Prg 35Cag 30MnQOj3, measured with
DMC at T=40 K and processed by Rietveld
method (FullProf programm)

LPCM is crystallised in the Pnma
space group, which is conventional for

% 100 many CMR perovskites. At room

temperature the LPCM lattice parameters
and atomic co-ordinates (table 1) are very close to the recently published data of
Lag 525Pro 175Cag 30MnO3 [5]. The unusual feature of LPCM is its quasitetragonal metric despite of
the orthorhombic atomic structure (fig.3). Probably this LPCM feature is the reason of fast dynamic
spatial fluctuations of its structural fragments which cause its unusual transport properties.

A/A' site Lag 35Pro35Cag 30 Lay 525Pro.175Ca0 30 [ 5]
a (A) 5.4606 5.4585
b (A) 7.7067 7.7146
c (A) 5.4603 5.4674
Vv (A% 229.79 230.23
A/A’ X 0.0271 0.0236
y 0.25 0.25
z -0.0054 -0.0057
01 X 0.4934 0.4893
y 0.25 0.25
z 0.0682 0.0668
02 X 0.2818 0.2782
y 0.0355 0.0342
z 0.7168 0.7198
Rwp % 6.88 5.75
¥2 1.46 1.66

Table 1. The lattice parameters and
the co-ordinates of atoms for:

Layg 35Pro 35Cag 30, calculated with
HRFD data and

Lao_525Pro,175Ca0_30, takenfrom [5]

The analysis of the LPCM magnetic structure carried out on the basis of the DMC data
showed that it is a collinear ferromagnet with Mn magnetic moments ordered parallel to the (a, c)-
plane. The temperature dependence of the ordered moment is shown in fig.4. As it is known, in
Pry 7Cag 3sMnO; together with Mn moments ordering at T~150 K Pr moments are also ordered at
T~50 K [6]. But for LPCM we did not find any sign of Pr moment ordering.

To study irreversible effects, found in [4], we measured diffraction patterns for both cooling
and heating of the sample as well as several patterns at 10 K in the real-time mode. No sign of
hysteresis or time dependence effects was found.

56



5.465 - e S
Laty 5P 25Cay, 4 MO,

460 ] T 4;_ e I-|-I1 Fig.3. The temperature dependence of the a, b,
54554 /i __,fﬂ 4 and c - lattice parameters of
I . c | Lag3sPro3sCag30MnQOs (sp. gr. Pnma, a=c),
34501 e _ e measured with HRFD. Close to T=140 K the
s.445 ‘ e 1 ferromagnetic phase appears. Lines through
! . | points are guides to the eye.
5.440 7 w2 ]
|a0®®
5.435 R L I T Rt
0 A0 100 150 206 250) 300
Tesmneparypa, K
4.0 e
] Lao‘ssPro.zscao.soMnos ]
3.5 ] DMC .

] ]
30 - HM. Fig.4. The ordered magnetic moment of Mn as

a function of temperature. The magnetic

f.":: 2.5 ] 1 moments order parallel to the (a,c)-plane. Line
S through points is guide to the eye.
2 20
|
g 15
10
0.5 - ‘%\%’\
003 . . ...

Temperature, K

This work was supported by RFBR (Grants 96-02-17823 and 97-02-17103) and INTAS-RFBR
(Grant 95-639).

References

Von Helmot et al., Phys. Rev. Lett. 71 (1993) 2331.

R.D.Shannon, Acta Cryst., A32 (1976) 751.

Z.Jirak, S.Kripicka, Z.Simsa, M.Dlouha, S.Vratislav, J. Magn. Magn. Mater., 53 (1985) 153.
N.A.Babushkina et al., in press.

P.G.Radaelli et al., Phys. Rev. B 56 (1997) 8265.

D.E.Cox et. al., Phys. Rev. B, in press.

SN kW

57



The structure of HgBa,CuQ,,, at ambient and high pressure at
0.06<6<0.19

A.M.Balagurov', V.L.Aksenov', D.V.Sheptyakov', E.V.Antipov?, S.N.Putilin’, P.G.Radaelli’
' FLNP, JINR, Dubna; ? - Chem.Dept., MSU, Moscow; > - ILL, Grenoble

The high-temperature superconductor HgBa,CuO.,, (Hg-1201) [1] is, at the moment,
one of most thoroughly studied from the point of view of atomic structure and physical
properties. Due to high crystallographic symmetry and a small number of atoms, the structure
has only a few free parameters, which can be determined with a high degree of reliability by
structural refinements based on diffraction data. Therefore, this structure attracts the attention
of investigators [2,3] to a number of questions still open:

oThe relationship between T, and § (is it close to the universal parabolic dependence
by Presland et al. [4] according to which Tc=T¢max [1 - q (8-5°pt)2] or is this still the subject
for discussion [5]7);

oThe value of O, corresponding to maximum T, (different Hg-1201 structure
refinements based on neutron diffraction patterns obtained with polycrystal samples, give dop
from 0.06 to 0.18);

oThe reasons why T. changes as the external pressure increases (see, for example,
discussions in [6]).

Until now, the data on the influence of external pressure on the Hg-1201 structure
were obtained only for an optimally doped composition (8=0.12) (in [7] up to 0.6 GPa and in
[8] up to 5.1 GPa) and partly for the composition with 6=0.19 (overdoped state) in [8].

In the present work, the results of the new neutron diffraction structural experiments
are presented. They were carried out on the Hg-1201 compositions with 8=0.06 (underdoped
state, sample A) and 8=0.19 (overdoped state, sample C) at the external pressure up to ~0.8
GPa (structural data at ambient pressure were also obtained for an optimally doped
composition, sample B). The results are compared with our earlier published data {8,9] on the
effect of external pressure on optimal and overdoped compositions, and analysed from the
point of view of 8 dependencies of the structure and the T..

The neutron diffraction patterns for the A and C samples were measured on the D2B
diffractometer in ILL (Grenoble) for several external pressures, while sample B was measured
only at ambient pressure. The diffraction pattern from sample A was also obtained with the
HRFD diffractometer in Dubna in the range of d-spacing 0.77 — 2.12 A in order carry out a
comparison with previously obtained results and reveal possible systematic errors.

All our refinements of diffraction patterns obtained with different diffractometers on
the whole family of samples convinced us that we really dealt with three groups of samples:
under-, optimally and overdoped, with the average content of additional oxygen in each
group: 0.06, 0.13 and 0.19, respectively. within errors close to +0.01.

We can conclude that the superconductor HgBa;CuO,,, prepared according to the
procedure described in paper [10] is the cation-stoichiometric compound which reaches the
highest phase transition temperature at the concentration of oxygen in the Hg-layer
dop=0.1310.01, oxygen Oj being situated only in the center of this layer. The value of 8,y was
determined in the measurements of seven samples of Hg-1201 with three diffractometers, two
of which (D2B and 3T2) are the classical instruments with A=const and the third (HRFD)
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utilises the time-of-flight method. All measured points on the T.(8) dependence lie on one
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and the same curve (see fig.1) which allows to believe that the Sop( value is realistic.

The compressibilities of the unit cell parameters and the main interatomic distances in
the Hg-1201 structure defined from the experimental data as x; = —(1/q)Ag/AP ( 10”/GPa),
where q - is the generic parameter, are presented in table 1. In order to calculate Aq, linear
least-squares fits to the experimental points were used, as it is shown in figs. 2 - 3

Table 1. Compressibilities of the main parameters in the Hg-1201 structure.

Parameter Sample A Sample B(data from [8]) Sample C
a 3.73(4) 3.34(16) 3.60(6)
c 5.48(4) 4.58(13) 4.90(6)
\% 12.92(7) 11.4 12.07(11)
Hg-02 3.7(2.2) 0.5(1.4) 0.1(0.3)
Cu-02 6.7(1.6) 7.6(1.0) 8.3(0.2)
Ba-02 9(7) 15.9(4.5) 39(10)
Ba-03 5.4(1.5) 5.4(1.2) 12(2)

The obtained dependencies of the Hg-1201 unit cell parameters on pressure show that
the value of the O3 position occupation does not strongly influence the lattice compressibility.
For all three studied levels of doping the compressibility anisotropy is quite high reaching
K/x.=1.5 for sample A. The absolute values of K, and k. for the optimally doped composition
(sample B) are in good agreement with the published data and, in particular, with the data of
the X-ray experiment [11] carried out in the range of 5 GPa.

In figs.2 and 3 the dependencies of the main interatomic distances in Hg-1201 on
pressure are presented. For sample B, the point measured at P=0 is shown and the slope of the
line is calculated from our data [8]. For sample A. the compressibilities of the Hg-O2 and Cu-
02 apical bonds slightly differ and within errors they do coincide with the compressibility of
the unit cell along the c-axis (K.), i.e. the structure compresses in this direction without
significant changes in the coordinates of these atoms (z(O2)=const). The Ba-O3 distance also
shortens as the pressure increases proportionally to the shortening of the c¢-axis. So, for the
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underdoped state, homogeneous compression of all structural elements of Hg-1201 takes
place as the external pressure increases.
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Fig.3. The distances between the Ba-atoms layer and the Hg-1ayer (a) and the O2 oxygen
layer (b) as a function of pressure.

As it can be seen from fig.2a, the Hg-O2 bond becomes less compressible with an
increase of the doping level (B and C samples). It should be mentioned that in [8] this
statement was checked over the pressure range up to 5.07 and 2.37 GPa for optimally and
overdoped compositions, respectively. The Cu-O2 bond shortens in these samples
proportionally to a decrease in the c axis length, i.e. the pressure dependence of the apical Cu-
02 bond length for all three types of samples reproduces the dependence of the ¢ unit cell
parameter on pressure. Different is the behaviour of the distance between the Ba atom and the
basal plane - for sample B, the compressibility of this distance is the same as for sample A,
i.e. it is approximately corresponding to ¥, while for the C sample it is almost ~2.5 times
higher than K, i.e. the Ba atom in the overdoped sample rapidly approaches the basal plane of
the structure as ressure increases.

In the literature on mercury superconducting structures, it is constantly mentioned that
the 02-Hg-O2 dumb-bell is a very rigid element of the structure. Our results show, however,
that the length of the Hg-O2 bond visibly depends on the oxygen content in the Hg-plane and,
besides that, the Hg-O2 bond is really quite strong (hardly tends to shorten under the effect of
external pressure), only for the case of the presence of a sufficiently high amount of O,
oxygen in the Hg-layer. These facts may be connected with possible bending of the O2-Hg-
02 dumb-bell, i.e. with the departure of the mercury atom from a particular position, which
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effectively leads to apparent shortening of the bond length. The filling of the O3 position
leads to the straightening of the dumb-bell and the bond becomes more rigid.

One of the actively discussed questions in the literature on the mercury
superconductors is the charge transfer from the reservoir to the CuO; layer with the increase
in the doping level or pressure [6,12,13]. Potentially, charge transfer is one of the reasons of a
change in T, following an increase in pressure (another explanation assumes a possible T max
increase with increasing pressure just due to lowering the volume). A detailed analysis of our
results for the volume compressibility, in terms of the model developed in [12], shows that in
the optimally doped Hg-1201 the charge transfer induced by a pressure increase is most
probably negligible. The same result - the absence of charge transfer under pressure - was
obtained in [13] for the compound Hg-1212.

The main conclusions of our investigation are the following:

oAt low O, concentrations, the Hg-1201 structure compresses homogeneously, i.e. the
compressibilities of the main interatomic distances in the Hg-1201 structure correspond to the
unit cell compressibility. However at higher O, concentrations, the Hg-O2 bond becomes
more coarse and the apical distances Hg-O2 and Cu-O2 stop changing homogeneously.

eThe analysis shows that in the optimally doped state, charge transfer from the
reservoir to the CuO; layer is absent, i.e. the effect of increasing T, is the consequence of a
volume change and an increase in T, max. Probably, the conclusion about weak influence of
charge transfer on changes in T, as the pressure increases is also valid for other states of Hg-
1201, which is one of the main assumptions of the model developed in [6]
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W-Cu gradient materials

Sometimes modern technology requires components with properties that one material alone
does not have. Therefore, attempts are made to combine materials with different properties. On their
interface, however, significant residual stresses may occur that may cause cracking or failure of the
component. Therefore, a comparatively new approach consists of varying materials not abruptly but
continuously and thus decrease residual stress discontinuities [1], [2]. For example, a promising
material system for future fusion reactor walls is a copper-tungsten gradient material [3]. Copper, an
excellent heat conductor, is too soft and is not heat resistant. Tungsten, on the other hand, has the
highest melting point of all metals but it is a poor heat conductor (Table 1). Different heat expansion
coefficients, however, pose a serious problem of the coexistence of the two phases if one keeps in
mind that the intended use of the component is such that it will undergo a temperature change on the
order of 1000° C during both manufacturing and operation. W-Cu gradient materials can be
produced by different metallurgical procedures, such as sintering of metal powders, hot isostatic
pressing and electrochemical processing. In this report, some results of neutron diffraction
measurements of residual stresses in W-Cu gradient materials are presented.

Table 1. Some selartad nranertiee af caomnonent materials

Copper Tungsten
Heat conductivity [Wm K] 403 174
Yield strength [MPa] 60 550
145 411
| 1083 3410

With the HRFD structural changes and variation of residual stresses in a W-Cu gradient
sample prepared by hot isostatic pressing, were studied. The W-Cu sample was a cylinder
(@11.5%11.3 mm) with a 8-layer structure and a gradient step of W content about 10% in the axial
direction. Using a BN-mask a gauge volume of 1 mm width and 11.5 mm diameter is chosen in the
sample (fig. 1). The sample is scanned by the neutron beam with the spatial resolution ~1 mm in the
gradient direction. Scans are performed in the direction of the gradient for different angles:
P=45°76°,90°,104°,135°. Changes in the tungsten volume fraction (fig. 2) and the lattice parameter
for both phases are obtained by Rietveld refinement as a function of the gauge volume axial
position. For the investigated 8-layer sample the number of experimental points is sufficient to run
the minimization procedure assuming that there is no stress in the axial direction (which is also the
gradient direction). So in this case, stresses were determined without knowing the dp-value. The
cylindrical symmetry of the residual stress distribution in the studied sample is assumed. The
residual stresses were calculated by Hook’s law:

N \(1+V)(1—2V))6"£“"

where E and v are Young’s modulus and Poisson’s ratio, respectively The calculated residual
stresses for both phases are shown in fig. 3.
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distribution along the axial position.

Most obvious two observations are that first, stress in the copper phase barely exceeds 100
MPa whereas in the tungsten phase, it reaches up to 500 MPa and second, stresses in copper are
compressive.

The first is possibly due to different yield strengths of two materials which are 60 MPa and
550 MPa, respectively. It should be noted that only a few copper data points exceeds the yield
strength limit and only in compression. This again points to the plastic behavior if one compares it
with recent calculations [4] which confirm that theoretical residual stresses are lowered to about the
yield strength if plasticity is included in the model. The yield strength, however, has no fixed single
value but it depends on the microstructure parameters such as the grain size, layer thickness and
impurities. Accordingly, different yield strengths of Cu and W can explain the tendency to the
maximum measured stress in the two phases. Quantitative estimates ought to be evaluated very
carefully, however. Therefore, the linear elastic theory is not sufficient and it describes the
experimental results only qualitatively.

At first sight, the second observation seems to be in contradiction with both theory and
previous measurements. This disagreement can be resolved to a certain degree if one calculates
macrostress (Cm=X0w+(1-X)0c,, Where x is the tungsten volume fraction) in both phases and then
subtracts them from residual stresses for both phases (see fig. 3) to obtain the microstress
distribution (fig. 4). This displays that the actual residual load share of both phases is obviously
much more complicated and may even depend on different parameters, such as macrostress.
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Fig. 3. Residual stresses in the copper and tungsten phase (8-layer sample).
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AL O4/Al ceramic matrix composites

Another interesting type of materials studied at HRFD is the composites with Al infiltrated
into a porous AlO3; matrix. Recent research has led to the development of a material production
technique where a metal is infiltrated into a porous ceramic matrix using gas pressure to form an
interpenetrating network microstructure [S]. Brittle ceramic materials are reinforced by the inclusion
of a ductile phase, usually a metal, to improve toughness, and produce a group of materials known
as ductile phase reinforced ceramic matrix composites (CMCs). Infiltration is undertaken at
temperatures slightly above the melting point of the metal. The most commonly used ceramic is o~
AL Os infiltrated with Al. There is a large difference in the thermal expansion coefficients of the
ALO; matrix (0=8.3x10® °C™") and the infiltrated Al (0=22.5x10® °C™'). Therefore, because the
metal phase contracts stronger than the ceramic one on cooling, one could expect that the tensile
residual stress exists in the ductile phase and the compressive residual stress in the ceramic.

Two series of samples with the metal ligament size 0.1 and 1 pm were investigated at HRFD.
In each series the matrix porosity and, accordingly, the Al volume fraction were 15%, 25% and
35%. The residual strain for the matrix was estimated from the changes of the lattice parameters a
and c by the Rietveld method which corresponds to averaging over all available (hkl) directions. An
analysis of the Al diffraction peak intensities revealed the presence of a sharp texture for the metal
phase while in the matrix phase, the preferred orientation was absent (fig. 5).

25% Al ; . o

Normalized neutron counts
» e w * o u
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Fig. 5. The part of the neutron diffraction pattern from the Al,O:/Al composite with the 25%
volume fraction of Al and the average ligament size about 1 pm. The experimental points, the
profile calculated by the Rietveld method and the difference curve are shown. The tick marks (from
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top down) are the calculated peak positions for Al and a-Al,Os, respectively. Textured Al peaks
were not included in the profile fitting procedure.

For the textured metal phase, strain was obtained by single diffraction peak processing. In the
tested composite samples, the alumina phase is mainly in compression and the aluminum phase in
tension, due to thermal expansion mismatch (fig. 6). The average tensile stress of the aluminum
phase depends on the microstructure and increases with decreasing metal content and ligament size.
The average compressive strain behavior in the ceramic phase is more complicated and essentially
differs depending on the microstructure.
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Fig. 6. Residual stresses in the Al,O3/Al composites with the fine and coarse microstructure as a
function of the Al volume fraction.
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Fe510D is a widely used material in electrical and mechanical engineering. The aim of this
investigation is to study the residual stress field induced by the welding process in bulk material
which is expected to be triaxial. To this end, a welded plate (fig. 1) with a relatively high thickness

is investigated by neutron diffraction at HRFD. The gauge volumes are in the points lying in the
- 20
Z/P—\W
secondary slit are used for measuring in the z
/ / / and x directions, for the y direction
/S
j/ 4

r v same plane at the depth of 4 mm from the
o ' surface crossing the welded region. The 3x10
i mm’ primary slit and the 3 mm wide

)
’ (longitudinal) the 3x3x3 mm’ gauge volume
y L

. “ >< is used. -In all positions, three orthogonal

< ] vectors Q parallel to the x, y and z axes, are
1 studied. In each measurement, the lattice
parameter a was obtained by Rietveld
refinement and the strain in each spatial
direction was evaluated as £=(a-ap)/ay, where ay, the unstrained lattice parameter, was evaluated as
average far from the weld region. Then stresses were calculated by Hook’s law and their behavior
across the sample is shown in fig. 2.
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Fig. 2. The dependence of the strain and stress tensor components versus the coordinate x.

In addition to the neutron diffraction experiment, a magnetic measurement based on
Barkhausen noise registration was carried out. The aim of this experiment was to compare the
obtained results with the neutron diffraction data and perform appropriate calibration of the
magnetic method. The welded plate was totally scanned by a magnetic sensor in directions parallel
and perpendicular to the weld line and, simultaneously, Barkhausen noise was registered (figs. 3-4).
It is assumed that the Barkhausen noise amplitude is related to the stress components 0 and Oy as:

Ax=C10'x+C20'y+C3 and Ay=C40'x+C50'y+C6,
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respectively, where A, and A, are the magnetic noise amplitudes measured in the directions
perpendicular and parallel to the weld line, respectively, C; ... Cs are the constants.depending on
the properties of the material. The calibration of magnetic data was performed by least square fit of
the constants C; ... Cs. It should be noted that the neutron diffraction data were measured only near
the weld zone while magnetic measurements were conducted over the whole sample area.
Therefore, the calibration procedure was carried out only for the sample region for which both
neutron diffraction and magnetic data were available. Then, the Barkhausen noise amplitude was
recalculated to stresses using fitted constants. In this way the residual stress distribution map was
obtained for the studied sample (fig. 5).
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Fig. 3. The distribution of the Barkhausen noise amplitude in the directions perpendicular (left) and
parallel (right) to the weld line at different values of the y coordinate.
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Effects Induced in Nickel Foils by High-Current Pulsed Electron
Beam Irradiation
(experimental report on the 1.1.47 proposal)

G.D.Bokuchava’, V.V.Sikolenko’, A.V.Kalmikov’

S.A Korenev'

* - Joint Institute for Nuclear Research, Dubna, Russia

* - New Jersey Institute of Technology, New Arc, New Jersey

Introduction

The study of effects of high-current charged particle beam interaction with
matter is of great theoretical and practical importance. We can significantly change
structure and physical properties of materials by irradiating with the particle of such
type. As an example we can present the investigation of effects of high-current pulsed
electron beam irradiation of steel drills /1/. Drill solidity is enhanced by a factor of
tens.

Here we present the results of the high resolution neutron diffraction study of
the structure changes of nickel foils, irradiated by the high-current pulsed electron
beam with different fluxes.

Experiment

The experiments on foil irradiation were carried out at the ELIONA
experimental setup intended to produce electron and ion beams at the Particle Physics
Laboratory of the Joint Institute for Nuclear Research /2/. We used an explosive
emission vacuum diode with an Arcadyev-Marx pulse voltage generator. The beam
current was measured by a Rogovsky LR integrated transformer and by current shunts.
The beam parameters were: E = 250 keV, pulse duration § = 300 ns, beam current I =
1000 A, pulse repetition 0.2 Hz. All foils were annealed before irradiation in order to
escape the influence of texture, arising in foil rolling.

Results

The neutron diffraction experiments were carried out at the high resolution
Fourier diffractometer HRFD /3/ at the IBR-2 pulsed nuclear reactor in the Frank
Laboratory of Neutron Physics of the Joint Institute for Nuclear Research.
Unirradiated, and irradiated for 10 and 20 minutes nickel foils were investigated.

The lattice parameter a, and also the widths and positions of the main
diffraction peaks were calculated for all measured samples by using Rietveld method
/4/. Figure 1 presents the dependence of the lattice parametera on the irradiation time.
The dashed curve shows the linear approximation with the parameters a = 0.00017%;,
+ 3.52495.
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Fig.1. The dependence of the lattice parameter on the irradiation time

Figure 2 shows the dependencies of the main diffraction peaks widths on their
positions for all measured foils.
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Fig.3. the dependence of the peak width on the peak position. The indexes of the
peaks are indicated.

Discussion

The energy of the electron beam is transferred to the electron subsystem of the
irradiated matter for a very short time in the course of the interaction of the high-
current electron beam with the material. The irradiated material thermal constantT is
defined by the condition when the heat diffusion parameter w = (£1)'? is equal to the
electron beam penetration beam h. According to /5/ this parameter is equal to

69



2
= 2h”pc

A
and b = 2A/(pc). In the case of nickel T = 5.11 ps. This value is much greater than the
time of interaction of beam with materia, which is equal to ¢ = 300 ns, therefore the
condition of adiabatic heating of the local volume is realized. In this case, the local

, where p is the density, c is the heat capacity, A is the heat conductivity

2t
heating temperature at the penetration depth is equal to T =- hSp ~ 9100 K, where

W is the electron beam power density, S is the irradiated surface area. This
temperature is greater than the nickel melting point. As a result of high temperature
gradient, an elastic deformation wave arises in the irradiated foil. Figure 1
demonstrates linear enhancement of the lattice parameter with an increse of flux as a
result of the action of the deformation wave. The recrystallisation from the melted
condition takes place in the period between electron beam pulses. This process can be
accompanied by partial amorphisation. But the analysis of the main diffraction peaks
width dependence on their positions for samples irradiated by different fluxes, shows
(see Fig.2) that the amorphisation is absent with the limits of experiment accuracy.

We would like to thank Dr. E.V.Raspopina for the help in sample preparation.
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Investigation of rock anisotropy by neutron diffraction and
acoustic sounding
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The elastic anisotropy of rocks is controlled by several factors: the phase
composition, the single crystal anisotropy of phases, the grain size distribution, the
lattice preferred orientation (texture), the contact conditions at grain boundaries, the
pore volume and the microcrack orientation.

The method for the experimental investigation of the elastic anisotropy of
spherical rock samples was proposed in [1]. The measuring facility at the Geophysical
Institute of the Czech Academy of Sciences allows the investigation of the anisotropy
of quasi-longitudinal waves (P-waves) by means of ultrasonic sounding at hydrostatic
pressure up to 400 MPa. Moreover, even the lattice preferred orientation of large
coarse-grained rock samples can be much easier determined due to recent progress in
neutron diffraction methods and mathematical methods of data treatment.

The present work was initiated to obtain better insight into the factors which
influence the elastic anisotropy of a rock sample at variable hydrostatic pressure.
Olivine xenolith (xenolithes originate in the earth mantle) was selected as an example.
The olivine texture was determined and correlated with the compressional (P) wave
distribution.

A texture analysis of coarse-grained rock samples was performed with the
NSHR texture diffractometer at the reactor IBR-2 (JINR, Dubna, Russia [2]). The
spherical rock samples are highly polished, the diameter is 50 £ 0.01 mm. They are
labelled to allow precise reorientation with respect to the coordinate system of the
measuring device and the geographical coordinates. Identical samples were used for
ultrasonic measurements.

The time-of-flight (TOF)- spectrum of the olivine sample ZB1 is given in
Figure 1. The experimental pole figures were extracted from the spectra by the
integration over a predefined channel range and used in a quantitative texture analysis

(QTA) by means of the texture component method [3]. From the texture components
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all derived pole figures can be recalculated, including even pole figures which cannot
be measured directly because of vanishing scattering lengths. Figure 2 shows the
recalculated (001), (100) and (010) pole figures. They are important for interpretation,

since they correspond to the principal directions of the single crystal P-wave

distribution (P ., || (100), Pl (010)),P || (001)).
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Fig.1. The neutron diffraction pattern of olivine. The indicated peaks are
used for QTA.

In Figure 3, the P-wave distribution of the sample ZB1 is given for different
pressure levels. The primary data are transformed into the spatial distribution of P-
wave velocities and are presented in the stereographic projection to allow a direct

comparison correlated with neutron diffraction pole figures.

The most remarkable observation is that the measured P-wave distribution at
low pressure levels cannot be explained only by the lattice preferred orientation of
olivine. It is concluded that pores and open microcracks have significant influence on
the P-wave anisotropy. At a pressure level of approximately 200 MPa, microcracks
start to close and the P-wave distribution more and more approximates the one which

can be assumed from the texture. Finally, at the maximal pressure the anisotropy of
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elastic properties of an olivine sample is controlled only by the crystallographic

texture which evidently originates during plastic deformation of xenolith.

(100) (010) (001)

Fig.2 Pole figures recalculated from the orientation distribution Sfunction.
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Fig.3. P-wave distribution at different pressure levels.
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The phase separation (PS) effect in superconducting La,CuQ,,, (x<0.04) single crystals
with low oxygen mobility was studied via pSR spectroscopy, high resolution neutron
diffraction and magnetic susceptibility. Despite the fact that all crystals are inside the
miscibility gap (0.01<x<0.06), only crystals with a sufficiently large excess oxygen
concentration x>0.04 show macroscopic phase separation according to the neutron
diffraction data. However, in all samples the phase transition to an ordered magnetic state
was observed by SR spectroscopy concomitantly with the onset of superconductivity. This
unexpected behavior suggests for the first time that the underlying microscopic PS is driven
by superconductivity.

Although the phenomenon of macroscopic phase separation (PS) in La;CuOs,, was discovered in
1988 [1], it has no generally accepted explanation yet and the driving force of PS is still the subject of the
discussion. Recently, it was found that the repeatedly published (e.g., [2]) phase diagram of La;CuQOa.x
containing the so called miscibility gap region 0.01<x<0.06 is not universal. It has been unambiguously
shown in papers of A.Zakharov et al. [3] and A.Balagurov et al. [4] that along with “usual” La,CuQOy,, single
crystals demonstrating phase separation into oxygen rich and oxygen poor regions, it is possible to prepare
crystals that are inside the miscibility gap and possess superconductivity without macroscopical phase
separation. A combined analysis of neutron and uSR data has shown that the phase separation phenomenon
has an even more complicated character, namely, a macroscopically homogeneous superconducting crystal
can be inhomogeneous on the microlevel [5]. Finally, we tentatively assumed in [6] that phase separation
occurs on the microscopic scale in La,CuQy,, at the temperature close to the superconducting transition
temperature and hence, can be connected with the formation of the superconducting state.

In this paper, we present new experimental data on La,CuO,., single crystals obtained by SR and
neutron diffraction which allow us to clarify the problem. The most intriguing of the results is that in all of
the studied crystals, we observed the coexistence of superconductivity and an ordered magnetic state
without macroscopic phase separation with coinciding or very close temperatures for the transitions to the
AFM and SC states. This is a strong argument in favor of the existence of the so called electronic phase
separation in such crystals which is theoretically discussed in [7,8].

Two different kinds of La,CuQOg,, superconducting crystals were studied: macroscopically
homogeneous and phase separated. The crystals were prepared by the molten solution method under
thermodynamic equilibrium conditions. The details of crystal growth, oxygenating procedure and high-
resolution neutron diffraction analysis are presented elsewhere [3,4]. The specific feature of this series of
crystals is the low oxygen mobility which results in the absence of macroscopic phase separation connected
with oxygen diffusion for crystals in the x<0.03 region of the miscibility gap.
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Below, we present the experimental data for two representative crystals: x=0.02 for a non-phase
separated series of samples (hereinafter, the A crystal) with the superconducting transition temperature
T.=15 K, and x=0.04 for phase separated samples (hereinafter, the B crystal) with T.=25 K. The B sample
was studied before by high resolution neutron diffraction [4]. The data on other crystals from these series
differ in specific details but support the main statements of the present work.

Neutron diffraction experiments were performed at the IBR-2 pulsed reactor of JINR (Dubna) with
the high resolution Fourier diffractometer (HRFD) [9] and the DN-2 instrument equipped with a 2D
position-sensitive detector. uSR measurements were carried out using the General Purpose Spectrometer
(GPS) on the tM3 surface muon beam line at PSI (Villigen). Magnetization measurements were performed
using a custom-made SQUID magnetometer [10].

La,Cu0,yp, Fig 1: The Diffraction pattern from the [00l]
40000 o [00NTE2SK o l plane in the A crystal. The insert shows fragments
1., of two spectra measured at room and low

N gy temperatures.

2 High resolution neutron diffraction (with
] Ad/d=0.9-107) revealed no trace of phase

. “‘H"“W‘ vy » : separation in sample A; neither splitting nor
, - ~ . 4 f— broadening of neutron diffraction peaks was

1.0 1.5 2.0 2.5 observed giving evidence that on the macroscopic
scale, the homogeneous excess oxygen
concentration in the crystal is preserved down to the lowest measured temperature 9 K (Fig 1.) In the B
sample, phase separation into oxygen-rich and oxygen-poor phases was observed clearly at cooling [4]. The
relative difference in the elementary lattice parameters of these two phases amounted to about 2-10°, which
is in good agreement with the data obtained for “usual” La,CuQOg., crystals [1]. In the B crystal, we observed
the specific effects of diffraction peak broadening, whose analysis allowed us to conclude that the average
dimensions of the coherent regions of coexisting phases coincide and amount to: 100 nm along the c-axis
and 150 nm within the plane. The phase separation process starts at T=250 K and is completed at T=200 K.

Fig.2: Time dependence of the muon spin polarization
P(t) in zero external field above and below the magnetic
transition (Ty=15K) for La;CuQup. The data for
T=20K and 30K shift upwards along the y-axis.

The magnetic state of the A crystal is identified by the
presence of a muon spin precession signal detected in
zero external magnetic field (ZF-uSR) below 15 K.
‘ « Correlated precession of muon spins is possible only if
i« e N..,N,.'.»:AJ the surrounding Cu moments are ordered on the scale of
0.00  ; — } o £ several coordination spheres. The muon spin precession
Con Cea 04 0s  ox frequency f, = y,B, is given by the local magnetic field
Lus acting on the muon By, which is proportional to staggered

magnetization of copper magnetic moments. Typical ZF-

USR signals observed in the A sample are shown in Fig. 2 where the difference between the paramagnetic
(T=30 and 20 K) and AFM (T=4 K) states of the crystal can be clearly seen. The spontaneous muon spin
precession frequency f,=5 MHz is typical for the AFM state of stociometric La,CuQ, [12] implying that the
A sample is ordered in the same AFM structure. No precession signal was observed above 15 K; however,
the polarization function possesses a fast decaying component up to 30 K which steadily decreases with

P(y

0.05
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increasing temperature. The origin of this fast depolarization is the slowing down of Cu-spin fluctuations
near the phase transition. Thus, the ZF-pSR data unambiguously proves the presence of static
antiferromagnetic order in part of the crystal volume. The volume fraction occupied by the AFM phase
amounts to >50% of the crystal volume.

Unlike the A sample, there are two characteristic magnetic temperatures for the B sample. Below
Tni=230 K, the AFM phase appears only in 10% of the crystal volume. Then, under cooling to Tn>=25 K, a
sharp increase in the AFM fraction occurs which reaches 40% at low temperatures (Fig.3, the left axis).
The spontaneous muon spin precession frequency detected below Ty, has, again, typical values of about 5
MHz as expected for AFM La,CuO,. The precession frequency smoothly increases with decreasing
temperature without any peculiarity at Ty..
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= 90 b Q = 10000
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. . Fig.4: The diffraction pattern from the [ 100] plane
Fig.3: The AFM volume fraction of the La;CuQOy o4 fof La,Cu 04122 measured at T=10 K. The insert

crystal seen by ISR (diamonds — left axls). The shows fragments of the diffraction patterns for
area of the (100) AFM peak as a fur?cnon‘of both LayCuO.gr and La;CuO,gy near the (100)
temp eratu.re me.aSLfred by neutron diffraction AFM peak. The position and intensity of (200) and
(circles, right axis) is also shown. (400) peaks are the same for both crystals.

To check whether the observed transitions in the A and B samples lead to the true long-range AFM
order, we measured the neutron diffraction spectra along the [100] direction with the DN-2 instrument
(Fig.4). According to the uSR data, we expected to find the (100) magnetic peak below the magnetic
transition below Ty=15 K in the A sample and below Ty;=230 K in the B sample. Indeed, in the B sample,
this peak was well pronounced, whereas in the A sample, neutron diffraction revealed no traces of such
reflection (insert in Fig.4). The temperature dependence of the (100) peak area in the sample B is shown in
Fig.3 (right axis.) Since the copper magnetic moment does not change at Tn;, according to the temperature
dependence of the muon spin precession frequency, one would expect to have an increase in the (100) peak
area below Ty, similar to the increase in the AFM fraction detected by uSR. However, neutrons do not see
any peculiarity below Ty, =25 K, whereas muons see a four fold increase in the AFM fraction. Similar to
sample A, we have a coincidence of the transition temperature to an ordered state seen only by uSR and the
temperature where the superconducting transition starts to set on.

We start our discussion of the experimental results with a brief sketch of the “temperature-
concentration” phase diagram of La,CuOa.. An earlier experimental study showed the presence of the
miscibility gap in a rather wide concentration region. However, when a solid solution decomposes into two
phases, two routes for the decay are possible: the nucleation and growth mechanism and/or the spinodal
mechanism. Because there is an activation barrier in the former case, the process may be completely
quenched in crystals with low mobility of dopants. The spinodal decay does not need an activation process
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and, hence, inevitably proceeds to the creation of a spatial fluctuation of the composition in the sample. We
believe that the decay mechanism is the main difference in our crystals: the x=0.02 crystal does not have a
high enough oxygen index to be in the spinodal region and has to be split via nucleation mechanism —
which is not effective at low mobility. The oxygen index in the x=0.04 crystal, on the other hand, situates
the sample in the spinodal region and the decay takes place independently of oxygen mobility. We now
disscuss two main experimental results of the present work: (i) the appearance (or sharp increase in the
volume fraction) of the low temperature AFM phase when the system enters the superconducting state and
(i) why this AFM phase is not seen by neutron diffraction. We should mention that a very similar
phenomenon has been observed in the crystal with another oxygen index (x=0.03) [5] where the magnetic
transition to the short range spin-glass-like state sets on in the vicinity of the superconducting transition.

One natural explanation for the observed behavior is the suggestion that after cooling, crystals
consist of grains of oxygen-rich and oxygen-poor phases of very small size (in the x=0.04 crystal, there are
also metallic regions of larger size due to macroscopic PS which produces robust superconductivity at low
temperatures). Then the transition at low temperature corresponds to the Neel temperature of the oxygen-
poor phase. The absence of AFM neutron reflections at respective temperatures implies that the sizes of the
coherent regions of this AFM phase are very small (on the order of several dozen angstroms) and, therefore,
they cannot be seen as Bragg reflections because of the size broadening effect.

The coincidence between the temperatures of the magnetic and superconducting transitions in quite
different crystals, however, remains surprising. One may have to consider another possibility connected with
electronic phase separation which causes a charge concentration wave inside the crystal. From the fact that
the appearance of magnetic order for x=0.02, Ty =15 K, in x=0.04, Tn»=25 K and in x=0.03 [5], T;=8 K, is
always close to the onset of the superconducting regime in all crystals, independent of their actual
microstructure and critical temperatures we may conclude that the magnetic ordering is induced by the
superconducting transition. It is worth mentioning in this context the relevant theory [8] where the instability
of a homogeneous system was found to result from the existence of different insulating correlations
characterized by long-range or short-range order. There it was also shown that the stability boundary
becomes wider in the presence of superconducting pairing. As a result, the superconducting transition may
cause a sample which is homogeneously metallic in its normal phase to split into metallic droplets that are
separated from each other by weakly coupled insulating interlayers.

In summary mSR and neutron diffraction studies show that microscopic phase separation (as
opposed to macroscopic PS) appears in parallel with superconductivity and is very likely driven by
superconducting pairing.

The work was supported by the RFBR (Grants 960217431, 960217823), SNSF (Grant
7SUPJ048473) and by HTSC national program (Grant 96019).
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Mixtures of phospholipids, non-ionic surfactants and water exhibit a wide variety of mesophases
dependent on the phospholipid surfactant molar ratio and the amount of water present (1). On reducing
the relative hydration or increasing the temperature of the phospholipid surfactant system POPC/C,E,
an unusual lamellar gel (L) to inverted hexagonal phase (Hy) transition is observed (2). This phase
transition occuring at low hydration of RH < 75 % and Rg; = 2 is due to mismatch in the alkvl chain
lengths of phospholipid and surfactant and relative dehydration of phospholipid by the addition of a
surfactant changing the curvature of the mixed membrane. Using neutron powder diffraction the
structure and organisation of the ternary system POPC/C,;E»/H,O in the lamellar and hexagonal phases
has been studied. At increased relative hydration of RH > 80 % and Rgy. < 1 in the lamellar fluid phase
(La) it has recently been shown, that the surfactant, deuterated at the a-methylene group, is anchored in

the phospholipid matrix with the a-methylene group near the hydrophobic-hydrophilic boundary (3).

By using C;E; with fully deuterated di-oxyethylene moiety or a fully deuterated alkyl chain significant
changes in the diffraction patterns measured with the time-of-flight spectrometer DN-2 at the pulsed
reactor IBR-2 in JINR of the lamellar gel phase are found in comparison with a non-deuterated mixture
of POPC/C,E, (Fig.1). It demonstrates the incorporation of the surfactant in the L, phase at the molar
surfactant to lipid ratio of Rg, =2, T = 18 °C, RH = 58 %. Also in D,O the coexistence of the L, phase
and the hexagonal phase Hy is visible due to the shift in the phase transition temperature by presence of
D,O. Different diffraction patterns are also found by changing the contrast between Ci:E> with a
deuterated alkyl chain (Fig. 2) and POPC with deuterated palmitoyl moiety (not shown). The
coexistence of the lamellar and hexagonal phases at T = 18 °C, RH = 58 % in the phospholipid-
surfactant mixture of R, =2 is again absolutely evident in the diffraction pattern of the system in D,O.
As the temperature increases the system transforms into the inverted hexagonal phase H;;. Only two to
three Bragg peaks could be observed in this phase. Nevertheless, significantly different diffraction
patterns were obtained on changing the contrast between samples with different molecular parts
deuterated or with exchange of H,O on D,O. A detailed reconstruction of the obtained diffraction
pattern of each investigated POPC/C,,E; system has to be done by model calculations. This will lead to

a detailed structural model of all components in the obtained phases of this amphiphilic model system.
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Biological membranes consist of mixtures of various charged and uncharged lipids
and in general, show an asymmetric distribution in the inner and outer leaflet of the
formed bilayer sheet. In model membrane systems only a symmetric distribution of
the amphiphiles used is present and an asymmetric distribution is only known in
highly curved aggregates, such as small unilamellar vesicles due to difference in
sterical -requirements for different lipids. In a model membrane system of the
phospholipid POPC mixed with the non-ionic surfactant Cj;E, the possibility of an
asymmetric distribution is discussed on increasing the head group volume of the

admixed surfactant.

We start to prove this assumption by studying mixtures of unilamellar vesicles of
POPC/C,E, with an increasing number of oxy-ethylene units by small angle neutron
scattering on the time-of-flight spectrometer YuMO at the IBR-2 reactor in JINR.
Preparing samples with a fully deuterated surfactant alkyl chain or a fully deuterated
palmitoyl chain and varying the H,O/D,O content the scattering curves were obtained
at 20 and 40 °C in the range Q = 0.06-0.1 A, In the Guinier approximation a linear fit
reveals the bilayer thickness of POPC/C,E»(d25), Rgy. = | of 3.84 nm at 25 °C and
3.76 nm at 40 °C. These values are in good agreement with the bilayer thicknesses of
DMPC of 3.73 nm (1) or DPPC of 4.06 nm (2) studied under similar conditions using
this approach. An asymmetric distribution of the components POPC and C\;E; in the
bilayer of a unilamellar vesicle could not be detected in agreement with the model of
packing effects of cone-shaped detergents in lipid bilayers (3). Next the surfactant
headgroup volume will be increased for an asymmetric distribution to arise as
proposed. Measurements of such samples are planned to be carried out within future
allocated beam time.

1) D.M. Sadler, F. Reiss-Husson, E. Rivas, Chem. Phys. Lipids, 1990, 52, 41

2) V. I. Gordeliy, L.V. Golubchikova, A. Kuklin. A.G. Syrykh, A. Watts, Prog. Colloid Polymer Sci.
1993, 93, 252 '

3) H. Heerklotz, H. Binder, G. Lantzsch, G. Klose, A. Blume, J. Phys. Chem., 1997, 101, 639
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Introduction

Mixed lipid/detergent systems are currently of great interest because of their wide use
in membrane studies and, in particular, for solubilization and reconstitution of membrane
proteins. Despite successful reconstitution of a great number of membrane functions, the
molecular mechanisms and the thermodynamics of membrane assembly on reconstitution are
still debated. The micelle to vesicle transition which represents an essential stage in the
transformation of solubilized micellar aggregates into closed bilayer vesicles is of special
interest in this respect.

In this work a model system, composed of dimyristoylphosphatidylcholine (DMPC
and sodium cholate (NaC), capable of temperature-induced micelle to vesicle transition has
been studied by SANS and SAXS techniques. Data have been treated by using the theoretical

.. .
frame of Guinier analysis’"’

. The DMPC/NaC mixed system has been studied earlier via
different techniques such as turbidimetry measurements, differential scanning calorimetry,
electron microscopy and 31P NMR’. These studies have demonstrated that a number of
various intermediates can be identified when the mixed system is undergoing TI-MVT, but the
intermediates have not been characterized yet in sufficient details both structurally and
morphologically. SANS measurements have been performed at the YuMO time-of-flight
small-angle spectrometer in FLNP and at the small-angle spectrometer in Budapest Institute of
Solid State Physics (ISSP). The results obtained at two spectrometers are in good agreement.

The X-ray measurements have been carried out at D22 spectrometer (DCI synchrotron

radiation source) in LURE, Orsay, France.
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Results

The binary system consisting of 15 mM DMPC in H,O buffer solution has well-

known multilamellar structure. Presence of 2 mM NaC is sufficient to disturb regularities in

the multilayer arrangement of the mixed lipid/detergent aggregates probably due to

electrostatic repulsion induced by incorporation of the negatively charged NaC molecules into

adjacent bilayers.

TABLE 1: The influence of NaC molar concentration Cysc on the repeat distance

d of the multilamellar structures are created in the system DMPC/detergent/water at

T=35°C.
Cnac, MM 0.00 0.25 0.50 0.75 1.00 2.00
dA, 62.8 63.0 64.1 65.0 69.9 absent
+0.6 +0.6 +0.7 +0.7 +1.6

Figure 1 and Figure 2 demonstrate the coincidence of experimental curves with

Guinier law for the rod-like micelles at T=20°C and for the vesicles at T=50°C for the

transitional system with 6 mM NaC.

Figure 1. SANS data (squares) from rod-
like micelles: Rc=20.74, ellipsoidal cross-
section with minor semi-axis 18.8A and
major semi-axis 36.9 A. Transitional system
15 mM DMPC and 6 mM NaC in D20 at
T=20°C.
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Transitional system 15mM DMPC and
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TABLE 2: Geometry and size of the aggregates for 15 mM DMPC and 6 mM NaC in D)0.
Here, RLM stands for rod-like micelles with a ellipsoidal cross-section and semi-axes a and

b, and UV stands for unilamellar vesicles which bilayer has a thickness dj.

T (O) 20 24 28 30 33-40 45 50 60
Type of | RLM RLM RLM RLM not uv UV Uuv
particle determined
Size, A | 189, | 182, | 174, | 172, -

a,b 36.9 34.8 34 325
or d, 30.5 315 | 322
Conclusions

Morphological transformations occurring in the structure of supramolecular
aggregates formed in the DMPC/sodium cholate/water have been investigated by neutron and
X-ray scattering. The transformation of ellipsoidal micelles to lamellar structures through the
formation of rod-like micelles has been established.

At a constant temperature T=20°C when the sodium cholate concentration is
increasing, the vesicles observed for a detergent concentration Cy=2 mM are transforming to
rod-like micelles for C4=6 mM and then to ellipsoidal micelles for C4=12 mM.

When the temperature is increasing with a constant concentration of detergent in the
solution Cy=6 mM a transition from rod-like micelles with ellipsoidal cross-section observed
below 28°C to unilamellar vesicles observed above 40°C occurs. A change in morphology of
the particles occurs in a broad domain of temperatures from 33°C to 40°C that lays essentially
higher than the temperature of the main phase transition of DMPC Tpn=23.5°C.

The ellipsoidal shape of sphere-like micelles and ellipsoidal cross-section of rod-like
micelles have been calculated from SANS measurements as favorable compared with ideal

spherical geometry of micelles.
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The structure of ribosomes which are the nucleoprotein complexes responsible for
protein synthesis is of great importance for the understanding of the process of protem
synthesis itself. Although the structure of the ribosome has been investigated by various
methods over three decades, the problem of determining its structure with a sufficiently high
three-dimensional resolution has not been solved yet. Recently, models for the 70S ribosome
and its subunits with the resolution about 25A resulted from creo-electron microscopy and
they describe the outer surface of the particle [1,2]. The contrast between the robosomal
proteins and the rRNA in these studies is low making it difficult to distinguish between
ribosomal components. The new method of SAS data interpretation was applied for studying
the 70S ribosomal subunit from E.coli in solution using X-ray and neutron contrast variation.
A solid body four-phase model of the 70S ribosome at 35A resolution was built from the
envelope functions of the 30S and 50S subunits and of the corresponding RNA moieties [3].
In this work, neutron scattering experiments were performed applying contrast variation to
analyse the structure of the 30S ribosomal from Th.thermophilus including the protein-RNA-
distribution. Using the new method of SAS data interpretation we derive a tree-dimensional
model of the 30S ribosomal subunit from Th.thermophilus and its RNA-rich core at the
resolution about 35A.

Two types of ribosomal particles from Th. Th. ware obtained by the technique of
methabolic regulation of selective deuterium incorporation into the RNA and the protein
components of the ribosome (See table 1) and they were studied by small-angle neutron
scattering using contrast variation. The indegnity of partially deutereated particles was
controlled by parallel X-ray measurements.

Before SANS measurements the preparations were dialysed against a buffer containing
20 mM Tris-HCI (pH 7.6), 0.5 mM MgCl,, 100 mM KCI. Buffers containing 0, 20, 32,35,
40,72, 80, 98% D,0O were used for contrast variation. The sample with the highest D,0
concentration was prepared by dialysis. The DO content was controlled by density and
transmission measurements.

SANS measurements were carried out with the YUMO instruments(JINR, Dubna)[4],
D11 instruments (ILL, Grenoble)[5] and V4 instruments[6] (HIM, Berlin) at different sample-
detector distances and concentrations. 17 neutron scattering curves of different types of
ribosomal particles at eight contrasts have been obtained. The radiation X-ray scattering data
were collected following standard procedures using the X33 camera of EMBL on the storage
ring DORIS 111 of the Deutsches Elektronen Synchrotron (DESY)[7]

The neutron contrast variation data for the 30S ribosomal subunit of Th. Thermophilus
in solution are interpreted in the frame of a two-phase model described by the shapes of the
30S subunit and its RNA-rich core using spherical harmonics. The X-ray and neutron
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scattering curves measured at eight different contrasts can be neatly fitted with those evaluated
from the two-phase model (see fig.1 a,b,c). The shape of the envelope of the 30S subunit and
of the RNA- rich core are evaluated with the resolution 35A. The final model is presented in
Fig 2. A comparison with an analogous model for E.coli [3] shows that the shapes of the RNA
component coincide completely in both subunits, whereas the shapes of the protein component
are slightly different (See fig. 3).

(a) (b)

oo o 06 o
Smil

(c) (d)
Fig.1 Fitting of the neutron((a) to (c)) and X-ray (d) solution scattering data with the two-
phase model shown in fig.2

Table  Two types of ribosomal particles for neutron and x-ray scattering experiments

Type of particle Growth medium Contribution to neutron scattering
30S(I) H,0, I'H]-glycerol and ['H]-succinate both RNA and protein
30S(II) D-O, [*H]- glycerol and [*H]- succinate shape scattering
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Fig2. Two - phase model with the Fig 3. Comparison of the 30S Th.
resolution 3.5 nm for the subunit of the Th and 30S E. coli models. The 30S
ribosome Th. Th and its RNA (in side). Th.th is displayed in blue and 30S
The 30S subunit is displayed in dark E.coli is displayed in red.

yellow and its RNA in dark green.

The Thermus thermophilus species are extensively used to grow ribosomal crystals. Our
results open the possibility to use this model to phase low resolution reflections in
ribosomal crystallography.
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This report is the SANS part of the article!) submitted to Macromolecules.

Introduction

Micelles formed by amphiphilic block copolymers in water have been the object of intensive study both
from the point of view of theoretical interest and their potential applicability as surfactants or systems
for controled release of drugs or other active substances. For the latter use there is a need of maximum
solubilization capacity of the micellar core combined with tailored permeability of the solubilizate across the
core-shell interface. In our previous studies?) of micelles of poly(methyl methacrylate)-block-poly(acrylic
acid) (PMMA-PAACc) copolymers in water, we showed that both the rate and equilibrium degrees of
solubilization are mostly controlled by the interaction parameter of the solubilizate with the polymer block
prevailing in the core. Solubilizates with good affinity to the core polymer are thus easily solubilized but,
as a rule, they are also easily released from the micelle. Micelles with structured cores containing at least
two concentric layers of polymers with different permeability or affinity to the chosen solubilizate are thus
of some interest.

One of the possible solutions to this probiem are micelles based on ABC triblock copolymers in
which all three blocks are mutually incompatible, A and B being hydrophobic and C — hydrophilic. As an
example of such system, we examine here poly(2-ethylhexyl acrylate)-block-poly(methyl methacrylate)-
block-poly(acrylic acid) (PEHA-PMMA-PAAc) copolymers and micelles formed by them in water.

Experimental
Block copolymers and micellar solutions
A PEHA-PMMA-PAAC copolymer was prepared by successive group transfer polymerlzat|on (GTP). After
purification and characterization by size exclusion chromatography (SEC) and NMR the product was
transferred into distilled water by dialysis and freeze-dried in the micellar form. For SANS experiments,
the freeze-dried product was directly dissolved either in D20 or distilled water.
SANS measurements
were performed using the time-of-flight small-angle neutron spectrometer YuMO3). The solution was placed
in an optical quartz cell with a path length of 2 mm. All measurements were corrected for background
scattering and normalized using a vanadium standard?).

The experimental SANS curves were fitted by a scattering curve for homogenous spherical particles
with a Schulz-Zimm distribution of radii. The theoretical fitting function was

o0
= [ Fla.R?f2(R) R, M
where the scattering amplitude for a sphere of radius R and scattering contrast Ap is

sin{gft) — gl cos(qR)
(qR)*

4
F(q,R) = -§7rR3 Ap- ®(qR) with ®(qR) 3
The Schulz-Zimm distribution is a two-parameter function
'Z+1\?*' R’ Z+1
0= (B2 g el (524
fz(R) =\ Tz+1) =P R, ) B
where R, is the mean radius, Z is the width parameter (Z > —1), and ['(z) is the gamma function. The

fit was applied to the SANS curves taken under such contrast conditions that the scattering contribution
of the micelle corona could be neglected or disregarded.
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Results and discussion
The NMR results indicate segregation of the PEHA and PMMA blocks in a micelle. There are two possible

structures (Fig.1) compatible with this finding: a) The PEHA blocks form an inner core surrounded by
the PMMA layer (three-layer model); b) The PEHA blocks are located in several smaller domains in a
PMMA matrice (multi-domain model). In principle, SANS can discriminate between these two models by
measuring the size of the whole micellar core (formed by PMMA and PEHA) and of its PEHA constituent.

R A R AB .RA = RAE

Fig.1: The three-layer model and the multidomain model of micelles.

For the three-layer model, the radius of the PEHA component, R4, would be smaller than the overall
radius of the micelle core, Rap, while for the multidomain model the radii are expected to be very
close to each other. The neutron scattering densities were calculated to be p4 = 0.3 - 10'° cm™2 and
o = 1.1-10%cm™2 and for PEHA and PMMA, respectively. This difference in scattering densities
enables one to suppress the scattering contribution of one of the components while keeping scattering
from the other component still visible. The scattering density of the third component, PAAc, depends on
the degree of neutralization and on the H/D ratio in the HoO/D20 mixture. Using the partial molar volume
of PAACY), V' = 46.7 cm3/mol and its change upon neutralization®), AV = —14.6 cm®/mol, we estimated
the scattering densities of the HoO/D20 mixture matching those of PAAc to be go = 2.8- 101 cm~? and
00 = 3.8-101% cm2 for the acidic and fully ionized forms, respectively. The contribution of condensed Na
counterions was not taken into consideration in the latter quantity.

The micelle comprising an ABC triblock copolymer is a three-component particle with constituents
differing in scattering density. Therefore, when the scattering density of the solvent is chosen to match the
scattering density of one of the blocks there still remain two types of bloks contributing to the scattering.
This circumstance complicates interpretation of the SANS curves. Fortunately, in some cases the influence
of the second not matched component is either small or limited to a certain part of the scattering curve
and the structural parameters related to the investigated component can be estimated.

In this work we attempted to distinguish between the two above given models by measuring the radii
R4 and R4p. To this end we used the SANS curves taken for the aqueous solvents with the scattering
densities matching the scattering density of PMMA and PAAc, respectively. The corresponding radii were
determined using the formulae valid for homogeneous spheres (Eq.1). For the above mentioned reason
this approach represents only an approximative way to the structural characteristics of three-component
particles.

Fig.2 shows the SANS curves of the micellar solutions in the Ho0/D20 mixtures matching the scattering
density of the PAAc corona (upper curves) or that of PMMA chains in the core (bottom curves). The solid
lines are least-square fits by equation 1.

The fits of the curves recorded at zero contrast for the PAAc chains lead to the mean core radii
Rap = 120(2) A for the acidic form and Rap = 117(2) A for fully neutralized PAAc. A good agreement
of these results obtained at different scattering contrasts suggests that the two-component nature of the
micelle core does not influence dramatically scattering behaviour at these contrasts.
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Fig.2: Experimental SANS curves (points with error bars) for the PEHA-PMMA-PAAc micelles in H0/D20 mixtures
for acidic (o, ) and sodium neutralized PAAc (A, A). The copolymer concentration ¢=0.00465 g/ml.

Upper curves: zero contrast of the PAAc corona (acidic form: 49% D20 (s), neutralized form: 63% D20 (A)).
Bottom curves: zero contrast for PMMA (24% D, 0, acidic form (o), neutralized form (A)).

Solid lines are least-square fits to Eq.1.

The SANS curves obtained for the matched PMMA scattering density (24% D20) do not show any
significant difference between the results for acidic and neutralized PAAc. This indicates that the scattering
contribution of the PAAc corona is not too large, because its two states examined differ in scattering power.
Therefore, the SANS curves reflect mainly the structure of the PEHA component. From the fit to Eq.1
we obtained R4 = 89(10) A and R4 = 91(10) A for the sample with acidic and sodium-neutralized PAAc
corona, respectively. Low scattering intensities of the SANS (see Fig.2) data lead to great uncertainty in
the values of the fitting parameters. Nevertheless, the mean radius of the PEHA component, R4, seems
to be significantly smaller than the overall radius of the micelle core, R4p. Thus the SANS results point
to the three-layer model rather than the multidomain one.

In determination of R4p we neglected the difference in the scattering densities of PMMA and PEHA.
Similarly, the radius R4 was estimated using the assumption that the relevant part of the SANS curve is
not affected by the scattering from the PAAc corona. To assess the influence of these approximations on
the resulting radii, we calculated scattering curves of a coated sphere and of a micelle model with Gaussian
chains attached to a spherical core. The latter model was recently proposed by Pedersen and Gerstenberg?).
The model parameters were chosen so as to describe the studied ABC micelles at the particular contrast
conditions. The calculations show that the simlifying assumptions do not affect the above conclusions
concerning the micelle internal structure.

A more detail discussion of this problem is given in the paper submitted for publication).
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Introduction

Ribosome, the site of protein synthesis in the cell, is a huge (molecular weight over 2 x 106 Da and size
over 20 nm) ribonucleoprotein complex organized in two unequal subunits. Both subunits contain
dozens of proteins which comprise about one third of the ribosomal mass; the other two thirds are
occupied by the RNA moieties. With recent achievements in cryoelectron microscopy and X-ray
crystallography, modern structural ribosomology approached a resolution of 1.5-2 nm in restoring of the
ribosomal surface [1, 2]. Unfortunately, the method cannot determine the structure of ribosomal RNA
and protein moieties in the ribosome because of small differences in the electron density of RNA and
protein. Another way to solve the problem of mutual arrangement of different components of the
ribosome is decoding of the diffraction patterns of the ribosome crystal. However, there is no algorithm
for solution of phase problem of large complexes. We propose to phase diffraction patterns using four
phase model of ribosome obtained from neutron scattering experiments. The neutron scattering curves
are to be obtained in a wide interval of scattering vectors and contrasts.

Biosynthetic selective deuteration

Efficient application of the neutron scattering method for the study of the detailed structure of the
ribosome strongly depends on the possibility of selective deuteration of its RNA and protein
components. The standard way for solving this problem has been to study hybrid isotopic particles
obtained by reconstitution from protonated and deuterated components [3]. This approach is time
consuming and expensive. Moreover, the reconstitution procedure is well developed only for E.coli
ribosomal particles, whereas most current structural research is performed on ribosomes from
thermophilic and halophilic microorganisms because they are much more stable and crystallize more
readily. Growing microbial culture on media with different D,O content suggests a powerful way for
solving the problem of deuterium incorporation. However, it does not lead to a significant change in the
relative contrast (ratio of scattering amplitude densities) of the ribosomal RNA and protein components
[4]. The only way of contrasting different components is to use a combination of protonated and
deuterated substrates during the growth rather than a monosubstrate.

The aim of this part of our study is to develop a general approach to the RNA and protein labelling
problem based on metabolic regulation. Applied to ribosomes, this approach has allowed to obtain a set
of particles with different ratios of scattering amplitude densities of the RNA and protein components
suitable for neutron measurements in 95 - 100 % D,0O where the incoherent background is very low, and
good quality data can be obtained for relatively large scattering vector values.
It is known that prokaryotic cells utilise costly substrates (from the point of view of intracellular
energetics) as direct precursors of biomacromolecules. However, substrate concentrations play the key
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role in the growth. For example, a substrate in excess will be involved by the cell in different catabolic
pathway transformations with simultaneous energy release.

Selective [*H] mcorporatxon into the RNA and protein components of the ribosome during cell growth
was monitored by ['H]-NMR as a function of the nucleoside concentration and the medium DO
percentage in the presence of ['H] or [*H]succinate and glycerol. It is demonstrated that for the
concentration of nucleosides up to 1.2 mM, nucleoside is essentially incorporated directly into RNA
with a negligible crossover into the protein (Fig. 1) as well as a negligible incorporation into RNA of
deuterium from either glycerol and succinate substrates (Table 1) or water (Fig.2).
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Figure 1. Incorporation of deuterium into
different components of the ribosome at various
nucleoside concentrations in the growth media
containing 65% D,0, H-glycerol and H-
succinate.

Figure 2. Incorporation of deuterium into
the RNA and protein components of the
ribosome when E.coli is grown in a media
containing different percentages of D,O and
different concentrations of H-nucleosides; H-
glycerol and H-succinate are used as carbon
sources.

Table 1. Ribosomal RNA and protein components with different match points obtained by biosynthetic
selective deuteration

Deuterium incorporation into Deuterium incorporation into

nonexchangable residues of

nonexchangable residues of
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Growth media proteins RNAs
% (NMR calculated % (NMR calculated
studies) match point studies) match point
10% D0, ['H] glycerol, ['H] 2 42 0 70
succinate,] mM ['H]nucleosides
25% D,0, ['H] glycerol, ['H] 3 42 2 72
succinate,] mM ['H]nucleosides
10% D.0, [*H]glycerol, [*H] 47 82 1 71
succinate,] mM ['H]nucleosides
25% D,0, [*H]glycerol, [*H] 60 93 2 72
succinate,1 mM ['H]nucleosides




Table 2 presents the characteristics of the four types of ribosomes and ribosomal subunits obtained in
large amounts for neutron scattering experiments by means of biosynthetic deuteration. The percentage
‘of deuterium incorporation in the RNA and protein components varies significantly.

Table 2. Four types of ribosomal particles for neutron scattering experiments

| -Type of particle |- Growth medium Contribution to neutron scattering in D,O
I H,O0, ['H] glycerol and [ H]succinate both RNA and protein
Il D,0, [*H] glycerol and [*H]succinate shape scattering
Im 25% D,0, [*H] glycerol, [*H] RNA
succinate and ['H] nucleosides
I\ 25% D,0, ['H] glycerol, ['H] protein
succinate and [*H] nucleosides

Small-angle neutron experiments

Small-angle neutron scattering experiments were carried out with the D11 instrument (A = 6 A) (ILL,
Grenoble, France). 28 neutron scattering curves of different types of ribosomal particles (see Table 2) at
four contrasts (H,0, 32% D;0, 72% D,0 and 98% D,0) have been obtained (see Fig.3, for example).
The curves are measured at three different sample—detector distances for broadening of the scattering
vectors interval. For samples with a low concentration (1 - 2 mg/ml) measurements are carried out at the
10 m distance. Samples with high concentrations (20 - 35 mg/ml) are measured at 3.6 m and 1.2 m
distances.
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.
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At the moment the data are used for three—dimensional structure reconstitution to obtain a low
resolution model of a bacterial ribosome which will be the basis for further refinement using diffraction
patterns of the ribosome crystals.
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Crystallographic studies

Stable crystals of appropriate sizes (0.2-0.3 mm) (Fig. 4) were obtained. Low and middle resolution
diffraction patterns (F1g 5 and Fig.6, correspondingly) were collected on the X11 beam line at EMBL
Hamburg outstation using the synchrotron radiation monochromatic wavelength 0.928 A and a MAR
research imaging plate scanner. It is shown that the crystals have a tetragonal space group P43212 or
P41212. The cell parameters were 521x521x389 A. About 2300 reflections were measured.

Figure 4. Crystals of Thermus thermophi—
lus ribosomes.

Figure 6. Middle
resolution  diffraction
pattern of the T.ther—
mophilus  ribosomes.
Resolution— 70-23 A

Figure 5. Low resolu—
tion diffraction pattemn
of the T.thermophilus
ribosomes. Resolution—
150-70 A

The obtained diffraction pattems show good agreement with the small-angle X-ray scattering data
obtained for solution.

Conclusions

The method of selective deuteration of RNA and protein components of the ribosome in the process of
growing has been developed. , :

Four types of ribosomal particles with a significantly varying percentage of deuterium incorporation into
the RNA and protein components are isolated for neutron scattering experiments. The small-angle
neutron scattering curves have been measured in a wide interval of scattering vectors and contrasts of
particles.

Crystals of Thermus thermophilus ribosomes suitable for X-ray diffraction studies are obtamed Low
and middle resolution diffraction patterns of the crystals have been collected in the interval of Bragg
distances from 150 to 23A. :
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Study of the phonon-maxon region in the liquid helium excitation spectrum

K.H.Andersenl, I.V.Bogoyavlenskiiz, V.G.Kolobrodovz, A.V.Puchkov3, AN.Skomorokhov’

Institute Laue-Langevin, Grenoble, France;

’Kharkov Institute of Physics and Technology, Kharkov, Ukraine;

SInstitute of Physics and Power Engineering, Obninsk, Kaluga Region, Russia,
*Joint Institute for Nuclear Research, Dubna, Moscow Region, Russia.

The experiment is a continuation of liquid helium-4 studies by inelastic neutron scattering
carried out on the spectrometer DIN-2PI [1,2]. In accordance with the results of the last
experiment and the present-day theoretical conception in this range of wave vectors and
temperatures, a partite exhibition of modes of quite different nature is possible.

On the basis of the new analysis of our previous ‘He neutron scattering data some
additional intensities in S(Q,0) were detected at @>w, over the wavevector range from 0.4 to
1.2 A [2]. This intensity exhibit both the temperature and the wavevector dependence. It
increases as the temperature rises to the superfluid transition temperature T;. At the same time,
this intensity is not observed at small Q but it becomes visible at Q higher than ~0.4 Al The
maximum intensity is observed at 0.55-0.62 Al As Q increases this additional intensity
decreases, and at @>1.0 A" it becomes indistinguishable. Such Q-T dependence of this
intensity would rather be taken to identify the band in our data as a broad remnant zero-sound
mode, as expected from the work of Glyde and Griffin [4,5].
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Experimental studies of S(Q,0) in this Q-0 range by other authors are significantly discrepant
[6,7]. Note, that the comparison of the experimental results [3] and our data [2] (fig.1) is the
evidence in favor of the assumption that S;{(Q,0) contains the intensity which cannot be
explained solely as multiphonon scattering. We hope that the study performed will be the
experimental test of recent theoretical predictions.

The yielded spectra of the double cross section within the energy transfer range 0.1-2.0
meV and the angular range from 3 to 102 degrees and T=1.53, 1.81, 1.96, 2.1 and 2.22K. Our
experiment focused on the measurement at temperatures quite close to the temperature of the
superfluid transition and the range of wave vectors between the phonon and maxon regions of
the dispersion curve of liquid helium. This experiment was performed at low initial neutron
energy (2.37 meV) and decreasing angular uncertainties that provided a high resolution of the
experiment. The exposition time for each measured temperature was about 72 hours. The
range of scattering angles (3-102 degrees) provides rather a wide range of neutron wave
transfer (0.2-1.2 A™"). The raw time of flight experimental data will be transformed into the
$(Q,») data for further analysis. The analysis will be carried out using various model of $(Q,0)
( Glyde-Griffin model, simple subtraction model, Woods-Svensson analysis). To analyze these
data, it is necessary to conduct the S(Q,®) measurements at low temperature, <1.0K, as well.
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Pyridine, a strong organic base, easily reacts with many acids to form an interesting
family of pyridinium compounds. A number of pyridinium salts reveal solid - solid phase
transitions related to a change in the motional behaviour of the cation. Most interesting
transitions have been found in the recently discovered new family of ferrelectric crystals
formed by pyridinium tetrafluoroborate and pyridinium perchlorate [1,2] only

We present the results of our neutron scattering studies of pyridinium nitrate
[CsNH;]'[NOs] , pyridinium perchlorate [CsNHg] [ClO] and pyridinium tetrafluoroborate
[CsNH;] [BF4] (hereafter reffered to as PyNOs, PyCLO, and PyBF,, respectively). We
applied the elastic coherent neutron scattering (ND) method to complement the information
on the crystal lattice parameters and inelastic incoherent neutron scattering (IINS) to study
the molecular dynamics. ND and IINS spectra were measured as a function of temperature
on the NERA time - of - flight spectrometer.

The neutron diffraction spectra for three phases of a polycrystalline PYCIO,
sample are given in Fig.1.
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Fig.1.Neutron powder diffraction spectra of three Fig.2. Generalized phonon density of states
phases of the PyClO, crystal. G (E) for pyridine salts.

Pyridinium perchlorate crystallising at room temperature in the rhombohedral
system, space group R3m undergoes two phase transitions at 233 and 245 K [1]. The upper
I - II transition is marked by a splitting and shifting of the diffraction peaks. A jump in
dielectric permittivity at 245 K indicates that the crystal undergoes a discontinuous
ferroelectric transition [2]. The II - III phase transition is probably marked only by a change
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in the symmetry of the crystal. The phonon density of states functions G(®w) of PyBF,,
PyClO, and PyNO; in the energy transfer up to 1000 cm™ are shown in Fig. 2. The spectra
may be divided in two regions: the region of the lattice modes 0< E >300 cm™ and the
region of the intermolecular modes 300 cm™ < E > 1000 cm™. The sharp band at about 400
cm’! is associated with the out - of plane vibration of hydrogen in the pyridine ring.
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parameters of a PyNO; crystal. parameters of a PyBF, crystal.

Figures 3 and 4 present the temperature dependencies of the unit cell parameters of
PyNO; and PyBF,, respectively. Pyridinium nitrate belongs to the group of salts in which
the phase transition was not observed and crystallises in a monoclinic system, space group
P2,/c [3]. As the temperature increases the values of the parameters a, ¢, and V increase
while the values of b and the angle decrease. Pyridinum tetrafluoroborate undergoes two
solid-solid transitions at 205 and 240 K. The intermediate phase is ferroelectric as in
pyridinium perchlorate. At room temperature the system is trigonal, symmetry R3m. In the
ferroelectric phase the system is trigonal, C2. The symmetry of the lowest phase is P2 [4].
The neutron powder diffraction spectra recorded from 140 to 300 K have been used for
determining the unit-cell thermal expansion of the PyBF, crystal. The region of phase
transitions was studied with particular care. All phase transitions are clearly seen in the
temperature dependencies of the lattice parameters.
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Under atmospheric pressure two solid phases of cyclohexanone are known: S; in
the temperature range 242.4 - 220.3K and the low temperature phase Sp. A relatively
low pressure induces in cyclohexanone an additional solid phase, Sy, whose temperature
range widens as pressure increases [1].

We present the results of neutron diffraction (ND) and inelastic incoherent
neutron scattering (IINS) investigations of different phases of cyclohexanone in the
temperature range 8- 307K at the pressure 0.1, 130, and 300 MPa. The measurements
were performed on the NERA-PR time - of - flight inverted geometry spectrometer [2]
at the IBR-2 pulsed reactor at JINR in Dubna. The gas compressor GC-15 made by
UNIPRESS (Warsaw, Poland) was used as a high pressure source.

The IINS spectra were taken at fourteen different scattering angles (average 90%
and summed up after subtracting the background from the sample holder and the
cryostat. In the phase Sm of cyclohexanone, at the temperature 8K, well resolved bands
characteristic of an ordered crystal are clearly seen. At the temperatures 152K and 207K
these bands are smeared but quasielastic broadening does not exist ( Fig.1).
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Fig. 1. Temperature dependencies of the IINS spectra of cyclohexanone.

After the phase transition to the phase Sy inelastic spectra become more smeared and
quasielastic scattering caused by fast reorientation of protons in this phase is well
observed. As the temperature increases, inelastic spectra become unresolved and look
quite similar in both phases Sy and S;. The measured IINS spectrum at 8K transformed
into the function of the phonon state density weighted on the amplitudes of hydrogen
atom vibrations is shown in Figure 2. Comprehensive interpretation of phonon
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excitation spectra requires model calculations of lattice dynamics. Usually, the optical
spectroscopy and crystal structure data are particularly useful for these
calculations.Fig. 3 shows the neutron diffraction spectrum of cyclohexanone at 8K and
the pressure 0.1 MPa.
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The neutron diffraction spectra of cyclohexanone measured upon heating of
the sample are shown in Figures 4 and 5.
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Fig. 4. Neutron diffraction spectra of Fig. 5. Neutron diffraction spectra of
cyclohexanone at p = 130 MPa cyclohexanone at p = 300 MPa.

The ND spectrum of the phase Sy at 248K (130 MPa) and 278K (300 MPa) is quite
similar to the spectrum of the phase S; at 267K (130 MPa) and 307K (300 MPa)
taking into account the thermal compressibility of the crystal. No change in diffraction
spectra is found for the Sgp- S; phase transition. Only phase transition Sy - Sy is clearly
seen. The ND spectrum of phase Sy at 8K (ambient pressure), 152K (300 MPa) and
207K (130 MPa) is different from analogous spectra of phases Sy and S;. The latter
phase transition is marked by a change in the crystal structure and proton dynamics.
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The relationship between the short-range structural order and the
dynamics of the atomic vibrations in disordered systems has attracted major
interest in recent years because of the possibility of the existence of structure-
induced peculiarities in the “phonon-dispersion” relation.

The amorphous Ni-B metal-metalloid type system is of interest because
of largely different atomic sizes and masses. In studies of structural and
dynamic correlations on the level of partial atomic distributions, most detailed
infermation can be obtained by neutron scattering methods employing samples
with different isotopic contrast contents. Isotopic metallic glasses 'Nigs' Bas
(i=nat, 60, <b>=0) were investigated in our previous high-resolution neutron
diffraction experiments [1] where the Sa(Q) partial static structure factors and
Gap(r) radial distribution functions were determined.

The aim of the proposed experiment is the investigation of the S(Q,E)
partial dynamical structure factors of the Ni-B amorphous system by measuring
the inelastic neutron scattering on the same isotopic samples.

The metallic glass specimen with natural Ni (i=nat) was produced by a
melt-spinning technique resulting in ribbons 2 mm wide and 0.023 mm thick.
The total weight of the sample, placed in a thin (0.1 mm) vanadium tube, was
26.4 g. In the present experiment, the elastic coherent and inelastic incoherent
neutron scattering spectra of the sample with natural Ni (i=nat) were measured
on the NERA-PR neutron spectrometer.

The neutron diffraction pattern was measured and obtained dependence
of the intensity as function of scattering vector is presented in Fig. 1.

The neutron inelastic cross-section for this sample was rather small. As
a result, the satisfactory statistical accuracy was only obtained during the
accessible measurement time for the detector with beryllium filter. From these
data we determined the generalized vibrational density of states G(E).
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Fig. 1 shows the neutron diffraction pattern of the metallic glass
specimen with natural Ni (i=nat) sample in units of Q. It is in good accordance
with the data of [1]. We conclude that structural investigations of disordered

systems may be successful on this spectrometer.
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Fig. 2 shows the generalized vibrational density of states obtained in the
incoherent approximation. The density of the vibrations splits into two clearly
separate regions: 0-40 and 40-90 meV, corresponding to predominant
vibrations of heavy (Ni) and light (B) atoms. We conclude that partial dynamic
distributions are very different in this amorphous alloy and must be further
investigated over wider regions of energy E and momentum transfer Q.



Neutron scattering study of heavy water and ice under hydrostatic Ar
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Argon hydrate was obtained by Villard more than hundred years ago [1] soon after
the discovery of argon itself. When two gas hydrate structures were found [2,3,4], argon
hydrate was postulated to have the type | structure (sp. gr. Pm3n, a=124). In 1984, strong
evidence of the fact that argon clathrate crystallizes in the type Il structure - CS |l (sp. gr.
Fd3m, a =17 A) was given by D.W.Davidson and co-authors [5,6]. Ar mainly fills small
dodecahedral cavities. High solubility of He and Ne in the ice |h framework was
demonstrated [7,8] but the Ar atom with the radius about 1.9 A is too large to fill the ice Ih
cavity. When the ability of He and H, to form clathrate hydrates with the ice Il framework
was discovered [9-11], it became clear that Ar atoms can be placed into ice |l cavities.

Phase equilibria in argon - water systems were studied by H.S.Saito et. al. [12] and
recently by Yu.Dyadin et al. [13] at pressures up to 15 kbar. The form of the melting curve
indicates that at pressure higher than 700 MPa another modification of Ar hydrate
appears [13].

Inelastic incoherent neutron scattering (IINS) and neutron diffraction (ND) studies
of argon - heavy water system were carried out with the help of the NERA-PR neutron
spectrometer [14] using a high gas pressure installation in which argon mediates the
transmission of high pressure. The sample of heavy water is saturated with argon at the
pressure about 100 MPa and the temperature about 300 K during three days before the
recording of spectra starts. When the temperarure is decreased to 283 K, the ND shows
the formation of the CS Il clathrate structure (a = 17.07 A) (Fig. 1). The IINS exhibites a
decreasing quasielastic neutron scattering (QNS) contribution, which indicates that some
amount of liquid water still exists in the sample (Fig. 2). When the sample is cooled to 190
K at the same pressure, the mixture of ice |h and CS Il crystals is recorded by ND (Fig. 1)
and the QNS contribution completely disappears (Fig. 2). An increase in the pressure to
300 MPa at the tempertaure 190 K converts ice Ih into ice |l. The diffraction patterns of
CS II, however, do not undergo any changes. Under 300 MPa Ar pressure the sample is a
mixture of Ar type CS Ii and ice Il (Fig. 1). The normal isotope deuterium effect is
observed in lINS spectra (Fig. 3). The translational energies are only slightly shifted while
the librational ones are about 1.4 times less than the corresponding energy obtained for
the 'H,O-Ar system. The obtained generalized phonon densities of states G(E) for the
(Ar+D,0) system at T=190 K and P=100 and 300 MPa (which is denoted as +) are
presented in Fig.4.
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Ammonium sulphate, (NH,),SO,, transforms from the paraelectric Pnam to the
ferroelectric Pna2, phase at 223 K. The unit cells of both phases contain four formula units
and consist of two kinds crystalographically independent ammonium ions [1]. No great
differences were observed in the IINS spectra of ammonium sulphate above and below the
ferroelectric transition [2,3]. These investigations were performed at temperatures above 80K
and show broad bands at ca. 335 and 200 cm” due to torsional and translational motions,
respectively. These bands belong to the ammonium ions, as they undergo fast reorientation
even in the ferroelectric phase [4]. Crystalline Rb,SO, at room temperature belongs to the
space group Pnam. In mixed salts of ammonium-rubidium sulphates both phases can be
studied at low temperatures. This allows investigations of harmonic dynamics of the
ammonium ions in the paraelectric phase.

Solid solutions of ammonium-rubidium sulphates were prepared by mixing aqueous
solutions of (NH,),SO,, and Rb,SO, in various stoichiometric proportions. Crystalline
samples were obtained through slow evaporation at 40°C. The composition of the solid
solutions, in general, was different from that of the starting mixtures and, therefore, was tested
by chemical analysis. Simultaneous investigations by the time-of-flight IINS and neutron
diffraction (ND) methods of ten samples of mixed salts (NH,), RbSO, for the entire
concentration range, 0.0< x <2.0, were performed on the NERA spectrometer [5] at the IBR-2
pulsed reactor in Dubna. The ND spectra were used to control the sample quality and
determine the lattice parameters at different concentrations and temperatures, which is what
allowed us to test the x,T phase diagram. The temperature dependence of the IINS spectra of
(NH,),SO, and of ammonium-rich mixed salts measured at temperatures close to the para-
ferrroelectric transitions are presented in Fig. 1.

Quasielastic scattering (QNS) is seen above 150 K. Pyrolitic graphite neutron energy
analyzers were used for measuring the IINS spectra. The resolution of the elastic line at
E,=4.65 meV amounts to 0.5 meV at FWHM. This means that ammonium ions undergo fast
reorientations with a characteristic time in the range of psec even in the ferroelectric phase.
The QNS broadening changes significantly at the phase transition for pure ammonium
sulphate, but this effect vanishes with increasing rubidium concentration. Above x>0.4, the
stochastic dynamics of ammonium do not depend on the para-ferroelectric transition.

The generalized phonon density of states G(E) obtained in the one phonon scattering
approximation from the IINS spectra measured at 10 K are presented in Fig. 2. Three types of
G(E) spectra for ammonium can be seen at different rubidium concentrations. For x<0.4, the
ammonium dynamics at low temperatures correspond to an ordered crystal of the
pseudohexagonal symmetry with two inequivalent NH, groups. The four lines in the
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Fig. 1. The IINS spectra of ammonium sulphate and ammonium-rich mixed salts.

frequency range of 160-240 cm™ correspond to translational and the four between 280-420
cm” to torsional vibrations of ammonium ions. In the concentration range 0.4<x>1.2, the
ammonium dynamics form broad bands characteristic of protonic glasses. They correspond to
translational vibrations at ca. 200 cm™ and torsional vibrations at ca. 290 and 380 cm™. Above
x=1.2, the mixed salts of (NH,),,Rb,SO, remain in the paraelectric phase and, according to
structural investigations, ammonium ions predominantly occupy the type II crystallographic
position. As one can see in Fig. 2, two translation lines of 190 and

220 cm” and two torsional vibrations at 270 and 370 cm’, are due to NH, (II) type
ammonium ions.
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Aqueous solutions of tetraalkylammonium ions are the convenient model systems
for investigations of water interactions with apolar particles and effects of
hydrophobic hydration which are of significant importance for a number of chemical
and biological problems. The influence of apolar molecules on structural properties of
water is one of the most actual questions in hydrophobic hydration study. The results
of thermodynamics and transport measurements[1], computer simulations [2] lead to
the conclusion that the effect of stabilizing the surrounding water hydrogen bond (H-
B) network takes place in aqueous solutions of large apolar particles such as
tetraalkylammonium ions. It is suggested that hydration water has a more ordered
structure (“ice-like”) than that of pure water. However, very extensive and accurate
structure measurements performed in the last years of aqueous solutions of these ions
by the neutron diffraction method [3] did not indicate any changes in the hydration
water structure of the studied solutions in comparison to pure water.

The generalized frequency distribution (GFD) of water molecules, which can be
obtained from an inelastic neutron scattering experiment, provides some information
about structural modifications in the studied solution.

A neutron scattering experiment was carried out on the DIN-2PI double time-of
flight spectrometer. The choice of the initial neutron energy E,=3mev made it possible
to have the resolution of elastic neutron scattering AE =0.13 mev. Neutron scattered
spectra were recorded at 15 angles covering the range 16° < 8< 134° which
corresponds to the neutron wave vector transfer ( 0.33 < Q< 2.2 YA, The sample
exposed to the neutron beam was a teflon capillary helix (0.5 i.d. and 1.20.d) filled
with a solution and wound on the thin aluminum framework forming a cylindrical
sample with overall dimensions of 160 mm in height and 110 mm in diameter. The
total transmission including the solution and a teflon container for neutrons with the
initial energy was about 75%.

The measurements were carried out at room temperature and consisted of a number
of runs:

- with 0.98m TBACI solution in light water;

- with 0.84m TBACI solution in heavy water;

- with pure light water;

- with pure heavy water;

- with vanadium sample of appropriate geometry.
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Fig.1. The generalized frequency distribution of pure water(M) and hydration water(O)
molecules.

The extracted GFDs of pure water and hydration water in 0.98m TBACI solution
are shown in Fig.1. The low frequency peak (with €,  7meV) of GFD which
corresponds to the bending of the O-O-O angle and usually is regarded as evidence of
the H-B network existence is of particular interest, because it is very sensitive to
changes in the H-B network structure. As it was shown in [4], the intensity of this
peak decreases as the temperature grows. It also decreases in the case of ionic
hydration[5-7]. Thus, we obtain the reduction of the low frequency mode if the
distortion of the H-B network takes place, and we can expect the increase of this mode
in an case of “structural promotion of water”.

The main feature of hydration waters GFD is a small shift of the libration mode to
higher energies in comparison to pure water, which has not been explained yet, but
the low frequency mode mentioned above does not change by significant. So, we may
conclude that the studied H-B water structure in solution do not have alterations in
comparison to pure water. This conclusion is in agreement with the neutron
diffraction data[3].
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Niobium-oxygen solid solutions were studied by X-ray diffraction and inelastic neutron scattering.
The samples were niobium rods (diameter 10 mm, length 80 mm) doped with oxygen in a high-vacuum
induction furnace in oxygen atmosphere. The oxygen
content in two prepared samples was 1.29 and 2.65 1

Q2
at.% determined by the vacuum-fusion method. ] vy #
X-ray Laue diffraction shows a “bamboo” ]334 f \ (a) 842
structure in Nb-O studied samples with single crystal 1 ' ] }\ '
dimensions ranging from 2 mm to 10mm in diameter. ] ﬂ f
The lattice parameters were measured by X-ray & kﬂxIITTIIzITl; M!'I:
diffraction from powder samples made from the rods. e L S :AIHT [.1.'.

The increase of the lattice parameter due to interstitial
oxygen is in agreement with the data of Koch [1].

This shows that all oxygen in the samples is dissolved S 02

in the BCC lattice and a-solid solutions are formed § 014 | I

by quenching after heat treatment at 1~2240°C. g ] * L_
The vibrational frequency distribution of NbOj ' T

was measured at room temperature and at =200°C to -0.1

increase the intensity of energy gain in neutron o -

scattering in the region of the oxygen vibrations. .

Further increase of the sample temperature is limited Fig. 1 Frequency spectra of oxygen atoms

by decomposition of the solid solution. The initial at r=200°C (a) and at room temperature (b).

energy of neutrons is Eg=18.4 meV and the range of
scattering angles A3=38-133°.

Fig. 1 shows the vibrational frequency distributions @(g) at £230 meV obtained for NbO, o5 at room
temperature and at /=200°C after subtraction of Nb spectra. In the spectrum of NbO, g, at =200°C, in
addition to the known vibrational mode # ®,,= 45 meV [2], peak at Ao = 84.2 + 1.2 meV is observed. It
corresponds to oxygen vibrations with the polarization vector along the shorter axes of the octahedral

position. The peak at h®w=33.5 meV is possibly connected with vibrations of the metal atoms
neighbouring interstitial oxygen. For V-O solid solutions, where the similar peaks were first observed,
association of these peaks with vibrations of the metal atoms closest to oxygen was shown by model
calculations [3].

[1] Koch C.C., Scarbrough J.0., Kroeger D.M., Phys.Rew.B, 9 (1974) 888.
(2] Danilkin S.A., Zemljanov M.G,, et al., Sov. Phys.: Solid State, 29 (1987) 1213
[3] Mazurenko V.G., Danilkin S.A., Fiz. Tverd. Tela, 38 (1996) 229.
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High nitrogen austenitic steels are the materials with high strength and corrosion resistance and have
structure stability at low temperature and during cold working. The steel properties depend on the
interstitial (N) and substitutional (Cr, Ni, Mn) atom contents. The present study concerns the effect of Cr
content on the crystalline structure and interatomic bonding in Fe-xCr-12Ni-0.5N (x=15; 20; 25; 29 wt.%)
alloys. The diffraction measurements were carried out with the Philips-Micro III x-ray diffractometer and
with the neutron diffractometer DN-2. The inelastic neutron scattering spectra were measured with the
DIN-2PI spectrometer.

The diffraction measurements show the FCC structure for all studied steels. The neutron diffraction
discloses a small contamination of the BCC o-phase in all samples. The amount of the a-phase does not
exceed 3% according to the results of Rietveld refinement. The linear dependence of the austenite lattice
parameter a (A) on the Cr content x (wt.%) was observed: a(x)=3.57178 +0.00123x. The X-ray data give
the same coefficient k,, but the lattice parameter values are higher by 0.006 A. However, the accuracy of
the neutron lattice parameters seems to be higher because the Rietveld refinement with the NaCl standard
was used in the data treatment.

The INS measurements show that the metal
frequency spectrum does not depend on the Cr content
in the limits of the experimental errors. This
demonstrates weak dependence of the Me-Me
interatomic bonding on the Cr content.

At the same time, changes in the nitrogen localised

RN vibrations were noted. A small nitrogen frequency

‘ e c10.88a020 increase observed as the Cr content increases
8 c1e2e0 contradicts with the lattice dilation caused by Cr atoms
gy 1| (Fig.1). The decrease of the nitrogen peak width with
an increase of the Cr content is also nontypical. Such a
behaviour is possibly connected with changes in
2 electron screening and in the stress-induced interaction
' caused by the different Cr contents. These effects
o could cause ordering of the nitrogen atoms with an
. increase of the Cr content that manifests itself as a
v LT decrease of the nitrogen peak width. This assumption
Il |lI is confirmed by a computer simulation of the ordering
N ] in Fe-40Ni-35Cr-xN alloys. As it was demonstrated by
rmev Owen [1], nitrogen atoms preferentially occupy the
octahedral sites where they have a large excess of Cr

1 - " |

over Ni atoms in the first coordination shell.
Fig.1. Nitrogen vibrations in Fe-xCr-12Ni-0.5N
alloys

[1] M.Grujicic, W.S.Owen Nitrogen induced ordering in FCC Fe-Ni-Cr-N solid-solution alloys. High
Nitrogen Steels, Proc. of the 3rd Int. Conf., Kiev, Ukraine, Sept. 14-16 1993, part 1, p.686.
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Observation of spatial splitting of a polarized neutron beam as it is
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V.L. Aksenov', H.Fredrikze?, S.V. Kozhevnikov!, Yu.V. Nikitenko',
M.Th. Rekveldt?, J. Schreiber®

! Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research,
141980 Dubna, Moscow Region

2 Interfaculty Reactor Institute, Delft University of Technology, Mekelweg 15,
2629JB, Delft, The Netherlands

3 Fraunhofer Institute for Non-destructive Testing, D-01326 Dresden, Germany

As a rule, investigating the magnetic properties of matter by polarized
neutron reflection or refraction samples whose magnetization vector is collinear
with the magnetic strength vector of an external magnetic field (collinear magnetic
media) are used. If the magnetization vector of the sample is non-collinear with the
magnetic strength vector due to the internal or shape anisotropy of the sample (the
case of magnetically non-collinear media), in the magnetic field neutrons
experience a transition from one spin state ( denote “+” or “-” ) to the other ( “-”
or “+” ) as they go through the interface. The total energy of neutrons does not
change, which results in a change in the kinetic energy of neutron motion in the
direction perpendicular to the interface. As a result, the neutron beam spatially
splits into a beam of neutrons which have experienced a thransition to a new spin
state ( the beams are then denoted as “+-” or “-+” ) and a beam of neutrons which
have not experienced such transition ( “++” or “--” beams ).

This effect was predicted by Ignatovich in 1978 [1]. In [2,3], expressions
for the coefficients of transmission and reflection from an interface of two
magnetically non-collinear media are obtained and can be used in experimental data
processing. To determine the direction of refracted neutron beams, we use the
energy conservation law. For squared glancing angles of refracted neutron beams,
we obtain:

(0*)%=0;2- a[U + p -(B-H)] A2 (1)
(67)°=6{- o[U - u -(B-H)] -\? ()
(0*)’=6- a[U - p -(B+H)] -A’ 3)
(67*)°=6;- o[U + p -(B+H)] -A? (4)

where a=2m/h’ , 6 is the glancing angle of the incident neutron beam; U is the
potential energy of the nuclear interaction of neutrons and matter; B is the
induction in the sample; H is the external magnetic field strength; p is the magnetic
moment of the neutron; m is the mass of the neutron; h is Planck’s constant; A is
the neutron wavelength.
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A magnetically non-collinear medium can be most simply realized with the
help of shape anisotropy in the sample when the strength vector of an external
magnetic field is directed at an angle to the surface of the magnetic film.

In [4,5], spatial splitting of a polarized neutron beam reflected from a
magnetic film is observed. ,

In [6,7], spatial splitting of a polarized neutron beam on transmission
through a magnetic layer on a nonmagnetic substrate (two interfaces) is
investigated. In this case, the neutron beam goes through the magnetic layer and
leaves the sample through the edge of the substrate. Because the beams “++” and
“..” coincide in direction ( in (1) - (2) it is necessary to take B = H ), spatial
splitting of the polarized neutron beam into two beams and of the nonpolarized
neutron beam into three beams is observed.

In the refraction of neutrons as they go through a magnetic layer (two
interfaces), the interference between neutron beams takes place due to multiple
reflection from the layer boundaries. This leads to a very complicated picture of
the dependence of the neutron flux on the wavelength. A simpler picture may
possibly be observed in the case of neutron refraction on one interface.

In this article the refraction of a polarized neutron beam on the interface of
two magnetically non-collinear media is investigated. The sample is the magnetic
film Fe(86%)Al(9,6%)Si(4,4%) with the thickness 20 pm and a Cr 500 A
intermediate nonmagnetic layer. The size of the sample is 5 (along the beam) x 20
(in the vertical direction) mmz, the thickness of the nonmagnetic substrate CaTiOs;
is 1 mm. The glancing angle of the neutron beam 0;=4.8 mrad, the mean square
divergence of the incident neutron beam is $0.05 mrad, the mean square angular
resolution of the spectrometer is 0.2 mrad, the neutron wavelength varies in the
interval A=1.6 + 4 A. The external magnetic field strength is H=4.5 kOe, the angle
between the sample plane and the magnetic field strength vector is B=70°. The
neutron beam falls on the surface of the film and leaves the film through the edge.

In the measurements we use a position-sensitive detector and a scheme for
complete polarization analysis (a polarizer, two spin-flippers and an analyzer),
which makes it possible to register four neutron counts in different measuring
modes: I(off,off) — two spin-flippers off; I(on,off) — the first spin-flipper on, the
second off; I(off,on) — the first spin-flipper off, the second on; I(on,on) — two spin-
flippers on.

With flippers 1 and 2 “on” (*“off”), the polarizer - flipper 1 and the flipper
2— polarization analyzer sections predominantly transmit neutrons in the state “-”
(“+”). The measurements are conducted with the SPN-1 spectrometer at the IBR-2
pulsed reactor in Dubna.

In Figs. la-d the neutron count for four measuring modes over the specified
wavelength interval A=2.02+2.57 A ( the average wavelength <A>=2.25 A) is
shown as a function of the angle 8 between the sample plane and the direction of
the refracted neutron beam. The measuring time in each “off,on” or *“on,off” mode
is about 6 times larger than in the “off,off” (“on,on”) mode and is approximately
15 hours.
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Fig. The dependence of the neutron count on the angle between the plane of the sample
and the direction of the refracted neutron beam (the neutron wavelength interval
A=2.02+2.57 A, the average wavelength <A>=2.25 A) for different measuring modes:
a) “off,on” ; b) “on,on” ; c) “off,off” ; d) “on,off” .

The peak at 6=4.8 mrad on the right corresponds to the direct beam
(neutrons that missed the magnetic layer). The indices “+-”, “--”, “4++4” and “-+”
mark the neutron beams refracted on the vacuum-magnetic film interface. The
experimental values for the angular positions of these beams are given in Table 1.
One can see that the smallest deviation from the direct beam has the beam “+-”
(Fig. 1a) and the largest deviation has the beam *“-+” (Fig. 1d). It should be noted
that the beams “--” (Fig. 1b) and “++” (Fig. lc) do not coincide in direction in
contrast to the case of the refraction on two interfaces. So, one can see that the
beam with one initial spin state “+” spatially splits into beams with different final
spin states, “-” or “+”.

The beam of neutrons with the initial spin state “-" also splits into two
beams (Figs. 1b and 1d). In this case, in the measuring mode “‘on,off” in addition
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to the beam “-+” at 2.8 mrad there appear the beams “++” at 3.3 mrad and “--” at
4.1 mrad. The two latter beams are observed because the probability of their going
through the sample is comparatively high while the polarization efficiency of the
polarizer and the analyzer is not hundred percent.

To analyze the experimental data, Egs.(1)-(4) are used. To determine the
energy of nuclear interaction between the neutron and the magnetic layer of the
sample, measurements are conducted in an external magnetic field H=4.5 kOe
parallel to the film plane ( [3=00 ). In this case, no splitting of the polarized neutron
beam takes place (the beams “+-” and “-+” are absent). From the positions of the
beams “++” and “--” the energy of nuclear interaction of the neutron with the
magnetic layer is obtained, U=160 neV. The magnetic field induction is determined
by measuring spin precession in the sample, B=12.2 kG. The obtained parameters
are used to determine the direction of refracted neutron beams. The experimental
and theoretical values of the angels © between the plane of the sample and the
direction of refracted beams are summarized in Table 1. One can see that the
experimental and theoretical values coincide within the angular resolution of the
spectrometer £0.2 mrad.

Table 1 ,

U=160 neV; B=12.2 kG; A=2.25 A; 6;=4.8 mrad
0, mrad | experiment theory

+- 4.4 4.4

- 4.1 4.0

++ 3.3 3.2

-+ 2.8 2.6

So, in the conducted investigation of neutron refraction on the interface of
two magnetically non-collinear media splitting of a polarized neutron beam was
observed. The beam of neutrons initially in the spin state “+” or ”-” splits into two
beams in the states “+” and “-”. All split beams have different spatial positions.
The reported phen'omenon has been observed for the first time.
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Determination of the magnetic field penetration depth in Nb
and YBa,Cu;0, superconducting films by polarized neutron
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Joint Institute for Nuclear Research, 141980 Dubna, Moscow Region, Russia

€ Institut Laue Langevin, B.P.156, F-38042, Grenoble Cedex 9, France

Polarized neutron reflectometry is used in direct measurements of the magnetic-field penetration
depth in a high temperature (HT,) superconducting film. Two scattering geometries are used. The
deduced neutron scattering length density profile gives the exact picture of the composition of the
film. The fit to the spin-asymmetry yieldsed a magnetic-penetration depth of 1400 + 100 Aata
temperature of T = 4.8 K along the c-axis oriented perpendicular to the film surface. The model
includs an intrinsic exponential decay of the penetration depth. For the first time the spin-
asymmetry is determined with high resolution over an extended Q-range for a HT -film. Nb-films
are investigated as reference.

Introduction ,
One of the fundamental parameters of superconductors is the London penetration

depth A; [1]. Polarized Neutron Reflectometry (PNR) offers a unique possibility of

measuring the absolute value of the penetration depth and the shape of the magnetic
flux profile. Several studies of Nb-films have already been performed with this

technique and the values of A; = 410 A [2] and 900 - 1450 A [3] for different

thicknesses of the film have been obtained. The high difference in the values can be
explained by the fact that not the magnetic penetration depth was measured but the

screening length 1 > A; . The screening length takes into account electron scattering
by defects in the sample [4]. This effect is discussed in Ref. 5, where the measured

value of 1 was corrected for electron scattering and A; = 430A was obtained, which
is the best result today for Nb-films. Also, HT -films measured up to date

(YBa,yCu304) [5,6,7,8] have defects as discussed in Ref. 9. In them, the defects or
roughnesses do not perturb the penetration depth itself because the correlation length

is small in HT, -films, but do perturb the reflectivity curves so that, e.g., the
oscillations of the reflectivity curves are not anymore visible [5].

In order to test the possibilities of PNR and optimize the experimental conditions for
HT,-films studies, first we performed model-calculations and experiments on Nb-

films. In particular, care was taken to get HT, samples showing low or no off-
specular scattering as a sign of good quality.
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Prior to experiments, model
calculations were performed to study
two variants of the scattering geometry.
For all calculations and fits we assumed
an exponential law for the intrinsic
magnetic profile of the film [10].

Scattering geometry and Nb/Si experimen

100

reflectivity

In Fig. la the reflectivity curves are

shown for a HT(YBaCuO)-film

calculated for the two scattering
geometries: reflection from the air-film
interface (1) and  substrate-film
interface (2). For the reflection from the
air-film interface (1) the critical Q is
given by the NSLD-difference between
YBaCuO and air. This difference is
larger than the NSLD-difference

between YBaCuO and the SrTiO;

substrate. Thus, the Q. for the reflection
from the substrate-film interface (2) is

i

L i L l 1 1 J
0.005 0.01 0.0156 002 0.025 003 0.035
momentum transfer Q (A™")

Fig. 1. In Fig. la two theoretical reflectivity
curves R* (solid line) and R~ (dashed line) for an
HT,-film (YBayCu3O7 film with the c-axis
perpendicular to the surface of the SrTiO3-
substrate) are shown for ttwo scattering
geometries: 1 - reflection from the air-film side
and 2 - reflection from the substrate-film side.
Parameters: Film thickness 3000 A, external field
500 Oe and penetration depth 14004.Fig. 1b. The
spin-asymmetries  for the two  scattering
geometries.

lower compared to (1). In order to get
an image of such a NSLD profile look
in anticipation at the insert in Fig. 3.
Second, the scattering through the
substrate (2) shows much higher
oscillations because of a high NSLD-
difference at the second interface (the
film-air interface) compared to the case
of the scattering from the air side (1),
where the second interface is the film-

substrate interface.

The magnetic effect shows up in the difference between R" and R which is

demonstrated on the plot of the Spin-Asymmetry SA = (R+-R-)/(R++R-) in Fig. 1b.
The advantage of scattering through the substrate is obvious. However, the
disadvantage is that an intensity factor of 5 is lost when the neutrons traverse the

SrTiO5-substrate.

The experiments for the Nb- and HT_-films were performed on the spectrometers
SPN/Dubna [11] and D17/ILL [12].

The results of the measurement of the Nb-film on a Si-substrate at room temperature

are depicted in Fig. 2. As predicted in Fig. 1, Q. shifts to a lower value if the

scattering is done from the substrate-side (marked 1 in Fig. 2a). Also, the oscillations
are higher compared to the scattering from the air-side. The result of the fit is plotted
in the insert in Fig. 2a. The NSLD profile shows a 50 A thick NbO-layer on the
surface and a 100 A thick interdiffusion region at the substrate interface. The total

116



film-thickness is 3310 A. This thickness was chosen in view of HT-films for which
such high thickness is necessary due to the expected high penetration depth. Also,

the surface area of the Nb-film was about 2 cm™ comparable to the HT -film surfaces
for which one can expect homogeneous surface properties.
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Fig. 2. The reflectivity curves of the Nb-film on a
Si-substrate are shown in Fig. 2a. Reflectivity
curve 1 is taken in the reflection geometry from the
substrate-film interface and 2 from the air-film
interface, respectively. In the insert, the NSLD-
profile is shown.

In Fig. 2b the spin-asymmetry is shown for
reflection on the air-film side marked 1 in Fig. la.
Fig. 2c shows the NSLD-profile including the
splitting of the Nb-potential due to the penetrating
field.

The reflectivities R and R~ of the Nb-

sample at a temperature of 5.8 K were
obtained with an applied external field
of 556 Oe. The result is shown in Fig.
2b in the SA form. In the fit to the data
presented in Fig. 2b the magnetic
penetration depth was the only variable.
The NSLD profile in Fig. 2c represents
the complete result including the
surface NbO layer, the interdiffusion
layer and the magnetic effect due to the
penetrating field. The screening length
is determined to be 650 A in agreement
with 550 A from Ref. 5. It was not the
purpose of this study to perform further

resistivity measurements to deduce A
for the Nb film.

HT /SrTiO5 experiment
The HT, films of YBa,;Cu3O, were
epitaxially grown on SrTiO; with a

CeO, seed-layer. The c-axis is

perpendicular to the film surface. The
quality of the samples was tested by
various methods (AFM, X-ray and
electron diffraction). The neutron
experiments were performed in two
steps: first with reflection from the
substrate side and then, from the air
side after half a year. In Fig. 3, the two
measured reflectivity curves are
depicted with the fit to the data. In the
obtained NSLD diagram in the inset of
Fig. 3, an additional surface layer is
visible. This surface layer has grown
during this half year from 25 A to 125

A and consists presumably of BaCO4 formed through the humidity of air.
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Fig. 3. The reflectivity curves of the
YBaCuO-film on a SrTiO-substrate. 1 is
taken in the reflection geometry from the
substrate-film interface and 2 from the
air-film interface, respectively. The
reflection geometries are shown as a
sketch on the right. In the insert, the
NSLD-profile is seen. The dashed line at
the air-film interface represents the
change at the air-film interface with time
(see text).

In the case of HT, films, the

penetration depth is measured
because the correlation length is
very short and thus electron
scattering on defects should be
negligible.  Nevertheless, the
defects and the quality of the films
can be probed by off-specular
scattering. We did not detect any
noticeable off-specular scattering
in contrast to a rather huge off-
specular scattering measured from
the film in Ref. 5. This might be
the reason why no oscillations
were observed on the reflectivity
curves [5].



Conclusions

The Nb-films are investigated as a pre-study of HT, films in order to optimize the

parameters of the method . The sample quality, sample size, film thickness,
reflection geometries and the film interfaces are investigated. The obtained screening
length shows a value already near to the magnetic penetration depth but the
difference clearly indicates the influence of the electron scattering on defects. The

presented study of HT.-films shows that the details of the film structure at the

interfaces in particular can be obtained. An appreciable Q-range is available to
determine the magnetic penetration depth. Nevertheless, the statistics must be further
improved to study an eventual non-exponential character of the penetrating magnetic
flux.
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MIGRATION OF Ta INTO Si UNDER THE INFLUENCE OF
THE FAST HEAVY ION IRRADIATION

A.P.Kobzev, O.A.Nikonov
Frank Laboratory of Neutron Physics, JINR, Dubna, Russia

A.Ju. Didyk, V.A.Skuratov
Flerov Laboratory of Nuclear Reactions, JINR, Dubna, Russia

In recent years, continuous efforts have been undertaken for better understanding of
damage production in various materials by swift heavy ions. Oxides are most widely investigated
[1]. Recently a phenomenological description of latent track formation in dielectrics and
semiconductors was given[2] and in magnetic insulators in [3]. Metals have been thought for a
long time as not showing any track formation process. Recently track formation was found in
alloys NiZr, and NiTi [4] at the electronic stopping power, dE/dx , over 40 keV/nm, and in the
alloy 12Cr18 NilOT (dE/dx is about 10 keV/nm) [5]. Even more recently, the obtained
experimental evidence of tracks produced in Ti by 845 MeV Pb ions and by 18 MeV %Co ions
[6] demonstrated that metals are , also, susceptible to track formation. Semiconductors, however,
seem to have received less attention. Only a few articles present the experimental results on
semiconductors irradiated by high energy heavy ions (see, for example refs.[7-9]).

In this report we discuss our new results in the field of radiation stimulated impurity
migration in silicon with deposited layers of various impurities (like Pd, Ta and so on). All samples
were prepared in VINCA Institute (Belgrade, Yugoslavia).

The samples of silicon single crystals were covered with a thin layer of Ta (the structure of the
layer as follows: a silicon substrate with the thickness 300 um, and 165 nm of Ta). The
samples were irradiated by 210 MeV Kr ions with the fluence Ft= 3%10'* jons/cm®  and then
annealed in vacuum at the temperature 700°C for one hour. A RBS analysis of irradiated and
nonirradiated samples was undertaken using a He ion beam generated by the Van de Graaff
accelerator of the Frank Laboratory of Neutron Physics of JINR[10].

Figurel shows the energy spectra for 2.4 MeV “*He* ions scattered at the angle 170° for both
irradiated and nonirradiated samples of silicon covered with a Ta layer. The beam spot width is
about 1,5 mm for the incident angle ¢=30° and was increases to 4mm for ¢@=75°. Figurel shows
the spectra for ¢=30°. One can see a big difference between the curves. Processing these spectra we
obtain the depth profiles of Ta, Si and O ( Fig.2). The same depth profiles are obtained by
processing the spectra for the incident angle ¢=75°. From Fig.2 one can see that the depth of
migration of Ta and O atoms is about 500 nm after annealing and irradiation (IA). The depth of
migration of Ta and O atoms is 350 nm and 500 nm, respectively, for an annealed but nonirradiated
sample (A). The increasing migration of Ta atoms in samples irradiated with Kr ions can be
connected with the so called "track structure” ( a destructive zone along the projected ranges of Kr
ions). The integration of Fick equation for diffusion leads to the following solution for the
impurity profile after annealing:

C(x,t) = Q/(rDY)""? * exp(-x* /(4Dt)), 1

where Q is the remaining amount of atoms per area unit which was measured after annealing, D is
the diffusion coefficient and t is the annealing time. A satisfactory fit of experimental profiles for
Ta atoms can be carried out for both A and IA cases. The following values of adjustable parameters
for the diffusion of oxygen atoms, Ta atoms, DA™, DA™ are found:

D™ =68*10" cm¥s and DA=1.5%10"*cm’s (2)
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In [8] the Kr ion track diameter in silicon is calculated, Ry = 5.7 A. Thus the relative
damaged area of total area can be calculated very easily by the expression:

AS/S = Ft *1t *R* =0.306 (3)

If the migration of impurities for IA sample occurs through ion tracks, the migration coefficient
Dy, has to be recalculated for a reduced area (see eq.(3)), and it will be higher.

The implantation of 210 MeV Kr ions in silicon caused heavy ion track formation with a
decreased density in the area with the diameter 2R, in comparison with an undamaged material. So
the impurity atoms can diffuse more easily along the projected range of Kr ions in the area with a
reduced density.

As it is shown the use of four-stage processes (a low energy impurity implantation or
covering of a substrate surface with the necessary kind of material, post implantation annealing,
irradiation with heavy ions with high level inelastic energy loss, and the final heat treatment of
semiconductors) allows us to increase the impurity migration and produce the necessary type of
conductivity in semiconductors without longer time annealing. So this method has good future in
the new technology of semiconductor device production.

This study was performed under the support of the International Atomic Energy Agency.
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A SURVEY OF HEAVY METAL DEPOSITION IN ROMANIA USING MOSSES AS
BIOMONITORS
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**Norwegian University of Science and Technology, Trondheim, Norway

This is the first systematic study of air pollution with heavy metals and other trace elements in
several industrial areas and national parks of the Eastern Romanian Carpathians using a well-established
moss biomonitoring technique [1]. Samples of moss Hylocomium splendens from 120 sites were analyzed by
epithermal neutron activation analysis at the IBR-2 pulsed fast reactor in JINR, Dubna, for a wide range of
elements, including some heavy metals and rare earths (Na, Mg, Al, Cl, K, Ca, Sc, V, Cr, Mn, Fe, Co, Ni
(through the (n, p) reaction), Zn, As, Se, Br, Rb, Sr, Zr, Mo, Ag, Sn, Sb, I, Cs, Ba, La, Ce, Nd, Sm, Eu, Gd,
Tb, Yb, Hf, Ta, W, Au, Th, and U). Copper, cadmium and lead were determined by flame AAS. Certified
reference materials of mosses prepared for the 1995 European moss survey were used to check the quality of
the measurements. The results are presented in the form of colored contour maps prepared using GIS
(geographic information system) technologies [2].

The regional extent of pollution with some specific metals was studied in particular. In the northern
part of the country, the highest concentrations of Cu, Pb, Zn, As, and U were observed in the area of the Baia
Mare mining complex. Moreover, the results show that the polymetallic and manganese mining industries
pollute a vast territory with Mn, Cd, U, and Th. The central part of the Eastern Carpathians is mainly
affected by non-ferrous metal industries in Bistrita Nasaud. Gas and oil drilling and refining, as well as
thermal power stations, are responsible for Ni, V, Mo, W, Cu, Cr, As, Sn, and Cd pollution in the Moinesti-
Darmanesti and Bacau areas. In the valley of Prahova in the Curvure Carpathians, elevated levels of
elements characteristic for gas-oil refinery were observed. However, in these areas of the Eastern
Carpathians the particular elemental composition of the bedrock may also have influenced the results by soil
particles adhering to the mosses.

This particular study was undertaken as a Romanian-Norwegian-Russian collaboration in order to
cover one more “white spot” on the map of Europe for heavy metal atmospheric deposition. Our results are
reasonably consistent with those recently reported from similar studies using the moss technique in
Germany([3], the Netherlands, Poland [4,5], Bulgaria [6], and other countries on the European continent.

The authors express their gratitude to students of the International University of Nature, Society and
Man «Dubna» O.V. Shorenkova and V.M. Komkova for map designing.
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MEASUREMENTS OF THE THERMAL NEUTRON CROSS
SECTION OF THE "0(n,0)!C, *Ne(n,0)'*0, AND **Ar(n,p)*’S
REACTIONS FOR GASEOUS SAMPLES

Yu.M.Gledenov, V.1.Salatski, P.V.Sedyshev, P.J.Szalanski, J .Andrzejewski', A.Zak
*University of Lodz, Poland

The new ionization chamber for gaseous samples was designed and tested on the
thermal and resonance neutron beams of the FLNP neutron sources. The exposed gas

volume serves as the target for neutrons (see Fig.1).

Fig.1. Experimental setup : 1-neutron beam formed by collimators to the split size 60x12 mm, 2-entrance
and exit windows made from thin (100-500 pm) aluminium, 3-cathode, 4-grid, 5-grids frame, 6-anode.

The chamber is specifically designed to investigate (n,p) and (n,o) reactions that
play the important role in the s-process producing rare 303 jsotopes [1]. Until now we
measured the thermal cross section for |7O(n,oc)"‘C, 36Ar(n,oz)”S (Fig.2)
2INe(n,or)'®0 (Fig.3) using the relative method where the determined cross section is
compared with the cross sections of the 3He:(n,p)‘zH (Fig.2) and l7O(n,oc)"‘C (Fig.3)
reactions. Our results (233%12) mb, (5.4310.27) mb and (0.18+0.09) mb, respeclively.
are in good agreement with the values obtained by other authors for the "0(n,00"*C and
36Ar(n,oc)33S reactions [2,3] and significantly lower than the estimated upper

reported earlier for the 21Ne(n,oc)'go reaction [4,5]
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6.25%CO; and 1.8-10°%He gas mixture at 1.2 atm. 95%Ne and 5%CO; gas mixture at 1.7 atm.

In the near future we plan to investigate the 2!Ne(n,0)'®0 reaction further to
decrease our experimental error, which is presently about 50%, and measure the

39Ar(n,oc)‘%S cross section for thermal neutrons.
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DIRECT EXPERIMENTAL ESTIMATION OF THE LEVEL DENSITY IN
HEAVY NUCLEI AT E., < 3—-5 MeV EXCITATION ENERGY

V.A. Khitrov, A.M. Sukhovoj
Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research
141980 Dubna, Russia

The level density of heavy (deformed) nucleus in the excitation energy range from 1-2 to 3-5
MeV is usually determined from the spectra measured in different nuclear reactions in the
frame of some model ideas of reaction mechanisms. Therefore, it is extremely important
to perform a direct experimental determination of the level density.

Using the sum coincidence technique [1], the positions of levels were established with
high confidence level [2] up to the excitation energy of ~ 4 MeV for even-even deformed
nuclei and up to ~ 3 MeV for N-odd nuclei. An ordinary detector equipment used for
this purpose in FLNP JINR allows us to reveal all such states if only the intensity of
cascades populating them exceeds the detection threshold L. ~ 10~* events per decay of
the compound state excited after thermal neutron capture. Certainly, the presence of the
detection threshold permits one to observe only part of nuclear levels.

Nevertheless, using the classical assumption about the shape of the intensity distri-
bution of cascade primary transitions with respect to their mean value [3] (the so-called
Porter-Thomas distribution), one can estimate the complete set of nuclear states. For
this purpose, the parameters of the Porter-Thomas distribution are fitted to reproduce, as
well as possible, the cumulative sum ¥ 4., of the experimental cascade intensities (with
the summation over their final levels) as a function of its running value for the cascades
with i, > L.. The parameters obtained in such a way are used to extrapolate the 3 i,
dependence into the region ¢y, < L..

This procedure was performed for more than 30 nuclei from the mass region 114 < A <
200. Most essential results are:

(a) the number of the observed levels in any nucleus below its excitation energy 1-2
MeV is considerably larger than that predicted by models which consider the nucleus as
the gas of non-interacting Fermi particles (for example [4]);

(b) at higher excitation energies (at least, in the 2 MeV interval), observed level density
is considerably less than the predictions [4]. Also one cannot exclude the possibility that
the level density in this interval is almost constant.

Such behaviour of the level density is observed for all studied by us rather far from
magic N nuclei. The effect can be interpreted within assumptions about the strong influ-
ence of vibrational excitations (phonon energy is some hundred keV) on the nuclear prop-
erties below 1-2 MeV and a sharp transition [5] of a nucleus to possible many-quasiparticle
excitations at the energy which corresponds to the temperature of the phase transition
predicted by the BCS-theory (accounting for a decrease of this temperature for a mixture
of Fermi and Bose particles).
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Fig. 1. Comparative level densities for different excitation energies in some investigated
nuclei. Dashed lines - extrapolated [4] number of levels, excited by the primary cascade
El- and M1-transitions in the 100 keV interval. Solid lines are the same values calculated
in the frame of the hypothesis [5]. Histograms are the estimation of the possible number
of intermediate levels at zero detection threshold. Points are the number of the observed
cascade intermediate levels at the experimental detection thresholds.

1. 5.T.Boneva et al., Sov. J. Part. Nucl. 22(2) (1991) 232

2. 5.T.Boneva et al., Izv. AN SSSR, Ser. Fiz. 51(11) (1987) 2023

3. C.F.Porter and R.G.Thomas, Phys. Rev. 104(2) (1956) 483

4. W.Dilg, W.Schantl, H.Vonach and M.Uhl, Nucl. Phys. A217 (1973) 269

3. S.T.Boneva, V.A.Khitrov, Yu.P.Popov., A .M.Sukhovoj Proc. of IV International Semi-
nar on Interaction of Neutrons with Nuclei ”Neutron Spectroscopy, Nuclear Structure,

Related Topics, Dubna, April 27-29, 1996, E3-96-336, Dubna,1996, p.183

127



MEASUREMENT OF THE GAMMA-RAY MULTIPLICITY SPECTRA AND
THE ALPHA VALUE FOR *’Pu IN THE ENERGY REGION 2-2150 eV

H.Faikov-Stanczyk, Hyon Sung Ho
Frank Laboratory of Neutron Physics, JINR, Dubna

Yu.V.Grigoriev, V.Ya.Kitaev, V.V.Sinitsa
Institute of Physics and Power Engineering
Obninsk, Russia.

The measurements of the multiplicity spectra of 2*’Pu were carried out on the
IBR-30 pulsed neutron booster of the Joint Institute for Nuclear Research (JINR) in
Dubna at 122 m flight paths with a 16-section liquid scintillation detector of a total
volume of 80 1. Measurements with the IBR-30 pulsed neutron booster were made
at a mean thermal power of 10 kW, neutron pulse repetition rate of 100 Hz and pulse
duration at a half-height of 4 usec. The metal discs 80 mm in diameter and 0.3 mm
thick containing 22.7875 g of 99.9% **Pu were used as the sample-radiator. The
samples were packed in stainless steel containers made of 0.12 mm thick foil. The
samples were positioned in the center of the detector in a vacuum tube..

The information in the form of 16 time-of-flight spectra, covering the neutron
energy range 2,15 eV - 10 MeV, was accumulated in the intermediate memory of the
measuring module with PC/AT-286 VANG.

The coincidence multiplicity spectra from first to eleventh multiplicity for 50
resonances in the energy range 7e¢V - 180 eV and for the energy groups in the energy
range 2.15eV - 2150 eV were obtained from experimental time-of-flight spectra
following subtraction of the background component. They were normalized to unity
and are presented in Fig. 1. The shape of the multiplicity spectra for the resonances
with small fission widths is essentially different from the shape of spectra with large
fission widths.

So the resonances at 52.52 eV and 164.33 eV with small fission widths I'r =9
meV and 8 meV, respectively, have the mean multiplicities K, = 4.69 and 4.78, and
the resonances, at 47.50 eV and 156.90 eV, with large fission widths I't = 248 meV
and 537 meV have K,,=5.89 and 6.07.

Thus, the first resonances are actually captured, and the second ones are
fissionable resonances. These resonances were used to separating the multiplicity
spectra of other resonances into the two components of the fission and radiative
capture processes. From standard spectra, first the small components of radiative
capture and fission were subtracted. To separate the initial multiplicity spectra, as the
reference multiplicities for forming the captive spectrum, the first and the second
multiplicities were used, where fission does not actually manifest itself. To obtain the
fission part of the spectrum the multiplicities higher than sixth were used, where the
radiative capture is absent.
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Dividing of the total multiplicity spectra into two parts makes it possible to
determine the alpha value by the formula:
a=o0,/0;=N,&g/Nrg, =
=A 2 K,'r /x K,:f

where o,,0; are the radiative capture and
fission cross-sections; N, , Ny are the total
number of counts of capture and fission
gamma-quanta and X;, , Ky are the i-st
multiplicity radiative capture and fission.
Assuming that the efficiencies (g,¢&) of
gamma-quantum registration do not depend
on energy, one can determine the value A =
¢ (& /&) by normalizing to the alpha value,
obtained in the precision measurements in
[2]. The errors in the alpha value are mainly
determined by the errors in the
decomposition of the total multiplicity
spectra into components from the fission
Fig.1 The multiplicity spectra for resonances  events and the radiative capture events. The

of ***Pu with different fission widths. errors from the uncertainties in the efficiency
of gamma-quanta registration are considerably less, because the value A is close to
unity. (As a result of the normalization of alpha over 13 resonances from this
experiment and from [2], the ratio of the efficiencies is given as equal to unity). The
experimental alpha values are shown in Table 1 and in Fig.2.
Table 1.
Experimental and calculated alpha value for 2**Pu.

-—.—l'r‘ =9 meV
- 3= 2-1; =8 meV
- -8~ -3-r =248 meV
—a—4-r, =537 meV

A
¥ \\

A

0 2 4 6 8 10 12

239Pu/g\

T
[ 4
I B

Multiplicity of coincidences (K)

EeV) J <K> E,-E; a(p.w.) o o a
(eV) (exp) ENDF/B-6 JENDL-3 BROND-2
7826 1 452 7.30-8.28 0.8310.06 0.824 0.821 0.698
10.92 1 5.07 10.18-11.48 0.31+£0.06 0.323 0.282 0.334
11.89 1 433 11.48-12.32 1.91+£0.20 2.203 2.093 2.251
14.30 1 475 13.70-14.50 0.54+0.04 0.519 0.483 0.541
14.65 0 448 14.50-15.07 0.87+0.05 1.055 1.001 0.985
15.44 1 5.15 15.07-16.49 0.2940.05 0.147 0.142 0.164
17.64 1 4.44 17.11-18.19 0.83%+0.06 1.071 1.014 1.060

For comparison, the results of evaluation obtained by the GRUCON computer
program [3] on the basis of the BROND-2 [4], ENDF/B-6 [5], and JENDL-3 [6]
library data are also presented. The experimental and calculated alpha values were
obtained in the energy intervals below 50 resonances and in the energy groups (see
Tables 2 and 3). As can be seen from Fig.2 and Tab.1 the calculated alpha value of
different libraries differ by 5-30%, and in some resonances by 50-100%.
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The experimental alpha values differ from the calculated ones most significantly
for small and large alpha values, when the contribution of the radiative capture or
fission to the total multiplicity spectrum is small and the uncertainty increases greatly
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Fig.2 Experimental and calculated alpha values & = 0, Of for 39 pu,

as the spectrum decomposes into its component parts according to accepted standard
spectra. These uncertainties decrease when one determines the experimental and
calculated alpha values in the wide energy groups (Tables 2 and 3) and using of a large
number of resonances. The experimental errors of the alpha values in some resonances
amount to 2- 12% for large alpha values; for small alpha values, the errors may
achieve to 60%. In the energy groups, the errors are significantly less than 1-5%, but
when compared with the experimental data from other papers it is higher than 100%

(see Tables 2 and 3).
Table 2.
Experimental and calculated alpha value for 2**Pu in the energy groups.

E(eV) 21.5-46.5 46.5-100 100-215 215-465  465-1000 1000-2150
P.work 1.45 0.52 0.80 - 0.80 - 072
BNAB 1.07 0.57 0.87 0.93 0.83 0.89
BROND-2 1.04 0.44 0.61 0.84 0.97 0.97
ENDEF/B-6 1.54 0.50 0.71 0.82 0.88 1.00
JENDL-3 1.48 0.48 0.68 0.79 0.87 1.10

In this way, the extensive experimental materials presented in this work give
evidence of the great possibilities of the radiation multiplicity spectrometry method for
fissionable nuclei. The determination of the alpha value by this method is more precise
than in [1,2] because of better resolution. The general view of the obtained results
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shows good agreement between experimental data and the evaluated values.

Table 3.

Experimental and calculated alpha value for **Puin the . .. . srouvs.
E(keV) - 0.1- 02-- 03-- 04-- 05-- 06-- 07-- 08-- 0.9-- 1.0--
-02 03 04 0.5 0.6 0.7 0.8 0.9 1.0 20
Gwin (1976) | 0.87 094 116 044 072 154 097 082 070 0.84
Schomb. (1970) {096 0.79 1.13 044 063 144 094 053 055 0.69
Czirr (1970) |0.78 086 1.11 045 065 160 09 064 070 0385
Farrell (1970) |0.67 0.67 094 057 064 168 085 079 070 1.17
Weston (1972)|0.87 093 1.15 043 072 149 089 071 068 0.80
Sowerby (1972) |0.85 091 1.15 048 070 167 097 078 093 1.11
Derrien (1989)|0.87 093 119 041 071 152 090 075 0.62 -
Belayev (1970) |0.88 1.07 123 045 075 172 094 078 071 0385
Ryabov (1976) |0.85 1.00 1.00 088 084 141 131 .15 1.21 1.04
Bergman (1976) - 074 095 076 095 115 098 088 09 1.02
Bolotsky (1977) | 0.93 092 1.17 059 075 146 100 078 076 0385
Kononov (1971) | 0.71 131 171 048 068 075 103 068 048 0.65
Muradyan(1986) | 0.94 10.1 131 0.64 093 125 125 087 087 1.06
P.work 083 092 - 063 069 168 124 072 072 0.71
BROND-2[4] 062 070 111 055 083 143 109 08 077 090
ENDF/B-6[5] 071 083 082 061 088 121 09 073 088 094
JENDL-3 [6] 068 08 079 056 083 198 091 088 087 1.00

Simultaneously, it might be good to point out significant differences in the alpha
values from the experiments and calculations made on the basis of the evaluated
constants of the last library versions of BROND-2, ENDF/B-6, JENDL-3 for some
isolated resonances.

The newly obtained experimental data make it possible to determme the alpha
value more precisely in some resolved resonances and in the given energy groups, and
permit one to set the problem of the re-estimation of the alpha value in the mentioned
libraries. In the future, it would be advisable to continue the investigation in this
direction to study the Doppler-effect and the resonance self-shielding in the alpha
value.
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20.06.97 Yu.A.Ossipyan The physics of fullerenes
(Ins. for Solid State
Physics, N
Chernogolovka)
N.M.Plakida High temperature superconductivity
(BLTP JINR)
V.L.Aksenov
(FLNP JINR) Neutron investigations of condensed matter

21.07.97 K.Sumita Recent Accidents at Nuclear Reactors in Japan and at the
(Science Council of Reactor in Monjou
Japan)

23.10.97 A.V.Strelkov The discovery of ultracold neutrons
(FLNP JINR)
A.L.Frank New aspects in two optics of long wave neutrons
(FLNP JINR)

6.11.97 E.P.Shabalin Workshop on cold neutron moderators (Argonne
(FLNP JINR) National Laboratory, USA, 29.09-2.10.97)

20.11.97 V.V.Nesvizhevsky Recent results of investigations with slow neutrons in
(ILL, Grenoble, ILL
France)

4.12.97 V.D.Ananiev Physical startup of the IBR-2 reactor. Twenties
A.V.Belushkin anniversary
(FLNP JINR)

18.12.97 W.I.Furman Realization of research themes in 1997
V.1.Luschikov
Yu.P.Popov

L.B.Pikelner
A.M.Balagurov
V.1.Prikhodko
V.A.Sariv
A.V.Belushkin
(FLNP JINR)
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8.1. STRUCTURE OF LABORATORY AND SCIENTIFIC DEPARTMENTS

Directorate:
Director:
V.L.Aksenov
Deputy Directors:
A.V .Belushkin
W.I.Furman
Scientific Secretary:
V.V.Sikolenko

R r ni m
Chief engineer: V.D.Ananiev
IBR-2 reactor
Chief engineer: A.V.Vinogradov
IBR-30 booster + LUE-40
Head: S.A.Kvasnikov
Nuclear physics and pulsed neutron sources sector
Head: V.L.Lomidze
Mechanical maintenance division
Head: A.A.Belyakov
Electrical engineering department
Head: V.P.Popov
Design office
Head: V.I.Konstantinov
Construction
Head: A.N.Kuznetsov

ientific D ments an I

Condensed matter department
Head: A.M.Balagurov

Nuclear physics department
Head: V.N.Shvetsov
Department of electronics, computers and networks
Head: V.I1.Prikhodko
Department of IREN
Head: A.P.Sumbaev
Activation analysis and radiation research sector
Head: V.A.Sarin
Applied research sector

Head: V.I.Luschikov

inistrativ rvi
Deputy Director: S.V.Kozenkov
Secretariat
Finances
Personnel

Scientific Secretary Group
Translation
Graphics
Photography
Artwork
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THE CONDENSED MATTER DEPARTMENT

Sub-Division Title Head
Group No.1 HRFD V.Yu.Pomjakushin
Group No.2 DN-2 A.L.Beskrovnyi
Group No.3 DN-12 B.N.Savenko
Group No.4 NSVR K.Ullemeyer
Group No.5 YUMO M.A Kiselev
Group No.6 SPN-1 Yu.V.Nikitenko
Group No.7 REFLEX D.A.Korneev
Group No.8 NERA-PR I.Natkaniec
Group No.9 KDSOG E.A.Goremychkin
Group No.10 EG-5 A.P.Kobzev
Group No.l11 Automatization E.S.Kuzmin

THE NUCLEAR PHYSICS DEPARTMENT

Sub-Division Title Head
Group No.1 Polarized neutrons and nuclei V.P.Alfimenkov
Group No.1 Neutron spectroscopy A.B.Popov
Group No.3 Nuclear reactions Yu.S.Zamyatnin
Group No.4 Properties of the neutron Yu.A.Alexandrov
Group No.5 Proton and a-decay Yu.M.Gledenov
Group No.6 Properties of y-quanta A.M.Sukhovoy
Group No.7 Radiation capture of neutrons G.P. Georgiev
Group No.8 Ultra-cold neutrons V.N.Shvetsov
Group No.9 Neutron structure G.S.Samosvat
Group No.10 Rare reactions Yu.N.Pokotilovsky
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8.2. USER POLICY

The IBR-2 reactor usually operates 10 cycles a year (2500 hrs. total) to serve the
experimental programme. A cycle is established as of 2 weeks of operation for users, followed
by a one week period for maintenance and machine development. There is a long shut-down
period between the end of June and the middle of October. :

All experimental facilities of IBR-2 are open to the general scientific community. The
User Guide for neutron experimental facilities at FLNP is available by request from the
Laboratory’s Scientific Secretary.

Condensed matter studies at IBR-2 have undergone some changes in accordance with the
experience gained during the last several years. It was found to be necessary to establish
specialized selection committees formed of independent experts in their corresponding fields of
scientific activities. The following four committees were organized:

1. Diffraction 3. Neutron optics

Chairman - V.A.Somenkov - Russia Chairman - A.1.Okorokov - Russia
2. Inelastic scattering 4. Small angle scattering

Chairman - J.Janik - Poland Chairman - L.Cser - Hungary

Dr. Vadim V. Sikolenko, Scientific Secretary of FLNP, is responsible for the user policy.
Two deadlines for proposal submission are: May 16 - for the experimental period from October
through February; and October 16 - for the period from March through June.

Scientific Secretary is responsible for:

- distribution of “Application for Beam Time” forms to potential users;

- registration of submitted proposals;

- reviewing of the proposals by instrument scientists to estimate the technical feasibility
of the proposed experiment;

- sending of the approved proposals to Members of Selection Committees and registration
of their comments and recommendations.

The IBR-2 beam schedules are drawn up by the head of the Condensed Matter
Department together with instruments responsibles on the basis of experts recommendations and
are approved by the FLNP Director or Deputy Director for condensed matter physics. The
schedules are sent to Chairmen of Selection Committees.

After the completion of experiments, “Experimental Report” forms are filled out by
experimenter(s) and submitted to the Scientific Secretary.

The Application Form and other information about FLNP are available by WWW:
http://nfdfn.jinr.ru/~sikolen/usepol.html

Contact address:
Dr. V.Sikolenko, Frank Laboratory of Neutron Physics
Joint Institute for Nuclear Research
141980 Dubna, Moscow region, Russia

Tel.: (+7)-095-926-22-53, (+7)-09621-65096, Fax: (+7)-09621-65085; (+7)-09621-65882,
E-mail: sikolen@nf.jinr.ru
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8.3. MEETINGS AND CONFERENCES

In 1997, FLNP organized the following meetings:

International Seminar “Structure and Properties of March 4-7 Dubna
Crystalline Materials” SPCM
V International Seminar on Interaction of Neutrons with |May 13-16 Dubna
Nuclei (ISINN-5)
National Conference on X-ray, Synchrotron, and Neutron | May 26-29 Dubna-
Investigations (RSN-97) Moscow
International Workshop on Data Acquisition Systems for |June 2-4 Dubna
Neutron Experimental Facilities (DANEF’97)
International Seminar “Neutron Analysis of Textures and |June 23-27 Dubna
Stresses NTSA
In 1998, FLNP will organize the following meetings:
International Seminar «Collective Effects in Condensed |March 7-15 Pamporovo,
Matter» Bulgaria
VI International Seminar on Interaction of Neutrons with | May 13-16 Dubna
Nuclei (ISINN-6)
International Workshop on Deuteration of Biological May 19-25 Dubna
Molecules for Structural and Dynamic Studies
II International Seminar «Ferroelectrics-Relaxors» June 23-26 Dubna
VIII School on Neutron Physics August 30 - Dubna
September 5
8.4. COOPERATION
List of Visitors from Non-Member States of JINR in 1997
Name Organization Country Dates
M.A.Ali NRC, AEA, Cairo Egypt 01/01-02/01
B.E.Gebauer HMI, Berlin Germany 15/01-19/01
M.Hempel Fraunhofer Inst. for Germany 19/01-03/02
Nondestructuve Testing,
Dresden
G.Fioni DSM/DAPNIA/SPHN, CEA, |France 19/01-22/01
Saclay
V.Lauter-Pasyuk ILL, Grenoble France 19/01-03/02
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H.-J. Lauter ILL, Grenoble France 19/01-03/02
E.Steinness Univ. of Trondheim Norway 31/01-03/02
R.Zamoun URGN, Draria Algiers 17/02-15/04
M.Hedibel URGN, Draria Algiers 17/02-15/04
B.Meftah URGN, Draria Algiers 17/02-22/04
A Makkar URGN, Draria Algiers 17/02-15/04
H.-G.Brockmeier TU Clausthal Germany 22/02-26/02
R.F.Koontz SLAC, Stanford USA 01/03-07/03
S.L.Gold SLAC, Stanford USA 01/03-07/03
M.Stalder Fraunhofer Inst. for Germany 13/03-25/03
Nondestructive Testing,
Dresden
J.Schreiber Fraunhofer Inst. for Germany 13/03-21/03
Nondestructive Testing,
Dresden
P.Hoghoj ILL, Grenoble France 17/03-24/03
M.Niffenegger PSI, Villigen Switzerland 18/03-25/03
M.Rudalics Johannes Kepler University | Austria 19/03-08/04
V.Lauter-Pasyuk ILL, Grenoble France 19/03-28/03
H.-J.Lauter ILL, Grenoble France 19/03-28/03
1G.Pepy LLB, Saclav France 24/03-25/03
M.Carta ENEA CRE CASACCIA Italy 05/04-08/04
A. D'Angelo ENEA CRE CASACCIA Italy 05/04-08/04
A Filip CEA, Saclay France (5/04-08/04
G.Bruno University of Ancona Italy 06/04-19/04
1. Rowlands LANL USA 07/04-08/04
S.Akajima JAERI Japan 07/04-08/04
G.Spriggs LANL, Los Alamos USA 07/04-08/04
T.Parish LANL, Los Alamos USA 07/04-08/04
J.Campbell LANL, Los Alamos USA 07/04-08/04
D.Loaiza LANL, Los Alamos USA 07/04-08/04
K.Turjan National Renewable Energy | USA 23/04-24/04
Lab.
Ch.Scheffzuek GeoFRZ, Potsdam Germany 12/05-18/05
S.Ahmad Plevsound Ltd., London UK 12/05-14/05
P.Bordet CNRS, Grenoble France 15/05-16/05
H.-J. Lauter ILL, Grenoble France 17/05-31/05
V.Lauter-Pasyuk ILL, Grenoble France 17/05-31/05
M.L.Mestres Vila University of Barcelona Spain 25/05-08/06
A.Wiedenmann HMI, Berlin Germany 26/05-01/06
He Jian China Inst. of Atomic China 27/05-04/06
Energy, Beijing
Ye Chuntang China Inst. of Atomic China 27/05-04/06
Energy, Beijing
Yang Tonghua China Inst. of Atomic China 27/05-04/06
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Energy, Beijing

Nondestructive Testing,

M.A Kilany NRC, AEA, Cairo Egypt 02/06-02/06.98
T.Gutberlet Univ. Leipzig Germany 07/06-14/06
O.Steinsvoll Inst. for Energiteknikk, Norway 09/06-22/06

Kieller. A
M.Stalder Fraunhofer Inst. for Germany 15/06-15/07

‘| Nondestructive Testing,

Dresden
H.H.G.Braun Univ. Kiel Germany 16/06-29/06
C.-H. De Novion LLB, Saclay France 22/06-27/06
B.Leiss Univ. Goettiingen Germany 22/06-02/07
A.Frischbutter GeoFRZ, Potsdam Germany 26/06-02/07
B.Leiss Univ. Goettiingen Germany 22/06-02/07
A.Frischbutter GeoFRZ, Potsdam Germany 26/06-02/07
P.Spalthoff FRZ, Geesthacht Germany 27/06-17/07
1.Goldmints MIT, Cambridge USA 09/07-09/07
G.Fioni DSM/DAPNIA/SPHN, CEA, |France 12/07-15/07

Saclay -
B.Frois DSM/SPP/CE, Saclay France 14/07-15/07
M.Utsuro Kyoto University Japan 20/07-21/07
K.Sumita Science Council of Japan Japan 20/07-21/07 -
H.Hironobu University of Tsukuba Japan 22/07-22/07
J.Schreiber Fraunhofer Inst. for Germany 31/07-03/08

Nondestructive Testing,

Dresden
C.Heater NIST, Gaithersburg USA 20/08-21/08
D.Mildner NIST, Gaithersburg USA 20/08-21/08
R.Machrafi University Mohamed Morocco 25/08-25/08.98

V. Rabat '
Zhang Guohui Peking University China 09/09-24/09
Tang Guoyou Peking University China 09/09-24/09
Shi Zhaomin Peking University China 09/09-24/09
Chen Jinxiang Peking University China 09/09-24/09
P.Lesieur LURE, Orsay France 10/09-14/09
K.J.Touryan NREL, Golden USA 28/09-29/09
A.C.Touryan NREL, Golden USA 28/09-29/09
M.Dahlborg CReN, Strasbourg Sweden 08/10-09/10
T - CReN, Strasbourg Sweden 08/10-09/10
R.Huber “HUBER" Germany 13/10-17/10
K.Walther GeoFRZ, Potsdam Germany 13/10-17/10
H.-J.Lauter ILL, Grenoble France 19/11-28/11
F.I.A.Asfour NRC, AEA, Cairo Egypt 27/11-25/12
V.Lauter-Pasyuk [LL, Grenoble France 19/11-28/11
M.Stadler Fraunhofer Inst. for - Germany

02/12-24/12
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Dresden
R. Van De Kruijs University of Technology, The Netherlands 08/12-15/12
Delft
M.T.Rekveldt University of Technology, The Netherlands 08/12-15/12
Delft
J.Schreiber Fraunhofer Inst. for Germany 11/12-17/12
Nondestructive Testing,
Dresden
V. Renugopalakrishnan | UNAM, Mexico Mexico - 114/12-17/12
A.J.Eilert KTU, Utrecht The Netherlands 24/12-25/12
R.H.Eilert KTU, Utrecht The Netherlands 24/12-25/12
8.5. EDUCATION

The University Centre (UC) affiliated with the Joint Institute for Nuclear Research and
based on the faculties of the Moscow State University and Moscow Engineering Physics Institute
admits, for continuation studies, undergraduate students of the last two years of study in higher
education institutions who have attended introductory specialized courses or lectures in the
following topics: particle physics, nuclear physics, investigation of condensed matter at nuclear
reactors and accelerators, radiation biology. The second and third specializations are in line with
research performed at FLNP, which has at its disposal a good experimental base for both sectors
comprising the IBR-2 reactor and the IBR-30 booster pulsed neutron sources.

The education courses and practical training for the students affiliated with FLNP have
been organized, to a large extent, to prepare specialists in neutron physics for both the
Laboratory and for other Russian neutron centres.

As an example illustrating this aim, we present the list of courses taught by lecturers of
the Condensed Matter Physics Chair of the UC (Head: Prof.V.L.Aksenov):

- theoretical methods in condensed matter physics

- methods of investigation of condensed matter at nuclear reactors and accelerators

- fundamentals of neutron physics and neutron sources

- methods for structure analysis of ideal and real crystals

- synchrotron radiation spectroscopy of solid matter

- influence of radiation on solid-state properties

- methods of experimental data processing.

A number of leading FLNP scientists take part in delivering these courses. Each student
is allowed access to the Laboratory’s computer network. An obligatory condition for successful
completion of the 4th year is the capability to use modern personal computers. Earlier, students
were included in the research groups led by their instructors, which made it possible for
undergraduate students working on their theses to take part in preparing or performing
experiments.

In 1997, the teaching process at UC continued successfully. Twelve students who had
their UC training course at FLNP were employed by JINR or other scientific centers in Russia.
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The Condensed Matter Physics Chair gave graduation certificates to its fifth group of
students in the reported year. This group had 6 students, making the total number of students
who have graduated from the Chair, 45. One of them have been employed by FLNP and who
have renewed the staff of the FLNP Scientific Department of Condensed Matter Physics to a

noticeable degree.

8.6. PERSONNEL

Distribution of the Main Staff Personnel per Department as of 01.01.98

Departments Permanent personnel Contracts Trai-
nees
S. |E.&T. St. S. |E.&T| St
1. Nuclear Physics Department 3 37.5 15 6.5 4
Personnel of the Directorate 13 2 1
2. Condensed Matter Physics 4 1 36.5 9 6 4
Department
Personnel of the Directorate 26 3 2
Physical and Technical Research Sector 5 2 2 1
Personnel of the Directorate 1
Department of Electronics, Computers 16 23.5 9
and Networks
Personnel of the Directorate 1
IREN Department 4 3 5 3
Personnel of the Directorate 2
IBR-30 Department 15 3
Nuclear Safety Sector 6 1 1
Personnel of the Directorate 1
IBR-2 Department 40 7
Personnel of the Directorate 1
Technical services:
Mechanical and Technical Department 11 49
Electric and Technical Department 1 2 11 25
Central Experimental Workshops 5 6 33
Design Bureau 3 9
Tool and Cleaning Services 9 1 15
Management Services 1 18 5
13 7 20 144 | 170.5 | 163.5 | 12
40 (7.5%) 490 (92.5%)

Total

530 (100%)

Comment: S. - Scientists, E. & T. - Engineers & Technicians, St. - Staff
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Personnel of the Directorate as of 01.01.98

Country People
Azerbaijan
Armenia
Bulgaria
China
Egypt
Germany
Georgia
Iraq
Kazakhstan
Mongolia
Moldavia
Morocco
Poland
Romania
Russia
Slovakia
Ukraine
TOTAL

wn
w

8.7. FINANCE

Financing of the FLNP Scientific Research Plan in 1997

No. Theme Financing plan, Expenditures In % of FLNP
$ th. for 12 months, $ th. budget
I |Condensed matter physics 4017.4 2554.8 63.6
-0864- 1909.9 1850.9 96.9
-0851- 1592.4 383.5 - 24.1
-1012- 446.1 256.8 57.6
-0975- 69.0 . 63.6 92.2
II |Neutron nuclear physics 1113.2 938.7 . 84.3
-0974- 677.7 722.5 106.6
-0993- 435.5 216.2 49.6
III | Elementary particle physics
-1007- 6.1 40.8 668.9
IV |Relativistic nuclear physics
-1008- 41.3 13.0 31.5
V |TOTAL: 5178.0 3547.3 68.5
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In 1997 a series of works to
repair and adjust the fast
emergency system of the
IBR-2 pulsed reactor were
conducted.




JINR Directorate are shown
around and are introduced to
the state of art at the new
water moderator.




Profl, J.Janik at the NERA-
PR instrument site.

Academician V.E.Fortov, the
Vice-Premier Minister of the
Russian Federation and RF
Plenipotentiary in JINR
(left), visits the Frank
Laboratory of Neutron
Physics.




K.Ullemeyer assembles
equipment on the new
spectrometer SKAT.

C.Scheffzuek adjusts the
Huber goniometer for the
SKAT setup.




Prof. L.D.Ryabev near
the moving reflector
prototype.

Prof. K.Sumita in the
IBR-2 reactor hall.

Prof. D.A.Korneev
disassembles the new -
spectrometer REFLEX.
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Participants of the Naticnal
Conference on the Interaction of
Synchrotron, X-Ray, Neutron and
Electron Radiation with Matter,




AT

V.G.Simkin tunes the
control system of the
Fourier chopper.

Ch.de Novion, Director
of LLB, V.L.Aksenov,
Director of FLNP, and
A.V.Belushkin, Deputy
Director of FLNP,
discuss the beginning
of joint experiments.

Participants of the
DANEF meeting at the
SKAT site.



Opening of the memorial plaques
in honor of Prof. LM.Frank and
Prof. F.L.Shapiro in the Frank
Laboratory of Neutron Physics.

AV . Strelkoy makes a report at
the seminar devoted to the
opening of the memorial plaques
in honor of Prof. LM.Frank and
Prof. F.l..Shapiro in the Frank
Laboratory of Neutron Physics.

Celebration of the 20-year
anniversary of the IBR-2
physical startup.




Warsaw. JINR exhibition in
the House of Science. The
ASPECT stand.

The portal monitor
manufactured by the
ASPECT center for detecting
nuclear materials at customs
posts.

Chess competition in FLNP.
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