PREFACE

We would like to introduce the report of the scientific activity of the Frank
Laboratory of Neutron Physics for 1996. The first part is a brief review of the
experimental and theoretical results of investigations in condensed matter physics, nuclear
physics and applied research. The second part presents the investigations which
characterize the main directions of research in greater detail. The reader can receive a
more complete picture of the research carried out in the Laboratory from the list of
publications for 1996 following Part 2.

A technical project for the IBR-2 modernization has been developed. “Agreement on
realization of the plan for upgrading the IBR-2 reactor in 1996-2005” has been drawn up and
approved. If we manage to successfully implement the modernization project, by 2005 a new
unique reactor which will exhibit record parameters wiil work for 25-30 years wiil be created.

Further development of the User Policy continued, aimed at attracting a larger

number of physicists, chemists, biologists, and specialists in materials science to carry
out experiments at the IBR-2 reactor. In 1996, the number of submitted proposals for
experiments was 153, the largest for the recent 3 years. The proposals came from 23 countries,
including nonmember-states of JINR. On the average, the requested beam time was 2.5 times
larger than that available.
The financial situation in the Laboratory changes drastically compare with the previous
years. Deficit financing and delays in funding the IBR-2 modernization project (about 25% of
the plan) resulted in the suspension of work in all directions of the modernization project,
because of deficit financing, a considerable delay in fulfilment of the IREN project has to be
noted. Instrument upgrades and the scientific program were provided for mainly from
financial contributions in the frame of JINR-FRG and JINR-Hungary agreements for
cooperation, as well as from other programs and funds.

The Frank Laboratory of Neutron Physics is one of the leading neutron centers of
Europe and continues to develop in spite of the difficulties its host country is currently
experiencing. |

V.L.Aksenov

Director
28 February 1997



1.1. CONDENSED MATTER PHYSICS

General situation at the IBR-2. Fourteen neutron beams are extracted to the
experimental halls of the IBR-2 reactor. On nine of them, neutron spectrometers for
investigations in condensed matter physics are positioned. Three of nine beams are split into two
by means of optical systems and as a result, the experimenters have twelve spectrometers (see
the Table). After the replacement of the movable reflector in March 1995, the reactor operates
stably and as a rule, in accordance with the adopted schedule.

Spectrometers for investigations in condensed matter physics. To conduct condensed
matter investigations at IBR-2, four main techniques are applied: diffraction, small-angle
scattering, inelastic scattering, and polarized neutron optics.

The group of diffractometers includes HRFD, the high resolution Fourier diffractometer
for analyzing the structures of polycrystal substances, as well as internal stresses in bulk samples
for industrial application products, DN-2, the multipurpose diffractometer for investigations of
single crystals and long-range structures and for experiments in real-time mode, DN-12, the
diffractometer for investigations of microsamples primarily at high pressures, and NSVR, the
multidetector diffractometer for texture investigations.

Also, one small-angle scattering spectrometer, YuMO, exists and allows a diverse
program of investigations into large-scale inhomogeneities (macromolecules in solutions,
micelles, density fluctuations in hardening concretes, etc.) to be carried out.

The group of inelastic scattering spectrometers includes DIN, the direct geometry
spectrometer with a fast chopper mainly designed for investigations of liquids (quantum and
classical)), KDSOG, the inverted geometry multidetector spectrometer-diffractometer for
investigations of the phonon density of states and phase transitions, and NERA, the inverted
geometry spectrometer with crystal analyzers for investigations of inelastic and quasielastic
scattering in hydrogen containing substances, as well as for molecular spectroscopy.

The group of neutron-optical instruments includes SPN, the polarized neutron
spectrometer operating both in the transmission mode (depolarization) and reflectometer modes,
REFLEX-P, the polarized neutron reflectometer, and REFLEX-N, the nonpolarized neutron
spectrometer. The experiments with the reflectometers are conducted with the beams reflected in
the horizontal plane. '

User program. The 1996 list of the IBR-2 spectrometers operating in the user mode
includes 9 instruments: HRFD, DN-2, NSVR, YuMO, SPN, REFLEX-P, KDSOG, NERA, and
DIN. The beam time is distributed in accordance with experts recommendations on the submitted
proposals and the existing long-term agreements for cooperation. The new spectrometer on the
list is the REFLEX-P with its first stage commissioned for test operation in the spring. At
present, DN-12 is under radical modernization to be completed by the middle of 1997. The
formation of the neutron beam on REFLEX-N was completed, but its operation has been
temporarily suspended in connection with the necessity to concentrate efforts on the provision of
the experimental program for REFLEX-P. The SNIM spectrometer was closed in 1996 in
accordance with the recommendations of the Program Advisory Committee.



The main parameters of the spectrometers and their sample environment systems meet
the world level standards. The number of countries from where applications for beam time were
received has increased to 23. The application for the 1996-II round is 1.6 times larger than for
the 1996-1 round. This is connected with that the user program is being continually developed,
as well as with the increased activity of the spectrometer leaders. The user program can be
extended by increasing the number of experiments on DN-2, REFLEX-P, DN-12, and DIN.

Execution of the scientific program. The formation of the program was determined by
the parameters of the existing spectrometers and users' demands. The main directions of research
have been almost the same for a few recent years.

Diffraction. At the IBR-2, neutron diffraction is used to investigate the atomic structure
of polycrystalline materials, phase transitions in crystals under the action of external fields,
crystals with incommensurable structure modulation, structure of novel materials (HTSC, GMR-
compounds, superprotonics, etc.), multilayer lipid membranes, orientational magnetic phase
transitions, texture of rocks, metals and alloys, and internal stresses in bulk samples, composite
and gradient materials.

In 1996, the program for investigations of mercury-based superconductors by neutron
diffraction continued. In the HRFD experiments, precision structural data were obtained. These
allowed the dependence of the superconducting transition temperature on the excess oxygen
content to be determined. This dependence appeared to be a parabolic one with the maximum at
about 0.20 free charge carriers per CuQO; layer, in agreement with the established idea of the
formation mechanism of superconducting properties in layered copper oxides (V.L.Aksenov,
E.V.Antipov, A.M.Balagurov et al., Phys. Rev. 1997). Experiments to determine the symmetry
of a low temperature superconducting phase (Fmmm or Cmca from the data in the literature)
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Fig.1. The diffraction spectrum of La,CuQ, o4 measured for the [023] reciprocal lattice direction

10



were conducted with a La,CuQygq¢ single crystal containing extra oxygen in the miscibility gap
region. Figure 1 illustrates the HRFD diffraction spectrum for the [023] direction of the
reciprocal lattice of the crystal. At 7=10 K, one can easily see that peak (023) splits into two
components corresponding to the oxygen-poor (P1) and oxygen-rich (P2) phases. The existence
of the (023) peak is the evidence of the Cmca symmetry of the P2 phase because for the Fmmm
space group this peak is forbidden (A.M.Balagurov, V.Yu.Pomjakushin, V.G.Simkin et al.
Physica C, 1997).

In cooperation with Institute of Crystallography RAS (Moscow) and LLB (Saclay),
investigations of the magnetic structure of the system U(Pd;..Fe,);Ge; with a complicated
magnetic behavior at T<140 K were initiated. The experiments were conducted with the HRFD
diffractometer in Dubna and with the G4.1 diffractometer in Saclay. A radical change in the
character of ordering of the magnetic moments of uranium atoms in dependence on the
temperature has been detected already at lowest levels of iron doping. So, at temperatures lower
than 65 K in compounds with x=0.02, instead of the initial sinusoidally modulated structure a
simple antiferromagnetic structure appears and at temperatures above ~65 K, the z-component of
the propagation vector decreases with a jump from k=1 to k,=0.76 and continues to decrease as

the temperature increases (Figure 2).
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Fig.2. The temperature dependence of the z-component of the propagation vector of the U(PdygsFep3).Gey structure
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In the first half of the year (just before the start of modernization) in cooperation with
the RNC “KI”, on the DN-12 diffractometer for investigations of microsamples at high
pressures, a series of experiments with ammonium gallogenids ND4C! and ND4Br was completed
(earlier, the results for NH4Cl were obtained and published (A.M.Balagurov et al, High Press.
Res. 14 (1995) 55)). The measurements were performed up to the pressure 35 kbar for ND,Cl
and 45 kbar for ND4Br (Fig. 3). The equations of state, as well as the dependence of the
position parameter of the structure and interatomic distances on the pressure, were obtained.
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Fig.3. Diffraction patterns of ND4Cl, measured at 0 and 13 kbar and processed by the Rietveld method. The
scattering angle 20=90°. The experimental points, calculated profile, and the difference curve are shown
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The conclusion can be made that the behavior of all the investigated systems is similar in
many respects. The configuration of ammonium atoms does not practically change (the length of
the N-D/H bond remains constant), the distance between halide atoms and ammonium decreases
about linearly with pressure and at a certain pressure, the structural phase transition connected
with ordering of the ammonium orientation in the lattice (Pc=25 kbar for ND,Br) takes place.
The important observation was that the molecularity of these compounds decreases as the
pressure increases and at some pressure, the hypothetical phase transition to a pure ion structure
might take place.

On HRFD, a program for residual stress investigations was realized in the frame of the
agreement for cooperation between FLNP and Fraunhofer Institute for Nondestructive Testing,
Saarbruken, Germany. Though this is a quite new direction for HRFD, a lot of studies were
performed in a short time. For details see the experimental report by V.L.Aksenov et al. in this
book.

Small-angle neutron scattering. The method is applied for investigations of polyelectrolyte
solutions, polymers, micellar formations, metallic glasses, concretes, and fractals. The goal of
the investigations is to determine the parameters of large scale inhomogeneities and their
behavior in dependence on the external conditions in these substances.

In collaboration with the Institute of Macromolecular Chemistry (Prague), the program of
investigations of amphiphile polymers with the YuMO small-angle scattering spectrometer
continued. . As is known, in water, block copolymers consisting of hydrophile and hydrophobic
molecules form micelles with a surprisingly homogeneous size distribution and, in addition, can
solubilize different organic molecules. In the conducted experiments, the dynamics of the
solubilization process was studied. This appeared possible thanks to an exclusively high
efficiency of the YuMO spectrometer. Separate small-angle scattering spectra were measured in
10 min (and sometimes, in 2 min). It appeared that in the process of chloroform solubilization,
the change of the radius of a PMMA-PAAc micelle in the course of time strongly depends on
the extent of the initial neutralization of the solution (Fig. 4) (J.Kritz et al, Macromolecules,
1996).

In the experiment with DMPC lipid membrane multilayers, the reason for an increase in
their repetition period in the vicinity of the phase transition temperature which is close to the
critical temperature for lipid membranes, has been clarified. It has been shown that the effect is
mainly connected with an increase in the intermembrane space, i. e., with an increase in the
entropic repulsion in the critical region.

Detailed precision data on the temperature dependence of the length of cylindrical self-
organizing TDMAO (tetradecyldimethylaminoxide) micelles in water solution were obtained. As
it was to be expected, first the micelle lengths increased as the temperature increased, then
reached some plateau and, what was totally unexpected, started to decrease at the temperature
above 50°C. The obtained results, as well as the block copolymer results, have yet to be
interpreted (N.Gorski et al, J.Appl.Cryst., 1997).

A large volume of work to study structural changes in tylacoid membranes during the
formation process has been carried out. Dark tylacoid membranes are directly connected with the
fundamental biochemical process of photosynthesis and therefore, to study their structure and,
specifically, the influence of external factors on the structural parameters is an urgent problem.
In the conducted experiments, the technique for obtaining standard samples of tylacoid
membranes has been finished off. With these samples, we managed to prove the existence of
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Fig.4. Variation of the micellar radius during the solubilization of chloroform into PMMA/PAAc micelles for the
chosen degree of neutralization o. The mean radius was determined by fitting the SANS experimental data to the
theoretical scattering curve of homogeneous spheres with a Schulz-Zimm distribution of radii.

structural changes caused by a long exposition to light. The measured effects were analyzed in
the framework of the model of topological structural rearrangement. This allowed us to make the
conclusion that the rearrangement involves the formation of quasicylindrical domains in the
membrane and in the process of formation, the scattering density near the surface of the tylacoid
membrane increases (A.D.Tugan-Baranovskaya et al, Biochem. and Mol. Biol., 38 (1996) 485).

Neutron optics with polarized neutrons. The purpose of the experiments is the
investigation of the micromagnetic properties of matter, determination of the characteristics of
the magnetic field interaction with matter, investigation of thin mono- and multilayer films, and
investigations of open surfaces and hidden interfaces.

Earlier experiments to investigate small-angle scattering and polarized neutron depolarization
in a FezNi3 alloy revealed the existence of two magnetic correlation lengths different by a few
tens of times in the vicinity of the Curie point (7,=287 K) for this alloy. On the SPN
spectrometer, the first experiments to discover the effects connected with the possible
dependence of the phenomenon on the neutron wavelength were conducted. The measurements
were carried out over a wide temperature range in the vicinity of the transition point at several
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T of the REFLEX-P polarized neutron reflectometer
was put into operation and the first test and
physical experiments were conducted. The neutron

beam is polarized by means of an optical system of two high-quality mirrors positioned in
parallel. The mirrors are made by sputtering Fe-Co alloy on a Ti-Gd substrate. The achieved
beam polarization over a wide wavelength range is one of the best in the world for instruments
of its type (Fig. 6). One of the first REFLEX-P experiments was conducted to investigate
neutron reflection from self-organizing polymeric films, polysteinsulfonate and polyallilamine
with deuterization of each alternate layer.. The stability of these systems, as well as the
possibility to exert an influence on their structural parameters by introducing small molecules
into the interlayer space, was estimated. It was shown that, in spite of the essential rigidity of
the system, this influence exists, i.e., steeping. in salt solution will -noticeably change the
repetition period of the structure.

Inelastic neutron scattering. On the IBR-2 spectrometers, the method of inelastic neutron
scattering is used to study the dynamics of atomic motion in molecular crystals, the dynamics of
hydrogen in metals, the dynamics of atoms and molecules adsorbed on the surface of substances,
magnetic excitations in rare-earth intermetallic compounds, the density of phonon states in novel
materials and adsorbed layers, generalized frequency spectra, and stochastic dynamics in metals
and alloys. Investigations of the spectra of elementary excitations in superfluid ‘He are of
fundamental interest in connection- with recent theoretlcal predictions of their propertles not
studied experimentally before.

In 1996, the main direction of research with NERA was the investigation of the dynamics
of methyl and ammonium groups in compounds (NH¢)2804 (ND4)2:SCN, C(NH3)sl,, and
(CH3)2C3H4 and solid solutions (NHy);..K.SO4 and (NH4);..Rb\SCN in cooperation of the
Instxtute of Nuclear Physics, Krakow. For solid p-xylenes, incoherent inelastic scattering spectra
were measures for different substitutions of hydrogen by deuterium: DO=(CH3),CsHs,
D4=(CH;),CsD4, D6=(CD3),CsHy, and DI10=(CD;3),CsD4. This allowed modeling of the
rotational potential of methyl groups and the quantum mechanical calculation of the structure of
molecules and their vibrational spectra to be performed. In the first approximation, it appeared
possible to describe satisfactorily the results for all four molecules using one set of atom-atom
interaction potentials (Fig.7) (I.Natkaniec, J.Kalus et al, ECNS-96, Interlaken).

-
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Fig.7. The calculated (A) and measured (B) phonon spectra of solid p-xylenes at 10 K for various deuterium
contents

With the KDSOG spectrometer, inelastic neutron scattering spectra (INS) of
hydrogeneted fullerite Cso samples were measured in cooperation with the Institute of Solid State
Physics RAS. The samples were synthesized in hydrogen atmosphere at 620 K under the
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pressure 0.6 GPa with subsequent quenching to the temperature 85 K. After taking the INS
spectra, the sample was annealed at 300 K to have the composition CgoH2¢ and its INS spectra
were measured again. In the process of annealing ~1.4H, per Cgp molecule were removed. It
appeared possible to obtain the information about intra- and intermolecular vibrations in the
CsoH4 molecule, while the difference spectrum provided the information about the transition
energies between the rotational states of the hydrogen molecule, in particular, splitting of the
level (0—1) at 14.7 meV due to interaction of H, with the neighbor molecules CspHz4 was
observed (A.I.LKolesnikov et al, ECNS-96, Interlaken).

On the DIN spectrometer, experiments to study the effects of ion and hydrophobic
hydration, in particular, diffusive and vibrational-rotational motion of water molecules hydtrating
the Li* ions in comparison to the motion of molecules of pure water, continued. The comparison
has shown that the intensity of the first translational mode (¢=6 meV) decreases, the intensity of
the second mode (€=~20 meV) increases, and the region of librations remains practically without
changes (A.G.Novikov et al, ECNS-96, Interlaken).

Further investigations of localized states of hydrogen and oxygen in dilute solid solutions
VH,, VO,, and VH,O, aimed at the determination of the interinfluence of p- and s-doping
elements on the local structure of the defect space showed that at low doping concentrations, in
a triple system V-O-H, hydrogen is localized in the tetrahedral or ‘“displaced” tetrahedral
positions. For the triple system, a considerable increase of quasielastic scattering possibly
connected with its delocalized hydrogen state was observed.

On DIN-2PI, trial experiments to measure dispersion curves for single crystals of simple
compounds were performed in the cooperation with the Physical Energetic Institute (Obninsk).
For a nitrogen-free sample of steel (18% Cr, 15% Ni, 10% Mn), the positions of phonons in the
[110] direction were measured. The results were approximated by the model of central forces
taking into account the second coordination sphere. It is seen that the model describes well the
experimental data for the branch T] over the entire range of momentum transfers and for the L
branch up to ¢/g,=0.3 at least. The experiments have shown that conditions for dispersion
relation measurements in the low-frequency region of excitation spectra exist.

Development activities. In addition to work on the completion of the first stage of the
REFLEX-P spectrometer, intense effort was concentrated on the reconstruction of the DN-12
diffractometer (project SUPERMAN). By the end of 1996, we managed to complete the
preparation for positioning of the mirror neutron guide manufactured by the Hungarian firm
“Mirrotron”. In the first quarter of 1997, the neutron guide will be put into operation and this
will allow the background conditions of the diffractometer to be essentially improved, as well as
the neutron flux in the region of long waves to be increased.

At HRFD, work to modernize the instrument and extend its possibilities continued. In the
system for control of Fourier chopper rotation, a magnetic type encoder capable of holding
higher radiation load than optical encoders was installed. This will make it possible to increase
the neutron beam aperture, as well as increase the neutron flux on the sample by ~2 times.
A large +90° detector with 20 photomultipliers was installed, tuned, and put into operation. This
detector in combination with the -90° detector put into operation at the end of 1995 will allow
the radial and tangential components of the tensor of internal stresses to be measured
simultaneously without changing the orientation of the sample. At the beginning of 1997, the
second detector at a large scattering angle (260=152°) will be put into operation and this will
allow the data collection rate from polycrystal samples to be doubled. With support of the



Institute of Nondestructive Testing (Saarbruecken, Germany), the necessary equipment for
increasing the efficiency of internal stress experiments was purchased and include a loading
machine, a tensor scanner, and a nitride boron slit system. At present, experiments with the
loading machine are being carried out. The scanner and the slit system will be put into operation
at the beginning of 1997.

The two-dimensional detector with a position resolution ~3 mm for both axes started
operations at DN-2. This detector allows the realization of the three-dimensional neutron
diffractometry of single crystals, i.e. the collection of information in the volume of the reciprocal
space of the crystal without rotating the sample or the detector.

The new position sensitive detector for the SPN spectrometer was tested in real
conditions and will be put into operation in near future. The parameters of the detector (the
resolution ~1.5 mm and the registration area 40x120 mm) will ensure effective investigations of
the diffusion scattering of neutrons following reflection and small-angle scattering for small
momentum transfers (1071024,

For DIN, an essential decrease in the background over the low energy region has been
obtained with the help of a rotating double collimator operating in phase with the IBR-2 power
pulses.

Scientific program of the Condensed Matter Physics Division in 1996 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)

Hungary Research Institute for Solid State Physics (Budapest)

D.P. Republic of Korea University (Pyongyang) ,

Poland 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

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)

In greater detail, this cooperation is described in the “Topical plan for JINR research and
international cooperation” (Dubna, 11-7160 or http://www jinr.ru/jint/plan/).
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1.2. NEUTRON NUCLEAR PHYSICS

In 1996, nuclear physics investigations with slow neutrons were carried out on seven
beams of the IBR-30 + LUE-40 neutron source, on the eleventh beam of the IBR-2 reactor and
on the neutron beams of other sources in Russia, Germany, France, the USA, and China. It is
necessary to note that the new, valuable opportunities which opened after Russia jointed ILL,
Grenoble, have been used effectively: some measurements with cold and ultracold neutrons were
successfully performed. The research program for IBR-30 was formed, taking into account the
time schedule of creating the new neutron source for nuclear physics investigations — the IREN
project. In accordance with this schedule, the IBR-30 + LUE-40 complex has to be shutdown by
the middle of 1997, so it was necessary to concentrate all available resources on the most
important experiments. An extensive program for investigations of resonance neutron induced
fission was realized, as well as traditional investigations of the properties of highly excited states
of heavy nuclei, parity violation effects, and reactions with the emission of charged particles.

1.2.1. EXPERIMENTAL
Parity Violation and Time-Noninvariance Effects
in the Interaction of Resonance Neutrons with Nuclei

The first measurements of some neutron resonances (E,< 20 eV) of the pseudo-scalar
correlation (onks) between the neutron spin o, direction and the fission fragment momentum k,
were performed on the POLYANA setup with the polarized neutron beam of the IBR-30. The
specially designed ionization chamber and high intensity of the neutron source allowed us to
measure the energy dependence of the effect for the d i target shown in Fig.1. For the first
time, the P-odd effect in the cross-section demonstrated interference in the energy dependence.
The quantitative analysis of the obtained results was closely related to the multi-level, many-
channel treatment of other interference effects investigated in FLNP for the resonance neutron
induced fission of the same target nucleus (see section Nuclear Fission for more details).

In the framework of the TRIPLE collaboration, the investigation of the mass dependence
of the mean-square matrix element M,, of the weak neutron-nucleus interaction continued on the
polarized neutron beam of LANSCE, Los Alamos. The measurements of the (0,k,) correlation
were done by the method of capture gamma-ray registration for the 17¢p and '%Rh isotope
targets. For neutron energies E, < 1000 eV, there are 15 and 17 known p-wave neutron
resonances for '/’Sn and 1% Rh nuclei, respectively. Only in three of them for Sn and in two for
Rh, the meaningful P-odd effects (on the level of three standard deviations or higher) were
observed. The results are being analyzed now. The recently complcted. analysis of the
experimental results obtained in 1995 for the ’07Ag target nucleus yielded the respective M,
value 2.4+1.7-1.1 meV. This indicates that the mean-square matrix element M,, has equal values
for nuclei with close level densities.
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Fig.1. The parity violating interference effect of fission fragment emission in the neutron induced fission of 35y

A very actual problem for some leading neutron centres is the study of time—non
invariant (T-odd) effects in resonance neutron induced reactions. The key difficulty is large
polarized nuclear targets. Up to the end of 1995, when the high P-odd effect was discovered
near E, = 3.2 eV for a natural Xe gas target, the only real candidate for a polarized target was a
I3%1a nucleus. However, the possibility of utilizing a polarized Xe target is feasible only if the
Xe isotope responsible for the observed P-odd effect is odd. In this case, it is conceivable, in
principle, to polarize a Xe gas target by a circular polarized laser beam. The first isotope of the
p-wave neutron resonance at E, = 3.2 eV was identified in the measurement of the (n, gamma)-
reaction for a natural Xe target on the IBR-30 pulsed neutron source. It is I3Txe with the spin
3/2. This result opens new possibilities for the experiments.

A new method of studying the time—noninvariant effect in the transmission of polarized
neutrons through a polarized target was proposed at FLNP. It consists of rotating the neutron
polarizer round the target by 180°. The estimated accuracy of the ratio of T-odd to P-odd matrix
elements is on the level of 10 if the above-mentioned rotation is realized with a rather
reasonable precision of 107 rad. The method requires one neutron polarizing device and is free
at many false effects inherent in other known experimental schemes. The only feasible neutron
polarizer for the proposed method is a He polarized filter. In collaboration with the Lebedev
Institute, a prototype of such a polarizer is being created. It consists of two aligned
aluminosilicate glass cells filled with *He at the pressure 10 atm. The active volume of one cell
is 40 cm® with the cross-section 5.3 cm®. The first experiments with this device on the neutron
beam of the IBR-30 source are planned for the end of 1997.
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Nuclear Fission
Angular correlations of fission fragments in resonance neutron induced fission
of the 35U nucleus

Essential progress has been achieved in the realization of "full” experiments for
investigating resonance neutron induced fission of the Py target nucleus. Due to improvement
of the experimental technique at low sample temperature (7~0.1 K), the statistics for measuring
the angular anisotropy of fission fragments A»(E,) with respect to the target spin orientation was
increased more than twice. Thus, the experimental data for Ax(E,) are now available in energy
bins of 0.05 eV with an accuracy of 3—10 %, up to E, < 30 eV. With the aid of the original
code for multi-level, many-channel R-matrix analysis, as well as with the specially modified
standard code SAMMY, A,(E,) data fitting together with spin separated and total fission cross-
sections, and the neutron capture and total cross-sections was carried out. Some of the results are
shown in Fig.2.

O 1 1 L 1
0 2 4 6 8 10
Neutron energy (eV)
Fig.2
For the first time, three fission channels were taken into account: JZK = 30,

3-1 and 3-2 for compound-states 3- as well as the interference of the 261 excited states with
different spins. The presence of the A(E,) data influences the results of the analysis, namely, the
signs and values of fission partial amplitudes. It is clear that. the experimental accuracy over the
inter-resonance regions has to be improved in order to have an unambiguous analysis.

Even at this stage of the investigation, the obtained partial fission amplitudes form a
reliable basis for the quantitative analysis of other angular correlations of fission fragments
measured recently by a FLNP-PINP collaboration and related with the interference of s- and p-
wave neutron induced fission. As mentioned above,P-odd correlations were first measured in
1996. Also in 1996, the measurements of the left-right (with respect to the plane formed by the
directions of the neutron spin and moment) correlations (see Fig.3) were completed. For
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comparison, in the same Fig.3, the previously obtained data for the energy dependence of the
forward-backward correlation (between k&, and kf) are shown.
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Fig.3. The parity conserving forward-backward (A} and left-right interference effects (B) of fission fragment
emission in the neutron induced fission of 3y

Irregularities in both dependences take place near unknown p-wave neutron resonances
of ¥y, Fitting of these data is necessary to determine the full set of unknown R-matrix
parameters for all p-wave resonances involved. This could be achieved, in principle, if all
necessary parameters of the s-wave resonances are extracted from other experimental data. A
comparison of the partial fission amplitudes of s-wave and p-wave neutron resonances allows
one to study the parity structure of fission barriers.

Subthreshold fission and delayed neutron yields

On the basis of the experimental technique described in the previous annual review the
measurements and analysis of the data on the cross-sections and relative yields of prompt
gamma-quanta from the *U(n,f) reaction were completed. The energy dependence of the cross-
section up to 1 keV was obtained and the neutron resonance parameters up to 300 eV were
found. It was established that no correlations of gamma-quanta yields with reciprocal fission

coin

widths exists and an approximately constant ratio K= N, for all observed resonances
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(within a limit of two standard deviations). This means that the (n,gamma f) process makes a
negligibly small contribution to the subthreshold neutron induced fission of 34,

In the course of 1996, the study of delayed neutrons (DN) continued with the aid of a
modernized ISOMER setup. The results for the DN yield from the thermal neutron induced
fission of %*°Pu were essentiélly improved due to the use of new metallic plutonium samples (30
and 56 mg). The background connected with the (o,n)-reaction decreased by ‘an order of
magnitude. The measurements of the ratio B of delayed to prompt neutron fission yields for
237Np at thermal energies were performed. Due to a véry low cross-section (< 20 mb) even for a
large (40 g) and highly purified (to 10° of 3% 2y and %°Pu) sample, these measurements were
difficult to carry out. However, a high neutron flux of the IBR-2 reactor allowed the B value at
a thermal point to be first obtained with an acceptable accuracy: f=(0.41% 0.06)%.

Also, the first direct measurements of the time dependence of the DN count rate have
been made for 2’U and **’Pu in time intervals of 350 ms. The results are shown in Fig.4.
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Fig.4. The experimental delayed neutron decay curve for 23%py and the calculated ones using different six-group sets
of constants: B- R.J. Tuttle, C- A.C. Wahl, D- RW. Waldo et al.

These data could be used to evaluate the contributions of shortest-life DN groups with
the precursor lifetime less than 0.1 s.

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

The coincidence gamma spectra of the (n,2y) for 1281 1%6h0, 1781771y and ®?Ta target
nuclei with excitation of intermediate levels below the neutron binding energy, were studied. The
probabilities of primary gamma-transitions and transitions from intermediate to low-lying levels
obtained from the experimental data for these isotopes, as well as for a broad set of previously
investigated heavy nuclei, demonstrate the following general peculiarities of gamma decay: a)
the dominant role of the vibration excitation modes in the excitation energy interval
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1-3 MeV; and b) the failure of common nuclear models to reproduce the shape (and energy
dependence) of the observed gamma spectra. These results could be interpreted as a strong
evidence of the existence of the phase transition from mainly vibrational excitations to quasi-
particle ones in heavy excited nuclei.

Radiative resonance neutron capture

On the basis of the modified ROMASHKA setup, spectra of gamma quanta multiplicities
after the radiative capture of neutrons with energies from 20 eV to 2 keV on the I Isln, n 7Sn,
127], I75Lu, and *’Pu targets were measured on the sixth beam of IBR-30. The spins of the
neutron resonances of the '®Sn and 761y compound nuclei were obtained. From the

measurements of the multiplicities of gamma-quanta emitted after fission and radiative capture in
(o
. G 4

the U target, the ratios = /o , were extracted for 72 resolved resonances and energy groups

below 1 keV. These data allows one to resolve the contradictions between the o values obtained
for the resonance region and those from experiments with critical assemblies.

Neutron capture by “Ca at thermal and thermonuclear energies

The thermal cross-section of the 48Ca(n,})49 Ca reaction was measured at the BR1 reactor
in Mol, Belgium. It was obtained by the registration of y-quanta from the reaction, as well as
from the decay of “Ca using a set of Compton suppression HP Ge detectors. The result is
0.982+-0.046 b. This value is about 10% lower than the previously measured one. Our
experimental error is also three times less.

The cross-sections of the samie reaction were measured at the Van-de-Graaf accelerator,
Karlsruhe, Germany, by the method of fast cyclic activation at the neutron energies 25, 151,
176, and 218 keV. The enrichment of the “Ca sample was 77.87%. The respective results were
751468, 331140, 306131 and 304431 pbarn. ‘

The astrophysical reaction rate extracted from our data does not depend on temperature

and is equal to N<ov>= 1.2 x10° cm® mol™! s\ '

Neutron induced reactions with charged particle emission

For the first time, the cross-section of the 3 Cl(n,p)355 reaction was measured at thermal
energies by the time-of-flight method using the neutron beam of the IBR-30 source. Different
from previous measurements, which were done by the activation technique, the original
jonization chamber was used to register the emitted protons. The obtained result 575+13 mb
considerably exceeds the previously published ones.

Investigations with ultracold neutrons

The first stage of the test experiments has been completed with the high-density ultracold
neutron (UCN) source at the BIGR pulsed reactor, VNIIEF, Sarov. The results show the
opportunity for an essential increase in the obtained UCN density, which is now on the order of
50 n/cm’. This value, even at the preliminary stage, appeared to be close to the UCN density
achieved at the most powerful UCN source in ILL, Grenoble, France.

The first experiments studying UCN up-scattering in the velocity range of 10-200 m/s
were carried out on the MANAGR experimental setup created in 1995 at the ILL reactor,
Grenoble, in collaboration with PINP, Gatchina. The results stimulated the modernization of the
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installation, which will be completed by the beginning of the next experimental run in the
second quarter of 1997.

In the frame of the FLNP-Kurchatov Institute, Moscow—ILL—~Melbourne University
collaboration, the first experiments were carried out on a precision test of the neutron wave
dispersion law using an original method based on the Fabri-Perrot interferometry. These
measurements confirm the feasibility of the technique and allow the actual sensitivity of the
method to be estimated. These experiments will be continued in 1997 at ILL.

1.2.2. THEORETICAL

The contradiction between the results of two experimental groups reporting different
values of the n-e scattering amplitude extracted from transmission and diffraction measurements
was analysed. It was shown that in the transmission experiments, important corrections due to
the difference between the coherent scattering length and the scattering amplitude were not taken
into account. In the diffraction experiment, it was pointed out that scattering by a crystallite is
not necessarily proportional to the coherent cross section. For a sufficiently large crystallite, it is
proportional to the coherent scattering amplitude. Thus, it is necessary to measure the
distribution of the crystallites in the given sample, which had not been done. Therefore, for now,
neither experimental value for the n-e scattering amplitude can be taken as reliable.

An analytic derivation of the extended (generalized) Hartry-Fock potential (EHFP) and
the real part of the nucleon optical potential for finite spherical nuclei have been obtained, taking
into account the structure of the free nucleon-nucleon interaction. It is shown that in finite
nuclei, the real part of the nucleon optical potential constructed on the basis of the EHFP has
more complicated radial, isotopic and energy dependences, and the form of the spin-orbit term in
comparison with phenomenological optical potentials. In calculations based on the proposed
approach the realistic scale of the spin-orbit potential was first obtained without the use of
relativistic nuclear models. The essential role of the gradient terms of the EHFP in forming the
optical potential was revealed.

1.2.3. METHODOLOGY
New method of neutron spectra generation at star temperatures

The method of Maxwellian neutron spectra generation (creation) is proposed with a
variable temperature in the range of 10-50 keV. To obtain the necessary spectra, the reactions
7Li(p,n) and T(p,n) as neutron sources and a graphite or lead moderator of special configuration
can be used. The calculation of the setup parameters and Monte-Carlo simulation of the neutron

spectra have been carried out. The first experiments with the new neutron source are planned for
the middle of 1997.

Test experiment on the UGRA setup

The first stage of testing of the UGRA setup has been completed and the test
measurements at planned vacuum were performed. It was confirmed that the accuracy necessary
to measure the electric polarizability of the neutron can be achieved. The problem of more stable
and effective detectors has to be solved to start data taking. '
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1.3. APPLIED RESEARCH

In the reported year, analysis of methodological possibilities for analytical and radiation
investigations on the IBR-2 channels continued. In particular, the directions of scientific research
and the present state of the instruments and their equipment on channel 11 (BPC) were
discussed. Earlier plans were to use the channel mainly for biophysical experiments and dynamic
neutron radiography. Recently, the mirror neutron guide forming the thermal neutron spectrum
on channel 11 (one of the first channels at IBR-2) has been successfully used for investigations
in the physics of delayed neutrons by the group of Yu.S.Zamyatnin together with the NAA
sector staff. This work has got financial support and is developing successfully. At the same
time, experiments to investigate residual stresses in materials (A.M.Balagurov and J .Schreiber)
have a claim (also financed) on channel 11 with a mirror neutron guide. These two directions
form the scientific activity on channel 11. In this situation, a compromise has been made by
proposing the creation of a split neutron guide system instead of the old system of collimators
and one neufron guide. :

In the reported year, experimental investigations were carried out in several directions.

On the IBR-2 radiation channels of the pneutransport facility REGATA, NAA
investigations of the distributions of heavy metals and other elements in environmental objects
and novel materials were conducted.

The NAA sector, in cooperation with Romanian scientists, completed the biomonitoring
stage of heavy metals and other elements in industrial and adjacent areas in Romania under the
auspices of the European project “Heavy Metal Atmospheric Deposition in Northern Europe”.
The data on the Cu, Cd, Pb, V, Cr, Fe, Ni, Zn, and As contents (the Pb and Cd contents were
determined by the method of atomic adsorption (AAS) in Norway) were accepted by the
Organizing Committee for publication in European Atlas for 1996. It is the first time the
obtained experimental information on 37 elements, including rare-earth and toxic elements, in
addition to the above enumerated elements, has allowed a complete picture of the technogenic
effect on the environment of the heavy industry centers and gas- and oil-refining plants of
Romania to be obtained.

Under the auspices of the bilateral agreement with the Polish Republic “Determination of
Elemental Composition of Aerosols by INAA as a Tool for Evaluation of Environmental
Pollution”, an analysis of air filters taken from Warsaw and Krakow was conducted to determine
the main pollutants and finishing off the method of analysis by different types of filters. The
analysis has shown that Krakow experiences a strong influence of the most developed industrial
region in Poland, the Katowice region.

Investigations of the moss, peat, and soil samples collected above the Pole circle in
Norway and Finland were completed. The analysis of peat drills to the depth of 50 cm allows
changes in the element composition of distant air transfers over a long historical period to be
detected. Analysis of halogen contents over the Arctic Ocean - European continent transacts has
allowed the role of marine components in atmospheric aerosols in Scandinavia to be determined.

The important directions of research connected with monitoring of different ecosystems
in Russia, in particular, the Murmansk region and central Russia (ecosystems of the Volga and
Oka rivers), and the atmosphere in West and East Siberia were conducted in cooperation with
ecologists from the Kola Scientific Research Center of the Institute of Industrial Ecology of the
North of RAS (the town of Apatity), The Institute of the Lithosphere of Earth (Moscow), and
the Institute of Chemical Kinetics and Burning of the Siberian Branch of RAS (Novosibirsk).
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On the basis of the analysis of 160 samples of soil and pine needle taken in the vicinity
of the plant for production of phosphorus fertilizers in the town of Apatity and the adjacent
areas in the Murmansk region, the source of environmental pollution with a number of elements,
including rare-earth elements (REE), La, Ce, Nd, Sm, Eu, Th, and Yb, was identified. The REE
concentration is very high in Apatity. These results are extremely important because for the
present, the role of REE and their influence on ecosystems and animal life is yet little studied.

For monitoring of ecosystems of central Russia (the basin of the Volga and Oka rivers)
samples of soil, plants and sediments were analyzed. The data on the concentrations of 30 to 45
elements in 150 samples were submitted to the Institute of the Lithosphere of Earth of RAS
(Moscow).

The element analysis of atmospheric aerosols (AA) with different dispersion compositions
from West and East Siberia was conducted with the aim of a complex investigation of their
properties and characteristics. The NAA analysis of 500 AA samples yielded the data on AA
compositions in different areas of the Novosibirsk and Baikal regions (Novosibirsk, Kliuchi,
Karasuk, Lake Chany, Lake Baikal, etc.) important for clarifying the similarities and peculiarities
of AA compositions on the regional and local levels and studies of year’s and seasonal changes
in the dynamics of the AA element composition. The obtained data were submitted to the
Institute of Chemical Kinetics and Burning and will be used for the formation of the data bank
on AA in Siberia, determination of the sources of antropogenic pollution to estimate the AA
effect on the environment, vegetation and animal world, as well as on the health of local
population.

To investigate radiation-resistant materials for new detectors, the nature of radiation dying
centers, and the structure of defects, the following work has been carried out.

Single crystals of TISe, TlInSe; and InSe superconducting compounds with a strongly
anisotropic lattice structure were synthesized and grown by the method of orientational
crystallization.

With the REGATA facility at IBR-2, crystals of TiSe (p|r-~-p|==l-101 ohm cm) and TlInSe;
(puzpr~~2~104 ohm cm and p||zp|==5-107 ohm cm) were irradiated with a fast neutron fluence
1.5-10' n cm? and 1.5-10" n cm? to investigate the influence of radiation defects on the
anisotropy in electric conductivity and the parameter “a” of the tetragonal crystal lattice.

The heterotransitions TlSe - TlInSe; (110) were obtained by the method of liquid epitaxy.
Some of their physical properties were investigated. It is shown that the volume charge region is
displaced relative to the metallic boundary of the transition towards the TlInSe, substrate. It has
also been shown that heterotransitions are sensitive to y-n-radiation.

The new method for intercalation of anisotropic crystals has been developed. We applied
for the RF patent and it was granted.

Distributions of different admixtures in a number of minerals (topaz, beryl, olivine) were
studied and their correlation with dying centers before and after neutron irradiation at IBR-2 was
found.

A cycle of neutron diffraction experiments was conducted at the reactors in BENSC
(Berlin, Germany), FNIFKhI (Obninsk, Russia), and FLNP JINR. X-ray experiments were
carried out in the University of Kiel and Munich (Germany) and the data on Bragg diffraction
and diffusion scattering on single crystals of the ZrO, - Y,0; system (3, 12, 30 mol%) were
obtained. On the basis of calculations, models of defect structures accounting for short-range and
long-range orders have been suggested.
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NEUTRON DIFFRACTION STUDY OF
STRUCTURAL CHANGES IN AMMONIUM HALIDES
NDBr AND ND,C1 UNDER HIGH PRESSURE

A.M.BALAGUROV, D.P.KOZLENKO, B.N.SAVENKO
FLNP, JINR, 141980, Dubna, Russia.

V.P.GLAZKOV, V. A.SOMENKOV
RRC “Kurchatov Institute”, 123182, Moscow, Russia

The ammonium halides NH4Br, NH4Cl, NH4I and their deuterated analogs
have attracted a great deal of attention in the scientific literature. They show a
number of phasesm and the order-disorder phase transition (A-transition) was
proved to be of great interest’”.

Structural changes in ammonium halides ND4Br at pressures up to 45 kbar
and ND4CI up to 35 kbar have been studied with the DN-12 diffractometer. The
samples were placed between sapphire anvils’”, which were used to create the
pressure. The sample volumes were 2.5 mm>. Two ring-shaped detectors (16
independent 3He-counters in each ring) 800 and 700 mm in diameter were used to
gather the scattered neutrons. The scattering angles were 45° and 90°; the diameter
of the incident beam was 2 mm. All the experiments were performed at room
temperature. The pressure was measured by a ruby fluorescence technique.

A orientational phase transition from the phase in which the ammonium
tetrahedra are randomly oriented (CsCl-type cubic structure, space group Pm3m)
into the phase in which the ammonium tetrahedra are oriented in parallel (CsCl-
type cubic structure, space group P-43m), for ND4Br at the pressure 26<P<31 kbar
and ND4Cl at the pressure P<13 kbar was observed, in agreement with the previous
investigations by other methods.

The obtained equations of state with the ones for nondeuterated systems

NH4Br and NH4ClI obtained by piston-displacement techniquelS/ are shown in fig.1.
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Under pressure, in both systems the distance between halide ions and the
molecular ammonium ion decreases. The N-D bond length remains nearly the same

but shows a tendency to grow.
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Introduction

Putting into operation in 1992 of high resolution Fourier diffractometer (HRFD) [1] at the IBR-2
pulsed reactor has allowed to begin realization of the residual stress investigation program in bulk
samples for industrial applications {2]. HRFD includes the following equipment: four detectors at
the scattering angles of £90°( the solid angles of 28 and 7 msr) and £152° (the solid angle of 80 msr
each), 4-axis (X,y,z,) neutron scanner for simple experiments, two multi-slit radial collimators with
gauge volume resolution of 2 mm for both £90°-detectors, load testing machine and nitride boron
slit systems. In nearest future S-axis (x,y,z,,Q2) “HUBER" goniometer will be used for full strain
tensor measurements. ngh neutron flux at the sample position (~10’ n/cm?/s) and high d-spacing
resolution (Ad/d=1- -107 at 26=+152° and 4-10° at 26=4+90° for d=2 A) of HRFD gives a possibility
for precise strain measurements within reasonable beam time. A combination of the time-of-flight
technique and two-detector system at the scattering angles 90° allows one to measure a large
number of reflections simultaneously in two mutually perpendicular directions. With the help of
these detectors measurements of residual stresses were performed in some samples for the industrial
application.

Research program is realized in the frame of the agreement between FLNP, Dubna and FINT,
Saarbriicken. This report describes some experiments for residual stress investigation performed at
HRFD during last 2 years.

Austenitic steel tube with a welded ferritic cover

Shape welding is an interesting alternative method for manufacturing, but the existence of
uncontrollable residual stress distributions in welded materials prevents its wide application. On the
other hand, shape welded ferritic layers on austenitic tubes can help suppress stress corrosion
because these layers produce compressive stress states on the austenitic tube. The analysis of
residual stresses through the ferritic weld into the austenitic material can be helpful for the
optimization of the corresponding welding technique.

Seven layers of the ferritic steel with 135 welding traces and a total cover length of 1100 mm were
welded on a 15 mm thick austenitic steel tube with an outer radius of 148 mm. The outer radius of
the whole manufactured two-layer tube was 168 mm. The sample with the size of 10x30x35 mm*
was cut from this tube (fig. 1).

Two orthogonal strain components can be measured simultaneously by two detectors at the
scattering angles of £90°. Since the aim of the study was to compare the data obtained by neutron
diffraction method with those by the destructive turning out method and the theoretical predictions
by the finite element method, it had sufficed to measure strains only in two orthogonal directions of
the scattering vector Q. In our case, these were the radial (g.4) and tangential (g£4,) strain
components. Strain scanning in a radial direction (x-axis) across the weld to a depth of 2 mm from
the surface of the sample was conducted with the neutron scanner. To form the direct beam, a boron
nitride diaphragm with a slit of 2 mm wide by 20 mm high was installed at the exit of a mirror
neutron-guide. To set the scattered beams at £90°, diaphragms with a slit width of 2 mm were
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installed at a distance of 42 mm from the center of the diffractometer. The gauge volumes formed
by these diaphragms were 2.1x4.5x19.4 and 2.1x2.6x19.4 mm?® for the +90° and the -90° detectors,

respectively.
From experimental data it is easy to calculate thc difference between the tangential and radial

components of the stress tensor Gian- -Orag=E(1+V) (etan-erad) (under the elastic model assumption).
For the ferritic part (ai-phase), good agreement of the neutron data with the results of other methods
was found (fig.2). For the austenitic part (y-phase), disagreement is obv1ously due to uncontrollable
influence of IL.kind microstresses on the neutron results.
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Fig. 1. The investigated sample and the Fig. 2. The dependence of Gua-Crag ON the
(x,y,z) sample-related coordinate system. coordinate x, where x=0 corresponds to. the

transition layer.

In summary it should be noted that the first neutron diffraction investigations of residual stresses in
shape welded tubes yielded satisfactory results. Qualitative and even quantitative agreement with
the destructive turning out method results, as well as the FEM calculations can be acknowledged.
However, in subsequent investigations a more complete analysis of the residual stress state can be
expected. It is planned to measure all three stress components with a larger tube segment. For this
purpose, the so called sin \y-method will be applied using X-ray and neutron diffraction techniques.
In addition, it would be useful to determine the elastic constants for the both phases by carrying out
a tensile test experiment. ’

Neutron elastic constants

Austenitic stainless steels are widely used because of their high corrosion resistance and toughness.
High resolution neutron diffraction was applied to estimate the mechanical properties of austenitic
stainless steel and to determine neutron elastic constants of the given material. The examined
material was an austenitic stainless steel X6CrNiTi1810 of the following content (wt %): C - 0.04,
Si-0.44,Mn-1.14,P-0.033, S - 0.004, Cr - 17.74, Ni - 19.3, Ti - 0.35. The investigated sample of
austenitic steel was subjected to a load in situ in the neutron beam, using a special purpose testing
machine. The elastic strain was measured for different crystal planes (hkl), parallel and
perpendicular to the applied load direction (fig. 3). From the slopes of the strain-stress linear
dependencies the elastic modules E| and E, as a function of the anisotropy factor
Mua=(h2k+h2%+k%12)/(h%+k*+1%)? were obtained (fig. 4). The strains determined from the lattice
parameter changes by the Rietveld profile refinement technique and corresponding to the anisotropy
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factor I'ny=0.2 are also included. The elastic constants Si;, S12 and S44 were calculated in the frame
of the Hill model which assumes taking of an arithmetic average of the Reuss and Voigt model
values and gives the results vcry close to the Kroner model values. Thus, the followmg values were
obtained: S;;=6. 70x10°° MPa™ » S10=-2. 24x10° MPa and Ss=12. 43x10° MPa™.
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Fig. 3. Stress-strain relationships for different Fig. 4. Dependence of the elastic modules E||
reflections (hkl) measured in direction parallel and E, parallel and perpendicular to the
and perpendicular to the applied load. applied load versus the anisotropy factor I'i.

Austenitic steel samples with different degree of low cycle fatigue

The influence of applied cyclic load on the materials mechanical properties is of great current
interest. In order to investigate residual stress evolution a series of the austenitic steel samples with
different degree of low cycle fatigue was studied. The cylindrical samples produced from austenitic
stainless steel X6CrNiTil810 (see above) were subjected to a number of tensile-compressive
loading cycles with a maximum plastic deformation of * 0.6% at the frequency of 0.1 Hz. The
number of cycles corresponding to the sample failure was Niax=1020.-As is well known, as a result
of thermal treatment or plastic deformation, austenitic stainless steel undergoes a phase transition to
the tetragonal martensitic phase. The tetragonal distortion value for the martensitic structure
strongly depends on the carbon content. In our experiment due to a low carbon content only the
diffraction peaks characteristic for a martensitic cubic structure were registered. An increase in the
‘martensite volume fraction was observed at an increase in the cycle fatigue degree N/Np.x (fig. 5).
The data were obtained from the Rietveld profile refinement. The residual strain for both phases
was measured in the longitudinal and radial directions. It was assumed that the stress field
distribution in the sample had the cylindrical symmetry. The stresses calculated from the (311) and
(220) reflections for austenite and martensite, respectively, are shown in fig. 6. For an austenitic
matrix, the elastic constants determined from the previous experiment were used and for martensite
were taken from the literature. It is necessary to note that stresses in austenite are mainly
compressive while stresses in the martensite phase are tensile.

The analysis of the diffraction peak broadening point to a partial relaxation of estimated
microstresses as the fatigue degree increases. Most likely this phenomenon is connected with a
growth of microcracks in the bulk of the material. For a more brittle martensitic phase, this effect is
more pronounced in comparison with austenite. Usually after plastic deformation the martensite
phase produces a structure of oriented plates or laths. Therefore martensite texture formation during
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phase transition can be expected. Indeed the registered neutron diffraction spectra from austenitic
fatigued samples shown texture presence and its variation in dependence of the fatigue degree.
Consequently further detailed researches will be devoted to the quantitative analysis of the texture
evolution in dependence of fatigue degree and its influence on the residual stress distribution.
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Fig. 5. Dependence of the martensitic volume Fig. 6. Phase stresses and microstresses
fraction versus the fatigue degree. The line versus the fatigue degree

serves as a guide for the eye.

Other experiments

The functionally gradient materials (FGM) as well as composites are very promising type of
advanced materials with enhanced properties. It is obvious that the mixture of materials with rather
different parameters of thermal expansion is followed by the appearance of residual stresses, which
have to be controlled. At the HRFD the structural changes and the variation of the residual stresses
in different W-Cu and SiC-MoSi, gradient samples, prepared by an anode oxidation of porous
electrodes and other methods, were studied. The samples were scanned by neutron beam with
spatial resolution of ~1 mm in gradient direction. The tungsten and silicon carbide volume content
and macrostress component changes were estimated from Rietveld profile refinement.

Another interesting type of material studied at HRFD are composites with Al infiltration in
porous Al,O3; matrix (the matrix porosity degree was 15%, 25% and 35). The analysis of Al
diffraction peak intensities revealed sharp texture presence for this phase while in the matrix phase
the preferred orientation was absent. The total profile refinement results which corresponds to
averaging on all (hkl) directions are compared with ones obtained from separate diffraction peak
processing, which enables to estimate the intergranular stress fluctuations.

To obtain information on the stress state at the interface of a Si-chip on a Al,O; substrate the
neutron and X-ray diffraction results were combined. The residual stresses in Al,O; plate are due to
the housing of the Si-chip by an epoxidic layer. The results fit quite well with the FEM simulation.
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INVESTIGATION OF Y7PR¢3BA,;CU306,x STRUCTURE
UNDER PRESSURES UP TO >3 GPA

V.N.Narozhnyj’, A.M.Balagurovb, B.N.Savenko", D.V.Sheptyakovb, V.P.Glazkov'

Institute for High Pressure Physics, Troitsk
®FLNP, Joint Institute Jor Nuclear Research, Dubna
“Russian Scientific Center “Kurchatov Institute”, Moscow

We have studied the powder sample of Yg7Pro3Ba;Cu3Ossx (further, Y(Pr)-123),
prepared in the Institute for high pressure physics (Troitsk). The content of an extra oxygen in it
was close to 0.9. Later this value as well as the stoichiometry of the compound were proved to
be realistic from the point of view of neutron diffraction at ambient pressure in different
scattering regimes (forward, perpendicular and back scattering) and were fixed to the exact
values at all the refinements at high pressure.

We used the sapphire-anvils high pressure cell (designed at the RRC “Kurchatov
Institute”) to create the desirable pressures at the sample. The pressure was measured by
detecting the displacement of the ruby luminescence lines; the uncertainty of these
determinations was 0.05 GPa (0.5 kbar).

The experiments with the sample were carried out at the DN-12 [1] time-of-flight
diffractometer specialized for microsample investigations at the IBR-2 pulsed reactor in Dubna.
For each pressure, the neutron diffraction patterns were collected at two different angles
simultaneously (usually near 45° and 90°). Besides that the whole series of measurements at
ambient pressure were made at different scattering angles from 45° to 138° (covering the range
of dnq from 1.0 to 5.0 E) on a sample with a volume of approximately 20 mm® in order to
purify the peculiarities of the original structure (stoichiometry of the compound, thermal
parameters of different atoms). As all the refinements at ambient pressure gave practically
identical results these values were fixed to the ideal values at all the refinements at high
pressure. The experiments in the high pressure cell (sample volume <2 mm?®) were carried out at
pressures of 1.5, 2.8 and 3.3 GPa in the regions of dpx from 1.8 to 5.0 E (at scattering angle
20=45°) and from 0.95 to 2.56 E (at scattering angle 90°). The later regions of the diffraction
patterns were processed with the Rietveld method as containing the greater number of the Bragg
reflections. ‘

Rietveld refinement treatments of the diffraction patterns obtained at zero pressure at the
DN-12 diffractometer were used to estimate the values of the initial lattice parameters and the
atoms coordinates in the structure. The treatment of data obtained at high pressures gave us the
information about the structural changes caused by applying the high external pressure to the
system. A view of parts of the Rietveld refinements for the Y(Pr)-123 structure at zero pressure
and at pressure 3.3 GPa are shown in fig. 3. Detailed results of the diffraction pattern treatments
at pressures 0, 1.5, 2.8 and 3.3 GPa are presented in the table 1.
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Fig. 1. The diffraction patterns of the Y(Pr)-123 measured at different pressures at the DN-12
diffractometer and processed with Rietveld method. The scattering angle 260=90°. Experimental points,
calculated and weighted difference profiles are shown. The ticks at the bottom of the graphs
correspond to the positions of the calculated Bragg peaks. .
Table
Refined structural parameters of Y(Pr)-123 ceramics at different pressures.
Instrument: DN-12. 20=90 deg. '
Parameter \ Press. | 0 kbar 15 kbar 28 kbar 33 kbar
_EH. deg 45°, 90°, 138° | 90° 90° 90°
| 4, E 3.824(3) 3.787(3) 3.768(4) 3.769(3)
Bty E 3.863(4) 3.844(5) 3.827(5) 3.827(3)
¢, E 11.563(12) 11.462(18) 11.38(18) 11.380(15)
|V, E' 1170810 166.855 164.101 164.626
dpt — range, E 0.93 - 4.35 0.95 - 2.56 0.95 — 2.56 0.95 - 2.56
[ Y(0.50505,n |07 0.7 0.7 0.7
| Pr(0.5.0.5.0.5.n__ |03 ® o3 0.3 0.3
| Ba(0.5.0.5.2). z  [0.181(2) 0.176(3) 0.168(3) 0.165(2)
Cul(0.00), n 1 1 1 1
:CLLEH}.U,?.J, i} p R 2 2 2
p Z 0.359(2) 0.355(2) 0.358(2) 0.356(1)
(0100.02).  z _ [0.1632) 0.158(3) 0.155(3) 0.155(2)
02(0.50,2), 7 0.374(5) 0.376(5) 0.379(4)  J0.378(4)
| 03(0.0.5,2), =z 0.378 (4) 0.369(7) 0.369(7) 0.377(4)
04(0,050), n |09 0.9 0.9 09

The obtained dependencies of the fattice constants on pressure are presented in the figs. 4
and 5. As it can be seen from the table 1, the only changes in the structure visible within the
experimental and statistical errors are the displacements of the Ba atoms and of the oxygen Ol
atoms in barium-containing planes. The dependencies of this coordinates on pressure are
presented in the fig. 6. It is obvious that the compressing of the structure corresponds to the
prior compressing of the crimped BaO plane. The absolute value of this splitting reduces by
almost 45% under the pressure of 3.3 GPa.
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Fig. 4. Dependencies of the z-coordinates of Ba and Ol
atoms in Y(Pr)-123 structure versus pressure.

V.L.Aksenov, A.M.Balagurov, S.L.Platonov, B.N.Savenko, V.P.Glazkov, 1.V.Naumov,
V.A.Somenkov, G.F.Syrykh, High Press. Res. 14 (1995) 181
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Time-resolved SANS study of kinetics of solubilization

J. Plestil, H. Pospisil, M. Steinhart, M.A. Kiselev'
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Heyrovsky Sq.2, 162 06 Prague
"FLNP, JINR, 141980 Dubna Russia

It has been known for some time that amphiphilic block copolymers consisting of one
hydrophilic and one hydrophobic block form micelles with relatively narrow size in aqueous
media. The ability of these micelles to solubilize various hydrophobic organic molecules,
which has been studied by several techniques, is one of their important and interesting
properties.

SANS has proven to be an extremely useful method for the structural studies on the
micellar systems, including various aspects of the solubilization phenomenon. This technique
provides not only the parameters characterizing micelle as a whole (mass, radius of gyration)
but also an information about its internal structure (radius of micelle core and shell). These
parameters are varying during solubilization can therefore be used for the description of this
process.

Full understanding of the solubilization phenomenon is not possible without studying
of its kinetics. The SANS technique can be employed to this purpose, if the scattering data
can be taken rapidly enough. The YuMO TOF SANS spectrometer at the JINR, Dubna is an
excellent instrument for such studies.

This short experimental report is not aimed at the full description of the solubilization
of hydrophobic compound in the micellar solution. Rather it is an illustration of the potential
of the YuMO spectrometer.

Experimental

Micelles formed by poly(methyl methacrylate)-block-poly(acrylic acid) (PMMA-PAAc)
copolymer in D0 were studied. The copolymer concentration was 3.60107 g/ml. The PAAc
component was neutralized to various degree by adding NaOH. The solutions were placed in
the optical cells with a path length 2mm. Kinetics of the solubilization of chloroform into the
micellar solutions was followed in a time-resolved SANS experiment performed on the YuMO
spectrometer.

Results

The copolymer forms micelles with PMMA core and PAAc corona in aqueous media.
Solubilization into these micelles was studied for six samples with various degrees of
neutralization simultaneously. The exposure time was 2 minutes per one spectrum. The
resulting scattering curves provided the radii of the micellar cores for the intitial solutions and
their variation with progressing solubilization of chloroform. The results for three degrees of
neutralization are shown in Figure 1. In the absence of solubilizate the core radius decreases
with increasing degree of neutralization o.. However, preliminary NMR measurements suggest
that PMMA cores are in frozen state. Thus it is likely, that the actual size of the cores is
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independent of o. This discrepancy can be explained by a partial adhesion of the inner part
of the corona chains (PAAc) to the PMMA core. To check this hypothesis we plan to perform
similar measurements on the copolymer samples with one labelled block. Progressing
solubilization of chloroform is reflected by increasing radius of the micelle core. For example,
for =0 the radius starts from the initial value of 78 A and reaches the saturated value of 93 A
within two hours.

The described experiment shows that the YuMO spectrometer is a powerful instrument
not only for the static studies but also for the time resolved experiments with the temporal
resolution in the order of a minute. This is true even for not too strong scatterers like for
example the dilute solutions investigated here.
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Fig.1 Variation the micellar radius during solubilization of chloroform into PMMA/PAAc
micelles at chosen degrees of neutralization o.. The mean radius was determined by the fitting

of the experimental SANS data to the theoretical scattering curve of homogeneous spheres
with a Schulz-Zimm distribution of radii.
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BILAYER THICKNESS IN EXTRUDED UNILAMELLAR
DIACYL-PHOSPHATIDYLCHOLINE LIPOSOMES: SANS STUDY

DUBNIKOV B.M., KISELEV M.!, BALGAV P.
Faculty of Pharmacy, Comenius University, 83232 Bratislava (Slovakia)
TFrank Laboratory of Neutron Physics, Joint Institute of Nuclear Reseach, Dubna (Russia

Thickness of the lipid bilayer in biological membranes profoundly affects properties of
transmembrane proteins. For example, the (Ca-Mg)ATPase from muscle sarcdplasfnic reticulum
displays maximum activity at particular bilayer thickness; the activity decreases in thinner or
thicker bilayers [1], the sodium channel in nerve membranes is blocked at decreased bilayer
thickness smaller than optimal [2], etc. Determination of the bilayer thickness d is thus very
important for the biophysical characterization of parameters influencing the membrane protein
structure and function. In the present work we determined the bilayer thickness in large
unilamellar liposomes prepared from 1,2-diacyl-sn-glycero-3-phosphocholines (diC,PC, n is the
number of carbons in acyl chain) using the small angle neutron scattering (SANS). The
liposomes are frequently used for the reconstitution of membrane proteins [1]. ’

Lipids were from Avanti. Unilamellar liposomes were prepared by the extrusion method
in D20 [3]. SANS was performed on the YuMO - spectrometer on the pulsed IBR-2 reactor in
‘JINR Dubna. d was calculated from the gyration radii of bilayers obtained from  the
Kratky-Porod plots ~of SANS intensities in the range of scattering vectors
0.001 E2<Q?<0.006 E as desribed in [4].

The values of d are shown in the Table and compared with the the transbilayer phosphate
spacing dpp in small sonicated diC,PC lipo%)mes measured using the small angle X-ray
scattering by Lewis and Engelman [5]. d and dpp correlate well within.the error of methods
used. The thickness of the bilayer increases linearly with n.

n (°C) 12 (20) 14 (36) 16 (44) 4| 18 (60)
d 324402 A 34.2+0.2 A 37.310.2 A 39.840.2 A
dpp 30.5+1.0 A 34.0+1.0 A 37.0+¢1.0 A | 40.5+1.0 A

1. Lee A.G., East ].M., Balgav P., Pest. Sci. 32, 317-327, 1991

2. Hendry B.M.,, Elliott J.R., Haydon D.A., Biophys. J., 47, 841-845, 1985

3. Gordeliy V.I, Golubchikova L.V., Kuklin A., Syrykh A.G., Watts A. Progr. Colloid Polym.
Sci. 93, 252-257, 1993 ‘ |

4. MacDonald R.C., MacDonald R.I., Menco B.Ph.M., Takeshita K., Subbarao N.K., Hu L.-R.,
Biochim. Biophys. Acta 1061, 297-303, 1991

5. Lewis B.A., Engelman D.M., J. Mol. Biol. 166, 211-217, 1983
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Critical Fluctuations of Lipid Membranes

V.1.Gordeliy, V.G.Cherezov
FLNP, JINR, 141980, Dubna, Russia

Fluctuations are vital in biological macromolecules such as proteins, DNA and RNA.
Fluctuations of biological membranes also seems to be important for some processes in living
cell. When immersed in water lipid membranes form closed bilayer vesicles, performing small
thermal undulations, governed by bending modulus of the membrane. These fluctuations can be
highly enlarged by increasing the temperature or by approaching to the temperature of main
phase transition. Melting of hydrocarbon chains in lipid membranes is first kind phase transition,
which temperature is closed to the critical point. Near to this point in-plane density fluctuations
are enhanced giving rise to decreasing of bending modulus and consequently to increasing of
undulations.

Recently an anomalous increase in repeat distance of fully hydrated multilayer
membranes from DMPC near phase transition temperature was observed [1, 2]. Such behavior
was explained by increasing of intermembrane distance due to enlarged undulation repulsion
near the critical point. However this can be argued by alternative possibility of increase in lipid
bilayer thickness in intermediate region [3, 4].

We performed simultaneous measurements of temperature dependencies of both
multilayer repeat distance and lipid bilayer thickness by small-angle neutron scattering.
Experiments were held on small angle instrument YuMO of pulsed reactor IBR-2. Single lipid
vesicles were obtained by extrusion of multilayer vesicles through filter with 100 nm pore size.
[5]. Temperature was raised by successive steps 0.2°C, temperature fluctuations do not exceed
0.05°C. Repeat distance was determined from diffraction peak and bilayer thickness was
obtained from radius of gyration as described in [6]. Intermembrane distance was calculated as
difference between repeat distance and bilayer thickness. Results are shown in Fig.l. It can be
seen from this figure that it is the increase in intermembrane distance which is responsible for
the anomalous increase in repeat distance near the chain-melting phase transition temperature.
This supports the hypothesis on decreasing of membrane bending modulus due to the enhanced
in-plane density fluctuations in the vicinity of critical point.
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Neutron Spectroscopy of Ce; Fullerite Hydrogenated under High Pressure

A.I.Kolesnikovl, V.E.Antonovl, I.O.Bashkinl, G.Grosse3, A.P.Moravskyz,
E.G.Ponyatovsky2 and F.E.Wagner3

! Institute of Solid State Physics, Russian Academy of Sciences, 142432

Chernogolovka, Moscow district, Russia
2 Institute of Chemical Physics in Chernogolovka, Russian Academyof Sciences,

142432 Chernogolovka, Moscow district, Russia
3 Physics Department, Technical University of Munich, D-85747 Garching,

Germany

The inelastic neutron scattering spectra were measured at 85 K for the sample of
hydrofullerite quenched after a synthesis at 620 K under a hydrogen pressure of 0.6
GPa, and then for the same sample with a hydrogen content decreased by 1.4
hydrogen molecules per Cqy molecule after a 35 h annealing at 300 K.

Pure C, fullerite has simple cubic lattice at ambient pressure and T<255 K
[1]. The lattice type changed on hydrogenation. According to the neutron and X-ray
diffraction data [2], the Cg,H, molecules of both quenched and annealed samples of
hydrofullerites at T=85 K formed a bcc lattice with the lattice parameters of about
12.00 and 11.72 A, respectively. The colour, crystal structure, and lattice parameter of
the annealed sample agree with the earlier data for C4Hj4 [3]. The lattice contraction
observed on annealing at 300~K indicates that hydrogen released from certain lattice
sites rather than from bubbles in the crystal.
The sample measured by INS was collected of a few pellets and weighed 0.62 g. The
quenched sample was measured first, then annealed at 300~K for 35~h and measured
again. The background was determined in a separate empty can measurement and
subtracted from the experimental data. The data were transformed to the G(®) spectra
of generalized vibrational density of states versus energy transfer.

Fig.1 shows the G(w) spectra both of quenched and anneled sample states
together with the spectrum of a 3.2 g sample of pure Cq, measured at 77K.

Fig.1 The generalized vibrational

4 /[ \ density of states of  ‘quenched’
2 | CeoHz(Hz2)1s // |\ . )

q _ l el /) | CeoH(H2)1.4 and ‘annealed’  CeoHx
g Mﬁ N7/ “ samples measured at 85 K, the difference
51 g0l “(Hz);4" between these two spectra
ko which represents vibrations of interstitial
7 e Co 1 .

3n . molecular hydrogen in the quenched
© v (H hydrofullerite, and the spectrum of pure

e S Cso, measured at 77 K
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Fig.2 The same as in figure 1, in the
neutron energy transfer range 0-15 meV

The sprectra of the annealed
sample and pure C¢y are much similar
in the range 0-8 meV of intermolecular
vibrations. Fig.2 provides the better
evidence of it. This indicates that H
atoms in the annealed CgyH, sample
are chemically bound to C¢, cages. An
astimation from the areas under the
G(®) curves for the anneled CgyH, and
pure Cq, in the region below 8meV
gave a correct value of x=24.

In the range 25-110 meV of
radial intramolecular modes in pure
Ceo» the spectra of the hydrofullerites
exhibit peaks at 30, 38,56 and 70 meV."
Compared to pure Cg,, the peaks are
drastically shifted in energy and have
different relative intensities. This
means that hydrogen strongly affects
the intramolecular C-C interaction. At

© > 110 meV, one largebroad peak centered at ®~155 meV is observed in the spectra
of both CgH, samples. Folloving the spectrum interpretation for hydrogenated
amorphous carbon [4] we attribute this peak to C-H bending modes. '
The difference between the spectra of quenched and annealed hydrofulleriets
(Fig.1,2, bottom and fig 3) is quite anlike tree other spectra. The difference spectrum
is evidentently due to “excess” 2.8 H atoms per C, in the quenched sample. The
observed dissimilarity together with the lattice contraction on annealing suggest that
these H atoms are not chemically bound to the Cg, cages and occupy interstitial in the
bee CyqoH,,4 lattice. ‘

G(w) (arb.units)

%

.
]

f
'

o\
\\\ﬁh _

T ——

i
25

T80 75 100

energy (meV)

Fig.3 The difference spectrum from
Fig.l represented on a larger scale.
The arrows shows transition energies
between rotation states of a free
hydrogen molecule with the given
rotation quantum numbers.

As seen from Fig.3, the peaks in the difference spectrum at 12,18.30 and 45
meV can be reasonably well explained whithin the rotator model of molecular
hydrogen [5]. The model energy states are given by E(J)=B-J(J+1), where B=7.35



meV and J is the rotational quantum number. The peaks at 30 and 45 meV agree with

the (1-—2) and (0—2) transitions. The latter has low intensity because it corresponds

to the transition between two rotational states in parahydrogen molecules which are

coherent neutron scatterers [5]. Two peaks at 12 and 18 meV are assumed to result

from splitting of the (0—>1) at 14.7 meV due to interaction between H, and nearby

CeoH,4 molecules. Similar splitting of the (0—1) peak to a pair of peaks at 12.5 and

16 meV was observed ealier in the INS spectrum ofmolecular H, trapped in

amorphous carbon [4]
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NEUTRON SCATTERING INVESTIGATION OF ICE UNDER
HYDROSTATIC HELIUM PRESSURE

I Natkaniec*&, G.G. Malenkov@, L.S. Smirnov*, L. Bobrowicz#, S.I. Bragin*

*_Frank Laboratory of Neutron Physics, JINR, 141980 Dubna, Russia.
&-H. Niewodniczanski Institute of Nuclear Physics, 31-342 Krakow, Poland.
@-Institute of Physical Chemistry of Russian Ac. Sciences, 117915 Moscow, Russia.
#-Institute of Physics, A. Mickiewicz University, 60-780 Poznan, Poland.

Hydrogen bounded networks formed by water molecules in clathrate hydrates are
stabilised by guest molecules and a direct comparison of filled and empty structures is not
possible [1]. A remarkable exception is the clathrate-like phase of (H,O+He), whose p-T phase
diagram and crystal structure were recently studied [2,3]. Atoms of He can be enclosed in
cavities of the ice II water molecule network without considerable change in its geometry. The
He content - x, where x is the fraction of occupied cavities, varies with pressure and the phase is
stable when P>2.8 kbar (x=0.62) [3]. The crystal structure of helium clathrate is close to that of
ice II and is also orientationally ordered.

Our investigation of the water dynamics in the (H2O+He) system were performed with
the help of the GCA-10 gas compressor used for neutron scattering studies of condensed matter
under high pressure [4]. Inelastic incoherent neutron scattering (IINS) spectra of (H,O+He)
system were measured on the NERA-PR spectrometer [5] at a helium pressure of ca. | and 3
kbar for different temperatures. The IINS spectra obtained at 1 kbar of helium pressure at 270 K
and 236 K correspond to liquid water and ice Ih, respectively. Then the pressure of the helium
gas was increased at 270 K up to 3.28 kbar. The subsequent IINS spectra obtained at the
following temperatures: 271-270 K, 256-253 K, 253-249 K, 249-239 K, 239-236 K, 236-235 K
and 115-114 K, indicate the freezing temperature of the (H,O+He) system at ca. 239 K. At
cooling, the helium pressure was stabilised at ca. 3 kbar. The IINS spectra of H;O and
(H,O0+He) at P=3 kbar close to freezing temperatures are presented in Fig. 1. One can see that
the water compressed by helium gas at ca. 3 kbar does not freeze to ice IIl at ca. 255 K but
remains in a liquid state down to ca. 239 K.

The phonon density of states G(E) obtained from the IINS spectra of (H,O+He) in the
solid phases at P=1 kbar and T=236 K and at P=3 kbar and temperatures of 236 and 115 K,
respectively, are presented in Fig. 2. One may conclude that the G(E) spectrum of (H2O+He) at
1 kbar and T=236 K corresponds to ice Ih. The G(E) spectrum of (H,O+He) at 3 kbar and
T=236 K is similar to the G(E) of ice Il and this similarity enhances with decreasing
temperature, as one may see in Fig. 3. The G(E) spectra obtained at the same pressure for ice III
at 250 K and (H,O+He) at 236 K are also presented in Fig. 3.
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Fig. 1

Comparison of IINS spectra at a hydrostatic pressure
of P=3 kbar for ice Il at 250 K with a liquid and
solid (H,O+He) mixture close to the freezing
temperature at 239 K.

Fig. 2.

Pressure and temperature dependence of the G(E)
weighted density of vibrational spectra of (H,O+He)
ices.

At 1 kbar, the G(E) spectrum of (H,O+He) ice
corresponds to the G(E) spectrum of ice Ih, while at
3 kbar these spectra are similar to the corresponding
spectra of ice II.

Fig. 3.

Comparison of the G(E) spectra for (H,O+He) ice
under hydrostatic helium pressure of 3 kbar with the
corresponding spectra of ice Il and ice [l
compressed in the cylinder-piston high pressure cell
at similar temperatures



THE INVESTIGATION OF IONIC HYDRATION IN AQUEOUS SOLUTION
OF LICL BY INELASTIC NEUTRON SCATTERING

" A.G.Novikov®, M.N.Rodnikova®, V.V.Savostin® and 0.V.Sobolev®
“State Sczentlf ¢ Centre - Institute of Physics and Power Engmeermg, 249020 Obninsk,
Kaluga Region, Russia

bKurnakov Institute of General and Inorganic Chemistry, Russian Academy of
Science, 117907, Moscow, Russia

The aim of this work: using inelastic neutron scattering method, to perform the
analysis of diffusion and vibration-rotation motions of water molecules hydrating Li* jon
in comparison with pure water molecules. '

- The experiment has been performed on 2M lithium' chloride solution and en pure
water. It has been carried out with the use of DIN-2PI double time-of-flight spectrometer
operating on a neutron beam of the IBR-2 pulsed reactor (Frank Laboratory of Neutron
Physu:s, JINR, Dubna)[l] The 1n1t1a1 neutron energy, Eo = 3 meV, allowed to have the
.resolutlon AEy =.0.14 meV. The neutron scattered ‘spectra have been recorded at eleven
angles in the range from 11° to 134°, '

In the course of data processing we supposed the mﬂuence of CI' ions on the dynamic
properties of water molecules could be neglected [2].

RESULTS: QUASI-ELASTIC SCATTERING

To get the results, concerning with quasi-elastic scattering, the following steps
have becn done: ‘ A
= from the total S(Q, £) the effects of multiple and inelastic scattering have been removed.
— the experimental quasi- -elastic scattering law, S;.(Q,€), obtained for © = const. by inter-
polation procedure has been transformed into the form for Q =.const; .
- S4.e/(Q,€) for solution studied was approximated by superposition of two lorentzwns [31:

Sq.elQ €)=
1|— OQAE, /2

_ — +
) /2)2 + €2 AE, /2)% +e

(l—a)AE2 /2 1 (1
®RO.e
(AE

where: AE; are the FWHWSs of the Lorentzians corresponding to the scattering on .the
molecules of hydration and bulk water, o - the share of hydration molecules in solution;
R(Q,¢) is the spectrometer resolution function. Sign ® means the convolution operation.

For the analysis of the FWHM of the §;.(Q,€) natural line the model of mixed
diffusion [4] has been used:

a0 =2 1+ D0 1, exp A )

Ty 1+(D —DO)Q 210

(2)
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Here, Ty - residence time, Dy is the coefficient of continuous .(collective)-diffusion D is the

total coefficient of self-diffusion, exp(-2W) is Debye-Waller factor v —u%0? where u?is
the mean-square amplitude of molecular vibrations.

107771
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Fig.1. The FWHM of quasi-elastic scattering law natural line for pure water (one
lorentzian approximation)and LiCl solution (two-lorentzian approximation).1 - the experi-
mental FWHM for pure water (description by model (3)); ® - the experimental FWHM for

bulk water; B - and 2 - the experimental FWHM for hydration water and its description
by model (3).

The experimental FWHMS for pure water (one lorentzian approximation) and for
solution (two lorentzian approximation) are shown on Fig. 1.

For FWHM of pure water model (2) gives following parameters: D = (2.2 £
0.1)x10™ cm%s, Dy = (0.8 + 0.05)x10° cm?s, 7, = 3.1 £ 0.5 ps. |

For FWHM of hydrated water these parameters are: D™= (0.95 + 0.05)x10'5
em?s, D= (0.79 + 0.05)x10”° em®/s, 7{¥¥=25 + 10ps.

The Dé’yd obtained is equal to D = 0.8x10cm?/s achieved in [5]. Tgyd is in agreement

with the results of Hertz (7 2 20ps [5]).

The share of hydration lorentzian in the common square under quasi-elastic peak o
=~ (.15 + 0.05 corresponds to four molecules in hydration shell of Li* ion.

RESULTS: INELASTIC SCATTERING
The analysis of the inelastic component of S(Q,w) has been aimed to get the general-

ized frequency distribution (GFD) of proton for water molecules in pure water and solution
studied.
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Fig. 2. Generalized frequency distribution of water molecules.
®- pure water; O- hydration water of Li* ion

The procedure of GFD extraction for hydration molecules from inelastic neutron

scattering experiment data involved following steps:
- the double-differential scattering cross-section (DDSCS) of pure water has been sub-
tracted from DDSCS of solution. The first has been taken with the weight equal to the
relative fraction of bulk water molecules in 2M solution, determined during the analysis of
quasi-elastic component of solution studied (n = 0.85). So we get the DDSCS of hydration
water.

- the GFD for hydration water has been extracted from its DDSCS obtained above. The
method we used for this purpose has been developed and tested on pure water (details and
corresponding formulas see in [6]).

Fig. 2 presents the final GFD's we got for pure water and hydration water. GFD ex-
tracted corresponds to the region of intermolecular interactions for water molecules
(2meV<e<175meV), and it does not include diffusion and intramolecular degrees of free-
dom. ,

As follows from Fig. 2:

- the intensity of the firs translation mode (with the location about & = 6 - 7 meV) corre-
sponding to bending of the O-O-O angle is decreased more than twice;

- the intensity of the second translation mode (€ = 20meV) assumed to be connected with
H-bonds stretching is increased.

- the libration region of GFD (with maximum at & = 60meV) within the limits of ex-
perimental errors we consider as un-changed one.
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LATTICE AND METHYL GROUPS DYNAMICS IN SOLID
p-XYLENE WITH DIFFERENT DEUTERATED MOLECULES
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Solid p-xylene, C6H4(CI-I3)2, provides a relatively simple example of methyl group

rotation within a weak potential caused mainly by intermolecular interaction. This kind of
interaction also determines the lattice dynamics. The experimental and calculated phonon density
of states G(E) for protonated p-xylene are presented in Fig. 1. The lattice dynamics model,
based on the“6-exp” atom-atom potential set of parameters fitted to the lattice dynamics of solid
benzene [1], can not satisfactorily cxplain the dynamics of the p-xylene crystal. The modified set
of potential parameters reproduce the experimental amplitude weighted phonon density of state
G(E), quite well, what allow onc to study the coupling of the internal methyl rotation with the
lattice modes [2].
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C6H4(CH5>2

150

50 100

" Neutron energy transfer, E (cm~?')

200

Fig. 1. The calculated umplimde weighted
phonon density of states G(E) for protonated
p-xylene, covoluted with the resolution of the
NERA-PR spectrometer:

A - using the Williams IV(a) set of atom-atom
potential parameters  fitted to the lattice
dynamics of solid benzene [1].

B - using the Williams V4 set of
paramelers, renormalized to the experimental
structure [3] of the deuterated p-xylene at 10
K.

C - using a modified set of parameters for the
hydrogen atoms of the methyl groups [2].

D - the experimental G(E), obtained from the
IINS spectrum of p-xylene measured on the
NERA-PR spectrometer at 10 K.

We recently investigated the
IINS spectra of solid p-xylene with
differently deuterated molecules: p-

xylene-D4 = CgD4(CH3)p, -D6 =
CeH4(CD3)2 and -D10 =
CgD4(CD3)7.  These  deuterations

change the frequencies of the methyl and lattice vibrations in different ways. This allowed us to
test the model of atom-atom potentials in more detail for its usefulness in determining the
rotational dynamics of methyl groups. The IINS measurcments were performed at 10K in a
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neutron energy-loss mode using the NERA-PR inverted geometry multicrystal spectrometer [4]
at the IBR-2 high flux pulsed reactor. The IINS spectra measured for 14 scattering angles
between 20 and 160 degrees were transformed into the amplitude weighted phonon density of
state G(E) using a one phonon scattering approximation. The calculated and experimental G(E)
spectra for differently deuterated p-xylene molecules are compared in Fig. 2.
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Fig.2. The calculated (A) and experimental (B) amplitude weighted phonon density of states G(E) of solid p-xylene
at 10K for differently deuterated molecules.

From the results presented in Fig 2. one can conclude that atom-atom potcntials
satisfactorily reproduce the modifications in the lattice dynamics and internal rotatlon of the
methyl groups caused by deuteration. By decreasing the potential depth for the H or D atoms of
the methyl groups with their neighbouring atoms, we are able to obtain, for one set of potential
parameters, the correct energies for the torsional vibrations and to show how they are coupled to
the lattice modes. However, this procedure weakens the direct moleculefmolecule interaction
The calculated cut-off frequencies of the acoustic translational phonons, at ca. 45cm’!, are lower
than their experimental value of ca. 60 cm™'. Thus, the atom-atom potential model has rather
limited applications in the study of low-frequency rotational dynamics of molecular groups. in
crystals.:
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Phonon dispersion curves in Fe-18Cr-10Mn-15Ni FCC steel
S.A.Danilkin °, E.L.Yadrowski
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Austenitic Fe-Cr-Mn(Ni) alloys are of interest because interstitial nitrogen stabilizes
the FCC structure and improves the strength, toughness and corrosion resistance. The
Nitrogen effect on the interatomic interactions in austenitic steel was studied earlier for
polycrystalline samples by inelastic neutron scattering [1]. To obtain detailed information on
the force constants, measurements with single crystals are necessary to be conducted. So far
the difficulty was to producing large single crystals of nitrogen austenitic steel.

Phonon dispersion curve measurements were started with an austenitic Fe-18Cr-
10Mn-15Ni steel single crystal containing no nitrogen additions. First, the lattice parameter
was measured. For this purpose the chopper in the spectrometer DIN-2PI [2] was removed
and the time-of-flight diffraction spectrum of an oriented crystal was measured. The lattice
parameter equals a=0.359 nm for the (200) plane at the scattering angle 26=128.87°. The
mosaic spread of the crystal was estimated to be as large as 40’. This is commensurable with
an angular divergence of the neutron beam.

Dispersion curve measurements were performed with the multidetector spectrometer
DIN-2PL In the measurements, we used the geometry with the wave vector of the scattered
neutrons k coinciding with the selected symmetry direction which does not pass through the
origin of the reciprocal space. With this method, we measure phonons with a wave vector in
the desired symmetry direction for the selected scattering angle ©. The value of ko and the

crystal orientation are defined by the crystal structure and ©.

For the optimal choice of experimental conditions, we performed model calculations
with dispersion curves for a invar alloy Feg7Nip3 of [3]. We performed 13 different scans.
The number of phonons measured in one scan varied from 2 to 4, the measuring time was
from 2 hours for low frequency phonons to 10 - 12 hours for phonons with ¢/g,=0.5. In the
measurements we used simultaneously 15 - 30 detectors, but for the lattice dynamics analysis
only phonons with the wave vectors in the [110] direction were selected.

Figure 1 shows the results obtained for a Fe-18Cr-10Mn-15Ni steel. Only two phonon
branches, L and T;, are shown because for the(100) reciprocal plane S(K,w)=0 for theT,
branch. The maximum frequencies -of the L and T} branches are in agreement with the peak

positions in the vibrational frequency distribution of the polycrystalline alloy - 23 and
32 meV [1].

The experimental data were analyzed in the frame of the model of lattice dynamics
with considering the central force interaction for the first two neighbours {3]. For two
measured dispersion branches it is possible to determine the force constants for the first
neighbours a,=V’’(r;) and b;=V’(r|)/r; , and the sum of the force constants a;+b, for the
second neighbours. The fitting procedure gives the following values: a,=3.89910.012, b,=-
0.198+0.008 and a;+b,=0.109+0.016 (><104 dyn/cm). To determine a, and b, additional
measurements of the [110] T, branch or phonon dispersion in other symmetry directions
should be performed.

Figurel shows that the calculated dispersion curves are in good agreement with the
experimental data for the transversal branch T; and longitudinal phonons for ¢/gn< 0.4. The

difference for high-energy L-phonons (A®=32 meV) may be connected with a simplification
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of the dynamic model used or the incoherent scattering background. For the alloys studied the
incoherent cross section is significant due to the presence of Ni and Cr. Therefore, for this
energy region it was difficult to distinguish the peaks due to coherent scattering.

References:
[1] V.G.Gavriliuk, S.A.Danilkin et al., Izvestija RAN, Metalli, 5 (1995) 51.

[2] Neutron experimental facilities at JINR, User Guide, Frank Laboratory of Neutron
Physics, Joint Institute for Nuclear Research, Dubna, 1992, p.24.

[3] S.Garg, H.Gupta et al., J.Phys.F, Met. Phys., 15 (1985) 1895.

40) e
[£E0] e
b
30 L s g .
% 20 f ~
. i i .
E y [ 2 " >
m" Q) ‘* = i T1
1 5 -‘r' Z
> F
ol 7/ #
&/ e
| 'I'
0
['| f’ [ (S — T ¥ | liee || s _shy .
2D 0.2 0.4 0.8 .5 1.0

/Gl
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REFRACTION OF POLARIZED NEUTRONS IN A MAGNETICALLY
NON-COLLINEAR LAYER |
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The refraction of polarized neutrons in a magnetic layer in relation to the neutron wavelength
the magnitude and direction of an external magnetic field, has been mvestlgated experimentally.
The effects of space splitting of the polarized neutron beam and .the interference of neutron
beams with different spin states have been observed and measured.

1. Introduction

So far the investigations of magnetic layers of matter using the reflection or transmission
of neutrons have been restricted to the case when the magnetization vector is collinear to the
external magnetic field. In this instance, for the non-polarized neutron beam in a magnetic layer
the double refraction takes place [1]. But owingl to the internal- anisotropy and the shape
anisotropy of the sample the -magnetization is non-collinear to the external magnetic field
(magnetically non-collinear layer) In the magnetlcally non-collinear layer the effective
magnetization vector Mest = M — Q(MQ),_‘ where M is the magnetization vector, and Q is the
transfer momentum, is non-collinear to the external magnetic field, and the neutron transition
from one spin state to another (i.e., from one Zeeman sublevel in a magnetic field to another) is
realized [2]. As a result, the effects of beam splitting(the refracted non-polarized neutron beam
splits into four beams) and interference of polarlzed neutron beams take place [3,4]. At present,
the beam splitting effect has been detected [5,6] when studying the neutron reflection from the
magnetic film placed in a magnetic field at an angle B. In the transmission geometry this effect
has been used to determine the width of domain walls in crystals [7]. In the present paper the
refraction of polarized neutrons in a magnetic layer in relation to the neutron wavelength, the
magnitude and direction of the external magnetic field, is investigated.

2. Experimental details

The investigations have been conducted at the polarized neutron spectrometer at the IBR-
2 reactor. A scheme of a complete polarization analysis [2] has been realized. The angle B
between the direction of the magnetic field and the sample plane was set within 0+-90°. The
divergence of thé néutron beam in the horizontal plane’ was #0.1 mrad, and the grazing angle of
the beam incident on the sample was 0=3.17 mrad. The investigated sample was a magnetic

layer produced by evaporation sputtering of FeSiAl(Si-4.4at.%, Al-9.6at.%)on a ceramics
substrate(10x20x Imm?). The thickness of the layer was 5um and the coercivity was 3.50e.

3. Results and discussion

Figure 1 presents the integral in wavelength (1+12 E) count versus the grazing angle 6,
of the transmitted beam. It is seen from the figure that for f=70° as compared with B=0° a
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Fig. 1. The dependence of the integral neutron intensity Fig. 2. The spectral dependence of the intensity
I(count/sec) on the grazing angle ©, at B=0°(a) and J(A) at 8,=2.8 mrad, B=70° and H=4.6kOe for
70°(b) for the “— —"(curve 1), “+ +"(curve 2), “- the “- ~"(curve 1), “+ +7(curve 2), “~
+"(curve 3), “+ ="(curve 4) beams. +”(curve 3), “+ ="(curve 4) beams.
decrease in intensity of the “~ — and “+ +” refracted beams (peaks at the left) can be observed.
At the same time, the “+ —* and “— +” beams appear; the first one is on the right of
the “— —” beam, and the second is on the left of the “+ +” beam. The distance between the “—+”

and “+ -” beams at the detector is 1.4 mm (A0, = 0.535 mrad). This result is interpreted as the
observation of the generation of new beams at B#0. The experimental data is represented as the
difference of the squares of the grazing angles of the “+ -” and “— +” beams A®* = Gu,+-2
- Ou,-+2. The observed dependence A92(mrad2) = aH(kOe)kz(Ez) (A is the neutron wavelength, o
is the proportionality coefficient) is in agreement with the concept of beam generation associated
with the existence of the transition between the Zeeman sublevels in the external magnetic field
H. For H=4.6kOe and 6.8 kOe, however, the a coefficient is 0.23, which is 20% less than the
theoretical value a=8mp/h2= 0.294 (m is the neutron mass, u is the neutron magnetic moment, h
is the Planck constant). The spectral dependence of the neutron intensity at Oy=2.8mrad is
illustrated in Fig.2. It can be seen that the transmittance for all beams has a maximum at some
wavelength values A, where ij= +, —. ANV = (A2 - D < Hoin the range of values
H=1+6.8 kOe. The conducted measurements of the transmittance in relation to the angle B in the
interval 0+90° at H=4.6 kOe have shown that as B increases the transmittance of the “+ +” and
“—~ =" beams decreases, and the transmittance of the “+
-’ and “~ +” beams increases. The spectral dependence

of the transmittance of the “+ +” beam is presented in
Fig.3. ‘

Fig. 3. The spectral dependence of the transmittance T,.(\) of the
“+ +” beam at 0,=2.8 mrad, H=6.8k0e and B=70°. The

arrows denote the wavelengths at which the transmittance
has local maxima.

The transmittance oscillations whose period decreases
as the neutron wavelength increases up to A=~1.6 E can

be easily seen. This behaviour is explained by the
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interference of the “+” and “-” states of the neutron in the layer in the range of wavelengths
from O to the boundary wavelength AMim=1.6A (Mim is the wavelength upper limit below which
the “+ +” neutron transition on the first interface is realized).
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Element Depth Profiles of Porous Silicon
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1. INTRODUCTION

Porous silicon has been a subject of intensive investigations since the initial demonstration of
efficient visible photoluminescence in this material by L.T. Canham in 1990 [1].The progress in research
on porous Si was reviewed recently [2,3]. Emission from porous Si is completely different from that
observed in bulk crystalline Si, where the weak near-infrared luminescence associated with the indirect
band gap of 1.1 eV has been known for a long time. For porous silicon, a large ,,blue” shift of the
fundamental absorption edge has been reported. Spectacular optical properties of porous silicon are
generally attributed to the spatial confinement of photo-excited carriers in nanometer-sized Si quantum
wires or dots [1-3].

There are however, some other mechanisms of light emission in porous silicon. One of them has
been linked to the E’ centre in SiO; (an oxygen vacancy with unpaired electron) and proposed to explain
strong blue emission observed in porous silicon, when excited with ultra violet light or protons [4]. It
would be interesting therefore, to estimate oxygen content on a large (up to 1000 m*/em®) surface of
porous silicon.

2. EXPERIMENT

The samples used in a present experiment were prepared from p-type (111) silicon wafers of 10
Qcm resistivity. The porous layers were formed by anodization in a 48 % HF-ethyl alcohol solution at a
current density of about 20 mAcm™. The technology of preparing porous silicon was described in [4].
The thickness of the porous layer was about 5 um, as determined by interferometric microscopy.

Both non-destructive nuclear methods ERD (Elastic Recoil Detection) and RBS (Rutherford
Backscattering Spectroscopy) have been used in the investigation the depth element profiles in porous
silicon. The measurements of RBS and ERD spectra have been carried out at EG-5 accelerator in the
Frank Laboratory of Neutron Physics.

In the RBS experiment the detector was positioned at scattering angle 170° with respect incident
beam. The surface of sample was tilted to the ion beam at the angle 60°. The detector resolution was 15
keV for 5.5 MeV a-particle. We have overcome the difficulties of the RBS method in the investigations
of the concentration of light element (O) along with the heavier (Si) and used in this case the nuclear
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reaction '°O(a,)'°O to profile oxygen directly [5]. The elastic nuclear resonance at 3.045 MeV is
particularly suitable, because it has a large back scattering cross section ( 17 times greater than for
Rutherford scattering ) and a width of resonance is about 10 keV . The measurements have been
performed in a such way, that the energy of incident beam of ions *He" was changed in small increments
in the range from 3.04 MeV to 3.20 MeV. The backscattering spectra were collected for everything
energies. So the resonance shifted from surface into 5000 nm for highest energy and we had measured
the oxygen profile in detail over the range of depth above.

The ERD spectra have been investigated for both porous and crystalline silicon. The 2.5 MeV
“He ions were incident on a solid target at an angle of 15° with respect to surface of the sample. The
scattered “He' ions were absorbed in stopper aluminium foil of 9.5um thickness. In contrary the
recoiling nuclei (protons) lost only a part of the full energy and were collected by a detector positioned
at an laboratory scattering angle of 30° away from the direction of incidence.

3. RESULTS AND DISCUSSION

The typical spectra of *He ions scattered from the sample of porous silicon are presented in Fig.1
for two initial energies. The peak of the resonantly scattered *He" particles rides over the background
non-resonant scattering from oxygen. This background, in turn, sits on a top of the continuum of the
elastic scattering by silicon nuclei in the porous layer of the investigated sample.

Energy [(MeV] The peak for 3.047 MeV
0.80 1.20 1.60 2.00 ‘He ions has more sharp right
2000=""T ' : flth , d bl edge because the resonance
Aol nergy of e Incidence beam entered to the target partially in
= i h E = 3.047 MeV this case. A shift to depth of the
> E =3.148 MeV peak of oxygen resonance with
2 increasing the initial energy of
3 100 - \ bombarding particles is observed
ks e s, l;&"'/ o s since “He ions reaches of the
2 Ak - resonance  energy at the
O \‘h'ﬂ"o“ l" \)/ Sl . . B
3 - MWWM‘MW g increasing dep{h . A square of the
eak is proportional to an oxygen
p prop yg
, atam concentration for the given
0: | i | 1 | 1 I NMptee l
200 300 400 500 600
Channel Number On the spectra one can

Fig. 1. Spectra of “He* backscattered by porous silicon sample.

see the yield *He ions scattered
by Si atoms. The background for
the spectral regions according to
surface layers is absent in this

case. The element concentrations are obtained with help a computer code [6] after modelling everything
spectra using one joint model of the sample.

The ERD spectra obtained for the crystalline silicon and porous silicon sample are shown in Fig.2
Ata spectrum for crystalline silicon one can see the peak near the channel number 460. The yield of this
peak is very small, as compared to the one for the porous silicon layer. It means that the hydrogen
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atoms present only at the surface of silicon. Since porous silicon has the vast specific surface the yield

of the recoiling hydrogen atoms for the porous sample is substantially more than for crystalline and
depth profile extends at a whole depth available for the measurement.

I I
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| | ill'_[.' II I
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O} —ilepalan T’..u-ﬂ"--'.‘“""""i"""“*"""h.r"" 'll‘*'l"l‘\l: . Ilrh"’." = I
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Channd Number

Fig. 2. ERD spectra of porous and crystalline Si

The depth profiles of the different elements and pores in the porous silicon layer were calculated
in two steps.. In the first step, the depth profile of hydrogen in the porous silicon was determined on a
basis of the ERD spectrum. Than these data were used in the calculations of the depth profiles of other
elements (Si,0) and pores by modelling of twelve RBS spectra with the help of a computer code([6].
These results are shown in Fig. 3. A special element was included in the model of a sample what we
attributed with the pores. It did not scatter He ions and had very small stopping cross sections. This
procedure gives possibility to account the presence the pores in solid with first approximation only.

The concentration of Si atoms is the smallest (~20 %) in the subsurface region and gradually
increases with a depth up to 75% (Fig. 3). The porous Si layer is non-homogeneous, with a porosity
(after anodization) ranging from about 50 % close to the surface to less than 10 % at a depth of 1600 nm
and slowly decreases up to almost zero for the depth 4000 nm. A concentration of oxygen is less than
30% for whole thickness of porous silicon layer. A ratio Csi/Co increases from 1.2 at surface to 3.2 with
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the growth a depth to 5000 nm. Therefore, it can be assumed, that the Si wires in porous silicon are
covered with silicon oxide layers. Moreover the hydrogen atoms, which are present in porous silicon
after anodization, probably, appear as H,O.

g —— So, the performed investigation of
. — depth profiles of everything
] Porous silicon - elements and pores in porous
x silicon strongly indicate, that there
= 60— o ) | are enough amounts of oxygen to
ad + ; 5 Si explain a spectrum of luminescence
= 1A + & o0 by excitation of the E’ centre in
o + SiOz.
‘E 40 — % & pores
= 3 + o * 9+ @ * . .. H
o 1 . &
= + &
S 20-9.4* .
| . e @
4 3 & -
0 T —— o3 =T
0 1000 2000 3000 4000 5000
Depth [nm]
Fig. 3. Depth profiles of hydrogen, oxygen, silicon and pores
concentration in porous Si, as determined from RBS
and ERD measurements.
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EPITHERMAL NAA FOR STUDYING THE ENVIRONMENT
M.V. FRONTASYEVA, E. STEINNES*

Joint Institute for Nuclear Research (JINR), Dubna, Russia
*Norwegian University of Science and Technology, Trondheim, Norway

The advent of analytical techniques for the simultaneous determination of a great number
of elements has created an enormous interest for multi-element studies in environmental
sciences. Instrumental neutron activation analysis (INAA) has shown to be useful for a
number of sample types of interest in environmental studies, and should find more extensive
use in this area. Epithermal neutron activation analysis (ENAA) has certain advantages over
the conventional INAA for many trace elements in terms of improvement in precision and
lowering of detection limits, reduction of high matrix activity and fission interferences if any.

Since Brunfelt and Steinnes [1] reported the first multi-element study on silicate rocks

using ENAA, this technique soon became a routine tool in many earth science laboratories.

ENAA was early shown to exhibit an excellent multi-element capability in the case of coal
and coal fly ash [2].

Two areas of environmental analysis seems to deserve particular attention when the
feasibility of ENAA relative to non-nuclear multi-element techniques is to be discussed: the
analysis of airborne particulate matter, and the related subject on analysis of biomonitors of
atmospheric deposition: Analyses of airborne particulate matter is a case where ENAA should
be particularly useful. This is mainly due to the fact that the total mass of the aerosol
collected on a filter sample is often rather small, and thus favours direct instrumental
techniques rather than those depending on dissolution of the sample prior to analysis. Air
filter analysis therefore seems to be an area where INAA hardly can be replaced by any non-
nuclear analytical technique at the present state of the art. Comprehensive texts on INAA of
airborne particulate matter have appeared in the literature [3, 4]. The elements that form the
major activity upon neutron activation of aerosols are very much the same ones as in the case
of. silicate rocks and fly ash. This means that the advantages of using epithermal activation
should also be similar, provided that the induced activity is sufficient to yield satisfactory
counting statistics. As shown by Landsberger [S] this is indeed the case for several trace
elements of importance in studies of long range atmospheric transport. In the opinion of the
authors this is an area where much remains to be done, and at JINR, Dubna, ENAA is now
being used in several projects involving the analysis of aerosol filters. A similar case where
ENAA has shown strong performance is in the analysis of mosses used as biomonitors of
atmospheric deposition. Mosses have been used in Norway since 1977 on a regular basis to
monitor atmospheric deposition of heavy metals in a nation-wide grid. The analytical
approach used from the beginning was INAA, supplemented by atomic absorption
spectrometry for the elements Pb, Cd, Cu, and Ni. Prior to the survey in 1990 it became
evident that ICP-MS, which had then become available, was able to produce results of
acceptable quality for all elements of first priority, and has therefore been used since then in
the regular monitoring work.

During the same period, work has continued to test the feasibility of other analytical
techniques for the trace element determination in moss. In particular the use of ENAA was
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investigated employing the IBR-2 pulsed fast reactor in Dubna, which is characterised by a
particularly high fraction of resonance and fast neutrons in the total spectrum. By this means
the determination of 15 elements (Zr, Sn, Hf, Ta, W, Au, Th, and eight REE) previously not
detected in such samples was demonstrated [6], and the relative merits of ENAA and ICP-MS
in moss analysis were discussed on the basis of an intercomparison exercise [7]. ICP-MS
laboratories are now capable of producing apparently satisfactory results for about S5
elements in mosses. The corresponding figure for ENAA is around 45. In 40 cases both
techniques can be used, and for a majority of these elements it is difficult on the basis of
present evidence to give preference to one technique or the other. In 7 cases (Sc, As, Sb, Hf,
Ta, Au, Th) ENAA is judged to be the preferred technique, whereas ICP-MS seems
preferable in 5 cases (Sr, Sn, Ba, Ce, Nd). Four elements (Cl, Br, 1, Se) could only be
determined well by ENAA, whereas the reverse situation applied for another 14 elements (Li,
Cu, Ga,Ge, Y, Cd, Te, Pr, Dy, Ho, Er, Tl, Pb, Bi). The choice of either multi-element
technique thus depends on the purpose of the investigation and the priority of elements. It
should be added that the simultaneous determination of the halogens Cl, Br and I, which is
rather straightforward by ENAA in mosses as well as in several other environmental sample
types, is hardly possible at all by any existing non-nuclear technique at the levels concerned.
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Fig. 1. Elements suitable for determination in moss by the present version of INAA (O)

~and by ICP-MS ( Q). Closed symbols indicate the preferred method for the

element in question.
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On the estimate problem of neutron charge radius
from (n,e)-scattering length measurment

G.G.Bunatian, V.G.Nokolenko, A.B.Popov, G.S.Samosvat, T.Yu.Tretyakova

Lately, an intense discussion has been developing concerning the discrepancies in
the ne-scattering length data obtained from various experiments and, consequently,
the controversial estimations of the neutron mean square charge radius based on by.—
values. Having originated with Foldy [1] a long time ago, the experimental quantity b,.

is presumed to consist of two terms
bne bF + bI ’

where bg is the Foldy scattering length caused by the neutron anomalous magnetic
moment x interacting with the electron electrical field, and b; is the scattering length —
as though rendering an interaction between the neutron internal charge structure and
an electrical field (strictly speaking, the charge density giving birth to this field). The
following notations are used

1 Me2
=§ h2 <rin>,

<r? >= /rzp(r)dr ,

where M is the neutron mass. From this, the expression

, . 3K
< 7',-" >: M62

by

by 86.4(bs. bp) fm?

appears. The experimental b,. estimations existing in current literature are concentrated

in the proximity of the two following values:
bpe (—1.594£0.04)107° fm  [2],[3],

bpe —1.31£0.03)107% fm  [4],[5]

Eventually, two estimations of the quantity < r?, > need to be discussed:

<r? > 0.010 £0.003 fm? [2],[3],
<rl > +40.014 £0.003 fm? [4],[5]

While no model of the nucleon structure yet leads to a positive neutron mean square

charge radius, the Garching group [5] and the group that measured b,. by means of
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liquid 2% Pb at Oak Ridge [6] have given up accounting for the Foldy-term (the first using
vague arguments [7] and the latter without any explanations at all), thereby reducing

the definition of the neutron mean square charge radius to the expression

Under such circumstances, we are forced to face the primary sources of the problem and
glance over the history to find the gist of the question.

Here, from the very first, it is necessary to determine the genuine relation between
the measured ne-scattering length and the nucleon structure. In our opinion, there is a
certain misunderstanding of this question [8] and we believe it will be instructive to trace
back how this relation is acquired in various approaches. As the ne-scattering length
is obtained from slow neutron scattering in the field produced by atomic electrons, the
neutron interaction with an electromagnetic field will be described first.

A free nucleon, as well as any free particle with spin 1/2, is described by the Dirac
equation. Yet the "external field” concept is limited and, generally speaking, unten-
able. In fact, even for an electron itself, the Dirac equation in the face of an external
electromagnetic field A = (9, A)

L0 .
ihy = (ca(p — SA) + e + e}y,
c
9¢
th—=H
at ¢,
' - 4
.'H = : []_'_l 't'ftl:l.'! i EZ{E_:' =3 p— -
Zm & Brndc
6B gy dolieh i eh’ B
L'm:.'n- = 'lm"f.:*rr' Lat:) Bmic? il (1
(where E = —(7®), H = [ x A, —rl = g, &, 3 are Dirac matrixes, o is the Pauli

matrix, and ¢ is the large component of the bispinor 1) does not enable to describe
properly the properties of this point-like particle, because self-coupling to its own elec-
:.1':}r'|1ag:11*ri(_ quantum field (radiative corrections) lH_; is known to result in the additional
terms in the equation to describe the behaviour of the electron in an external field A.
The last three terms in H in eq. (1) are thus replaced by

. eh 1 ek h  eh

[ i § (& m | I
(.- + u o H — —(- + 2u)o[E x p| = —|
2ma 2me 2me © o dme 2mce

L 20 ) divE, (la)

2 . .
where p! = #(%Z)ECJSZ ... is the electron anomalous magnetic moment.
It is to emphasize here that in accounting for the radiative corrections, the coefficients

prefixed to o H and to divE and o [E x p] are modified in different ways: the anomalous
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magnetic moment y’, has been added to the magnetic moment 5‘% in the term containing
H, whereas a twofold quantity has been added to the coeflicients in two latter terms.
Thus, it is quite impossible for even an electron to obtain eq. (la) from eq. (1), that is,
to account for the electron interaction with quantum fields (the radiative corrections)
merely by replacing the magnetic moment of the point-like particle in the Dirac equation
by the total magnetic moment that incorporates the anomalous one as well.

In a general form, the behaviour of a particle with spin 1/2 can be described in a

formal way by means of the relativistic and gauge invariant equation (1], [9]
(] 1 , '
[e(pur* - JAN") +ingran P + Mt + e (1A)$ 0.

ih%—'f. =Hy [ca(p EA) pB(ZH — iaE) + M + ed — e[]® + ea[JA]Y, (2)
where we restrict ourselves to accounting for the first order terms in field A and the
D’Alamber operator [] only; here ¥ is the spin operator and F*" is the electromagnetic

field tensor. The lowest approximation in 1/c runs as follows

. 00

2 E = H¢a
He——(p SA+ AP +ed (- H
N — - = e —
s P AT O (Gage T 1)
1 ¥ + . 3
—_— — e 4 ' T 1 .
2Mc(2Mc t 2“)0[E % p] [ 4Mc ZMc + 2“)]dWE (2a)

In such a purely phenomenological approach, the empirically introduced parameters
f, € render both the internal structure of a particle and its interaction with a vacuum
of the electromagnetic and other quantum fields, which are not taken into account in
the Dirac equation (1). The physical meaning of the quantity u emerges unambiguously

as the coefficient prefixed to oH in eq. (2a). Consequently, it is understood to be

the "nucleon anomalous magnetic moment”, completing the magnetic moment 2}’{& of
a point-like particle with spin 1/2, mass M and charge e. Yet, according (2a), this
empirically introduced quantity u shows up to determine not only the interaction of the
particle with a magnetic field, but with an electrical field E, as well: the "Schwinger
interaction” (next to last term in eq. (2a)) and the "Foldy interaction” [1] (last term in
(2a)). Certainly, expression (1la) for an electron (4 = p.) corresponds completely with
the general phenomenological equations (2), (2a).

As far as the parameter € is concerned, no unambiguous conclusion about its physical
contents can be drawn immediately from egs. (2), (2a). The fact that € is incorporated

side by side with the terms containing g in the coefficient prefixed to divE(R) = — Apg
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®(R) = —47p.(R) in eq. (2a) (pc(R) is the charge density inducing the electric field)

does not constrain the equation
< [ der ()
- = — [ drr®p,(r),
c 6 P 7

(here p,— is the density of the charge distribution inside the nucleon), contrary to what
was presumed in [1], [8], and [10], as well as in some other publications. In such a
phenomenological approach, this quantity e is, as a matter of fact, a fitted-parameter
that is allowed to take any value, including zero. ‘

The interaction represented by the last term in eq. (2a) results in the Born amplitude

of neutron scattering (e = 0)

oM A »
S le+ u dRe R, (R’
fre(Q) >3 [t+ﬂ2MC]/ e pe (R,

in the field, induced by the charge density p.(R), and in particular by the charge distri-
bution of the atomic electrons, the atom being nailed down (bound). With the quantity
4 being equal to the experimental value of the neutron anomalous magnetic moment, and
the quantity e is assumed to be equal to zero, the ne-scattering length b,. = — fne(0)/Z
proves to be equal to the value b, = —1.468107'%cm, coinciding within a small er--
ror with up to date experimental results [2] - [7]. This is evidence that the € value is
small. However, pursuing this phenomenological approach, no rigorous conclusion about
the nucleon structure can be acquired through this result. Certainly, as it was already
emphasized long before [1], an approach can not been asserted as expedient if the coeffi-
cients assigned to describe the nucleon structure are introduced purely empirically and
are never gained through any more-or-less general and profound physical theory or, at
least, a model.

As pointed out above, accounting for radiative corrections for the electron itself
modifies the coefficients by H and by divE in different ways. All the more, when the
nucleon, being a much more complicated composite system, interacts with an external
electromagnetic field, its structure can not be taken into account merely through modifi-
cation of the Dirac equation, in particular, through replacement of the point;like-pa'rticle
magnetic moment by the total one, including the anomalous one as well. At this time,
because of the lack of a rigorous, thorough theory, the nucleon structure is investigated
in the framework of various approaches and models. | '

The consideration of the magnitude of the ne-scattering amplitude in the framework
of the Cloudy Bag Model CBM [11],[12] does nothing proportional to the u divE (like

(4)) contribution to the ne-scattering amplitude. By the way, it might be instructive
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here to point out that the question about the ”Foldy term” in the electron—nucleon inter-
action has never arisen, while the Lamb shift is investigated in either the ordinary or in
the mesonic atoms (see, for example, [13]). On the other hand, in the framework of the
phenomenological Foldy approach [1], the ne-scattering amplitude is expressed through
the quantity p according to eq. (4), yet nothing can be concluded immediately about the
hidden physical sense of the quantity ¢, namely that this approach is only phenomeno-
logical. Foldy himself, suggesting eq. (3) as being the plausible physical representation
for the quantity ¢, had, as a matter of fact, only designated such an interpretation, but
never made any concise statements. Instead he referred to experiments to disentangle
the physical meaning of the quantity e. For years, in successive works, the quantity € has
been assumed to be exactly equal to the value of the second momentum of the nucleon
charge distribution (3), no new or additional argument having been managed at all.

Obtaining < rZ > with high precision experimentally will promote, in our opinion,
the development and improvement of the various models now suggested for describing
the nucleon, ignoring for the moment that these approaches are apparently not yet in
position to provide an accuracy better than ~ 10%. Beyond question, any theoretical
approach must be able to successfully describe not only one characteristic of the nucleon,
but the majority of the following, simultaneously: < r?> >, p ,mn , g4, and so on.
Therefore, it is desirable to obtain the values of all of these quantities from experimental
data with equal precision. Specifically, the < r? > value needs to be known to the same
accuracy as the values of g, g4 and so forth.

On the other hand, exact determination of the € value will enable us to judge to what
degree the anomalous magnetic moment incorporates all the main features and peculiar-
ities of the neutron structure while describing, according to aforecited phenomenological
approach, the behavior of a neutron in an external electromagnetic field. If the e value
proves to be very small, almost negligible, an amazing and intriguing conclusion will be
inescapable: that the spectacular phenomenological approach really does exist in which
the anomalous magnetic moment thoroughly renders the structure of the neutron as it
interacts with an external electromagnetic field. The goals of. further experimental in-
vestigations are to obtain the b,. value with better accuracy than before and that these
measurements will not require significant corrections in the processing their results.

The research described in this publication was made possible in part by Grant
RFS000 from the International Science Foundation and by Grants 94-02-03118 and 96-
0216538 RFFL
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ENERGY DEPENDENCE OF FISSION FRAGMENT ANGULAR
ANISOTROPY IN RESONANCE NEUTRON INDUCED FISSION OF U
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A.B.Popov'), H.Postma®, D.I. Tambovtsev?.
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2) RRC IPPE, Obninsk, Russia
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The investigation [1] of energy dependence of fission fragment angular
anisotropy in slow neutron induced fission of the 3y aligned target was continued at
the pulsed neutron source IBR-30 of the FLNP. The measurements were performed
using a new dilution refrigerator with improved target consisting of two mosaics of
monocrystals of uranyl rubidium nitrate mounted onto a copper backing, cooled down
to a temperature of ~0.1 K to ensure an alignment of uranium nuclei. The processing
of both new and earlier obtained [1,2] data was realized by a new algorithm, when the
relative angular anisotropy A, was obtained as function of the neutron energy for each
experimental run separately and thereafter averaged over all runs. The absolute scale of
the A, values was chosen from a comparison of our average value with the one from
[3]. The statistical accuracy was about 3-10 % for the energy bins of 0.05 eV in the
region 0.04-10eV.

The results [3] interpreted by the authors under the assumption that the angular
anisotropy coefficient A, could be defined for a given resonance A by the formula

A=Y AFrE/rh 1)

where the factor A3¥is determined by the Racah and Clebsch-Gordan coefficients,

which depend only on spin J and its projection K on the fission axis of the compound
state under consideration. The contribution of the specific state A is defined only by the
ratio of the partial ') to total [y, fission widths. As a result of the analyses [3,4] it

was concluded in [4] that in the s-wave resonance neutron induced fission of 2*°U only
fission channels with K=1 and K=2 are open for both compound state spins J=3 and 4.
At the same time for states with J=3 an admixture of the channel K=0 is possible.

The new approach to the theoretical description of fission process using the
microscopic representation of fission fragment channels and their convolution to the
observed JK-channels led to the modified formulae for differential fission cross-
sections induced by slow neutrons [5] :

do..(E) ] , ‘ -
——=7-{0 E )+ f,0,,( E )Py(cosb)|, 2)
where

sonl ’
S(OE—aKf)< 3

O o =%;g,;

is the total fission cross-section and
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Qi JK * 1 J A1
G2 :lezz g8 UL 2,J1)Y Cix20S (02 KN)S (02— Kf) (4)
JJ’ K

takes place due to an alignment of the target nucleus spin I Here symbols f> and
Py(cos 0) denote the alignment coefficient [3] and the Legendre polynomial
respectively. In (2) - (4) the g; and G are the statistical and geometric normalization
factors defined by

1512

=(2J +1)/2(21 + 1) and G= ’
g =(2J+1)2(2I + 1) an JRI+DIT +1)(2I +3)

and k = ( 2mE/ n? )”2 is the wave number of incident neutrons. Symbols U(
1217°2;J1) and CJ, are the Racah and Clebsch-Gordan coefficients . The
dynamics of the reaction is included via the S-matrix elements S'( lj - Kf ) which
define the probability of a transition from the entrance neutron channel characterized

by the orbital / and total j angular momenta of the neutron to the fission channel JK (
for more detail, see [5]) .

With the aid of formulae (2)-(4) it is possible to define the angular anisotropy
of fission fragments in a consistent way as

0, (E)

A, (E) =
& ,o(E)

This formula allows one to assume that due to the interference of different
resonances the A,(E) value is determined not only by the partial and total fission
widths of the nearest resonance, as in formula (1), but depends essentially on the partial

amplitudes 1/1",{,"" of all neighboring resonances. Besides, one should expect an

influence of the effects from the interference of s-wave neutron resonances with
different spins on the behavior of the Ay(E).

For the analysis of the experimental data on the A; (E) values a special code
was developed with the S-matrix parametrization proposed for the ENDF/B-V1 library:

gszew”wqxu—iyjﬂ—a} (6)
For neutron induced fission we have:
Sy =2 "W, 7
(¢=0 for the fission channel, as shown in [S] and

Wy =(-K)")

nf

where
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-8 =6, ‘/F_J‘/F_J ©)

: E —-E-iT,, /2

The function A , ( E) was calculated by formulae (2) - (9). The fission channels
with JK = 30, 31, 32, 41 and 42 were included in the calculations. Doppler broadening
and the resolution function of the spectrometer were taken into account, as- well. With-
the aid of the described procedure our data on the A(E) in the neutron energy range
from 0.1 up to 10 eV were analyzed together with the data [6] for 0.04 - 1.5 eV . In the
calculation, 22 resonances were taken into account : 16 resonances in the energy
interval under investigation plus 2 “negative” resonances and 1 resonance above 10 eV
for each spin, respectively.

We have made an attempt to fit simultaneously as the o;o(E) and the A2(E)
values in energy interval 0.1-10 eV as well as the spin-separated fission cross sections

0';;,( E) and 0';;,( E ) for neutron energy 0.1-1.9 eV with the fixed positions , neutron

and total radiative and fission widths of the resonances under inv’estigétibn taken from
[7]. The ENDF/B-VI data file for op(E) and data from [8,9] for spin-separated cross
sections 0';’;( E ) were used. We varied firstly only signs and relative weights of a

partial fission amplitudes for all resonances mentioned above. It turned out to be
impossible to fit the Ay(E) dependence in the framework of this procedure. Thus all
parameters of negative resonances and total neutron and fission widths of some
positive resonances were ,released“ and new fit has be done taking care of the
consistent description of the integral and spin-separated fission cross sections.

Fig. 1 shows the results of the A(E) fitting where the points and curves
represent, respectively, the experimental data and two variants of the fit. The
calculations show significant sensitivity of the A,(E) to small variations of as neutron
and as well as fission amplitudes and their signs. One of the main conclusions which
has to be made is that the effects of interference between resonances have really
strong influence on the structure of the A,(E). The effect of interference of resonances
with different spins is also essential. The calculations demonstrate 10-20% variations
in the A,(E) behavior after including of the JJ’ terms in the 6 ( compare the solid
and dotted lines in Fig. 1). It is worth to note that hi-square values per point (
including the 6 ¢o and g} data)are 0.96 and 2.08 with and without accounting for

the JJ’ terms, respectively.

The “K-anatomy” of the A, fitted values is represented in Fig. 2 where
contributions of different K projections ( summed over J ) to the total A, (E)
dependence are apparently shown. It is clear that very peculiar energy dependence of
the A ,(E) function is the result of a rather irregular behaviour of its K-components.
So it is obvious that the previous idea [3], that one can attribute a Ay value (1) to each
resonance A connected only with its fission widths, is hardly correct since for any
given energy the Ay(E) is ,.formed* by a group of neighboring levels.

After this analysis very important problems still remain. They are the question
of uniqueness of the fitted parameter set and the consistence of these calculations with
the description of the neutron capture and transmission data. It is necessary also to
include in the fitted data the spin-separated fission cross sections for neutron energy up
to 10 eV. In any case, the analysis outlined above permits, in principle, to extract
unambiguously the partial fission amplitudes of s-wave neutron resonances and gives
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an appropriate basis for the quantitative analysis of the forward-backward, left-right
and P-odd correlations of fission fragments measured recently [10].
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Resolution Fourier Diffractometer at the IBR-2 Pulsed Reactor” '

FLNP Prizes:

In Nuclear Physics:

First Prize:

W.LFurman, A.A.Bogdzel, P.Geltenbort, N.N.Gonin, M.A.Guseinov, J.Kliman,
Yu.N.Kopach, L.K.Kozlovsky,  L.V.Mikhailov, —A.B.Popov, G.Postma, N.S.Rabotnov,
D.I.Tambovtsev. “Investigations of the Energy Dependence of the Angular Anisotropy of Fission
Fragments from the Fission of 25U Induced by Resonance Neutrons”

Second Prize:

A.LFrank, V.G.Nosov, D.B.Amanzholova. “Quantum Nonstationary Phenomena Arising
as a Result of Periodic Action on the Neutron Wave”

V.R.Skoy, E.LSharapov, N.A.Gundorin, Yu.P.Popov, Yu.V.Prokofichev, G.Mitchell,

N.Roberson. “Isotope Identification of a Parity Violating 3.2 eV Resonance in Xenon”
In Condensed Matter Physics:

First Prize:

V.I.Bodnarchuk, L.S.Davtyan, D.A.Korneev. “Geometrical Phase Effects in Neutron
Optics

D.A.Korneev, V.I.Bodnarchuk, L.S.Davtyan. “Observation of Nonadiabatic Geometrical
Effects in a Time-of-Flight Experiment with Polarized Neutrons”

L.S.Davtyan. “Geometry of Adiabatic Changes (General Analysis)”

Second Prize:

V.L.Aksenov, A.M.Balagurov, V.V.Sikolenko, V.G.Simkin et al. “Precision Neutron
Diffraction Study of the High-T. Superconductor HgBa;Cuy.q”

D.A.Korneev, V.I.Bodnarchuk, V.K.Ignatovich. “Off-Specular Neutron Reflection from
Magnetic Media with Nondiagonal Reflectivity Matrices”

Third Prize:

A.M.Balagurov, V.Yu.Pomjakushin, V.G.Simkin, A.A.Zakharov. “Neutron Diffraction
Study of Phase Separation in La;CuQy.q Single Crystals”

In Applied Physics:

Ficst Prize:

YuM.Gledenov, G.Khuukhenkhuu, M.V.Sedysheva et al. “Investigation of the Fast
Neutron Induced (n,ot) Reaction (Experimental Techniques)”

Second Prize:

V.B.Zlokazov. “AUTOX-A Program for Autoindexing Reflections from Multiphase
Polycrystals”™

Third Prize:

A.D.Bozhko, A.P.Kobzev, D.A.Korneev, L.P.Chernenko, D.M.Shirokov. “Complete Profile
Analysis of Diamond-Like Films”
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The JINR young scientists contest in condensed matter and nuclear physics with
neutrons:

First Prize:

V.V.Sikolenko. “Neutron Diffraction Studies of the Magnetic Structure of a UPd;Ge;
Compound” :

Second Prize:

Yu.N.Kopach. “Experimental Studies of the Energy Dependence of the Angular
Anisotropy of Fission Fragments from the Resonance Neutron induces Fission of Wy~

V.G.Cherezov. “Proof of the Entropy Contribution to the Intermembrane Interaction”

Encouraging Prize:
N.Kardzhilov. “ Study of Stresses in a Al-Bi-Al Sandwich”
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5. NEUTRON SOURCES

5.1. THE IBR-2 PULSED REACTOR

In 1996, the reactor operated for 2450 hours in 10 cycles for physical experiments.
Detailed information on the operation of the reactor is presented in Tables 1 and 2.

Table
State of the reactor (as of December 1, 1996)
Ne ~ Parameter ‘ |  Value
(from the start of reactor operations) » :
1. | Total operation time for physical experiments, hrs. 31136
2 | Total energy generated, MW/hrs. 59081
3 | PO-2R total operation time, hrs. 5234
(inclusive of operating time during tests)
4 | Maximum fluence on the reactor jacket in the
center of the active core:
(10 n/cm?)
for E, > 0.8 MeV 1.11
for E, > 0.1 MeV 2.58
5 Maximum fuel burning, (%) 4.77
6 | Total number of emergency shutdowns 367
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[BR-2 reactor operation characteristics for 1996 (9 cycles)

Table 2

Voltage | Equipment | Electronic | Personnel | Scheduled
drops break- equipment | errors emergency
(MRS8) | downs break- (MRS5) shutdowns
(MR7) downs
(MR7)
15.01—27.01 241 275 12
12.02—23.02 219 2 1 1 1 12
11.03—22.03 238 27 4 | 2 1 12
01.04—20.04 409 441 3 2 1 12
14.05—25.05 250 287 4 1 3 12
03.06—17.06 301 333 3 2 1 12
14.10—25.10 231 266 4 1 2 1 12
11.11—23.11 244 290 2 1 1 12
02.12—15.12 273 311 3




The fuel-element assemblies (FEA) were successfully reloaded to achieve equal fuel
burning in the succeeding years of reactor operation. Seven central FEAs with maximum
burning, were moved to the periphery of the active zone and two FEAs were taken out of the
reactor for investigations in a specialized laboratory. The current state of the active zome after
reloading the FEAs is illustrated in Fig.1.

central FEAs

- peripheral FEAs

- new FEAs

cassettes-simulators

Fig.1. Cartogram of loading the cassettes into the cells in 1996

The dynamic characteristics of the IBR-2 reactor were studied in connection with the
instability of the reactor operation which was noticed at the end of 1995 in the power range
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1.6 — 1.8 MW and at a coolant flow rate of 90 m’/h. At the power rating of 2 MW, the
operation of the reactor was stable. By increasing the flow of sodium to 100 m%/h, the instability
was removed. The change in the dynamic characteristics is caused by variation of the “fast”
component of the power coefficient of reactivity, which is either a result of the change in
thermal conditions causing the FEAs to bend (reloaded in 1993) or is due to fuel burn-out.

The reactor dynamics were studied following the reloading in 1996. The preliminary
results have shown that in its dynamic parameters, the reactor corresponds to its early stage of
operation and is steady over the whole power range and at a coolant flow rate from 80 to 100
m>/h. Measurements of the IBR-2 dynamic characteristics will be continued in 1997.

The reactor noises were investigated to diagnose the state of the operating reactor and to
study the character of the changes in noises from different transient processes (see Figs.2 and 3).

6
< 4
g
0
0.5 .0 1.5 2.0
Power, MW

Fig.2. Change in the root-mean-square deviations of the energy of power pulses in the low-frequency region of the
spectrum (0.01 - 0.4 Hz) upon increasing the power up to 2 MW and decreasing from 2 MW at the sodium flow
rate in Contour I of 90 and 100 m’/h. These measurements were conducted in 1996 at a pulse repetition frequency
of 5 5. Figures indicate the flow rate of sodium. The oscillations increased with the increase in power over 1 MW
at a frequency of 0.103 Hz (9.7 sec period). The two upper curves were measured with decreasing power.

In 1996, the airtightness of the TVELs (fuel elements) was monitored by the gamma-
activity of gaseous fission products (mainly Xenon-135) in the argon cavity of the expansion
tank of Contour I. The activity was measured at the end of each reactor cycle at a power of 2
MW with a Na(I) scintillation detector. The observed activity of Xenon-135, amounting to an
average of 6000 Bq/l, is caused by surface contamination of the TVELs by plutonium and it
remained constant over the whole period of observations. The results of the measurements in the
reported year are given in Table 3.
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Fig.3. Spectral density of oscillations n the pulse energy at a mean power of 2 MW for different values of the
sodium flow rate in Contour I (80, 90, 100 m’/h). The shaded region indicates the spectrum area which is not
correlated with the vibrations of the movable reflector. One can clearly see the shift of the peaks toward higher
frequencies as the sodium flow increases.

Table 3
Cycle Ne Date Activity of Xe-135 (Bg/l)
8 29.12.95 8300
1 26.01.96 4500
2 23.02.96 6000
3 22.03.96 4800
4 19.04.96 6600
5 26.05.96 5500
6 17.06.96 6200
7 25.10.96 4900
8 22.11.96 7800
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The low and steady level of activity (less than 10 kBq/l) points to the fact that the TVEL
cases are hermetically sealed.

The control of admixtures in the sodium coolant gives additional information on the
airtightness of the TVELs (by the occurrence of nonvolatile fission fragments) and on the
processes of corrosion in the sodium Contour (by the emergence of admixtures of iron, nickel,
chromium, etc.).

The main long-lived activity of the sodium samples from Contour I (after the decay of
sodium-24) is due to sodium-22, which has remained constant at a level of 3—6 kBq/g since
1989. _

The results of the measurement of possible activity in the sodium samples from Contour
I, taken before the summer shutdown on July 17, 1996, are presented in Table 4.

Table 4

Ne Radioactive Nuclide Activity Bq/g

1. Sodium-22 2.7-10°

2. Cesium-137 <1

3. Manganese-54 <1

4. Cobalt-58 <l

5. Cobalt-60 <1

6. Zinc-65 3.0

As can be seen from the Table, the control admixtures of sodium practically have not
been detected at the sensitivity level of the control techniques used. As of the beginning of
1997, the sodium in Contour I is free of fission products and corrosion admixtures.

In 1996, work to construct a cryogenic moderator (CM) for the IBR-2 reactor continued
in accordance with the work schedule. Unfortunately, because of the financial difficulties, the
plant-manufacturer was shut down in November 1996. As of December 30, 1996, the cryogenic
moderator is 50% complete.

In the framework of the IBR-2 modernization project, the “Agreement on Realization of
the Plan for Upgrading the IBR-2 Reactor in 1996-2005” has been drawn up and approved by
the main contractors NIKIET, GSPI, and VNIINM as to the dates and amount of work to be
done. Tables 5 and 6 present schedule of the work for the IBR-2 modernization.

In 1996, in accordance with the Agreement, the following documents were drawn up:

1. technical proposal for IBR-2 modernization, where the basic technical solutions are specified;
2. design specification for the modernization of the PO-3 movable reflector of IBR-2;
3. design specification for the TVELSs.

Contracts for drawing up the technical projects for the modernization of IBR-2 and the
production of TVELs, as well as for working drawings for the PO-3, were concluded.

Unfortunately, deficit financing and delays in funding the IBR-2 modernization project
(about 25% of the plan) resulted in the suspension of work in all areas of the modernization
project.
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Table 5

Qrhadule of wark far the TRR-2 reactor modernization (stage I)

Type of work

1995

1996

1997

1998 | 1999 | 2000 | 2001

IBR-2 operation for physical

| experiments

— design
— manufacture

— assembly

PO-3 movable reflector:
— design
— manufacture

— tests

Main equipment (reactor
jacket, CES, stationary
reflectors, etc.):

— design |

— manufacture

Cryogenic moderator:
— manufacture

— tests

GPP-2 reserve control desk:

— assembly
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Schedule of work for the IBR-2 reactor modernization (stage II)

Table 6

Ne Type of work 2002 2003 2004 2005
1. Unloading the active zone ‘ﬂ
2. Dismantling used equipment l
2.1. | Reactor jacket l e
i -
2.2. | PO-2R '1 !
|
2.3. | Control and emergency i ! l
systems (CES) i !
3. Assembly of the new f i
equipment: i g
3.1. | Reactor jacket g L-—ﬁ
3.2. | PO-3 o e
3.3. | CES ﬂ
4. Physical startup L_T
5. Power startup
6. Operation for physical

experiments

|.m E. ml
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5.2. 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 nuclear physics. The completion date
(physical startup date) is the end of 1997 - the beginning of 1998. The IBR-30 analogous
scheme, i.e., 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 by an order of magnitude at a double
increase in luminosity.

In 1996, because of deficit financing, a considerable delay in fulfilment of the

IREN project has to be noted. Nevertheless,

manufacture of TVELs was started at the MAJAK Industrial Enterprise — the cores
have been made and worked with a high degree of precision from metallic plutonium,
the VNIINM produced 25% of inserts from tungsten diboride;

project of the IBR-30 disassembly has been completed for the most part;

design specification for the LUE-200 equipment complex has been drawn up and
agreed to with GSPI;

progress has been achieved in creating a full-scale stand of the LUE-200 accelerator, —
the M-350 modulator created on the basis of the OLIVIN station has been assembled,
the first signals from the modulator to a load simulator were obtained (July 1996);
further work was suspended because of the shortage of funds on electric energy;

at the LUE-40 accelerator the elements of the beam diagnostics and thermostatic
control systems for the LUE-200 accelerator were tested;

general scheme of the LUE-200 vacuum system and a full-scale stand has been
developed in collaboration with VAKUUM (Prague, Czech Republic); the manufacture
of the vacuum equipment for the electron gun and the LUE-200 stand, which is to be
shipped to FLNP in February 1997 on account of the Czech dues to JINR, has been
agreed to and started;

in the FLNP Design Bureau the drawings of a draft arrangement of LUE-200 including
the first section with a buncher, an intermediate segment and the second section have
been elaborated;

the 6th Session of the Program Advisory Committee on Nuclear Physics recommended

to prolong theme 06-4-0993-94/96 till 1999 and to adjust the work schedule of the
IREN project to the completion date at the end of 1999.
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6. MEASUREMENT AND COMPUTATION COMPLEX

Research within the theme was carried out in full accordance with the project
“Development of the FLNP Information and Computation Complex”.

In 1996, the main efforts of the department’s specialists and financial resources were
directed toward developing the FLNP local computing network (LCN). The network equipment
and software necessary to switch over to data-transfer rates of up to 100 Mbit/s in the main
LCN segments, and primarily in the segment of the IBR-2 experimental setups, were purchased.
A number of X-terminals were bought, in addition to those already available. This will make it
possible to significantly increase the efficiency of the servers and workstations of the SUN-
cluster.

Main work to design, construct, and put into operation the VME measuring systems at
the NERA-PR, HRFD, and NSVR spectrometers has been performed. At the majority of the
spectrometers, standard equipment for regulating the temperature of the samples under study was
put into service. Development of the detector and unified electronics of the data acquisition and
accumulation systems in VME standard for the position-sensitive detectors (PSD) at the YuMO
and DN-2 spectrometers has been completed. At present, the equipment is being constructed and
adjusted. Financial difficulties, however, have seriously reduced the pace of executing work.
Since September 1996, there have been no funds to manufacture multilayer printed circuit
boards, to pay the concluded contracts, and for current expenses. This has automatically resulted
in corresponding delays in the introduction of new developments.

Nevertheless, in 1996, we ensured the steady running of the experiment automation
systems at IBR-2 and IBR-30, and made significant progress in all directions in the creation of
new measuring and control systems for the spectrometers and in the development of the
information and computation infrastructure of the Laboratory.

Detector electronics. In 1996, a large amount of work to create electronic blocks for
PSDs, helium neutron counters, and semiconductor detectors was performed:

. A stand for studying gas PSDs with high-resistance wires was designed and
constructed on the basis of a personal computer. It consists of two spectrometric tracks, two
ADCs, and a KK-009 CAMAC crate-controller. The software that makes it possible to
accumulate amplitude spectra from each ADC and spectra of the sum of two signals (also in
the chosen window), as well as to calculate the position codes and accumulate position
spectra with several values for the maximum number of channels, was developed for the
stand. Work for studying the characteristics of the annular PSD at the YuMO spectrometer
was carried out with this stand, and the starting data to design electronics were obtained. At
present, the design of the charge-sensitive preamplifier and spectrometric amplifier has been
completed and, at the moment, sixteen blocks of this kind are being constructed for eight
wires of the detector. A mechanical construction for mounting the preamplifiers onto the
case of the annular PSD was designed. But because of still unclarified problems with the
detector, we failed to obtain satisfactory amplitude spectra and the required angular
resolution for all wires of the detector. For lack of financing, the contract for the
manufacture of a set of eight two-channel ADCs has not been fulfilled.

. The prototype of the two-channel time-to-digital converter (TDC) using hybrid
microcircuits (“charge-to-time converter”) was constructed for the two-dimensional PSD of
the DN-2 spectrometer, which is based on a multi-wire proportional chamber with a cathode
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delay line readout. The TDC digitizes the time intervals between the formed anode signal

and the cathode signal from the end of the delay line and, in this way, determines neutron

coordinates. This TDC is constructed in the form of a double two-channel device with

ranges of: 500 ns with a scale for 512 channels to determine the x coordinate of the neutron

and 250 ns with a scale for 256 channels to determine the y coordinate. In 1996, using this

equipment, physical measurements with the two-dimensional chamber were conducted on

beam 6 of the IBR-2 reactor. The following results were obtained:

e integral nonlinearity of both TDCs < 0.2%;

e intrinsic resolution over the whole range is 1 channel, i.e., 0.5 mm over the volume of
the chamber;

e conversion time for the x coordinate = 5 pus, and for the y coordinate = 2.5 s.

At present, the standard block of the TDC-2 with the indicated parameters has been
constructed and tested. The TDC-2 block has two data outputs: one to the connector on the
front panel, and one in parallel to the CAMAC bus.

The engineering specifications were prepared for the manufacture of the one-channel
TDC-1 for four ranges of measurement: 50 ns, 100 ns, 512 ns and 1000 ns, for time
measurements with the spectrometers of the Scientific Department of Nuclear Physics.

For the X-ray PSD, the analog processor block from the industrial device RKD-1
was adapted to CAMAC construction and adjusted. The AK-1024 ADC was also constructed
and adjusted. The interface to connect it to the VME crate is presently being designed.

The detector equipment of the NERA-PR spectrometer, which includes 50 channels
of electronics for picking up signals from the helium neutron counters, and the NIM-TTL
converter blocks with a light diode display, have been put into operation. Each channel
contains a charge-sensitive preamplifier, an amplifier with active signal shaping, a
comparator, and a NIM driver.

Thirty similar detectors equipped with electronics have been adjusted for the SKAT
setup.

The prototype of the 8-channel preamplifier for the 128-component detector system
of the DN-12 spectrometer has been designed, constructed, and tested. The characteristics of
the detector were measured with a neutron source. Using the results of the measurement, the
detector electronics for DN-12 were constructed and tested on the stand with a neutron
source. ,

Work to modernize the detector electronics of the ROMASHKA setup has been
performed.

Ten preamplifiers for the Si-detectors of the setup with polarized nuclei have been
designed and are being constructed.

Work to adjust the electronics of the anti-Compton spectrometer is in progress. The
electronics for the 16-channel neutron detector of the UGRA setup are being designed and
constructed.

The prototypes of new ADCs (two types) with 1024 and 4096 channels have been
constructed. The main characteristics have been measured and the engineering specifications
for production samples are being drawn up.

Data acquisition and accumulation systems. The architecture of the unified systems in

VME standard for acquiring and accumulating data from the IBR-2 spectrometers has been
developed. These systems are based on a limited but functionally complete set of identical (from
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the viewpoint of hardware) blocks used for registering and accumulating data, which realize
distinctions in parameters and in the correction and preliminary data processing procedures, that
are specific to each spectrometer. This is accomplished by means of microprograms, electronic
tables, etc. '

For any spectrometer, the data acquisition and accumulation system has four basic blocks.

Interface block: intended to receive data from PSDs, add the neutron time-of-flight code
to the position code, synchronize read/write processes, and provide intermediate data storage in
the FIFO memory and further data transfer to the processor block, etc.

" Block for encoding the point detector number: writes the detector number by parallel
position codes into the intermediate FIFO memory, followed by determination of the binary code
of the detector using the priority encoder.

Processor block: calculates position codes (using ADC codes from both ends of the high-
resistance wires of the annular detectors), corrects for the geometric location of the detectors,
forms addresses for the histogram memory, executes control over VETO signals, and counts the
number of pulses from monitor detectors, etc. This block is based on the high performance
TMS320C40 signal processor with a large address space (32 bits), floating-point arithmetic
(execution time is 40 ns), six communication ports with a data-transfer rate of 20 Mbytes/s, two
internal buffers with dual-port access, two independent buses to connect the external memory,
and so on. The processor block includes two buffers with a capacity of 1 Mbyte which store all
of the data from the spectrometer detectors from one cycle of the reactor. Thus, for example, the
data in the current reactor cycle are written to buffer 1, while the data from the previous cycle
are copied from buffer 2 to the DSP internal memory for computations and for transferring the
processed data to the histogram memory. In this case, the processor is not involved in data
input/output; these operations are executed via communication ports and built-in DMA co-
processors. In the processor block, the function of encoding the neutron time-of-flight (the
number of channels to 64 K and the number of time scales to 4; the channel width is entered in
table form and can be chosen for any scale from 50 ns to 128 ps, graduated in 50 ns) is
realized. '

Histogram memory: has a two-port configuration to provide access for both the processor
block and the VME bus. The storage capacity can be increased from 2 Mbytes (which is
sufficient for the majority of spectrometers) to 64 Mbytes (this volume is necessary for DN-2)
by building in additional memory chips or by using several blocks. Both the address space and
memory depth (up to 32 bits) can be enhanced. The memory has an embedded program-
adjustable table for page addressing. The memory access time is not more than 500 ns, the
modes of operation are: +1 to the content of the memory cell or +1 to the current address.

The following work has been carried out at the IBR-2 spectrometers:

. In the reported year, at the NSVR spectrometer, the VME-standard data acquisition
system was in successful operation. Work to develop this system, specifically in the
framework of the EPSILON and SKAT projects, has been performed.

. The equipment and software for the data acquisition and accumulation system in
VME standard has been put into service at the NERA-PR spectrometer.
. At the HRFD spectrometer, the equipping of the VME-system has been completed.

The subsystem for registering low-resolution spectra (including the TCC-6 time-to-code
converter, histogram memory with a capacity of 2 Mbyte, block for encoding the detector
number with 16 inputs, software, etc.), has been fully adjusted. Four DSPTMS320C51-based
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RTOF-analyzers were constructed and adjusted, and tests for accumulating high-resolution
spectra were conducted. In the near future, the system will be put into operation.

. Equipment in VME standard has been designed and constructed for the SAX X-ray
diffractometer. In October 1996, the system was turned over to the programmers to adjust
the software. The multi-parameter measuring system for the ijonization chamber with two
grids, used in experiments at IBR-30, was adjusted and put into operation.

Sample environment control systems. The control equipment of the step motors for
goniometers, neutron scanners, shutters, devices for changing samples, etc., is an important part
of the above-mentioned VME-systems at the NSVR, NERA-PR and HRFD spectrometers. This
equipment is based on the developed unified power amplifier blocks and standard input/output
registers. :

The system for acquiring analog parameters for different types of sensors has been
developed and tested.

The prototype of the block for controlling the neutron choppers, which is based on the
K1816 BE31 microprocessor controller, was constructed. The microprograms for the controller
and the service software for the PC of the operating personnel were written. At present, tests on
the beam are nearing compietion and the preparations for the manufacturing of these blocks for
all choppers are being made.

The Euroterm standard temperature regulators were put into operation at the YuMO,
SPN, DIN-2, and DN-2 spectrometers. The low-level software to connect the Euroterm
regulators to the PCs and VME-based equipment was designed. At a number of spectrometers,
these temperature regulators have been mounted and are ready for operation. The delays are
caused by the acute shortage of programmers.

The system for correlation analysis of the power pulses of the IBR-2 reactor and for
measuring the vibrations of the movable reflector has been completed. Work to create a system
for monitoring the power pulses of the reactor and the condition of the shutters has been
performed. The operation of this system is being tested.

Software for data accumulation and control systems of the spectrometers. The PC
software for a number of spectrometers has been upgraded.

The low-level software was designed for the VME system at the NERA-PR spectrometer.
It comprises modules for the motor control equipment, for exercising control over the data
accumulation system, the parameters of the spectrometer and the devices for controlling and
maintaining a constant temperature at the samples (Euroterm-902/906, LTC-60). These programs
make it possible to control the experiment in interactive and automatic modes. The automatic
mode is realized by creating a command file and executing it by the standard interpreter of the
0S-9 — Shell operating system.

At the HRFD spectrometer, the low-level software for the equipment for accumulating
low-resolution spectra and equipment for controlling the motors of the mechanical units of the
diffractometer was designed for the VME-based system.

The software of the NSVR spectrometer has been considerably developed and upgraded.

The prototype of the unified control system for the spectrometers was developed for the
VME-based systems under the OS-9 real-time operating system. This makes it possible to
configure the control software of a specific spectrometer from the set of control and interface
modules realized according to certain rules. The program manager plays a key role in this
software. It provides the connection between the interface and control modules by means of the
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Sockets mechanism using TCP/IP protocol, synchronizes access to the control modules, controls
the state of the elements of the spectrometer, and checks the access to them for correctness. It
also controls the user’s nghts to operate the system, manages the system conflgurauon (inclusion
or exclusion of spectrometer devices from the working configuration), and provides information
on the state of the system as a whole and specific devices or subsystems. .

The developed technique for programming the control modules allows one to use the
same modules for the control systems of different spectrometers without making any changes,
but only adjusting them to the specific configuration and parameters of the devices and
subsystems. The new modules design does not require that the modules written previously be
changed. The software as designed enables one to use the modules in both interactive and
automatic modes. For this purpose, we use standard solutions accepted by the UNIX and OS-9
operating systems that make the realized solutions compatible with other platforms and operating
systems, since the software is available in all modern operating systems.

The interface program modules are realized on the SUN SPARCStation 2 (20) and make
it possible to control the system in interactive mode. They also can be used as commands to
design the interpreted program for measurements in automatic mode. In the future, this new
software will allow us to realize a graphic user interface on SUN SPARCStation. The TCL/TK
package is to be used for this purpose.

Development of the SUN-cluster and network infrastructure. In the reported year, work
to install, support, and service the hardware and software of PCs and workstations was carried
out. In particular, the system software was reinstalled or corrected on more than 80 PCs. Disks
where defects were detected were excluded from the SUN-cluster configuration and new disks
with larger capacities were included by correcting the system configuration on the SUN stations
accordingly.

Six X-terminals were adjusted and integrated into the SUN-cluster. A number of them
were not only integrated into the local network, but were also put into service as the console
terminals of VME-systems. The system programs of the SUN-cluster were modernized or
corrected to provide better protection of the system against unsanctioned access, as well as new
versions of a number of program products (MAKE, GHOSTSCRIPT, EMACS, TCK/TK,
PEARL, etc.) were installed. The software for the network printers was upgraded on the basis of
the experience gained during a year of service. The software supporting the terminal mode and
the mode of IP connection via the PPP protocol was designed to obtain remote access to the
SUN-cluster machines via modems.

New commercial software packages (PV-WAVE v.6.04, POWERVIEW, XILINX) were
installed on the SUN-cluster machines and software support of the above-mentioned products is
being provided. For the PV-WAVE package, freely distributed additional libraries were installed.
These libraries make it possible to save images created by PV-WAVE as files in the standard
graphic formats (specifically, GIF), which can be used to create files in the HTML format for
the Web.

On the basis of the PV-WAVE package, software to access, visualize, and treat neutron
spectra accumulated at different spectrometers of the IBR-2 reactor was developed. In particular,
software to import neutron spectra was designed for 14 spectrometers. In addition, a general data
format for neutron spectra was developed, which also includes the parameters saved along with
the spectra by the different data acquisition programs running at these spectrometers. The
parameters are divided into two groups: the so-called spectrum parameters (used directly in the
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treatment of spectra) and the comments to the spectra (an extendible set of text parameters).
Also among the component parts of this format are the spectrum statistic errors and the current
accumulation of X-coordinates, which can assume the values of time-of-flight channels,
wavelengths, transfer momenta, etc. While importing spectra from any of the 14 spectrometers
into the PV-WAVE package medium, the data structure is formed in accordance with the
developed data format, which is transparent to treatment procedures and can be saved on disk
(and read out later) when exporting data in the general format. The proposed data format can be
considered as an intermediate between the formats available at the IBR-2 spectrometers and the
HADES (NEXAS) international neutron data format under discussion at the present time. The
developed set of 24 procedures for treating spectra includes arithmetic and special operations,
specifically, the conversion of spectra to different coordinate systems. Each operation is
accompanied by a recalculation of the statistical errors for the resulting spectrum.

The designed software is available to any user of the FLNP SUN-cluster via the graphic
user interface of PV-WAVE Point&Click 2.20 and the command interface of PV-WAVE
Advantage 5.5 and 6.0. Short illustrated userguides for the packages of the PV-WAVE family
and the developed software are available on the Web at:

http:/nfdfn.jinr.ru/flnph/pv/pv_info.html.

The information system on the activity of the Laboratory, as well as the means of
presenting information materials on Web, were also further developed.

The channels of the IBR-30 reactor (IREN) and the spectrometers of the Scientific
Department of Nuclear Physics were connected to the Ethernet network. The project to change
the FLNP “backbone” network over to the Fast Ethernet standard with data-transfer rates of up
to 100 Mbit/s was worked out. Based on the purchased network commutators CISCO 5000 and
CISCO 2800, as well as the network adapters (10/100 Mbit/s) for SUN-type machines, work to
switch over the “backbone” and servers to the Fast Ethernet standard has begun. The completion
of the first stage of this work will significantly improve the intra-laboratory traffic and decrease
the response time of computers of the Laboratory SUN-cluster.

It should also be noted that traffic to LCTA and on to the outside world will remain as
before because the project to switch the JINR “backbone” over to the ATM standard was not
financed in 1996.
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7.1. STRUCTURE OF LABORATORY AND SCIENTIFIC DEPARTMENTS

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

nical
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

Scientific Departments and Sectors
Condensed matter department
Head: A.M.Balagurov
Nuclear physics department
Head: V.N.Shvetsov
Department of electronics, computers and networks
Head: V.I.Prikhodko
Department of IREN
Head: A.K.Krasnykh
Activation analysis and radiation research sector
Head: V.A.Sarin
Applied research sector
Head: V.I.Luschikov

Administrative Services
Deputy Director: S.V.Kozenkov
Secretariat
Finances
Personnel

Scientific S G
Translation
Graphics
Photography
Artwork

127



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 A.Yu.Muzychka
Group No.10 EG-5 A.P.Kobzev
Group No.11 Automatization E.S.Kuzmin

THE NUCLEAR PHYSICS DEPARTMENT

Sub-Division Title Head
Group No.l 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-deéay 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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7.2. 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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7.3. CONFERENCES AND MEETINGS

In 1996, FLNP organized the following meetings:

30

IV International Seminar on Interaction of Neutrons with | April 27-30. Dubna
Nuclei (ISINN-4)
International Seminar on Relaxor Ferroelectrics May 21-23 Dubna
International Seminar "Polarized Neutrons in Condensed |June 18-20 Dubna
Matter Investigations
IV Russian-French Seminar on the Application of June 24 - July 2 | Novosibirsk-
Neutron and Synchrotron Radiation for Condensed Irkutsk
Matter Investigations
In 1997, FLNP will organize 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 Wbrkshop 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,
7.4. COOPERATION
List of Visitors from Non-Member States of JINR in 1996
Name Organization Country Dates
| K.Walther FRZ, Rossendorf Germany 10/01-16/02
- o Lo - Switzerland 18/01-27/01
H.Barthel Wacker-Chemie GmbH, Germany 22/01-26/01
Burghausen
P.Spalthoff TU Clausthal Germany 29/01-16/02
J.-H.Schreiber Ins. f. zerstoerungsfr. Pruef., |Germany 07/02-22/02
Dresden
H.-G.Brokmeier TU Clausthal Germany 07/02-09/02
S.Haile University of Washington, USA 10/03-22/03
Seattle




V.Passiouk ILL, Grenoble France 11/03-22/03
H.J.Lauter ILL, Grenoble France 15/03-22/03
K.Walther FRZ, Rossendorf Germany 22/03-26/04
T.Gutberlet University, Leipzig Germany 31/03-04/04
M.Rudalics University, Linz Austria 28/03-28/04
B.Meftah CRN, Draria Algeria 01/04-30/04
M.Azzoune CRN, Draria Algeria 01/04-30/04
M.Hempel Ins. f. zerstoerungsfr. Pruef., |Germany 09/04-21/04
Dresden
J.-H.Schreiber Ins. f. zerstoerungsfr. Pruef., |Germany 11/04-14/04
Dresden
J.Kalus University, Bayreuth ‘Germany 13/04-17/04
M.-G.Roetlein University, Bayreuth Germany 13/04-17/04
H.J.Lauter ILL, Grenoble France 17/04-19/04
D.Reefman NPB, Eindhoven The Netherlands 11/05-17/05
M.L.Mestres Vila University of Barcelona Spain 12/05-24/05
K.Walther FRZ, Rossendorf Germany 14/05-24/05
J.-H.Schreiber Ins. f. zerstoerungsfr. Pruef., |Germany 19/05-27/05
Dresden .
H.J.Lauter ILL, Grenoble France 04/06-14/06
V. Passiouk ILL, Grenoble France 04/06-14/06
0.Schaerph ILL, Grenoble France 17/06-23/06
E.Steinnes University of Trondheim Norway 13/06-17/06
K.Rahn Univ. of Rhode Island USA 18/06-25/06
H.-W.Schaeben TU, Aachen Germany 07/07-19/07
O.Verdie Ecole Centrale France 22/07-24/07
Mohamed Mounir Cairo University Egypt 15/08-12/09
Saad El-Din

Jonghwa Chang

AERI, Seoul

South Korea

18/08-21/08

Guinyun Kim

Pohang Univ. of Science and
Tech.

South Korea

18/08-21/08

D.D.Surmeli University, Magdeburg Germany 18/08-25/08
E.Steiness Trondheim University Norway 11/09-15/09
i PLEVSOUND Ltd., London |UK 17/09-18/09
D.Schmidt TU, Claustahl Germany 13/10-30/10
T.Bhatia LANL, Los Alamos USA 24/10-25/10
M.Betzl FRZ, Rossendorf Germany 04/11-15/11
W.Boede FRZ Rossendorf 04/11-15/11
P.Reichel FRZ, Rossendorf Germany 04/11-15/11
K.Walther FRZ, Rossendorf 04/11-15/11
T.Gutberlet University, Leipzig Germany 10/11-17/11
J.-H.Schreiber Ins. f. zerstoerungsfr. Pruef., |Germany 11/11-21/11

Dresden
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S.Skirl TU, Darmstadt Germany 11/11-21/11
C.Muench University, Bayreuth Germany 11/11-22/11
P.Spalthoff TU, Clausthal Germany 11/11-30/11
H.-G.Brockmeier TU, Clausthal Germany 12/11-17/11
M.A.Al NRC-AEA, Cairo Egypt 14/11-14/02/97
M.R.El-Asser NRC-AEA, Cairo Egypt 14/11-04/12
K.Walther FRZ, Rossendorf Germany 25/11-05/12
C.Scheffzuek GeoFRZ, Potsdam Germany 25/11-10/12
H.Barthel Wacker-Chemie GmbH, Germany 27/11-01/12
Burghausen

7.5. 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 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 1996, the teaching process at UC continued successfully. Ten students who had their
UC training course at FLNP were employed by JINR or other scientific centers in Russia.

The Condensed Matter Physics Chair gave graduation certificates to its fourth group of
students in the reported year. This group had 9 students, making the total number of students
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who have graduated from the Chair, 39. Two 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.

7.6. PERSONNEL

Distribution of the Main Staff Personnel per Department as of 31.12.96

Departments Permanent personnel Contracts Trai-
nees
S. |E. &T. St. S. |E.&T| St
Nuclear Physics Department 1 345 7 5.5 5
Personnel of the Directorate 15 1
Condensed Matter Physics Department 2 1 39.5 8 6 2
Personnel of the Directorate 23 2
Physical and Technical Research Sector 5 2 2 1
Activation Analysis Sector 2 5 3
Personnel of the Directorate 5 1
Department of Electronics, Computers 17 25 9
and Networks
Personnel of the Directorate 1
IREN Department 4 3 5 3
Personnel of the Directorate 2 |
Nuclear Safety Sector 6 1 1
IBR-30 Department 17 3
IBR-2 Department 40 7
Technical services: _
Mechanical and Technical Department 12 | 48
Electric and Technical Department 1 2 11 22 -
Personnel of the Directorate 1
Central Experimental Workshops, 5 6 31
Design Bureau, 3 8
Tool and Cleaning Services 7 1
Management Services 1 17 8
Personnel of the Directorate 1
41 (7.8%) 483.5 (92.2%)

Total

524.5 (100%)

Comment: S. - Scientists, E. & T - Engineers & Technicians, St. - Staff.
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Personnel of the Directorate as of 31.12.96

Country People
Azerbaijan 3
Armenia
Bulgaria
Germany
Georgia
KPDR
Kazakhstan
Mongolia
Poland
Romania
Russia
Slovakia
Ukraine
United States
Vietnam

VO N = NN W =

—
w

[\ e

7.7. FINANCE
Financing of the FLNP Scientific Research Plan in 1996

No. Theme Financing plan, Expenditures In % of FLNP
$ th. for 12 months, $ th. budget
I |Condensed matter physics 37319 3169.9 84
-0864- 2002.9 2020.2 100
-0851- 1242.1 600.7 48
-1012- 399.5 437.9 109
- -0975- 87.4 111.1 127
II |Neutron nuclear physics 1034.1 1199.0 115
-0974- 548.8 598.1 109
-0993- 485.3 600.9 123
III |Elementary particle physics
-1007- 5.6 13.2 235
IV |Relativistic nuclear physics
-1008- 38.1 13.7 36
V |TOTAL: 4809.7 4395.8 91

The part of the JINR budget assigned to FLNP (%)

Year Plan Fact
1992 21.70 13.30
1993 16.70 14.70 .
1994 16.80 13.00
1995 19.01 18.20
1996 19.9 18.7
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Celebration of the 40th anniversary of JINR: Director of the Frank
Laboratory of Neutron Physics V.L.Aksenov (right) and Director of
the Flerov Laboratory of Nuclear Reactions Yu.Ts.Oganessian (left)
presented with the Officer’s cross, the order of merit of Poland.

FLNP Deputy Directors W.I.Furman (left) and A.V.Belushkin (right).



Prof. G.Bauer prepares for the neutron scattering experiment.

G.Bokuchava and V.Sikolenko adjust the sample on the HRFD diffractometer.
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Prof. V.Somenkov demonstrates the high pressure cells for the DN-12 spectrometer.



Prof. J.Schreiber and G.Bokuchava adjust the loading machine.



G.Nekhaev installs the container for ultracold neutron.
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The performance of the FLNP amateur theater devoted to the 40th anniversary of JINR.

The scenario and direction by L.K.Kulkin.
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