PREFACE

This is to introduce readers to the scientific activity report for 2001 of the Frank Laboratory
of Neutron Physics.

The first part of the report presents the results achieved in the main scientific directions:
condensed matter physics and neutron nuclear physics. It also includes the description of the results
of work in the field of neutron sources and their state of the art. The report completes with brief
reports on individual experiments and the list of publications for 2001.

In 2001 the IBR-2 reactor operated, as planned, 8 cycles in strict accordance with the approved
working schedule.

Under the approved plan the IBR-30-LUE-40 booster was shut down in June 2001. The new
source of resonance neutrons IREN will start operations at its sight in the nearest years.

In 2001 at FLNP neutron sources the program of physical calibration of the high-energy neutron
detector HEND created in IKI RAS was executed with participation of FLNP JINR. The instrument
entering the complex of research equipment on board the space apparatus Mars Odyssey 2001
started measurements of the neutron fields of Mars in February 2002.

On the neutron Fourier diffractometer FSD, the new ZnS(Ag) scintillator-based detector was put
into operation. The working project of a wide-aperture scintillation detector of the new type to be
assembled next year has been developed.

The data pointing to the existence of time-reversible superconductivity in Fe/V bilayers

were obtained with the spectrometer SPN.

A.V.Belushkin
Director

30 March 2002



1. SCIENTIFIC RESEARCH

1.1. CONDENSED MATTER PHYSICS

Organization of research work. In 2001 under theme 1031, neutron scattering
investigations in condensed matter physics were mainly conducted at the IBR-2 reactor. Physicists
of the Division carried out a number of experiments in neutron laboratories of Europe (ILL, RAL,
PSI, BNC) under accepted proposals and with the electrostatic generator EG-5 and the X-ray
diffractometer DRON in FLNP.

During the reported year IBR-2 operated 8 cycles for physical research. The IBR-2
spectrometers time was distributed in accordance with experts recommendations on the submitted
proposals and existing long-term agreements. In 2001 the following 10 spectrometers were in the
spectrometer user list: HRFD, DN-2, DN-12, SKAT, YuMO, SPN, REFLEX-P, KDSOG, NERA
and DIN.

Instruments development. On the neutron Fourier diffractometer FSD for internal stress
investigations in materials and engineering products, work on the detector system continued. By the
end of the year measurements with its prototype consisting of two elements of ZnS(Ag)-screen-
based +90°-detectors and a Li-glass-based back-scattering detector had been conducted. In 2001 a
working project for wide-aperture scintillation detectors of the new type was developed (Fig.1) and
its realization started. The first elements of the new +90°-detector will be ready by the summer
2002.

Fig. 1. A general view of the £90-detectors of the diffractometer FSD made on the basis of ZnS(Ag)-
scintillators.



On the spectrometer DN-12, a high-pressure cell of the toroidal type with tungsten carbide
anvils made by IHPP (Troitsk) was successfully adapted. In 2001 there were thus created the
following possibilities for conducting DN-12 experiments at high pressures. The spectrometer has a
set of high-pressure cells with artificial sapphire and tungsten carbide anvils to provide pressure up
to 10 GPa over the temperature range 15 to 300 K. The available d-spacing range is 0.5 — 12 A at
resolution Ad/d~0.015. In spectroscopic experiments a cooled beryllium filter in inverted geometry
providing the analyzed energy E=4.2 meV, available energy transfer range 5 — 200 meV and the
resolution AE/E~0.1 and a pyrolytic graphite analyzer providing the analyzed energy E=14.9 meV,
available energy transfer range 0 — 50 meV and the resolution AE/E~0.05 are used.

The next modernization stage of the small-angle spectrometer YuMO completed. A system
for scattered neutron registration consisting of two ring detectors, the parameters of one being much
improved, was put into regular operation. The vanadium reference unit for the determination of
absolute cross section values is completely renewed. These, together with some other
improvements, have increased the data accumulation rate 2 times, extended the momentum transfer
dynamic range to 80 (about a 2 times increase) and dropped a low limit of available scattering
vectors to 5-10° A™ (for strong scattering samples) and to 6:10° A™ (for medium scattering
samples).

On SPN, the new head part containing the new polarization and collimation units was
installed. We managed to create vacuum and conducted radiation situation monitoring. In January
2002 investigations of the spectrometer — measurements of the neutron beam and head part
parameters, will start. On completion of the SPN project it will be possible to conduct experiments
in two small-angle modes: to study voluminous samples (magnetics, superconductors) and layered
structures.

An exclusively large volume of work to modernize the detector system was performed on
the diffractometer EPSILON. Now the system includes 9 detector blocks with multi-slit radial
collimators in front of each. The detectors are arranged on a ring at 26=90°, which allows an
optimal combination of high luminosity and resolution. Compared with a previous variant of
EPSILON the luminosity increased about 20 times.

On the diffractometer SKAT, the new system of collimators with an angular dispersion of
45" was tested in 2001. A three times gain in the integral intensity of diffraction peaks compared
with previous collimators (18') was observed. At the same time, its relative resolution only
decreased by ~25%. To extend the possibilities of rock texture studies, it is decided to restore the
diffractormeter NSVR.

A technique for simultaneous in-beam measurements of elastic, deformation, structural and
texture characteristics of geo-materials at temperatures up to 600°C and single-axis compression to
10 kbar was developed in co-operation with THPP. As a result, on SKAT and EPSILON it has
become possible to carry out long-time experiments simulating geo-dynamic effects registering
continuously changes in the physical and structure-texture properties of rock samples in the process
of their deformation at high temperature and long-term single-axis loads.

The detector system of the KDSOG spectrometer was modernized. The mechanical elements
of the detector, helium counters and electronic blocks were manufactured. A complete set of
equipment of the modernized spectrometer is assembled and tuned on the spectrometer. The
conducted experiments showed that an increased registration efficiency of the scattered neutrons
resulted in a two times growth of the spectrometer’s luminosity. Also, the sensitivity of the
spectrometer (signal to background ratio) increased, which is important for the study of the
dynamics of atoms in small or weakly scattering samples.

As far back as the late 1970’s FLNP mastered the manufacturing of mirror neutron-guides
with which some of IBR-2 beams were equipped. They helped increase considerably the thermal
neutron flux on the sample and reduce the fast neutron background. In the mid 1980’s the
production of mirror-guides in FLNP was suspended due to objective reasons and the new IBR-2
spectrometers are equipped with neutron-guides produced by other organizations, first of all by
PNPI (Gatchina). The demand for mirror-neutron guides is, however, so high that it was decided to



restore the FLNP line for cutting and spray-coating of neutron-guide mirrors. In 2001 the first stage
of the restoration of the vacuum spray-coating facility completed and test coating with natural Ni of
a float glass measuring 210 by 80 mm was carried out successfully.

Methodological work on the improvement of the parameters, experimental and primary data
procession conditions continued on virtually all the IBR-2 spectrometers. For example, on the
diffractometer HRFD control of the low temperature regulator DRC-91C was realized, the system
for the accumulationu of high resolution spectra under VME control was improved and some
additional functions and possibilities were introduced.

To widen the possibilities of neutron diffraction spectra processing, the program VMRIA
was created on the basis of the MRIA packet. It includes Rietveld analysis of spectra from
polycrystals, automated three-dimensional Fourier-synthesis, auto-indexing of diffraction reflexes
and other necessary options.

Scientific results. Diffraction. The crystalline and magnetic structures of the new complex
layered manganese oxides A,MnGaOs. (A=Sr, Ca) synthesized in E.V.Antipov’s laboratory of the
Chemical Faculty in M.V.Lomonosov Moscow State University were studied. Their crystalline
structure, which is a derivative of the perovskite structure, belongs to the brounmillerite type and
consists of alternating (CaO), (MnQO), (CaO) and (GaO) or (GaO,+) layers. Unlike wide-known
Ruddlesden-Popper (RP) phases, in A;MnGaOs. three cation-oxygen layers separate MnO, layers
(in RP — two). As a result, the mean distance between manganese atoms in the plane (a,c) is usual
for manganites (=3.8 A) but the distance in the perpendicular direction is about 8 A and
manifestations of two-dimensional (2D) magnetism may be expected.

In 2001, main attention concentrated on the compounds Sr,MnGaOs, and Sr,MnGaOs s. It
is established that at 0~0 (+3 state of Mn) the structure is orthorhombically distorted (space group
Ima2) and the size of the cell is about ap\/2 in the plane and about 44, in the perpendicular direction,
where a,~3.8 A is the parameter of the cubic perovskite cell. If $~0.5 (all Mn in state +4), the
crystalline symmetry becomes tetragonal (P4/mmm). In spite of the anisotropy of the distances
between Mn both compounds demonstrate a three-dimensional (3D) behavior of the magnetic
structure. At the same time, in compounds with 6=0 the magnetic moments of manganese are
ordered antiferromagnetically at 7<7x~180 K, while in the oxidized state (6~0.5) the AFM order
retains in the plane MnO; but changes to the ferromagnetic order in the perpendicular direction
(Tn=100 K). To interpret such an unusual behavior of the magnetic structure, a detail analysis of
possible indirect interactions between Mn atoms needs to be carried out.

Another manganite investigated in the last two years is (Nd;Sryx)(Mn; xRux)Os. The idea of
synthesizing such a compound consists of simultanecous and agreed doping of both A- and B-
sublattices, which makes it possible to weaken or even exclude completely the double exchange
mechanism (DE-mechanism) proposed as far back as the 1950°s and since then, has been
considered as a basis for the explanation of the metallic state of manganites as the ferromagnetic
order arises in them. From this viewpoint, an interesting element to replace Mn in the B-sublattice is
Ru as soon as partial overlapping of its 4d orbital with oxygen is similar to the interaction of the 3d
orbital of manganese with oxygen. In addition, a less localization degree of 4d electrons in Ru than
of 3d electrons in Mn must be favorable for the arising of metallic state. Another interesting aspect
of the doping of manganites with ruthenium is the possibility of varying its oxidation degree as the
states +3, +4, +5 can be obtained by different temperature processing of the compound in the air.
Single-phase samples of the compounds (Nd;«Sry)(Mn;xRuy)Os5 with x=0.25, 0.5 and 0.75 were
successfully synthesized in A.P.Kauli’s laboratory of the Chemical Faculty in MSU. They were
comprehensively characterized and studied by means of electric and magnetic measurements. To
obtain information about the crystalline and magnetic structure of the samples, neutron diffraction
experiments were conducted. It is shown that introducing equal amounts of Sr and Ru into the A-
and B-sublattices results in stabilization of the ferromagnetic state (Fig. 2) but it does not suppress
transition to metallic state (for details see Experimental reports).
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Fig. 2. The dependence of the Mn ordered magnetic momentum on the temperature for the
compounds (NdysSro.s)(MnosRups5)Os (®) and (Ndy 755r.25)(Mng.75Ru925)O;3 (A). In the compound
(Ndy.75870.25) (Mng,75Ru.25) O3 there also takes place the ordering of Nd at temperatures below 50 K.
The dash line marks the temperatures of ferromagnetic phase transitions.

On DN-12, systematic investigations of the effect of high pressure on the atomic and
magnetic structure of manganites started. As model compositions to be experimentally studied there
was chosen Lag¢7Cap33MnOs, that has a transition to the FM phase with a simultaneous transition
from metallic to dielectric state at normal pressure, and PrysNag,MnO3; with single-valence cation
replacement in the A-sublattice. In Lag¢7Cag33MnO; there was observed a transition from
ferromagnetic to antiferromagnetic state at a pressure of 4 GPa with decreasing temperature (Fig.3)
and in PrygNay,MnO; there was discovered a change in the type of the antiferromagnetic structure
with growing pressure.
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Fig. 3. A change in the diffraction spectrum of Lays7Cag 33:MnQO;s at 4 GPa due to transition of the
structure from ferromagnetic to antiferromagnetic state.



Magnetic phase transitions in manganese compounds — MnAs, Mn,Sb, were investigated. In
MnAs at the pressure P=4 GPa and the temperature below 80 K we have observed a magnetic phase
transition to an earlier unknown phase. The atomic and magnetic structure of the high-pressure
phase is determined. In Mn,Sb at P=2.8 GPa and room temperature a spin-reorientation magnetic
phase transition resulting in a deviation of Mn magnetic moments from the axis ¢ of the tetragonal
structure is observed.

Polarized neutrons and neutron optics. The fundamental issues of the physics of
superconductors, namely the conditions of coexistence of superconducting and ferromagnetic states,
were studied with the SPN spectrometer by the method of neutron reflection of Fe/V bilayers.
Superconducting profiles of the reflection coefficient were measured. The experiment was
conducted at temperatures above and below T=5 K which is a critical temperature of
superconducting transition for voluminous vanadium. The obtained results point to the existence of
the superconducting state at some temperature above the critical or the existence of temperature-
reversal superconductivity. This is a new observation in the case of bilayer systems and it is
necessary to be verified.
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Fig. 4. The magnetization of the iron layer in the periodic structure Fe(m)/V(n) as a function of the
parameter p=m-+n, where m and n are the number of Fe- and V-layers, respectively.

This very Fe/V-structure is also used in experiments aimed at uncovering the reason for a
decrease of the magnetic layer magnetization as its thickness increases, changes in magnetization
over the thickness of the ferromagnetic layer and disagreement between the data on the local field
on the iron nucleus and magnetization values. To this end, neutron reflection coefficients from the
periodic structure Fe(m)/V(n) were measured for the different number of monolayers m and n. The
experimental data confirmed by appropriate theoretical calculations show that the magnetization of
the iron layer in the periodic structure Fe(m)/V(n) decreases with decreasing mean thickness of the
layer d(A)=1.45x(m+n)/2 (Fig. 4). For particular structures, such as Fe(5)/V(5), Fe(10)/V(5),



Fe(7)/V(10) and Fe(20)/V(14) characterized by the parameter d=7.25, 10.9, 12.3 and 24.7 A, the
mean magnetization of iron is 2.5, 4.0, 7.5 and 21.0 xOe, respectively. In addition, it has been
established that magnetization changes over the thickness of the Fe/V bilayer, which definitely
indicates that there occurs interpenetration of atoms in the neighboring layers.

The interaction between neutron radiation and an ultrasonic wave-excited structure has been
investigated. For this purpose, measurements of the neutron reflection coefficient as a function the
transferred momentum at total reflection from glass, diffractive reflection from a layered Fe/Cr
structure, neutron wave field enhancement in the wave resonator and at neutron wave channeling in
a titanium layer were conducted. The measurements were carried out with longitudinal and
transversal sonic waves. It is obtained that in the case of transversal waves, the reflection
probability is 5 times larger than in the case of longitudinal waves. This possibly points to the fact
that in the case of longitudinal waves, the reflection of neutrons is from the nodes of the standing
sonic wave. The phenomenon of a sound-stimulated transition of neutrons from one to another
channeling mode is observed. The probability of such transition depends on the roughness of the
interface, which can be used to increase the sensitivity of determination of parameters
characterizing the interface (correlation length, mean square amplitude).

Formation of interphases and surfaces with self-recovering polymer multilayers was studied
by registering two-dimensional distributions at specular and off-specular neutron reflection. To do
this, multilayers of symmetric polystyrene-polybutylmetacrylate two-block copolymers P(dS-b-
nBMA) were used. Modeling of the obtained results shows that main peculiarities observed at oft-
specular neutron reflection arise due to randomly distributed islands and holes in lamelar films and
interphase structure (Fig.5). Estimation of the geometrical parameters of islands, holes and
interphase fluctuations was performed.

Fig. 5. The coefficient of neutron off-specular reflection from multilayers of symmetric polystyrene-
polybutylmetacrylate two-block copolymers P(dS-b-nBMA).

Neutron wave channelling experiments continued with the aim to develop a new sensitive
method for interphase investigations. To verify basic assumptions of the existence of the wave
distribution of neutrons in the layer thickness of several thousand angstroms, different thickness
layered structures were produced and measured on the spectrometers of polarized neutrons in FLNP



and Laue-Langevin Institute (Grenoble, France). The intensity dependence of neutrons emitted from
a titanium layer 3000 A thick was obtained and the channeling length was measured to be 10 mm.
The conclusion is that the channeling length does not only depend on neutron capture in titanium
but also on scattering on copper-titanium interphase roughnesses .

Experiments to observe surface magnons were carried out with a record level of sensitivity
on the reflectometer REFLEX (Fig. 6). A ZnS(Ag)-scintillator-based detector of special design
provided a background level of about 107 of the intensity level registered at neutron reflection from
the surface of a FeCo multilayered structure. As model calculations have shown, the reflection
curve leaving the reflection plane in the specular channel must have a kinematic cut off if the
quadratic dispersion law holds for surface magnons. Preliminary experiments with a FeCo
multilayer structure showed that though the cross section of neutron scattering on surface magnons
is very small, the effect is above the sensitivity threshold and it can be measured.

Small angle neutron scattering (SANS). The physical chemistry of surface active
substances (surfactants) was studied on the example of tetramethylammonium bromide by putting it
in different solutions and by varying temperature. It has been shown that the size of micelles
forming in the solution decreases with temperature. An interesting change in the form of micelles
was observed. For example their spherical form changes to anisometric. As the concentration of
NaBr in the solution increases, micelles change their form to rod-like. The experiment conducted at
different electrolyte concentrations showed that changes in the form of micelles could occur due to
their gradual dehydration.

The architecture of molecular rods formed in sulfonated poly(p-phenylene was studied in the
polymeric net of polyacrylamide. This problem is related to the problem of increasing absorbing
ability of hydrogels due to worsening of their mechanical properties at swelling. It is thought that
new opportunities will open if rod-like electrolytes playing the role of reinforcing material are put
in the hydrogel. SANS really helped to show that in the interior of the polymeric gel there could
actually be formed liquid crystalline self-assembling rods (of nematic type). The interrelation
between the parameters of the gel and the rods was also studied.

Small angle neutron scattering was used to study the structure of a bilayer of single-layer
lipid vesicles. On the basis of a model describing the distribution density of the scattering ability of
the bilayer’s matter as a step-like function the thickness of the hydrophobic and hydrophilic
components of the bilayer as well as the number of water molecules penetrating into the hydrophilic
area of the membrane were determined from small angle scattering spectra. A promising step in
small angle scattering spectra analysis is the creation of a model of separated form factors of lipid
vesicles which would allow a transition from description of the scattering ability density across the
membrane as a step-like function to description using more complicated functions.

The molecules of phospholipids have the anisotropy of diamagnetic susceptibility 4y. For a
DMPC molecule in the liquid crystalline phase Aypypc=—1.06-10% erg-G>. In spite of the
smallness of Ay, submolecular ensembles of phospholipid molecules (vesicles, rod-like micelles)
containing a large number of molecules (>107) could be oriented in strong magnetic fields of
several teslas. At the same time, phospholipid aggregates could get deformed under the action of the
magnetic field. The neutron diffraction method with DMPC multilayer vesicles oriented in the
magnetic field helped establish the fact that their population is a mixture of spherical and elliptical
vesicles (Fig. 7). It was experimentally proved that the extent of vesicle deformation (deviation
from spherical form) depends on the phase of the membrane. In the liquid crystalline phase of the
membrane the extent of deformation is approximately two times larger than in the gel state, which
reflects the difference in the elastic properties of the membrane in the different phases. Applying the
method of magnetic field orientation of mixed lipid/detergent aggregates we were able to refine the
structure of the state formed before the rise of a lipid bilayer of mixed lipid/detergent micelles. This
structure is a polymeric Gauss ball whose constituent element is a rod-like micelle of constant
length. A nonstationary element of this polymer is the ends of rod-like micelles that seem to have an
increased content of detergent. The experiments were performed with a mixed DMPC/C,,Eg
system.
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Fig. 6. The scheme of the experiment to search surface magnons (a). The beam of polarized
neutrons collimated in a vertical plane reflects from a magnetized mirror in a horizontal plane at
an angle of specular reflection y. For a fixed angle of the detector, y;=y, the detector executes
vertical scanning (depending on the angle o). The intensity distribution of inelastically scattered
neutrons (b). Circles — the ration of the scattered intensity in a vertical direction to the intensity of
the specularly reflected beam. Squares — the same after reversing the incident beam polarization.
The difference between the curves indicates that the scattering is of magnetic nature. The
background is shown with triangles.



A real-time SANS experiment was made to register structural changes in the cubic lipid
phase in the process of crystallization of bacteriorhodopsin (BR) from Halobium Salinarium with
the aim of clearing up the mechanism of crystallization. The obtained data were then used to
crystallize BR membrane proteins forming a proton pump and a membrane complex consisting of
signal receptors and a transformer. As a result, we managed to obtain crystals of above components
of extreme quality — it was possible to observe the diffraction pattern from them up to d~1.2 A.
There is every reason to think that a three-dimensional diffraction experiment with the obtained
crystals will make it possible to determine the atomic structure with a high resolution.

Fig. 7. A schematic view of a multilayer lipid vesicle deformed in the magnetic field H.

Inelastic neutron scattering. On the spectrometer KDSOG inelastic neutron scattering
spectra of the recently discovered superconductor MgB, were measured and its generalized phonon
state density was deduced. The first report about the superconductivity of MgB, by the group of
J.Akimitsu appeared in January 2001 (see for details J.Nagamatsu et al., Nature, 410 (2001) 63) and
it caused a great stir in connection with an unusually high superconducting temperature of 7.=39 K
for copper-free compounds. Moreover, this compound is remarkable for an extremely simple
crystalline structure. Already in February 2001, several articles describing the properties of the new
superconductor came to print stating that the majority of the described properties are in good
agreement with estimates based on the classical BCS model, i.e. the setting on mechanism of
superconductivity is electron-phonon. This determined the greatest importance of MgB, phonon
state density measurements that were first conducted in FLNP. The measurements were carried out
using a sample of natural boron isotope mixture, which caused serious experimental difficulties due
to large absorption cross section. A high luminosity of the spectrometer and the right choice of the
experimental geometry made it possible to measure the phonon spectrum with a high level of
statistics (Fig. 8). The results of measurements allowed separation of several characteristic phonon
bands to estimate the effective constant of electron-phonon interaction (see for details Experimental
reports).

On the spectrometer NERA-PR neutron diffraction and neutron inelastic scattering
investigations of dynamic properties and phase transitions in molecular and ion-molecular
compounds continued. Attention focused on the study of dynamic disorder and glass-like phases in
solid solutions and compounds containing molecular groups of the type CHs, CH4, H,O and OH.
These studies are being carried out in co-operation with institutes in Poland and Russia. The



obtained experimental results are checked with model calculations of the dynamics of crystals and
molecules performed by molecular dynamics and theoretical quantum chemistry methods.

On DN-2 vibrational spectra of the ammonium halides NH4Cl, NH4Br, NH4l were
investigated at up to 8-10 GPa, which is a record pressure in the case of inelastic neutron scattering.
In the area of the phase transition from disordered cubic to ordered cubic structure of the type CsCl,
in NH4Cl and NH4Br there was observed a breaking on the baric dependence of the librational mode
of ammonium. In NHyl, hybridization of transverse optical and librational modes was observed at
pressures higher than 6 GPa. The observed peculiarities in the dynamics of halides help understand
better what causes the observed structural phase transitions in them.

Inelastic neutron scattering investigations of crystalline electric field effects (CEF) in the
systems RAgSb, (R=Er, Tm, Ho) were performed. The CEF parameters, level schemes and the
wave functions of each compound were determined. The temperature dependence of the magnetic
susceptibility calculated along different crystallographic directions is in good agreement with the
results of measurements of single crystals. Analysis of the results shows that the magnetocrystalline
anysotropy in such compounds is mainly due to CEF.
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Fig. 8. The generalized phonon states density of the new superconductor MgB, first measured with
the spectrometer KDSOG in FLNP.

On the spectrometer DIN-2PI complex investigations of microdynamic properties of the
alloy Pb-K were carried out in the framework of a program for studies of prospective heavy heat-
transfer agents for reactors of the new generation. There was investigated the microstructure of a
Pb-K alloy around its eutectic composition at a temperature of 660 K for pure lead and Pb-K alloy
and four concentrations of potassium: 25.0, 21.8, 14.1, 5.1%atm. It is observed that at lead
concentrations lower than 10%, in the area of Q~1 A™ there virtually disappears a peculiarity in the
structural form factor that is conventionally considered to be evidence of the existence of clusters in
the alloy and is clearly seen at higher potassium concentrations. Consequently, a Pb-K liquid metal
system is an interstitial solution at lead concentrations around or lower than eutectic (9%atm). This
means that addition of potassium actually modifies the physicochemical properties of lead in the
required direction reducing its oxidation potential, which is particularly important for the perfecting



of the technology of liquid metal heat-transfer agents. It can be expected that such liquid metal
system will have a number of advantages compared with pure lead when used as a heat-transfer
agent in the reactor BREST.

Incoherent inelastic neutron scattering investigations of the dynamics of the metal-organic
compounds A,MeX,, where A is the organic radical (N(CHj3);", N(C2Hs),"), Me is a metal (Zn, Cu,
Cl), X is a halide, were conducted over a wide range of temperatures above and below phase
transition points. Such compounds are of interest because of a strong complex effect of complete or
partial organic group replacement on the structural organization and different types of structural
instability. As a result of the conducted investigations, the mechanism of the observed phase
transitions is proposed.
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Fig. 9. A comparison of the texture of mineral components in rocks recovered from various depths
of the superdeep well SD-3 in Kola Peninsula with that of rocks in the natural outcrop.



Geophysical investigations. Unique experimental data on the texture of rocks in the crust
and upper mantle of the earth have been obtained. A collection of olivine-bearing mantle rock
samples from the different areas in Europe was investigated. The quantitative texture analysis was
applied to reconstruct the texture functions of ODF, and spatial distributions of elastic wave
velocities in each of the investigated samples were theoretically modeled. The pole figures (PF)
measured for olivine samples and data on the condition of plastic deformation in olivine were used
as a basis for the determination of systems of slipping, as well as possible thermodynamic
conditions and depths of texture formation.

Samples of Archean rocks from a super deep well CI'-3 in Kola Peninsula were studied.
Their striking similarity not only in mineral composition but also in mineral component textures to
the natural outcrop of rocks in a Kola series was discovered (Fig. 9). Microstructural and neutron
diffraction investigations of samples taken deep from the earth crust as well as of their analogs from
the surface reveal new peculiarities in the texture of these rocks, e.g., a more perfect dominating
orientation of hornblende than of plagioclase grains and of plagioclase compared to quartz grains.
Complex experiments at different hydrostatic pressures showed that the anisotropy coefficients of
amphibolites from different depths in the SD-3 well decrease as the pressure, and correspondingly
the depth, grows. The results have made it possible to explain the character of rock anisotropy at
different depths on the basis of the new model of a texturised inhomogeneous fractured-porous
medium.

Investigations of the effect of one-axis compression on internal microstresses in dolomite
samples were conducted using a special deforming device. Under the action of different external
loads there was investigated the value of residual strains and stresses in these samples. From the
experimental data the Young coefficient values are obtained. The results of the texture
measurements performed previous to the deformation experiments indicated the existence of a weak
dominating orientation corresponding to the layered texture plane in dolomite.

Engineering investigations. Measurements of residual stresses in the elements of the
VVER-1000 reactor jacket were performed in cooperation with research institutes of the RF
Ministry of Atomic Energy. The investigated sample was a two-layer plate whose basic layer is
made from the construction ferrite steel ISHGMFAA and the melted layer is from austenite
stainless steel 12X18H10T. The o, component of the shell templet of the reactor jacket was
investigated as a basic metal and as a melt. An analysis of the diffraction peak intensities revealed a
strong texture in the austenite phase of the melt (for details see Experimental reports).

The first measurements to investigate residual stresses in graphite rods used in nuclear
reactors were conducted. They show that there exists a clearly expressed broadening of diffraction
peaks. This is possibly due to existence of strong microstresses in their graphite material.

Element analysis. The electrostatic generator EG-5 was successfully used for analytical
investigations of the composition and structure of solid bodies (Fig. 10). Particularly, a number of
investigations of SiC samples with implanted Fe' ions, hydrogen bearing fullerenes, carborundum
films containing hydrogen, some geological samples, gallium arsenide implanted with indium were
performed. The depth profiles of H, C, N, O and Si in carborundum samples from the
Electrotechnical Institute in Bratislava were measured. In geological samples from Egypt a number
of basic- and micro-elements from lithium to cadmium were discovered.
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680 nm RuQ; film on a sapphire substrate.



1.2. NUCLEAR PHYSICS WITH NEUTRONS
1. Introduction

In the year 2001 the program for experimental research in neutron nuclear physics in the
Frank Laboratory of Neutron physics included the following traditional research directions:
experimental and theoretical investigations of the electromagnetic properties of the neutron and its
beta-decay, studies of spatial parity violation and nuclear fission processes, research into high-
excited states of nuclei in the reactions of thermal and resonance neutron capture, obtaining of the
new data for the purposes of astrophysics, experiments with ultracold neutrons.

The investigations were mainly conducted on the beams of IBR-30 (the first half of the
year), IBR-2 and EG-5. A number of experiments, however, were performed, in cooperation with
other nuclear centers in Russia, Bulgaria, Poland, Czech Republic, Germany, Republic of Korea,
France, USA and Japan.

1. Experimental investigations

1.1. Spatial and time parity violation at interaction of neutrons with nuclei

1.1.1 Parity violation in compound nuclei: TRIPLE’s latest results

The activity in the frame of the Time Reversal Invariance and Parity at Low Energy
(TRIPLE) collaboration consisted of analysis of the previously measured parity-violating
asymmetries of cross sections in neutron p-wave resonances. Detailed parity violation data together
with the final results for 117Sn, me, 123Sb, and '?I are published in Phys. Rev. C, v. 64 (2001). In
addition, a comprehensive review of TRIPLE experiments and a compilation of all TRIPLE parity
violation results are published in Physics Reports, v. 354, number 3 (2001). The use of statistical
methods for the determination of the root mean square weak matrix element for 20 nuclei studied
has lead to an experimental value of 1.8-107 eV for the spreading width of the weak interaction in
compound nuclei, which is in qualitative agreement with theoretical expectations.

1.1.2 Measurements of P- odd asymmetry of y- quanta emission in the reaction "B(n,a))"'Li*
>y — "Li(g.s.)

The existence of weak currents in weak NN-processes has not been unambiguously
confirmed experimentally yet. However, the possibility to determine directly the weak meson
constants and consequently, the contribution of the neutron current from P- odd correlations
evidences in favor of the cluster representation of reactions with slow polarized neutrons on light
nuclei (A<10). The correlation coefficients are then on the level 10 - 107.

The experiment to measure P- odd asymmetry of the type «,(s,p,) in the reaction

B(n,0)’Li —v(0.478 MeV)—'Li(g.s.) was carried out with cold (<h,> = 4.7 A) polarized (94%)
neutron beams from the reactor PF1B in ILL by a FLNP-PINP-ILL collaboration.

The testing of the system was done by measuring known values of the P- odd asymmetry in
the (n,y) reaction using Cl, Br and Cd samples. The main measurements were carried out with a '’B
sample for about 20 days and several “zero” experiments were made with an aluminum foil and
lithium absorber. The obtained result is ocopn= (25.846.5)-107.

Since the possible contribution to the measured value from P-odd and P-even effects on
impurity nuclei cannot be higher than 10” and the P-odd asymmetries in the investigated reaction
are identically equal to zero, there exists a high probability that the discovered asymmetry is due to
the given reaction.
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Fig. 1. The schematic drawing of the experimental facility: 1 - polarizer, 2- adiabatic flipper with a
boron collimator; 3- gradient magnetic field driver; 4- lead collimator; 5- concrete shield; 6-
leading magnetic field driver; 7- lead shield; 8- boron rubber; 9 - Helmholtz coils; 10- detectors,
11-sample; 12- lithium absorber.

To carry out further investigations, a multisectional ionization chamber with samples for the
measurement of the P- odd correlation of the type « (s, p,) in the reaction ®Li(n,t)*He is prepared.

The experiment will be conducted in ILL in 2002.

1.1.3 Current status of the KaTRIn project

In the R&D stage of the KaTRIn experiment we tested the optical polarization of *He in an
extremely low applied magnetic field. Permalloy magnetic shields were used to prevent fast
relaxation of *He polarization owing to the inhomogeneity of the surrounding fields. The whole
facility was installed on a neutron beam of the IBR—30 neutron facility and was used as a neutron
spin filter. A prototype of the neutron polarizer of new design was thus introduced.

The polarizer comprises a 3 cm diameter spherical *He cell. The cell is inside an aluminum
oven and is heated by air flow from a commercial “KRESS” fan. The oven also plays the role of
protection from DC — fields. The axes of the neutron beam, laser light and magnetic shield
coincide. The residual longitudinal field in the center of the shields where the oven is does not
exceed 0.05 Gauss.

The neutron polarization was measured by the time-o-flight technique. If Ny is the cell

2
transmission for unpolarized and N for polarized *He, the neutron polarization is D, = 1—(—) .

The neutron polarization is measured 1.5 hours after the start of optical pumping when it
approaches its equilibrium value. To perform measurements without a field, the *He polarization is
completely destroyed with a magnet to restore initial conditions.

The energy dependence of the neutron polarization in both cases is shown in Fig 2. It is seen
that in a “zero” field the rubidium and *He polarization is as efficient as in a nonzero guide field.
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Fig. 2. The energy dependence of the neutron polarization with and without a guide field.

Thus, the possibility of *He and neutron polarization in an almost “zero” applied field has
been confirmed. Besides, a prototype of the neutron polarizer of new design has been introduced.
We intend to use this experience to design of a full-scale KaTRIn facility to test time reversal
invariance in neutron-nuclear reactions.

1.1.4 Search and investigation of the structure of subbarrier neutron p-resonances in lead
isotopes by the method of combined correlation gamma-spectroscopy

The theoretical works [1,2] confirmed experimentally [3] substantiate that in the region of
weak neutron p- wave resonances the effect of spatial parity violation has a very large value
exceeding the ratio of strong to weak interaction in nuclei by many orders of magnitude. The only
unexplained result so far is the discovered and measured effect of weak spin rotation at
transmission of polarized neutrons through a lead target [4]. In the recent experiments [5] it was
shown that the effect is due to the nucleus “**Pb. Basing on the concept of s- and p- resonances
mixing it is possible to assess the expected effect of parity violation. However, for the even-even
magic nucleus ***Pb the level density is very small and a large distance between resonances
suppresses the effect essentially. As a result, there arises a contradiction between the measured and
expected value of the effect. The solution can be sought in two directions. One is indicated in the
work by Zatretskii and Sirotkin [6] which, in addition to compound states mixing, assumes the
participation of potential scattering in the realization of the violation effect. This approach,

' Cymxos O.I1., ®nambaym B.B. YOH, 1982, 1. 136, B. 1, c1p. 3

2 Bynaxos B.E., I'yaxos B.I1. XKOT®, mucema, 1982, T. 36, B. 7, cTp. 268

3 Alfimenkov V.P., Borzakov S.B., Vo Van Thuan, Mareev Yu.D., Pikelner L.B., Khrykin A.S., Sharapov E.I. Nucl.
Phys., 1983, v. A398, p. 93

* Heckel B., Ramsey N.F. et al. Phys. Lett., 1982, v. 119B, p. 298

3 Ermakov O.N., Golub R., Karpikhin L.L., Krupchitsky P.A., Vasiliev V.V_, ISSIN-9 Proceedings, Dubna, 2000, E3-
2000-192, p. 377

6 3apeukwuit [1.®., Cupotkun B.K. D, 1987, 45, B. 5, cTp. 1302



however, is not favored by theoreticians and has not demonstrated itself in the experiment yet,
which may be due to essentially larger density of states in other than lead nuclei. A different
explanation may be possible if the nucleus ***Pb has a p- resonance with suitable parameters in the
energy region below the neutron binding energy, the so-called «negative resonance». In this case,
the concept of compound states mixing would receive an appreciable confirmation as a counter to
potential scattering. In this connection, it is quite important to discover, or vice a versa, disprove the
existence of a close negative p-resonance.

As a method to discover the p-resonance it is proposed to investigate the dependence of the
intensity of gamma-lines of the reaction “**Pb(n,y) on the neutron energy in the energy region from
thermal to several tens eV. In the absence of resonances in the vicinity of the region the radiative
neutron capture cross section is determined by distant s-resonances and obeys the «1/v law», where
v is the neutron velocity. Another dependence, namely o~v, holds for p- resonances. There thus
exists a principal possibility to separate the contributions from s- and p-waves to neutron capture
and its parameters and consequently, to estimate the possibility of the existence of the negative p-
resonance as well as its parameters. The main experimental difficulty is that the cross section of p-
wave capture is very small in the given neutron energy region, possibly less than 1% of the s-wave
capture cross section. This imposes very strict requirements on statistical accuracy, requires careful
analysis of the energy dependence of the cross section, etc., which in turn, imposes enhanced
requirements on the experimental technique and measuring equipment. Nevertheless, to find a
solution to the problem of two approaches to the explanation of spatial parity violation effects is
intriguing and this stimulates the carrying out of the proposed experiment.

1.2. Parity violation and interference effects in angular distributions of fission fragments

1.2.1 Interference effects in the resonance neutron induced fission of 2*°Pu

Intense theoretical and experimental investigations of the fission process (spontaneous and

induced) conducted over fifty years have not yet resulted in a sufficiently complete understanding
of the dynamics and mechanism of fission and a strict unambiguous mathematical description of its
individual stages. The reason for this is first, nuclear fission is one of the most complicated nuclear
transformations of a multiparticle system associated with deep redistribution of the mass and charge
of the primary nucleus, formation of heavily deformed fragments with high spins and excitation
energies and second, in most of the experiments nuclear fission is studied in the conditions when it
is impossible to obtain information about the basic amplitudes of the process characterized by the
parity T, total spin of the fission system J and its projection to the fission axis K.
In the last time, in cooperation with FLNP physicists a new approach to the description of fission
induced by low energy neutrons analogous to an ordinary theory of nuclear reactions is being
developed [7]. In principle, this approximation consists of the description of interference effects in
neutron fission with well-developed methods of the theory of nuclear reactions.

It appears to be of vital importance is to obtain direct information about the fission barrier
parity dependence for the channels J°K. To this end, unique possibilities are provided by studies of
P- even nuclear correlations of fission fragments due to the interference of s- and p- resonance
fission amplitudes. Such experiments of 2°U, **U [8,9] and ***Pu were conducted by a Dubna-
Gatchina collaboration at the booster IBR-30+LUE-40. The results were obtained from two types of
experiments. In the first, "forward-backward", the energy dependence of fragments emission in and
against the direction of the unpolarized neutron momentum was measured. In the second, "left-
right", the asymmetry in fission fragments emission in the plane of the polarized neutron spin and
momentum was investigated. A more detail description of the problems’s state of the art is in the

" Barabanov A.L., Furman W.I., Z.Phys. A357, 411(1997)

¥ Alfimenkov V.P.} et al. JINR-E3-97-106, Dubna(1997); Alfimenkov V.P., Chernikov A.N., Lason L. et al.,
Nucl.Phys., A645, 31(1999)

? Gagarski A.M., Guseva LS., Goloslavskaya S.P. et al., Preprint PNPI NP-32-1999, 2117, Gatchina(1999)



article «Analysis of P-even effects in the anisotropy of fission fragments from the resonance
neutron induced fission of “’U and “’Pu» in the Section «Experimental reports» of the present
report.

In 2001, measurements of interference effects in the polarized neutron-induced fission of
%Py at the IBR-30 booster completed. The emission asymmetry of light and heavy fragments in
relation to the neutron momentum-neutron spin plane was measured. This, so-called left-right
asymmetry, does not violate P-parity and is due to the interference between s- and p-resonances.
The results together with those on the earlier measured forward-backward asymmetry make it
possible to obtain yet unavailable information on p-wave resonances in heavy nuclei.

Another measured effect is the parity violating asymmetry of fragments emission in and
against the direction of the captured neutron spin. It is the first time that such data are obtained for
plutonium resonances (Fig. 3). At present, the processing of the experimental data on both effects is
nearing completion and the preparation of publications is under way.
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Fig. 3. The effects of the left-right and parity violating asymmetry in the resonance neutron-induced
fission of ’Pu.

1.3. High-excited states of nuclei

1.3.1 Investigation of two-step gamma cascades

In the 2001 study of the structure of high-excited nuclear states by registration of two-step
cascades, the main effort concentrated on analysis and assessment of probable systematic error
values using the method of model-free determination of the area of level densities and radiative
strength functions of E1 and M1 transitions at neutron binding energies in nuclei with a maximally
high level density proposed and developed in FLNP.



The possibilities of the method are illustrated in Fig.4 showing two variants of the
dependence of the intensity of cascades on the energy of their primary transition, the density of
levels and the sum of their corresponding radiative strength functions. It also shows the estimated
possible values of the sought parameters allowing exact reproduction of the intensity of the
cascades (experimental and simulated). Though the intensity of the cascades can be reproduced
with one and the same accuracy by an infinite number of parameters, the interval of their variations
is rather small. The method has first made it possible to assess the level density in the given interval
of spins (total for two parities and separately for each) without the aid of model representations of
the emission probability of the nuclear reaction product (for example, neutron evaporation). The
accuracy of the corresponding models in the excitation region above ~2 MeV and to the neutron
binding energy is actually unknown. An analysis of the obtained results allows the statement that in
spite of systematic errors our method provides a better description of the gamma-decay process of
neutron resonances and improves essentially the calculation accuracy of, e.g., total gamma-
radiation spectrum (especially for nuclei in the region N=82 and 126) in comparison with models of
level density and partial radiative widths traditionally used for the purpose (see Fig. 5).
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Fig. 5. The experimental (points) total spectra of gamma-radiation after the capture of thermal or
fast neutrons for the compound nuclei '“Er, "*Ta, '’Ir, "*°Pt, "*Au and *"’Hg. The solid and dot
lines illustrate the results of the calculation by the method of the model-free determination of level
densities and radiative strength functions and the predictions of models usually used for the
purpose, respectively.

In addition, it is established that the energy dependence of the radiative strength functions
k(E1)+k(M1) of the primary and secondary transitions in the cascade differ. Also, it has been
shown that this does not violate essentially the earlier conclusion about the existence in the formed
nuclei at least of an excitation energy area of the width not less than 2 MeV with a practically
constant or weakly changing density of levels. This is evidence of principal changes in the
properties of deformed nuclei in the excitation energy region 3-4 MeV.



The last cycles of IBR-30 were used to investigate the background conditions of the
registration of two-step cascades in the fissionable target nuclei U-235. It is established that prompt
quanta do not interfere with the registration of two-step cascades to the final levels in U-236 with
an energy up to 1+1.5 MeV. This means that there is a possibility to obtain new precision
experimental data on the fission and capture cross sections of actinides with the help of this
technique.

Besides, it is possible to obtain detail information about the density of excited levels and
radiative strength functions of dipole transitions at radiative neutron capture in even-odd fissionable
target nuclei at least. Without this information it is impossible to improve the accuracy of the
theoretical description of the interaction processes of neutrons with materials of importance in the
reactor construction practice. As a result, the study of two-step cascades in fissionable nuclei
through development of model representations may provide an increase in the accuracy of the
interaction cross section estimates of neutrons with an energy from tens to hundreds keV.

1.3.2 Investigations of radiative neutron capture, the nuclear data program

In the first half of the reported year, on the 122-m flight path of IBR-30 there were
measured the multiplicity spectra of gamma-quanta from the reactions (n,y), (n,f) for the isotopes
#%U,7°U, *Pu and natural Pb with the help of a 16-section liquid detector of the spectrometer
PARUS. For the isotope *°U, similar measurements were performed with the spectrometer
ROMASKHKA on the 500-m flight path. For *U,*°U, **°Pu, the time-of-flight spectra of gamma-
ray multiplicity were measured with and without sample filters from uranium or plutonium in the
neutron beam at two temperatures, 77 K and 293 K. The measurements were conducted in good
geometry with thin sample radiators (293 K) in gamma-detectors and with filters of equal thickness
(0.5mm) in the neutron beam. These investigations will make it possible to determine the
coefficients of resonance blocking and Doppler effects in the capture and fission cross sections, as

well as in the value of = O% . In parallel, on the 124-, 504- and 1000-m flight paths there were
S

conducted measurements of the time-of-flight spectra of natural lead and fissionable nuclei of
uranium and plutonium using batteries of boron and helium counters to determine the transmission
abilities and total cross sections of these materials in the energy range from 1 eV to 100 keV. The
conducted measurements will make it possible to achieve a higher accuracy of determination of
neutron constants (within (2+7)% error).

1.3.3 Measurements of capture partial cross sections by the shift of the primary gamma-
transition energy

In 2001, EG-5 experiments to measure the energy dependence of partial cross sections of the
(n,y) reaction continued. In the basis of the method lies the dependence of the primary gamma-
transition populating one of the low-lying levels of the daughter nucleus on the incident neutron
energy. At the same time, the intensity of the registered y- transition is proportional to the (n,y)
reaction cross section. As a neutron source there was used the reaction 'Li(p,n). The energy range
of neutrons incident on the sample was 5+100 keV. The y- spectra were registered with a Ge(Li)
detector. Also, gamma-spectra from the reaction 48Ti(n,y)49Ti were measured. It is the first time that
the energy dependence of the partial cross section is obtained for the y- transition populating the
first excited state (1382 keV, J™ = 3/2") of the daughter nucleus *’Ti. The results of the experiments
were reported to the international seminar ISINN-9 and published in the ISINN-9 proceedings.



1.4. Neutron reactions with emission of charged particles

1.4.1 Analysis of a-widths of neutron resonances in “7Sm over energy interval from 3 eV to
700 keV

In 1999-2000 a FLNP JINR- Oakridge National Laboratory- Lodz University collaboration
conducted an experiment to measure the cross section of the reaction '¥’Sm(n,a)'**Nd on resonance
neutrons at the neutron source ORELA, Oakridge, USA. The data on total a-widths of 104
resolving resonances with J"=3" and J"=4" at energies from 3 eV to 700 keV were obtained (Fig. 6).
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Fig. 6. The experimental obtained o-widths and the data from earlier works.

An analysis of the renewed data was conducted. An unusual resonance with an energy
around 184 eV was discovered Satisfactory fitting to the experimental points under R-matrix
analysis is only possible under assumption of the existence of a doublet of resonances with
E(=183.30 eV and E(=184.92 eV though having anomalously large a-widths — 16 pkeV and 18.1
pukeV, respectively (for <I'o(3)>=2.54 pkeV, <I'((4)>=0.63 pkeV).

Another interesting result comes from an analysis of mean o- widths. By the statistical
theory of nuclear reactions the a- particle strength function S, = <y,>>/D is a constant value and
consequently, the mean a-width <I',> = <y,”>P cannot depend on the energy interval because the
kinetic energy of the neutron is small compared to the binding energy and does not affect the
penetrability of the potential barrier. The results of the mean a- width calculation for different
intervals are shown in Fig. 7.

It is seen that mean a- widths may grow with increasing neutron energy, which in turn
points to the manifestation of some nonstatistical effects.

1.4.2 Reactions with fast neutrons

The cross sections and angular distributions of the **Zn(n,a) reaction products for E,= 5-7
MeV were obtained with the Van de Graaf accelerator in the Institute of Heavy lon Physics of the
Peking University (Figs.8 and 9).
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1.5. Astrophysical aspects of neutron physics

1.5.1 Measurement of '“’Pm neutron capture cross section to determine neutron density in s-
process

The data from a joint Dubna-Karlsruhe experiment to measure the neutron capture cross
section on the radioactive isotope '*’Pm at the «standard» astrophysical temperature kT=25 keV



have been processed. The isotope is one of the branching points on the way of the s-process in the
region Nd-Sm and the cross section data are necessary for the determination of neutron density in
the s-process of nucleosynthesis. The obtained cross section <oyr-s5key>=685£69 mb, which is
almost two times smaller than the theoretical estimates.

1.5.2 Modeling of neutron nucleosynthesis in the region of sulphur and chlorine at helium
burning in stars with the mass 25 M®

In cooperation with scientists from the Lodz University a program is elaborated to calculate
neutron nucleosynthesis in a stationary phase of star evolution — practically constant temperature,
electron density and matter density in the area of burning. The conditions are characteristic for
hydrostatic burning of helium in massive stars which are considered to be the main suppliers of the
nuclides of the weak component of the s-process. It is believed that it is in such stars the major part
of neutron excess isotopes of light and average mass is formed. The program has been caried out
under the computer program «Mathematics». Test calculations for the regions S-Cl-Ar (Fig.10)
have demonstrated good agreement with the results of other authors.
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Fig. 10. The calculated dependence of the abundance of a number of isotopes on the time at
burning of He.

1.6. Ultracold neutron physics, neutron optics

1.6.1 Investigation of super-small energy transfer processes at interaction of neutrons with
surfaces of solid bodies

Under RFBR and INTAS projects comprehensive a experimental study of the new
phenomenon, super-small UCN energy transfer at interaction with the surface of solid bodies,
continued. Plans include the experimental determination of absolute values of the probability of
super-small heating (in the energy interval up to 150 neV) and cooling of UCN at interaction with
various substances, determination of the dependence of the discussed probability on the temperature
over the interval 100 - 300 K, determination of the spectral characteristics of the processes,
including the spectra of heated/cooled neutrons, the dependence of the energy transfer probability



on the UCN spectrum. In 2001 the creation of the new gravitation spectrometer completed. The
facility was moved to ILL (Grenoble, France) and assembled on the beam PF2 (Fig 11).

Test measurements were conducted with the new facility confirming its ability to operate as
a spectrometer of ultracold neutrons with a higher (up to 8 times) sensitivity to small energy
transfers than its predecessor. Of no less importance is good conformity between the probability of
UCN "small heating" for copper and stainless steal surfaces obtained in the tests and the expected
values determined from the previous experiments.

] Si wafer (two-side polished)

mmm Multilayers
NiV(7) (130A+Ti 70A)x30

— Gd absorber 700-100A

Fig. 11. Assembling of the gravitational spectrometer on the channel PF2 .

Of certain interest are the results of test measurements with sapphire. Total UCN losses on a
sapphire monocrystal appear to be essentially higher than theoretical, which is possible to explain
by surface impurities as the sample was not subjected to preliminary degassing and “small heating”
on the sample in the energy range 50-150 neV does not give any noteable contribution against the
background of heating on the spectrometer walls.

The created gravitational spectrometer is the most advanced instrument today for the study
of "small transfers" of energy at interaction of UCN with the surface of solid bodies.

1.6.2 UCN Optics

Work to study the optics of strongly absorbing media with the help of an UCN spectrometer
with interference filters started. The samples are natural gadolinium with an UCN absorption cross
section of the order of 10Mb deposited on silicon substrates. A unique situation is created due to the

fact that in this case, the UCN absorption wavelength in matter (pcs)_l is of the order of the neutron

wavelength.

Initially, the purpose of the experiment was to show that the transmission ability of thin Gd
samples does not depend on the velocity component parallel to the substance interface. It is the
result that is predicted by the model of complex optical potential. However, a considerable
deviation from the prediction was observed. The obtained result has not found its explanation yet.

In the second stage, systematic measurements of the dependence of the transmission ability
of the samples on the (“normal”) neutron velocity were conducted. In this case, the obtained results
are also in contradiction with theoretical predictions. The explanation of the result as being due to
methodological reasons fails, though it cannot be completely neglected because of extreme
difficulties of staging such an experiment.



1.6.3 Measurement of interaction time of neutrons with quantum objects by the method of
Larmor clock

Work to measure the interaction time of neutrons with quantum objects by the method of
Larmor clock was carried out on the spin-echo spectrometer IN15 in ILL. In the basis of the method
lies the fact that the neutron precessing in the magnetic field interacts with the sample. A finite time
of interaction results in the appearance of an additional spin precession angle. The experiment to
measure the tunneling time of neutrons to a quasibound state yielded the first result reported at an
international conference.

An apparent delay due to the resonance character of the tunneling was registered. In the
experiment to measure the neutron diffraction time, the time of neutron transmission through the
sample was measured in the direct geometry of transmission and the double diffraction reflection
geometry. The result is shown in Fig 12.
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Fig. 12. The transmission curve as a function of the neutron incidence angle.

1.7. Proposal for direct measurement of neutron-neutron scattering at the reactor YAGUAR

The recent results of fundamental nuclear physics experiments indicate that the neutron-
neutron interaction is stronger than the nuclear part of the proton-proton interaction implying
breaking of the charge symmetry of strong nuclear force. The best way to verify this and to
stimulate further development of the isotopic-spin invariance concept is to perform a direct
measurement of neutron-neutron scattering by colliding free neutrons. The proposal for such an
experiment - the ISTC Project 2286, which is a joint project of JINR (Dubna), VNITF (Snezhinsk)
and TUNL (Durham, NC, USA) has been prepared and submitted to the International Science
Technology Center.

The experimental study of thermal neutron fields formed by polyethylene converters inside
the central channel of the aperiodic pulsed reactor YAGUAR demonstrates that the reactor provides
a required instantaneous value of about 10'® n/cm® s for the thermal neutron flux density during the
neutron burst of 700 ps. These results were presented at the Dubna ISINN-9 International Seminar.

2. Theoretical investigations

1.8. Weak parity-violating NN-potential

On the basis of the characteristic weak parity-violating NN-potential the weak parity-nonconserving
single-nucleon Hartree-Fock potential 7w'" has been constructed following a general theoretical



scheme applied earlier to the case of standard strong NN-interaction. The general formulae for all
the components of the weak single-nucleon HF-potential Vy'™ accounting for the isotopic
dependence ( 1), -terms) and explicit contributions of n- , p- and ®-meson exchanges have been
derived. It is ascertained that the potential V' has a considerably more complicated structure
than phenomenological weak nucleon-nucleus potentials but, nevertheless, incorporates some
features which have direct phenomenological analogues. The calculation of the coefficients at (o)

k 1) in the main P-odd term of the potential Vit ( k 1is the nucleon wave vector operator) for the
centres of the doubly-magic spherical nuclei **P»  and **Ca have demonstrated ( for the nucleon
energy range E = (0 +100) MeV ) sufficiently good agreement with the phenomenological data.
The relations between the magnitudes of various contributions to V'™ (Hartree and Fock parts,
isoscalar and isovector components, 1-, p- and m-meson parts) are studied.

The investigation of the other terms in the potential V'™ and the study of radial
distributions of different components in VW't will continue.

1.9. Free neutron (- decay

This year, investigating the neutron (- decay was continued. Whereas the previous
calculations were entirely based on the effective Lagrangian describing weak interactions on a pure
hadronic level, the present-day inquiry is carried out upright within the electroweak standard theory
(the Weinberg-Salam theory) treating interactions of leptons (e, v,... ), quarks (u, d, ... ), gauge
bosons ( y,W", Z ) and Higgs particles which all cause eventually the - decay of neutrons. In
describing the radiative corrections to the neutron (- decay, a renormalization scheme for the
electroweak standard model is utilized in which the electric charge and the masses of the gauge
bosons, Higgs particle and fermions (leptons and quarks) are used as physical input parameters. The
effective quantities, formfactors, come naturally into consideration in order to allow for strong
interactions. Detailed calculations of the one-loop electroweak radiative corrections to the neutron
lifetime and electron angular distribution are for now under way and will come to fruition before
long.

3. Methodology

3.1. Calibration of fast neutron detectors HEND

In 2001, in cooperation with DRRI specialists the program for the calibration of the fast
neutron detector HEND (High Energy Neutron Detector) to operate on board the American research
apparatus Mars Odyssey 2001 as an element of the gamma-spectrometer complex completed. The
work was carried out under a long-term agreement with the Institute for Space Research of the
Russian Academy of Sciences in accordance with which JINR was to develop the physical concept
of the apparatus, accomplish physical and mathematical modeling of its characteristics and calibrate
the apparatus efficiency. The calibration was done using one of the three instruments made in IKI
RAS. One was installed on board the space apparatus and is presently operating successfully on the
Mars orbit registering the neutron radiation of the planet.

3.2. Development and construction of new neutron scintillation detectors

Cooperation with RCL LNP in the creation of new detectors for neutron and neutrino
investigations continued. The RCL synthesized organic scintillators with boron and gadolinium
were tested on neutron beams in the Scientific Research Department of Physics of SRDPN to
investigate the efficiency of their application.

4. Analytical investigations at IBR-2: neutron activation analysis and radiation research



A successful application of the nuclear analytical technique for biotechnological and
biochemical development, namely, of Selenium- and Chromium-containing pharmaceuticals
based on the blue-green algae Spirulina platensis) has brought two patents in co-authorship with
scientists from the Tbilisi Institute of Physics named after Andronikashvili and a number of
internationally recognized papers.

A combination of these vitally important elements with protein-containing algae, called the
“food of the future”, allows to produce pharmaceuticals of great potential for the treatment of a
wide spectrum of diseases: from ishaemic heart disease - to enhancement of the immune system to
fight AIDS. Investigations to develop a technique for the determination of the element content in
Spirulina platensis are carried out by the group of Neutron Activation Analysis.



2. NEUTRON SOURCES

2.1. The IBR-2 Pulsed Reactor

In the year 2001 the IBR-2 reactor operated in accordance with the approved working
schedule. It operated 8 cycles (~2066 hr) at W=1.5 MW for physical experiments with 8 cases of
emergency shutdowns by the automatic emergency system (AES). The details of the IBR-2
operation are summarized in Tables 1 and 2 and Figures 1 and 2.

Table 1
The operation parameters of the IBR-2 reactor in the period
from January 1, 2001 to January 1, 2002
Cycle Ne 1 2 3 4 5 6 7 8
Time of cycle 15.01 —|19.02-{12.03—| 9.04- | 14.05- [22.10-|12.11-|03.12-| Total:

26.01 | 02.03 | 23.03 | 25.04 | 25.05 3.11 | 23.11 | 14.12

Operation for physical

. 267 | 241 263 259 264 249 | 257 | 266 2066
experiment, hr

Operation of movable

275 270 | 278 276 273 273 274 | 275 2194
reflector, hr

Generated power, MW-hr 403 | 370 | 399 | 393 402 381 389 | 401 3138
Number of emergency
shutdowns (AES) - 3 ! 2 B ! ! - 8
Due to:
= Voltage drops - 1 - - - 1 1 - 3
= Instrumental malfunction or
: - 1 - 1 - - - - 2
failure
= electronic equipment failure - - - - - - - - 0
= personnel error - 1 1 1 - - - - 3
Table 2
The IBR-2 parameters as of 01.01.2002
Ne Parameter (counted from the start of reactor operation) actual rated
1 Total operation time for physical experiment, hr 40633
2 Total generated power, MW-hr 74498 85000
3 Mechanical operation time of the movable reflector MR-2P, hr 16060 18000
Radiation generation by MR-2P, MW-hr
(with the flux density over the center of the blade 5-10"n/cm’ for 27150 36000
neutrons with E>0.1 MeV)
4 Maximum fluence on the reactor jacket in the center of active zone
(10% n/cm?):
e for En>0.1 MeV 3.21 3.72
e for En> 0.8 MeV 1.38
5 Maximum fuel burn (%):
e for pellet TVELs 5.6 6.5
e for spigot TVELs 6.0 8.2
6 Reactivity resource (%) 0.69
7 Total number of emergency shutdowns 438 550
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In the scheduled period (June-October) the preventive maintenance plan for 2001 (PMP-
2001) was executed, including the removal of the used movable reflectors from the operative
depository. The MR-2 taken out of operation in 1994 was removed providing a space for the MR-3

in the operative depository for the modernization period.

The readiness of the parts is over 50%; an agreement with the "BRUEL&KJAER VIBRO A/S"
for the delivery of vibration control equipment for MR-3 was signed; the method was developed
and an ultrasonic test of forgings from nickel alloy to manufacture reactivity modulators was

For safety reasons a diesel electric power station to be used in the event of failure of the
IBR-2 regular power supply systems was put into operation in 2001.

In 2001, IBR-2 modernization works were conducted as planned:
1. MR-3 (chief task):

conducted. The working schedule on MR-3 project is presented in Fig. 3.
2. Manufacturing of TVELSs:

The industrial enterprisena "Maiak" completed works to reinforce the shielding of the
facility "Packet" for the manufacturing of TVELSs for IBR-2,




— The technology of the manufacture of pellets for TVELSs is was developed,

— Investigations of 2 used fuel assemblies from IBR-2 with a maximum burn (5%) are set up
in NIKIET.

3. The technological project for the modernization of IBR-2 is completed in the main. The
technical solution that would allow the replacement of moderators without the dismantling of
the executive mechanisms of the Control and Safety System (CSS) was found. General types of
CSS motor drives and prototypes of the AES motor drive were developed.

Started the working drawings of the reactor jacket.
5. The technical project for the disassembly of the IBR-2 jacket was elaborated.

6. The “Geliimash” started the development of a special cryogenic helium facility for the cold
moderator.

In 2001 the financing of works on IBR-2 modernization went in accordance with the plan
(see Table 3).

Table 3
The financing of the project "IBR-2 Modernization" in 2001 (kS$)

Working direction Plan JINRActual Plan EE Actual Plan T Actual
MR-3 140 189 89 89 229 278
TVELs 68 23 154 159 222 182
Basic equipment 283 21 57 53 340 74
TOTAL: 491 223 300 301 791 534

Plan for the modernization of IBR-2 in 2002

1. MR-3:
—  Complete manufacturing in the 2" quarter of 2002,
—  Test assembling (beginning) — 3™ quarter, 2002.

2. Development of design documentation:
— Working documentation for the reactor equipment,
— Project of works to disassembly the existing jacket.

3. Construction of a prototype of the AES CSC motor drive.

. The reactor jacket (start manufacturing).

5. Fuel assembly for IBR-2M:
— Manufacturing of TVELSs,
— Manufacturing of the fuel assembly parts.

6. CSS electronic equipment: development of the project.

7. CHF for CM: development of the project.



2.2. The IREN Project

In spite of serious problems with funding in year 2001 some progress in implementation of
the IREN project has been achieved. The time-tables of two JINR laboratories FLNP and PPL
responsible for this activity which have been approved in February and corrected by August were
realized for many items.

First of all it was the activity connected with creation of elements of the electron linear
accelerator (linac) LUE-200 carried out in new linear accelerator division of the PPL and the design
bureaus of the FLNP and PPL. As result it was completed construction of all elements of the
electron gun and it was mounted at the stand. The full set of general working drawings of the linac
assembly was prepared by the end of August. It allows one to fix precisely a position and sizes of
all linac elements in accelerator halls of Bld. 43 of FLNP. It was completed also a geodesic survey
of the axis of the old linac dismantling since August. The results of this survey will be necessary
during mounting of the new linac which beam should be directed to the center of the multiplying
target with high precision. The problem is that a mounting of elements of LUE-200 should start in
bld. 43 FLNP before a completion of IBR-30 reactor dismantling. A technological design of the
magnetic focusing system was completed, the materials necessary for its construction was partly
obtained and technological line for its mounting is installing now in PPL. A large work was
carried out on full scale RF stand. During summer the vacuum system was installed and tested, the
pressure of 2x10™ Torr was achieved. After a completion of some auxiliary systems the modulator
M-350 together with the klystron 5045 SLAC was tested at the regime of enhancing of RF power.
The power as much as 70% of the planned one was really obtained at the repletion rate S0Hz. Last
test experiments with long (210 nc) electron pulse and at high level ( 50 Mw) of the RF power have
been successfully carried out at linac prototype in BINP, Novosibirsk with participation of Dubna
experts. An electron beam (1.3 A) was transported throughout three accelerating tubes similar to the
LUE-200 ones with minimal loses at the repletion rate 2Hz. It was confirmed a possibility to
achieve the planned parameters of LUE-200.

Very important stage of the IREN project was got after final shut-down of IBR-30+LUE-
40 neutron source on 15 June. At that moment the technical project of decommissioning of the IBR-
30 reactor was completed by GSPI and after preparation of many other necessary documents by
FLNP experts the license of Russian Gosatomnadzor for start up process of decommissioning has
been obtained by the end of August. Since this moment JINR got the rights to begin technical
preparation for dismantling of IBR-30. In October a construction of the new building #117/6 for
storing of activated elements of IBR-30 has started. The technological regulation of IBR-30
dismantling and a design of necessary equipment has started to work out in November and should
completed and approved by Gosatomnadzor in third quarter of year 2002. After that JINR will get
the right to start real work for dismantling of the IBR-30 reactor. In accordance with the IREN
project time-table this work should started in last quarter of year 2002.

Large progress was achieved in working out of the modernized technical project of the
multiplying target by NIKIET, Moscow in tight collaboration with JINR. As it is planned the
project was competed in general by the end of 2001. Its formal approval in Russian authorities and
delivery to JINR will be completed in the first quarter of year 2002 with delay of three months.
With much lower rate a preparation of the general technical project of the IREN source was been
carrying out by GSPI, Moscow during this year. So a completion of the partial project necessary
for official approval is shifted now at least by two quarters.

Taking into account large delay in implementation of the JINR budget of year 2001 (first
funds were provided only by the end of August) and respective shift of many item of the IREN
time-table JINR directorate approved the proposal of the project management to realize in next two
years a reduced variant of the IREN source. This first stage includes full scale multiplying target
and electron linac based on one 5045 SLAC klystron instead of previously planned two ones. This
stage envisages also only one modulator and reduced (up to 50Hz) repetition rate. The time-table
for years 2001-2003 has been approved by JINR directorate in September. It foresees the start up of



the first stage of the IREN source by the end of 2003. At the same time a corrected plan of
financing for year 2001 was confirmed too. But due to the limited period for payments charging
and the shifts of time-tables of some contracts this plan was realized only in part. The total
investments in year 2001 consisted of about 270K$ including a delivery of equipment from
Bulgaria and Czech Republic which will be made really in year 2002.



3. THE IBR-2 SPECTROMETERS COMPLEX
AND COMPUTATION INFRASTRUCTURE

Work on the theme went in keeping with the FLNP projects ICC, FSD, YuMo, Texture,
PNS, Detectors, BMBITF — ECS, etc. in the following main directions:

1. Development of the information-computation infrastructure.
2. Creation of data acquisition and spectrometer control systems.
3. Development of the IBR-2 spectrometer complex:
e automation of spectrometers and development of “sample environment” systems;
e creation of neutron detectors;
e creation of neutron-optical systems;
o Routine operation of spectrometers.

Local area network. Work to build a local area network (LAN) started over 10 years ago.
Initially, it consisted of several segments linked together via repeaters and switches. Since 1996 the
network has continuously been modernized. The chief directions of the modernization are a
transition from cables to twisted pairs, installing of 2™-level commutators in the LAN segments,
and a transition to the technology Fast Ethernet.

At present, the local area network of FLNP contains about 500 different devices and the
number of them continues to grow. A gradual transition of users to Fast Ethernet has raised load on
the channels connecting the buildings of the Laboratory. To the LAN FLNP there are switched
computing systems controlled with a variety of operational systems. The LAN users communicate
employing virtually all the existing time protocols. Among users there exist a small number of
relatively independent working groups, each operating a computation system for a particular
instrument. At the same time, all LAN users have access to general resources of the FLNP central
computation complex, including subsystems for data storage, e-mail, WWW, etc.

A historically established star-like communication structure and the absence of intellectual
control devices do not make it possible to distribute flows between users in an optimal way. In
addition, the experiments conducted with FLNP facilities are being transformed to a distributed
model of data acquisition and processing, which also increases load on LAN. A remote-control
policy that has been increasingly used at large physical facilities calls for much stricter observation
of such LAN parameters as packets transportation time and percent of losses.

Chief current problems:
— Absence of free IP-addresses
— A large wide broadcast traffic (~30% of the total LAN traffic) is not filtered with commutators
and is processed in each network unit
— A poorly tuned or virus-infected working station may hamper, even paralyze, the operation of
the entire segment
— Localization and fixing of malfunctions in the network units are difficult.

For the solution of the enumerated problems there has been elaborated a project for the
modernization of basic segments and key elements of LAN in 2001. Designing the network of the
next generation the following requirements were investigated.

o Failure immunity — the topology of the network allows it to retain the operation ability at
breaking down of separate elements and switch automatically reserve paths of by-passes for data
traffic.

e Controllability — operative control of network configuration, possibility of changing the logic
structure of the network without changing its physical topology.

e Service quality control — guaranteed transmission widths for particular subscribers and network
applications, guaranteed delay to response, predictable percentage of packets losses, operative



analysis of traffic aimed at optimization of data flows and service quality, network transmission
capability over 100 Mbit/s and over 1Mpacket/s (1% stage), and up to 1 Gb/s (2™ stage).

e Protection ability — all the switched units are protected from internal and external attacks.

e Module structure — enables easier extension of the network and makes it possible to apply new
network technologies.

The existing physical topology of channels linking the FLNP buildings (8 buildings over an
area of 1 km in radius) and difficulties in laying new communications between the buildings, in
reactor buildings and experimental halls have also been considered.

In the reported year, for the realization of the 1* stage of the project a transition to Fast
Ethernet 100 Mbitit standard was executed in two segments of the network (bldg. 42a — NICM
Division and bldg. 42 — PN Division). In bldg. 42a, the commutator Catalist 2924XL (CISCO) is
installed and put into operation, which increased the reliability and rate of data transmission in the
NICM segment. A contract for purchasing of the 3™ level router (CISCO router 8510) is signed and
preparative work to install it is fulfilled. The router will be put into operation at the beginning of
2002.

To modernize the network, a two-level scheme is chosen. The entire FLNP network is
divided into distributed virtual subnetworks (VLANs) each being a 2™ level domain with an
imposed IB subnetwork. This will make it possible to reduce to minimum the size of the broadcast
domain and decrease the volume of parasitic traffic. It should be noted that the applied technology
makes it possible to form groups of user devices irrespective of their geographical position. The
formation of VLAN is executed by the commutators Ethernet / Fast Ethernet providing the access
layer of the network. The core layer is a 3™ level commutator of the type ISO. The core
accomplishes the routing of packets over the FLNP subsystems and provides access to a basic

network of JINR. The existing optical highways are used to connect the central and user
commutators.

Thus organized network will make it possible to increase a real transmission ability of the
network by 50-60% without changing its physical interfaces. In-built mechanisms of control and
analysis of traffic will allow operative debugging and determination of reasons for network slow
operation. Rich possibilities of quality control provided by 3" level commutators guarantee reliable
data delivery and ensure a guaranteed transmission width for most important network applications.
Further extending of the network without changing its logic structure appears possible —
commutation on the 3" level allows increasing of the number of routable IP and IPX networks,
application of the address translation technology to improve protection from external attacks, and a
more effective use of the address space.

Data acquisition systems. In the reported year, detector systems in a number of
spectrometers were modernized. In particular, low-noise electronic blocks for the detectors NEW
and YuMO were developed, manufactured and tested, the 32-channel detector of SPN was
debugged, detector electronics in KDSOG was completely renewed, a linear PSD with a resistive
wire was introduced into DN-2.

To the EPSILON spectrometer a unified VME-system for data acquisition is introduced. In
addition to a standard set of functions, its electronics executes neutron time of flight correction
(time focusing).

For the MSGC detector (IHM Berlin), a second TDS/DSP data acquisition block with a PCI
interface is produced and is tested with a programmable generator of events. A single block of its
type processes events from two conjugate planes of the detector situated on two sides of the neutron
converter. The block consists of four 8-channel transformers of the type F1 (Acam), different types
of FIFO memory, programmable logic matrices, a histogram memory of 256 Mbit, a
TMS320C6701 high performance signal processor, and a PCI interface. For every event the
coordinates X,Y are measured (by signals from both ends of the delay line) as well as the time of



flight (TOF) and pulse height (PH). In DSP on-line calibration and transformation of the
X/Y/TOF/PH data into two-dimensional spectra (e.g., 20/TOF) are performed. These data are
accumulated in the histogram memory and at the end of the measurement, are sent to PC for further
processing. At present in FLNP it is used to develop and debug software products.

A multi-processor module (four DSP TMS320C51) for the computation of the correlation
function and histogramming of the data from the ZnS-scintillation detector of the FSD facility has
been tuned.

Work continued to develop and install on the spectrometers a unique SONIX programs
complex for data acquisition. In particular:

— SONIX packet is installed on the spectrometer SPN and EPSILON

— MAX program for on-line viewing and express analysis of data is developed (installed on DN-2,
SPN, and EPSILON)

— New SONIX version with automated restart of measurements in the event of malfunctions in the
system or network is prepared and tested on the SKAT spectrometer (at present, it is being
transferred to the other spectrometers)

— Network VME controller with a data transmission rate of up to 100 MBIT/s is tested (it will be
installed on the YuMo facility).

— New version 2.15 of the ISP network packet for OS-9 is tested and has demonstrated a high
stability of operation.

Based on the packet Open G2 there are being developed programs for the reduction of the
data from the point detectors of the YuMO spectrometer taking into account automatically the
geometric parameters of the facility.

A large volume of work to support and upgrade the FLNP web-server was carried out.

Work started to master mezzanine technologies with the aim of their application in data
acquisition systems.

Development and routine operation of the IBR-2 spectrometers complex. Development
of sample environment systems. The development of sample environment systems continued:

o New executive mechanisms adapted to the existing step-motor-based control systems were
incorporated into the spectrometer schemes
° Certification of the existing devices, including furnaces, refrigerator heads, etc., continued

with the aim of creation of a data base on the temperature control and regulation devices in
the spectrometers HRFD, FSD, PNS, YuMO, DN2 and the X-ray diffractometer DRON.

o Research into the connecting of two control elements: the heater and the refridgerator, to one
Eurotherm regulator of the type 902S or 906S, was carried out. The results are used on the
DRON diffractometer. The precision of the control system is +/- 0.03 degrees.

. A second channel for control of the temperature of the annealing furnace in the sample
preparation room is completed and put into operation.

o Work to develop a RGD-1245-refrigerator-based cryostat CHF for up to 4.2 K was carried out
and at present, the manufacturing of CHF is being completed.

Creation of neutron detectors. The methodological investigations conducted in the Frank
Laboratory of Neutron Physics in 1998-2000 have allowed the development of new-type wide-
aperture detectors for high-resolution diffractometers. At present, two experimental prototypes of
the detectors built on the basis of a ZnS(Ag)/LiF scintillation screen and spectrum-shifting fiber are
in test operation on the fourier spectrometer for internal stress analysis (FSD). The detectors are
used to investigate internal stresses in specimens of the reactor jacket on request of the RF Atomic
Energy Ministry.

In the nearest years, the new detectors raising dramatically the efficiency of investigations
with time-of-flight diffractometers are to be installed on the FSD diffractometer and the DN-12



spectrometer for the investigation of microsamples at high pressures.

So far, the necessary modeling of the facility has been done and a three-dimensional model
of the FSD detector has been developed. Manufacturing of the detector blocks started.

Work to create a «clean room» and a gas test-rig for assembling gas detectors continued.

Creation of neutron-optic systems. In the reported year work to create a technology for
manufacturing of basic elements of neutron guides started — to manufacture glass sections with a
metallic thin-film coating on the basis of the glass FLOATGLASS:

. Equipment for cutting glass based on a milling machine with diamond cutters is put into
operation; a test lot of four glass plates is made;
J Test supply of 19 mm Planilux float-glass of Saint-Gobain make is purchased
o Thermovacuum spray-coating facility with the following parameters is put into test operation:
- Vacuum chamber volume - 1 m’ s
- Number and size of simultaneously spray-coated glasses — 2 pieces each measuring
750x300 mm’,
- Vacuum in the spray-coating mode — 9x10° mm Hg,
- Heaters — 2 & 3 mm tungsten rods by 1000 mm long,
- Maximum temperature of the heater - 2000 C,
- Temperature of heating the substrate — 215 C,
- Chamber jacket’s cooling — water,
- Sprayed material —Ni, NiCr in the form of a & 0.3-0.5 mm wire,
- Consumption power in the spray-coating mode — 2 kW.
. Test spray-coating of natural Ni on a float glass measuring 210x80 mm as conducted.

Modernization of spectrometers. The main spectrometer development effort focused on
SPN, YuMO, FSD, and DN-12.

Modernization of the spectrometer of polarized neutrons (SPN)

The program for the modernisation of SPN in 1999-2002 involves the following stages:
. Dismantling of outdated equipment, manufacturing and installment of the new head part and a
reflectometric shoulder in SPN-2.

o Creation and integration of the new wide-aperture polarization.

. Creation and integration of the new system for data acquisition, storage and control in VME
standard.

. Automation of the experiments and extension of the magnetic field and temperature ranges of
sample environment systems.

Main results in 2001:

. The dismantling is accomplished and the new head part is installed.

. The adjustment table for the polarization analyzer is made.

o The system for control of the executive mechanisms is modernized to increase the number of
control devices to 32.

o Specifications for a polarizer in the small-angle mode of the spectrometer are developed.

J Automatically controlled diaphragms, a shutter and polarizers for separate measuring regimes,

a wide-aperture spin-flipper and some step-motor-based elements for control of the physical
experiment are integrated into the scheme of the spectrometer.

Modernization of the small angle spectrometer (YuMO)

The first successful experiments in the long-time regime using the final version of VME
electronics were carried out.



Work to automate the control systems of the executive mechanisms continued:

e System for control of an YP-7-motor-based device for pressure building on the sample was
developed.

e Design work to create a JIIIIN-200-step-motor-based-device to introduce standard
scatterers into the beam was carried out and four devices were integrated into the executive
mechanism systems.

e Systems for control of the executive mechanisms were modernized to increase the number
of control devices to 32.

e  Work to design devices for the displacement and adjustment of the PSD detector began.

Neutron fourier diffractometer (FSD) for internal stress analysis

Main results in 2001:

Work to design and manufacture a 90-degree detector continued:
o Experimental prototypes of the detector on the basis of ZnS(Ag)/Li’F scintillation screens
with an optimized optical trap were created and tested.
o A computer model and a technical project of the wide-aperture 90-degree scintillation (ZnS)
detector ASTRA was developed.
o Manufacturing and assembling of the first section (8 counters) of the detector ASTRA are
under way.

The first version of the table for samples with a three-axis goniometer and a turning ring was
manufactured. The equipment and software for sample positioning were debugged.

Neutron spectrum intensities at sample position are calculated for three moderator-neutron
guide geometries and a report is prepared.

Neutron spectrometer for investigation of microsamples at high pressure (DN-12)
In 2001 the following work to modernize the spectrometer was performed:

e A section for the loading of high-pressure cells was created.
e A torroid-type high-pressure cell was developed, manufactured and calibrated.

Cracow-Dubna inverted geometry spectrometer (KDSOG-M)
The spectrometer KDSOG-M was built on channel 10 of the IBR-2 reactor in 1982 to
investigate the atomic and magnetic structure of condensed matter by inelastic neutron scattering.
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Fig.1. The time-of-flight IINS spectra of vanadium measured in a time of 10 hours in equal
experimental conditions: ® —new detectors, °- old detectors



In 2001 the detector system was modernized. Preamplifiers, a high-voltage-power-supply
block, NIM-TTL transformers, and mechanical elements of the detector and of 60 helium counters
were manufactured. The equipment of the modernized detector was assembled and adjusted with
the spectrometer.

[INS measurements of vanadium showed that the luminosity of the spectrometer increased
about 2 times due to only increasing of the efficiency of registration of the scattered neutrons
(Fig.1). The sensitivity of the spectrometer (signal/background ration) increased significantly,
which is important for measurements of small or weakly scattering samples.

In the reported year the spectrometers equipment was prepared for operation and serviced
during a total of 8 cycles of the IBR-2 reactor.



4. EXPERIMENTAL REPORTS

4.1. CONDENSED MATTER PHYSICS
Diffraction

Residual Stress Evaluation in Core Component of a Nuclear Reactor
G.Bokuchava, V.Sumin, A.Tamonov

Atomic and Magnetic Structures of Sr;MnGaOs.s, a New Layered Oxide
A.M.Balagurov, V.Yu.Pomjakushin, A.M.Abakumov, E.V.Antipov, M.V.Lobanov, P.Fischer,
D.V.Sheptyakov

Crystal and Magnetic Structures of (Nd;xSryx)(Mn;xRuy)Os.s Perovskite
A.M.Balagurov, S.N.Bushmeleva, V.Yu.Pomjakushin, O.Yu.Gorbenko, A.R.Kaul, L.Keller,
D.V.Sheptyakov

Magnetic Property of Quasibinary (Zr;.<Tix)Fe, Laves Phase
Z.Surowiec, A.1.Beskrovnyi, M. Budzynski, J.Sarzynski, M. Wiertel

Structural Study of Ternary Mercury Chalcogenide HgTe 35S0 15 under High Pressure
D.P.Kozlenko, V.P.Glazkov, S.E.Kichanov, B.N.Savenko, V.V.Shchennikov, V.1.Voronin

Neutron Diffraction Study of Crystal and Magnetic Structure of MnAs at High Pressure
V.P.Glazkov, D.P.Kozlenko, K. M.Podurets, B.N.Savenko, A.V.Somenkov

An Effect of High Pressure on the Crystal and Magnetic Structure of Manganite PrysNay,MnO;
Z.Jirak, D.P.Kozlenko, V.P.Glazkov, B.N.Savenko

Hybridization of Libron and Phonon Modes in NH4l: Neutron Spectroscopy Studies at Pressures
up to 10 GPa
V.P.Glazkov, D.P.Kozlenko, B.N.Savenko, V.A.Somenkov, A.S.Telepnev

Neutron Diffraction Study of Crystal and Magnetic Structure of Mn,Sb at High Pressure
V.P.Glazkov, V.S.Goncharov, D.P.Kozlenko, V.M.Ryzhkovskii, B.N.Savenko

Coarsening of Antiferromagnetic Domains: th Key Role of Magnetocrystalline Anisotropy
D.L.Nagy, L.Bottyan, L.Deak, J.Dekoster, H.J.Lauter, V.Lauter-Pasyuk, M.Major, O.Nikonov,
A.Petrenko, E.Szilagyi

Small-Angle Scattering

Analysis of Magnetic Scattering Effect in SANS from Ferrofluids
V.L.Aksenov, M.Balasoiu, M.V.Avdeev, L.Vekas, D.Bica, V.M.Garamus, J.Kohlbrecher

SANS Study of Fullerene Aggregates in Pyridine/Water Solutions
V.L.Aksenov, M.V.Avdeev, A.V.Belushkin, R.P.May, D.Mihailovic, A.Mrzel, L.Rosta, I.N.Serdyuk,
A.A.Timchenko



Thickness of Lipid Bilayer and Lipid Surface Area in Unilamellar DMPC and DPPC Liposomes
Evaluated from Small-Angle Neutron Scattering Curves Measured at Different Contrasts
N.Kucerka, D.Uhrikova, A.Islamov, P.Balgavy

DMPC Multilamellar Vesicles and Mixed DMPC/C;Eg Micelles Orientation in Strong Magnetic
Fields

M.A.Kiselev, M.Janich, P.Lesieur, A.Hoell, J.Oberdisse, G.Pepy, A.M.Kiselev, 1.V.Gapienko,
T.Gutberlet, V.L.Aksenov

Resolution Functions in Small Angle Scattering Experiments Energy Dispersive SANS
B.Grabchev, Yu.V.Nikitenko, A.1.Kuklin, A.Ch.Islamov, M.Balasoiu

Inelastic Scattering

Investigation of Phase Transitions and Lattice Dynamics in [N(C;Hs)s]MeCls (Me=Zn, Cu)
Compounds by Neutron Diffraction and Neutron Spectroscopy Methods
V.Yu.Kazimirov, I. Natkaniec, Z.Tylczynski

Neutron Scattering Studies and Quantum Chemistry Modeling of Internal Vibrations of Kinetin
K.Holderna-Natkaniec, I. Natkaniec, W.Kasperkowiak, V.Khavryutchenko, A.Pawlukojc

Ammonium lon Behaviour in the LiRb; «(NH4)xSO4 Mixed Crystals (0.77<x<1.0)
L.S.Smirnov, L. A.Shuvalov, M.L.Martinez Sarrion, L.Mestres, M.Herraiz

Neutron Optics

Polarization Analysis with Spatial Neutron Beam-Splitting
V.L.Aksenov, Yu.V.Nikitenko, S.V.Kozhevnikov

RBS and FRD Study of the Epitaxial RuO, Films Grown on Different Single Crystal Substrates
D.Machajdik, A.P.Kobzev, K.Frohlich

Magnetization in a Fe/V Periodic Structure
V.L.Aksenov, Yu.V.Nikitenko, V.V.Proglyado, M.A.Andreeva, B.Kalska, R. Wappling

4.2. NEUTRON NUCLEAR PHYSICS

Fission

The Analysis of P-Even Angular Correlations of Fission Fragment from **U(n,f)- and **’Pu(n,f)-Reaction
Induces bu s- and p-Wave Neutron Resonance Interference
A.B.Popov, W.I.Furman, A.L.Barabanov

Applied Research

Epitermal Neutron Activation Analysis for Developing Selenium-, Iodine-, and Chromium-Containing
Pharmaceuticals Based on Blue-Green Algae Spirulina Platensis Matrix

M.V Frontasyeva,  S.S.Pavlov, S.F.Gundorina, = N.G.Aksenova, LM Mosulishvili,  E.I Kirkesali,
A.1LBelokobylsky, A.I. Khizanishvili



The analysis of P-even angular correlations of fission fragment from
By (n, f)- and * Pu(n, f) - reaction induced by s- and p-wave neutron
resonance interference.

A.B.Popov, W.I.Furman and A.L.Barabanov'
RNC Kurchtov institute, Moscow

Relation between A.Bohr’s “fission channels” and fission modes is during last decades a
subject of some theoretical and experimental investigations [1-3]. It was shown [2] the wave

function of a transition state J"K (generalized A.Bohr’s fission channel) can be represented as
an expansion over the wave functions of distinct fission modes with the coefficients depending
on deformation of fissioning system.

The new approach [4] to a description of nuclear fission induced by low energy neutrons
based on the standard reaction theory joints naturally the extended concept of transition states [2]
and a consistent description of angular correlations of fission products observed in the
experiments [5-9] Using a modified helicity representation for fission product channels c,

introduced firstly by V.Strutinski [10] a summation over huge number of ¢, channels taking
place in real experiments has been carried out [4,11] in the framework of a pole expansion of the
S-matrix. It was shown how P-even and P-odd correlations of fission products could “survive”
and the “reduced” S-matrix defined for the “observed” J*K multi mode channels f was

obtained in consistent way. This multi level S-matrix equivalent to “ad hoc” introduced Reich —
Moore S-matrix allows one to describe the observed interference effects in the total and
differential cross sections of (n,f)-reaction. Very recently on the basis of correct account for total
parity of fission product channels in a helicity representation the new formulas for fission
product angular correlation were obtained [12].

These formulas are used below for analysis of experimental data on angular anisotropy of

fission fragments from resonance neutron induced fission of aligned nuclei **U [9] and P-even
angular correlations for ?35U (n, f) reactions [8]. In the framework of the approach [4,12]
outlined above the differential cross section of (n,f)-reaction could be written in the form:

dz—”gf)(E—) 1{G‘°’(E)+G("FB(E)(ﬁfﬁk‘+0"”RL(E)pn(ﬁf[ﬁkﬁ_‘,])+
S
+0(E f,P,(7i, 7))}, ¢Y)
where
o =n xZZg,ZZIS (JE — Knf) 1= 20“’“ (E) 2

is the total fission cross sectlon expressed as a sum of the spin- separated components.
Other terms of (1) can be expressed as

o =m*Y Y mg, (- 1) 1/6(2J+1)><

J* I
xU (IiJ1, J'-2-) Im((1-if,)x

X{=CJaoS5(1j = 0f)S, (0, =0+

+3 R85 (Lj = Kf)S, o L k) 3)

K>0
and
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o =mk’GY. Y. g,U(—IJ 2,J1CIE.S; (o E — Knf)S, (0 E—>Kaf). @

Ui K
Here the quantum numbers / and j are orbital and total momenta of 1n01dent neutron, I is a
spin of target nucleus, 7; (i =k,s,I, f ) denotes unit vectors of neutron momentum and spin, a
target nucleus spin and a fission product relative momentum, respectively. The coefficients

B, =1 for j=% and f§, =-0.5 for j=-§-, p, is neutron beam polarization, f, is alignment of
target nuclei,
3 1517
JRI-DIZ+1)2I+3)
U(1jJQ,JT) and clx Jxgo are Racah and Clebsh-Gordon coefficients respectively.

In the framework of the same theoretical approach it is possible to obtain the next
expression for P-odd part of the differential cross section:

do, (E) 1
aQ,

oy (E)3ty,(s)(#,h,) , &)
where

i 1
T (s)= :/_5 p,

20 +1 —

xIIn{S;+l(O-1— —90—47‘)51_,(05 — 0nf)}+
2 2

+27rozg,v<1 i )20,,“0 Im{s}(0~;— - K1, f)S, («% = K7, f)}]

K>0
and 7, is the parity of target nucleus so 7 = (-1)'r,.
It is important to note that the study P-even and P-odd angular correlations caused by an
interference of s- and p-wave reaction amplitudes provides a direct information on the parity
dependence of the fission barriers for J”K channels. The experimental investigation of such
correlations has been carried out by Dubna — Gatchina collaboration for target nuclei **U and
YU (see refs. {8] and [13]) and has been finished recently [14] for *’ Pu target nucleus. For P-
even correlations the experiments of two types were fulfilled. In the first type of the experiments
an energy dependence of fission fragment yield difference along and opposite to the direction of
unpolarized incident neutron momentum (“forward-back”)
FB N F -N ? s
N +N® v
was measured. In the second type of experiments the asymmetry of fission fragment emission in
a respect to the plane formed by the spin of polarized neutron and its momentum
o = NE-N*t
NF +N*

-

®)

was investigated.
Using the formulas (1) — (3) one can obtain the next expressions for the coefficients o’®
and a® (o™ =—o™ ) which can be applied for analysis of experimental data.
The forward-back asymmetry can be written as
FB A

(21 =-§ ’ (9)

153



where
A=Y g, 3.3 Z(JIKj)icos Ap(Re W, ImW, — ImW, Re W, ) +
J

Ji K
+sin Ap(Re W, ReW, + ImW, ImW,)], (10)
B=Y g, 2 IW,(K)I (11)
J K
and the right-left asymmetry can be expressed in the form:
a® = <
B b

where
c=p,Y 2,3 Z(JI’Kj)B,[cos ApAmW, ReW, —ReW, ImW,) +
J K

7j
+sin Ap(Re W, ReW, + ImW, ImW,)]
In these formulas the S-matrix was taken in the form
S} =2¢7"W with W=[I-K)"],,

where for the matrix elements K, the expression

iy (E, —E),/FMI“,,J
2

d, 2 d,

2
4y = (B, ~Ey +17/

was used. Here the multi indexes n and f are defined as n={lj/}and f = J"K . The index
Aenumerates compound states of fissioning nucleus. In the formulas (10) — (13) Z is a
combination of geometric coefficients, A¢ =¢, —¢,, ¢, =ka, ¢, = ka — arctan(ka), a is the

potential scattering radius in an entrance channel, k =k, .

In the following analysis the parameters of S-matrix for s-wave fission are extracted from
ref. [15] for **U and from ref. [16] for *’ Puand are kept fixed during the fit procedure. The
energy dependence of the experimental coefficients a™(E) and a¢™*(E) was fitted to obtain
information on the positions and parameters of the p-wave resonances lying in the energy
interval under consideration..

The range of S-matrix for s- and p-wave fission in principle is different. In entrance
channels the range is estimated in an apparent way but for exit channels a situation is not trivial.
The interference terms in formulas for @™ and a'® have the same projections K for the s- and
p-wave fission but in the total p-wave fission cross section the additional J* K channels could
contribute. But these channels could be forbidden according to the angular momentum and parity
conservation laws for the s-wave fission. These additional resonance parameters should be
included in the fit to preserve the unitarity of corresponding S-matrix.

The result of new fit of & (E) and o*f(E) values for the case **U(n, f) -reaction are
shown in fig.1. It is seen that a quality of the fit is approximately the same as in the previous
analysis [17] carried out with something different formulas for a™ ande™ which are revised
now [12] to include more correct description of a total parity in exit fission channels. Such result
could be explained by the fact that a lot of free parameters for p-wave resonances are used in
fitting of experimental data which have in turn very complicated dependence on neutron energy.
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Fig.1. The fit of experimental values of ¢ (E) and o™®(E) for *°U(n, f) -reaction, realized
with s-wave and p-wave fission cross sections shown in lower part of the figure.
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Fig.2. The test calculations of the o™ (E) and o™*(E) dependences for * Pu(n, f) -reaction

carried out with one p-wave resonance. The different curves correspond to the various positions
and spins of the assumed p-wave compound state.
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The case of 2 Pu(n, f) -reaction is something more simple that 2°U(n, f) -one because

only an account of the1*0 and 0*0 fission channelsis enough for description of the respective
cross sections. To get some intuition on influence of different parameters of p-wave resonances
onto the value and the energy behavior of the correlation coefficients some methodical
calculations have been carried out. The results are presented in fig. 2. It is seen that energy

behavior of & (E) and a™* (E) has strong dependence on the value of p-wave resonance spin.
Also one can see the essential dependence of a(E) and a™(E) on relative position of
interfering s- and p-wave resonances. Even in the case of * Pu(n, f) -reaction a simultaneous

fit of ™ (E) and o™® (E)values is not simple due to the fact that two 00 channels contribute
[16] for s-wave fission. It is interesting to note that if one fit reproduces in some way the
experimental ™ (E) values it is not automatically possible to reproduce the experimental data

for a™® (E) too (see fig.3).

th?-d UI 65\ ||' 'IU I'L. | I' i
1?]“-*--?--__2% ey MM

o 2 g 5] B 14} 12 14 18 18 20 22 24 36
Ennrgy (0¥}

Fig.3. The preliminary fit of ™ (E) and o™*(E) values from *’Pu(n, f)-reaction realized

with s-wave and p-wave fission cross section, shown in lower part of the figure. The points are
experimental data, the curves are fitting results.

Now the joint analysis of experimental @™ (E) and a'*(E) values is continued to obtain a

consistent set of parameters for a description of p-wave fission fitting respective interferénce
effects. After completion of such analysis it will become possible to derive some conclusions on

parity dependence of fission barriers for fixed number of J"K .

This work was supported by INTAS grant (project 00-0229).
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- EPITHERMAL NEUTRON ACTIVATION ANALYSIS
FOR DEVELOPING SELENIUM-, IODINE-, AND CHROMIUM-
CONTAINING PHARMACEUTICALS BASED ON BLUE-GREEN
ALGAE SPIRULINA PLATENSIS MATRIX

M.V Frontasyeva, S.S.Pavlov, S.F.Gundorina, N.G.Aksenova,
L.M. Mosulishvili*, E.I. Kirkesali*, A.l. Belokobylsky*, A.I.Khizanishvili*

Frank Laboratory of Neutron Physics of the Joint Institute for Nuclear Research
Dubna, 141980, Russia

*E.Andronikashvili Institute of Physics of the Georgian Academy of Sciences
Thilisi, 380077, Georgia

Neutron activation analysis was successfully used to substantiate developing of selenium-,
iodine-, and chromium-containing pharmaceuticals based on blue-green algae Spirulina platensis,
which is widely used in fundamental and applied biotechnology. This algae was chosen as a matrix
for these pharmaceuticals due to its fast growth, non-toxicity, assimilability (85-95%), high protein
content (60-70%), well-balanced amino acid compositions, richness in vitamins, and a great
variety of biologically active agents in appreciable amounts. The ability to biotransform and
endogenously add the desired elements producing complexes easily assimilated by a human
organism is a distinctive feature of Spirulina platensis [1, 2].

As a preliminary stage of research, the background levels of the elements in cells of
Spirulina Platensis biomass cultivated in a standard nutrient medium with distilled water were
studied by epithermal neutron activation analysis (ENAA) at the fast pulsed reactor IBR-2.

The concentrations of 31 macro-, micro- and trace elements (namely Na, Mg, Al, Cl, K,
Ca, Sc, V, Cr, Mn, Fe, Co, Ni (using (n, p) reactions), As, Br, Zn, Rb, Mo, Ag, Sb, I, Ba, Sm, Tb,
Tm, Hf, Ta, W, Au, Hg, and Th) ranging from 10 up to 10°> ppm were determined (Fig. 1).
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Fig. Background concentrations of macro-, micro- and trace elements in the
Spirulina platensis biomass [3].

It is evident that the cultivated Spirulina Platensis biomass does not contain toxic elements
in concentrations above the tolerance levels and such product can be utilized as a matrix for the

manufacturing of pharmaceuticals based on it (see http://www.spirulina.com/spbnutrition.htim).
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The deficiency of certain elements and compounds in the human organism is the cause
many ailments [4]. One of such elements is selenium. Selenium is a component of some enzymes,
proteins and is incorporated in the 21 amino acid, selenocysteine, which plays a unique part in the
readout of genetic information during the synthesis of proteins [5-7]. A low level of selenium may
cause such diseases as cancer, cardiomyopathy, anemia, etc.

Another equally important element is iodine. It is a vitally important element for the
function, development and growth of the human organism. Iodine affects metabolism enhancing
the oxidation-reduction processes. lodine deficiency results in dysfunction of the thyroid and is
reduction of the level of intellectual development [8]. For experimental investigation of the
possibility of creation of Se- and I-containing pharmaceuticals, a method for cultivation of the
Spirulina biomass in nutrient medium with the given concentration of loading is developed [9, 10).
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On the basis of the results obtained, the physiological doses of Se and I in the Spirulina
biomass required for manufacturing medical and prophylactic preparations were determined.

The influence of different doses of selenium on the growth of Spirulina cells, on the
chlorophyll content and on the total protein are studied. The range of selenium concentration was
0.5-15 mg/L. It is shown that the increase of the Se concentration in the given range practically
does not influence the growth of the Spirulina platensis biomass and its natural properties (Fig. 3).
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However, in the case of large doses of Se in the Spirulina biomass a decrease of
chlorophyll and total protein contents was observed In the process of Spirulina biomass cultivation
with biogenically bound chromium it was established that the Cr*® (in the form of K2Cr207) reduce
the growth of cells and the content of chlorophyll and total protein, while Cr** (in the form of
Cr(CH3C00)3) stlmulates the biomass growth (Fig. 4). Thus Splruhna cells actively accumulate
Cr" and do not bind Cr*®
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The study carried out allow to optimize the concentrations of Se, I and Cr in the nutrient

medium for obtaining their predetermined doses in Spirulina platensis biomass intended to be used
as bioactive nutrients for medical purposes.
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6. PRIZES

JINR Prizes:

Applied Physics Research:

Second Prize:

K.Walther, T.IIvankina, A.N.Nikitin, K.Ullemeyer, K.Szeffzuk. “Neutronography
in Geology and Geophysics”.

Special Prize:
Yu.A. Alexandrov, Yu.S.Zamyatnin, A.V.Ignatyuk, M.V.Kazarnovsky, V.Yu.Konovalov,

N.V.Kornilov, L.B.Pikelner, V.1 Plyaskin, Yu.P.Popov, W.I Furman. “Low-Energy Neutrons and
their Interaction with Nuclei and Matter”.

Encouraging Prizes:
N.Gorski, J Kalus, Yu.M.Ostanevich. “SANS Investigations of Self-Assembling Aggregates”.

E.A.Bondarchenko, Yu.N.Pepyolyshev, A.K.Popov. “Experimental and Model Investigations
of IBR-2 Pulsed Reactor Dynamics Peculiarities”.

FLNP Prizes:

In Nuclear Physics:

First Prize:

V.K.Ignatovich. «Apocrypha of Standard Scattering Theory and Quantum Mechanics
of de Broglie Wave Packet».

Second Prize:
S.B.Borzakov, H.Faikov-Stanczyk, Ts.Panteleev, S.A.Telezhnikov. «Study of the Reaction
of Thermal Neutron Capture by ''’Sn Nuclei.

Third Prize:
V.K.Ignatovich, E.V.Lychagin, G.V.Nekhaev, A.Yu.Muzychka, A.V.Strelkov. «Transport
of Neutrons in Closed Vessels».

In Condensed Matter Physics:

First Prize:

A.M.Balagurov, V.Yu.Pomjakushin, D.V.Sheptyakov, V.L.Aksenov. «Long-Scale Separation
versus Homogeneous Magnetic State in (La;.,Pr,)o7Cao3MnOj3: a Neutron Diffraction Study».

Second Prize:
I Natkaniec. «Investigation of Intermolecular Interactions of Polydimethysilane
at Adsorption on the Surface of SiO; Silica Nanoparticles».

Third Prize:
I Natkaniec, A.M.Balagurov, A.l.Beskrovnyi, 1.G.Shelkova, V.G.Simkin, L.S.Smirnov.

«Investigation of Phase Transitions and Dynamics of Mixed Crystals of the Type A;.CiBXy
and Rb; x(NHy)I».



8.1. STRUCTURE OF LABORATORY AND SCIENTIFIC DEPARTMENTS

Directorate:
Director:
A.V.Belushkin
Deputy Director:
W.IL.Furman
Scientific Secretary:
V.V.Sikolenko

Reactor and Technical Departments
Chief engineer: V.D.Ananiev
IBR-2 reactor
Chief engineer: A.V.Vinogradov
Department of IREN
Head: V.G.Pitaev
IBR-30 booster + LUE-40 Group
Head: S.A.Kvasnikov
Mechanical maintenance division
Head: A.A.Belyakov
Electrical engineering department
Head: V.P.Popov
Design bureau
Head: A.A.Kustov
Experimental workshops
Head: A.N.Kuznetsov

Scientific Departments and Sectors
Condensed matter department
Head: V.L.Aksenov
Nuclear physics department
Head: V.N.Shvetsov
Department of IBR-2 spectrometers complex
Head: A.V.Belushkin
Nuclear Safety and applied research sector
Head: E.P.Shabalin

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

Scientific Secretary Group
Translation
Graphics
Photography
Artwork




CONDENSED MATTER DEPARTMENT

Sub-Division | Title | Head
Diffraction sector. Head: A.M.Balagurov
Group No.1 HRFD V.Yu.Pomjakushin
Group No.2 DN-2 A.1.Beskrovnyi
Group No.3 DN-12 B.N.Savenko
Group No.4 NSVR A.N.Nikitin
Group No.5 SKAT K.Ullemeyer
Small-angle neutron scattering group. Head: V.I.Gordeliy
Neutron optics sector. Head: V.L.Aksenov
Group No.1 SPN-1 Yu.V.Nikitenko
Group No.2 REFLEX D.A.Korneev
Inelastic scattering group. Head: I.Natkaniec
Biophysics investigations group. Head: I.N.Serdyuk

NUCLEAR PHYSICS DEPARTMENT

Sub-Division Title Head
Group No.1 Polarized neutrons and nuclei Yu.D.Mareev
Group No.2 Neutron spectroscopy Yu.N.Kopatch
Group No.3 Nuclear fission Sh.S.Zeinalov
Group No.4 Thermal polarized neutrons M.].Tsulaya
Group No.5 Proton and a-decay Yu.M.Gledenov
Group No.6 Properties of y-quanta A.M.Sukhovoy
Group No.7 Neutron structure (G.S.Samosvat
Group No.8 Ultra-cold neutrons
Group No.9 Neutron optics A.l.Frank
Group No.10 Neutron activation analysis M.V.Frontasyeva
Group No.11 Theory V.K.Ignatovich

DEPARTMENT OF IBR-2 SPECTROMETERS COMPLEX

Sub-Division Title Head
Sector No.1 Electronics V.I.Prikhodko
Group No.1 Analogous electronics A.A.Bogdzel
Group No.2 Digital electronics V.F.Levchanovsky
Group No.3 Software A.S Kirilov
Group No.4 Local networks G.A.Sukhomlinov
Group No.5 Technology A.B.Melnichuk
Sector No.2 Spectrometers V.V.Zhuravlev
Group No.1 Development G.A.Varenik
Group No.2 Samples environment A.P.Sirotin
Group Detectors E.S.Kuzmin




8.2. USER POLICY

The IBR-2 reactor usually operates 8 cycles a year (2000 hrs.) 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 - W Nawrocik - Poland Chairman - L.Cser - Hungary

Scientific Secretary, Dr. Vadim V.Sikolenko is responsible for the user policy. Deadline for
proposal submission is May 16.

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/

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, Fax: (+7)-09621-65085; (+7)-09621-65484;
E-mail: Vadim.Sikolenko@yjinr.ru

8.3. MEETINGS AND CONFERENCES

In 2001, FLNP organized the following meetings:

1. |IX International Seminar on Interaction of Neutrons with | May 17-20 Dubna
Nuclei (ISINN-9)
2. | School on Neutron Scattering and Synchrotron Radiation, |March 19 — Dubna
April 27
3. |IBR-2 in the XXI century. User’s Meeting May 24-26 Dubna



http://nfdfn.jinr.ru/

In 2002, FLNP will organize the following meetings:

1. | X International Seminar on Interaction of Neutrons with | May 22-25 Dubna
Nuclei (ISINN-10)
2. | School on Neutron Scattering and Synchrotron Radiation |February 8 — Dubna
March 7
3. |JINR-Romania Workshop on Material Science March 22-25 Dubna
4. |IBR-2 User’s Meeting June 17-19 Dubna
8.4. COOPERATION
List of Visitors from Non-Member States of JINR in 2001

Name Organization Country Dates
M.M.EI-Saied NRC, AEA, Cairo Egypt 01.01-12.03
A.H.Murbut University of Bagdhad Iraq 01.01-17.11
G.Pepy LLB, Saclay France 09.01-18.01
V.Lauter ILL, Grenoble France 17.01-27.01
H.-J.Lauter ILL, Grenoble France 20.01-27.01
W.Kraan TU Delft The Netherlands 20.01-25.01
M.Rekveldt TU Delft The Netherlands 20.01-25.01
D.Aston London University UK 04.02-08.02
A.Lloid London University UK 04.02-08.02
S.D.Hope London University UK 04.02-08.02
K.Walther GeoFRZ, Potsdam Germany 27.02-04.03
S.S.Bhatti ABZ AGGREGATE-BAU Germany 27.02-04.03
V.V.Chupin University of Utrecht The Netherlands 05.03-06.03
F.Haussler Leipzig University Germany 19.03-26.03
A Frischbutter GeoFRZ, Potsdam Germany 22.03-06.04
Ch.G.Geibel Inst. of Chem. Phys. Sol. Germany 04.04-04.04

State, Dresden
S.A.Danilkin HMI, Berlin Germany 08.04-25.04
M.Jung TU, Darmstadt Germany 09.04-20.04
M.Hoelzel GSI, Darmstadt Germany 17.04-25.04
K.Walther GeoFRZ, Potsdam Germany 19.04-26.04
G.Klose Leipzig University Germany 19.04-21.04
A Frischbutter GeoFRZ, Potsdam Germany 19.04-26.04
V.Lauter ILL, Grenoble France 20.04-30.04
H.-J.Lauter ILL, Grenoble France 20.04-30.04
A.ANikolaev Uhlm University Germany 21.04-22.04
B.H.Tietze-Jaensch FZ, Julich Germany 29.04-01.05
O.Steinsvoll Inst. for Energy Norway 13.05-26.05
Technology,Kjeller

Kang Youn Soo Pusan National University Korea 14.05-09.06
J. Teixeira LLB, Saclay France 19.05-26.05




D.Radnovic Univ. of Novi Sad Yugoslavia 22.05-28.05
V.V.Chupin University of Utrecht The Netherlands 23.05-24.05
D.Richter FZ, Julich Germany 24.05-27.05
M.C.B.Funel LLB, Saclay France 29.05-30.05
P.Fischer PSI, Villigen Switzerland 31.05-02.06
A.Schenck PSI, Villigen Switzerland 31.05-03.06
S.Billindge University of Michigan USA 20.06-23.06
Ya.Veyberman University of Rochester USA 01.06-25.06
M.Rudalics RISC, JK Univ., Linz Austria 01.07-01.08
T.Kavai RRI, Kyoto University Japan 22.07-27.07
Ya.Tsuruta RRI, Kyoto University Japan 19.08-25.08
M.Shimonaka RRI, Kyoto University Japan 19.08-25.08
R.Machrafi Univ.Mohamed V.Rabat Morocco 25.08-31.12
D.Richar ILL, Grenoble France 22.09-29.09
A.Chatt Dalhausie University, Halifax | Canada 03.10-13.10
A.Gabriel European Molecular Biology |France 08.10-17.10
Lab., Grenoble
K.Walther GeoFRZ, Potsdam Germany 08.10-26.10
K.N.Clausen FZ, Julich Germany 08.10-12.10
P.Tindemann FZ, Julich Germany 08.10-12.10
H.Kuzmani Inst. fur Materialphysik, Austria 23.10-24.10
Vienna
A.Frischbutter GeoFRZ, Potsdam Germany 08.11-14.11
Kang Youn Soo Pusan National University Korea 11.11-18.12
Kim Gui Nyun Kyungpook Nat. Univ., Taegu | Korea 11.11-20.11
Lee Dae Won Kyungpook Nat. Univ., Taegu | Korea 14.11-20.11
V.Lauter ILL, Grenoble France 19.11-25.11
H.-J.Lauter ILL, Grenoble France 19.11-25.11
G.Klose Leipzig University Germany 19.11-25.11
T.A.Salama NRC, AEA, Cairo Egypt 06.12-06.03.02
8.5. EDUCATION

The objective of the FLNP educational program is the training of specialists in the field of
neutron methods for condensed matter and nuclear physics research. In the year 2001 in Moscow
State University named after M.V.Lomonosov the neutron diffraction division as a part of physics
department was opened and it is a basic department for FLNP. In addition to the students of this
department, the students of the MSU Interfaculty Center «Structure of Matter and New Materials»
carry out their diploma work in FLNP. In the Center the students from the Chemical Faculty of
MSU, Higher College of Materials Sciences under MSU, Tula State University, Tula Pedagogical
University, Tver State Univesity and other universities of Russia and JINR member-states do the

course.

In the year 2001, the traditional annual Spring School on Neutron Scattering for Condensed
Matter Research was organized by FLNP in cooperation with MSU. The participants listened to the
lectures by eminent scientists and did a series of practical works at the IBR-2 reactor and other

JINR facilities under the guidance of FLNP specialists.




8.6. PERSONNEL

Distribution of the Personnel per Department as of 01.01.2001

Theme Departments Main staff
-0974- Nuclear Physics Department 60.5
-1031- Condensed Matter Physics Department 48.5
-1012- IBR-2 Spectrometers Complex Department 53.5
-0993- IREN Department 22.5
-1007- Nuclear Safety Sector 14.75
-0851- IBR-2 Department 51

Mechanical and Technical Department 61
Electric and Technical Department 34
Central Experimental Workshops 39
Design Bureau 8
FLNP infrastructure:
Directorate 6
Services and Management Department 22
Scientific Secretary Group 6
Supplies Group 5
Total 432

Personnel of the Directorate as of 01.01.2001

Country People
Azerbaijan 1
Armenia 1
Bulgaria 2
Egypt 1
Germany 4
Georgia 2
Kazakhstan 1
Mongolia 2
Poland 5
Romania 4
Russia 20
Ukraine 1
TOTAL 44




8.7. FINANCE

Financing of the FLNP Scientific Research Plan in 2001 (th. USD)

No. Theme Financing plan, Expenditures In % of FLNP
$ th. for 12 months, $ th. budget
I | Condensed matter physics 4067.8 1979.8 48.7
-1031- 2514.6 1186.2 47.2
-0851- 929.2 483.3 52.0
-1012- 624.0 310.3 49.7
IT |Neutron nuclear physics 1121.4 618.0 55.1
-1036- 647.6 420.1 64.9
-0993- 473.8 197.9 41.8
III | Elementary particle physics
-1007- 6.2 20.0 322.5
IV | Relativistic nuclear physics
-1008- 41.6 8.8 21.1
V |TOTAL: 5237.0 2626.6 50.2
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