
In 2003, the FLNP scientiˇc programme was real-
ized under the auspices of ˇve research themes of the
JINR Plan of Scientiˇc Research and International Sci-
entiˇc and Technical Cooperation (PSRISTC). It was
aimed at obtaining new results in condensed matter
physics (theme ®Neutron Investigations of Structure and
Dynamics of Condensed Matter¯, 07-4-1031-99/2003,
headed by V. L. Aksenov and A. M. Balagurov) and
neutron nuclear physics (theme ®Nuclear Physics with
Neutrons Å Fundamental and Applied Investigations¯,
06-4-1036-2001/2004, headed by W. I. Furman and
V. N. Shvetsov). To effect scientiˇc research, work to
develop, modernize, and construct the FLNP basic fa-
cilities, IBR-2 (theme ®Upgrade of the IBR-2 Com-

plex¯, 07-4-0851-87/2007, headed by V. D. Ananiev)
and IREN (theme ®IREN Project¯, 06-4-0993-94/2004,
headed by W. I. Furman and I. N. Meshkov) as well
as the IBR-2 spectrometry and computation com-
plex (theme ®Development of the IBR-2 Spectrome-
ter Complex and Information-Computation Infrastruc-
ture¯, 07-4-1012-96/2003, headed by A. V. Belushkin
and V. I. Prikhodko) continued.

Current topics of the investigations, carried out
in collaboration with leading nuclear research centres,
were considered and discussed at the XI International
Seminar on Interaction of Neutrons with Nuclei and the
XII International Conference on Selected Problems of
Modern Physics.

CONDENSED MATTER PHYSICS

Diffraction. At HRFD, new experimental re-
sults on the magnetic and nuclear structures of man-
ganites with a colossal magnetic resistance were ob-
tained. In particular, two series of samples of the type
(La1−yPry)0.7Ca0.3MnO3 (LPCM), each enriched with
the oxygen isotope 16� or 18�, were investigated in
detail over a wide interval of Pr concentrations. Quali-
tative coincidence of phase diagrams for the two series,
though with a shift in Pr concentration, was established.
This means that strong in�uence of isotopic replace-
ment on LPCM macroscopic properties in the region
of mixed metallic and dielectric states, which was ob-
served earlier, is, in the main, a percolation effect rather
than the result of appearance of some principally new
state [1]. Neutron diffraction was used to investigate
the oxygen and �uoridated layered manganese oxides
Sr2GaMnO5−xF1+x with a structure of the brownmil-
lerite type. In such compounds, the number of Mn3+

and Mn4+ ions, which affects the extent to which the

mechanism of ®double exchange¯ demonstrates itself,
depends on the concentration of oxygen and �uorine
and can be easily changed. The type of magnetic or-
dering in brownmillerites depends on the structure of
the buffer layer Ga(O,F)6 and on the Mn orbital conˇg-
uration. The crystalline and the magnetic structures of
the compound Sr2GaMnO4.8F1.2, where the Mn mean
charge is +3.8, were determined (Fig. 1).

At the DN-12 diffractometer for high pressures, the
structure of the pseudobinar system of mercury chalco-
genites HgSe0.7Se0.3was investigated at 9 GPa. A phe-
nomenological model of the phase transition from cubic
structure of the blende type to hexagonal structure of the
cinnabar type observed in the compound under pressure
has been suggested. The effect of high pressures, up to
4 GPa, and low temperatures, from 16 to 300 Š, on the
MnAs atomic and magnetic structure was investigated
(Fig. 2). It is found that in MnAs in the region of high
pressures and low temperatures there exists a new
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Fig. 1. The crystalline structure of Sr2GaMnO5F1 (a). The MnO2 planes and the Ga(O,F)6 octahedra are shown. The spin
conˇguration in Sr2GaMn(O,F)6 (b). Only the manganese are shown

Fig. 2. Neutron diffraction patterns of Pr0.44Sr0.56MnO3 mea-
sured at P = 0 and 1.9 GPa, T = 16 K at scattering angles
2θ = 90 and 45.5◦ (inset) and processed by the Rietveld
method. A coexistence of the initial A-type AFM orthorhom-
bic phase with a pressure-induced C-type AFM tetragonal
phase was observed

orthorhombic magnetic phase. Investigations of the
atomic and magnetic structure of the manganites
Pr1−xSrxMnO3 (x = 0.50, 0.56) was conducted at
0Ä5 GPa and 16Ä300 Š. It has been discovered that
in the region of high pressures and low temperatures
a new tetragonal phase, which coexists with the ini-
tial orthorhombic phase, arises in Pr0.5Sr0.5MnO3 and
Pr0.44Sr0.56MnO3. This pressure-induced tetragonal
phase has an antiferromagnetic structure of the ‘-type
in Pr0.44Sr0.56MnO3 and exhibits no sign of magnetic
ordering in Pr0.5Sr0.5MnO3 [2].

Polarized Neutrons and Neutron Optics. At the
REMUR re�ectometer, a spatial magnetization distrib-
ution at the V(650 �A)/Cr bilayer interface, where an ef-
fective ferromagnetic layer was discovered to exist, was
measured. The data from re�ectometric measurements
of the magnetization proˇle in periodic Fe/V structures
were analyzed to determine the magnetic ordering type
of vanadium atoms in the vicinity of the interface. To
analyze the experimental data, a program for the cal-
culation of re�ection coefˇcients involving a particular
type of gaussian nonideality of the interface structure
has been developed [3].

Inelastic Neutron Scattering. At the NERA-PR
spectrometer, a series of experiments on neutron dif-
fraction and neutron inelastic scattering was carried out
using a set-up for the investigation of phase transitions
and dynamics of solid mesitylene. The obtained re-
sults were used to calculate its moderating properties.
It is shown that solid mesitylene can occur in different
crystallographic modiˇcations depending on the degree
of cooling and thermal processing. The generalized
phonon density function of different mesitylene phases
has been obtained and analyzed.

Small-Angle Scattering. At the YuMO instrument,
complex small-angle neutron scattering investigations
of a number of nanodimensional systems were carried
out. In particular, experiments on the small-angle scat-
tering of neutrons on colloid C60 fullerene water solu-
tions were conducted and analyzed. The speciˇc para-
meters of colloid particles (size, polydispersivity, den-
sity, etc.) and their dependence on the fullerene con-
centration were determined. A number of models of
the particles have been suggested based on the obtained
data and some complementary methods.
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Small-angle neutron scattering experiments on the
solution C60/carbon bisulphide were repeated conˇrm-
ing the existence of cluster-like formations in the solu-
tion. From the scattering curves, size distributions of
the formations were obtained and it was determined
how the temperature and fullerene concentration af-
fected them. In the framework of the nucleation theory,
equations for a kinetic formation of clusters in the stud-
ied system were investigated. It is shown that a series of
simple expressions for the binding energy as a function
of the number of particles in the cluster corresponding,
in particular, to the drop model of the cluster do not de-
scribe the cluster state of fullerene in carbon bisulphide
if the nucleation theory is used.

Fig. 3. SANS curves for G(3)7 dendrimers in chloroform-
d (1) and in benzene-d6 (2), and for G(4)7 dendrimers in
benzene-d6 (3). w = 4 wt.% (1, 2) and 1 wt.% (3). The ˇts
are made using uniform ellipsoid model

In the framework of investigations of ferroliquids a
simple method of testing industrial ferroliquid samples,
based on the analysis of small-angle neutron scattering
intensities, has been suggested. The method allows ag-
gregations in ferroliquids to be identiˇed with a good
conˇdence and their stability under different magnetic
loadings to be judged [4].

The basic parameters of polycarboxyl dendrimers
with different molecular architectures were obtained
(Fig. 3). At the same time, it was found that the solvent
penetrates into the dendrimer structure in the amount up
to 30% by volume [5]. Analytical models for the de-
termination of the structural parameters of the protein
RecA that forms ˇlament complexes with DNA were
investigated. It has been shown that the structure of
ˇlaments is formed of two RecA proteins. The effect
of the n-decane on the thickness of the lipid bilayer
in a unilamellar vesicle was investigated. Precision
measurements of small-angle neutron scattering curves
have made it possible to discover, in particular, that
the bilayer thickness increases by 2.4 �A. In addition,
these data together with those from differential scan-

ning calorimetry allowed explaining of nonmonotonous
temperature dependence of the structural parameters of
polyethylene oxide/polypropylene oxide copolymers in
water solutions [6].

Applied Research. In the framework of studies
on ®the physics of seismic foci and physics of rock
failure¯, theoretical and experimental investigations of
anomalous physical properties of minerals and rocks
were conducted at high temperatures and pressures. At
the SKATÄTKOS experimental complex, measurements
of the structure, texture as well as elastic, deforma-
tional and thermal properties of polycrystalline quartzite
were conducted under simultaneous action of a deform-
ing force and temperatures, from 20 to 620 ◦‘, mak-
ing it possible to perform an analysis of the tempera-
ture dependence of intra-lattice stresses. To elucidate
the nature of the anisotropy of seismic waves at diffe-
rent depths in the lithosphere, a complex investigation
of rocks from different lithosphere depths at high all-
round pressures and with an instrument creating triaxial
stresses at temperatures up to 600 ◦‘ was ˇrst con-
ducted. It is established that the key factor that controls
the elastic properties anisotropy of olivine-bearing man-
tle rocks at high all-round pressures (over 200 MPa) is
the crystallographic structure of olivine. The in�uence
of the form texture (oriented microcracks, pores, in-
tergrain boundaries, etc.) on the elastic anisotropy of
olivine rocks has been determined [6].

The research programme for EPSILON/SKAT fo-
cused on the following directions: investigations of ap-
plied and residual stresses in polycrystalline materials
(rocks and other materials); texture analysis of mate-
rials (mainly geological), and obtaining of anisotropic
physical properties of rocks from their crystallographic
textures. The investigated samples were dolomite and
anhydrite compositions, construction marble materials,
rocks from the Eastern Alps, etc. [7].

At the HRFD diffractometer, measurements of
residual stresses in bimetallic (hardened steel/zirconium
alloy) uses in RBMK neutron reactors continued. The
work was carried out together with research institutes
of Minatom, RF. The instrument was also used to study
TiNi alloy-based materials under external nonaxial load-
ing at different temperatures. The dependence of the
martensite transition temperature on the loading was
obtained. The formation and growth of the austenite
phase with a characteristic distribution of stresses be-
tween the two phases depending on external loading
have been observed. A difference between the lattice
parameters of the martensite phase in freshly prepared
samples and those used has been discovered [8].

By means of neutron diffraction at the DIN-2PI in-
strument, the structure of liquid lead/potassium alloys
was investigated. An analysis of neutron diffraction pat-
terns as a function of relative lead concentration points
to the absence of speciˇc Zintl clusters in alloys. This
means that the investigated alloy has much lower corro-
sion properties than pure lead and may be looked at as
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a possible candidate for the role of an effective cooling
agent in nuclear power stations [9].

Principal Methodological Results. Tests of a new
head part of the REMUR spectrometer were conducted
on the neutron beam. The tests have proved that the
choice of a concept of a head part with two different
neutron sources is right. Physical and technical pro-
posals for the modernization of the platforms for the
polarizers, the shielding of the spectrometer's detector,
and the creation of the new movable collimators were
developed.

The re�ection of neutrons from layered spin-
precessors was investigated. A new magnetic system,
which allowed the realization of a spin-precessor with
rotating current planes, has been created. A two current
π/2 rotatorsÄbased spin-precessor was investigated. It
has been experimentally shown that the neutron spin
precession phase changes as a function of beam diver-
gence and rotation angle of the current planes of the
rotators. It is found that with such a precessor the
beam cross section 10× 25 cm can be used and objects
with a correlation length in the range 102−104 �A can
be investigated [10].

The possibility of construction and draft project de-
velopment of a polarized neutron re�ectometer with a
vertical scattering plane on the second beam of the RE-
FLEX re�ectometer was investigated. The instrument is
expected to have a resolution of several percent, work-
ing wavelength interval of 1−10 �A and a spectrum-
averaged polarization of the incident beam on the level
not lower than 95%. The main objects of investiga-
tion with the new re�ectometer will be surface ˇlms on
liquids.

At the REFLEX II spectrometer, a measuring tech-
nique using polarized neutrons that employs larmor pre-
cession of neutron spin and is based on the use of cur-
rent foils has been tuned. The technique has been devel-
oped to be used at the time-of-�ight re�ectometer. The
larmor precession technique combined with the time-of-
�ight method is a new direction that extends essentially
the experimental possibilities of the instrument.

At the DN-12 diffractometer for high pressures, a
collimation system for detectors has been developed
and tested. The effect-to-background ratio has been in-
creased three times. A project of a cooled beryllium
ˇlter for experiments on inelastic neutron scattering at
high pressures has been developed.

At the EPSILON instrument a system of nine radial

collimators, each equipped with nine detectors, has been
adjusted. A total of 42 new detectors are installed and,
as a result, the total number of detectors is 78 today.
In the course of measurements, the diffraction spectra
registered by the detectors are added up by means of
time focusing based on varying of the channel width
depending on the detector position. All the necessary
calculations (recalculations) are performed in parallel.
To raise the quality of experimental determination of
materials' elastic properties, the effect of the number
of grains in a polycrystalline sample and of the volume
distribution of grains on the accuracy of the obtained
elastic property parameters was studied. The new pro-
posed model of calculation of the elastic properties of
polycrystals was applied for the investigation of impor-
tant technological materials, such as copper, graphite,
zirconium, etc.

At the YUMO instrument, the two-detector system
started to operate effectively: sample environment pos-
sibilities are widened, the project for creation of a fa-
cility with a magnetic ˇeld is going on successfully,
a number of new experimental data procession pro-
grams were written and tested. The project of a small-
angle X-ray diffractometer is being developed success-
fully [11].

At the DIN-2PI spectrometer, works were carried
out to complete the experimental base for neutron
physics investigations of matter over the temperature
region up to 3000 Š. Heating of the sample and keeping
its temperature on the speciˇed level during the course
of measurements are executed with the help of the
TS-3000 thermostat installed in the vacuum chamber
of the spectrometer. The thermostat was designed and
produced in Romania in accordance with the technical
proposal developed by FLNP and PSI. The thermostat
was tested in the working conditions. The new experi-
mental possibilities of neutron physics investigations of
matter at temperatures up to 3000 Š allow intensiˇca-
tion of research in: atomic structure and dynamics of
advanced reactor materials under working or extreme
temperatures in nuclear power facilities; superionic
conductors with a �uorite structure (of the CaF2 type)
in the region of the superionic transition; advanced
materials for thermonuclear reactors in the temperature
region up to 3000 Š, peculiarities of the structure and
dynamics of liquid-metallic systems with admixtures of
carbon or carbon modiˇcations in the region of high
temperatures, etc.

NEUTRON NUCLEAR PHYSICS

In 2003, the FLNP experimental investiga-
tion programme in neutron nuclear physics in-
cluded traditional directions of fundamental and ap-
plied research carried out on the IBR-2 and EG-

5 beams and in collaboration with nuclear cen-
tres in Russia, Bulgaria, Poland, Czechia, Ger-
many, the Republic of Korea, France, the USA, and
Japan.
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Experimental Investigations. Early in 2003 in the
course of two operation cycles on beam 1 of the IBR-2
reactor, experimental work to elucidate the nature of
the spatial parity-violation effect in the interaction of
polarized thermal neutrons with plumbum nuclei was
completed [12]. As a result, it has been shown that
the spin rotation effect responsible for spatial parity vi-
olation may be due to the isotope 207Pb rather than to
204Pb, as was earlier obtained by an ITEP group. This
is based on the discovery of a p resonance in 207Pb,
which may explain the parity-violation effect.

On the IBR-2 beam 11b the experiment to mea-
sure the scattering anisotropy of neutrons on gaseous
argon at 50 atm and on vanadium or cadmium metal-
lic plates was completed [13]. The objective of the
measurements was the ratio between neutron scatter-
ing intensities into the front and into the back hemi-
sphere R = I(30◦)/I(150◦) for the neutron energy
E = 0.002−0.07 eV. For argon, a distinct diffraction
pattern was observed well corresponding to the data on
the argon structural factor in the literature. The pattern,
after being reduced 50 times, has led to two important
conclusions: 1) even at low pressure diffraction there is
a serious obstacle to a reliable measurement of the n, e-
scattering length bne; 2) the situation is much better at
E > 0.1 eV, at which measurements should be taken.
Vanadium frequently used as an isotropic scatterer has
ˇrst demonstrated a weak anisotropy (R = 0.97−1.06)
as predicted by J. Mayers (Nucl. Instr. Meth. 1984.
V. 221. P. 609). The measurements with cadmium
demonstrated that cadmium has an appreciable re�ec-
tivity (∼ 10−3) described well by a simple formula.
The value of Ris on the order of 0.02Ä0.03.

In 2003, the processing of the data from a DubnaÄ
Karlsruhe joint experiment to measure the neutron cap-
ture cross section of the isotope 147Pm being an impor-
tant branching point on the s-process pathway, which
was carried out for neutron energies characteristic of
stellar conditions, was completed [14]. On the basis
of the newly obtained data an analysis of s-process
branching at A = 147/148 was performed and neutron
densities in the stage of pulsed layer burning of helium
in small-mass red giants were estimated.

As part of the preparation of the experiment on
direct measurements of the neutron-neutron scattering
length at the JAGUAR reactor at VNIITF (town of
Snezhinsk), background calculations for the lower part
of the experimental channel were carried out. These
allowed the optimization of the geometry of the chan-
nel, of the collimators, and of the shielding under the
reactor to satisfy the condition: the number of the reg-
istered background events per pulse is not larger than
1% of the number of the registered useful events. It
is found that the main contribution to the background
is that of fast neutrons with energies from 100 keV
to 5 MeV. The FLNPÄVNIITFÄTriangle University in-
ternational collaboration with a ˇnancial support from
RFBR, ISTC, and Minatom, RF, completed the mod-

ernization of the JAGUAR reactor environment: a 10
meter deep under-reactor mine was built and openings
in the over-reactor cover were made.

The processing of the earlier data on the process
of cascade gamma decay of compound states of nuclei
with a high level density by the method of summation of
coinciding pulse amplitudes was continued. Under the
programme, the most detailed and precise data on the
properties of excited states of the spherical 118Sn [15]
and deformed 185W compound nuclei for energies up
to their neutron binding energy Bn have been obtained.
The data in the form of spectra that are extremely simple
and most convenient for the determination of the most
probable level densities and radiative strength functions
were obtained for more than half total intensity of all
probable primary gamma transitions in the two investi-
gated nuclei. No other experimental technique known
today can produce comparable information about nu-
clei with similar parameters above the excitation energy
about 1Ä3 MeV. As for the nuclei studied before, the
parameters of the cascade gamma decay of both 118Sn
and 185W in the excitation energy region around the
neutron binding energy cannot be reproduced without
accounting for a sharp change in the structure of the
nucleus at least in the selected excitation energy region.
The conclusion is arrived at not only because of the
existence of a step-like structure in the dependence of
the level density on the excitation energy around 0.5Bn,
but also because of a quite appreciable increase in the
total cascade population of levels in a number of nuclei
below that very excitation energy. In the framework
of available developments of a model description of
level densities by Obninsk theoreticians, a qualitative
description of the observed effects can be done under
the assumption of breaking of one or several Couper
pairs of nucleons at an effective excitation energy in
the deformed nuclei of the order of 3 MeV and a some-
what higher energy in the spherical nuclei belonging to
the region A = 100. This is also what the transition of
the nucleus from excitations with dominance of vibra-
tional components of level wave functions to dominance
of multiquasiparticle levels is connected with.

In the ˇeld of Theoretical Physics, investigations
in the physics of ˇssion, fundamental properties of
the neutron and high-excited states of compound nu-
clei were performed.

Within the framework of the new approach to the
description of induced ˇssion developed by Barabanov
and Furman on the basis of helicity representation and
R-matrix formalism, an analysis of the experimental
data on P -even and P -odd angular correlations of ˇs-
sion fragments from resonance neutron induced ˇs-
sion was completed [16]. The approach has made it
possible to describe such interference effects in the
differential ˇssion cross section as the anisotropy of
®forwardÄbackward¯ separation of fragments on the un-
polarized neutron beam and their ®leftÄright¯ anisotropy
on the polarized beam, as well as spinÄopposite spin
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anisotropy caused by a contribution of the weak
nucleonÄnucleon interaction. The R-matrix formalism
allows a more complete and rigorous description of the
contribution of the interference of s, p resonances to the
observed angular correlations. At the same time, an im-
portant role of interresonance interference in the energy
structure of the observed effects is indicated. This is
what makes the new approach essentially different from
the SushkovÄFlambaum simpliˇed approach proposed
back in 1982. In contrast to the SushkovÄFlambaum
approach, the structure of the parity-violating cross sec-
tion is related to s resonances and, correspondingly, the
matrix elements of the weak interaction as a superposi-
tion enter into ®impurity¯ ˇssion width of s resonances.

Applied Research. On the IBR-2 beam 6b, mea-
surements of sample ˇlters from reactor construction
materials such as Mo, Pb, Ti, W, and Zr to measure
their thermal neutron cross sections were conducted us-
ing a chopper-monochromator [17]. The 0.1Ä200 keV
time-of-�ight spectra from Mo, Rh, Ho, and W mea-
surements were analyzed and total/capture cross sec-
tions and transmissions were obtained with an accuracy
of 0.2Ä0.5% (transmission) and of 2Ä10% (cross sec-
tions). For Nb, Mo, and Pb, the resonance blocking co-
efˇcients in capture and scattering cross sections were
determined in a similar energy region. The obtained
data will be included in the nuclear data libraries used
in the calculation of nuclear facilities.

NEUTRON SOURCES

The IBR-2 Pulsed Reactor. In 2003, the IBR-2 re-
actor operated in accordance with the approved working
schedule. It has operated ∼ 681 hours in two cycles
with the power W = 1.5 ŒW.

Modernization of IBR-2 was carried out in the fol-
lowing directions:

• MR-3 Å chief goal of the year: test assembling
of MR-3 without a jacket on the FLNP testing
stand is performed; MR-3 startup in the air at a
rate of up to 360 rot/min (60% of nominal rate) is
conducted; vibration level is checked; manufac-
turing of the jacket is completed at NIKIET; test
assembling of MR-3 with a jacket is under way.

• New fuel loading: manufacturing of TVELs is
in the stage of completion at the industrial enter-
prise ®Mayak¯; components of fuel element as-
semblies (TVS) are manufactured and supplied;
GSPI project of TVELs assembling into TVS
started.

• Basic reactor equipment: manufacturing of the
new reactor jacket continued; work to execute
design plans and documentation for roll-away
shieldings and stationary re�ectors continued.

• Control and emergency system (SUZ): agreement
with SNIIP Systematom for the development and
manufacturing of SUZ electronic equipment is
signed; development of SUZ executive mecha-
nisms continued at NIKIET.

• Helium facility: development of the new Cold
Helium Facility (CHF) completed.

The IREN Project. The main task of the IREN
project in 2003 was decommissioning of the IBR-30
reactor. It is a mandatory condition to get a license
for construction of the IREN facility. JINR Directorate
assigned nominally a special grant ($80 000) for decom-

missioning of the IBR-30 reactor and a separate grant
($50 000) for the project itself.

The ˇrst one allowed fulˇlling of the task in prin-
ciple. But, actually, in spite of much effort to real-
ize the special JINR Director's order and the respective
time-table, the decommissioning of IBR-30 was not ˇn-
ished in 2003. Meanwhile, most of items of this time-
table were realized (bld. 117/6 for storing of activated
constructions of the reactor is completed and techni-
cally equipped, all devices necessary for dismantling of
the reactor are manufactured and tested, all containers
intended for transportation and storing of reactor fuel
load are manufactured and obtained, the ˇrst stage of
personnel training is completed), the absence of some
dosimetric equipment and debts for construction of bld.
117/6 did not permit us to get license for exploitation
of this storage and for its use for some operation with
fuel load. So the dismantling of IBR-30 will not start
before the summer of 2004, provided that dosimetric
equipment is paid, delivered, and installed in the ˇrst
quarter of 2004 and the license for storage is received
before starting of the work. The work on dismantling
of the reactor is permitted to carry out only at warm
time. It is essential to note that the present license for
decommissioning of the IBR-30 will expire 31.12.2003,
so now we have sent an application to get a new license
from Russian Gosatomnadzor.

The second main task of the IREN project was to
complete working-out of the ˇrst part of the technolog-
ical project of the facility. It was fulˇlled with large
delay by the Moscow design institute GSPI. We have
recently obtained the part of the general project neces-
sary for approving by the respective Russian authori-
ties. The activity aimed at getting permission for siting
of the IREN source at JINR is started on the basis
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of the obtained project. But we did not obtain from
NIKIET, Moscow, the technological drawings of the
multiplying target necessary to claim a tender for man-
ufacture of the hardware of this target. This documen-
tation is practically ready but it could not be delivered

to JINR without the respective payments. A very simi-
lar situation is with the technical project of the control
system of the IREN source. It has been completed
by a special Moscow organization OKSAT NIKIET on
credit.

DEVELOPMENT OF THE IBR-2 SPECTROMETER COMPLEX AND INFORMATION-COMPUTATION
INFRASTRUCTURE

In 2003, work under theme 1012 was carried out in
the following main directions:

Å creation of neutron detectors;

Å development of sample environment systems;

Å development of data acquisition systems and net-
work infrastructure;

Å current modernization and routine maintenance
of the IBR-2 spectrometer complex.

Creation of Neutron Detectors. Gas detectors. In-
frastructure. A large amount of work to create techno-
logical and electronic infrastructure for manufacturing
and testing detectors has been performed:

• Preparation for commissioning of a clean room is
being completed. Work on assembling the detec-
tor elements is under way in it.

• A stand for creating anode and cathode planes for
neutron detectors on the basis of multiwire pro-
portional chambers (MWPC) was created, and the
manufacturing of electrodes for the MWPC detec-
tors with individual signal readout from each wire
and with delay line data readout started.

• An electronic stand for testing two-coordinate de-
tectors with delay line data readout was assem-
bled. It includes an amplitude analyzer and NIM
crate with ˇve-channel constant fraction discrim-
inator, blocks of controlled delays and a high-
voltage power supply. The structure of the stand
also comprises a personal computer with a built-
in data acquisition (DAQ) and accumulation card
developed in cooperation with HMI, Berlin [18].
All the mentioned equipment was adjusted, and
the ˇrst test measurements with 252‘f source on
a real detector manufactured in ILL, Grenoble,
were performed.

Development and Manufacturing of detectors [19].
An original design of MSGC detector with a ®vir-
tual¯ cathode was developed, and the prototype of
the detector was manufactured; readout electronics
was adjusted, and measurements were carried out.
At present, the stability of detector operation is be-
ing checked. Electronics for a coordinate microstrip
detector with determination of coordinates by the
charge division method was assembled and prepared for
testing.

An MWPC detector with a sensitive area 20×20 ¸³
and planned coordinate resolution of 2.5 mm was devel-
oped and manufactured. Determination of coordinates
is realized by wire number coding. Together with the
University of Magdeburg, a principal electric circuit
of the block for calculation of the centre of mass of
the event cluster in the detector space (64 × 64 wires)
was developed and simulated in FPGA environment.
The accuracy of determination of the centre of mass is
0.5 pixels. A simpliˇed version of the encoding block
(24 × 24 pixels) was developed and manufactured.

The same casing will be used for creation of a two-
coordinate detector of 20 × 20 cm with delay line data
readout. Cathode planes with delay lines, anode planes
and preampliˇers are in the manufacturing stage. The
manufacturing of the casing and assembling of the de-
tector, as well as the beginning of test trials with DAQ
electronics, are scheduled for IÄII quarters of 2004.

Scintillation detectors. Work in this direction has
been successfully carried out for several years. In 2003,
the following results were obtained:

• At the FSD diffractometer, to reduce the cost of
detectors, investigations were conducted and the
construction of scintillation counters was elabo-
rated, which provided a change-over to domestic
photomultipliers. The main elements and units
of two sections (16 working modules) of the AS-
TRA wide-aperture scintillation (ZnS) 90◦ detec-
tor with time focusing were manufactured. In co-
operation with the State Optical Institute (St. Pe-
tersburg), the ˇrst stage of investigations of new
scintillation ZnS-based materials was completed.
These materials will make it possible to improve
characteristics of scintillation ZnS screens, as well
as to abandon expensive purchases of ZnS screens
abroad.

• A prototype of the module for the scintillation
(ZnS) 90◦ detector of the DN-12 spectrometer
was manufactured and tested on channel 12 of the
IBR-2 reactor. The prototype was designed on the
basis of the ®rough¯ time focusing method, which
allows a considerable increase in a solid observa-
tion angle, using scintillation plates of small area.
The tests demonstrated a complete compliance of
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the detector parameters with the calculated val-
ues. According to the results of the tests, the
90◦ detector assembled entirely of modules of a
new type (ring of 16 modules) will provide an
eight-fold increase in statistics gathering rate as
compared with the available ring 90◦ detector on
helium counters working on channel 12.

Development of Sample Environment Systems. A
microcontroller block for controlling step motors was
developed to create multichannel control systems of ac-
tuating mechanisms of spectrometers on the basis of
PC. The system comprises: controller, commutators-
ampliˇers of step motors SMD-D2A and a power sup-
ply unit for motors 32‚ · 2�. Communication with PC
is carried out using RS232 protocol.

For the DSD spectrometer of the IVV-2M reactor
(Sverdlovsk branch of NIKIET) a central platform of
stress-diffractometer with a linear scanner was man-
ufactured. The central platform provides rotation of
the linear scanner as a single whole around a vertical
axis and rotation of a rotary platform with the detector
around the same axis. All control systems are con-
structed on the basis of step motors and controlled by
the experimental program.

A top loaded cryostat was developed for carrying
out diffraction experiments on thermal neutron beams
in the temperature range from 8 to 300 K. In the cryo-
stat the closed cycle refrigerator of Leybold ˇrm is used
on the basis of cold head CoolPower 5/100T and com-
pressor CoolPak 6000. The replacement of a sample
does not demand the removal of the cryostat casing or
disassembly of the cryostat. The shaft whose bottom
end is connected by means of a heat exchanger to the
second stage of the refrigerator, is intended for sample
changing. The sample volume Å a vanadium glass is
shunted by a copper heat conductor, which equalizes
temperature across its volume. A drift diameter of the
shaft is 19.2 mm; however, at the level of the heat ex-
changer it is tapered to 18.1 mm. The greatest possible
diameter of a sample is limited to a diameter of 17 mm.

A self-contained sorption refrigerator for working
at a temperature of 0.3 K was developed [20]. The
refrigerator is designed as an insert 80 mm in diame-
ter, which is submerged in a helium cryostat. It keeps
the temperature of a sample at 0.31 K for 20 h after
condensation of 3�¥ at a useful heat load of 10 µW.
Recondensation time is 0.5 h.

Work to modernize the microcontroller-based con-
trol systems of choppers for the NERA-PR, SKAT and
DIN-2 spectrometers (three choppers) was conducted
[21]. The software of chopper control systems was
signiˇcantly modernized.

Development of Data Acquisition Systems and
Network Infrastructure. In the FLNP local area net-
work, Access Control Module Catalist 8510 for control-
ling and analyzing trafˇc as well as a new mail server
based on two Intel compatible processor with OS So-
laris were installed and put into operation.

Work to develop FLNP Web-server and HIPNS
information system (hypertext information system on
neutron sources and neutron instruments) continued.
HIPNS provides users with data about neutron sources
and spectrometers, as well as about investigations car-
ried out on these sources [22]. The XML version of
the HIPNS system using the Apache Cocoon technology
was realized. Required pages are automatically gener-
ated from the database, which was created for several
IBR-2 spectrometers. In 2003, a new two-processor PC
Web-server was purchased and installed.

In cooperation with HMI, Berlin, testing of DAQ
electronics for MWPC detector with delay lines was
completed. The changes improving speed of operation
and time resolution were made in the electric circuit,
and 10 boards for JINR and HMI were manufactured
in the ILFA ˇrm, Hamburg. The ˇrst version of soft-
ware for the board was developed. It includes event
selection algorithms (realized in FPGA), programs for
controlling data �ows in various operating modes of
the board (these programs are run by a digital signal
processor installed on the board), program driver of
the board, programs of preliminary processing and user
programs on PC. Electronics and software were suc-
cessfully tested with a real detector using a source (at
HMI and at FLNP) and on the BER-II reactor at HMI.
The analysis and visualization of data were carried out
using ROOT and PV-WAVE packages [23]. At present,
works on optimization of the programs are conducted.

The combined control system of the NERA-PR
spectrometer (graphic interface on PC with retention of
control programs in VME) was given to users for op-
eration testing from the end of October, 2002, till Feb-
ruary, 2003. This operation testing has demonstrated
stable work of the hardware, Windows XP operating
system, and the created software [24]. Work to adapt
all control programs to Windows is in the completion
stage [25]. Simultaneously at the SPN (REMUR) spec-
trometer a similar problem of changing over to a new
control system on the basis of VME-PCI adapter is
being solved [26]. The scheduled completion date of
works is the end of I quarter, 2004.

The SONIX software complex was adapted for
work at the FSD spectrometer, installed, tested and
put into operation [27]. Works to install the adapted
SONIX software complex at the HRFD spectrometer
were started as well.

During the reported year a number of digital and
analog electronic blocks for the IBR-2 spectrometers
(spin-�ippers for the SPN spectrometer, preampliˇers,
spectrometric ampliˇer, etc.) were developed and man-
ufactured [27]. On demands of users works on current
modernization and repair of the equipment, as well as
on optimization and routine maintenance of the soft-
ware, were carried out [28].

To maintain trouble-free operation of the spectrom-
eters during the IBR-2 cycles and preventive servicing
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during the reactor shut-down required a great deal of
effort.

Within the framework of main directions of works
under theme 1012 (detectors, sample environment sys-
tems, data acquisition systems, local area network),
long-term development projects for 2004Ä2008 were
prepared [29].
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