
In 2008, the FLNP scientiˇc program was realized
under ˇve research themes of the JINR Plan for Sci-
entiˇc Research and International Scientiˇc and Tech-
nical Cooperation (PSRISTC) and was aimed at ob-
taining new results in condensed matter physics (theme
07-4-1031-99/2008 ®Neutron Investigations of Struc-
ture and Dynamics of Condensed Matter¯, headed
by V. L.Aksenov and A.M. Balagurov) and neutron
nuclear physics (theme 06-4-1036-2001/2010 ®Nu-
clear Physics with Neutrons Å Fundamental and Ap-
plied Investigations¯, headed by V.N. Shvetsov and
Yu.N.Kopatch). To effect scientiˇc research, work
to develop and modernize the FLNP basic facility,
the IBR-2 (theme 07-4-0851-87/2010 ®Upgrade of
the IBR-2 Complex¯, headed by A.V. Belushkin and
A.V.Vinogradov) as well as the IBR-2 spectrometry

and computation complex (theme 07-4-1052-2004/2008
®Development and Construction of Elements of Neutron
Spectrometers for Condensed Matter Investigations¯,
headed by A.V. Belushkin and V. I. Prikhodko) contin-
ued. Construction of IREN facility (theme 06-4-0993-
94/2008 ®IREN Project¯, headed by V.N. Shvetsov and
V.G. Pyataev) reached the stage when the neutrons pro-
duced were detected at a distance of 11 m from the
target on the �oor of the target hall.

Also, FLNP took part in the JINR theme: ®AT-
LAS. General-Purpose pp Experiment at CERN's Large
Hadron Collider¯ (theme 02-0-1007-94/2008, headed
by N.A. Russakovich).

This report contains a brief account of 2008 scien-
tiˇc results. The FLNP annual report for 2008 will give
a more detailed account of the results in 2008.

CONDENSED MATTER PHYSICS

In view of the IBR-2 reactor shutdown for recon-
struction, the scientiˇc and experimental work of the
personnel of the Department of Neutron Investigations
of Condensed Matter was carried out in neutron and
synchrotron centers in Russia and abroad under the ex-
isting cooperation agreements and in accordance with
the accepted beam time application proposals. The
work on the IBR-2 reactor was conducted according
to the plan of the modernization program for the spec-
trometers.

Scientiˇc Results. The crystal and magnetic struc-
tures of the Pb2−xBaxFe2O5 solid solution series with
x ≈ 1 have been studied using X-ray and neutron
powder diffraction, electron microscopy and Méossbauer
spectroscopy. These compounds belong to the type
of anion-deˇcient perovskites, which are of peculiar
interest due to the coexistence of magnetic and fer-
roelectric properties. In diffraction experiments two

structural phases (high- and low-temperature) with a
phase transition between them at Tc ≈ 540 K have
been revealed. The phases differ in the conˇguration
of two mirror-related chains of FeO5 trigonal bipyra-
mids, which become ordered below Tc. It follows from
the neutron diffraction data that below TN = 625 K
Pb1.08Ba0.92Fe2O5 transforms into an antiferromagnet-
ically (AFM) ordered state with a propagation vec-
tor k = [0, 1/2, 1/2] (Fig. 1). At the same time the
magnetic splitting in Méossbauer spectra occurs below
520 K. This signiˇcant difference in the magnetic or-
dering temperatures has been explained by a speciˇc
spin dynamic behavior resulting from essentially dif-
ferent superexchange interactions between the magnetic
moments of Fe atoms in FeO6 octahedra and in FeO5

trigonal bipyramids [1].

The studies of high pressure effects on the crystal
and magnetic structures of complex magnetic transition
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metal oxides continued. The experiments with hexag-
onal frustrated manganite YMnO3 exhibiting multifer-
roic properties have revealed that the diffuse magnetic
scattering gets signiˇcantly stronger and the ordered
magnetic moments are drastically suppressed with in-
creasing pressure at low temperatures. The interpre-
tation of this phenomenon is based on the assump-
tion implying the stabilization of magnetic liquid state
with strong spin �uctuations under pressure [2]. For
the La0.33Ca0.67MnO3 compound studied in the tem-
perature range of 10Ä300 K and at high pressures of
up to 5 GPa, the suppression of the ®Wigner-crystal¯
antiferromagnetic ground state and stabilization of the
C-type AFM state under high pressure have been ob-
served [3].

Fig. 1. Illustration of the antiferromagnetic ordering of
the magnetic Fe moments for the Pb1.08Ba0.92Fe2O5 com-
pound (b). The unit cell of the crystal structure of the low-
temperature form of Pb1.08Ba0.92Fe2O5 is presented in a in
the same scale

Within the framework of the Helmholtz Associa-
tion (Germany)ÄRFBR Joint Research Groups (HRJRG)
project ®Study of Structural Aspects of Biocompati-
ble Ferro�uids by Scattering Methods: Stabilization,
Properties Control and Applications¯ small-angle neu-
tron scattering experiments using the contrast variation
method have been carried out with a number of water-
based magnetic �uids from various manufacturers in-
cluding the Centre of Fundamental and Advanced Tech-
nical Research (Timisoara Branch of RAS, Romania),

Pierre&Marie Curie University (Paris, France), Insti-
tute of Experimental Physics of SAS (Kosice, Slovak
Republic). Also, in the framework of the study of the
mobility of brain cancer cells incorporating magnetic
nanoparticles a search for a proper source of magnetic
nanoparticles has been conducted among water-based
magnetic �uids with sterical stabilization on the ba-
sis of double coating of magnetite with various sur-
factants including citric (CA+ CA), oleic (OA+ OA),
myristic (MA + MA) and lauric (LA + LA) acids. The
structure analysis has shown that a part of magnetite
particles in the �uids under study (size ∼ 7 nm, poly-
dispersity 40%) forms stable aggregates with a mean
size up to 40 nm depending on the type of the surfac-
tant layer. The magnetic �uids were added to the cul-
ture medium, where brain cancer cells of various lines
were incubated. The incorporation of nanoparticles into
the cells was determined via magnetic cell separation,
atomic absorption spectroscopy, �uorimetric measure-
ments, as well as Berliner Blue staining. The cytotox-
icity of nanoparticles under study was found to be dif-
ferent for various stabilization layers of the surfactants.
The LA +LA stabilized magnetic �uid was demon-
strated to be the most preferable source of magnetic
nanoparticles. From the viewpoint of structural pecu-
liarities the given �uid has the least aggregation rate,
which explains higher absorption of magnetic nanopar-
ticles by the cancer cells in the given case and might
also be the reason of their lowest cytotoxicity for the
cells [4].

Within the framework of the study of the coex-
istence of ferromagnetism (FM) and superconductiv-
ity (S) in thin multilayers, data treatment and inter-
pretation of the results obtained for a three-layer sys-
tem (S)/(FM)/(S), namely, for (Nb)/(Fe)/(Si, Mo) on
silicon substrate have been completed. The theoreti-
cal analysis has shown that due to the proximity ef-
fects between (S) and (FM) layers, various scenarios
of their interaction are possible: the formation of do-
main structure, ®�owing¯ of magnetization from (FM)
layer to (S) layer, a change in the direct and indirect
exchange interactions of (FM) layers. The practical im-
portance of studying these systems is connected with the
prospect of development of devices for recording infor-
mation simultaneously in electric and magnetic chan-
nels. For the ˇrst time the reorganization of the domain
structure and the decrease in the saturation magneti-
zation in the domains at the transition of Nb(500 �A)
layer and [Si(34 �A)/Mo(34 �A)] structure to the super-
conducting state have been simultaneously observed.
For the ˇrst time it has been directly shown that in
the three-layer system (S)/(FM)/(S) at the transition
of layers to the superconducting state the magnitude
of exchange interaction in the ferromagnetic layer de-
creases [5].

A new class of polymers produced by regulated syn-
thesis (dendrimers) has been studied. Using small-angle
scattering data the spatial distribution of the scattering
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density for the dendrimer type under study has been
obtained (Fig. 2). Using the contrast variation method
it has been proved that dendrimer molecules in solu-
tions have no closed inner cavities impermeable to a
solvent. The partial volume of the dendrimer in so-
lution has been determined and the volume fraction
(30Ä40%) of open inner cavities in the effective den-
drimer volume accessible to a solvent has been esti-
mated. The studies of dendrimers with �uorocarbon
substitutes of Si atoms in the outer layer of the mole-
cular structure have revealed that the end groups of
dendrimers are located in its surface layer. It has been
demonstrated that a simple model of dendrimer branch
growth fails to explain the anisometry and spatial in-
homogeneity of the polymer [6]. Magnetic elastomers
(composite materials consisting of a polymer matrix and
highly polydisperse magnetic particles) have been in-
vestigated. It has been found that the polymer matrix
is fragmented and has a nanophase character, and the
geometric sizes of nanophase areas depend on the con-
centration of doped magnetic particles and the strength
of the applied magnetic ˇeld during the synthesis of
material [7].

Fig. 2. The spatial distribution of the scattering density for
the dendrimer from small-angle scattering data

Studies have been performed for isomers of
dimethylbutanol C6H13OH (2,2DM-1B, 3,3DM-1B,
2,3DM-2B and 3,3DM-2B) consisting of globular mole-
cules, which in solid state form orientationally disor-
dered crystalline phases. Calorimetric studies of poly-
morphism of these compounds have revealed signiˇcant
differences in the melting temperatures, as well as in
the kinetics and number of phase transitions observed
during cooling and heating. Simultaneous neutron pow-
der diffraction studies and inelastic incoherent neutron
scattering (IINS) investigations have made it possible to
identify glassy and crystalline phases, which can coexist
at low temperatures [8]. The preliminary interpretation
of IINS spectra is based on the quantum-chemical cal-
culations of the dynamics of isolated molecules using

the B3LYP/6-311G** basis set in the electron density
functional theory.

The �uid metamorphogenic (FM) model of seismo-
tectogenesis has been substantiated using the results of
neutron and acoustic experiments on mono-crystalline
and poly-crystalline quartz samples in the region of
polymorphous α−β transition. In this model the reason
for destructions in the seismic process is an increase
in microstress values and decrease in the strength of
solids in the course of the solid-phase transitions [9].
Four types of the crystallographic quartz texture in nat-
ural rocks were determined using the quantitative tex-
ture analysis. For the ˇrst time, the method of pre-
ferred orientation description based on ODF-histograms
and ODF-spectra has been used for estimating the ex-
pected degree of anisotropy of various physical pro-
perties.

A series of studies on the martensitic transforma-
tion and fatigue properties of austenitic stainless steels
widely used in industry due to their remarkable mechan-
ical, welding and corrosion-resistant characteristics has
been completed. The experimental simulation of fatigue
degradation was performed using tension-compression
cyclic loading in the plastic deformation region in the
frequency range of 0.1Ä100 Hz. Regions of characteris-
tic frequencies, which have widely different effects on
steel, have been revealed. Formation mechanisms of the
martensitic phase in an initially one-phase (austenitic)
material have been determined. It has been shown that
in some cases there is a large variance in elastic con-
stants of phases constituting the material, which signif-
icantly in�uences its strength properties [10].

Instrument Developments. A start has been made
on the manufacturing of the head part of the mirror vac-
uum neutron guide within the framework of the realiza-
tion of the project for construction of the DN-6 diffrac-
tometer for neutron diffraction studies of microsamples
(beam 6b of IBR-2M).

For the GRAINS re�ectometer to be installed on
beam 10 of IBR-2M the manufacturing of the head
part consisting of a two-beam splitting system encased
in a vacuum housing has started. Section design is
realized. The collimation system of the re�ectome-
ter, which comprises a massive support for housing the
setup units is under construction. This system will make
it possible to direct the neutron beam at a given angle to
the sample surface, to control the incident angle at the
sample and to separate thermal and cold neutrons from
fast neutrons, which will improve background condi-
tions at the setup.

The technical design of a mirror vacuum neutron
guide for the DIN-2PI spectrometer has been completed
and work to prepare an installation site for the neutron
guide has been carried out. The work on the mir-
ror vacuum neutron guide is conducted in cooperation
with PNPI RAS (Gatchina, Russia). The mirror neu-
tron guide being constructed will make it possible to
increase the intensity of cold neutrons (E < 5 meV) at
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the sample position by a factor of 4Ä6 and at the same
time to reduce the sizes of samples under study by a
factor of 2Ä3, which will mean signiˇcant improvement
in quality of the DIN-2PI spectrometer and upgrading of
its parameters to the level of the best foreign analogues.

The device for measuring low-temperature mag-
netoresistance at low temperatures has been con-

structed. The device is intended for prompt analysis
of La1−xSrxMnO3 manganites, which are ferromagnet-
ics with a ®bad metal¯ behaviour. The manganites are
synthesized using the zole-gel technology. Their mag-
netoresistance has been successfully measured in a mag-
netic ˇeld Hmax = 1.2 T in the temperature range of
7Ä300 K.

NEUTRON NUCLEAR PHYSICS

Preparation for Experiments at the First Stage of
the IREN Neutron Source. The modernization of the
measuring module of the COCOS gamma spectrome-
ter was performed, which made it possible to essen-
tially increase its operating speed: interface for USB-1
was developed and manufactured and a new program
®Lada¯ to accumulate experimental data was written.
Fast time analysis blocks with a channel width of 10Ä
20 ns to carry out neutron time-of-�ight (TOF) spec-
trometry were developed, manufactured and tested. The
software for the system with fast time analysis for ob-
taining four TOF spectra was developed. The system
is intended for investigation of beam parameters of the
IREN neutron source. In addition, algorithms were
developed and included in the given system of the pro-
gram to carry out precision experiments. Multisection
liquid-crystal gamma quantum detector installed on the
60 m path length was prepared and tested. Drawings
of the ionization chamber to operate at EG-5 and IREN
were prepared.

Investigation of Fundamental Properties of the
Neutron. Within the framework of preparation and
carrying out of the experiment on the direct measure-
ment of neutronÄneutron scattering cross section on
the YAGUAR reactor (VNIITF, Snezhinsk), the cali-
brations using noble gases (Ar, He) were carried out,
which demonstrated the operational capability of the
facility and measuring technique. The obtained values
of scattering cross section for the gases coincide with
the tabulated values. In addition, in accordance with the
performed measurements it was estimated that the back-
ground of fast neutrons does not exceed the calculated
value. The ˇrst attempt to measure the neutronÄneutron
scattering showed the presence of high background of
thermal neutrons, which exceeds the level of the ex-
pected effect by an order of magnitude. This back-
ground depends quadratically on the energy of the re-
actor pulse. At present, the radiation induced desorption
of atoms from the surface of walls of the neutron scat-
tering cavity seems to be the most probable source of
the background. Further progress of the project should
be connected with the study of this phenomenon and
efforts to decrease its in�uence in the experiment [11].

The results of the activities in recent years in prov-
ing the possibility to realize the proposal to extract the

n, e-scattering length bne from the experimental data
on diffraction of slow neutrons from noble gases were
summed up. It was shown that the performance of
dedicated neutron diffraction measurements on gas va-
pors of ArÄ36Ar and KrÄXe may ensure the extrac-
tion of bne with the accuracy of 2Ä3%. This would
make it possible to achieve progress in the problem
of a wide spread of the existing experimental esti-
mates of bne, which is beyond the limits of 5 stan-
dard errors. The existing experimental bne values
within the limits of ±10% are close to the Foldy
length bF = −μ e2/Mc2 = −1.468 · 10−3 fm. The
intrigue is that if bne = bF , it would mean that the
neutron magnetic moment without the participation of
the charge structure is completely responsible for the
neutron interaction with an external electromagnetic
ˇeld [12].

Investigations of Fission Physics and Other Nu-
clear Reactions. Within the framework of collabora-
tion with FLNR the treatment of the experimental data
obtained in 2006 on the IBR-2 reactor using the ®Mini-
Fobos¯ facility to search for the ternary collinear decay
continued. A new technique of data treatment was pro-
posed, which implies the determination of charges of
the detected ˇssion fragments using the time of elec-
tron drift in the Bragg chamber. The obtained results
agree with the hypothesis on the existence of exotic
modes of ˇssioning nucleus decay [13].

The analysis and interpretation of the experimen-
tal data on intensities of two-step cascades at the cap-
ture of thermal neutrons by various nuclei continued.
The sums of radiative strength functions of dipole pri-
mary γ-transitions were approximated by the semi-
phenomenological dependence with high accuracy in
the energy region of primary γ-transitions 0.5 < E1 <
Bn − 0.5 MeV for 41 nuclei from 40K to 200Hg. It has
been found that the shape of radiative strength functions
in the studied nuclei is determined by the structure of
the decaying and excited levels at least up to the neu-
tron binding energy Bn. The independent conˇrmation
of the presence of considerable stepped structure in the
level density was obtained at the reanalysis of the data
published by now on the experimental intensities of pri-
mary γ-transitions averaged over the neutron resonances
in the region of their energies of 2 and 24 keV [14].
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Applied Investigations. In 2008, the preparation
was carried out for the accreditation of the Neutron Ac-
tivation Analysis Sector in the framework of the IAEA
Technical Cooperation Project ®Harmonization of the
Quality Control System in Accordance with ISO-17025
and International Standards in the Nuclear Analytical
Laboratories of the Russian Federation¯. Two IAEA
Workshops were held and a package of documents was
prepared.

The improvement of spectrometric and service
equipment of the REGATA facility on the IBR-2 re-
actor continued. The NAA possibilities on the IREN
neutron source were evaluated, a technical project to
manufacture pneumatic transport to carry out NAA on
this facility was developed.

In 2008, a series of studies within the framework
of the International program ®Atmospheric Depositions
of Heavy Metals in Europe Å Estimations Based on
the Analysis of Moss-Biomonitors¯ was completed.
Within the framework of the RFBRÄRomanian Acad-
emy project the assessment of retrospective pollution
of the Black sea was performed. The studies on the
RFBRÄMongolian Academy project ®Development of
the System of Integrated Monitoring of Heavy Metals
and Radionuclides in Mongolia Using Nuclear Physi-
cal Analytical Methods¯ were carried out. Within the
framework of the IAEA coordinated program ®The In-
�uence of Toxic and Potentially Toxic Elements on
Women of Reproductive Age in Developing Countries¯
in cooperation with the RSMU (Moscow), the AC of GI
of RAS and I.M. Sechenov Medical Academy in 2008
the study to determine multielement analysis of blood
samples of specially selected patients from one of the
industrial Moscow districts was completed. For the ˇrst
time on the territory of Belarus the moss-biomonitor
technique was applied to assess atmospheric depositions
of radionuclides 20 years after the Chernobyl accident.

The measurements were carried out in cooperation with
the specialists of Comenius University (Bratislava) and
NECSA in the Republic of South Africa [15].

On the charged particle beams of the EG-5 acceler-
ator the analytical investigations were carried out using
nondestructive nuclear physical techniques.

The effect of implantation of nitrogen ions with the
energy of 125 keV and doses of 1 · 1017Ä1 · 1018 cm−2

was studied for tribological characteristics of the
AISI316L stainless steel. The composition of sur-
face layers of the steel was studied by the RBS, XRD
(GXRD), SEM and EDX methods. The coefˇcient of
friction and abrasion resistance were measured in the
air, in oxygen, in argon and in vacuum. An increase in
abrasion resistance was found to be different for various
environments [16].

The investigations of the dependence of electri-
cal characteristics of SiCN-ˇlms on silicon substrate
on their chemical composition were carried out. The
concentration of silicon, nitrogen and carbon in the
ˇlms was measured using the Rutherford backscatter-
ing technique. The concentration of hydrogen in the
ˇlms was determined by recoil proton technique on the
ion beam. Similar investigations were conducted with
a-C:H ˇlms, in which the content of hydrogen was up
to 20 at.%. The possibility of accurate determination
of concentration of all elements in the three-element
ˇlm was realized at the simultaneous measurement of
the Rutherford backscattering and recoil proton spec-
tra [17].

Both techniques were used to study depth proˇles of
elements in the samples of porous silicon. Aged sam-
ples of p+-type of porous silicon of low and medium
degrees of porosity were studied. It has been found
that the near-surface layers several hundred nanometers
thick have different elemental compositions in the ˇlms
of low and medium porosity.

NEUTRON SOURCES

The IBR-2 Pulsed Reactor. In 2008, the following
works on the IBR-2 modernization were performed:

1. Dismantling of all replaced equipment of the
IBR-2 was completed:

1.1. In accordance with the project of NIKIMT (Re-
search and Development Institute of Construction Tech-
nology) two rolling shieldings (RS) were moved one
after another to a ring corridor. The dismantling of
RS was complicated by a high level of induced activ-
ity (∼ 1000 R/h) and space-limited working conditions.
Special protection devices manufactured in JINR EW
and FLNP were used to reduce the level of radiation.
Both RS were successfully moved to a storage by the
personnel of the FLNP Mechanical and Technological
Department (MTD).

1.2. The equipment in the reactor control room was
dismantled.

2. Installation of new equipment of the IBR-2M re-
actor (Fig. 2):

2.1. After the RS of IBR-2 were removed (see 1.1.),
new RS-1M and RS-2M of the IBR-2M reactor with
new stationary re�ectors SR-1 and SR-2 were installed.
Upon installation, the operation of RS-1M and RS-2M
was tested and the mating of SR-1 and SR-2 with each
other as well as of shutters 1 and 9 with RS-1M and
RS-2M, respectively, was checked. The work was con-
ducted by the MTD personnel.

2.2. The preparatory work on the installation of the
reactor vessel was performed.
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2.3. The preparation of a reserve control room was
completed and the installation of equipment started.

3. Manufacturing of new equipment for IBR-2M:
3.1. The manufacturing of the reactor vessel in

NIKIET (N.A.Dollezhal Research and Design Insti-
tute of Power Engineering) was completed and on
17.11.2008 it was delivered to JINR. The delay in de-
livery of the vessel for 6 months made it impossible to
complete welding operations for the vessel and sodium
collectors by the end of 2008.

3.2. Manufacturing of 3 grooved water moderators
was completed. The mating of the moderator with
the stationary re�ector was tested showing positive re-
sults.

3.3. Manufacturing of all executive mechanisms of
the safety and control system (SCS) was completed.

3.4. For the most part the manufacturing of equip-
ment of automatic safety and control system (ASCS)
and a new control panel was completed.

3.5. In INEUM (I. S. Bruk Institute for Electronic
Control Machines) the equipment of the technological
parameters control system (TPCS) was manufactured
and passed factory acceptance tests. The equipment
was delivered to FLNP and its installation started.

4. Complex of cryogenic moderators (CM) of
IBR-2M:

4.1. In 2008, the design documentation for CM 202
for beams 7Ä11 was worked out. A contract with the
NPO ®Atom¯ (Research and Production Association
®Atom¯) on manufacturing CM 202 was concluded.

4.2. In NIKIET the development of design docu-
mentation for CM 203 for beams 2Ä3 started.

4.3. The GSPI (State Specialized Design Institute)
completed the technological project (1st stage) for the
CM complex.

4.4. The design documentation on mesitylene sup-
ply pipelines for CM 202 and CM 203 was completed
in the FLNP Design Bureau and forwarded to the NPO
®Atom¯ for production.

4.5. In the NPO ®Atom¯ the manufacturing of
rolling shieldings for the installation of CM 202 and
CM 203 was completed.

4.6. The NPO ®Geliymash¯ delivered the equip-
ment for cryogenic helium refrigerator KGU-700/15.
The metal constructions for the installation of KGU-
700/15 are being assembled. A contract with ®Ener-
gospetsmontazh¯ on assembling of cryogenic pipelines
for CM 202 and CM 203 was concluded. In the NPO
®Geliymash¯ the manufacturing of cryogenic pipelines
and two cryostats is nearing completion.

5. Building and construction activities:
5.1. Preparation of the reactor reserve control room

was completed.
5.2. The main construction work in rooms of reli-

able power supply system was carried out.
5.3. The most part of the planned activities in the

reactor control room was performed.

The IREN Project. The main tasks of the Frank
Laboratory of Neutron Physics and the Laboratory of
High Energy Physics in 2008 were the completion of
installation, testing and commissioning of the equip-
ment of the ˇrst stage of the LUE-200 accelerator.
By June 2008, work on the installation of the equip-
ment in the accelerator halls was completed. Starting
at the end of June 2008, work to transport the beam
and to train various systems of the accelerator was in
progress. On June 17, 2008 an electron beam with
the speciˇed parameters was obtained at the exit of the
electron source whereupon work to adjust the klystron
and the modulator of the ˇrst accelerating section
began.

By the end of November 2008, the adjustment of
HF systems of the accelerator was completed and an
accelerated electron beam was transported through the
ˇrst section. For independent veriˇcation of the re-
sults, a prototype tungsten target was manufactured and
placed in the diagnostic box chamber at the exit of
the ˇrst accelerating section. On December 5, 2008
the accelerated electron beam was transported to the
prototype target and at the same time, in the time
windows synchronized with the start of the accelera-
tor the measuring module developed by the specialists
from the FLNP Nuclear Physics Department detected
high-energy gamma-quanta and neutrons. The presence
of hard gamma-quanta and neutrons was independently
conˇrmed by the data from the radiation monitoring
equipment.

As a control experiment the measurements of
gamma-quanta and neutrons were carried out by plac-
ing a diagnostic �uorescent screen in the electron beam
at the exit of the source. During the experiment there
were no gamma-quantum and neutron counts in the cor-
responding detection channels as compared to the case
when electrons from the source were injected to the
accelerating section.

By December 15, 2008 the stage of transportation
of the accelerated electron beam to the prototype tung-
sten target located in the ceiling between the lower ac-
celerating hall and the target hall of the facility was
completed. Using the focal length of quadrupole lenses
and the measured value of the displacement of the beam
center of gravity depending on the current in the cor-
recting magnets, the average energy of the accelerated
electron beam was estimated to be 20 MeV. On De-
cember 15, 2008 the accelerated electron beam with a
pulse current of 300Ä400 mA at a frequency of up to
5 Hz was transported to the prototype target. Neutrons
produced as a result of interaction of bremsstrahlung
gamma-quanta with the substance of the target, were
detected by a gas proportional neutron counter placed
at a distance of 11 m from the target on the �oor of
the target hall. The duration of fast neutron burst was
estimated and time-of-�ight spectra with time channel
widths from 20 ns to 8 μs were accumulated. For half
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an hour of the measurements at a frequency of 5 Hz
the statistics of detector counts in the time channels
amounted to two hundred counts in the resonance neu-
tron energy region.

At present, the installation of electron guide and fo-
cusing elements in the target hall has been completed
and work to transport the beam to a regular nonmulti-
plying target has started.

DEVELOPMENT AND CONSTRUCTION OF ELEMENTS OF NEUTRON SPECTROMETERS
FOR CONDENSED MATTER INVESTIGATIONS

Neutron Beam-Forming Systems. In cooperation
with the German Institutes and PNPI (Gatchina, Russia)
within the framework of the project aimed at construct-
ing curved mirror neutron guides for the EPSILON and
SKAT spectrometers on beam 7a of the IBR-2 reac-
tor the work to design and manufacture mechanical and
optical units of neutron guides continued. In partic-
ular, additional vacuum housings, supporting platform
and installation-loading mechanism for a single-volume
demountable vacuum housing of the head part of the
neutron guide system (splitter) for beam 7 of IBR-2M
were developed and manufactured. In PNPI optical el-
ements for the head and curved parts of the neutron
guide were produced as well.

In the JINR Experimental Workshops (JINR EW)
44 beam-positioning support pillars for curved neu-
tron guides were manufactured. Also, the drawings of
posts and beam-positioning support pillars of the head
part were forwarded to JINR EW and put into pro-
duction. The head part of the neutron guide on beam
7b (NERA-PR spectrometer) was dismantled and the
shielding of the chopper in the reactor ring corridor
was partially disassembled. The technical project of re-
construction of the supporting column in bldg. 117 was
prepared.

It has been suggested that a test beam for testing
neutron detectors and other elements of spectrometers
be positioned on IBR-2M channel 13. The parameters
and infrastructure of the test beam were determined and
the preparation of the technical project started. The de-
sign parameters of beam 13 are: neutron guide cross
section Ä 314 cm2; neutron �ux on the moderator sur-
face Å ∼ 2 · 1012 cm−2 · s−1, at a distance of 10 m Å
up to 108 cm−2 · s−1.

Cryogenic Investigations. Under the contract with
the RRC ®Kurchatov Institute¯ a bore cryostat for cool-
ing high-pressure sapphire anvil cells for working in the
temperature range of 6.5Ä300 K was designed and man-
ufactured. The diameter of the cryostat oriˇce opening
for loading high-pressure cells is 120 mm, which cor-
responds to the cell sizes and makes it possible to place
them in either a vertical or horizontal position. The
temperature is measured and controlled by Scientiˇc
Instruments Model 9700 temperature controller and sili-
con diodes DT470. The cryostat also uses SUMITOMO
SRP-062B cryocooler.

Work on the FLNP cryogenic test stand contin-
ued. In 2008, the basic element of the test stand Å
CRYOMECH PT403 cryocooler Å was purchased and
installed. The main components of the cryostat, which
makes it possible to carry out tests in the temperature
range of 2.5Ä300 K, were designed and manufactured
as well.

Control Systems of Actuating Mechanism. The
software was upgraded and the SMC-32-CAN controller
developed in FLNP for the control systems of actuating
mechanisms on the IBR-2M spectrometers was tested:

• The control module with controlled parameters
(current pulse duration and pause duration) for direct-
current motors was embedded into the Sonix + software
package;

• To improve the accuracy of actuating mechanisms,
the encoder installed on the step motor shaft was incor-
porated in their design, which signiˇcantly enhances the
resolution.

The investigations demonstrating the possibility of
using TOSHIBA VFAS1-4370PL drives for phasing the
rotation of motors with power up to 500 W were carried
out. Corresponding recommendations to replace obso-
lete and worn-out drives EKT2 used in beam choppers
on the IBR-2 spectrometers were made. A stand to
test characteristics of choppers was assembled. Work
to introduce control systems of actuating mechanisms
on the spectrometers of the IR-8 reactor in the RRC
®Kurchatov Institute¯ was performed.

Gas Detectors. The prototype of a position-
sensitive neutron detector based on a multi-wire propor-
tional chamber with individual data read-out from each
wire was constructed. The detector uses 36(X)× 18(Y)
cathode wires spaced 1mm apart. Signals are read out
via 8-channel current preampliˇers and discriminators;
there are also analog outputs. Amplitude spectra of sig-
nals from the wires were obtained. Pulse width is about
200 ns. The prototype of the detector was prepared for
stand tests.

In 2008, two MWPC position-sensitive detectors
were manufactured: for the GRAINS spectrometer (ˇ-
nanced by the grant of the Hungarian Academy of
Sciences) and for the monitoring system of the IBR-
2M reactor cold moderators (ˇnanced by the grant of
the FASI of the RF Ministry of Science and Educa-
tion) [18, 19].
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Development of LAN, DAQ Electronics and Soft-
ware. Work to lay and install ˇber-optic communica-
tion lines between bldg. 119 and experimental halls 1,
2 and the IBR-2M control room was completed. The
installation of the corresponding communication equip-
ment in 2009/10 will allow 1Ä10 Gbit/s data transfer
rate in the given segment of the network. An optical
cable was laid in the IREN network segment as well
and a 100 Mbit/s switch was put into service; access to
the Internet was provided to the ˇrst top-priority users.
Lower-level network switches in buildings 42 and 42a
were upgraded.

Firmware programs were developed and two sets of
electronic blocks for the IBR-2M spectrometers were

manufactured and debugged with a programmable event
generator. Drivers and program interfaces for the
Sonix + software package were developed.

The development of the Sonix + software package
proceeded both by including new hardware control
modules and by improving the user interface and visu-
alization means. Service possibilities of the WebSonix
remote control system were extended [20].

In cooperation with the Jéulich Research Cen-
ter the development and preliminary testing of the
PHASE SPACE TRANSFORMER module for the
VITESS software package were performed and work
on computer simulation of a backscattering spectrome-
ter started [21].

CONFERENCES

The International Seminar School on Pulsed Ad-
vanced Neutron Sources (PANS-III) dedicated to the
centenary of the birth of D. I. Blokhintsev was organized
by FLNP and took place from January 29 to February 4,
2008, in Dubna, Russia. Whereas the two previous
PANS meetings, held in 1991 and 1994, this year's
seminar provided a forum for discussing and ˇnding
solutions to problems common for both pulsed ˇssion
systems and spallation sources. In addition to scientiˇc
aspects, this seminar was at the same time a school for
training young scientists in the advancement of various
types of neutron sources.

Two IAEA Workshops in the framework of IAEA
TC Project ®Harmonization of QA/QC Systems Accord-
ing to ISO and International Standards in Nuclear An-
alytical Laboratories of the Russian Federation¯ were
held in FLNP on May 26Ä30 and October 27Ä31, 2008.

On October 23Ä24, the International Seminar ded-
icated to the 100th anniversary of the birth of No-
bel Prize laureate Academician I. M. Frank was held in
Dubna. The Seminar brought together a great number
of participants and guests. His former colleagues from
the JINR Member States Å Bulgaria, Hungary, Mon-
golia, Poland Å came to pay tribute to the memory of
I. M. Frank.

More than one hundred physicists attended the 16th
edition of the traditional International Seminar on Inter-
action of Neutrons with Nuclei ISINN-16 held in Dubna
on June 11Ä14.
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