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

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

Further development of User Policy aimed at attracting à larger number of
physicists, chemists, biologists, and specialists in materials science to ñûòó out
experiments at IBR-2 was one of the main obj ectives in the reported year. As à
result, 152 proposals for experiments were received in 1997 and the total amount
of experiments conducted with IBR-2 from 1995, the year of the launch of IBR-2

user policy, to 1997 is over 460. Proposals ñàò å from 25 countries, including
JINR nonmember states. On the average, the requested beam time was 2.5 time
larger than available.

The f inancial situation in FLNP remains unstable. À lot of works on the
proj ect for
IBR-2 modernization have been suspended. The IREN projected has practically

been frozen up.
At the same time, in the reported year, FLNP managed to put into operation

the new spectrometer SKAT, include into user policy the REFLEX spectrometer
and continue the construction of the KOLHIDA spectrometer for neutron nuclear
physics and the FSD instrument for strain measurements.

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

V .Ü.Aksenov
Director
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1 . 1 . C O N D E N S E D M A T T E R P H Y S I C S

In accordance with Ôåò å -0864- neutron scattering investigations in the field of
condensed matter physics are conducted at IBR-2 using four main experimental techniques:
diffraction, small-angle scattering, inelastic scattering, and polarized neutron optics. Beam time

is allocated according to experts recommendations based on submitted proposals and the existing
long-term agreements for ñî -operation.

Spectrometers for investigations in condensed matter physics. To the experimental
halls of the IBR-2 reactor 14 neutron beams are extracted and physical instruments are arranged

on them. At present, 12 spectrometers are for condensed matter investigations. In 1997, ø ï å of
them were operating in the user mode: HRFD, DN-2, NSVR, YuMO, SPN, REFLEX-P,
KDSOG, NERA, and DIN. The DN-12 spectrometer had undergone radical modernization
completed by the summer of 1997. Following PAC recommendations the SNIM spectrometer
was excluded from the user program for 1997. The DIFRAN spectrometer operated in the frame
of à special program.

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

The parameters of the DN-12 diffractometer for experiments with high pressure cells
based on sapphire or diamond anvils were essentially improved by introducing à new neutron
guide. This curved 20 m supermirror neutron guide gave à double increase in the total thermal
neutron fl ux and at the same time, à several times increase in the fl ux of neutrons with Õ) 2 Å
(Fig. 1) and à sharp decrease in the background (see Sec. Experimental Reports).
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Fig.1. An i ncrease of the neutron f lux on the sample af ter
i nstallati on of the supermi rror neutron gui de i n the DN-12
éô òàñ1î ò å1åã.
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Another event of equal importance was
putting into operation of the SKAT spectrometer

in place of the NSVR spectrometer that had operated over 10 years at IBR-2. The detector
system for SKAT arranged in the vertical plane made it possible to optimize essentially the
registration of pole figures in investigations of bulk sample textures, have shorter measuring
times as â åÏ as improve the quality of measurements.

On the high resolution Fourier diffractometer (HRFD) à second detector at 20= — 152' was
put into operation. This reduced the time of structure experiments two times. Final adj ustment of
the detector elements decreased the geometrical component of the resolution function. This
reduced the relative width of the resolution function to 0.12% for ñ/=1.5 Å and the rotation
velocity of the chopper 8000 rpm. In Figure 2 diffraction spectra measured with HRFD and the
TOF-diffractometer HRPD at ISIS with the fl ight path 100 m are compared. One can see that in
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spite of the fact that HRFD has an approximately 5 times shorter fl ight path the resoluáons of
these spectrometers are about equal.
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Fig.2. The part of the diff raction spectrum f rom
one AlqOq sample measured wi th HRPD (ISIS)
and HRFD (IBR-2) diff ractometers .
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In 1997, work to improve

position-sensitive detectors was carried
out. The possibilities of the DN-2 diffractometer have noticeably increased after à two-

dimensional detector (320õ280 mm ) with the position resolution about 2.5 mm in two
coordinates started operation. In addition to time-of-fl ight analysis, this detector allows
registering the three-dimensional scattering in the reciprocal space of the crystal without rotating
the sample or the detector. Figure 3 i llustrates à tow-dimensional distribution of intensity in one

of the reciprocal lattice sites in à 1.à~Ñè 04 single crystal following the tetragonal (î
orthorhombic phase transition and twin structure formation. On the SPN spectrometer
experiments using à linear position-sensitive detector with the resolution 1.5 mm started. This

detector registers the refl ected neutron distributions in the SPN refl ectometric mode and can be
also used to realize the SPN small-angle mode.

22 1.24 1.26 1.28 1,30 1.32 1.34 1.36

Execution of the scientif ic pr ogr am. From 1995 the scientif ic program for investigations
with the IBR-2 spectrometers is formed, in the main, on the basis of proposals submitted to

expert s commissions by users from JINR member states ( 10% from other countries). About one
half of proposals is for investigations under auspices of long-term agreements for cooperation

between FLNP and î áæåã laboratories or insti tutes in investigation of particular problems of
condensed matter physics.
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Diff raction exper iments. The program for investigations of mercury based high
temperature superconductors carried out in collaboration with the Department of Chemistry of
Moscow State University (MSU) continued and extended to studies of the atomic structure of
the compound HgBapCu04F@ i .å., the compound with extra oxygen replaced by fluorine atoms.
The idea of the experiment is to replace à bivalent doping element by à monovalent element. In
this ñàçå, the conservation of the charge balance and the þ ø ñ nature of carriers formation
require doubling the amount of doping atoms to have an equivalent superconducting transition
temperature. The Hg-1201 initial phase with Ò,=61 was successfully fl uorinated with XeFp in
MSU (Å.× .Antipov's laboratory). As à result, Ò, increased initially to 97 Ê and then decreased

which was followed by suppression of superconducting properties as the fl uorine ñî ï (åï ( in the
sample increased. À neutron diffraction analysis of two HgBaqCu04Fg compositions
(experiments with HRFD at IBR-2 in Ì àó 1997) confirmed the implantation of fl uorine in the
charge reservoir (Hg-plane) and really showed the doubling of the fl uorine content in the
structure in comparison to HG-1201 oxygen phases with close Ò, (Fig. 4). This is à strong
argument in favor of the ionic model of electric charge carriers (holes) formation in Hg-1201 in
the process of doping (see Sec. Experimental Reports).

Òî investigate the phenomenon of macroscopic phase separation in superconducting
crystals, à series of experiments to study the transformation twinning in LaqCu04+g crystals were
conducted with the DN-2 diffractometer. Concurrently, experiments with the Õ-ray
diffractometer of ISSP (Chernogolovka) were carried out. In the DN-2 experiments the new
position-sensitive detector was used. The measurements demonstrated that the domain (twin)

structure in çèñï crystals is noticeably different from the classical scheme realized at à loss of an
axis of the 4th order and observed in KDP crystals or Ó-123. I t appears that the boundaries
between domains are mainly coherent (the portion of domains with incoherent boundaries is not
large). Moreover, in crystals where macroscopic phase separation takes place this portion is not
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larger than à few percent. This, possibly, leads to extra oxygen dif fusion and, as à result, to

separation.

Fig.4. The temperature dependence of the
superconducti ng transi ti on in Hg-1201 as à
f uncti on of the doping anion content i n the cases
of oxygen or fl uorine doping.

Studies of the magnetic state of crystals in both neutron and ðÆ experiments yield
interesting results. During 1997, à ï ø ï Úåã of such investigations were performed using the ðÆ
spectrometers in the Meson Factory in PSI (Villigen, Switzerland). One of the compositions of
the system U(PdqÄFe,)óá åã studied earlier in detail by means of neutron diffraction was
investigated on the GPD spectrometer over à wide temperature interval . It is discovered that
muon spin precession takes place at not only one but two and even more frequencies (Fig. 5).
An analysis proves that this is connected with the existence in an elementary cell of the
compound of equivalent crystallographic positions which are nonequivalent from the point î Ã
àåþ of the magnetic surrounding (see Sec. Experimental Reports).

Another example of analysis of combined neutron and pSR data is the results obtained
for LaqCu04+p single crystals with the doping level 5=0.02-0.03, i .å., lying inside the miscibility
gap but having à reduced coefficient of oxygen diffusion. According to neutron data the long-

range order with the coherent length large enough to observe the magnetic diffraction peaks is
established either in à small ÷î 1ø ï å portion (- 10%) of the crystal or is not established at all. At
the same time, pSR data are evidence of the fact that in the superconducting phase transition
ðî é ( or its vicinity there arises the magnetic order sufficient to observe ï ø î ï spin precession.
These results can be interpreted as the appearance of separation into the superconducting and
antiferromagnetic phases that occurs on the electron level in regions small in size and is induced
by the superconducting state transition (see Sec. Experimental Reports).
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FLNP in collaboration with IBC (Moscow), ISSP (Budapest) and LURE (Orsay)
investigated the vesicle transition in the system phospholipin/sodium cholate/water with the
YuMO spectrometer. Morphological and structural changes following changes in the temperature
or the detergent concentration were studied. In à dimyristylphospatydilcholine-based system the
transition from the multi lamellar structure to the unilamellar structure formed through the stage
of elongated rod-like micelles formation was observed. Also, an analysis of SANS data allowed

determination of the geometrical characteristics of the formed micelles.
The first experiments of generating and registration of neutron standing waves were

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

Concurrent with detailed certif ication, on the new polarized neutron refl ectometer
REFLEX experiments to study the properties of some neutron-optical systems, such as
multilayer mirrors produced by PINP (Gatchina) and CIFI (Budapest), the interference filter for
the UCN spectrometer (Dubna-Grenoble-Melbourne collaboration),' etc. were carried out. À high

resolution of the refl ectometer which is probably the record one today makes it possible to
obtain information about f ine details of surface layers (Fig. 6).
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due to f i ne detai ls of the surf ace layer.

The main research direction on the NERA spectrometer was the study of the dynamics of
ammonium and methyl groups at phase transitions in stoichiometric compounds of the type
(NH4)qSO4) and solid solutions of the type (ÈÍ 4)~,ÊÜ,$04). Replacing ammonium ions by Rb
with about equal ionic radius leads to some disorder in the system of hydrogen bonds and allows
investigation of the infl uence of disorder on the dynamics of ammonium. The system
(NH4)q,RbÄSO4 was investigated over the entire concentration interval (0<x<2) for à wide
temperature range (10<Ò<300 Ê) by neutron diffraction, inelastic and quasielastic scattering.
This has made it possible to complete the determination of the phase diagram of the compound
on which the critical transition point to the ferroelectric phase was found. The registered
inelastic scattering spectra were used to verify the macroscopic model of the dynamics of such
crystals. The model yields à satisfactory explanation for the mechanism of the observed phase
transitions and the role of ammonium dynamics in the formation of the ferroelectric properties of
crystals (see Sec. Experimental Reports).

In 1997, on the KDSOG spectrometer largely increased the number of external users and
consequently, the number of solved problems, including, in particular, the measurement of
crystalline fields in HTSC and CMR materials, determination of phonon spectra in ferroelectrics,
# i~À1-based intermetallic compounds, isotope substituted amorphous alloys in the system Zr-Ni
and nitrous .steels, and the. study of hydrogen vibrations in nonequilibrium à -Ti and Zr, the
intermetallic compound FeTi', and complex carbo- and nitrohydrates. One î Ã the interesting

results obtained is the discovery of à change in the magnetic response following the doping î 1
the compound À1Áò~Åò~,Ñà„Ñè~Î ~ (1212). This allowed constructing the model î Ã charge
redistribution in the Ñè0Ë planes. There are plans for carrying out experiments to verify the
model over à wide doping range.

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

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

In particular, AIqO+Al composites with à ceramic matrix were studied with HRFD. The
development of the technology of production of new materials has led to the new method of
manufacturing composite materials by infi ltrating metals into à porous ceramic matrix by means
of gas pressure and formation of à deep grid microstructure. In this ñàçå, fragile ceramic
materials are strengthened by introducing the elastic phase using metals, as à rule. This makes it
possible to improve the mechanic characteristics of composites. Usually, à metal is infiltrated
into the matrix at temperatures à little higher than the melting temperature of the metal . The
typical materials of that kind are À1~0ç/À1 composites where the metallic Al phase is infiltrated
in the porous ceramic n-A40q matrix. Residual stresses in AlqO+Al composites arise as à
consequence of an essential difference between the coefficients of thermal expansion of two
phases (for AlqOg - à=8.3x 10 ' C- , for Al - à=22.5x 10- Ñ-~). On HRFD two series of

AlqO+Al composites with the average size of metallic implants 0.1 pm or 1 lcm were
investigated. In each series the porosity of the matrix and correspondingly, the volume portion of
Al is 15%, 25%, or 35%. An intensity analysis of Al refl exes demonstrates the existence of à
strong texture in the metallic phase and the absence of à preferred orientation in the À1~0ä phase
(see Sec. Experimental Reports).

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

Bulgari a
Czech Republi c

~ ~ÿ~~

Fi nland

France

University; Institute for Nuclear Research and Nuclear Energy (Sof ia)
Polytechnical Institute (Prague)
Atomic Energy Authority of Egypt (Cairo)
Technical Center (Espoo)
Laboratoire Leon Brillouin (Saclay); Institut 1.àèå-1.angevin (Grenoble)

Georgi a

Ger many

Hungary
D.P. Republi c of Kor ea

Poland
Romani a

Russi a

Slovaki a

Sweden

Swi tzer land

è.ê.
Uzbeki stan

Vi etnam

University (Tbi lisi)
Hahn-M eitner Institute (Ber l in); Research Center (Rossendorf) ; University

(Bayreuth); Technical University (Kemnitz); Research Center (Darmstadt); GKSS
(Geesthacht); Fraunhofer Institute for Nondestructive Testing (Dresden-

Saarbruecken)
Research Institute for Sol id State Physics (Budapest)
University (Pyongyang)

Institute î 1 Nuclear Physics (Cracow); University (Poznan)

A tomic Physics I nstitute (Bucharest)

Kurchatov Institute; Institute of Sol id State Physics; Institute of Theoretical and
Experimental Physics; Petersburg Nuclear Physics Institute; Institute of Physics of
M etals; Ì î üñî è State University ; Institute of Crystal lography ; Physical
Energetical Institute (Obninsk)
University (Bratislava)
University (Goteborg)

Paul Scherrer Institute (V il l igen)

Rutherford A ppleton Laboratory (Abingdon)
Institute of Nuclear Physics (Tashkent)

Institute î Ã Physics (Hanoi)
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1 .2 . N U C L E A R P H Y S I C S ÚË Ò Í N E U T R O N S

In 1997, nuclear physics investigations with slow neutrons were carried out on seven
beams of the IBR-30 + LUE-40 neutron source, on beam 11 of the IBR-2 reactor and on

neutron beams of îáæåã sources in Russia, Germany, France, USA, and China. In the reported
year, the research program at IBR-30 was formed accounting for the working schedule of

creation of the new JINR neutron source for nuclear physics investigations, IREN. À very
extensive program of studies in resonance neutron induced fission was, in the main, completed.
At the âàò å time traditional investigations of the properties of highly excited states of heavy
nuclei , parity violation effects, and reactions with emission of charged particles were
successfully carried out. ×åãó interesting and promising results were obtained with UCN in ILL .

1.2.1. E X PE RI M E N TA L
Par ity V iolat ion and Tune Non-I nvar iance Effects in the Inter act ion of Resonance Neutr ons

with Nuclei
TRI PL E collabor ation. Recent r esults

In the framework of à TRIPLE collaboration, the investigation of the mass dependence of
the mean-square matrix element Ì , of the weak neutron-nucleus interaction continued on the

polarised neutron beam of LANSCE, L os-A lamos. The (crÄkÄ) correlation measurements were
conducted by the transmission method for natural Pa and the capture gamma-ray registration

method for the Ðà and Ðà isotope targets. For the neutron energies Å„ < 1000 eV , there are
observed 6 ð-wave neutron resonances with meaningful P-odd effects. I t was established that

most of the resonances represent the compound states of Pa nuclei . Analysis of replicated
experiments with Th and U targets in the energy region up to 300 eV is completed. The
results for the mean-square matrix elements Ì are: M( U) = 0.68+0.25-0.16 meV , Ì ~~~~ÒÜ) =

1.28+0.33-0.24 meV . In them, the main uncertainty is due to the limited number of resonances.
For uranium, 3 P-odd effects with à plus and 3 with à minus sign are found whi le for thorium,
the existence of the so-cal led "sign ef fect" (al l ef fects ( 10) have plus signs) is confirmed.

Nuclear fission

of the U nucleus
Investigations of the angular anisotropy of fission fragments À2(Å„) with respect (î the

target spin orientation continued on beam 5 of IBR-30. The total measurement time at low
sample temperature (Ò — 0.1 Ê) for measuring the angular anisotropy of f ission fragments À2(Å„)

with respect to the target spin orientation increased up to 1100 hours. Thus, the experimental
data for À~(Å„) are now available in energy bins of 0.05 eV with an accuracy of 3 — 5 %, up to
Å„ < 30 eV. With the aid of an original code for multilevel, many-channel R-matrix analysis as

well as à specially modified standard code SAMMY, the À~(Å„) data are fitted together with spin
separated and total fission cross-sections, neutron capture and total cross-sections. It is

established that to describe the experimental data adequately, one has to assume that fission
channels wi th Ê=Î , Ê=1 and K=2 are open for resonances with spin J=3 and channels with K= 1,
K=2 - for resonances with spin J=4. In this case, the relative contribution to À2(Å„) from
different Ê-channels appears to be 18%, 63% and 19% for K=O, 1 and 2, respectively. It is also
found that the interference of resonances with different spins appears to be significant and
contributes approximately 16% to À~(Å„). It becomes evident that the old approach in which
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definite A~ values were assigned to definite resonances does not work because of à high level
density and strong interference between resonances.. Progress in the description of the fission
process is achieved thanks to the new theoretical approach developed by Barabanov- Furman.

The results of measurements and the theoretical description are presented in Figure 1.
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Solid points are the experimental data. The solid curve is the theoretical curve with parameters
correlating well with total cross section and fission cross section data (total and spin separated).
Figure 2 i llustrates the infl uence of separate Õ-channels and spin interference.

Subthreshold f ission and delayed neutron yi elds
The experimental data on Np subbarrier fission obtained last year were improved and

the fission widths Ã~ were determined for 13 resonances. Also, the cross section energy
dependence was determined ø the energy region 1- 50 å× . The statistical accuracy and the
energy resolution increased two times in comparison with & î êå for the data set obtained in
1993. Figure 3 shows the resonance parameters evaluation: points - experimental data, solid line
- fitting curve.

From the earlier obtained data on ~~~Y subbarrier fission the smallest upper limit for the

cross-section of thermal neutron induced fission ( î „ô 20 mbn ) was determined.
The first experiments started to study the yields of different fission modes and their

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

For the first time neutron resonances in the Am(n f ) reactions were measured using à 243

fast ionization chamber which makes it possible to register fission fragments against à high
background of e-particles (Ny / N„ — 10 ). This opens good possibilities for measuring earlier
unknown fission cross-sections for minor actinides in the resonance region.

High resoluti on prompt y spectroscopy of f tsè oï f ragments
Òî refine the earlier experimental data on independent f ission fragment yields and obtain

new information with the aid of fast ó-'ó coincidences for two f ission fragments, measurements

of the g-spectrum of Ðè f ission fragments were performed on the 57 m fl ight path of beam
5 at IBR-30. There were regi stered 6 10 f ission events. Data processing is in progress. 8

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

Investigations of highly excited nuclear states in energy regions not properly studied so
far, continued. To this end, coincidence gamma spectra of 2y-ñàêñàéåç were studied for '~~Là
and ~~~'~ 0~ target nuclei . The energy of the final levels lies below 0.8 Ì å× . Analogously to the

earlier studied spherical nuclei, the cascade y-decay of their compound states demonstrates
typical features. Namely, the probability of excitation and 'ó-decay of low lying (Å<2-3 Ì å× )

states enhances in comparison with model calculations based on standard assumptions concerning
the level density and radiative strength functions. At the same time, these probabilities are
relatively depressed at high excitation energies. So, the situation is quite opposite to that
observed in deformed nuclei where most 2ó-cascades are connected with the excitation of levels
lying above 3-4 MeV.

À combined analysis of experimental results for 40 nuclei studied up to now gives good
reason to believe that the coupling nucleon interaction at excitation energies in the 1-5 Ì å÷
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energy region produces much stronger infl uence on the levels structure than predicted by modern

nuclear models.
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Figure 3

Pioneering experiments to measure the effects of resonance self-shielding and the value

of ~ = g for U target nuclei in the 20-2000 eV energy region were performed. 235

Multipl icity spectra were also measured for the Pu target to ref ine the u value for Pu in the 239 • 239

0.007-20 keV energy region. As à result, u values were obtained for 80 resonances and several

energy groups.
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Figure 4 and 5 show the experimental à values for ~~~Ðè (points) in comparison with ~" ~
evaluated by the GRUCON computer program on the basis of BROND-2, ÅÕÈ ../Â-á, and
JENDL-3 library data.
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Figure 5

With the PARUS spectrometer (beam 3 of IBR-30, 122 m fl ight path) 80-litre volume
multisectional detector multiplicity spectra were measured for Th, ' U, Pu and Pb to 232 235, 238 239

determine à values and radiative capture cross sections.

Neutron induced reactions with char ged par t icle emission
The Al(n,ñõ) and Al(n,ð) nuclear reactions may form the basis of the main mechanism 26 2á

of Al destruction in nature. Precise measurements of their cross sections are important for the
understanding of y-spectra of " l ive" À1 in our Galaxy and " dead" Al in meteorites.

In col laboration with Los-A lamos physicists investigations of the ~~À!(è, à)~~Ì ó and
~~À[(è, ð) Mg reactions in the energy region from thermal to 10 keV and 70 keV , respectively,

were performed. The results are i llustrated in Figure 6 and 7.
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These very reactions are mainly responsible for Al destruction in the nucleosynthesis and
the determination of their cross sections is therefore very important.

Figure á
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Figure 7

(n, 'ó) r eact ions for ast r ophysics

The investigation of the Ca(n, ó) reaction completed in 1997. The results were obtained
and processed for à M axwellian neutron spectrum with kT = 25 keV . The Ti.(n, y) reaction
was studied with neutrons f rom à M axwel lian spectrum with kT = 25 keV as well as with

29 keV and 145 keV monoenergy neutrons. The results are being processed.
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An experiment to study the upscattering of UCN on Be was performed in M ay-Apri l

1997 on the High Flux Reactor in á ãåï î Û å, France. The experimental count rates of
upscattered neutrons were transformed into upscattering cross-sections. One can see the results in
Figure (uppper triangles). Introducing capture cross-sections obtained in dif ferent experiments

one can explain the anomaly of UCN losses for temperatures down to 90 Ê . I t should be noted
that further investigations of UCN upscattering in the temperature interval from 90 Ê to l iquid
helium temperatures are essential for the verif ication of the hypothesis oE anomalous

upscattering.

Precise exper imental test of the UCN dispersion law
In the frame of à FLNP-Kurchatov Institute-ILL-Melbourne University collaboration, à

precision experiment to verify the neutron wave dispersion law was performed using an original
method. It is based on à search for the resonance line shift in an interference filter, the Fabri-

Perrot interferometer, accompanied with à change in the neutron velocity component parallel to
the filter surface. It is found that when the filter moves parallel to its surface with the velocity
35 m/s, the effective neutron spectrum goes through the resonance shifted by +0.100+0.016 ï å×
for the initial UCN energy 107 neV. In the test experiment it was shown that when the initial
spectrum is narrow and the transmission line of the filter broadens, monochromatic neutrons do
not change their energy during tunnelling through the moving filter. The observed effect may be
interpreted as à very serious evidence of the fact that some deviation from the commonly
accepted dispersion law really exists.
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1.2.2. TH E ORE TI CA L

The effect of electromagnetic interactions on the strangeness-conserving p-decay of
baryons, neutron (n) and Õ-hyperon (Õ), is demonstrated. The modifications of the total decay
probability, BVÄ = 8% , BV~ = 0.5%, the e spectrum and the angular distribution with respect
to the polarization vector g of the initial baryon, ß „= 1.9% , BA~ = 1.8%, were obtained. The
dependence of the results on the value of the ultraviolet cut-off parameter Ë is elucidated. The
spectrum and the yield of y-radiation accompanying p-decay are calculated and special
attention is paid to infrared (soft-photon) radiation. The photon radiation of pions constituting
the baryon's " pion cloud" is investigated. Radiative corrections to the total p-decay probability,

the electron energy and the angular distributions found in this work prove to be of pivotal
importance for obtaining the main characteristics of weak interaction by experimental data
processing.

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

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

Due to high densities, some intermediate products of the pp-cycle in stars can emerge not
only from two-body but also three-body initial states. Their role is not properly estimated yet.
Moreover, three-body states have different selection rules and may significantly change the

entire picture of the nucleosynthesis. We performed (for the first time) à microscopic analysis of
several nuclear reactions not included in the standard model of the pp-chain. The fate of Be in

this chain is of special interest. The fact is that à combined analysis of all experiments
measuring the neutrino fl ux from the sun leads to à paradox conclusion: the production of Be
nuclei (more precisely, the fl ux of neutrinos due to Âå) must be strongly suppressed or even 7

negative. This means that something is wrong either in the standard model or in the
experimental data.

The problem of possible Ò-invariance violation in the "backward" elastic scattering of
neutrons Úó à spinless nucleus was investigated. It is shown that under Ò-invariance the
amplitude and the cross-section of "backward" scattering do not depend on the neutron spin. An

observation of such dependence will unambigously point to Ò-invariance violation. However, the
fulfilled estimates of the possible spin asymmetry of "backward" scattering demonstrate that the
corresponding effect is very weak (about 10-~ - 10 ) and can hardly be observed experimentally

in the nearest future.

1.2 .3. M E TH OD O L O G Y

Ê àÒÊ 1ï p r oj ect st a t u s

I n the f ram e of the K aT R I n proj ect (see à separ ate ar t i c l e b el o w ) ai m ed at study i ng
t i m e — non i nv ar i ant ( Ò-odd ) ef f ects i n reso nance neutr on i nd uced r eact i on s, w or k to cr eate à Í å

based neutron po l ar i zer - anal y zer w as car r i ed out du r i ng 1997 i n co l l ab or at i on w i th L eb edev

i nsti tu te (M o scow ) .

À Í å based neutron po l ar i zer w i th l aser pu m p ing i s att r act i v e f or m any task s i n neutr on

phy si cs. I t does not req u i r e co ol i ng and str ong m agnet i c f i el d s. T he po l ar i zati on that can be
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achieved for 1 eV neutrons i s about 75% with the transmission about 20%. Thi s al lows çèñÛ à

polarizer to Úå compact wi th à small weight.
During 1997, the prototype of the Rb - Í å polarizer , à two-chamber al igned ç

aluminosil icate glass cell f i l led with Í å at 10 atm, was created. Two Helmholtz ß 1400 mm

coils to produce the leading f ield about 20 G wi th the homogeneity not worse than 5 x 10 ø
the center and à pair of È 0 600 mm coils perpendicular to the leading one were buil t and wil l
operate at 80 kHz. The pick — up coil s are incorporated with à cel l holding platform. The setup
is à multi functional stand for the investigation and adj ustment of the design and working regime

of the cell .

Neut r on induced r eact i ons w i th em issi on of char ged par t i cles

î , î
6 0 0

N

5 0 0 0 , 5

1
1
1
1
1
1
1
1
1

,õ4
1
1
1
1

4 0 0

çî î

' Ne(n à) 0

'He(n,ð) Íãî î

~î î

U si ng the
created unique

ioni zation chamber (IC)

w i th à gas target à

number of reactions

w ere measured,
. 17 l 4

6 40 äçãî

Fi gur e 9 mcludmg. O(n, à ) Ñ,
3 A r (n, à )~~ß and

~' Ne(n, a ) ~0 . The

new method for

measuring (n, à) and

(è, ð ) was developed

î and tested on the

î 1 6 0 4 8 0 thermal neutron beam
at the IB R-2 reactor .

Figure 9 show s the
pul se-height spectra

form the IC col lector .

The thermal neutron cross secti ons obtained f rom these measurements are in good
agreement w i th ear l ier ones f or Î and A r whi le for Ne, our resul t i s signi f i cantly smal ler . 17 36 21

Further development of thi s technique w i l l make i t possible to use resonance neutrons in
the investigation, particul ar ly , of (è, a ) reactions using A r and A r targets. T hese processes 3~ 39

are of cruci al importance for the understanding of the or igin of S ãàãå isotopes.

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

created.
The new fast electronics was created to decrease suf f iciently the dead time in the whole

delayed neutron registration module.
A fter the modernization rather precise data on delayed neutron yields from the ~~ Np

fission induced by thermal neutrons were obtained.
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N eu t r on sp ec t r a an al y si s i n t h e 2 -100 k eV r eg i on w i t h t h e ai d of à (n , ó) con v er t er .

T he new m ethod of n eutr on spectr om etr y b ased on sh ape an al y si s o f y l i n es w as tested at

the el ectr o stat i c gener ator E G -5 . T he pr el i m i nar y r esul t s show h i gh ef f i ci ency of th e m ethod f or

the purp oses of spectr om etr y w i th stati on ar y and pu l sed neutr on sour ces.

The anticompton gamma spectrometer HPGe-BGO for nuclear physics exper iments

at pulsed neutron sources
The HPGe detector with the efficiency 9% and the resolution 2.0 keV at the energy

1332.5 keV is used as the main part of the spectrometer. The detector is 78 mm ø diameter and
120 mm in length. The choice of the design is determined by its simplicity and cost as well as
the results of computer modelling. The schematic view of the spectrometer including the passive
shielding is presented in Figure 10. The BGO surrounding consists of 32 rectangular crystals
with maximum dimensions 40 mm õ 40 mm x 80 mm and the total volume 3 litres. À
simplified system with 10 photomultipliers is used for photon registration. The employed module

scheme of the design allows the transformation
of the shielding to make the spectrometer
suitable for studying y-ray multiplicities in
neutron-nuclear interactions. Figure 11
demonstrates the unsuppressed (1) and
suppressed (2) experimental spectra together
with the experimental (3) and calculated (4)
suppression coefficients for the standard ÎÑo

gpss< source. The use of the CSS for the investigation
of the peculiarities of the resonance neutron

ÂÎ Î induced fission of 239Ðä has reduced the
background of the measured prompt 'ó-spectra 2

- 3 times and improved the accuracy of fission
fragment yields by à factor of 1.5.

Ñ è

~

C H (B )

Fi gure 10

T est of the U GRA i nstal lat i on

The first test of the UGRA instrument
shows that it is necessary to modernize old
neutron detectors to adj ust them for operation in
vacuum conditions. This work was carried out at
the end of 1997. However, without IBR-30

neutron beams it turned out to be impossible to
test the new detectors.

Fi gur e 11

C on st r u c t i on of t h e K O L H I D A i n st r u m en t

T he new set -up K O L H I D A sh ipped f ro m G eor g i a i n 1996 i s and m oun ted and adj usted

on beam 1 of the I B R -2 . T h i s i nstal l at i on al l ow s one to use the i n ten se b eam of po l ar i zed

neutron s to study nuc l ear pseudom agneti sm and som e new p ar i ty v io l at i ng ef f ects i n neu tron

opt ics.
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1 .3 . A P P L I E D R E S E A R C H

À series of multielement NAA studies of ecological samples from the Kola peninsula to
investigate technogenic transformation of podzolic À1-Fe-soi l as à result of air pollution by copper-
nickel production were completed. These studies were conducted in cooperation with the Institute of
Industrial Ecology of the North of the Kola Scienti fic Center from 1992.

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

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

One of the important directions of investigations in ecology by the NAA&RR sector is the
study of the multielement composition of different fractions of atmospheric aerosols (ÀÀ) from
West and East Siberia. This work carried out for à number of years in collaboration with specialists
in atmospheric ecology from the Institute of Chemical Kinetics and Combustion of the Siberian
Branch of the Russian Academy of Sciences (Novosibirsk) was successfully continued in 1997.
Several hundreds of ÀÀ samples from different areas of the Novosibirsk, Krasnoyarsk, Òøï åï ,
Irkutsk, and Baikal regions have been analyzed using NAA. In some of them (the Tumen, Irkutsk
and Baikal regions), à high content of à number of technogenic, including toxic elements — Ni', Ñî ,

As, Cd, Ì î , Ag, W, is observed in ÀÀ. This is an alarming signal and is of interest for ecologists.
The data obtained for à large ï ø ï Úåã of elements (45-65) were submitted (î ecologists of

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

An analysis of moss-biomonitors collected near the Baikal paper producing plant in the

summer of 1996 was performed. The results of this investigation presented at the International
Forum "Safe Development of the Region" (July 2-6, 1997, Irkutsk) won the Second Prize of the

Forum Organizing Committee.
The work initiated by the Department of Geography of Moscow State University and aimed

at studying the microelement composition of ferro-manganese nodeles from one of the regions in
the Pacific Ocean was completed.
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Analytical studies of the NAAk RR sector to analyze rocks, soil , sediments and water
contributed to the development of the experimental interrepublican system of ecological monitoring
of the Terek basin.

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

At the NATO Conference "Ecological Problems of Industrial Regions of the Urals" held on

Ì àó 25-30, 1997, three reports on the use of the biomonitoring technique to study atmospheric

deposition of heavy metals were presented. This gained the appraisal of specialists from the
Academy of Metallurgy in Magnitogorsk and the Institute of Biophysics in the town of Ozersk of
the Chelyabinsk region (MAYAK Industrial Enterprise) and led to the development of à proj ect for
studying atmospheric deposition of heavy metals and radionuclides in the Chelyabinsk region by
nuclear physics methods. The proposal for the proj ect was submitted to the IAEA and has
successfully developed into à ñî -ordinated research program on biomonitoring air pollution through

trace element analysis.
Part of industrial monitoring work under the auspices of the îáæåã IAEA grant connected

with monitoring of the plant for production of phosphorous ferti lizers in the town of Voskresensk in
the Moscow Region was completed and the the results were submitted to the IAEA as à yearly
report.

In the framework of à special course "Neutron activation analysis as à nuclear physics

method for the determination of the element composition of matter, its application to ecological
studies" by Ì .V.Frontasyeva, four-year students of the Department of Ecology of "Dubna"

University do practicals in the NAA&RR sector.
In 1997, investigations of semiconducting crystals of the À Â -À Â Ñ~ã type with à highly

anisotropic crystalline lattice structure continued. The electric and photoelectric properties of the
heteroj unction (HJ) in à TlSe - TllnSep system obtained by the liquid-phase epitaxy method from à

TlSe melt on the surface (110) of TllnSeq are described in the framework of the model of an
isotypical HJ without local states on the interface. The main parameters of HJ — the boundaries of
free and valence zones, equal to Å,=0.69 eV and Å,=0.05 eV, respectively, were estimated. The
peculiarities observed in the HJ photoresponse spectra were explained using the Dember effect. The
results are to be published in "Physics and Technology of Semiconductors" and "Nuclear
Instruments and Methods" .

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

Defect formation in nonstoichiometric crystals in solid zirconium oxide and yttrium oxide
solutions with different concentrations (the monocrystals were grown by Å.ÅË î ò î ï î ÷à and
V.V.Osiko) was investigted using two diffraction methods: (1) diffusion scattering to determine
short-range order and (2) Bragg diffraction to determine the middle structure. The experiments were

carried out with participation of Bente Lebech in the Riso National Laboratory, Denmark, and
Arthur Schulz in the Argonne National Laboratory, USA. It is shown that in the cubic structure the
main peculiarities of the diffuse scattering pattern are connected with the existence of implanted
oxygen atoms and the fact that the population of their positions changes little as the concentration
of yttrium oxide changes. At the âàò å time, an increase in Laue diffuse scattering as the
concentration of yttrium oxide increases is probably connected with an increase in statistical
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isotropic displacements in the ZrI Ó averaged position. It is established that ø the tetragonal phase,
the observed strong hardening of crystals is connected with the coexistence of coherently linked
cubic and tetragonal phases with à low yttrium oxide concentration. Most recent results are obtained
with the high resolution Fourier diffractometer in FLNP.

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

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

literature, and is sooner lower than that.
The main tasks of the NAA&RR sector for 1998. In accordance with traditional research

themes the main obj ectives of the sector in 1998 are the investigations in the field of ecology and
environmental protection. In the framework of the European Program "Atmospheric Heavy Metal
Deposition in Northern Europe 1995" monitoring of several regions in the Arctic, Norway, Finland,

and Rome as well as studies of the multielement composition of atmospheric aerosols in West and
East Siberia (the "Aerosols of Siberia" and "Aerosols of Baikal" proj ects) will be continued. Several

research proj ects and programs are under preparation in collaboration with the Institute of
Limnology of SB RAS (Study of atmospheric aerosols and sediments of Lake Baikal); Swiss
Institute of Geology (Study of element composition of peat cores from different regions of the
world for paleoclimatic reconstruction); Institute of Radioecological Problems, Minsk (Study of the
effect of the Chernobyl accident on the health of children); Institute of Geology, RAS and
V.I .Vernadsky Insti tute of Geology and Chemistry (Estimation and prediction of à balance in the
distribution of toxic elements in technologic fl ows from the Astrakhan gas-refining complex), à
number of the Urals Institutes and the IAEA (biomonitoring of atmospheric deposition in the Urals

regions with à high technogenic impact).
In the field of condensed matter physics, the mechanisms of electric conductivity in

heteroj unctions (volt-ampere and volt-capacitive characteristics) in crystals with à highly anisotropic
crystalline structure will be investigated. For this purpose, à ð-ð-TlSe-Ò11ï Áå~ heteroj unction will be
produced for which the material for epitaxial TlSe plating will be preliminarily purif ied by the zone
recrystallization method up to the concentration of acceptors N, g — 10 -10 cm , and the substrate 15 16 -3

material Tll nSe~ will be alloyed with Se up to the concentration of acceptors NÄ~ — 10 -10 cm 3.

This will make it possible to improve the HJ detector characteristics, i .å., increase the current
sensitivity to g-n radiation, extend the range of spectral sensitivity to include the long-wave region,

decrease the response time, etc.

2 8



2 . N E U T R O N S O U R C E S

2 .1 . Ò Í Å I B R -2 P U L S E D R E A C T O R

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

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

In accordance with the characteristics of the control and emergency system (CES) and
methods of providing safety accepted for the IBR-2 reactor, in response to the alarm signal the
1PES and 2PES systems shut down the reactor (efficiency — 0.36+0.02 [3,~~ and 0.49+0.03 ~3,~~,

respectively) for less than 0.02 s.
The measurement of the efficiency and speed of response of 1,2PES with the decreased

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

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

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

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

The results of the repairs are illustrated in Table 3.
The repairs, which proceeded under diff icult radiation conditions, were completed in

October 1997, and on November 11, 1997, the reactor was put into operation.
Positive experience in operating two movable reflectors of the IBR-2 reactor, which have

worked out their service È å: the first one — 13000 hrs. and the second — 20000 hrs, made it

possible to redetermine the limit values for the levels of vibration for the third generation
refl ector (PO-2R) now in service. These levels are èçåé as à basis to control the operation of the

refl ector. In addition, vibration diagnostics is carried out to detect malfunctions of the movable
refl ector early in their development using different algorithms of static analysis of vibration
signals, which make it possible to identify the origin of changes in this or that parameter of
vibration signals.
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ÒàÛ å 2

I B R - 2 o p e r a t i o n a l p a r a m et er s a s o n N o v em b er 1 , 1 9 9 7

A ch ieved A l l ow edß î Par am eter

32 14 3T otal operati on time for phy si cal experiments, hr s.

~

T otal generated energy , M W /hrs 60970 85000

~

6392 180 00

~

ÐÎ -2R total operation time, hrs.

Maximum fl uence on the reactor j acket at the centre of
the active core (10~ n/ñãï ~),

for Å„ > 0.1 MeV

2.68 3.72

~

6.5- 4 .9

~

M aximum fuel burni ng, (%)

550T otal number of emergency shutdowns 380

~

Tab l e 3

Eff iciency, speed of response and full travel range of 1,ÃÐÅß units in the previous and new
working positions

Pr evious value Value in à new working
position

Char acter ist ics

F ul l ef f i ci ency o f 1PE S, [3, ä 0.37+0.020.36+0.02

F u l l ef f i ci ency o f 2PE S, ~3, ~ò 0.37+0.020.49+0.03

less than 0 .02Speed of response of 1PES, s less than 0.02

less than 0 .02 less than 0 .02Speed of response of 2PES, â

23.5 24Ful l travel range of 1PES, mm

23.5 17 .5Ful l travel range of 2PES, mm

The diagnostics of the current state of PO-2R is performed using the vibration monitoring
program, the basis for which is the construction of base spectrum "mask" from data of vibration

measurements in i-th cycle (operation time of the refl ector in one cycle is — 280 hrs). This cycle

is chosen as stationary from the viewpoint of constancy of characteristics of vibration signals
picked up from the bearing supports of PO-2R following its running-in. The allowable limit
values of vibration levels are established for each subrange of spectrum characteristics (low-
frequency, medium and high-frequency). The position of current spectra relative to the base
mask characterizes the current state of the movable refl ector. The analysis of the trend curve,
constructed from the results of measurements of vibration-acceleration as à function of the

ï ø ï Üåã of operation cycles taking the statistical spread of readings into account, allows us to
evaluate the residual service lifetime of PO-2R.
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In addition, to evaluate the degree of wear of rubbing parts of the movable
refl ector :àé à1 and radial thrust bearings, spur and cone gears, j ournals of the shaft of the
refl ector — and to establish à correlation with the parameters of vibration signals, the method of
neutron activation analysis of samples of oil of the lubrication system of ÐÎ -2R was proposed.
This method makes it possible to determine the content of the wear products on the basis of
analysis of spectral presentation of nuclides of activated metal impurities. The nuclide content in
oil samples, radiation energy in keV, and pulse area following the operation of ÐÎ -2R for 21

cycles (6000 hrs) are presented in Table 4.

Ta b l e 4

Spect r al content of m etal im pur i t ies in oi l sam ples fol lowing the oper at i on of ÐÎ -2Ê

for 6000 h r s.

Nucl i deResolu t i on ø k eVEner gy, keV

135.95

Pulse ar ea

350

Elem ent N o.
Se-75

Åå-598 8174192 .4 5

~

Se-753.733862 64 .5 1

~

Hg-203, $å-75, Pb-2031.66208279.36

~

C r -5 12.38789320.02

~

In- 115 ò2.57264336 .14

~

À è- 19 82.771654 11.9 5

~

C d- 1159 1528.20 156

~

Cs- 134 , Sb- 1224.75146563.74

~

Cs- 134, Sb- 1242.08789602.7310

Sb - 1244.80115646.331 1

Sb - 1242.83163723.2712

N b-952.761407 65 .1413

Ì ï -54, Ga-726 .5 1220834 .6 114

Åå-592.6977010 99 .1715

Z n -654757 3.26115 .4416

Ñî -603.1317 3 .06 137317

Fe-592.78129 1.18 48118

Ñî -604 .3712671332.2319

Ê -4 04 . 192751460.2720

Sb- 12499 4516 89 .752 1
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Qual itative and quantitative changes in mass of the wear products ø oil in the further
stages of the operation of ÐÎ -2R together wi th the results of vibration diagnostics will al low us

to detect more precisely the starting moment of the progressing wear of the rubbing parts under

study.
The experimental investigations into the dynamic properties of the IBR-2 reactor have

been carried out. The main result of these studies is as follows: after the second reloading
(1996) the reactor operates steadily over à whole range of power (up to 2 MW) and at à sodium
fl ow rate of 80-120 m~/h.

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

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

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

The financing of Æåò å 0851 was low and unstable as before. For eleven months the
contract payment amounted to 806 million rubbles (- 140 k$) as compared to the àøø àl plan of
1620 k$. For this reason, work on the proj ects for the modernization of IBR-2 and the

production of TVELs has not been carried out. The debts for work executed in 1996 have not

been redeemed either.

Tab l e 5

Financing of t hem e 0851 (I B R-2) in 1997 (in k $) (as on Novem ber 1, 1997)

T ot alM R-3 T V K LS T E ÑÌ Main
Equipment

Janu ar y

Feb ruar y

~~

M ar ch

2 1.5

~

8 .5

~

A pr i l

2 1.48 .3 13Ì àó

June

2.62.6Jul y

30 . 1 58.324 .5 3.7A ugu st

2.6 3.6

~

Septem ber

23.320.6Î ñ(î Üåã 2.7

30 .1 9.6 139 .747.6 3 1.8 20.6T OT A L :
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2.2. T H K I REN PROJE CT

The or oiect status. Following the recommendations of the JINR Plenipotentiary
Committee (M arch 1993) the JINR Directorate adopted the decision, approved at the 76th
Session of the JINR Scientif ic Council June 1994), to construct the new modern source of
resonance neutrons for investigations in fundamental and applied nuclear physics. The
completion date (physical startup date) was the end of 1997. The IBR-30 analogous scheme, i .å.,

the combination of à powerful l inear electron accelerator and à subcritical multiplying target,
was chosen for the new neutron source. The new IREN faci l i ty wil l permit the neutron energy

resolution to be increased an order of magni tude at à double increase in luminosi ty.
In 1997 f inancing of the work on the IREN proj ect became lower than in 1996 (30 K$

per year) and only extraordinary efforts of the proj ect management allowed to preserve- val idity

of the key contracts ensuring construction of the main IREN systems. So to the initi al
completing date of the IREN proj ect established at the of ficial beginning of the proj ect in 1994
we have at least two years delay. To the end of 1997 in the frame of the proj ect implementation
it was invested 870 K$ and the total cost of the signed contract achieved 2700 K$. In spite of
lack of f inancing minor progress took place in design and construction of the electron gun (at
LHE and LPP), the RF system of the LUE-200 and the full scale stand for testing the

accelerating systems of the l inac (at FLNP). The f irst variant of the control system for the IREN
was created and wi l l be tested during 1998 at the IBR-ÇÎ .

The situation with implementation of the IREN proj ect was considered by the special
expert committee formed by the JINR Directorate and by the 7th session of the Program
Advisory Committee for nuclear physics. Both committees strongly recommended the JINR
Directorate to seek possibi li ties for completing the proj ect in 1999-2000.
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3 . M E A S U R E M E N T A N D C O M P U T A T I O N C O M P L E X

Work within the theme was focused on two main activities:
operation and modernization of equipment and software of the spectrometer measurement and
control systems, as well as design of new data éññ~ø âÛ î ï systems based on electronics in VM E
standard;
development of local computing network.

~

Data acquisit ion systems. In 1997, ~ãî èÛ å4 ãåå operation of the experiment automation
systems on the spectrometers of the Scientif ic Department of Nuclear Physics (SD NP) at the IBR-
30+LUE-40 complex and of the Scientif ic Department of Condensed M atter Physics (SD CM P) at
the IBR-2 reactor was afforded. In addition, at the maj ori ty of spectrometers, work to modernize
specif ic subsystems (detector electronics — DN-12, NERA -PR, SPN, UGRA , the setup with
polarized nuclei , etc.; control over executive mechanisms — HRFD, SKAT, SPN, KOL HIDA ;
temperature regulators — HRFD, NERA -PR; data acquisition and accumulation — PARUS,

ROM A SHKA , EPSIL ON, etc.) was completed.
The studies of the annular PSD at the YuM O spectrometer have been completed. The

ampli tude and position spectra were measured wi th new detector electronics. À set of electronic
blocks for all 8 wires of the detector was manufactured and is to be adj usted.

In 1997, experience in using × Ì Å-based data acquisition systems at the NSV R, SKA T and
NERA -PR spectrometers was gained. The debugging of the software for the V M E-system at HRFD
is nearing completion. A ll blocks of the unif ied electronics for the DN-2 spectrometer were

constructed (block for receiving data from PSD; processor block and histogram memory block). The
analogous electronics is being constructed for the SPN, DN- 12 and YuM O spectrometers.

Networ k and computer infr astr uctur e. In 1997, new communication equipment of the
CISCO firm was instal led and put into operation in the FLNP local computing network (L CN). This
made it possible to switch over to data-transfer rates of up to 100 M bitsi s in the FLNP network .
The proposed L CN structure for 1997-2000 is presented in Fig. l . I t is based on the Swi tch

technology, which al lows dif ferent LCN standards to be used in one network .
The Workgroup Switch Catalyst 5000 is the central element of the network . For connections

inside the central segment (computer center (ÑÑ)) the 10/ 100ÒÕ commutated ports wi th the data
transfer via twisted pairs are used, and for connections between the segments (bui ldings) up to
twelve 100FX (Fast Ethernet) ports wi th the data transfer via f ibre-optic communication lines are

employed. The Catalyst 2800 commutator, which has one 100FX port and sixteen 10ÒÕ ports, has
been chosen as à peripheral communication node in the segments. The end users are connected to
the network via HUBs using mainly the 10ÕÒ standard.

At present, two Catalyst 2800 commutators (for the experimental setups of IBR-2 and

off ices of the Scientif ic Department of Nuclear Physics) are avai lable. In the near future two more
commutators (for IBR-2 and off ices of the Scientif ic Department of Condensed M atter Physics) wi l l

be purchased.
À separate workstation with the SUN Net M anager sof tware and the CiscoW orks package

integrated with it, is used to control LCN and computers of the SUN-cluster . These means allow

one to promptly change the network conf iguration and its load, to obtain dynamic and statistical

3 9



Â Â
~ 

3 
:

6

;À'
Î

~

:
8

:ÌÞ

;
î

:u;
î

:î:8å
ß5

'u 
Þ

 
• 

•

• 
•

Â Ô Ô 
Â Â Â 

• 
• 

• 
• 

• 
• 

• 
• 

• 
• 

• 
• 

• 
• 

• 
• 

• 
• 

• 
• 

• 
• 

6 
• 

• 
à 

• 
ý 

• 
Ô 

Â Ô

Â• 
Þ

• 
•

• 
•

• 
~ 

• 
Ô 

-
5 

: 
È

 
:

: 
Ä

 
î 

' 
6 

:
: 

6 
"

Î 
:

:
3 î 

;
: 

î 
• 

• 
Þ Þ 

• 
%

s 
• 

ß 
• 

ñ
" 

Ô
'

' 
Ô

.
, 

C
)

'
'

4
0

;
(

y
(

y
s 

1
É

è
1

è
1 ~

~

• 
• 

• 
•

• 
• 

• 
• 

• 
• 

• 
~

 
• 

• 
• %

~
 

• 
• 

~
 

If 
~

 
• 

• 
~

~
~

 
• 

• 
• 

• 
• 

•



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

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

In 1997, the optic communication line between the buildings of ÑÑ and IBR-2 was

assembled and put into service. The technical proj ect for switching over the network in the
Laboratory and SD ÑÌ Ð buildings to twisted pairs was worked out.

The radical reconstruction of the network provides new possibilities in the development of
information service. An example is the information system for the users of the IBR-2 reactor. This

system allows the users (including external users) to obtain information in real time on the current
state of the reactor and its most important parameters from the FLNP Web-server. The data are
presented in the form of tables and graphs. The system provides for automatic renewal of
information and generation of Í ÒÌ Ü-pages as the data coming from the measuring complex located
at the reactor are updated. The ñî ãå of the system is the data processing server, which operates on
the basis of the Ð× -Wave commercial package intended for analysis and visualization of data. The
programs of the server are written in the built-in programming language of the mentioned package.
The server provides for reading, coping and processing of data, as well as for generation of Í ÒÌ Ü-
pages and graphic files to present information to the users on request from the program-clients. The

use of the WWW technology results from the desire to make information available for as ò àï ó
users as possible, and to avoid designing applications on à large number of platforms used in the
Laboratory.

In the near future the outdated file-servers, SUN SPARCstation 10 and 2 will be replaced by
Enterprise 3000, and all machines of the SUN-cluster will be changed to the Solaris 2.6 operating
system. The fast commutator by the New Bridge firm is to be installed to connect FLNP LCN with
the JINR backbone network. This will provide access to the centralized resources of the Institute at
the rate of 100 Mbits/s. On completion of é û ÷î ã1ñ, in the Laboratory à new network infrastructure
will be created, which will meet modern requirements as to reliability, transfer rate, potentialities
and computational resources.

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

In 1997, the International Workshop on Data Acquisition Systems for Neutron Experimental
Facilities (ÐÀÕÅÃ 97, June 2-4, 1997, Dubna) was held, twenty five papers were published and one

dissertation thesis was defended.
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Effect of fl uor ination on the st r ucture and superconducting proper t ies of
the Hg-1201 phase

À.Ì .Abakutnov', V.L.Aksenov' , V .À.Alyoshin', Å.V.Antipov', À .Ì .Balagurov' .
D.À.Mikhailova', S.N.Putilin', Ì .G.Rozova'

' F rank Labor atory of Nåutr on Physi cs, JINR, 141980 D ubna, Russia

Í äÂà,Ñè0 Ë„ (Í ä-1201) is one of the most attractive compounds for investigating the

relationship between structure and superconducting properties owing to its simple structure,
wide range of superconducting compositions (from underdoped to highly overdoped states),
smal l number of structural parameters, and an absence of stacking faults, cation intermixing,
large static atomic displacements, etc. In general , there is good agreement in the published
structural parameters of Hg-1201 and their variations caused by changes in the concentration
of the extra oxygen located in the Hg-layer. There are severe discrepancies, however, among

different papers concerning the occupancies of the Hg and extra oxygen sites, though these
parameters are extremely important for understanding the doping mechanism in Hg-based
superconductors. The high extra oxygen content (up to 5=0.18 for the optimally doped Hg-

1201 [1]) determined in several studies is in obvious contradiction with the optimal hole
number, ð.„„ ðåã conduction CuO, layer, which is assumed to be ð.,ð 0.16 (see [2] and refs.
therein) and the 6,„,=0.08 — 0.09 determined by iodometric titration [3,4] . A s à result, the most
natural and simplest ionic model of Hg-1201 doping (two holes per inserted extra oxygen
atom) is presently under discussion and the reduced doping eff iciency of oxygen in Hg-1201

has been assumed [1, 5, 6] .
Òî verify the di f ferent hypotheses, we decided to exchange the extra oxygen in the Hg-

1201 structure with extra fl uorine atoms. Oxygen and fl uorine anions have close
crystal lochemical behaviors, whi le their formal charges dif fer signif icantly : — 2 and — 1,

respectively . Therefore, assuming à simple charge transfer model , we would expect the extra
fl uorine concentration to be twice as high for the fl uorinated phase for the same doping level .
It would also be interesting to determine the dependence of T, and the structural parameters
vs. the extra fl uorine content.

Single-phase samples of Í äÂà,Ñè0 Ë„ ÷~åãå synthesized from à mixture of Âà,Ñè0 3

and HgO according to the procedure described in [7] , then reduced in à dynamic vacuum to
the composition Í @Âà,Ñè0 Ë„ éå1åï ï 1ï åé by iodometric titration. The samples were
monophase and exhibited superconductivity with Ò,=61 Ê . The reduced Hg- 1201 samples

were subsequently fl uorinated by XeF, under dif ferent conditions. A ll operations were made
in à glove box in à dried N, atmosphere that excluded the presence of Î , . The conditions of
the treatments, lattice constants (determined using à FR-552 Guinier camera, Ge internal

standard) and the superconducting properties of the initial and six fl uorinated samples are
summarized in Table 1.

The neutron di ffraction measurements of samples #3 and #5 were performed at room
temperature with the high-resolution RTOF Fourier dif fractometer (HRFD) at the IBR-2
pulsed reactor in Dubna. À cyl indrical , 5-mm diam, Ti-Zr can was used to hold the Hg- 1201

powder (m= l g) .
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TABLE 1. Fluorination conditions, T, values and lattice parameters of Í äÂà,Ñè0 4Ð,.
Ì is the molar ratio of XeF, to Hg-1201.

Conditions
reduced Hg-1201

M =O.1, 150' Ñ, 15 h
Ì =Î .Ç, 200' Ñ, 15 h
M =O.5, 200' Ñ, 15 h
M =O.4, 200' Ñ, 20 h
Ì =Î .Ç, 200' Ñ, 30 h
M = l .0, 200' Ñ, 50 h

N

1

2

3

4

5

6

7

à, À

3.8915(5)

3.8828(4)

3.8825(3)

3.8788(5)

3.8742(4)

3.872 1(5)

3.8á79(7)

ñ, À

9.529(2)

9.523( 1)

9.510( 1)

9 .498( 1)

9.493(2)

9.482(2)

9.459(2)

61 / 61
97 / 97 [
97 / 97
96 / 96
90 / 80
88 / 80
78 / —

The high d», resolution of the diffraction patterns helped us calculate the dif ference
scattering density map for the basal plane of the unit cel l . This map, calculated excluding the
F atom (Fig.1), revealed an extra anion only in the middle of the mesh (1/2,1/2,0) and ï î
anion near the middle of the edge was found. Therefore, we can conclude that the fl uorinated
Hg-1201 samples have à stoichiometric cation composition with only one site for the

oxidizing extra anion.

~~~

©

~

Fig.1. The diff erence scattering-densi ty map ~î ò the

basal p lane f or samp le 43 calculated wi th the
diff erence î~ é å experi mental and calculated
structure f actors. ÒÜå fl uorine atom was excluded
ô î ò the calculati on. The extra anion is seen only
in the middle î~ é å mesh. The amp li tude î / i ts
peak is - 5 ti mes larger than the most i ntensi ve

background maxima.

î
î

The occupancy of the fl uorine position was ref ined with à fixed thermal parameter of
1 À ' . The values of n(F)=0.24(2) and n(F)=0.32(2) were obtained for samples #3 and #5,

respectively. Thus, the n(F) values are signif icantly larger than the values of 0.124(9) and
0.19(1) obtained for the oxygenated Hg-1201 samples with close T, values [3] . This

comparison is quite correct since oxygenated and fl uorinated materials were measured by the
same NPD faci l ity and the initial Hg- 1201 samples were prepared by the same synthesis

technique.
The amount of inserted fl uorine, however, was found to Úå signif icantly larger than

could be expected for the optimally doped phase, assuming an optimal hole number ð„ ,=0.16
(5Ä should be equal to 0.16 instead of 0.24 if × ~,=Ó„ „= +2, Vp= — 2 àï é Vp= — 1). Therefore,
we can conclude that the doping mechanism in the Hg-1201 superconductor is more complex

than à simple oxidation of the (ÑèÎ ,) layers by an inserted fl uorine or oxygen. They can
oxidize not only the (ÑèÎ ,) layers, but, also, possibly, the HgO, " dumbbell" as wel l . The

~



carrier concentration in the conducting band is à result of the delicate charge balance among
these fragments.

Variation of the apical Cu-0 2 bond distance caused by the extra anion exchange when
5+ 25p is well-pronounced in contrast to the in-plane bonds. Figure 2 shows à practical ly
linear dependence of the Cu-0 2 distance vs. î (oxygen or fl uorine). A n increase in the amount
of the extra àø î ï in the Hg-layer results in à compression of the apical Cu-0 2 distance. These
distances diff er signi ficantly between the fl uorinated and oxygenated Hg-1201 phases with
close Ò, and in-plane Cu-0 1 bond lengths. For instance, the diff erence between these
distances in the phases with Ò,=97 Ê is about 0.04 À , which is much larger than the standard
deviation and the dif ference between the c-parameters.

ò 2 82
Fig.2. Bond distances Hg -

2 .80 0 2 (l ef t scale, op en
sy mbols) and Ñè-0 2 (ri ght

-2.78 ~ scale, f ul l sy mbols) as à
f uncti on of åxtòà oxygen î ò

3
Ä fl uor i ne content. Data f î r

2.76
4 oxygenated samp les
3 (~= 0.05 7, 0.124, 0.19) ar e

1àÈåè ß î ò Ref . 1.31,. Li nes

thr ough p oints ar e g ui des
to the ey e.

2 .04

oxy gen fl uor ine

~~

«2

î

3

î
Æ

~~~~~~~~~

1.94

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35
Extra oxygen / fl uorine content

0 .4 0

The origin of this unusual phenomenon may be explained if we also take into account
the variation of the apical Hg-0 2 bond distance. The more probable origin of the elongation
of the Hg-0 2 distance is not à variation of the formal Cu valence, but an interaction between
Hg and the extra anions (even located far from the Hg atom). An increase in the coordination
number of Hg by the inserted extra anions is accompanied by à shift of the 0 2 atoms away
from the Hg cations towards the Cu atoms, thus elongating the Hg-0 2 distance and shortening
the Cu-0 2 one. We can conclude that the exchange of extra oxygen for double the amount of
fl uorine causes à variation of the apical distances, predominantly, while the in-plane distance
and Ò, remain the same. This transformation can be formally considered as an anisotropic
compression (along the ñ axis) î Ãthe Cu0 , octahedron.
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Two years ago the first stage of creating the new dif fractometer DN- 12 [ 1] for

neutron scattering experiments using polycrystal samples in high pressure cells based on
sapphire or diamond anvils was completed. A fter the f irst successful experiments [2-5]

development of the DN- 12 diffractometer continued during the reported year.
Òî improve the background conditions and increase the region of available

wavelengths, the straight vacuum neutron guide was replaced by à curved supermirror
neutron guide. The new design of DN- 12 dif fractometer on beam N 12 of the IBR-2

reactor is shown in fig.1.

Fig 1. The layout of the DN-12 diff ractometer at the IBR-2 pulsed reactor:

1 — acti ve core, 2 - moderator, 3 - background chopper, 4 - f ast neutron shi eld, 5 -

posi ti on

The wavelength distributions of incident neutrons measured using à vanadium
sample before and after the diffractometer was improved are shown in f ig.2. A s à result,
the total neutron fl ux on the sample increases practical ly twice and the fl ux of neutrons
with long wavelengths increases several times. The main parameters of DN- 12 (before

and after improvement) are presented in Table 1.
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Tab le 1. The m a in pa r am eter s o f the D N -12 di f fr a ctom eter

1994

1 10

1997

2 10

Param eter s

Thermal neutron fl ux at
samole nosition (n/cm /s)

2. D istances:
moderator — sample
samole — detector

3 1.8 ò

0 .4 ò
1-: 4 À
4 5' -: 135 '

0 .8 —: 5 .2 À

26 . 1 ò

, 0 .4 ò
0 .8 —: 10 À

~ 4 5 ' -: 135 '

0 .6 —: 13 À

3. Range : w avelength

sc atter i ng angle

À û

4. Resolution (Ë(È d=2 À):
for 28=90' 0.022

0.0 12

0.125 sr

0 .022

0 .0 12

0.125 sr

for 20= 135'

5 Sol id angle of detector

sv stem

5 GPa
10 GPa

5- 10 GPa
15-20 Gpa

6. Pressure range:
with sapphire anvils
with diamond anvils

A s the f irst test experiments, the diffraction patterns of À1~0 ç (f ig.Ç) and ful lerene Cqq
(f ig. 4) were measured.
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calculated p rof i le and the diff erence cur ve are also shown.

~

28 =4 5 .

~~~~
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4-spacing, À

angle 20=45.5; sample volume V- 0.5 ñò , exposi ti on time t= l h.

~

r n

Hematite Fe.0 , was studied at pressures up ñî 3.7 GPa. At the pressure P- 2.5 GPa in
this system the magnetic phase transition occurs (see fig.5 — the intensities of the
magnetic peaks (111) and (100) sharply change under pressure). Due to improvement of
the parameters of the diffractometer, more diffraction peaks than in [6] are resolved and
the magnetic structure of the new phase can be solved ò î ãå exactly.
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The samp le vo l um e V= O.5 ò ò ~, sca tteri ng ang le 2 0= 45 .5 ; exp osi ti on ti nge t = 40 h .
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N eu t r on d i f f r act i on st udy of t he C M R com p ou n d Ü àä ç~Ðãð ä5Ñ àð ù~Ì ï Î ~

À .Ì .Balagurov, V .Yu.Pomj akushin, V .L .Aksenov
FLNP JINR, Dubna, Russi a

N .À .Babushkina, Ü.Ì .Belova
ßßÑ Êè~ñÜà~î ~ Insti tute, Moscow, Russia

Î Ë è.Gorbenko, À .R.Kaul
Chemistry Dep artment, Moscow State Uni versi ty, Moscow, Russi a

N .Ì .Plakida
ÂÅÒÐ JINR, D ubna, Russi a

P.Fischer, Ì .Gutmann, Ü.K eller
PSI, Vi l ligen, Swi tzer land

The Üà~ „À'„Ì ï Î ~ perovskites (À'=Ñà, Sr, Ba) are intensively studied now after observation
of "colossal" magnetoresistance (ÑÌ Â.) effect in early 90 [1]. This system is characterised by à
strong competition between two basic states - insulating and metallic, which depends on the doping
level, the temperature or the external magnetic field. Phase transitions between them are usually
followed by changing Mn-Î bond lengths and oxygen thermal motion. This is the reason of the use
of neutron scattering for the investigation of CMR compounds. Total or partial substitution of Üà for
ãàãå earth cation with à smaller ionic radius can be also the reason for changing of the charge or the
magnetic state of à compound. The system with Pr was studied especially carefully since both Ðã~+
and Ñà~' ionic radii are rather similar (1.179 À for Ðã~' against 1.180 À for Ñà~' ) [2] . À particularly

detailed neutron diffraction study of Pri „Ñà„Ì ï Î Ç was performed by Z.Jirak et al . [3] .
For Lap35PIQ35CBQ3pMnOq (LPCM) which was prepared as à high quality thin fi lm on

ÜàÀ10 ~ substrate, unusual transport properties - the resistivity of the film below 30 Ê depends on
the time and thermal prehistory - was found in [4]. Òî clarify the possible microscopic background
of these effects, we undertook à neutron diffraction study of LPCM. In this report we present the
preliminary results of the study.

~-~ ~~)î ~î~~î çîÉ ~~ ç

ò~î ê

• å ~âà å à~à èà ~â â ~~~~~~~ ~~~~ 1~

1.2

~

Fig.1. Diff raction pattern of
Lao.~~ÐrâçüCaoçîMn0 ~, measured wi th
HRFD at Ò=40 Ê àèñ1ðòî ñåû åé by Rietveld

method (MRIA p rogramm)

0.7 0.8 0.9~ 1.0

C
3

î

ñ

ñ
'o

6

Ó

] 1
In the experiments two neutron

— diffractometers were used: HRFD at the
0.8 1.0 1,2 1.4 1.6 1.8 2.0 2 2 2.4 2.6 2.8 ~ßÊ 2 pulsed reactor 1Ï FLNP ~~,~~~ and

DM C at the SIN Q neutron source in PSI
(V il l igen). HRFD is à high resolution Fourier diffractometer with the bd/d resolution close to 10 3,

which offers the possibi l ity for obtaining precise structural data. DM C is placed at à cold neutron
source and is quite suitable for magnetic peak measurements at large Èöä. The typical neutron
diffraction patterns measured at these two instruments are shown in f igs. 1 and 2.
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(1ä~Ðã) „ Ñà „ Ì ï Î ,
ò=~î ê
DMC

~

Fig.2. Difp acti on p atter n of
Lao.ä~Ðr o.35Cap,qgM nOq, measur ed wi th
DM C at Ò= 40 Ê and ð òî ñåû åé by Ri etveld

method (Ðè11Ðãî~ð ãî äòàò ò )

1 ! ! I ! ! ! ! I I ! I ! !
1 ! ! ! I ! I ! .I ! I ! ! ! ! !

! LPCM is crystall ised in the Pnma
space group, which is conventional for

3o -.. i , - i ' - - many CMR perovskites. At ãî î ò

temperature the LPCM lattice parameters
and atomic ñî -ordinates (table 1) are very close to the recently published data of
Lap ~~~PrQ |ä Ñà~ 30Ì ï Î Ç [5] . The unusual feature of LPCM is its quasitetragonal metric despite of
the orthorhombic atomic structure (f ig.Ç). Probably this LPCM feature is the reason of fast dynamic
spatial fl uctuations of its structural fragments which cause its unusual transport properties.

ö) 50 60 ~Î 80 ßÎ 1Ì

i-~î .çãè î .17~ñ àî çî [5]

5.4585

L a o .3s~ 1 0 .s s C a o 30À /À ' site

1 À /À '

Ó

z

%

5.4606
7.7067
5.4603
229.79
0.0271

0.25
-0.0054

0.4934
0.25

0.0682
0.2818
0.0355
0.7168

6.88
1.46

7.7146
5.4674
230.23
0.0236

0.25
-0.0057

0.4893
0.25

0.0668
0.2782
0.0342
0.7198

5.75
1.66

1 0 1

Table 1. The latti ce parameters and
the ñî -ordinates î~ à1î ò è~î ò:
L a 0.35~ r 0.35~ à 0.30 ca l c u l a ted w i t h

HRFD data and
Lagò Ð~î.ð~Ñàîçî, taken f rî ò f 5/ .

~ î ã

Rw o

~

The analysis of the LPCM magnetic structure carried out on the basis of the DM C data
showed that it is à col l inear ferromagnet with Mn magnetic moments ordered parallel to the (à, ñ)-

plane. The temperature dependence of the ordered moment is shown in f ig.4. A s it is known, in
PrpqCaii qM nOq together with M n moments ordering at T=150 Ê Pr moments are also ordered at

T=50 Ê [6] . But for LPCM we did not f ind any sign of Ðã moment ordering.
Òî study irreversible effects, found in [4] , we measured diffraction patterns for both cooling

and heating of the sample as well as several patterns at 10 Ê in the real-time ò î äå. No sign of

hysteresis or time dependence effects was found.
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The structure of HgBaqCuO4Ä at ambient and high pressure at
0.06( á( 0.19

i~„ Ð.Î .R adael l i ~À .Ì .B al ag u r o v ~, , V Ë .A k sen o v ~, , D .V .S h ep t y ak o v ~, , Å .V .A n t i p o v 2, , S .N .P u t i l i n

' - F L N P , JI N R , D u b n a ; - C h em . D e p t ., M S U , M o sc o w ; - I L L , G r en o b l e

T he h i gh-tem per ature supercon ductor H gB aqC u0 4Ä (H g- 120 1) [ 1] i s, at the m o m ent ,

one o f m o st thor oughly st ud i ed f rom the po i n t o f v iew of ato m ic structure and phy sical

proper ties. D ue ñî h i gh c ry stal l ogr ap hi c sy m m etry and à sm al l num ber o f atom s, the str uc ture

has onl y à few f ree param eter s, w hi ch can be determ i ned w i th à h i gh degree o f rel i ab i l i ty by

str uctur al ref i nem ents based o n d i f f r act i on d ata. T heref ore, th i s str ucture at tracts the attent i o n

of i nv est i g ators [2 ,3 ] to à nu m ber o f quest i on s st i l l open :

• ÒÜå rel at i onshi p betw een Ò, and á ( i s i t c l o se to the uni v ersal parabol i c dependence

by Presl and et a I . [4 ] accord i ng to w h ich Ò, =Ò, ~, „ [ 1 - q (á-á, ð~) ] or i s th i s st i l l the subj ect

f or d i scussi on [5 ] ?) ;
• ÒÜå v al ue o f á, ð, correspond i ng to m ax i m um Ò, (d i f ferent H g- 120 1 str ucture

ref i nem ents based on neutron d i f f r act i on p attern s obtai ned w i th po l ycry stal sam p les, g i v e Ü, ð~

f r om 0 .06 to 0 . 18) ;

• Òéå reasons w hy Ò, c han ges as the ex ternal pressure increases (see, f o r ex am p le,

d i scussi on s i n [6 ] ) .

Until now, the data on the infl uence of external pressure on the Hg- 120 1 structure
were obtained only for an optimally doped composition (5=0.12) (in [7] up to 0.6 GPa and in
[8] up to 5.1 GPa) and partly for the composition with 5=0.19 (overdoped state) in [8] .

In the present work, the results of the new neutron di ffraction structural experiments
are presented. They were carried out on the Hg- 120 1 compositions with 5=0.06 (underdoped
state, sample À) and 5=0.19 (overdoped state, sample Ñ) at the external pressure up to - 0.8

GPa (structural data at ambient pressure were also obtained for an optimally doped
composi tion, sample Â). The results are compared with our earl ier published data [8,9] on the
effect of external pressure on optimal and overdoped compositions, and analysed from the
point of view of 5 dependencies of the structure and the Ò, .

The neutron dif fraction patterns for the À and Ñ samples were measured on the D2B
dif fractometer in Ï .Ü (Grenoble) for several external pressures, while sample Â was measured
only at ambient pressure. The di f fraction pattern from sample À was also obtained with the
HRFD diffractometer in Dubna in the range of d-spacing 0.77 — 2.12 À in order carry out à

comparison with previously obtained results and reveal possible systematic errors.
A ll our refinements of diffraction patterns obtained with dif ferent dif fractometer» on

the whole family of samples convinced us that we really dealt with three groups of sample»:
under-, optimally and overdoped, with the average content of additional oxygen in each

group: 0.06, 0.13 and 0.19, respectively, within errors close to +0.0 1.

We can conclude that the superconductor Í äÂà~Ñññ0 4,„ ðãåðàãåñ1 according ñî the
procedure described in paper [ 10] is the cation-stoichiometric compound which reaches the
highest phase transition temperature at the concentration of oxygen in the Hg-layer
á,ð~-— 0.13Þ .0 1, oxygen OÄ being situated only in the center of this layer. The value î Ã 5ÄÄ, wa»

determined in the measurements of seven samples of Hg- 120 1 with three diffractometers, two

of which (D2B and ÇÒ2) are the classical instruments with Õ=ñî ï à and the third (HRFD)

5 8



uti l i ses the time-of -fl i ght method. A l l measured points on the Ò,(á) dependence l ie on one

1 2 0

Ò,=T ,,Ä[ 1-51.6(ó-0.127) ]

Ò = 97,5 Ê

10 0

~

ì
80

Fig.1. Dependence of Ò,. f or the Hg-1201

compound on the oxygen content 8 def ined
f rom neutron-diff raction experiments wi th the

HRFD (0), D2B ( ) and ÇÒ2(+)
diff ractometers. The solid line i s the

parabola drawn wi th the use of É å Least
Squares Method, i ts parameters are
presented i n the ri ght èððåã corner.

~
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and the same curve (see f ig.1) which al lows to believe that the á,ð, value is realistic.
The compressibi l ities of the unit cell parameters and the main interatomic distances in

the Hg- 1201 structure def ined from the experimental data as ê = — (1 q)hq/ËÐ (10 ~/GPa),

where q — is the generic parameter, are presented in table 1. In order (î calculate Ëö, l inear
least-squares ÉÛ î the experimental points were used, àû ( is shown in f igs. 2 - 3

The obtained dependencies of the Hg-1201 unit cell parameters on pressure show that
the value of the 0 3 position occupation does not strongly infl uence the lattice compressibility.
For all three studied levels of doping the compressibility anisotropy is quite high reaching
ê,./ê,,=1.5 for sample À. The absolute values of ê, and ê, for the optimally doped composition
(sample Â) are in good agreement with the published data and, in particular, with the data of
the Õ-ray experiment 111] carried out in the range of 5 GPa.

In figs.2 and 3 the dependencies of the main interatomic distances in Hg-1201 on
pressure are presented. For sample Â, the point measured at Ð=Î is shown and the slope of the
line i» calculated from our data [8]. For sample À. the compressibil ities of the Hg-0 2 and Cu-
0 2 apical bonds slightly differ and within errors they do coincide with the compressibility of
the unit cell along the c-axis (ê,.), i.e. the structure compresses in this direction without
significant changes in the coordinates of these atoms (:.(0 2)=const). The Ba-0 3 distance also
shorten» as the pressure increases proportionally (î the shortening of the c-axis. So, for the

~
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A s i t can b e seen f rom f i g .2à , the H g-0 2 bond becom es less co m p ressib le w i th an

i ncrease o f the dop i ng lev el (Â and Ñ sam pl es) . I t should be m ent io ned that i n [8 ] th is

statem ent w as check ed ov er the pressure range up to 5 .07 and 2 .37 G Pa f o r op t i m al l y and
ov erdoped com po si t i o ns, respec ti vel y . T he C u-0 2 bo nd sho r tens i n these sam ples

prop or t i on al l y to à decrease i n the c ax i s length , i .e . the p ressure dependence o f the ap ical C u-

0 2 b ond length f or al l three types o f sam p les reprod uces the dependence o f the c un i t cel l

param eter on pressure. D i f f erent i s the behav i our o f the d i stance betw een the B a atom and the

b asal p l ane — f or sam p le Â , the com pressib i l i ty o f th i s d i stance i s the sam e as f o r sam p le À ,

i .e. i t i s app rox i m ately correspo nd i ng to x Ä w h i le f or the Ñ sam p le i t i » al m o st - 2 .5 t i m es

hi gher th an ê „ i .e . the B a atom in the ov erd oped sam p le rap id ly app ro aches the basal p l ane o f

the structure as ressure increases.
In the l i terat ure o n m erc ury supercond uct i ng str uc tures, i t i s constant l y m en tio ned that

the 0 2-H g-0 2 d um b -bel l i s à very r i g id elem ent o f the st ructure. O ur resu l t» sho w , ho w ever ,
that the length of the H g-0 2 bo nd v i si b l y depends o n the ox y gen content i n the H g-p lane and ,

besi des that , the H g-0 2 b ond i s real l y q u i te strong (hard l y tend s to shor ten under the ef fec t o f

ex ternal pressure) , o n l y for the case o f the presence of à su f f ic ient l y h igh am o unt o f 0 „.

ox y gen i n the H g- l ayer . T hese f acts m ay be connected w i th possib le bend i ng o f the 0 2- H g-

0 2 dum b -bel l , i .e . w i th the depar ture o f the m ercury atom f rom à par t ic u lar posi t io n , w hich
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effectively leads to apparent shortening of the Üî ï ä length. The fi lling of the 0 3 position
leads to the straightening of the dumb-bell and the bond Üåñî ò åû ï î ãå rigid.

One of the actively discussed questions in the literature on the mercury
superconductors is the charge transfer from the reservoir to the Ñì Î ã layer with the increase
in the doping level or pressure [6,12,13] . Potential ly, charge transfer is one of the reasons of à
change in Ò, following an increase ø pressure (another explanation assumes à possible Ò,
increase with increasing pressure j ust due to lowering the volume). À detailed analysis of our
results for the volume compressibility, in terms of the model developed in [ 12], shows that in
the optimally doped Hg-1201 the charge transfer induced by à pressure increase ñ ï î é
probably negligible. The same result — the absence of charge transfer under pressure - was
obtained in [13] for the compound Hg-1212.

T he m ai n concl usi on s of our i nv esti gat i on are the f o l l ow ing :

• À ( l ow Î , concentr ati ons, the H g- 120 1 str ucture com presses hom o geneou sl y , ü å. the

com pressib i l i t i es o f the m ai n i n teratom i c é é àï ñåû ï the H g- 120 1 str ucture correspo nd to the

uni t cel l co m pressib i l i ty . H ow ev er at h i gher Î , concentr at i ons, the H g-0 2 b ond beco m es

m ore coarse and the ap ical d i stances H g -0 2 and C u -0 2 stop ch an gi ng hom ogeneou sl y .

• ÒÜå anal ysi s show s that in the op t i m al l y doped state, c harge t ransf er f r om the

reserv o i r to the C uO q l ayer i s ab sen t , i .e . the ef f ect o f i ncreasi ng T , i s the conseq uence o f à

v o l um e change and an i ncrease i n Ò, , „ . Probab l y , the concl usi on abo ut w eak i n fl uence o f

charge transfer o n chan ges in Ò, as the pressure increases i s al so v al i d f or î ë åã states o f H g-

120 1, w h ich i s one o f the m ai n assum p tio ns o f the m odel dev eloped i n [6 ]
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W -Cu gr adient mater ials
Sometimes modern technology requires components with properties that one material alone

does not have. Therefore, attempts are made to combine materials with dif ferent properties. On their
interface, however, significant residual stresses may occur that may cause cracking or fai lure of the
component. Therefore, à comparatively new approach consists of varying materials not abruptly but
continuously and thus decrease residual stress discontinuities [ 1] , [2] . For example, à promising
material system for future fusion reactor wal ls is à copper-tungsten gradient material [3] . Copper, an
excellent heat conductor, is too soft and is not heat resistant. Tungsten, on the other hand, has the
highest melting point of al l metals but i t is à poor heat conductor (Table 1). Different heat expansion
coefficients, however, pose à serious problem of the coexistence of the two phases i f one keeps in
mind that the intended use of the component is such that i t wil l undergo à temperature change on the
order of 1000' Ñ during both manufacturing and operation. W-Cu gradient materials can be
produced by di fferent metallurgical procedures, such as sintering of metal powders, hot isostatic
pressing and electrochemical processing. In this report , some results of neutron dif fraction
measurements of residual éãåû åû ï W-Cu gradient materials are presented.

T a b l e 1 . So m e se l e c t ed p r o p er t i e s o f c o m p o n en t m ate r i al s

Y ou ng m odu lus [GPa]
M el t ing poin t [ ' Ñ ]

T her m al expansion ñî åé . [ppm ] 16.6 4 .5

v E With the HRFD structural changes and variation of residual stresses in à W-Cu gradient
sample prepared by hot isostatic pressing, were studied. The W-Cu sample was à cylinder
(ß 11.5õ11.3 mm) with à 8-layer structure and à gradient step of W content about 10% in the axial
direction. Using à BN-mask à gauge volume of 1 mm width and 11.5 mm diameter is chosen in the
sample (fig. 1). The sample is scanned by the neutron beam with the spatial resolution - 1 mm in the
gradient direction. Scans are performed in the direction of the gradient for different angles:
×'=45' ,76' ,90' ,104' ,135' . Changes in the tungsten volume fraction (fig. 2) and the lattice parameter
for both phases are obtained by Rietveld refinement as à function of the gauge volume axial
position. For the investigated 8-layer sample the number of experimental points is sufficient (î run
the minimization procedure assuming that there is ï î stress in the axial direction (which is also the
gradient direction). So in this case, stresses were determined without knowing the d<>-value. The
cylindrical symmetry of the residual stress distribution in the studied sample is assumed. The
residual stresses were calculated by Hook's law:

Å

~

0 ;" =

T he calculated residual

<(1+ v )(1 — 2v )

where Å and v are Young' s modulus and Poisson' s ratio, respectively

stresses for both phases are shown in f ig. 3.
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F ig. 1. Str ai n scanni ng i n the rad i al d i rect i on fr acti on

M ost obvious two observations are that first, stress ø the copper phase barely exceeds 100
M Pa whereas in the tungsten phase, i t reaches up to 500 M Pa and second, stresses in copper are
compressive.

The first is possibly due to dif ferent yield strengths of two material s which are á0 M Pa and
550 M Pa, respectively. It should be noted that only à few copper data points exceeds the yield
strength l imit and only in compression. This again points to the plastic behavior i f one compares it
wi th recent calculations [4] which confirm that theoretical residual stresses are lowered to about the
yield strength i f plasticity is included in the model . The yield strength, however, has ï î f ixed single
value but i t depends on the microstructure parameters such as the grain size, layer thickness and
impurities. Accordingly, different yield strengths of Cu and W can explain the tendency to the
maximum measured stress in the two phases. Quantitative estimates ought to be evaluated very
carefully, however. Therefore, the l inear elastic theory is not suff icient and it describes the
experimental results only qualitatively.

At f irst sight, the second observation seems to be in contradiction with both theory and
previous measurements. This disagreement can be resolved to à certain degree i f one calculates
macrostress (a =xgÄ+(1-õ)î ,„, where x is the tungsten volume fraction) in both phases and then

subtracts them from residual stresses for both phases (see fig. 3) to obtain the microstress
distribution (fig. 4). This displays that the actual residual load share of both phases is obviously
much more complicated and may even depend on dif ferent parameters, such as macrostress.

F ig . 3 . Resid ual stresses i n the cop per an d tung sten phase (8- l ay er sam p l e) .
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À1~0 ç/À1 ceramic matr ix composites
Another interesting type of materials studied at HRFD is the composites with A l infi l trated

into à porous A lqOq matrix . Recent research has led ñî the development of à material production
technique where à metal is inf i ltrated into à ðî ãî ì ceramic matrix using gas pressure to form an
interpenetrating network microstructure [5] . Brittle ceramic materials are reinforced by the inclusion
of à ductile phase, usual ly à metal , to improve toughness, and produce à group of materials known
as ductile phase reinforced ceramic matrix composites (CM Cs). Inf i ltration is undertaken at
temperatures sl ightly above the melting point of the metal . The most commonly used ceramic is à -

À120 3 inf i ltrated with A l . There is à large difference in the thermal expansion coeff icients of the
À1~0 ~ matrix (n=8.3õ 10-~ Ñ-' ) and the inf i ltrated A l (a=22.5õ 10 Ñ-' ). Therefore, because the

metal phase contracts stronger than the ceramic one on cooling, one could expect that the tensile
residual stress exists in the ducti le phase and the compressive residual stress in the ceramic.

Two series of samples with the metal l igament size 0.1 and 1 ññò were investigated at HRFD.
In each series the matrix porosity and, accordingly, the A l volume fraction were 15%, 25% and
35%. The residual strain for the matrix was estimated from the changes of the lattice parameters è
and c by the Rietveld method which corresponds to averaging over al l avai lable (hkl ) directions. An
analysis of the A l dif fraction peak intensities revealed the presence of à sharp texture for the metal
phase whi le in the matrix phase, the preferred orientation was absent (f ig. 5).

I 25% À!

=è
Î

î
l

Cl
È

Å
î

è

10

Ô

t
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~~ .Â. ,í .. ! Ô ã þ

1! 1 Ï ! l l l i Â È 1 é ! ~ ! 1

I .2

~~~

4, À
F i g. 5 . T he par t o f the neutron d i f f ract i on pattern f ro m the A l~O ~/ A l co m po si te w i th the 25 %

vol um e f ract i on o f A l and the av erage l igam ent si ze abo ut 1 ð ò . T he ex per i m ental po i nts, the

prof i le calcu l ated by the R ietv eld m ethod and the d i f ference curve are show n . T he t ic k m ark s ( f ro m
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top down) are the calculated peak positions for A l and à-À1~0 ~, respectively. Textured A l peaks

were not included in the profi le fi tting procedure.

For the textured metal phase, strain was obtained by single dif fraction peak processing. In the
tested composite samples, the alumina phase mainly ø compression and the aluminum phase in
tension, due to thermal expansion mismatch (f ig. 6). The average tensile stress of the aluminum
phase depends on the microstructure and increases with decreasing metal content and l igament size.
The average compressive strain behavior in the ceramic phase is more compl icated and essential ly
differs depending on the microstructure.

4 0 0

ãî î

~

-ãî î

Fig. 6. Residual stresses in the À1~0 ~/Al composites with the f ine and coarse microstructure as à
function of the A l volume fraction.
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Fe510D is à widely used material in electrical and mechanical engineering. The aim of this
investigation is to study the residual stress field induced by the welding process in bulk material
which is expected to be triaxial . To this end, à welded plate (fig. 1) with à relatively high thickness
is investigated by neutron diffraction at HRFD. The gauge volumes are in the points lying in the

same plane at the depth of 4 mm from the
surface crossing the welded region. The Çx10
mm~ primary slit and the 3 mm wide

secondary slit are used for measuring in the z
199 and x directions, for the y direction

(longitudinal) the Çx3x3 mm3 gauge volume

is used. In all positions, three orthogonal
vectors Q parallel to the õ, ó and z axes, are
studied. In each measurement, the lattice

~|ä. 1. parameter à was obtained by Rietveld
refinement and the strain in each spatial

direction was evaluated as å=(à-ag)/àä, where afi, the unstrained lattice parameter, was evaluated as
average far from the weld region. Then stresses were calculated by Hook's law and their behavior

across the sample is shown ø fig. 2.
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~
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Fig. 2. The dependence of the strain and stress tensor components versus the coordinate x.
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In addition to the neutron dif fraction experiment, à magnetic measurement based on
Barkhausen noise registration was carried out. The aim of this experiment was to compare the
obtained results with the neutron di ffraction data and perform appropriate cal ibration of the
magnetic method. The welded plate was total ly scanned by à magnetic sensor in directions parallel
and perpendicular to the weld line and, simultaneously, Barkhausen noise was registered (f igs. 3-4).

It is assumed that the Barkhausen noise amplitude is related to the stress components o, and o;. as:

À Ñ / 0 + Ñ ~ á ó + Ñ Ç é é ( 1 À ó Ñ 4 á ~ + Ñ 5 0 ~ + Ñ ~
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respectively, where AÄ and À are the magnetic noise amplitudes measured in the directions
perpendicular and parallel to the weld l ine, respectively, Ci . . . Ñá are the constants. depending on
the properties of the material . The calibration of magnetic data was performed by least square f it of
the constants Ci . .. C6. It should be noted that the neutron dif fraction data were measured only near
the weld zone while magnetic measurements were conducted over the whole sample area.
Therefore, the calibration procedure was carried out only for the sample region for which both
neutron dif fraction and magnetic data were available. Then, the Barkhausen noise amplitude was
recalculated to stresses using f i tted constants. In this way the residual stress distribution map was
obtained for the studied sample (fig. 5).

20 40

~

80 100 120

8 00 0 p 0 0lt l0 ll , m m

140

~~

Fig. 3. The distribution of the Barkhausen noise ampl itude in the directions perpendicular (left) and
parallel (right) to the weld l ine at different values of the y coordinate.
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(exp er im ental report on the I .1.4 7 proposal )

G.D.Bokuchava , V.V.Sikolenko , ÀÕ .Êà1ò é î ÷
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Introduction
The study of effects of high-current charged particle beam interaction with

matter is of great theoretical and practical importance. We can signi ficantly change
structure and physical properties of material s by irradiating with the particle of such
type. A s an example we can present the investigation of effects of high-current pulsed

electron beam irradiation of steel dri l ls / 1/. Dri l l sol idity is enhanced by à factor of
tens.

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

Experiment
The experiments on foi l irradiation were carried out at the ELIONA

experimental setup intended to produce electron and þ ï beams at the Particle Physics
Laboratory of the Joint Institute for Nuclear Research /2/. We used an explosive
emission vacuum diode with an A rcadyev-M arx pulse voltage generator. The beam
current was measured by à Rogovsky LR integrated transformer and by current shunts.
The beam parameters were: Å = 250 keV , pulse duration g = 300 ns, beam current 1 =

1000 À , pulse repetition 0.2 Hz. A l l foi ls were annealed before irradiation in order to
escape the infl uence of texture, arising in foi l rol l ing.

Results
The neutron dif fraction experiments were carried out at the high resolution

Fourier diffractometer HRFD /3/ at the IBR-2 pulsed nuclear reactor in the Frank

Laboratory of Neutron Physics of the Joint Institute for Nuclear Research.
Unirradiated, and irradiated for 10 and 20 minutes nickel foi ls were investigated.

The lattice parameter à, and also the widths and positions of the main
diffraction peaks were calculated for al l measured samples by using Rietveld method
/4/. Figure 1 presents the dependence of the lattice parametera on the irradiation time.
The dashed curve shows the l inear approximation with the parameters à = 0.000171„

+ 3.52495.
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Figure 2 shows the dependencies of the main diff raction peaks widths on their
positions for all measured foils.
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Discussion
The energy of the electron beam is transferred to the electron subsystem of the

irradiated matter for à very short time in the course of the interaction of the high-
current electron beam with the material. The irradiated material thermal constants is
defined by the condition when the heat diffusion parameter w = (É ) "2 is equal to the
electron beam penetration beam h. According to /5/ this parameter is equal to
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, where p is the density, ñ is the heat capacity, Õ is the heat conductivity

and Ü = 2Õ/(ðñ). In the ñàâå of nickel t = 5.11 ðâ. This value is much greater than the
time of interaction of beam with materia, which is equal to g = 300 ns, therefore the
condition of adiabatic heating of the local volume is realized. In this ñàâå, the local

257,

~

heating temperature at the penetration depth is equal to Ò =
hSp

W is the electron beam power density, S is the irradiated surface area. This
temperature is greater than the nickel melting point. As à result of high temperature
gradient, an elastic deformation wave arises in the irradiated foil . Figure 1
demonstrates linear enhancement of the lattice parameter with an increse of fl ux as à
result of the action of the deformation wave. The recrystall isation from the melted
condition takes place in the period between electron beam pulses. This process can be
accompanied by partial amorphisation. But the analysis of the main diffraction peaks
width dependence on their positions for samples irradiated by different fl uxes, shows
(see Fig.2) that the amorphisation is absent with the limits of experiment accuracy.
We would like to thank Dr. ÅÕ .Raspopina for the help in sample preparation.

— 9 100 Ê where

for Âåàò
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Investigation of rock anisotropy by neutron diffraction and
acoustic sounding

Ò . I v a n k i n a ~, , Ê .K l i m a ~, , Ò .L o k aj i c e k ~, , À .N .N i k i t i n I , , Z .P r o s~,,

Ê Ë Ë 1å ò å ó å ã ' .

' 14198 0 D ubna, J1N R, F r a nk L a b of N åè~òî n P hy si cs, R ussi a

The elast ic ani sotropy of rock s is control led by several factors: the phase

composition, the single crystal anisotropy of phases, the grain size di stribut ion, the

latt i ce preferred orientation (texture), the contact conditions at grain boundaries, the

ðî ãå volum e and the m icrocrack or ientation .

The method for the experimental investigat ion of the elast ic ani sotropy of

spherical rock samples was proposed in [1]. The measuring facility at the Geophysical

Institute of the Czech Academy of Sciences allows the investigation of the anisotropy

of quasi-longitudinal waves (Ð-waves) by means î Û 1ãàÿî ø ñ sounding at hydrostatic

pressure up to 400 MPa. Moreover, even the lattice preferred orientation of large

coarse-grained rock samples can be much easier determined due to recent progress in

neutron d i f f ract ion m ethod s and m athem at i cal m ethod s o f dat a t r eatm ent ,

The present w ork w as init iated to obtain better insight into the factors w hich

infl uence the elastic anisotropy of à rock sample at var iable hydrostatic pressure,

Ol iv ine xenol i th (xenol i thes or iginate in the ear th mantle) w as selected as an example.

The ol iv ine texture was determined and correlated w ith the compressional (Ð) w ave

d i str ibut i on ,

À tex ture analy si s o f coar se-grai ned rock sam p l es w as p er f orm ed w i th th e

N SH R t ex tu re d i f f ractom eter at the reactor I B R -2 (JIN R , D ubn a, R ussi a [2 ] ) . T h e

spher ical rock sam p les are h i gh l y p o l i sh ed , the d i am eter i s 50 + 0 .0 1 m m . T hey are

label led to al lo w prec i se reor ientat i on w i th respect to the co ord inat e sy stem o f th e

measuring dev ice and the geographical coordinates. Ident ical samples w ere used for

u lt rason ic m easurem ent s.

F i gur e

The time-of-fl ight (TOF)- spectrum of the olivine sample ZB1 is given in

1. The experimental pole figures were extracted from the spectra by the

integration over à predefined channel range and used in à quantitative texture analysis

(QTA) by means of the texture component method [3]. From the texture components
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all derived pole figures can be recalculated, including even pole f igures which cannot

be measured directly because of vanishing scattering lengths. Figure 2 shows the

recalculated (001), (100) and (010) pole figures. They are important for interpretation,

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

distribution (Ð I I (100), Ð ;„ 1I (010)) , Ð ;„,I I (001)).
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F i g .1 . The neutr on diff r acti on p atter n î~ î 1ò ò å. The ò à ñà(åé ð åàÜ ar e

used / î ã QTA .

In Figure 3, the Ð-w ave di str ibution of the sample Z B 1 i s given for di f ferent

pressure levels. The primary data are transform ed into the spat ial distribution of Ð-

wave velocities and are presented in the stereographic proj ection to al low à direct

comparison correlated with neutron dif fraction pole f igures.

The most remarkable observation is that the measured Ð-wave distr ibut ion at

low pressure levels cannot be explained only by the latt ice preferred or ientat ion of

olivine. It is concluded that pores and open microcracks have significant infl uence on

the Ð-wave anisotropy. At à pressure level of approximately 200 MPa, microcracks

start to close and the Ð-wave distribution ò î ãå and ò î ãå approximates the one which

can be assumed f rom the texture. Final ly , at the maximal pressure the anisotropy of
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elastic properties of an olivine sample is control led only by the crystal lographic

texture which evidently originates during plastic deformation of xenolith.
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F i g .Ç. Ð-wave di str i buti on at diff er ent p r essur e levels.
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Microscopic Phase Separation In Üà,Ñï 0 È„ Induced By The Superconducting
Transition
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À .N .Ponom arev 2, , S .N .B aï i o

1 Joint Insti tute f or Nuclear Research, 14198Î , Dubna, Moscow region, Russia
RSC "Kurchatov Insti tute ", 1 Kurchatov sq., 123182, Moscow, Russia

Insti tute f èr Tei lchenphysik der ÅÒÍ Õèï ñé, ÑÍ -5232, Vi lligen, PSI

"Paul ÁñÜåï åò Insti tute (PSI) , ÑÍ -5232 Vi lligen, Swi therland

The phase separation (PS) effect in superconducting LaqCuO~ Ä (x<0.04) single crystals
with low oxygen mobi lity was studied via ðÆ spectroscopy, high resolution neutron
diffraction and magnetic susceptibi l ity. Despite the fact that al l crystals are inside the
miscibil ity gap (0.01( õ<0.06), only crystals with à suff iciently large excess oxygen
concentration õ>0.04 show macroscopic phase separation according to the neutron
diff raction data. However, in al l samples the phase transition to an ordered magnetic state
was observed by ltSR spectroscopy concomitantly with the onset of superconductivity. T his
unexpected behavior suggests for the f irst time that the underlying microscopic PS is dr iven
by superconductivity .

Although the phenomenon of macroscopic phase separation (PS) in L aqCuO~ Ä was discovered in
1988 [ 1] , it has ï î general ly accepted explanation yet and the driving force of PS is sti l l the subj ect of the
discussion. Recently, it was found that the repeatedly published (å.g., [2]) phase diagram of L a~Cu0 4, Ä
containing the so cal led miscibi l ity gap region 0.0 1<õ<0.06 is not universal . It has been unambiguously
shown in papers of À Õà1Æàãî ÷ et al . [3] and À .Balagurov et al . [4] that along with "usual" La~CuO~ Ä single

crystals demonstrating phase separation into oxygen rich and oxygen poor regions, it is possible to prepare
crystals that are inside the miscibi l ity gap and possess superconductivity without macroscopical phase
separation. À combined analysis of neutron and ðàé data has shown that the phase separation phenomenon
has an even more complicated character, namely, à macroscopical ly homogeneous superconducting crystal
can be inhomogeneous on the microlevel [5] . Finally, we tentatively assumed in [6] that phase separation
occurs on the microscopic scale in L aqCuO~ Ä at the temperature close to the superconducting transition
temperature and hence, can be connected with the formation of the superconducting state.

In this paper, we present new experimental data on La~CuO~ Ä single crystals obtained by ðÆ and
neutron dif fraction which al low us to clarify the problem. The most intriguing of the results is that in al l of
the studied crystals, we observed the coexistence of superconductivity and an ordered magnetic state
without macroscopic phase separation with coinciding or very close temperatures for the transitions to the
AFM and SC states. This is à strong argument in favor of the existence of the so cal led electronic phase
separation in such crystals which is theoretical ly discussed in [7,8].

Two dif ferent kinds of LaqCuO~ Ä superconducting crystals were studied: macroscopically
homogeneous and phase separated. The crystals were prepared by the molten solution method under
thermodynamic equil ibrium conditions. The detai ls of crystal growth, oxygenating procedure and high-

resolution neutron dif f raction analysis are presented elsewhere [3,4] . The specif ic feature of this series of
crystals is the low oxygen mobil ity which results in the absence of macroscopic phase separation connected
with oxygen diffusion for crystals in the x<0.03 region of the miscibi l ity gap.
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Below, we present the experimental data for two representative crystals: õ=0.02 for à non-phase

separated series of samples (hereinafter, the À crystal) with the superconducting transition temperature
Ò,= 15 Ê , and x=0.04 for phase separated samples (hereinafter, the Â crystal) with Ò,=25 Ê . The Â sample
was studied before by high resolution neutron dif f raction [4] . The data on other crystal s f rom these series
differ in specif ic detai ls but support the main statements of the present work .

Neutron diff raction experiments were performed at the IBR-2 pulsed reactor of JINR (Dubna) with
the high resolution Fourier dif f ractometer (HRFD) [9] and the DN-2 instrument equipped with à 2D
position-sensitive detector. ðÆ measurements were carried out using the General Purpose Spectrometer

(GPS) on the êÌ Ç surface muon beam l ine at PSI (V i l l igen). M agnetization measurements were performed
using à custom-made SQUID magnetometer [ 10] .

t a, c ~o , Ä, ,
(Î Î Ö Ò=2È5 Ê

Fig 1: The Diff racti on pattern f rom the ~Î Î Ö
plane i n the À crystal. The i nsert shows f ragments
of ~è î spectra measured at òî î ò and 1î è
temperatures.

4 0 0 0 0 ~å è (0,0,! Î
Î ê

2$SK

High resolution neutron dif f raction (with
ËàÈ =Î .9 10 ' ) revealed ï î trace of phase

separation in sample À ; neither spl itting nor
broadening of neutron di f fraction peaks was

ã .þ l .5

d/ , , À I ã 5 observed giving evidence that on the macroscopic

scale, the homogeneous excess oxygen
concentration in the crystal is preserved down to the lowest measured temperature 9 Ê (Fig 1.) In the Â
sample, phase separation into oxygen-rich and oxygen-poor phases was observed clearly at cooling [4] . The
relative dif ference in the elementary lattice parameters of these two phases amounted to about 2 10 ' , which
is in good agreement with the data obtained for "usual" LazCuO~ Ä crystals [ 1] . In the Â crystal , we observed

the specif ic effects of dif f raction peak broadening, whose analysis al lowed us to conclude that the average
dimensions of the coherent regions of coexisting phases coincide and amount to: 100 nm along the c-axis
and 150 nm within the plane. The phase separation process start s at T=250 Ê and is completed at Ò=200 Ê .

à~~4 Ì 1Ô~~Ì ~ ~4 4 ô

~

F ig .2 : Ti me dep endence of the ò èî ï spi n polari zati on
P(t) i n ero ex ternal f ield abo ve and Üå1î è the magneti c
transi ti on (Òö= 15 Ê ) f or l àðÑè0 4ù . The data f o r
T= 20K and ÇÎ Ê shif t up wards a long the y -axi s.ô ~ ~ ~ Ô Ô Ô

4
20 Ê 4 . ò The magnetic state of the À crystal is identified by thepresence of à muon spin precession signal detected iníåãî external magnetic field (ZF-ltSR) below 15 Ê.Correlated precession of muon spins is possible only ifthe surrounding Cu moments are ordered on the scale ofseveral coordination spheres. The muon spin precessionfrequency fÄ = óðÂ„ is given by the local magnetic field v< 'ðò î îî -] 0.0()

îè î .z o.a o.ü î . à
t,us \ î ~ þ . 1.î acting on the muon BÄ which is proportional to staggeredmagnetization of copper magnetic moments. Typical ZF-ðÆ signals observed in the À sample are shown in Fig. 2 where the difference between the paramagnetic(Ò=ÇÎ and 20 Ê) and AFM (Ò=4 Ê) states of the crystal can be clearly seen. The spontaneous muon spinprecession frequency fÄ=5 MHz is typical for the AFM state of stociometric La~CuO~ [12] implying that theÀ sample is ordered in the same AFM structure. No precession signal was observed above 15 Ê; however,the polarization function possesses à fast decaying component up to 30 Ê which steadily decreases with
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increasing temperature. The origin of this fast depolarization is the slowing down of Cu-spin fl uctuations
near the phase transition. Thus, the ZF-pSR data unambiguously proves the presence of static
antiferromagnetic order in part of the crystal volume. The volume fraction occupied by the A FM phase
amounts to >50% of the crystal volume.

Unlike the À sample, there are two characteristic magnetic temperatures for the Â sample. Below
Ò~~=230 Ê , the AFM phase appears only in 10% of the crystal volume. Then, under cooling to Òóã=25 Ê , à

sharp increase in the AFM f raction occurs which reaches 40% at low temperatures (Fig.Ç, the left axis).
The spontaneous muon spin precession f requency detected below Ò~~ has, again, typical values of about 5
M Hz as expected for AFM LaqCu0 4. The precession f requency smoothly increases with decreasing
temperature without any peculiarity at Ò~ã.

60 ~-
20 0 )

3 0 0 0 0

õ=0.02, 1Î Ê
ô .'

- 4 0

î

~ ã0 1
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F ig.4: The diff racti on pattern f rom the ( l 00] p lane
f or La qCuOqgq measur ed at T= I 0 K. The i nser t

shows f ragments of the diff racti on pa tter ns f or

both Åà ~ÑèÎ ~ pr a t l d La t CuOq ù tleat the ( 100)
A FM peak. The posi ti on and i ntensi ty of (200) and

(400) peaks are the same f or both cr ysta ls.

Fig.Ç: The AFM volume f racti on î~ é å LaqCuOq tu
crystal seen by pSR (di amonds — lef t axi s). The

area of the (100) AFM peak as à f uncti on of
temperature measured by neutron Éô ãàñé î ï
(ci rcles, ù Üñ axi s) i s also shown.

Òî check whether the observed transitions in the À and Â samples lead to the true long-range AFM
order, we measured the neutron diffraction spectra along the [ 100] direction with the DN-2 instrument
(Fig.4). According ñî the ðÆ data, we expected to find the (100) magnetic peak below the magnetic
transition below T>-- 15 Ê in the À sample and below Òù =230 Ê in the Â sample. Indeed, in the Â sample,
this peak was well pronounced, whereas in the À sample, neutron diff raction revealed ï î traces of such
refl ection (insert in Fig.4). The temperature dependence of the ( 100) peak area in the sample Â is shown in
Fig.Ç (right axis.) Since the copper magnetic moment does not change at Ò~~, according to the temperature
dependence of the muon spin precession frequency, one would expect to have an increase in the (1()()) peak
area below T~z similar to the increase in the AFM fraction detected by @SR. However, neutrons 4î not see
any peculiarity below T>q =25 Ê, whereas muons see à four fold increase in the AFM fraction. Similar to
sample À, we have à coincidence of the transition temperature to an ordered state seen only by ðÆ and the
temperature where the superconducting transition starts to set on.

We start our discussion of the experimental results with à brief sketch of the "temperature-
concentration" phase diagram of La~CuO~,Ä. An earlier experimental study showed the presence of the

miscibility gap in à rather wide concentration region. However, when à solid solution decomposes into two
phases, two routes for the decay are possible: the nucleation and gro~rh mechanism and/or the spi nrr<lal
mechanism. Because there is an activation barrier in the former case, the process may be completely
quenched in crystals with low mobility of dopants. The spinodal decay does not need an activation process
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and, hence, inevitably proceeds to the creation of à spatial f luctuation of the composition in the sample. We
believe that the decay mechanism is the main di f ference in our crystals: the x=O.02 crystal does not have à
high enough oxygen index to be in the spinodal region and has to be spl it via nucleation mechanism —
which is not ef fective at low mobil ity . The oxygen index in the x=O.04 crystal , on the other hand, situates
the sample in the spinodal region and the decay takes place independently of oxygen mobi l i ty . We now
disscuss two main experimental results of the present work : (i) the appearance (or sharp increase in the
volume f raction) of the low temperature AFM phase when the system enters the superconducting state and
(é) why this AFM phase is not seen by neutron dif fraction. We should mention that à very similar
phenomenon has been observed in the crystal with another oxygen index (õ=0.03) [5] where the magnetic
transition to the short range spin-glass-l ike state sets on in the vicinity of the superconducting transit ion.

One natural explanation for the observed behavior is the suggestion that af ter cooling, crystals
consist of grains of oxygen-rich and oxygen-poor phases of very smal l size (in the õ=0.04 crystal , there are

also metal l ic regions of larger size due to macroscopic PS which produces robust superconductivity at low
temperatures). Then the transition at low temperature corresponds to the Neel temperature of the oxygen-

poor phase. The absence of AFM neutron ref lections at respective temperatures implies that the sizes of the
coherent regions of this AFM phase are very smal l (on the order of several dozen angstroms) and, therefore,
they cannot be seen as Bragg refl ections because of the size broadening effect .

The coincidence between the temperatures of the magnetic and superconducting transitions in quite
dif ferent crystals, however, remains surprising. One may have to consider another possibi l ity connected with
electronic phase separation which causes à charge concentration wave inside the crystal . From the fact that
the appearance of magnetic order for õ=0.02, Ò~ — — 15 Ê , in õ=0.04, Ò~~— - 25 Ê and in õ=0.03 [5] , Ò~ -— 8 Ê , i s

always close to the onset of the superconducting regime in al l crystals, independent of their actual
microstructure and critical temperatures we may conclude that the magnetic ordering i s i nduced by the
superconducting transit ion. It worth mentioning in this context the relevant theory [8] where the instabi l ity
of à homogeneous system was found to resul t f rom the existence of different insulating correlations
characterized by long-range or short-range order. There it was also shown that the stabi l ity boundary

becomes wider in the presence of superconducting pairing. A s à result, the superconducting transition may
cause à sample which is homogeneously metal l ic in its normal phase to spl it into metal l ic droplets that are
separated f rom each other by weakly coupled insulating interlayers.

In summary mSR and neutron dif f raction studies show that microscopic phase separation (as
opposed to macroscopic PS) appears in paral lel with superconductivity and is very l ikely driven by
superconducting pairing.

The work was supported by the RFBR (Grants 960217431, 960217823), SNSF (Grant
7SUPJ048473) and by HTSC national program (Grant 960 19).
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N on- l am el la r p h ases i n t er nar y sy st em s ÐÎ ÑÑ / Ñ „ Å , / Í , Î

Ò. Gutber l et ' , G . K lose' , À . I sl am ov '

1 I nsti t ute f . Exp er i m en ta l P hy si cs, Uni ver si ty î~ 1 åãð ããä , L i nnestr . 5,

D - 04 103 L eip zig , G er many

2 F L N P, J I N R, 141980 D ubna, M oscow r eg i on, Russi a

Mixtures of phospholipids, non-ionic surfactants and water exhibit à wide variety of mesophases

dependent on the phospholipid surfactant molar ratio and the amount of water present (1). On reducing

the relative hydration or increasing the temperature of the phospholipid surfactant system ÐÎ ÑÑ/Ñ ,Å~

an unusual lamellar gel (L>) to inverted hexagonal phase (HÄ) transition is observed (2). This phase

transition occuring at low hydration of RH < 75 % and Rs« = 2 is due to mismatch in the alkvl chain

lengths of phospholipid and surfactant and relative dehydration of phospholipid by the addition of à

surfactant changing the curvature of the mixed membrane. Using neutron powder diffraction the

structure and organisation î Ã the ternary system ÐÎ ÑÑ/Ñ|.Å~/Í Î in the lamellar and hexagonal phases

has been studied. At increased relative hydration of RH > 80 % and Ê~ä < 1 in the lamellar fl uid phase

(L,) it has recently been shown, that the surfactant, deuterated at the à-methylene group, is anchored in

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

Âó using Ñ~,Å with fully deuterated di-oxyethylene moiety or à fully deuterated alkyl chain signif icant

changes in the diffraction patterns measured with the time-of-fl ight spectrometer DN-2 at the pulsed

reactor IBR-2 in JINR of the lamellar gel phase are found in comparison with à non-deuterated mixture

of ÐÎ ÑÑ/Ñ 7E' (Fig.l ). It demonstrates the incorporation of the surfactant in the Li, phase at the molar

surfactant to lipid ratio of Rs,i. = 2, Ò = 18 ' Ñ, RH = 58 %. Also in D.Î the coexistence î Ãthe LÄ phase

and the hexagonal phase Í ö is visible due to the shift in the phase transition temperature by presence of

D O. Different diffraction patterns are also found by changing the contrast between ÑäÅ with à

deuterated alkyl chain (Fig. 2) and POÑC with deuterated palmitoyl moiety (not shown). The
coexistence of the lamellar and hexagonal phases at Ò = 18 'Ñ, RH = 58 % in the phospholipid-

surfactant mixture of Ê~ä = 2 is again absolutely evident in the diffraction pattern of the system in Ð.Î .

As the temperature increases the system transforms into the inverted hexagonal phase H~~. Only two to

three Bragg peaks could be observed in this phase. Nevertheless, signif icantly different diffraction

patterns were obtained on changing the contrast between samples with different molecular parts

deuterated or with exchange of Í Î on Ð.Î . À detailed reconstruction of the obtained diffraction

pattern î Ã each investigated ÐÎ ÑÑ/Ñ„ Å. system has to be done by model calculations. This will lead to

à detai led structural model of all components in the obtained phases of this amphiphilic model system.
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D i st r i bu t i on of su r f actan t Ñ ~~Å „ i n p h osp h ol i p i d m em b r an es

Ò. Gutber l et ' , G . K l ose' , Ì . K i sel ev

' Institute for Experimental Physics, University of Leipzig, L innestr. 5, D- 04 103

Leipzig, Germany

FLNP, JINR, 141980 Dubna, M oscow region, Russia

Biological membranes consist of mixtures of various charged and uncharged lipids

and in general , show an asymmetric distribution ø the ø ï åã and outer leafl et of the

formed bilayer sheet. In model membrane systems only à symmetric distribution of

the amphiphiles used is present and an asymmetric distribution is only known in

highly curved aggregates, such as small unilamellar vesicles due to difference in

In à model membrane system of thesterical requi rements for di f ferent l ipids,

phosphol ipid ÐÎ ÑÑ mixed w i th the non-ionic surfactant Ñ |~Å„ the possibi l i ty of an

asymmetric distribution is di scussed on increasing the head group volume of the

adm i xed sur f actant .

W e start to prove this assumption by studying mixtures of uni lamel lar vesicles of

ÐÎ ÑÑ/ÑäÅ„ ÷üåé an increasing number of oxy-ethylene units by small angle neutron

scattering on the time-of-fl ight spectrometer YuMO at the IBR-2 reactor in JINR.

Preparing samples with à fully deuterated surfactant alkyl chain or à fully deuterated

palmitoyl chain and varying the Í ~Î /DqO content the scattering curves were obtained
at 20 and 40 ' Ñ ø the range Q = 0.06-0.1 À ' . In the Guinier approximation à linear fit

reveals the bilayer thickness of ÐÎ ÑÑ/ÑäÅ~(025), Êöä —— 1 of 3.84 nm at 25 ' Ñ and

3.7á nm at 40 ' Ñ. These values are in good agreement with the bi layer thicknesses of

DM PC of 3.73 nm (1) or DPPC of 4.06 nm (2) studied under similar conditions using

this approach. A n asymmetric di stribution of the components ÐÎ ÑÑ and Ñ ä Å~ in the

bi l ayer of à uni lamel l ar vesicle could not be detected in agreement w i th the model of

packing effects of cone-shaped detergents in lipid bilayers (3). Next the surfactant

headgroup volume will be increased for an asymmetric distribution to arise as

proposed. M easurements of such samples are pl anned to be carr ied out w i thin f uture

al located beam t i m e ,

1) D.Ì . Sadler, F. Reiss-Husson, Å. Rivas, Chem. Phys. L ipids, 1990, 52, 4 1

2) × . 1. Gordeliy , L .V . Golubchikova, À . Kuklin, À .G. Syrykh, À . Watts, Prog. Colloid Polymer Sci .
1993, 93, 252

3) Í . Heerklotz, Í . Binder, G. Lantzsch, G. Klose, À . Blume, 3. Phys. Chem., 1997, 10 1, 639
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T E M P E R A T U R E - I N D U C E D M I C E L L E Ò Î V E SI C L E T R A N SI T I O N

1Õ ÒÍ Å D M P C / N A C SYSTEM : À SM A L L -À û ñ ü ê S CA TTERI NG ß ò î â ü

Ì . À . K i selev ' ~, Ð. Ååÿ åèã~>, À . Ì . K i sselev ' ~, S. B orbely ~>, Ò.N . 3 |ãï î ï î ÷à~~, Û . Â àãüö1ñî ÷4>

' > FLNP, Joi nt I nsti tute f or N uclear Research, D ubna 141980, Russi a

~~ L U R E , U n i ve r si t e P a r i s- su d , F - 9 14 0 5 O r sa y , F r a n c e

~~ Resea r ch I n sti tu te f o r So li d Sta te P hy si cs, B udap est, H unga ry

4> I nsti tu te î ~ Â þ î ó à ò ñ Chemi stry , M oscow, Russi a

I nt r oduct ion

M ixed 1|ðêÓñ1å(åãäåï ( systems are currently of great interest because of their wide use

in membrane studies and, in part icular , for solubil ization and reconstitution of membrane

proteins. Despite successful reconstitution of à great number of membrane functions, the

molecular mechanisms and the thermodynamics of membrane assembly on reconstitution are

sti l l debated. T he micel le ñî vesicle transi tion which represents an essenti al stage in the

transformation of solubi l ized m icel l ar aggregates into closed bi layer vesicles i s of special

i nterest i n th i s respect

In é û ÷î ãÊ à model system, composed of dimyri stoylphosphatidylchol ine (D M PC'

and sodium cholate (N aC), capable of temperature-induced micel le to vesicle transi t ion has

been studied by SANS and SAXS techniques. Data have been treated by using the theoretical
frame of Guinier analysis" '. The DMPC/NaC mixed system has been studied earlier via

different techniques such as turbidimetry measurements, differential scanning calorimetry,
electron microscopy and 31Ð NMR' ' . These studies have demonstrated that à number of

various intermediates can be identif ied when the mixed system is undergoing TI-MVT, but the

intermediates have not been characterized yet in sufficient details both structurally and

morphologically. SANS measurements have been performed at the YuMO time-of-fl ight

small-angle spectrometer in FLNP and at the small-angle spectrometer in Budapest Institute of

Solid State Physics (ISSP). The results obtained at two spectrometers are in good agreement.

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

rad iat io n so urce) i n L U R E , Or away , F rance,

~



Resu lts

The binary system consi sting of 15 mM D M PC in Í 0 buf fer solution has w el l -

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

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

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

adj acent b i l ay er s.

TA B L E 1: Th e i nf l u en ce of Ì à Ñ m o lar con cen tr ati on Ñä~, ~ on th e r ep ea t di stan ce

d of th e ò è é Èàò å0 àã str u ct u r es ar e cr eated i n th e sy stem D M P Cl deter g en tl wa ter a t

Ò=3 5 ' Ñ.

2.001.000.50 0.750.25~ NaC, ~ ~# 0.00

65.0 69 .963.0

~

ab sent62.8

~~

+ 1.6+0 .7+0.6 +0.6

Figure 1 and Figure 2 demonstrate the coincidence of experimental curves with
Guinier law for the rod-like micelles at Ò=20' Ñ and for the vesicles at Ò=50' Ñ for the

tr ansi t i onal sy stem w i th 6 m M N aC ,

ý

F i g u r e 2 . SA N S da ta (sq ua r es) f r om la r ge

uni lam el la r: R t = 9.1 À , d l = 3 1. À .

15 ò Ì D M P C andTr ansi ti ona l sy stem

Fi gur e 1. SANS data (squares) f rom rod-

l ike mi cel les: Rc — — 2Î .7À, eOip soi dal cross-

secti on wi th minor semi -axi s 18.8 ß and

maj or semi -axi s Çá.9 À . Transi ti onal system 6 ò Ì N a Ñ i n D g O a t Ò= 50 ' Ñ .

15 mM D M P C and á ò Ì NaC i n Õ>~0 at

Ò= 20 ' Ñ .
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b, an d U V sta n ds f or u n i la m el lar vesi c l es w h i ch bi lay er h as à th i ck n ess d l .

Ò (Ñ ) 20 24 28 30 33 - 40 45 50 60

Òóðå of

~~~~

U V U V UVnot

par ti c l e determ i ned

18.9, 18 .2 , 7.4, 7.2,Si ze, À

à ,Ü 36.9 34.8 34 32.5

or d, 30 .5 3 1.5 32.2

Conclusions

M orp hol og i cal in the structure of supr am ol ecul artransformation s occurring

aggregates formed in the DM PC/sodium cholate/water have been investigated by neutron and

Õ-ray scattering. The transformation of ell ipsoidal micelles to lamellar structures through the

formation of rod-like micelles has been established.

A t à constant temperature Ò=20' Ñ w hen the sodium cholate concentration is

increasing, the vesicles observed for à detergent concentration Ñ~ -— 2 mM are transforming to

rod-l ike micel les for Ñ~ — - 6 mM and then to el l ipsoidal m icel les for Ñ~ — — 12 mM .

W hen the temperature is increasing w i th à constant concentrati on of detergent in the

so l u t i o n Ñ ~ — — 6 m M à t r a n s i t i o n f r o m r o d - l i k e m i c e l l e s w i t h e l l i p s o i d a l c r o s s - se c t i o n o b se r v e d

b e l o w 2 8 ' Ñ t o u n i l a m e l l a r v e s i c l e s o b se r v e d a b o v e 4 0 ' Ñ o c c u r s . À c h a n g e i n m o r p h o l o g y o f

t h e p a r t i c l e s o c c u r s i n à b r o a d d o m a i n o f t e m p e r a t u r e s f r o m 3 3 ' Ñ t o 4 0 ' Ñ t h a t l a y s e s s e n t i a l l y

higher than the temperature of the main phase transition of DMPC Tph=23.5' Ñ.

The ell ipsoidal shape of sphere-like micelles and ellipsoidal cross-section of rod-like

micel les have been calculated f rom SA N S measurements as favorable compared w i th ideal

spher i cal geom etry o f m icel les,
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St r uctu r al m odel of t he 30S su buni t of à r ib osom e Thr m us thermop hi l us

by sm al l -angle scat t er ing

~

2, 3 V . ~ ~~~ ~~ 2 ð G i l l 4 ~ ~ ä

and R. M ay

L ix in Fan ' , 1. N . Serdyuk ' , Î .

'Frank Laboratory of Neutron Physics, JINR, 141980 Dubna, Moscow Regi on, Russia

'ÅÌ Â1., Hamburg Outstati on, Notkestrap e 85, D-22603 Hamburg, Germany

Insti tut Laue-Langevin, Grenoble, France

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

resolution about 35A.
Two types of ribosomal particles from Th. Th. ware obtained by the technique of

methabolic regulation of selective deuterium incorporation into the RNA and the protein
components of the ribosome (See table 1) and they were studied by small-angle neutron

scattering using contrast variation. The indegnity of partial ly deutereated particles was
control led by parallel Õ-ray measurements.

Before SAN S measurements the preparations were dialysed against à buffer containing
20 mM Tris-Í Ñ1 (ðÍ 7.6), 0.5 mM Ì äÑ1~, 100 mM ÊÑ1. Buffers containing Î , 20, 32,35,
40,72, 80, 98% DyO were used for contrast variation. The sample with the highest DqO
concentration was prepared by dialysis. The D~O content was controlled by density and
transmission measurements.

SANS measurements were carried out with the YUM O instruments(JIN R, Dubna)[4] ,
D 11 instruments (ILL , Grenoble)[5] and V4 instruments[6] (HIM , Berlin) at different sample-

detector distances and concentrations. 17 neutron scattering curves of different types î ×
ribosomal particles at eight contrasts have been obtained. The radiation Õ-ray scattering data

were col lected fol lowing standard procedures using the X 33 camera of ÅÌ ÂÜ on the storage
ring DORIS Ø î Ã the Deutsches Elektronen Synchrotron (DESY)[7]

The neutron contrast variation data for the ÇOS ribosomal subunit of Th. Thermophilus
in solution are interpreted in the frame of à two-phase model described by the shapes of the
30S subunit and its RNA-rich core using spherical harmonics. The Õ-ray and neutron
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scattering curves measured at eight diff erent contrasts can be neatly fi tted with those evaluated
from the two-phase model (see fig.1 à,Ü,ñ). The shape of the envelope of the 30$ subunit and
of the RNA- rich core are evaluated with the resolution 35A. The final model is presented in

Fig 2. À comparison with an analogous model for Å.coli [3) shows that the shapes of the RNA
component coincide completely in both subunits, whereas the shapes of the protein component
are sl ightly dif ferent (See f ig. 3).

(( ) 0» î , î åõð ñã! â ~ ma de l

(2 ) 2 0 % Î ~Î éå

( S) 4 0 % Î Î

~î '

(y

~~

Þ
Þ

ti > åâ÷ î , î

Â ä

~î '

î .î î

(à) (b)

~ ð ' 3

~~~~

0 .0 5

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

ÒàÍ å T w o ty pes o f r ibo som al p art ic les f o r neutron and x - ray scat ter i ng ex per i m en ts

Òóðå î 1 particle Growth medium Contribution to neutron scattering

ÇÎ Á( 1) Í .Î . ( H ]-glycero l and [ H ]-succ inate both RNA and protein

ÇÎ Á( 11) Ð.Î , [ Í )- g lycero l and [ Í ]- succinate shape scattering
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á ï òè

F i g 3 . C o m p ar i s o n o f t h e 3 0 S T h .

T h a n d 3 0 $ Å . c o l i m o d e l s . T h e 3 0 S

T h .t h i s d i sp l a y e d i n b l u e a n d 3 0 S

Å .c o l i i s d i sp l ay e d i n r e d .

Fig2. Two - phase model with the

resolution 3.5 nm for the subunit of the
ribosome Th. Th and its RNA (in side).
The 30S subunit is displayed in dark
yellow and its RNA in dark green.

The Thermus thermophi,lus species are extensively used to grow ribosomal crystals. Our
results open the possibility to use this model to phase low resolution refl ections in
ribosomal crystal lography.

R efer ence

[ 1]Frank J., Agraval R. Ê . - Nature, (1995), ÷.375, 441-444.

[2]Stark Í ., M ueller F., Orlova × ., Schatz Ì ., Dube P., Erdemir Ò., Zemlin F.,
Brimacombe Â , van Heel Ì . - Structure, (1995), ÷.3,815-821
[3]DË. Svergun, Bukhardt, at al . J. M ol . Biol . (1997) 271, 588-618.
[4]Yu.Ostanevich, M acromol. Chem. M acromol. Symp. ( 1988), 15, 91- 103.

[5]Keiderling, U ., Wiedenmann, À . and Wagner, W . Proceedings î Ë ï 1åãï . Seminar on
Structural Investigation on Pulsed Neutron Source, Dubna, 1-4 September. (1992)
[6]Ibel Ê . J.Appl . Cryst ., (1976), 9, 630-643
[7]K och, Ì . Í . Õ & Bordas, J. . Õ-ray diff raction and scattering on disordered
systems using synchrotron radiation. Nucl. I nstrum. M eth. ( 1983), 208, 461-469.

8 á



S A N S st u d y o f t h r e e - l a y e r m i c e l l e s o f a n À 8 Ñ b l o c k c o p o ly m e r

J. Plest il, Í . Pospisil, Ì . Steinhart , J. Ki iz, Â. Masai

Inst it ute of Macromolecular Chemist ry, Academy of Sciences t he Czech Republic
Heyrovsky Sq.2, 162 06 Prague 6, Czech Republic, ht t p: / / www.imc.cas.cz

T his report is t he SANS part of t he art icle~> submit t ed to Macromolecules.

Int roduct ion
Micelles formed by amphiphilic block copolymers in wat er have been t he obj ect of int ensive st udy bot h
f rom t he point of view of t heoret ical int erest and t heir potent ial applicability as surfact ants or systems
for cont roled release of drugs or ot her act ive subst ances. For t he lat t er use t here is à need of maximum
solubilizat ion capacity of t he micellar core combined wit h t ailored permeability of t he solubilizat e across t he
core-shell interface. ln our previous st udies~i of micelles of poly(met hyl met hacrylat e)-block-poly(acrylic

acid) (PMMA-PAAc) copolymers in wat er, we showed t hat bot h t he rate and equilibrium degrees of
solubilizat ion are most ly cont rolled by t he interact ion parameter of t he solubilizate wit h t he polymer block
prevailing in t he core. Solubilizates wit h good af finity t o t he core polymer are t hus easily solubilized but ,
as à rule, t hey are also easily released f rom t he micelle. Micelles wit h st ruct ured cores cont aining at least
two concent ric layers of polymers wit h difFerent permeability or af finity t o t he chosen solubilizate are t hus

of some int erest .
One of t he possible solut ions to t his problem are micelles based on ÀÂÑ t riblock copolymers in

which all t hree blocks are mut ually incompat ible, À and Â being hydrophobic and Ñ — hydrophilic. As an
example of such system, we examine here poly(2-et hylhexyl acrylate)- block-poly(met hyl met hacrylate)-

block-poly(acrylic acid) (ÐÅÍ À-PMMA-PAAc) copolymers and micelles formed by t hem in water.

E x p e r i m e n t a l

B l o c k c o p o l y m e r s a n d m i c e l l a r so l u t i o n s

À ÐÅÍ À-PM MA-ÐÀÀÑ copolymer was prepared by successive group t ransfer polymerizat ion (GT P). After
purif icat ion and charact erizat ion by size exclusion chromatography (SEC) and NMR t he product was
t ransferred into dist illed water by dialysis and f reeze-dried in t he micellar form. For SANS experiments,

t he f reeze-dried product was direct ly dissolved eit her in 0 ~0 or dist illed water.

S A N S m e a s u r e m e n t s
were performed using t he t ime-of-f light small-angle neut ron spect rometer YuMO~>. T he solut ion was placed

in an opt ical quartz cell wit h à pat h lengt h of 2 mm. A ll measurements were corrected for background
scattering and normalized using à vanadium standard4>.

T he experiment al SANS curves were f it t ed by à scat tering curve for homogenous spherical part icles
wit h à Schulz-Zimm dist ribut ion of radii. T he t heoret ical f it t ing funct ion was

(s)

where t he scat tering amplit ude for à sphere of radius R and scat tering cont rast k g is

4~ ~ ç

3
Ô (qR)~ å @( Ô ) wit h

T he Schulz-Zimm dist ribut ion is à two-parameter funct ion

( ' ) " ~R Z

r (z + i)
where R is t he mean radius, Z is t he widt h parameter (Z ) — 1) , and Ã(õ ) is t he gamma funct ion. T he

f it was applied to t he SANS curves t aken under such cont rast condit ions t hat t he scat tering cont ribut ion
of t he micelle corona could be neglect ed or disregarded.
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Result s and d iscussio n
T he NMR result s indicate segregat ion of t he ÐÅÍ À and ÐÎ Ì À blocks in à micelle. T here are two possible
st ruct ures (Fig.1) compat ible wit h t his f inding: à) T he ÐÅÍ À blocks form an inner core surrounded by
t he ÐÎ Ì À layer (t hree- layer model) ; Ü) T he ÐÅÍ À blocks are located in several smaller domains in à
PMMA mat rice (mult i-domain model) . In principle, SANS can discriminat e between t hese two models by
measuring t he size of t he whole micellar core (formed by PM MA and ÐÅÍ À) and of its ÐÅÍ À const it uent .

~~~~~~

À = ÐÅÍ À
Â =. ÐÎ Ì À
Ñ = ÐÀÀ

~~~

Fig,1: T he t hree- layer model and t he mult idomain model of micelles.

For t he t hree- layer model, t he rad ius of t he ÐÅÍ À component , R A , would be smaller t han t he overall

rad ius of t he micelle core, R g y , w hi le for t he mult idomain model t he rad ii are expect ed t o be very
close t o each ot her . T he neut ron scat t ering densit ies were calculat ed t o be ð,~ = Î .Ç 10 ' î crn ~ and

ðä = 1.1 10~~ cm ~ and for ÐÅÍ À and ÐÎ Ì À , respect ively. T his d if ference in scat t ering densit ies

enables one t o suppress t he scat t ering cont r ibut ion of one of t he component s w hi le keeping scat t ering

f rom t he ot her component st i ll v isible. T he scat t ering density of t he t hird component , ÐÀ ÀÑ, depends on

t he degree of neut ralizat ion and on t he Í / Î rat io in t he Í ~Î / D~O mixt ure. Using t he part ial molar volume
of ÐÀÀñ5>, V = 46.7 cm ~/ m ol and it s change upon neut ralizat ion~~, Ë Ú' = — 14.6 cm ~/ m ol , we est imat ed

t he scat t ering densit ies of t he Í ~Î / 0 ~0 mixt ure mat ching t hose of ÐÀ ÀÑ t o be gp = 2.8 10 ' ~ cm ~ and

go — — 3.8 10~~ cm ~ for t he acid ic and f ully ionized forms, respect ively. T he cont r ibut ion of condensed Na

count er ions was not t aken int o considerat ion in t he lat t er quant it y.
T he micelle comprising an À ÂÑ t riblock copolymer is à t hree-component part icle w it h const it uent s

d if fering in scat t ering density. T herefore, w hen t he scat t ering density of t he solvent is chosen t o mat ch t he

scat t ering density of one of t he blocks t here st ill remain two ty pes of bloks cont r ibut ing t o t he scat t ering .

T his circumst ance com plicat es int erpret at ion of t he SA NS curves. Fort unat ely, in some cases t he inf luence

of t he second not mat ched component is eit her small or l im it ed t o à cert ain part of t he scat t ering curve

and t he st ruct ural paramet ers relat ed t o t he invest igat ed component can be est imat ed .

In t his work we at t em pt ed t o d ist inguish bet ween t he two àÜî í å given models by measur ing t he rad ii

R g and R ~~ . To t his end we used t he SA NS curves t aken for t he aqueous so lvent s w it h t he scat t ering

densit ies mat ching t he scat t ering densit y of PM M A and ÐÀÀ Ñ, respect ively. T he correspond ing rad ii were

det ermined using t he form ulae valid for homogeneous spheres ( Eq .1) . For t he above ment ioned reason
t his approach represent s only an approx imat ive way t o t he st ruct ural charact erist ics of t hree-component

part icles.
Fig .2 shows t he SA NS curves of t he micellar so lut ions in t he Í ~Î / 0 ~0 m ixt ures mat ching t he scat t ering

density of t he ÐÀÀ Ñ corona (upper curves) or t hat of PM M A chains in t he core ( bot t om curves) . T he so lid

lines are least -square f it s by eq uat ion 1.

T he f it s of t he curves recorded at í åãî cont rast for t he ÐÀ ÀÑ chains lead t o t he mean core rad ii
R g g = 120 (2) À for t he acid ic form and R g g = 117(2) ~ for f ully neut ralized ÐÀ À Ñ. À good agreement
of t hese result s obt ained at d if Ferent scat t ering cont rast s suggest s t hat t he two-com ponent nat ure of t he

micelle core does not inf luence d ramat ically scat t ering behaviour at t hese cont rast s.
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Fig.2: Experiment al SANS curves (point s wit h error bars) for t he ÐÅÍ À-PM MA-ÐÀÀÑ micelles in Í 20 / 0 20 mixt ures

For acidic (o, • ) and sodium neut ralized ÐÀÀÑ (Ü , Ü ) . T he copolymer concent rat ion ñ= 0.00465 g/ ml.

Upper curves: zero cont rast of t he ÐÀÀÑ corona (acidic form: 49% D@0 ( • ) , neut ralized form: 63% D@0 (Ü )) .

Bot tom curves: zero cont rast for ÐÎ Ì À (24% 0 20 , acidic form (î ) , neut ralized form (~ )) .
Solid lines are least -square f it s t o Eq.1.

T he SA NS curves obt ained for t he mat ched ÐÎ Ì À scat t ering densit y (24% 0 ~0 ) do not show any

signif icant d if Ference between t he result s for acid ic and neut ralized ÐÀ À Ñ. T his ind icat es t hat t he scat t ering

cont ribut ion of t he ÐÀ À Ñ corona is not t oo large, because it s two st at es examined d if Fer in scat t ering power.

T herefore, t he SA NS curves ref lect mainly t he st ruct ure of t he ÐÅÍ À component . From t he f it t o Eq .1
we obt ained Â ä = 89 (10) À and Â ä = 91( 10) À for t he sam ple w it h acid ic and sodium- neut ralized ÐÀ ÀÑ

corona, respect ively. Low scat t ering int ensit ies of t he SA NS (see Fig.2) dat a lead t o great uncert ainty in

t he values of t he f it t ing paramet ers. Nevert heless, t he mean rad ius of t he ÐÅÍ À component , Â ä , seems

t o be signif icant ly smaller t han t he overall rad ius of t he m icelle core, Â ä ä . T hus t he SA NS result s point
t o t he t hree- layer model rat her t han t he m ult idomain one.

In det erminat ion of Â ä ä we neglect ed t he d if Ference in t he scat t ering densit ies of PM M A and ÐÅÍ À .

Simi lar ly, t he rad ius Â ä was est imat ed using t he assumpt ion t hat t he relevant part of t he SA NS curve is

not af fect ed by t he scat t ering f rom t he ÐÀ ÀÑ corona. To assess t he inf luence of t hese approx imat ions on

t he result ing rad ii , we calculat ed scat t ering curves of à coat ed sphere and of à micelle model w it h Gaussian
chains at t ached t o à spher ical core. T he lat t er model was recent ly proposed by Pedersen and Gerst enberg~) .

T he model paramet ers were chosen so as t o describe t he st ud ied À ÂÑ micelles at t he part icular cont rast

condit ions. T he calculat ions show t hat t he sim lif y ing assumpt ions do not af Fect t he above conclusions

concerning t he micelle int ernal st ruct ure.
À more det ai l d iscussion of t his problem is given in t he paper submit t ed for publicat ion~) .
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Joint use of Õ-ray diffraction ø crystals and small-angle scattering in solutions to
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Introduction
Ribosome, the site î Åðãî 1åø synthesis ø the cell, is à huge (molecular weight over 2 õ 106 Da and size
over 20 nm) ribonucleoprotein ñî øðlåõ organized ø two unequal subunits. Both subunits contain
dozens of proteins which comprise about one third of the ribosomal mass; the other two thirds are
occupied by the RNA moieties. With recent achievements ø cryoelectron microscopy and Õ-ray
crystallography, modern structural ribosomology approached à resolution of 1.5-2 âø ø restoring of the
ribosomal surface [1, 2] . Unfortunately, the method cannot determine the structure of ribosomal RNA
and protein moieties ø the ribosome because of small di8erences ø the electron density of RNA and
protein. Another way to solve the problem of mutual arrangement of éÍ åãåâ1 components of the
ribosome is Éåñî éøä î Ã the di8raction patterns î 1 the ribosome crystal. However, there is âî algorithm
for solution î Ãphase problem of large complexes. We propose to phase di8raction patterns using four
phase model of ribosome obtained &î ø neutron scattering experiments. The neutron scattering curves
are to Úå obtained ø à wide interval of scattering vectors and contrasts.

Biosyntheti c selective deuter ation
Ef5cient application of the neutron scattering method for the study of the detailed structure of the
ribosome strongly Áåðåø Ü on the possibility of selective deuteration of its RNA and protein
components. The standard way for solving this problem has been to study hybrid isotopic part icles
obtained by reconstitution &î ø protonated and deuterated components [3] . This approach is t ime
consuming and expensive. M oreover, the reconstitution procedure is well developed only for E.coli
ribosomal particles, whereas most current structural research is performed on ribosomes &om
thermophilic and halophilic microorganisms because they are much ø î ãå stable and crystallize more
readily. Growing microbial culture on media w ith diff erent D>O content suggests à powerful way for
solving the problem of deuterium incorporation. However, it Áî åâ not lead to à signifi cant change in the
relative contrast (ratio of scattering amplitude densities) î Ãthe ribosomal RNA and protein components
[4] . The only way of contrasting diff erent components is to use à combination of protonated and
deuterated substrates during the growth rather than à monosubstrate.
The aim of this part of î ø study is to develop à general approach to the RNA and protein labelling
problem based on metabolic regulation. Applied to ribosomes, this approach has allowed to obtain à set
of part icles w ith diff erent ratios of scattering amplitude densities of the RNA and protein components
suitable for neutron measurements ø 95 - 100 % D20 where the incoherent background is very low, and

good quality data can be obtained for relatively large scattering vector values.
It is known that prokaryotic cells utili se costly substrates (&om the point of view of intracellular
energetics) as direct precursors of biomacromolecules. However, substrate concentrations play the key
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role ø the growth. For example, à substrate ø excess will be involved by the cell ø difFerent catabolic
pathway transformations with simultaneous energy release.
Selective [' Í ] incorporation into the RNA and protein components of the ribosome during cell growth
was monitored by [ ' Í ] -NMR as à function of the nucleoside concentration and the medium Î ãÎ
percentage ø the presence of [ 'Í ] or [' Í ]ÿèññø à1å and glycerol . It is demonstrated that for the

concentration of nucleosides up to 1.2 ø Ì , nucleoside is essentially incorporated directly into RNA
with à negligible crossover into the protein (Fig. 1) as w ell as à negligible incorporation into RNA of
deuterium &î ø either glycerol and succinate substrates (Table 1) or w ater (Fig.2).
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Figur e 1. Incorp orat ion of deuterium int o
diff erent components î ÃÍ å ribosome at v arious
nucleoside concent rat ions ø the grow th media
containing 65% D >O, Í -glycerol and Í -

succinate. Figur e 2. Incorp orat i on of deut erium int o
the RNA and protein component s of the
ribosome w hen Å .coli is grow n ø à media
containing diff erent percent ages of D ~O and
diff erent concent rat ions of Í -nucleosides; Í -
glycerol and Í -succinat e are used as carbon

sources.

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

Deuterium inoorporation into
nonexchangable residues of

oroteins

Deuterium incorporation into
nonexchangable residues of

RNA sG r ow th m edi a

% (~Ù Ù
studies)

calculated
match ooint

% (~Ù Ù
studies)

calculated
match ooint

10% DgO, [ 'H] glycerol, [ 'H]
succinate,1 mM [ 'Hlnucleosides

42

~

70

~

42

~

72

47 8 2

~

7 1

25% D~O, [ ~H] glycerol, [ ~Í ]
succinate,1 ø Ì 1'Hlnucleosides

10% D~O, [' Í ]ó1óñåãî 1, [' Í ]
succinate,1 ø Ì [ 'H]nucleosides '

25% Ð,Î , [~Í ]ó1óñåãî 1, [~Í ]
,' succinate,1 ø Ì [ 'Hl nucleosides

60 9 3

~

72
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Table 2 presents the characteristics of the four types of ribosomes and ribosomal subunits obtained ø
large amount s for neutron scattering experiment s by means of biosynthetic deuteration. The percentage
of deuterium incorporation ø the RNA and protein component s varies signifi cantly.

T ab l e 2 . Ð î ø t y p es o f ï b o so ø à1 p ar t i c l es f o r n eu t r on sc at t er in g ex p er i m en t s

Small — angle neutr on exper iments
Small — angle neutron scattering experiment s w ere carried out with the D l 1 instrument (Õ = 6 À ) (Ï .Ü,

Grenoble, France). 28 neutron scattering curves of é éåãåØ types of ribosomal particles (see Table 2) at
four contrasts (Í 20 , 32% DgO, 72% DgO and 98% DgO) have been obtained (see Fig.3, for åõàø ðlå).
The curves are measured at three diff erent sample — detector distances for broadening of the scattering
vectors interval . For samples with à low concentration ( 1 - 2 ø ô ø 1) measurement s are carried out at the
10 ø distance. Samples with high concentrations (20 - 35 mg/ml) are measured at 3.6 ø and 1.2 ø

distances.

Figur e 3. Small — angle

scattering curves of
diff erent types of the
ribosomes and ribosomal
subunits at diff erent
contrasts.
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At the moment the data are used for three — dimensional stmcture reconstitution to obtain à low
resolution model of à bacterial ribosome which will be the basis for fuit her refinement using é éãàñ6î ||
patterns î Åé å ribosome crystals.
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Cr ystall ogr aphic studies
Stable crystals of appropriate sizes (0.2 — 0.3 ø ø ) (Fig.4) w ere obtained. L ow and middle resolution

dif&action patterns (Fig.5 and Fig.á, correspondingly) w ere collected on the Õ l l beam line at ÅÌ ÂÜ
Hamburg outstation using the synchrotron radiation monochromatic w avelength 0.928 À and à MAR
research imaging plate scanner. It is shown that the crystals have à t etragonal space group Ð43212 or
Ð41212. The cell parameters w ere 521x52l x389 A About 2300 reQections w ere measured.

F i gu r e 4 . C r y st al s o f Th er m us th er m op hi-

l us r ib o som es.

Figur e 6. ' M iddle

resolut ion dif&action
pattern of the Ò.ther-

mophi lus ribosomes.
Resolution — 70 — 23 A

F i gu r e 5. L ow r esolu-

t i on di8 ract i on p at t ern

of th e Ò. th er m op hi l us
r ib o som es. R esolut i on—

150 — 70 À

The obtained diff raction patterns show good agreement w ith the small — angle Õ — ray scatt ering data

obtained for solution.

Conclusions
The method of selective deuteration î ÃRNA and protein components of the ribosome ø the process of
growing has been developed.
Four types of ri bosomal particles with à signifi cantly varying percentage of deuterium incorporation into
the RNA and protein components are isolated for neutron scattering experiments. The small — angle

neutron scattering curves have been measured ø à wide interval of scattering vectors and contrasts of
particles.
Crystals of Thermus thermop hi lus ribosomes suitable for Õ — ray diQraction studies are obtained. Low

and middle resolution di es&act i on patterns of the crystals have been collected ø the interval of Bragg
distances &î ø 150 to 23A .

Å åÃåãåï ñåç
1. Frank J., A graval R.Ê.— Nature, 1995, v .375, 441-444.
2. Stark Í ., Mueller F., Orlova V ., Schatz Ì ., Dube P., Erdemir Ò., Zemlin F., Brimacombe R., van

Heel Ì . - Structure, 1995, v .3, 815-821.
3. Nierhaus Ê.Í ., ø Ri bosomes and Ðòî 1åãï Synthesi s, IRL Press Oxford, 161- 189 ( 1990)
4. M oore P.Â . - M ethods ø Enzymology, 1979, v .L IX , part Î , 639-655.
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St u dy of th e ph on on-ø àõî â r egi on ø th e l i qu i d h el iu m ex ci t at i on sp ect r um

1Insti tute?.àèå-Langevin, Grenoble, France;
Kharkov Insti tute of Ðhóstcs and Technology, Kharkov, Ukraine;

' I nsti tute of Ðhóstcs and Power Engineeri ng, Obninsk, Kaluga Regi on, Russia,
'Joi nt I nsti tute f or Nuclear Research, D ubna, M oscow Regi on, Russia.

The experiment is à continuation of liquid helium-4 studies by inelastic neutron scattering

carried out on the spectrometer DlN -2PI [ 1,2] . In accordance with the results of the last

experiment and the present-day theoretical conception in this range of wave vectors and

temperatures, à partite exhibition of modes of quite diff erent nature is possible.
On the basis of the new analysis of our previous ' Í å neutron scattering data some

additional intensities in S(Q,â) were detected at m>mii over the wavevector range from 0.4 to
1.2 À ' [2] . This intensity exhibit both the temperature and the wavevector dependence. It

increases as the temperature rises to the superfl uid transition temperature T~. At the same time,
this intensity is not observed at small Q but it becomes visible at Q higher than - 0.4 À ' . The

maximum intensity is observed at 0.55-0.62 À ' . As Q increases this additional intensity

decreases, and at Qo l .0 À ' it becomes indistinguishable. Such Q-Ò dependence of this

intensity would rather be taken to identify the band in our data as à broad remnant zero-sound

mode, as expected from the work of Glyde and Griff in [4,5] .

î
lg

ë

æ

ë

Fig.1. Comp ari son of $ t (Q,à~) obtai ned
on the sp ectr ometer D I N-2PI (D ubna) 1'2/ attd

IN 6 (Gr enoble) / 3] at Q = ~. 55 À ' attd close1y

sp aced temp eratt tr es. 7'î obtaitn the one-

p honon p ar t of S© cu) f or É å IN6 dala at
Ò= 2.07 and Ò=- 2.26 Ê , the mul tip honon p ar t

was remoi>ed ~~'î ò lhe exp et i menta1 ~p ectn t

acccrrdtng l î the si mp le ò í 11~ðÜî |â è

subtractiott p r ocedut e 1he ñ èè ëéî üë lhal
af ter É å subtt acttott of ' the ntttl titp honott ð ÿ (

f r om total ß (() , cu) , ß ~(Ä co) of ' the IN 6 data

contai ns some addi ti onal i t t tensitty è hi ch

coi nci des èi th those obser ved è the D IN-2PI

data .
ã.î1.0 1.5

ENERGY TRANSFER, m eV
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Experimental studies î ÅS(Q,à ) in this Q-m range by î ë åã authors are significantly discrepant

[6,7] . Note, that the comparison of the experimental results [3] and our data [2] (fi g.1) is the

evidence in favor of the assumption that $Q Q,â) contains the intensity which cannot be

explained solely as multiphonon scattering. We hope that the study performed will be the

experimental test of recent theoretical predictions.
The yielded spectra î Ã the double cross section within the energy transfer range 0.1-2.0

meV and the angular range from 3 to 102 degrees and T= 1.53, 1.81, 1.96, 2.1 and 2.22Ê . Î öã

experiment focused on the measurement at temperatures quite close to the temperature of the

superfl uid transition and the range of wave vectors between the phonon and maxon regions of

the dispersion curve of liquid helium. This experiment was performed at low initial neutron

energy (2.37 meV ) and decreasing angular uncertainties that provided à high resolution of the

experiment . The exposition time for each measured temperature was about 72 hours. The

range of scattering angles (3- 102 degrees) provides rather à wide range of neutron wave
transfer (0.2- 1.2 A ') . The raw time of fl ight experimental data will be transformed into the

$(Q,â ) data for furt her analysis. The analysis will be carried out using various model î Ã$ ((),â )
( Glyde-Griff in model, simple subtraction model, Woods-Svensson analysis) . Òî analyze these

data, it is necessary to conduct the $ (Q,â) measurements at low temperature, < 1.0Ê , as well.
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Fig.2. Generalized phonon density of states
G ( Å ) for pyridine salts.

Fig.1.Neutron powder diff raction spectra of three
phases of the PyC10 4 crystal .

Pyridinium perchlorate crystallising at ãî î ò temperature in the rhombohedral
system, space group R3m undergoes two phase transitions at 233 and 245 Ê [1] . The upper
1 - II transition is marked by à splitting and shift ing of the diff raction peaks. À j ump in
dielectric permittivity at 245 Ê indicates that the crystal undergoes à discontinuous
ferroelectric transition [2] . The II - Ø phase transition is probably marked only by à change
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in t he sym m et ry of t he cry st al . T he phonon den sity o f st at es funct io ns G ( ro ) o f PyB F 4,
Py C 10 4 and PyN O > in t he energy t r ansf er u p t o 1000 cm ' ar e show n in F ig . 2 . T he spect r a

m ay be d iv ided in tw o r eg io ns: t he r eg ion of t he lat t ice m od es Î < Å > 300 cm ' and t he

r eg ion o f t he int erm o lecular m odes 300 cm ' < Å > 100 0 cm ' . T he shar p b and at ab ou t 400

cm ' i s asso c iat ed w it h t he out - o f p lane v ibr at ion of hy dr og en in t he py r id ine r ing .

v [ A ~ ' ]

~

Py NO>

ð [ î ]

6 4 0

9 2

13 .5

= 15 .4
8
$ 1ç.ç
: )

12 .5

1 2 . 4 ñ [ Ë ) ü [ Ë [

ç .â

2 5 0

~~

5 0 100 150 200

ò[ ê ]

Fig.4. Temperature dependence of the uni t cel l
parameters of à ÐóÂÐ4 crystal .

Fig.3 . Temperature dependence of the unit cel l
parameters of à PyNO~ crystal .

Figures 3 and 4 present the temperature dependencies of the unit cell parameters of
PyNO~ and PyBF4, respectively. Pyridinium nitrate belongs to the group of salts in which
the phase transition was not observed and crystallises in à monoclinic system, space group
P2~/ñ [3] . As the temperature increases the values of the parameters à, ñ, and V increase
while the values of Ü and the angle decrease. Pyridinum tetrafl uoroborate undergoes two
solid-solid transitions at 205 and 240 Ê. The intermediate phase is ferroelectric as in
pyridinium perchlorate. At ãî î ò temperature the system is trigonal, symmetry R3m. In the
ferroelectric phase the system is trigonal, Ñ2. The symmetry of the lowest phase is P2 [4] .
The neutron powder diff raction spectra recorded from 140 to 300 Ê have been used for
determining the unit-cell thermal expansion of the PyBF4 crystal. The region of phase
transitions was studied with particular ñàãå. ÀÍ phase transitions are clearly seen in the
temperature dependencies î Ãthe lattice parameters.

R ef er ences:
1. P .C zar neck i , W . N aw r oc ik , Z . Paj qk and J. W qsick i , Phy s.R ev .Â , 49, 15 1 ( 19 94 )

2 . P .C zarneck i , W .N aw r ocik , Z .Paj qk and J.W gsick i , J .Phy s. C ond . M at t er , 6 , 49 5 5 ( 1994)

3 . À Ç .Serew icz , Â .Ê . R obert so n, Å .À . M ey er s, J .Phy s. C hem ., 6 9, 19 15 ( 196 50

4 . P . C z arneck i , J . W qsick i , À . K at rusiak , Ñ . E co l iv et , À .G irard , À .B elu shk in, Phy sica Â ,

23 4- 236 , 102 ( 199 7)
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Neutron Scattering Study of Phase Transit ions
in Cyclohexanone

B r ag inÜ . B obr ow icz- Áàãðà' ~, W . Õ àþ ãî ñé ~, À . W u r fl ing er' , Ò . Áàãðà' ~, S.

1) Frank L aboratory î ÅÕåè1ãî ï Physics, JINR, 141980 Dubna, Russia
2) Institute î ÅÐÜóÿ ñç, À . M ickiewicz University, 61-614 Poznan, Poland
3) Physical Chemistry I I , Ruhr University Bochum, Germany
4) Í . Niewodniczanski Institute î ÃÌ èñ1åàã Physics, 31-342 K rakow, Poland

Under atmospheric pressure two solid phases of cyclohexanone are known: S> in
the temperature range 242.4 - 220.3Ê and the low temperature phase S~. À relatively
low pressure induces in cyclohexanone an additional solid phase, S<, whose temperature

range widens as pressure increases [1] .
We present the results of neutron diff raction (ND) and inelastic incoherent

neutron scattering (I IN S) investigations of diff erent phases of cyclohexanone in the
temperature range 8- 307Ê at the pressure 0.1, 130, and 300 Ì Ðà. The measurements
were performed on the NERA-PR time - of - fl ight inverted geometry spectrometer [2]
at the IBR-2 pulsed reactor at JINR in Dubna. The gas compressor GC- 15 made by

UNIPRESS (Warsaw, Poland) was used as à high pressure source.
The I IN S spectra were taken at fourteen diff erent scattering angles (average 90' )

and summed up after subtracting the background from the sample holder and the
cryostat . In the phase ßù of cyclohexanone, at the temperature 8Ê , well resolved bands
characteristic of an ordered crystal are clearly seen. At the temperatures 152Ê and 207Ê
these bands are smeared but quasielastic broadening does not exist ( Fig.1).
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F ig . 1. T em perat u re dep endencies of the I IN S spect r a of cyclohex anone.

After the phase transit ion to the phase S~ inelastic spectra become ò î ãå smeared and
quasielastic scattering caused by fast reorientation of protons in this phase is well
observed. As the temperature increases, inelastic spectra become unresolved and look
quite similar in both phases S< and S<. The measured I INS spectrum at 8Ê transformed
into the funct ion of the phonon state density weighted on the amplitudes of hydrogen
atom vibrat ions is shown in Figure 2. Comprehensive interpretat ion of phonon

~



excitation spectra requires model calculations of lattice dynamics. Usually, the optical
spectroscopy and crystal structure data are particularly useful for these
calculations.Fig. 3 shows the neutron diff raction spectrum of cyclohexanone at 8Ê and
é å ðãåâÿèãå 0.1 Ì Ðà.

The neutron é éãàñ6î ï spectra of cyclohexanone measured upon heat ing of
the sample are shown in Figures 4 and 5.
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Fig. 4. Neutron diff raction spectra of
cyclohexanone at ð = 130 Ì Ðà
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Fig. 5. Neutron diff raction spectra of
cyclohexanone at ð = 300 Ì Ðà.

The ND spectrum of the phase Sp at 248Ê ( 130 Ì Ðà) and 278Ê (300 Ì Ðà) is quite
similar to the spectrum of the phase S~ at 267Ê ( 130 Ì Ðà) and 307Ê (300 Ì Ðà)
taking into account the thermal compressibility î Ãthe crystal . No change in diff raction
spectra is found for the Sa- S> phase transition. Only phase transition S< - S~ is clearly

seen. The ND spectrum of phase S~ at ÇÊ (ambient pressure), 152Ê (300 Ì Ðà) and
207K ( 130 Ì Ðà) is different from analogous spectra of phases Sa and S~. The latter
phase transition is marked by à change in the crystal structure and proton dynamics.

References:
1. À . Wurfl inger and J. Kreutzenbeck, J. Phys. Chem.Áî 1äçÕ î 1.39, ð.193- 196, 1978.
2. 1. Natkaniec, S.I . Bragin, J. Brankowski, J. M ayer, Proc. ICAN S-XI I , Abingdon
1993, RAL Raport 94-025, Vol 1.ð. 89-96.
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S .N . Is h m a e v ,
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1. - RRC Kurchatov Inst itute, Moscow, Russia ,
2 . - FLNP JINR, Dubna , Russia,
3 . - Research lnst itute for Solid State Physics , Budapest , Hungary

The relat ionship between the short-range st ructural order and the

dynamics of the atomic vibrat ions in disordered systems has att racted major
interest in recent years because of the possibility of the existence of structure-
induced peculiarit ies in the "phonon-dispers ion" relation.

The amorphous Ni-Â metal-metalloid type system is of inte rest because

of largely different atomic sizes and masses. In studies of st ructural and
dynamic correlat ions on the level of part ial atomic dist ribut ions, most detailed
information can be obtained by neut ron scattering methods employing samples
with different isotopic cont rast contents . Isotopic metallic glasses Ni~~ Â~~
(i=nat , 60 , <b>=0) were invest igated in our previous high-resolut ion neut ron

diff raction experiments [1] where the 8 , ~(Î ) pa rtial stat ic st ructure factors and
G, ~(ã) radial distribut ion funct ions were determined.

The aim of the proposed experiment is the investigat ion of the 8 , ~(Î ,Å)
partial dynamical structure facto rs of the Ni-Â amorphous system by measuring

the inelast ic neutron scattering on the same isotopic samples.
The metallic glass specimen with natural Ni (i=nat) was produced by à

melt-spinning technique result ing in ribbons 2 mm wide and 0 .023 mm thick.

The total weight of the sample, placed in à thin (0 .1 mm) vanadium tube, was
26.4 g. In the present experiment , the elast ic coherent and inelast ic incoherent
neutron scattering spect ra of the sample w ith natural Ni (i=nat) were measured
on the NERA-PR neutron spect rometer.

The neut ron diff raction pattern was measured and obtained dependence
of the intensity as funct ion of scattering vector is presented in Fig . 1.

The neut ron inelast ic cross-sect ion for this sample was rather small. As

à result , the sat isfactory stat istical accuracy was only obtained during the
accessible measurement time for the detector with bery llium filter. From these
data we determined the generalized vibrat ional density of states G(E).

R e fe re n c e
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Fig. 1 shows the neutron diffraction pattern of the metallic glass
specimen with natural Ni (i=nat) sample in units of Q. It is in good accordance
with the data of [1]. We conclude that structural investigations of disordered
systems may be successful on this spectrometer.
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Fig. 2 shows the generalized vibrational density of states obtained in the
incoherent approximation. The density of the vibrations splits into two clearly
separate regions: 0-40 and 40-90 meV, corresponding to predominant
vibrations of heavy (Ni) and light (Â) atoms. We conclude that partial dynamic
distributions are very different in this amorphous alloy and must be further
investigated over wider regions of energy Å and momentum transfer Q.



Neutron scattering study of heavy water and ice under hydrostat ic Ar
pressure
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Argon hydrate was obtained by Villard more than hundred years ago [1] soon after
the discovery of argon itself. When two gas hydrate structures were found [2,3,4], argon
hydrate was postulated to have the type I structure (sp. gr. Pm3n, a=12A). In 1984, strong
evidence of the fact that argon clathrate crystallizes in the type È structure - Ñ$ È (sp. gr.
Fd3m, à =17 À) was given by D.W.Davidson and ñî -authors [5,6]. Ar mainly f ills small
dodecahedral cavities. High solubility of Í å and Ne in the ice Ih framework was
demonstrated [7,8] but the Ar atom with the radius about 1.9 À is too large to fill the ice Â
cavity. When the ability of Í å and H> to form clathrate hydrates with the ice II framework
was discovered [9-11], it became clear that Ar atoms can be placed into ice II cavities.

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

Inelastic incoherent neutron scattering (IINS) and neutron diffraction (ND) studies
of argon - heavy water system were carried out with the help of the NERA-PR neutron
spectrometer [14] using à high gas pressure installation in which argon mediates the
transmission of high pressure. The sample of heavy water is saturated with argon at the
pressure about 100 MPa and the temperature about 300 Ê during three days before the
recording of spectra starts. When the temperarure is decreased to 283 Ê, the ND shows
the formation of the Ñ$ È clathrate structure (à = 17.07 À) (Fig. 1). The IINS exhibites à
decreasing quasielastic neutron scattering (QNS) contribution, which indicates that some
amount of liquid water still exists in the sample (Fig. 2). When the sample is cooled to 190
Ê at the same pressure, the mixture of ice Ih and Ñ$ II crystals is recorded by ND (Fig. 1)
and the QNS contribution completely disappears (Fig. 2). An increase in the pressure to
300 MPa at the tempertaure 190 Ê converts ice Ih into ice II. The diff raction patterns of
CS È, however, do not undergo any changes. Under 300 MPa Ar pressure the sample is à
mixture of Ar type CS II and ice II (Fig. 1). The normal isotope deuterium effect is
observed in IINS spectra (Fig. 3). The translational energies are only slightly shifted while
the librational ones are about 1.4 times less than the corresponding energy obtained for
the ' Í ~Î -Ar system. The obtained generalized phonon densities of states G(E) for the
(Àã+0~0 ) system at Ò=190 Ê and Ð=100 and 300 MPa (which is denoted as +) are
presented in Fig.4.

References:
1. P.V illard , Ñ.R. Acad. Sci, 123 (1896 ), 377.
2. Ì . von Stacke lberg, Naturw iss., 36 (1949), 327.
3 W .F. Claussen J. Chem. Phys., 19 (1951), 1425.
4. Ì . von Stackelberg , Í ß .Muller., Z . Electrochem., 58 (1954), 25.

1 0 2



5. Î .W/..Davidson, Ó.P.Handa, Ñ.! Ratcliff e, J.C.Tse, Â.Ì .Powell. Nature , 311
(1984),5982 , 142 .
6 . D.W .Davidson, S.K.Garg, S.R.Gaugh, Y.P.Handa, Ñ.! Ratcliff , J.S. Tse,
J.À . Reepmeester, Ë ëñ!. Phenom., 2 (1984), 231.
7. À .Kahane, So lid State Commun.,7 (1969), 1055.
8. À .Yu.Namiot, L.Å.Gorodetskaya, Doklady Akademii Nauk, 190 (1970), 604 .
9. W/Ë. .Vos, L.W .Finger, R.J.Hemley, Í î 4ì àï ö Mao, Phys.Rev.Letters, 71 (1993), 3150.
10. Î .Londono, W .F.Kuhs, Ë .Finney, Nature, 332 (1988) 14 1.
11. Î .Londono, J.L.Finney, W .F.Kuhs, J. Chem. Phys., 97 (1992) 547 .
12. S.Í .Saito, Î .R.Marshall, R.Kobayashi, Amer. Inst. Chem. Ing ., 10 (1964), 734 .
13. Óè.À .Dyad in, Å.1.arionov, 0 .$ .Mirinskii, Ò.V.Mikina, á.I.Starost ina, Mende leev . comm.,
(1997), 32 .
14 . 1.Natkaniec, $ .1.Bragin, ÕBrankowski, J.Mayer, ICA NS-X II.Abingdon. 1993. RA L
Report 94-025, ÷.1, ð. 89.

A r+ D, OA t + D, 0
Ð=ÇÎ Î Ì Ðà,Ò=190Ê

Ò=ÇÎ Î Ê

È

ñ
Ë

4

0 )
ñ
Ô
ñ

~ 1ñ å È 2 8 3 Ê

Î )

ñ
r i
CO

0ë

V)

Ô

ñ

! ! ! ! I I Ð= 100 Ì Ðà

~

A P = 1 0 0 M P a , T = 1 9 0 K

~ Ice lh
Ð = 1 0 0 Ì Ð à ,Ò = 2 8 3 Ê

Ñ$ 11

P = 1 0 0 M P a ,Ò = Ç Î Î Ê

100 Ì Ðà

~

2 .4 2 .8 3 .6ç .ã

(j (h ,Ê I) , À

3 0 0 M P a 1 9 0 Ê

I 1

2 .0 ,3 .0

W a v e le n g t h , À
F ig . ã 4 .0

~~ö. 1

1

Ò=180Ê

~

À ã+0 ,0

ñ
Ë

Î

È

ñ
Ë

ß
(6

ø

~

A r +H , ß
Ð=ÇÎ Î Ì Ðà

~~~~

40 80

Å, meV
Fig. 3

~ãî

~

40 8 0 ~ã

Å, meV
Fig. 4

1 0 3



N eu t r on Scat t er i n g I nv est i gat i on s of A m m on iu m D y n am i cs

i n (N H 4)z ÄR b ÄSO 4 M ix ed Sal t s

1.N atkaniec' , Ì .Ü. M artinez Sarrion' , Ü. M estres' , L .S. Smirnov ' , L .À . Shuvalov ' .

~ Frank Laboratory of Nåutòoï Physi cs, JINR, 141980 Dubna, Russia,

Ç Insti tute of ÑróstaÏ ograðhy, RAS, 117333 Moscow, Russia.

A mmonium sulphate, (ÕÍ 4),30 4, transforms from the paraelectric Pnam to the
ferroelectric Pna2, phase at 223 Ê . The unit cells of both phases contain four formula units
and consist of two kinds crystalographically independent ammonium ions [ 1] . No great
differences were observed in the I INS spectra of ammonium sulphate above and below the
ferroelectric transition [2,3] . These investigations were performed at temperatures above 80Ê
and show broad bands at ca. 335 and 200 cm ' due to torsional and translational motions,

respectively . These bands belong to the ammonium ions, as they undergo fast reorientation
even in the ferroelectric phase [4] . Crystall ine Rb,SO4 at ãî î ãï temperature belongs to the
space group Pnam. In mixed salts of ammonium-rubidium sulphates both phases can be
studied at low temperatures. This al lows investigations of harmonic dynamics of the

ammonium ions in the paraelectric phase.
Solid solutions of ammonium-rubidium sulphates were prepared by mixing aqueous

solutions of (NH4),SO4, and Rb,SO4 in various stoichiometric proportions. Crystal l ine
samples were obtained through slow evaporation at 40' Ñ. The composition of the solid

solutions, in general , was different from that of the starting mixtures and, therefore, was tested
by chemical analysis. Simultaneous investigations by the time-of-fl ight IIN S and neutron

diffraction (ND) methods of ten samples of mixed salts (NH4), ÄRb„SO4 for the entire
concentration range, 0.0< õ <2.0, were performed on the NERA spectrometer [5] at the IBR-2

pulsed reactor in Dubna. The ND spectra were used to control the sample qual ity and
determine the lattice parameters at dif ferent concentrations and temperatures, which is what
allowed us to test the õ,Ò phase diagram. The temperature dependence of the IIN S spectra of
(NH4),SO4 and of ammonium-rich mixed salts measured at temperatures close to the para-

fem oelectric transitions are presented in Fig. 1.
Quasielastic scattering (QN S) is seen above 150 Ê . Pyrolitic graphite neutron energy

analyzers were used for measuring the IINS spectra. The resolution of the elastic l ine at
Å,=4.65 meV amounts to 0.5 meV at FWHM . This means that ammonium ions undergo fast
reorientations with à characteristic time in the range of psec even in the ferroelectric phase.
The QN S broadening changes signif icantly at the phase transition for ðèãå ammonium
sulphate, but this effect vanishes with increasing rubidium concentration. Above õ>0.4, the
stochastic dynamics of ammonium do not depend on the para-ferroelectric transition.

The generalized phonon density of states G(E) obtained in the one phonon scattering
approximation from the I INS spectra measured at 10 Ê are presented in Fig. 2. Three types î 1
G(E) spectra for ammonium can be seen at diff erent rubidium concentrations. For õ<0.4, the
ammonium dynamics at low temperatures correspond to an ordered crystal of the
pseudohexagonal symmetry with two inequivalent NH4 groups. The four Iinås in the
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Fi g. 1. The I INS sp ectra of àò ò î ï ãèò sulp hate and ammoni um-ri ch mixed sal ts.

frequency range of 160-240 cm ' correspond to translational and the four between 280-420
cm ' to torsional vibrations of ammonium ions. In the concentration range 0.4<õ>1.2, the

ammonium dynamics form broad bands characteristic of protonic glasses. They correspond to
translational vibrations at ca. 200 cm ' and torsional vibrations at ca. 290 and 380 cm '. Above
x=l .2, the mixed salts of (NH4), ÄRbÄSO4 remain in the paraelectric phase and, according to
structural investigations, ammonium ions predominantly occupy the type II crystallographic
position. As one can see in Fig. 2, two translation lines of 190 and
220 cm ' cm ', are due to NH4 (II) type

ammonium ions.
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I nv est igat i on of H y d r op h ob i c hy d r at ion ef f ect s by i n elast i c

neu t r on scat t er i n g
À .G.N ov ikov ', Ì .Ì .Rodnikova' , Î .V .Sobolev '

M oscow , R ussi a .

A queous solutions of tetraalkylammonium ions are the convenient model systems
for investigations of water interactions with apolar particles and effects of
hydrophobic hydration which are of signif icant importance for à number of chemical
and biological problems. The infl uence of apolar molecules on structural properties of
water is one of the most actual questions ø hydrophobic hydration study . The results
of thermodynamics and transport measurements[1] , computer simulations [2] lead to
the conclusion that the effect of stabil izing the surrounding water hydrogen bond (Í -

Â) network takes place in aqueous solutions of large apolar particles such as
tetraalkylammonium ions. It is suggested that hydration water has à more ordered
structure (" ice-like" ) than that of pure water. However, very extensive and accurate

structure measurements performed in the last years of aqueous solutions of these ions
by the neutron dif fraction method [3] did not indicate any changes in the hydration
water structure of the studied solutions in comparison to ðø å water.

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

À neutron scattering experiment was carried out on the DIN -2PI double time-of
fl ight spectrometer. The choice of the initial neutron energy Å.=Çãï å÷ made it possible
to have the resolution of elastic neutron scattering ËÅ,=0.13 mev . Neutron scattered
spectra were recorded at 15 angles covering the range 16' < Ý< 134' which
corresponds to the neutron wave vector transfer ( 0.33 < Q< 2.2 )À' . The sample

exposed to the neutron beam was à tefl on capi l lary helix (0.5 Û . and 1.2î .d) f i l led
with à solution and wound on the thin aluminum framework forming à cyl indrical
sample with overall dimensions of 160 mm in height and 110 mm in diameter. The
total transmission including the solution and à tefl on container for neutrons with the

initial energy was about 75%.
The measurements were carried out at room temperature and consisted of à number

of runs:
- with 0.98m ÒÂÀ Ñ1 solution in l ight water;
- with 0.84m ÒÂÀÑ1 solution in heavy water ;
- with pure light water;
- with ðèãå heavy water ;
- with vanadium sample of appropriate geometry .
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Fig.1. The generalized frequency distribution of pure water(R) and hydration water(0)
molecules.

T h e e x t r a c t e d G F D s o f p u r e w a t e r a n d h y d r a t i o n w a t e r i n 0 .9 8 m Ò Â À Ñ 1 s o l u t i o n

a r e sh o w n i n F i g . 1 . T h e l o w f r e q u e n c y p e a k ( w i t h a , = 7 m e V ) o f G F D w h i c h

c o r r e sp o n d s t o t h e b e n d i n g o f t h e 0 - 0 - 0 a n g l e an d u su a l l y i s r e g a r d e d a s e v i d e n c e o f

t h e Í - Â n e t w o r k e x i s t e n c e i s o f p a r t i c u l a r i n t e r e st , b e c a u s e i t i s v e r y s e n s i t i v e t o

c h a n g e s i n t h e Í - Â n e t w o r k s t r u c t u r e . A s i t w a s sh o w n i n [ 4 ] , t h e i n t e n s i t y o f t h i s

p e a k d e c r e a s e s a s t h e t e m p e r a t u r e g r o w s . I t a l so d e c r e a s e s i n t h e ñ à ÿ å o f i o n i c

h y d r a t i o n [ 5 - 7 ] . T h u s , w e o b t a i n t h e r e d u c t i o n o f t h e l o w f r e q u e n c y m o d e i f t h e

d i s t o r t i o n o f t h e Í - Â n e t w o r k t a k e s p l a c e , a n d w e c an e x p e c t t h e i n c r e a s e o f t h i s m o d e

i n a n c a se o f " st r u c t u r a l p r o m o t i o n o f w a t e r " .

T h e m a i n f e a t u r e o f h y d r a t i o n w a t e r s G F D i s à sm a l l sh i f t o f t h e l i b r a t i o n m o d e t o

h i g h e r e n e r g i e s i n c o m p a r i so n t o p u r e w a t e r , w h i c h h a s n o t b e e n e x p l a i n e d y e t , b u t

t h e l o w f r e q u e n c y m o d e m e n t i o n e d a b o v e d o e s n o t c h a n g e b y s i g n i f i c a n t . S o , w e m a y

c o n c l u d e t h a t t h e s t u d i e d Í - Â w a t e r s t r u c t u r e i n so l u t i o n d o n o t h a v e a l t e r a t i o n s i n

c o m p a r i so n t o p u r e w a t e r . T h i s c o n c l u s i o n i s i n a g r e e m e n t w i t h t h e n e u t r o n

d i f f r a c t i o n d a t a [ 3 ] .

[ 1] W.-Y .Wen, Âàëÿåò and Aqueous Soluti ons, edited by R.À . Horne (Wi ley, New

York, 1972)
[2] Â.G.Rao and U.C.Singh, J. Am. Chem. Soc. 111, 3125 (1989)
[3] J. Turner and À .Ê .Soper J.Chem. Phys. 101, 6116 (1994)
[4] À .G.Novikov, À .À .V ankov and L .S.Gosteva, J. Struct. Chem. 31, 77 (1986)
[5] 5Ë.àû åñð~åÿ and D .Savagnat, M ol . Phys. 68, 803 (1989)
[6] À .G.Novikov, Ì Ì Âî äï é î ÷à, V .V .Savostin and Î .V .Sobolev, Chem. Phys.
Letters. 259, 391 (1996)
[7] À .G.Novikov, Ì .N .Rodnikova, V .V .Savostin and Î .V .Sobolev, 234 - 236, 340

(1997).
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Õ - r a y a n d n e u t r o n sc a t t e r i n g s t u d y o f t h e N b - Î s o l i d s o l u t i o n s

Í .W ipf ' , S.D ani lk in~, , Å .Jàdrî þ sÛ ' , Í .Fuess' , Ò.W ieder '

' Darmstadt University of Òåchnology, Germany

Institute î~ ÐÜóÿ ñç and Power Engineering, Obntnsk, Russia
' Joint Insti tute f î r Nuclear Research, Dubna, Russia
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Niobium-oxygen solid solutions were studied by Õ-ray diffraction and inelastic neutron scattering.
The samples were niobium rods (diameter 10 mm, length 80 mm) doped with oxygen in à high-vacuum
induction furnace in oxygen atmosphere. The oxygen
content in two prepared samples was 1.29 and 2.65
at.% determined by the vacuum-fusion method.

Õ-ray Laue diffraction shows à "bamboo"

structure in Nb-Î studied samples with single crystal
dimensions ranging from 2 mm to 10mm in diameter.

The lattice parameters were measured by Õ-ray
diffraction from powder samples made from the rods.
The increase of the lattice parameter due to interstitial
oxygen is in agreement with the data of Êî ñÜ [ 1].
This shows that àÏ oxygen in the samples is dissolved 3 ~ ~
in the ÂÑÑ lattice and à-solid solutions are formed
by quenching after heat treatment at 1=2240' Ñ.

55 î , îThe vibrational frequency distribution of ÈÜÎ „ „
was measured at room temperature and at (=200' Ñ to

increase the intensity of energy gain in neutron
scattering in the region of the oxygen vibrations.
Further increase of the sample temperature is l imited
by decomposition of the solid solution. The initial
energy of neutrons is Eg= 18.4 meV and the range of
scattering angles 6 9=38-133' .

Fig. 1 shows the vibrational frequency distributions O(z) at à>30 meV obtained for NbOÄÄ, at ãî î ò
temperature and at t=200' Ñ after subtraction of Nb spectra. In the spectrum of ÕÜÎ „ „ , at ~=200' Ñ, in
addition to the known vibrational mode fi î , , =- 45 meV [2], peak at h î = 84.2 + 1.2 meV is observed. It

corresponds to oxygen vibrations with the polarization vector along the shorter àõåÿ of the octahedral

position. The peak at éâ ü33.5 meV is possibly connected with vibrations of the metal atoms
neighbouring interstitial oxygen. For V-Î solid solutions, where the similar peaks were f irst observed,
association of these peaks with vibrations of the metal atoms closest to oxygen was shown by model
calculations [31.

[1] Koch Ñ.Ñ., Scarbrough J.Î ., Kroeger D.Ì ., Phys.Rew.Â, 9 (1974) 888.
[2] Danilkin S.À ., Zemlj anov Ì .G., et al., Sov. Phys.: Solid State, 29 (1987) 1213
[3] Mazurenko × .G., Danilkin S.À ., Fiz. Tverd. Tela, 38 ( 1996) 229.
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L attice structure and dynamics of the Fe-Cr-Ni-N steel with
different Cr content

' Insti tute of SoÈ Â àøå Physi cs, Sof ia, Bulgaria

Insti tute î~ ÐÜóè ñÿ and Power Engineering, Obninsk, Russia
Joint Insti tute f or Nuclear Research, Dubna, Russia

High nitrogen austenitic steels are the materials with high strength and corrosion resistance and have
structure stabil ity at low temperature and during cold working. The steel properties depend on the
interstitial (N) and substitutional (Cr, Ni, Mn) atom contents. The present study concerns the eff ect of Cr
content on the crystall ine structure and interatomic bonding in Fe xCr-12Ni-0.5N (õ=15; 20; 25; 29 wt.%)
alloys. The diff raction measuiements were carried out with the Phil ips-Micro III x-ray diff ractometer and
with the neutron diffractometer DN-2. The inelastic neutron scattering spectra were measured with the
DIN-2PI spectrometer.

The diffraction measurements show the FCC structure for al l studied steels. The neutron diffraction
discloses à small contamination of the ÂÑÑ à-phase in all samples. The amount of the e-phase does not
exceed 3% according to the results of Rietveld refinement. The l inear dependence of the austenite lattice
parameter à (À) on the Cr content õ (wt.%) was observed: a(x) =3.57178 + 0.00123 õ. The Õ-ray data give

the êàò å coefficient kÄ but the lattice parameter values are higher by 0.006 À . However, the accuracy of
the neutron lattice parameters seems to be higher because the Rietveld refinement with the NaC1 standard
was used in the data treatment.
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T h e I N S m e a su r e m e n t s s h o w t h a t t h e m e t a l

f r e q u e n c y sp e c t r u m d o e s n o t d e p e n d o n t h e C r c o n te n t

i n t h e l i m i t s o f t h e e x p e r i m e n t a l e r r o r s . T h i s

d e m o n s t r a t e s w e a k d e p e n d e n c e o f t h e Ì å - Ì å

i n t e r a t o m i c b o n d i n g o n t h e C r c o n t e n t .

A t t h e s a m e t i m e , c h a n g e s i n t h e n i t r o g e n l o c a l i se d

v i b r a t i o n s w e r e n o t e d . À sm a l l n i t r o g e n f r e q u e n c y

i n c r e a s e o b se r v e d a s t h e C r c o n t e n t i n c r e a se s

c o n t r a d i c t s w i t h t h e l a t t i c e d i l a t i o n c a u s e d b y C r a t o m s

( F i g . 1) . T h e d e c r e a se o f t h e n i t r o g e n p e a k w i d t h w i t h

a n i n c r e a s e î Ã t h e C r c o n t e n t i s a l so n o n t y p i c a l . S u c h à

b e h a v i o u r i s p o s s i b l y c o n n e c t e d w i t h c h a n g e s i n

e l e c t r o n sc r e e n i n g a n d i n t h e s t r e s s- i n d u c e d i n te r a c t i o n

c a u se d b y t h e d i f f e r e n t C r c o n t e n t s . T h e se e f l e c t s

c o u l d c a u s e o r d e r i n g o f t h e n i t r o g e n a t o m s w i t h a n
i n c r e a s e o f t h e C r c o n t e n t t h a t m a n i f e s t s i t se l f ' a s à

d e c r e a s e o f t h e n i t r o g e n p e a k w i d t h . T h i s a ss u m p t i o n

i s c o n f i r m e d b y à c o m p u t e r s i m u l a t i o n o f t h e o r d e r i n g

i n F e - 4 0 N i - 3 5 C r -x N a l l o y s . A s i t w a s d e m o n st r a t e d b y

O w e n [ 1] , n i t r o g e n a t o m s p r e f e r e n t i a l l y o c c u p y t h e

o c t a h e d r a l s i t e s w h e r e t h e y h a v e à l a r g e e x c e ss o f C r

~~~~~~~

• åñ , å • V 1 1 4 i i e

over Ni atoms in the first coordination shell .
Fig.1. Ni trogen vi brations in Fe-õÑò-12# i~-0.5N

alloys

[1] Ì .Gruj icic, W.$.0 wen Nitrogen induced ordering in FCC Åå-Ni-Cr-N solid-solution alloys. l igh
Nitrogen Steels, Proc. of the Çrd Int. Conf., Kiev, Ukraine, Sept. 14-16 1993, part 1, ð.686.
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Observation of spatial splitting of à polar ized neutron beam as it is
refracted on the inter face of two magnetically non-collinear media

VË . Aksenov , Í .Fredrikze , S.V. Kozhevnikov' , Yu.V. Nikitenko ,

Ì .Th. Rekveldt , J. Schreiber

' Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research,

141980 Dubna, Moscow Region
Interfaculty Reactor Institute, Delft University of Technology, Mekelweg 15,
2629JB, Delft, The Netherlands
Fraunhofer Institute for Non-destructive Testing, D-01326 Dresden, Germany

As à rule, investigating the magnetic properties of matter by polarized
neutron refl ection or refraction samples whose magnetization vector is collinear
with the magnetic strength vector of an external magnetic f ield (collinear magnetic
media) are used. If the magnetization vector of the sample is non-collinear with the
magnetic strength vector due to the internal or shape anisotropy of the sample (the
case of magnetically non-collinear media), in the magnetic field neutrons
experience à transition from one spin state ( denote "+" or " -" ) to the other ( " -"
or "+™ ) as they go through the interface. The total energy of neutrons does not

change, which results in à change in the kinetic energy of neutron motion in the
direction perpendicular to the interface. As à result, the neutron beam spatially
splits into à beam of neutrons which have experienced à thransition to à new spin
state ( the beams are then denoted as "+-" or "-+" ) and à beam of neutrons which
have not experienced such transition ( "++" or "—" beams ).

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

(å" )' =åÐ- u[v + ð (â-í )] õ'
(å )'=åÐ- o,[U — ð (â-í )] 7Ð
(å' )' =åÐ- a,[v - ð (â+í )] õ'
(å-+)~ åã à[~ó+ ð (B+H)] A.2

where n=2mé , 0; is the glancing angle of the incident neutron beam; U is the
potential energy of the nuclear interaction of neutrons and matter; Â is the
induction in the sample; Í is the external magnetic f ield strength; p is the magnetic
moment of the neutron; m is the mass of the neutron; h is Planck's constant; Õ is

the neutron wavelength.
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À magnetically non-collinear medium can be most simply realized with the
help of shape anisotropy in the sample when the strength vector of an external
magnetic f ield is directed at an angle to the surface of the magnetic f ilm.

In [4,5], spatial splitting of à polarized neutron beam refl ected from à
magnetic film is observed.

In [6,7] , spatial splitting of à polarized neutron beam on transmission
through à magnetic layer on à nonmagnetic substrate (two interfaces) is
investigated. In this ñàçå, the neutron beam goes through the magnetic layer and
leaves the sample through the edge of the substrate. Because the beams "++" and
"—" coincide in direction ( in (1) - (2) it is necessary to take Â = Í ), spatial
splitting of 'é å polarized neutron beam into two beams and of the nonpolarized

neutron beam into three beams is observed.
In the refraction of neutrons as they go through à magnetic layer (two

interfaces), the interference between neutron beams takes place due to multiple
refl ection from the layer boundaries. This leads to à very complicated picture of
the dependence of the neutron fl ux on the wavelength. À simpler picture may
possibly be observed ø the case of neutron refraction on one interface.

In this article the refraction of à polarized neutron beam on the interface of
two magnetically non-coll inear media is investigated. The sample is the magnetic

film Fe(86%)A1(9,6%) Si(4,4%) with the thickness 20 ðò and à Cr 500 À
intermediate nonmagnetic layer. The size of the sample is 5 (along the beam) x 20
(in the vertical direction) mm , the thickness of the nonmagnetic substrate CaTtO~
is 1 mm. The glancing angle of the neutron beam 0;=4.8 mrad, the mean square
divergence of the incident neutron beam is +0.05 mrad, the mean square angular
resolution of the spectrometer is +0.2 mrad, the neutron wavelength varies in the
interval Õ=1.6 —: 4 À. The external magnetic field strength is Í =4.5 kOe, the angle
between the sample plane and the magnetic field strength vector is ( =70 . . The

neutron beam falls on the surface of the film and leaves the fi lm through the edge.
In the measurements we use à position-sensitive detector and à scheme for

complete polarization analysis (à polarizer, two spin-fl ippers and an analyzer),

which makes it possible to register four neutron counts in different measuring
modes: 1(î é;î é ) — two spin-fl ippers off ; I(on,off) — the first spin-fl ipper on, the
second off ; 1(î é',on) — the first spin-fl ipper off , the second on; I(on, on) — two spin-

fl ippers on.
With fl ippers 1 and 2 "on" ("î é"'), the polarizer - fl ipper 1 and the fl ipper

2 — polarization analyzer sections predominantly transmit neutrons in the state "-"
("+"). The measurements are conducted with the SPN-1 spectrometer at the IBR-2

pulsed reactor in Dubna.
In Figs. l a-d the neutron count for four measuring modes over the specified

wavelength interval Õ=2.02 —:2.57 À ( the average wavelength ( Õ>=2.25 À) is

shown as à function of the angle 8 between the sample plane and the direction of
the refracted neutron beam. The measuring time in each "î Ê î ï " or "î ï ,off " mode
is about 6 times larger than in the "î é',î é' " ("î ï ,on") mode and is approximately

15 hours.

1 1 2



çî î âî î "on ,on"

~

2 50

2 0 0

Ç
î
î

15 0

10 0

~~

I ' !

5 6

~

çî î8 0 0 - ~ "on,off '
"off ,off '

~

2 5 0

åî î 4

2 0 0

400 4

~

ãî î

+ +

1

2 3 4

theta , m rad

~

1 ' !

5 6

~

Fig . The dependence of the neutron count on the angle between the plane of the sample
and the direction of the refracted neutron beam (the neutron wavelength interval
X=2.02- 2.57 À, the average wavelength <Õ>=2.25 À) for different measuring modes,
à) "î é; î ï " ; Ü) "on, on" ; ñ) "î é ,î é" ; d) "on,î é" .

The peak at 8=4.8 mrad on the right corresponds to the direct beam
(neutrons that missed the magnetic layer). The indices "+-" , "— " , "++" and "-+"

mark the neutron beams refracted on the vacuum-magnetic f ilm interface. The
experimental values for the angular positions of these beams are given in Table 1.
One can see that the smallest deviation from the direct beam has the beam "+-"
(Fig. l a) and the largest deviation has the beam "-+" (Fig. 1d). It should be noted
that the beams "—" (Fig. 1Ü) and "++" (Fig. l c) do not coincide in direction in

contrast to the case of the refraction on two interfaces. So, one can see that the
beam with one initial spin state "+" spatially splits into beams with different final
spin states, "-" or "+" .

The beam of neutrons w>th the initial spin state "-" also splits into two
beams (Figs. 1Ü and l d). In this case, in the measuring mode "î ï ,off ' in addition
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to the beam "-+" at 2.8 mrad there appear the beams "++" at 3.3 mrad and "—" at

4.1 mrad. The two latter beams are observed because the probability of their going
through the sample is comparatively high while the polarization efficiency of the

polarizer and the analyzer is not hundred percent.
Òî analyze the experimental data, Eqs.(1)-(4) are used. To determine the

energy of nuclear interaction between the neutron and the magnetic layer of the
sample, measurements are conducted in an external magnetic field Í =4.5 kOe
parallel to the f ilm plane ( ( =0 ). In this case, ï î splitting of the polarized neutron
beam takes place (the beams "+-" and "-+" are absent). From the positions of the
beams "++" and "—" the energy of nuclear interaction of the neutron with the

magnetic layer is obtained, U=160 neV. The magnetic field induction is determined
by measuring spin precession in the sample, Â=12.2 kG. The obtained parameters
are used to determine the direction of refracted neutron beams. The experimental
and theoretical values of the angels 8 between the plane of the sample and the
direction of refracted beams are summarized in Table 1. One can see that the
experimental and theoretical values coincide within the angular resolution of the

spectrometer +0.2 mrad.

ÒàÍ å 1

So, in the conducted investigation of neutron refraction on the interface of
two magnetically non-collinear media splitting of à polarized neutron beam was
observed. The beam of neutrons initially in the spin state "+" or ™-" splits into two

beams in the states "+" and "-" . All split beams have different spatial positions.

The reported phenomenon has been observed for the first time.

[ 1] . V .Ê . Ignatovich, Letters to JETP 28 (1978) 311.
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[3] . N .Ê . Pleshanov, Z .Phys. 94 (1994) 233.
[4] . Î .P. Felcher, S. Adenwal la, V .Î . De Haan, À .À . V an Well, Nature

377(1995)409.
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À .V . Petrenko, J. Schreiber "Refraction of polarized neutrons in à magnetically
non-coll inear layer ' , Phys. Â 234-236 (1997) 513-515.

[7] . V .Ü. Aksenov, Å.Â. Dokukin, S.V . Kozhevnikov, Yu.V . N ikitenko,
À Õ . Petrenko, J. Schreiber " Refraction of polarized ï åè1ãî ï û ï à magnetical ly
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Neutrons for Condensed M atter Investigations", Dubna, 18-20 June 1996,
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polarized neutron refl ectometry is used in direct measurements of the magnetic-f ield penetration
depth in à high temperature (Í Ò,) superconducting f i lm. Two scattering geometries are used. The
deduced neutron scattering length density prof ile gives the exact picture of the composition of the
fi lm. The f it to the spin-asymmetry yieldsed à magnetic-penetration depth of 1400 + 100 À at à
temperature of Ò = 4.8 Ê along the c-axis oriented perpendicular to the f i lm surface. The model
includs an intrinsic exponential decay of the penetration depth. For the f irst time the spin-
asymmetry is determined with high resolution over an extended Q-range for à Í Ò,-f i lm. Nb-f i lms

are investigated as reference.

I nt roduct ion
One of the fundamental parameters of superconductors is the London penetration
depth ë~ [ 1] . Polarized Neutron Refl ectometry (PNR) offers à unique possibil ity of
measuring the absolute value of the penetration depth and the shape of the magnetic
fl ux prof i le. Several studies of Nb-fi lms have already been performed with this
technique and the values of ë~ = 410 À [2] and 900 - 1450 À [3] for dif ferent
thicknesses of the f i lm have been obtained. The high dif ference in the values can be
explained by the fact that not the magnetic penetration depth was measured but the
screening length 1 > Õ1. The screening length takes into account electron scattering
by defects in the sample [4] . This effect is discussed in Ref . 5, where the measured
value of 1 was corrected for electron scattering and ë~ = 430A was obtained, which

is the best result today for Nb-f i lms. A lso, Í Ò -f i lms measured up to date

(Y Ba2Cu3O7) [5,6,7,8] have defects as discussed in Ref . 9. In them, the defects or
roughnesses do not perturb the penetration depth itself because the correlat ion length
is small in HT, -f ilms, but do perturb the refl ectivity curves so that, å.g., the
oscil lations of the refl ect ivity curves are not anymore visible [5] .

In order to test the possibi l ities of PNR and optimize the experimental conditions for
Í Ò -f ilms studies, f irst we performed model-calculations and experiments on Nb-

f i lms. In particular, ñàãå was taken to get Í Ò samples showing low or ï î off-

specular scattering as à sign of good qual ity.
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Fig. 1. In Fig. 1à two theoretical refl ecti vi ty
curves R+ (solid line) and R (dashed line) f or an
Í Ò~ f ilm (FBa2CuzOp ~~1ò wi th the c-axis
perpendicular to the surf ace of the Sr Òã0 3-
substrate) are shown f or éì î scattering
geometries: 1 - refl ecti on ô î ò the air f ilm side
and 2 - refl ection f rom the substrate f ilm side.
Parameters: Fi lm thickness 3000 À, external f ield
500 Î å àèé ðåèåÐàéî è depth 1400À Ð~ä. 1b. The
spin-asymmetries f or the 1è î scattering

geometries. In Fig. 1à the refl ect iv ity curves are
shown for à Í Ò (ÓÂ àÑèÎ )-f i lm

calculated for the tw o scatter ing
geometries: refl ect ion from the air-f i lm
interface ( 1) and substrate-f i lm
inter face (2). For the refl ection from the
air-f i lm interface ( 1) the cr it ical Î is
given by the N SL D -dif ference betw een
Y BaCuO and ai r . Thi s di f ference is
larger than the N SL D -di f ference

between Y BaCuO and the ÁãÒ10 ~

substrate. Thus, the Î for the refl ect ion
from the substrate-f i lm interface (2) is
lower compared to ( 1) . In order to get
an image of such à N SL D prof i le look
in ant icipation at the insert in Fig. 3.
Second, the scatter ing through the
substrate (2) show s much higher
osci l lat ions because of à high N SL D-
di f ference at the second inter face (the
f i lm-air inter face) compared to the case
of the scatter ing from the air side
where the second inter face is the f i lm-
substrate interface.

The magnetic effect shows up in the dif ference between R and R which is
+ - +demonstrated on the plot of the Spin-A symmetry SA = (R -R )/(Â. +R ) in Fig. 1Ü.

The advantage of scattering through the substrate is obvious. However, the
disadvantage is that an intensity factor of 5 is lost when the neutrons traverse the
SrÒ|Î ~-substrate.

The experiments for the Nb- and Í Ò -fi lms were performed on the spectrometers

ÁÐÌ ËÝèÜï à [ 11] and D 17/ILL [ 12] .

The results of the measurement of the Nb-f i lm on à Si-substrate at room temperature

are depicted in Fig. 2. A s predicted in Fig. 1, ( ) shifts to à lower value if the
scattering is done from the substrate-side (marked 1 in Fig. 2à). A lso, the osci l lat ions
are higher compared to the scattering from the air-side. The result of the f it is plotted
in the insert in Fig. 2à. The NSLD profi le shows à 50 À thick NbO-layer on the
surface and à 100 À thick interdif fusion region at the substrate interface. The total
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fi lm-thickness is 3310 À . This thickness was chosen in view of Í Ò -fi lms for which
âèñÜ Û öÛ Û ñ1ñï åââ is necessary dne to the exp ected high penetration depth. A lso,
the surface area of the Nb-f i lm was about 2 cm comparable to the Í Ò -fi lm surfaces
for which one can expect homogeneous surface properties.

The refl ectivities R and R of the Nb-
sample at à temperature of 5.8 Ê were
obtained with an appl ied external field
of 556 Î å. The result is shown in Fig.
2b in the SA form. In the fit to the data
presented in Fig. 2Ü the magnetic
penetration depth was the only variable.
The NSLD prof i le in Fig. 2c represents
the complete result including the
surface NbO layer, the interdif fusion
layer and the magnetic effect due to the
penetrating f ield. The screening length
is determined to be 650 Ë in agreement
with 550 À from Ref . 5. It was not the
purpose of this study to perform further
resistivity measurements to deduce X~
for the Nb f ilm.
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Fig. 2. The refl ecti vi ty curves of the Nb f ilm î è à
Si-substrate are shown i n Fig. 2à. Refl ecti vi ty
curve 1 i s taken i n the refl ecti on geometry from the
êèÐê(òàíå f i lm i nterface and 2 f rom the ai r f ilm
i nterface, respecti vely. In the i nser t, the NSLD-
pro/i le i s shown.
In Fi g. 2b the spi n-asymmetry /ü shown for
ref l ect i on on the ai r- f ilm side marked 1 in Fig. 1à.
Fi g. 2c shows the NSLD profi le i ncludi ng the
spli tti ng of é å Nb potenti al due to the penetrati ng
f ield/..
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d t h r o u g h t h e h u m i d i t y o f a i r .
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In the case of Í Ò f i lms, the
penetration depth is measured
because the correlation length is
very short and thus electron
scattering on defects should be
negligible. Nevertheless, the
defects and the quality of the f ilms
can be probed by off-specular
scattering. We did not detect any
noticeable off-specular scattering
in contrast to à rather huge off-
specular scattering measured from
the fi lm in Ref . 5. This might be
the reason why ï î oscil lat ions
were observed on the refl ectivity
curves [5] .
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Conclusions
The Nb-fi lms are investigated as à pre-study of Í Ò fi lms in order to optimize the
parameters of the method . The sample qual ity, sample size, f i lm thickness,
refl ection geometries and the film interfaces are investigated. The obtained screening
length shows à value already near to the magnetic penetration depth but the
dif ference clearly indicates the influence of the electron scattering on defects. The
presented study of Í Ò -f ilms shows that the details of the fi lm structure at the
interfaces in particular can be obtained. An appreciable Q-range is available to
determine the magnetic penetration depth. Nevertheless, the statistics must be further
improved to study an eventual non-exponential character of the penetrating magnetic
fl ux.
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MIGRATION OF Ta INTO Si UNDER THE INFLUENCE OF
THE FA ST HEAVY ION IRRADIATION

À .P .K obzev, Î .À .N i'konov

F r an k L ab or at or y of N eu t r on P h y si cs, J I N R , D u b n a , R u ssi a

À .J u. D i dy k, V À .Skur a tov

F l er o v L ab o r at o r y of N u clear R eact i on s, J I N R , D u b n a , R u ssi a

In recent years, continuous efforts have been undertaken for better understanding of
damage production in various materials by swift heavy ions. Oxides are most widely investigated
[1] . Recently à phenomenological description of latent track formation in dielectrics and
semiconductors was given[2] and in magnetic insulators in [3] . Metals have been thought for à
long time as not showing any track formation process. Recently track formation was found ø
alloys %Åãî and NiTi [4] at the electronic stopping power, dE/dx , over 40 keV/nm, and ø the
alloy 12Ñã18 Ni 10T (dE/dx is about 10 keV/nm) [5] . Even more recently, the obtained
experimental evidence of tracks produced in Ti by 845 MeV Pb ions and by 18 Ì å× ~ Ñî ions

[6] demonstrated that metals are , also, susceptible to track formation. Semiconductors, however,
seem to have received less attention. Only à few articles present the experimental results on
semiconductors irradiated by high energy heavy ions (see, for example refs.[7-9]).

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

The samples of silicon single crystals were covered with à thin layer of Òà (the structure of the
layer as follows: à silicon substrate with the thickness 300 pm, and 165 nm of Òà). The
samples were irradiated by 210 MeV Kr ions with the fl uence Ft= 3* 10 ions/cm~ and then
annealed in vacuum at the temperature 700~Ñ for one hour. À RBS analysis of irradiated and
nonirradiated samples was undertaken using à Í å þ ï beam generated by the Van de Graaff
accelerator of the Frank Laboratory of Neutron Physics of JINR[10].

Figure1 shows the energy spectra for 2.4 MeV Í å' ions scattered at the angle 170' for both

irradiated and nonirradiated samples of sil icon covered with à Òà layer. The beam spot width is
about 1,5 mm for the incident angle (p=30' and was increases to 4mm for (p=75' . Figurel shows

the spectra for q)=30' . One can see à big difference between the curves. Processing these spectra we
obtain the depth profiles of Òà, Si and 0 ( Fig.2). The same depth profiles are obtained by
processing the spectra for the incident angle (p=75' . From Fig.2 one can see that the depth of

migration of Ta and 0 atoms is about 500 nm after annealing and irradiation (IA). The depth of
migration of Ta and 0 atoms is 350 nm and 500 nm, respectively, for an annealed but nonirradiated
sample (À). The increasing migration of Ta atoms in samples irradiated with Kr ions can be
connected with the so called "track structure" ( à destructive zone along the proj ected ranges of Kr

ions). The integration of Fick equation for diffusion leads (î the following solution for the
impurity profile after annealing:

C(x ,t ) = Î / (nD t) " ~ + exp(-õ / (4D t)) ,

~

where Q is the remaining amount of atoms per area unit which was measured after annealing, D is
the diffusion coefficient and t is the annealing time. À satisfactory fit of experimental profiles for
Òà atoms can be carried out for both À and IA cases. The following values of adj ustable parameters
for the diffusion of oxygen atoms, Òà atoms, Î ,ä~' , Î ä~' are found:

ñò /s and DA ' = 1.5 ~10

120
ñò / sÒà

IA
ü 6 .8 * 10 '~ (2)
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In [8] the Kr þ ï track diameter in si l icon i s calculated, R> — — 5.7 À . Thus the relative

damaged area of total area can be calculated very easily by the expression:

(3)Ë Ç/ S = F t ~7~ ~Ê ~ = 0 .306

If the migration of impurities for IA sample occurs through ion tracks, the migration coeff icient
D~ has to be recalculated for à reduced area (see eq.(3)), and it wil l be higher.

The implantation of 210 Ì å× Kr ions in sil icon caused heavy þ ï track formation with à
decreased density in the area with the diameter 2R> in comparison with an undamaged material . $î
the impurity atoms can dif fuse more easily along the proj ected range of Kr ions in the area with à

reduced density .
A s it is shown the use of four-stage processes (à low energy impurity implantation or

covering of à substrate surface with the necessary kind of material , post implantation annealing,
irradiation with heavy ions with high level inelastic energy loss, and the f inal heat treatment of
semiconductors) al lows us to increase the impurity migration and produce the necessary type of
conductivity in semiconductors without longer time annealing. So this method has good future in

the new technology of semiconductor device production.
This study was performed under the support of the International Atomic Energy A gency.

REF ER EN C E S

1. Ì .Toulemonde, S.Bouffard, and F.Studer. Nucl . Instr.and Ì åé ëï Phys. Res. Â91, 108 ( 1994).
2. À .Yu.Didyk, V .S.V arichenko. Radiation M easurements, 25, No 1-4, 119 ( 1995).

3. G.Szenes. Phys.Rev. Â51, 8096 (1995).
4. À .Dunlop, ÐË.åüèåèã, and À .Barbu. J.Nucl .M ater. 205, 426 ( 1993).
5. Ì .À .Adawi, À .Yu.Didyk. Journal of Advanced M ater. 2 (2) 126 (1995).
6. Í .Damak, À .Dunlop, and Lesueur. Phys.Rev Lett. 74, 1135 (1995).
7. À .Yu.Didyk, V .S.Varichenko, À .Ì .Zaitsev. JINR Commun., Ð14-95- 144, Dubna, 1995.
8. À Õ è.Didyk, V .À .Kuzmin. Preprint JINR, Ð17-96-335, Dubna, 1996 (Submitted to Nucl .

Instr.and Ì åé ëï Phys. Res.Â).
9. $.Ì .Ì .Ramos, Â .Canut, Ì .A mbri , Ñ.Clement, Å.Dooryhee, Ì .Pitaval . P. Thevenard,

Ì .Toulemonde. Nucl . Instr.and Ì åé ëè Phys.Res. Â 107, 254 ( 1996).
10.Ü.P.Chernenko, À .P.Kobzev, D.À .Korneev and D.Ì .Shirokov. Surface and Interface Analysis,

Vol . 18, 585-588 ( 1992).

12 2



À SU R V E Y O F H E A V Y M E T A L D E P O SI T I O N I N R O M A N I A U SI N G M O SSE S A S

B I O M O N I T O R S

Ì .× . FRON TA SY EV A , Ñ . OPREA , À . Ø ÑÀ ÑÏ Ó", Å . STEIN N ES~*

~Institute î ÃPhysics and Nuclear Engineering, Bucharest, Romania
**Norwegian University of Science and Technology, Trondheim, Norway

This is the f irst systematic study of air pollution with heavy metals and other trace elements in
several industrial areas and national parks of the Eastern Romanian Carpathians using à well-established
moss biomonitoring technique [1]. Samples of moss Hylocomi um splendens from 120 sites were analyzed by
epithermal neutron activation analysis at the IBR-2 pulsed fast reactor in JINR, Dubna, for à wide range of
elements, including some heavy metals and ãàãå earths (Na, Mg, Al, Cl, Ê Ñà, Sc, V, Cr, Mn, Fe, Ñî , Ni
(through the (n, ð) reaction), Zn, As, Se, Br, Rb, Sr, Zr, Ì î , Ag, Sn, Sb, 1, Cs, Ba, La, Ñå, Nd, Sm, Åè, Gd,
Tb, È , Hf , Ta, W, Àè, Th, and U). Copper, cadmium and lead were determined by í àò å AA8. Cert if ied
reference materials of mosses prepared for the 1995 European moss survey were used to check the quality of
the measurements. The results are presented in the form of colored contour maps prepared using GI8
(geographic information system) technologies [2].

The regional extent of pol lut ion w ith some specif ic metals was studied in particular. In the northern
part î Ãthe country, the highest concentrat ions î ÃÑè, Pb, Zn, As, and U were observed in the area î Ãthe Baia
Ì àãå mining complex. M oreover, the results show that the polymetal l ic and manganese mining industries
pollute à vast terr itory w ith Mn, Cd, U, and Th. The central part of the Eastern Carpathians is mainly
affected by ï î ï 4 åããî û metal industr ies in Bistrita Nasaud. Gas and oi l dri l l ing and ref ining, as well as
thermal power stat ions, are responsible for Ni , V, Ì î , 6 ; Cu, Cr , As, Sn, and Cd pollut ion in the M oinest i-
Darmanest i and Bacau areas. In the val ley of Prahova in the Curvure Carpathians, elevated levels of
elements characterist ic for gas-oi l ref inery were observed. However, in these areas of the Eastern

Carpathians the part icular elemental composit ion of the bedrock ò àó also have infl uenced the results by soi l
part icles adhering to the mosses.

This particular study was undertaken as à Romanian-Norwegian-Russian col laborat ion in order to
cover one ò î ãå "white spot" on the ò àð of Europe for heavy metal atmospheric deposit ion. Our results are

reasonably consistent w ith those recent ly reported f rom similar studies using the moss technique in
Germany [3] , the Netherlands, Poland [4,5] , Bulgaria [6] , and î ë åã countries on the European cont inent .

The authors express their grati tude to students of the International University of Nature, Society and
Man «Dubna» Î .× . Shorenkova and × .M . Komkova for ò àð designing.
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M E A SU R E M E N T S O F ÒÍ Å T H E RM A L N E U T R O N C R O SS
SE C T I O N O F T H E ' ~Î (ï ,à ) ' Ñ , ~' Õ ñ(ï ,à ) ' Î , A N D ~~À Ã(ï ,ð )~~ß

R E A C T I O N S F O R G A SE O U S SA M PL E S

Óè.Ì .Gledenov, VË.Salatski, P.V.Sedyshev, ÐÇ.Szalanski, 3'.Andrzej ewski , À .Zak

University of Lodz, Poland

The new ionizati on chamber f or gaseous samples w as designed and tested on the

thermal and resonance neutron beam s of the FL N P neutron sources. T he exposed gas

v ol um e serv es as the tar get f or neutron s (see F i g . 1)

~

Fig.1. Experimental setup : 1-neutron beam formed by coll imators to the spl it size 60õ 12 mm, 2-entrance
and exit windows made from thin ( 100-500 î ò ) aluminium, Ç-cathode, 4-grid, 5-grids f rame, á-anode.

The chamber i s speci f ical ly designed to investigate (n,ð) and (n,à ) react ions that

play the important role in the s-process producing ãàãå S isotopes [ 1]. 36

measured the thermal cross section for '~O(n,à) '~Ñ, ' ~Àã(ï ,à)" S
U nti l now we

<ÿ ä. 2)

~'Ne(n,à ) " 0 (Fig.Ç) using the rel ative method w here the determ ined cross section is

compared w i th the cross sections of the He(n,ð) Í (Fig.2) and ' O(n,à ) Ñ (Fig.3)

(233+ 12) mb, (5.43+0 .27) mb and (0 .18+0 .09) mb, respecl ively,reactions. Our resul ts

are in good agreement w ith the val ues obtained by other authors for the ' O(n,à ) '~Ñ and

36À ã( ï ,à ) S r eac t i o n s [ 2 ,3 ] an d si g n i f i c an t l y l o w er t h an t h e est i m ated u p p er çç

repo r ted ear l ier f or the
~'Ne(n,à ) ' 0 reaction [4 ,5]
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160 320 48 0 o~o n
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Fig.Ç. Pulse-height spectra with

95%Ne and 5%ÑÎ 2 gas mixture at 1.7 atm.
Fig.2. Pulse-height spectra with 93.75%Ar,

6.25%ÑÎ ~ and 1.8 10 % Í å gas mixture at 1.2 atm.

In the near f uture we pl an to investigate the ~'Ne(n,à ) ' ~0 reaction further to

decrease our experimental error, which is presently about 50%, and measure the

'~Àã(ï ,à) S cross section for thermal neutrons.

l . Í .Beer and R.D.Renzhorn, Astron. Astrophys. 174 (1987), ð.323.
2. $.F.Mughabghab et al ., Neutron Cross Sections, vol .1, Academic, New York, 1981
3. Î .Ñ.Hanna et al ., Can. J. Phys. 39 (1961), ð.1784.
4. ÀË.Abramov, Ì .G.Yutktn, J. Exp. Theor. Phys. 41 (1961), ð.1023.
5. Å.F.Bennett, W.C.Redman, P, ANL-7357, 96 (1967).
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D I RECT EX PERI M EN TA L EST I M AT I ON OF ÒÍ Å ÜÅ~ ÅÛ ÝÅß Á?Ò'Ê I N

H EAV Y N U CLEI ÀÒ Å, ( 3 — 5 M eV EX CI TAT I ON EN ERGY

V .À . K hit rov , À .Ì . Sukhovoj
Erank Laboratory of N eutron Physi cs, Joint I nst i tut e f or Nuclear Research

Ö 1980 Dubna Russi a

T he level density of heavy (deformed) nucleus in the exci t at ion energy range from 1-2 to 3-5

M eV is usual ly det ermined from the spect ra measured in difFerent nuclear react ions in t he
frame of some model ideas of react ion mechanisms. T herefore, i t is ext remely impor t ant
to perform à direct exper iment al determinat ion of the level density.

Using the sum coincidence technique [1], the posit ions of levels were est ablished wit h
high confi dence level [2] up t o t he exci t at ion energy of 4 M eV for even-even deformed

nuclei and up t o 3 M eV for N -odd nuclei . A n ordinar y detect or equipment used for

this purpose in FL NP JINR allows us to reveal al l such st ates if only t he intensity of
cascades populat ing them exceeds t he detect ion threshold L , 10 4 events per decay of

the compound st at e exci t ed aft er thermal neut ron capture. Cer tainly, t he presence of the
detect ion threshold permit s one to observe only part of nuclear levels.

Never theless, using the classical assumpt ion about t he shape of the intensity dist r i-
but ion of cascade pr imary t ransi t ions wi th respect Ñî t hei r mean value [3] (t he so-called

Port er-T homas dist r ibut ion), one can est imate t he complete set of nuclear st ates. For
this purpose, the paramet ers of t he Por ter-T homas dist r ibut ion are fi t t ed to reproduce, as
well as possible, t he cumulat ive sum , ' , ' ã' of t he exper iment al cascade intensi t ies (with

the summat ion over t heir fi nal levels) as à funct ion of i t s running value for the cascades
wi th ã ) L , . T he paramet ers obt ained in such à way are used to ext rapolate the ',~. ã
dependence into the region ã' < L , .

T his procedure was performed for more than 30 nuclei from t he mass region 114 < À <

200. M ost essent ial resul t s are:
(à) t he number of the observed levels in any nucleus below i t s exci t at ion energy 1-2

M eV is considerably larger than t hat predicted by models which consider the nucleus as
the gas of non-interact ing Fermi par t icles (for example [4]);

(Ü) at higher excit at ion energies (at least , in t he 2 M eV interval ) , observed level densi ty
is considerably less t han t he predict ions [4]. A lso one cannot exclude the possibi l i ty that
the level densi ty in this interval is almost const ant .

Such behaviour of t he level densi ty is observed for al l studied by us rather far from
magic N nuclei . T he eff ect can be interpreted wi thin assumpt ions about t he st rong infl u-
ence of vibrat ional excit at ions (phonon energy is some hundred keV ) on t he nuclear prop-

er t ies below 1-2 M eV and à sharp t ransit ion [5] of à nucleus to possible many-quasipar t icle

exci tat ions at t he energy which corresponds to the temperat ure of t he phase t ransi t ion
predicted by t he BCS-t heory (account ing for à decrease of this temperature for à mixture

of Fermi and Bose par t icles) .
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F ig . 1. Comparat ive level densit ies for diff erent exci t at ion energies in some invest igated
nuclei . Dashed lines - ext rapolated [4] number of levels, exci t ed by the pr imary cascade
El - and M l -t ransi t ions in the 100 keV interval . Solid l ines are t he same values cal culated

in the frame of t he hypot hesis [5]. Histograms are t he est imat ion of t he possible number
of intermediate levels at zero detect ion threshold . Point s are the number of t he observed
cascade intermediate levels at the exper iment al det ect ion thresholds.

1. S.T .Boneva et al ., Sov . J . Par t . Nucl . 22(2) (1991) 232
2. S.T .Boneva et al ., Izv . A N SSSR, Ser . Fiz. 51( 11) (1987) 2023
3. Ñ.F .Por ter and R .Ñ .T homas, Phys. Rev . 104( 2) (1956) 483
4. W .Dilg, W .Schant l , Í Õ î ï àñÜ and Ì ËËü1, Nucl . Phys. À 217 (1973) 269
5. S.T .Boneva, V .À .K hi t rov, Yu.P.Popov ., À .Ì .Sukhovoj Proc. of IV Int ernat ional Semi-

nar on Int eract ion of Neut rons wi th Nuclei " Neut ron Spect roscopy, Nuclear St ruct ure,

Related Topics, Dubna, Apr i l 27-29, 1996, Å3-96-336, Dubna,1996, ð .183
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M EA SU R E M E N T O F ÒÍ Å G A M M A -R A Y M U L T I P L I C I T Y SP E C T R A A N D
T H E A L P H A V A L U E F O R ~ ~P u I N T H E E N E R G Y R E G I O N 2-2 150 eV

Í Õ àÆî ÷-Stanczy k , H y on Su ng Í î

F rank L aboratory of Neèir oï Phy si cs, JINR, D ubna

Óè.Ó.Gr igor iev, Ó.Óà.K itaev, V .V .Sinitsa
I nsti tute of Ðéóstñs and Ðî í år Engi neeri ng

Obni nsk, Russi a.

The measurements of the multiplicity spectra of ~~~Ðè were carried out on the

IBR-30 pulsed neutron booster of the Joint Institute for Nuclear Research (JINR) in
Dubna at 122 m fl ight paths with à 16-section liquid scintillation detector of à total
volume î 1 80 1. M easurements with the IBR-30 pulsed neutron booster were made

at à mean thermal power of 10 kW, neutron pulse repetition rate of 100 Hz and pulse
duration at à half- ~å~äÛ of 4 psec. The metal discs 80 mia in diameter and 0.3 mia
thick containing 22.7875 g of 99.9% ~' ~Ðö were used as the sample-radiator. The

samples were packed in stainless steel containers made of 0.12 num thick foil . The
samples were positioned in the center of the detector in à vacuum tube..

The information in the forint of 16 time-of-fl ight spectra, covering the neutron
energy range 2,15 eV - 10 M eV, was accumulated in the i nt ermedi at e memory of the
measuring module with ÐÑ/ÀÒ-286 VANG.

The coincidence multiplicity spectra from first to eleventh multiplicity for 50
resonances in the energy range 7å× - 180 å× and for the energy groups ø the energy
range 2.15eV - 2150 eV were obtained from experimental time-î Ù 1é spectra

following subtraction of the background component. They were normal i zed to unity
and are presented in Fig. 1. The shape of the multiplicity spectra for the resonances
with small fission widths is essentially different from the shape of spectra with large
fission widths.

So the resonances at 52.52 eV and 164.33 eV with small fission widths Ã~ = 9
meV and 8 meV, respectively, have the mean multiplicities Ê„, = 4.69 and 4.78, and
the resonances, at 47.50 eV and 156.90 eV, with large fission widths Ã~ = 248 meV
and 537 meV have Ê =5.89 and 6.07.

Thus, the first resonances are actually captured, and the second ones are
fissionable resonances. These resonances were used to separating the multiplicity
spectra of other resonances into the two components of the fission and radiative
capture processes. From standard spectra, first the small components of radiative
capture and fission were subtracted. To separate the initial multiplicity spectra, as the
reference multiplicities for foriming the captive spectrum, the first and the second
multiplicities were used, where fission does not actually manifest itself . To obtain the
fission part of the spectrum the multiplicities higher than sixth were used, where the
radiative capture is absent.
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Dividing of the total multiplicity spectra into two parts makes it possible to
determine the alpha value by the formula:
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where o; , cr~ are the radiative capture and
fission cross-sections; N, , , Nj are the total
number of counts of capture and fission
gamma-quanta and Ê; , Ê ~ are the é 1
multiplicity radiative capture and fission.
Assuining that the eff iciencies (c~ e~) of
gainina-quantum registration do not depend
on energy, one can determine the value À =

ó (üó /å) by normalizing to the alpha value,
obtained in the precision measurements in
[2] . The errors in the alpha value are mainly
determined by the errors in the0 2 • 8 8 10 12

M ul t ip l ici t y of co i nc idences ( K ) decomposition of the total multiplicity
spectra into components from the fission

Fig.1 The mu1iiplici ty spectra f or resonances events and the radiative capture events. The
239of Pu wi th di fferent fission widths. errors from 11~å uncertainties in the eff iciency

of gamma-quanta registration are considerably less, because the value À is close to
unity . (A s à result of the norinalization of alpha over 13 resonances &om this
experiment and from [2] , the ratio of the eff iciencies is given as equal to unity). The
experimental alpha values are shown in Table l and in Fig.2.
Table 1.
Experimental and calculated alpha value for 239Ðö.

For comparison, the results of evaluation obtained by the GRUCON computer
program [3] on the basis of the BROND-2 [4], ENDF/Â-6 [5], and JEND L-3 [6]

library data are also presented. The experimental and calculated alpha values were
obtained in the energy intervals below 50 resonances and in the energy groups (see
Tables 2 and 3). As can be seen from Fig.2 and ÒàÜ.1 the calculated alpha value of
diff erent l ibraries diff er by 5-30%, and in some resonances by 50-100%.
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The experimental alpha values diff er from the calculated ones most significantly
for small and large alpha values, when the contribution of the radiative capture or
fission to the total multiplicity spectrum is small and the uncertainty increases greatly

10

~~

î ë

0 .0 1

~~~~~

N eut r on en er gy ( eV )

Fig.2 Exp eri menta l and calculated a1p ha va lues a = o >

as the spectrum decomposes into its component parts according to accepted standard
spectra. These uncertainties decrease when one deteriii ines the experimental and
calculated alpha values è the wide energy groups (Tables 2 and 3) and using of à large
number î Ãresonances. The experimental errors of the alpha values in some resonances
amount to 2- 12% for large alpha values; for small alpha values, the errors may
achieve to 60%. In the energy groups, the errors are significantly less than 1-5%, but

when compared with the experimental data from other papers it is higher than 100%
(see Tables 2 and 3).
Table 2.
Experimental and calculated alpha value for ~' ~Ðè in the energy groups.

In this way, the extensive experimental materials presented in this work give
evidence of the great possibilities of the radiation multiplicity spectrometry method for
fissionable nuclei . The det ermi nat i on of the alpha value by this method is ò î ãå precise
than in [1,2] because of better resolution. The general view of the obtained results
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Simultaneously, it might be good to point out significant diff erences in the alpha
values from the experiments and ñà1ñè1àéî ï ü made on the basis of the evaluated
constants of the last library versions of BROND-2, ENDF/Â-á, JENDL-3 for some

isolated resonances.
The newly obtained experimental data make it possible to determine the alpha

value ò î ãå precisely in some resolved resonances and in the given energy groups, and
perinit one to set the problem of the re-estimation of the alpha value in the mentioned

libraries. In the fiiture, it would be advisable to continue the investigation in this
direction to study the Doppler-eff ect and the resonance self-shielding in the alpha

value.
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8 .2 . U S E R P O L I C Y

The IBR-2 reactor usually operates 10 cycles à year (2500 hrs. total) to serve the
experimental programme. À cycle is established as of 2 weeks of operation for users, followed
by à one week period for maintenance and machine development. There is à 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 scienti fic 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 ø 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:

Dr. Vadim V. Sikolenko, Scientific Secretary of FLNP, is responsible for the user policy.
Two deadlines for proposal submission are: Ì àó 16 - for the experimental period from October
through February; and October 16 - for the period from March é ãî èäÛ èï å.

Scientific Secretary is responsible for:
- distribution of "Application for Âåàò Òèï å" forms to potential users;

- registration of submitted proposals;
- reviewing of the proposals by instrument scientists to estimate the technical feasibility

of the proposed experiment;
- sending of the approved proposals to Members of Selection Committees and registration

of their comments and recommendations.
The IBR-2 beam schedules are drawn up by the head of the Condensed Matter

Department together with instruments responsibles on the basis of experts recommendations and
are approved by the FLNP Director or Deputy Director for condensed matter physics. The
schedules are sent to Chairmen of Selection Committees.

After the completion of experiments, "Experimental Report" forms are filled out by

experimenter(s) and submitted to the Scientific Secretary.
The Application Form and î ë åã information about FLNP are available by WWW:

http://ï È Ãï ó ï ã.ru/- sikolen/usepol.html

Contact address:

D r . Ê Áé î 1åï éî , F rank 1.àÜî òài î ãó of N eutron Physi cs

Joi nt I nsti tute f or Nuclear Resear ch

141980 D ubna, M oscow ãåð î è, Russi a
Tel .: (+ 7)-095-926-22-53, (+ 7)-09621-65096, Fax: (+ 7)-09621-65085; (+ 7)-09621-65882,

Å-ò à~1: ëé î 1åï ® ïÄ ò òë è
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8 .3 . M E E T I N G S A N D C O N F E R E N C E S

l n 199 7, F L NP organi zed the f ol lowi ng meeti ngs:

I n 1998, F L NP wi l l organi ze th e f ol lowi ng meeti ngs:
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D r esden
08/ 12- 15/ 12The N etherl andsUniversity of Technology,

Delft
R. V an D e K ruij s

08/ 12- 15/ 12The N ether l andsUniversity of Technology,
Delft

Ì .Ò.Rekveldt

11/ 12 - 17/ 12Fraunhofer Inst. for
Nondestructive Testing,

Dresden

J .Schr eib er G er m any

14/ 12 - 17/ 12M ex i coUN A M , M exi coV . Renugopalakrishnan

À Ç.Eilert 24/ 12 -25/ 12The N etherl andsK TU , U trecht
24/ 12-25/ 12The N ether l andsK TU , U trechtR.Í .Ei ler t

8 .5 . E D U C A T I O N

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

The education courses and practical training for the students affiliated with FLNP have
been organized, to à large extent, to prepare specialists in neutron physics for both the

Laboratory and for îáæåã Russian neutron centres.
As an example illustrating this aim, we present the list of courses taught by lecturers of

the Condensed Matter Physics Chair of the UC (Head: Ðãî Ã~.Ü.Aksenov):
- theoretical methods in condensed matter physics
— methods of investigation of condensed matter at nuclear reactors and accelerators
- fundamentals of neutron physics and neutron sources
— methods for structure analysis of ideal and real crystals
- synchrotron radiation spectroscopy of solid matter
- infl uence of radiation on solid-state properties
— methods of experimental data processing.
À number of leading FLNP scientists take part in delivering these courses. Each student

is allowed access to the Laboratory' s computer network. An obligatory condition for successful

completion of the 4th year is the capability to use modern personal computers. Earlier, students
were included in the research groups led by their instructors, which made it possible for
undergraduate students working on their theses to take part in preparing or performing

experiments.
In 1997, the teaching process at UC continued successfully. Twelve students who had

their UC training course at FLNP were employed by JINR or îáæåã scientific centers in Russia.
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The Condensed M atter Physics Chair gave graduation certi f icates to i ts f if th group of
students in the reported year. Thi s group had 6 students, making the total ï ø ï Üåã of students
who have graduated from the Chair , 45. One of them have been employed by FLNP and who
have renewed the staff of the FLNP Scienti fic Department of Condensed M atter Physics to à

noticeable degree.

8.6. PE R SO N N E L

Dist r ibut ion of the Ì àø Staf f Per sonnel per D epar tm ent as of 01.01.98

Per m anent per sonnel

n ees
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2
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~~~
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~~

2

1
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~~
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~

IBR-2 Department

Personnel of the Directorate
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~~~
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Electric and Technical Department
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Tool and Cleanine Services 9

1

2 0
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5

163 .5 127
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8 .7 . F I N A N C E

Financing of the FL N P Scient i f i c R esear ch Plan i n 1997

No. T h em e Financing plan,
$à .

Expenditures
for 12 months, $ th.

In % of FLNP
budget

~

Condensed m at ter physics
-0864-

-085 1-

- 10 12-

-0975-

4017.4
1909.9
1592.4
446.1
69.0

2554.8
1850.9
383.5
256.8
63.6

63.6
9á.9
24.1
57.6
92.2

Ï Neut r on nuclear physi cs
-0974-

-0993-

1113.2
677.7
435.5

938.7
722.5
216.2

84.3
106.6
49.6

Ø Elementar y par t icle physics
- 1007- 6.1 40.8 668.9

I V Relativist ic nuclear physics
- 1008- 41.3

5178.0

13.0

3547.3

31.5

68.5

~

T O T A L :

16 7



In 1997 à series of works to
repair and adj ust the fast
emergency system of the
IBR-2 pulsed reactor were

conducted.



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

N ew w ater m oderator .





Ê ËË1åò åóåã assembles
equipment on the new
spectrometer SKAT.

Ñ.Scheffzuek adj usts the
Huber goniometer for the
SKAT setup.



Prof . L .D.Ryabev near
the moving refl ector
prototype.

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

Prof . D.À .Korneev
disassembles the new
spectrometer REFLEX .







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

Ch.de Novion, Director
of LLB, × .Ü.Aksenov,
Director of FLNP, and
À .× .Belushkin, Deputy
Director of FLNP,
discuss the beginning
of j oint experiments.

Participants of the
DANEF meeting at the
SKAT site.





Warsaw. JINR exhibition in
the House of Science. The
A SPECT stand.

The portal moni tor
manufactured by the
A SPECT center for detecting
nuclear materials at customs
posts.

C hess com p eti t i on i n FL N P.
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