
P R E F A C E

We would like to introduce the report of the scientific
activity of the Frank Laboratory of Neutron Physics for 1994.
The first part is à brief review of the experimental and
theoretical results of investigations in condensed matter physics,
nuclear physics and applied research. The second part presents,
in à greater detail , the investigations which characterize the main
directions of research. An emphasis should be put on the
initiation of high pressure experiments with the DN-12

diffractometer and experiments with the HRFD diffractometer to
investigate internal stresses in industrial samples. The reader can
receive à ò î ãå complete picture of the research carried out in
the Laboratory from the list of publications for 1994 following
Part 2.

In 1994 the Laboratory Directorate paid special attention to
the basic faci lities. The IBR-2 reactor was shut down in March

for à scheduled replacement of the movable refl ector. The
intense work of à large group of engineers and workers of the
technical departments of the Laboratory was successful , and at
present, the new PO-2RM refl ector is under testing at its regular

site near the reactor ñî ãå. At the end of March 1995 is to resume
its regular operation mode.

À considerable advance has been made in the realization of
the proj ect for à new source of resonance neutrons - IREN -
which is to replace the IBR-ÇÎ booster currently in operation.

The solution of the problems associated with the fulfi llment of
obligations for constructing the main parts of the accelerator by
the Institute of Nuclear Physics, Siberian Branch, Russian
Academy of Sciences and transferring fuel for producing the
multiplying target by the Ministry of Atomic Energy of the
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Russian Federation created the necessary conditions for
successful execution of the Proj ect in 1998.

Further development of the User policy continued, aimed at
attracting à larger number of physicists, chemists, biologists, and
specialists in materials science to carry out experiments at the
IBR-2 reactor. User Committees were formed for the four
research directions: di f fraction, smal l-angle scattering, inelasti c

scattering, polarized neutrons (refl ectometry and depolarization).
To increase the organization eff iciency of the experiments the
specif ic structure of the condensed matter physics department
was elaborated.

The financial si tuation in the Laboratory did not noticeably
change in 1994. The basic faci li ties and the technical
infrastructure were f inanced from the JINR budget as in previous
years. Instrument upgrades and the scienti f ic program were
ðãî ë äåä for mainly from financial contributions in the frame of
JINR-FRG and JINR-Hungary agreements for cooperation, as

well as from other programs and funds. It should be specif ically
noted that the M inistry of Science and Technical Policy of the
Russian Federation established the new National Research
Program "Neutron In÷åÿ6äàéî ï ÿ of Matter" in 1994. This

Program wi ll undoubtful ly contribute to the development of
neutron scattering investigations at the IBR-2 reactor, which is

the best research neutron source in Russia at present.
Âó and large the Frank Laboratory of Neutron Physics is

one of the leading neutron centers of Europe and continues to
develop in spite of the di f f iculties its host country currently
experiences.

V .L .Aksenov
Director
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In 1994, the complex of 10 neutron spectrometers at the IBR-2 reactor permitted almost
complete execution of the year ' s program for scientific research, in spite of à reduced (by
approximately two times) reactor operation time due to the scheduled replacement of the IBR-2

movable refl ector. À number of new results were obtained in al l four of the FLNP research
directions: investigations of crystal structures (neutron diffraction), macro-inhomogeneities in à
medium (small-angle neutron scattering), micro-magnetic properties of matter (polarized neutron

optics), and the dynamics of atoms (inelastic neutron scattering).
Qiffrag5gn. As in recent years, considerable attention was paid to HTSC materials. À

method of isotopic contrast was used in HTSC structural investigations. Studies of the structure
of the Y 123 system were continued and reliable data on the distribution of cations in the
structure and the infl uence of copper substitution on fine details of the structural organization of
the system were obtained. The experiments were performed with pure Y 123 (together with IC
RAS, Moscow), with Y 123-Cu/ Fe (together with ÜÜÂ, Saclay), and with Y 123-Cu/Zn, Y 123-
~~Ca/Zn (together with RRC KI, Moscow). Figure 1 shows how the intensities of ÿî ò å
diffraction peaks change following the substitution of Cu by Cu in Y 123-Cu/Zn.

Investigations of the Y 124 compound were carried out where the doping with 10% Ñà
led to an increase in Ò, of about 10 Ê. Òî increase contrast à Ñà isotope was used whose
scattering length is markedly different from the scattering lengths of Y and Ba. The experiment
was conducted with the HRFD diffractometer in the temperature interval from 8 to 300 Ê.
Structural anomaly at about 150 Ê was experimentally confirmed on the microscopic level . It
was also demonstrated that Ca replaced Y with à probability of almost 100%.

For several years investigations of structure modulation and its relationship to the
superconducting properties in different bismuth superconductors have been carried out on the
DN-2 diffractometer (together with IP, Prague). At present, the results of these investigations are
considered as the most complete and reliable. These results permit one to understand the
mechanism of building extra oxygen into the structure and the formation of Â1,0 ,+, ññû ï ÿ. Òî
systematize the obtained results the investigations were continued with the Â4.ä Çã~ s7CuO<+>
and Â4.psSri .s4Lao.4iCuOg+y compounds, and modulation vectors and coordinates of all atoms
were determined.

The traditional DN-2 direction is the investigation (together with IC RAS) of the
structure of superionic crystals with hydrogen bonds (superprotonics) discovered in the early
1980's. New types and families of superprotonics are constantly appearing, which demand the

use of neutron diffraction to determine the positions of light atoms. In the reported year, two
types of crystals, Ñÿ~(Ì Í 4)ç($04)4 and Ñÿ~Í ç(Áå0Ë)4, were investigated. À series of
BaCei Ó,Î ç „ó~ compounds was also investigated with DN-2 to obtain information about the

mechanism of ionic conductivity recently discovered in this system. Reliable data were obtained
on à high concentration of oxygen vacancies, which lead to the appearance of ionic conductivity
upon doping BaCeO~ with three-valent cations.
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Fig.1. Part of diffraction spectrum of two samples of Y Baz(Cuz qZ np ä) Î ~».„ , containing à
natural mixture of copper isotopes and the ~~Ñè isotope. T he spectra were measured with H RFD .

Regular physical experiments on neutron diffraction at pressures up to 10 GPa and
scattering at pressures up to 4 GPa were started on the DN-12 spectrometer constructed by
FLNP together with RRC KI. To create the required pressures à technique of diamond and
sapphire anvils was used. Though the physicists had à comparatively short time at their disposal
for such experiments, à large ÷î 1øï å of information was obtained on the ori entational phase
transition in hematite, on the structure and spectrum of vibrations in NH4C1, and on structure
change in the Hg-1212 (Í äÂà~ÑàÑè~Î ~+,) high temperature superconductor. In NH4CI à
decrease in the molecularity of the NH4 þ ï following an increase in pressure was observed.
This was demonstrated as à displacement of Í towards Cl along an internal diagonal of the cube
and à nearly l inear increase in the frequency of the three observed vibrational modes: transverse
optical , longitudinal acoustic, and librational (Fig. 2). In Hg-1212 the structure and partial
compressibilities of lattice parameters and inter-atomic and inter-layer distances were determined
for pressures up to 3.6 GPa (Fig. 3). At normal pressures the compound structure was in good
agreement with known data, and at increased pressures à model of à structure with bridge
oxygen disordered along diagonals in the (à,b) plane was in markedly better agreement with the
measured and calculated diffraction spectra. The largest compressibility coefficient (0.025 GPa ' )

was found for the distance between the Ba and oxygen layers which couple copper and hydrogen
atoms. This investigation was performed in cooperation with the RRC Kurchatov Institute,
Moscow State University, and the Laboratory of Crystallography in Grenoble.
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Fig.2. T he pressure dependence of the characteristic energies of the librational (L ibr) , transverse

optical (ÒÎ ) , and longitudinal acoustic (LA ) vibrational modes of N H 4C1 as measured with the D N -12

spectrometer.

F ig .3 . R e la t i v e c h a n g es ø t h e la t t i c e p a r a m et e r s o f H g B a z C a C u z O g g , f o l l o w i n g a n i n c rease i n

p r essu r e . T h e m ea su r em en t s w er e p e r f o r m ed w i t h t h e D N - 12 d i f f r ac t o m et e r ( I B R - 2 , D u b n a ) a n d t h e

S E P D d i f f r ac t o m et e r ( A N L , A rg o n n e ) . F o r D N - 12 t w o set s o f p o i n t s o b t a i n ed b y d i f f e r e n t m et h o d s o f

p r o c ess i n g ex p e r i m en t a l sp ec t r a a r e s h o w n .
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Routine experiments to investigate texture formation processes in rocks continued on the
NSVR dif fractometer. Nine samples of quartzite, amphibolite, deformed calcite and tel lutite were
investigated in 1994. An essential infl uence of the phase transition in calcite on the texture
transformation was discovered. In addition to experimental investigations, à large amount of
work to optimize the process of measuring pole figures and improve procedures of data
extraction from the measured diffraction spectra was carried out Úó the texture analysis group.

The SNIM -2 spectrometer is à unique facil i ty providing à means for investigating the
properties of crystals in strong pulsed magnetic f ields (up to 150 kOe in the pulse). SNIM -2 is

mainly used as à dif f ractometer, but an SNIM -2 operation mode with an energy analysis of
scattered neutrons is also possible. Synchronization of magnetic f ield pulses with reactor power
pulses permits carrying out effective investigations of the kinetics of transitional processes -

first order magnetic phase transitions. The time resolution of the spectrometer can achieve à
value of 4 psec. The experimental data obtained with the SNIM -2 spectrometer are very dif f icult
to interpret. Recently , however, we managed to can y out à series of experiments which provided
the theoreticians with interesting results. In particular, detai led information was obtained about à
spin-fl ip transition in anti ferromagnetics with à rhombohedral structure, namely , the dynamic
magnetic phase diagram of à -FeqOq and Ñã20 ç in à strong magnetic f ield was investigated. À
series of unusual phenomena which do not f it the generally accepted mechanism of phase
reconstructions were observed, including in particular, the presence of à l imit hysteresi s loop,
and the smallness of the velocity of äî ò à1ï wall movements near the critical f ield value which
cause à delay in the process of magnetization rotation. Investigations of the AF-ordering induced

by an external magnetic f ield in HoFeO3 were completed. The temperature dependence of the
AF susceptibil ity for à subsystem of Í î + ions was determined. Interaction constants were

determined in the investigation of "weak" antiferromagneti sm in YFeOq and Í î ÐåÎ ç .

Sm~ll -annie neut r on scat ter ing. On the YUM O spectrometer à diverse program for
investigating the structure of macro-inhomogeneities in à medium by small -angle neutron

scattering was carried out.
One of the' fundamental problems, whose solution is à matter of great interest in

molecular biology, is the determination of the ribosome structure and its subparticles. The
combined use of neutron scattering, Õ-rays, and synchrotron radiation is one of the most
prospective methods for the solution of this problem. Experiments for studying the 50S
subparticle of the Å.coli M RE600 ribosome were conducted at the DESY synchrotron (FRG), at
the reactor of Riso (Denmark), and at the IBR-2 reactor (Russia) (Fig. 4). The data were
processed using à method of spherical harmonics which al lowed à model of the structure to Úå

derived with à resolution of about 40 À.
The SANS method was also used to determine the structure parameters of l ipid

membranes (the thickness and location of à deuterium label). The measurements were carried
out with à DPPC compound in à ÐÌ $0 Ì à(åã mixture. The use of à special method for
preparing l ipid vesicles with the help of an extruder permitted obtaining à homogeneous mixture
of particles with à radius of about 800 À and à prolonged linear part of the Guineir-curve. This

provided the possibi l ity of determining the parameters of the membrane with good accuracy. In
addition, data on the dependence of the radius of gyration of membrane vesicles on the DM SO

concentration in the water solution were obtained.
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Fig.4. T he dependence of the intensity , I , of the small-angle scattering of neutrons on the 50S
subparticle of the Å .Col i M RE600 ribosome on the Q (À ~) momentum transfer as measured with the

Y U M O spectrometer.

Work to study structures of tilacoid membrane chloroplasts participating in
photosynthesis in plant cells was initiated in cooperation with MSU. The first small angle
scattering curves were obtained and à number of structure parameters were estimated.

In à j oint experiment with physicists of the Bayreuth University, FRG, the volume
occupied by à water molecule in à microscopic size drop was determined by the SANS method
for the first time. This volume appeared to be unexpectedly large (45 À~ instead of 30 A~).

The first measurements of self-organizing systems were carried out. These included
investigation of the infl uence of à charge on the self-organization of à micellar system. This
infl uence is demonstrated as à change in the shape of à micelle from cylindrical to spherical.
The first results on the infl uence of pressures on self-organizing systems were also obtained.

Fig.5. Changes in t ime of size distributions of Portland cement part icles from 33 hours to 620

days following the moment of hydration. T he data were obtained with the Y U M O spectrometer.
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Under the auspices of the FLNP and German institutes j oint program for investigating
materials having practical importance, à large volume of information on the processes of
Portland cement sol idif ication was obtained with the YUM O spectrometer. The SANS method
permits one to trace the size distributions of particles formed in the process of cement
solidif ication to à comparatively large depth (up to several mm). Figure 5 shows how these
distributions change in time beginning from several hours to two years following the moment of

hydration for one of the samples of industrial cement.
Investigations of some new surf ace-active substances (surfactants) were completed and

information about the structure of their micellar aggregates was obtained. Work to study the
effect of salts on the structure of non-ionogenic surfactant aggregates started in cooperation with
the Kiev University (Kiev, the Ukraine)) and the Riso National Laboratory (Riso, Denmark).

Neut r on ontics with nolar ized neutr ons. Investigations with polarized neutrons were
carried out on the SPN- 1 spectrometer which can be operated in two modes: depolarization and
refl ectometry. In the f irst case the depolarization of à primary polar ized neutron beam
transmitted through à sample is measured. In the second case, the intensity of neutrons refl ected

from the surf ace of à sample at smal l incidence angles is measured.
Systematic research of neutron depolarization in HTSC near the phase transition point in

à wide range of external magnetic f ields revealed previously unobserved anomalies revealing

new properties of the mixed state of superconductors.
Investigations by à depolarization method were carried out with à L i-Zn-Ti-Fe, ferrite, à

magnetite-based magnetic l iquid, and à Y - 123 superconductor . Indications of the existence of
subregions with an induced magnetic moment were obtained. The Í -Ò phase diagram of the
behavior of à system of Abrikosov vortices near Ò, was obtained for Y - 123.

The f irst experiments to observe the effect of the Berri geometrical phase on the
transmission of polarized neutrons through à medium with à coll inear magnetic f ield were

performed.
On the SPN- 1 the refl ectometry method has been used for several years in j oint ILL

(Grenoble) investigations on the analysis of magnetic interactions in multi -layer superthin f i lms.

In the reported year the Pd/Ñî /Pd and W/Fe/W magnetic f i lms were investigated. The main
attention was given to obtaining information about the value of the magnetic moments of Ñî and
Fe atoms. So, for the magnetic moment of Fe with à layer thickness of only á À at 300 Ê the
value of ó=1.80 pu was obtained. This value is in good agreement with theoretical predictions,
allowing for à partial suppression of the Fe moment in à W matrix.

Neutron refl ectometry was also used to analyze new materials on the basis of thin f i lms
alternating with layers of selectively deuterated polysterensulfonate and polyalamine. To obtain
multilayer structures à method of successive absorption recently developed at the M einz
University (FRG) was used. In the SPN- 1 experiments the assumed organization structure of the

films was conf irmed and the values of the main repetitiveness periods were obtained.
I nelastic scatter ing of neutr ons. Inelastic scatteri ng of neutrons, used to investigate

the dynamics of atoms and their magnetic moments, is studied with three spectrometers at IBR-
2: ÕÅÊÀ -PR and KDSOG-Ì operating in the inverted geometry regime, and DIN-2PI in the

direct geometry ãåð ø å.
With the NERA -PR spectrometer, information about molecular dynamics and phase

transitions in the Ê ~, (ÕÍ 4), ÁÑÕ, NH4HSO4, (NH4)zH(SO4)q compounds was obtained for
temperatures from 100 to 300 Ê and pressures up to 400 M Pa. The ordering processes of NH4+
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ions were observed and interpreted. In crystals of the camphor family (Ñù Í û Î ) whose
molecules have à near ly spherical form, phase transitions from the orientational disorder state at
ãî ñò temperature to the complete order state at Ò ( 200 Ê were discovered. À large cycle of
investigations with amino acid crystals was also conducted. Data on the main vibrational modes
of Ü-leucine and Ü- and DL -valine were obtained.

À series of investigations of the contribution of hybridization to the crystal f ield in
ReCuzSiz (Re - ãàãå earth) compounds were completed. Systematic studies of spin dynamics in

the transition from à state with heavy fermions to à state with variable valency in Ce> ÄYL a, À1~
compounds were carried out. The obtained results are evidence of the existence of à specif ic è-f

interaction in such systems and can be interpreted only in the frame of à hybridization model.
The phonon density of states in the LazCu0 4.> superconductor was investigated. Indications of
the nonphonon origin of the excessive density of 1î þ 4 ãåñ1èåï ñó excitations were obtained. Work
continued on the investigation of the interaction of hydrogen with p-elements in solid solutions
of transitional metals. Data were obtained for the Ta-V-N-Í , V-Î -Í , and Fe-# i H systems. An
unusual behavior of hydrogen in the V-Î -Í system was observed.

Investigations of excitation spectra of l iquid Í å continued on DIN-2PI . Data on the

three previously observed types of excitation whose demonstrations differed in dependence on
temperature and wave vector were ref ined. Additional information was obtained about two
characteristic regions of spectrum reconstruction: the temperature region - near the superfl uid
transition point, and the wave vector region - in the interval 0.5-0.65 A " fol lowing the transition

from phonons to maxons. Investigations of l iquid metals continued. In l iquid potassium,
collective excitation modes were observed up to k=1.25 À ' . Investigations began of ionic and

hydrophobic eff ects in liquid solutions. The f irst results were obtained for CsC1 and (CHz)4NC1
solutions. Detailed data on the infl uence of nitrogen on the lattice dynamics of austenite al loys
were also obtained.

1 . 1 .2 . M E T H O D O L O G I C A L W O R K

In the course of the reported year methodological work on the development and
upgrading of equipment for all diffractometers was carried out.

For the HRFD, the new Li-detector at the scattering angle of 90' was manufactured,

assembled, and tuned. This detector will provide considerably better conditions for internal stress
measurements than the 152' detector and will allow us to start experiments at high pressures

with à gas cell for up to 15 kbar.
The DN-2 possibilities for conducting real time experiments were increased: 8 spectra for

different scattering angles can be simultaneously measured. À two-dimensional multi-wire
detector with à position resolution of 3 mm in both coordinates was prepared for operation.

At the DN-12, the second ring of 1î counters was prepared for operation. This ring will

reduce the typical experimental time by 2 times.
For the NSVR, à "HUBER" automatic multi-axis goniometer was purchased and made

ready to operate. This goniometer will permit us to start experiments for analyzing the
relationship between the texture and internal stresses in industrial products and minerals.

On SNIM-2, work continued to put into operation à generator of rectangular pulses

which would make the staging of experiments easier and clarify the interpretation of the
performed investigations of transitional processes in magnetic crystals.



À complex for measuring internal mechanical stresses in industrial
products and samples by the non-destructive method of neutron

diffraction is being built for the HRFD Fourier diffractometer.
Î .D.Bokuchava is adjusting the new 90' -scattering neutron detector.

S.À.Kutuzov (left) and À.1.Beskrovnyi arc preparing the
two-dimensional detector and helium refrigerator to
begin measurements with the DN-2 diffractometer.
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× .Ð.Glazkov and B.N.~avenko arc tuning à high
pressure cell with à sample on the DN-12 diffractometer.

Î .À . V a r c n i k i s' ad j u st i n g à p u l sed m ag n et 1o r t h e SN I M - 2 d i f f r ac to m c t e r .
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Ê .W al ther and N .N .I sak o v are pr ep ar i ng the

H RN S d i f f r acto m eter to star t ex per i m ents.

J.Heinitz and Ê.Walther are tuning the program for the new
multi-axis goniometer, à product of the HUBER firm, to be
used for measuring internal stresses in geomaterials,

18



ÀË.Kuklin is installing à cassette for changing samples
Úó remote-control on the YuMO spectrometer.

1.Natkaniec, L.S.Smirnov and $Ë.Bragin are preparing experimental
eauipment for measurements with the ÕÅÊÀ-PR spectrometer.
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À.× .Petrenko is checking the precision î Ã sample
positioning at the SPN-1 spectrometer.

~~~~~~

D .× .L ezhnev i s assembl ing à cryostat at the REFL EX - 1 faci l i ty .
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For the Y UM O spectrometer , à resi sti ve anode-based r ing PSD w as manuf actured and

tuned ,

The new background chopper was installed at KDSOG-Ì . This provided à several times
increase in the effect to background ratio.

The new cryostat with à superconducting solenoid for the temperature range from 1.5 to
300 Ê and à furnace were prepared to operate with the SPN-1 spectrometer.

At the REFLEX spectrometer for refl ectometry experiments with both polarized and
unpolarized beams of neutrons, the biologic@ shielding and the assembly and adjustment of the
main spectrometer block - the optical system - were completed. Its start-up is scheduled for the

next year.
In the reported year, one of the important events was the test of the cryogenic methane

moderator mounted on the side of channels N 4, 5 and á at the IBR-2 reactor (the YUMO,
HRFD, DN-2, and SNIM-2 instruments). The most interesting results from the viewpoint of
diffraction experiments were obtained with the DN-2 in investigating the kinetics of fast
transitional processes studied in real time. À considerable increase in the cold neutron fl ux (by
about 20 times for Õ = 8 À) permitted measuring diffraction spectra with good statistics for d >
2 À during à time of about 1 min. The diffractometer's time-of-fl ight resolution of ËÈ = 5 10 ~

over this region and à small number of diffraction peaks provide à means for reliable
identification of crystal phases arising and vanishing in the process of the investigated reaction.

1 .1 .3 . T H E O R Y

Hi~h-t emper at ur e sunerconductivity. The discovery of high-Ò, superconductivity
stimulated à great number of theoretical works on this problem. The antiferromagnetic order
observed in CuOz planes at small carrier concentrations indicates that the magnetic subsystem is
of great importance to the formation of the superconducting state. Structural phase transitions, as
well as à number of other experiments, give evidence of the important role of electron-phonon
interactions. The reports concerning the direct observation of polarons in the dielectric phase
upon carrier doping and small , but non-zero isotope effects lead to the same conclusion. It was
shown that formation of à polaron in the 2D ñàçå within the model of local electron-phonon
interaction is accompanied by the formation of à barrier attributed to à finite electronic
bandwidth (lattice discreteness).

Yet, lattice discreteness has ï î infl uence on the qualitative picture of the formation of the
çå1È î ñà1û åä state in 1D and 3D cases. The medium-size polarons are supposed to be formed in
high-Ò, superconductors.

The problem of the role of magnetic fl uctuations on the appearance of the
superconducting state in high-Ò, superconductors has been discussed. In order to understand
properly the microscopic nature of the superconducting state, experimental investigation of spin
dynamics in the CuOz planes seems to be of great importance. In particular, the results of
inelastic neutron scattering and nuclear magnetic resonance (NMR) experiments are of
significance. The results of inelastic neutron scattering experiments on crystal f ield (CF)
excitations in Tm substituted YBaCuO were analyzed and discussed in connection with the
NMR results on Y, Cu and Î . It was shown that in the insulating state, the main 89 áÇ è

contribution to the line broadening of the 4f transitions of Tm ions arises from the magnetic
subsystem of Cu ions. The temperature dependence of the linewidth was described in terms of
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l inear spin-wave theory with à rather weak interaction of 4f levels with the magnetic moments in

the ÑèÎ í planes. On the î ë åã hand, in superconducting compounds, due to the small coherence
length of AF fl uctuation, the direct contribution of AF fl uctuations to the broadening of
transitions is small . The temperature dependence of the l inewidth i s determined by the
temperature dependence of the uniform static susceptibi li ty.

M id-infrared spectra have been obtained by exact calculations of the optical conductivity,

a(m), of à f inite size Holstein model . a(m) shows à number of peaks corresponding to the bound
states of polarons with dif ferent numbers of phonons. It was found that for intermediate
coupling, the î (à ) peak is strongly asymmetric. The optical conductivity of the 2-site model in

the presence of two electrons was studied. Numerical results show à shift of the î (â ) peak to
the low energy region with an increasing Hubbard U for strong electron-phonon interaction (Åð

> U) whereas the peak moves to the high energy region for U > Åð. À new peak in the high
energy region starts to develop at large U limit in the presence of phonons. The signif icance of
these calculations for experimental observations of the mid-infrared spectra of high-Ò, cuprates

was discussed.
Neutr on ref lect ion. Studies of various kinds of multi layers have important practical

applications in the construction of ï ø òî ã walls for neutron guides. To increase the refl ection
coeff icient from multi layer mirrors it is necessary to choose both layer materials and layer
thicknesses properly. Recently, numerical calculations of the refl ection of à plane wave from an
equidistant set of delta-function potentials with two dif ferent strengths, u and v, which are the

model parameters characterizing two sorts of materials, were performed. The sequence of
potentials was chosen to form the so-called Fibonacci words. A s the result of introducing

disorder of à quasicrystal sort into the sequence of the neutron ï ø òî ã material , the ful l refl ection
region may shift both into the small k-th and into the opposite values of momentum k .

Statist ical mechanics. À lattice model having an exact solution in al l dimensions was
completely investigated. Partition functions of the model have been cd culated Úó the Kirchhoff
theorem. Universal behaviour of the thermodynamic functions were found in the l imit of dense
packing. À matrix procedure was developed for calculation of the correlation functions. The
average number of atoms with given valences has been computed for the whole density range of

polymers.
An exact enumeration of self-avoiding loops in à set of f inite simple square lattices was

performed. The partit ion function zeroes distribution was shown to be oval-l ike, in contrast to

two intersecting circles, as in the case of the Ising model . An analysis of the partition function
zeroes distribution showed the closeness of the critical point of the model to the ferromagnetic
one of the Ising model .

Quantum mechanics. I t is known that quantum systems with time-periodic hami ltonians
have âî ë å general properties, depending on the fact that the hamiltonian is hermitian and time-

periodic, but which do not depend on the details of the hamiltonian structure. An investigation
of the general properties of quantum systems with time-periodic hami ltonians was continued.

The scattering theory was constructed, the kinetic equation was introduced and the quasienergy
spectrum transmutation was investigated.
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In the reported period, programs for investigations in the FLNP traditional research
directions: experimental investigations of the fundamental properties of the neutron, studies of
the processes of Ð-parity violation in different nuclear reactions induced by neutrons,
investigations of high excited states of nuclei in reactions with resonance neutrons, etc., were
continued.

The main part of these investigations were carried out on the neutron beams of the IBR-
30 booster and the IBR-2 reactor. À number of works, however, were conducted in collaboration
with nuclear centers of Russia, the Ukraine, Germany, Belgium, the USA, and China at the
neutron sources of these centers.

Electromagnetic nroper ties of the neutron. The n-e scattering amplitude is the critical

parameter in determining the mean square charge radius of the neutron. The existing spread of
experimental values leads to different sign assignments for this quantity.

The processing was completed of the data obtained in high precision measurements of
total cross sections and scattering amplitudes with ' ' Pb and Bi samples which were 206,207,208

carried out by à Dubna-Garching-Riga collaboration. The n-e scattering length of
bÄ, = (-1.32Þ .Î Ç) 10 ~ fm as earlier measured in Garching was confirmed, which led to the

conclusion that the sign of the mean square charge radius of the neutron was positive, ø
contradiction with the standard theory. À new value for the coefficient of the electric
polarizability of the neutron, è, = (0.0+0.5) 10 fm, was also obtained. The planned experiment
to investigate the scattering of slow neutrons on noble gases to prove the possibility of
measuring the n-e scattering amplitude with an accuracy better than 5% by using the time-of-
fl ight technique at the IBR-30 and ?ÂÊ-2 facilities was modeled.

In the frame of the program for studying the electromagnetic properties of the neutron,
measurements of the total neutron cross section of ÐÚ for three energy intervals were 208

conducted to determine the polarizability of the neutron using resonance fi lters on the 70 m
fl ight path of the IBR-30. The obtained results are being processed.

In cooperation with INI AS of the Ukraine, à measuring procedure was tested and à
preliminary result was obtained on the value of the total cross section of Pb for quasi- 208

monochromatic neutrons with the energy of - 24 keV, obtained with Fe+Al+S filters at the
VVR-Ì stationary reactor. In 1995, continued measurements with î ë åã filters will permit us to
increase the accuracy of à, coefficient determination.

The situation regarding experimental determination of the considered fundamental
electromagnetic characteristics of the neutron remained rather uncertain. Hence, new methods
and additional measurements are necessary, the preparation of which is actively being pursued in
FLNP.

Par i tv violati on in neutr on r eact ions. The analysis was f ini shed of S-parity violation
effects in 25 ð-wave neutron resonances measured with the Cd enriched i sotopic target by à | |ç

FLNP (Dubna, Russia), LANL (Los-A lamos, USA ) and IRM M (Geel , Belgium) collaboration.

The resonance averaged value of the matrix element of weak interaction for nuclei with the
mean atomic weight Ì ( ' Cd)=2.0 ' ," , was determined (f ig.á). For the f irst time, the
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dominance of the mechanism of compound-compound parity mixing was experimentally
confirmed, and the first step towards investigating the mass dependence of Ì was also made,
which is most important for theory.

1.1

" ~Ññ1 d at a

î â0.7 Ì = 198 ' ãï åÓ

ai

1 2 3 4 5 Ü 7 8 9

~ 6n eVI

Fig.á . T he credibility function, L ( M ) , in dependence on the Ì matrix element of weak
interaction for the ~~~Cd target nucleus.

The new technique for measuring P-odd correlations with polarized thermal neutrons in

reactions with the emission of charged particles was elaborated in cooperation with à PINP
(Gatchina) group. The corresponding instrument for measuring P-odd correlation in the
~îB(n, à ) L i — +ó reaction with y-registration was constructed and tested in à beam of polarized
neutrons with à fl ux of 10 n/s. For the f inal tuning of the equipment and conducting the main 9

measurements à fl ux of 10 n /sec is necessary, which is expected from the VVR-Ì reactor of ~î

PINP in 1995.
Neutr on r adioact ive cantur e. M easurements of radioactive neutron capture provide

valuable information about the structure and properties of the decay of excited states. During the
past several years FLNP has col lected à large volume of (n,2ó) reaction data for 18 spherical
and deformed nuclei f rom Ba to A u which was used in à comparative analysi s of the 1 3 7 1 9 8

probabil ity of excitation and decay of intermediate levels at neutron energies close to the neutron
binding energy. It was shown that the observed experimental dependences were dif f icult to
describe in the frame of general ly accepted models of radioactive transition widths and energy
dependencies of excitation level densities. This should stimulate further experimental and

theoretical research in the given direction.
With the ROM A SHKA multi-detector faci l ity measurements of gamma-quanta

multipl icities and the determination of the parameters of neutron resonances: spins, radioactive
widths and neutron strength functions, and mean gamma-ray multipl icity, in separate resonances
of the ' ~~Í Ã, ' ~~Í Å, " Sn, ' In, ' In isotopes over the energy interval from 0.015 to 1.5 keV

were conducted. The importance of these measurements was determined by the incomplete data
on spins and radioactive widths and à practical lack of information about the gamma-spectra of

neutron resonances of the mentioned nuclei . The radioactive neutron capture cross section of the
Hf , Sn, and In, i sotopes in the resonance neutron energy range is interesting from the point of
view of understanding the process of nucleosynthesis. At the same time, these investigations
have certain appl ied importance. Çî 1ï å of the above mentioned i sotopes are used in reactor
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building, where new and more exact and reliable data are now necessary in connection with the
increasing precision of nuclear reactor calculations. À detailed study of the resonance parameters
of , å.g., hafnium nuclei , is necessary for the determination of different reactor parameters, such
as resonance integrals and Doppler reactivity coefficients. Data on the spectra of capture y-rays
are important for shielding calculations.

Reactions with the emission of charged nar ticles. Investigations of the (ï ,à) and (n,ð)
reactions on slow neutrons were continued. Data processing on the N(n,ð) Ñ reaction was 14 14

completed and the results were published. Cross section measurements of the ~~Ñ1(ï ,ð)~~S,
~~Ñl(ï ,ð)~ S, Cl(n,à) Ð reactions on thermal neutrons were begun. Measurements of the
~~ß(ï ,ó)~~3 reaction, being of great importance to astrophysics, were carried out at the energy of

25 keV in collaboration with Karlsruhe.
In the field of investigations with fast neutrons, data processing on angular distributions

and cross sections of the Ni(n,à) Fe reaction at 5.1 MeV was completed in collaboration
with the Beij ing and Tsinghua Universities (Beij ing). The Zn(n,à) Ni reaction was measured
for the neutron energies of 5 and 6.5 MeV. Data processing is being performed now. Work to
systematize (ï ,à) and (ï ,ð) reaction cross sections in the neutron energy interval from 2 to 16
MeV for the wide range of atomic weights À=19-197 was carried out. The dependence of cross
sections on the (N-Z)/À parameter was obtained.

The first phase of the experiment to measure the energy dependence of the angular
anisotropy of fragment emission following the fission of aligned U nuclei induced by
resonance neutrons was completed (fig.7). Although the statistics were low, the interference of
s-resonances with different spins, predicted earlier by FLNP, was discovered. For qualitative
analysis of the discovered effects, however, an essential increase in the statistics, as well as à
ï øï Üåã of technique and equipment improvements, in particular à replacement of the cryostat by
an updated one, are necessary.

~~~~~~~~

~î ~î î

E N E R G Y ( e V

Fig.7. T he energy dependence of the A z coefficient of the angular anisotropy of fragment
emissions in the fission of aligned ~~~0 nuclei induced by resonance neutrons. T he solid line is the result

of the calculation without consideration of the interference of compound states with different spins.
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1 .2 .2 . M E T H O D O L O G I C A L D E V E L O P M E N T S

In 1994 construction of the UGRA facility for precision measurements of the angular
distribution of resonance neutrons was continued. The large volume of work done allows us to
schedule the on-beam assembly of the facility at IBR-30 for the first half of 1995.

The construction of the test prototype of the high density ultracold neutron source on the
basis of the BIGR reactor (Arzamas-16) was completed (the ISPIN proj ect). Full-scale tests of
the facility were carried out. Transportation of the facility and assembly in Arzamas-16 are

scheduled for the first half of 1995.
The modernization of the ÊÎ ×ÈÍ facility for measuring the È å-time of the neutron by

the method of UCN storage was completed in collaboration with PINP (Gatchina). The new
UCN trap with movable èÌ åÿ and à new cryogenic system were constructed, and the system for
oxygen spraying was modernized. Measurements will begin at the UCN source of ILL
(Grenoble) in the first half of 1995.

The new, more perfect cryostat for experiments studying the dependence of fission
fragment emissions following the interaction of neutrons with aligned nuclei was installed on
beam 5 of the IBR-30 booster. Its in-beam adjustment is in process now. The temperature of the
sample surface in the beam is estimated to be - 0.15 Ê. First experiments with the new cryostat

will be carried out at the beginning of 1995.
The ISOMER instrument for measuring delayed neutron yields and, additionally, for

measuring prompt neutrons of isomeric fission had underwent radical improvements on beam 11
of the 1ÂÊ.-2 reactor (fig.8). The facility tests with U and U nuclei were conducted.

Fig. 8 . Schematic of the IZ O M ER setup: 1 - reactor core, 2 ,3 - collimators, 4 - mirror neutron

guide, 5 - chopper, 6 - moderator, 7 - neutron counters, 8 - Cd cylinder, 9 - sample.

Experiments to measure f ission spectra of neptunium and coincidences with prompt
f ission gamma-quanta over the resonance neutron energy range from 3 to 500 eV were carried
out with the new ionization f ission chamber containing 1.5 g of high purity Np (the portion of ãç~

uranium and plutonium nuclei is - 10 ). The measurements were carried out with the aim of

studying gamma-quanta yield fl uctuations in separate resonances. The data processing has been

started.
The detector system of the ROMASHKA spectrometer was modernized. The HPGe

detector was switched on in coincidence with the NaI scintillation detector and, as à result, the
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Assembling à pneumatic drive for the transport system of the ISPIN
1

facility - UCN neutron source at the BIGR reactor (Arzamas-16).

À.Â.Popov is preparing à cryostat for the U aligned nuclei target 235

to perform measurements on beam 5 at the IBR-30 booster.
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~~~~

T he POL Y A N A set-up on beam 4 of the IBR-30 booster .

~~~~~~

1.Ruskov and × .Konovalov, members of the nuclear fission group, are
tuning equipment for carrying out measurements with à neptunium target.

~~~
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p ar am et er s o f t h e f ac i l i t y w er e e ssen t i a l l y i m p r o v ed . W o r k t o c r eat e à h i g h p r e ssu r e

sp ec tr o m et er f o r t h e r eg i st r at i o n o f g am m a- q u an t a f r o m f i ssi o n f r ag m en t s w a s c ar r i ed o u t o n t h e

b asi s o f t h e H P G e sp ec t r o m et er w i t h B G O an t i - C o m p t o n sh i e l d i n g .

W o r k o n m o d el i n g à u n i q u e ex p er i m e n t f o r d i r ec t m e a su r em en t s o f n eu t r o n - n eu t r o n

sc at ter i n g at t h e B I G R p u l sed r e ac t o r w as c o n d u c t ed w i t h p ar t i c i p at i o n o f sp ec i al i st s f r o m

ÓÑ Ò À , D u b n a an d V N I I E F , A r z am as- 16 .

I n ad d i t i o n , m u c h w o r k h as b een d o n e to i m p r o v e ex p er i m en t al t ec h n i q u e s an d t o c r eat e

à n ew g en er at i o n o f m ea su r i n g e l e c t r o n i c s. T h i s w o r k w as o r i en t at ed t o c o n d u c t i n g ex p eri m en t s

at t h e n ew so u r c e o f r e so n an c e n eu t r o n s, I R E N , w h i c h i s c u r r en t l y u n d er c o n st r u c t i o n . T h e

c h ar ac t er i st i c s o f t h i s so u r c e ( an o r d er o f m ag n i t u d e sh o r ter p u l se d u r at i o n at à t w o t i m e s l ar g er

m ean n eu t r o n fl u x ) w o u l d p er m i t c ar r y i n g o u t ex p er i m en t s o n sh o r t er fl i g h t p at h s an d p er m i t à

c o n si d er ab l e i n c r ease i n t h e e l ec t r o n t r ac t l o ad s ' i n à m aj o r i t y o f ex p er i m en t s.

1 .2 .3 . T H E O R Y

Cluster r adioactivi t v. New possibi lities of discovering the spontaneous cluster
radioactivity of unstable heavy nuclei with consideration for the conditions of obtaining them in
amounts necessary for measurements, were investigated. In 1994, the theoretical prediction of à
new island of cluster radioactivity in the region of À = 140 was conf irmed in the measurements
by à German-Ital ian group in Darmstadt. The recent data are in good agreement with the
corresponding investigations performed by LNR, JINR fol lowing the proposal made by FLNP

theoreticians in 1993.
3~~ é ù , À new theory of nuclear f i ssion induced by resonance neutrons was developed.

The new and suf f iciently natural interpretation of À . Bohr f i ssion channels fol lows from this
theory. The description on the same basis of both P-even and P-odd angular correlations of

f ission fragments has been gained. Part of the predicted new effects found confirmation in the

works performed at FLNP.
ù ï è ù ~ è , Investigations continued of the behavior of ë-meson gas at high

temperatures and densities which arise following col l isions of high energy heavy ions. The pion
spectrum, density, thermodynm ucal potential , entropy and other characteri stics were calculated.
The obtained results permitted, in particular , the temperature characteri stic of the cyral

condensate to be obtained.
Qg 5 , It has been shown that à discrete energy spectrum in an UCN beam can ari se not

only at fast chopping of the beam (the quantum chopper) but also as à result of UCN dif fraction
on à fast moving grating. It was found that à quantum modulator can be used not only for
coherent spl itting of the initial monochromatic beam into à series of waves with dif ferent
energies and wave numbers (quasienergies), but also for the inverse process. The use of à
combination of quantum modulators permits the creation of à new type of device which i s cal led
the time interferometer. The theory of çèñà à device was developed and à brief analysis of the

possibi l ities of using it in fundamental investigations was made.
Work continued on the theoretical investigation of the dynamic refl ection of neutrons,

i .å., of the refl ection of neutrons from an osci l lating potential .
Attempts were made to explain the anomaly of ultracold neutrons by fundamental

reasons. A n assumption was made that the neutron can be described by à non-spreading wave

packet and à reduction of the wave function takes place both in coordinate and momentum
space. It has been also noticed that à particle and its wave function are à non-local obj ect whose
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coordinates and momentum demand exact mathematical determination and can be determined
unambiguously and simultaneously without coming in contradiction with the uncertainty
principle, which appears to have ï î relation to quantum mechanics. In the frame of the
canonical approach, one fai ls to describe anomalous losses. In the frame of the de Broil
representations, à singular wave packet can Úå ascribed to the neutron. In this ñàÿå the anomaly
can be explained by over-barrier leakage. A s à result, the packet width is determined, the future

of the neutron is predicted and the possibi l ity of an experimental verif ication of this prediction i s
hoped for.

The use of the recurrent method developed in FLNP to solve the problem of the
scattering of neutrons and Õ-rays on surface layers shows that contributions to the scattering

intensity from the investigated layer and substrate can be divided analytical ly by introducing à
narrow imaginary gap between them.

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

In the reported year, in addition to traditional FLNP nuclear methods, such as neutron
activation analysis, scattering of charged particles, etc., the method of neutron diffraction and the
depolarization of polarized neutron beams upon their transmission through the investigated
sample were used to solve applied problems.

Neutron-activation analysis. The program for investigating the ecological situation in
the Tver Region, in the region near Dubna, and in the Kola Peninsula (in regions close to the
nickel smelting plant) and in some regions of Norway by using moss and pine needles as
biomonitors was started in 1993 and continued in 1994. In ecological investigations in Franz
Josef Land, indigenous lichens, samples of fresh snow, firn, melt water, and water from three
lakes were used.

Òî activate these natural monitors, the irradiation channels of the IBR-2 reactor with
cadmium and gadolinium screens were used. The possibility of reliable identification of several
dozens of elements, including ãàãå-earth elements (REE) was demonstrated. For example, 45
elements, including 10 REE were identified in the DK-1 moss. Important results were obtained

which would allow us to follow changes in the ecological situation in the investigated areas and
give recommendations on regulating the industrial activity.

The NAA method was used for nuclear, physical and chemical monitoring of water
ecosystems. The investigations were carried out in the Oka River basin together with the
Institute of the Lithosphere of the Earth, RAS. The results indicated the existence of
geochemical and biochemical anomalies in the investigated region.

Òî determine the element composition and quantitative content of microadmixtures, an
analysis of à number of samples of super-pure aluminum produced by the Voronezh plant was

carried out. To solve the question of the degree of Al purification by zone melting, samples
made from processed àï ñ) raw aluminum were analyzed. It was established that pollution Úó
aluminum is mainly caused by raw aluminum, because the element compositions of super-pure
and raw aluminum are the same and differ in concentrations only.

Development continued of methods for dyeing topazes from different natural deposits in
the mixed neutron and gamma-fields of the IBR-2 irradiation channels. Results were obtained in

forming dyeing centers of different shades of blue.
Radiation investigations. In the frame of the ATLAS project (CERN) investigations

continued of the radiation resistivity of S-detectors using the fast neutron beams at the IBR-2
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reactor (together with LSHE). The results are used in developing equipment for high energy
physics.

In the reported year, the previous year' s experiment to check the radiation resistivity of

AsGa electronics in fast neutron fields was repeated. The difference was ø the fact that the
repeated experiment was carried out at nitrogen temperatures with the IBR-30 booster, and the
first was conducted at room temperature with the IBR-2. The results of both experiments

coincided. The experiments were performed together with LSHE.
Neutron diffraction. The high resolution achieved at the HRFD Fourier diffractometer

permitted the start of the program for determining internal mechanical stresses ø materials, by
the nondestructive testing method of neutron diffraction, in collaboration with the Saarbrucken
Institute for Nondestructive Testing.

À series of experiments was performed to measure residual stresses in cold-rolled steel

disks (500 mm in diameter and 2.5 mm thick) used in forming bottoms for high pressure gas
tanks. The results were compared with the data obtained by magnetic and acoustic methods. It
was concluded that the neutron diffraction method could provide good calibration for other,
more express methods. Recommendations on the technology of preparing the disks for the
forming process were given to the Manufacturer.

Polar ized neutrons. In the reported year, the depolarization method was applied to
perform nondestructive testing of industrial products for the first time. Fragments of the Ni-
coating from the walls of an internal combustion engine cylinder, whose earlier investigation by
acoustic methods pointed to the presence of inhomogeneities, were examined. The coating scan
by à neutron beam measuring 2õ4 mm confirmed the presence of inhomogeneities (fig.9), and ã

the analysis of the depolarization function led to the conclusion that these inhomogeneities were
related to the character of internal stresses in the Ni layer.
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Fig.9 . T he effect of depolarization of à polarized neutron beam measured on the SP N -1 spectrometer.

T he beam scanned along one of the lines on the surface of the sample of N i-coating from the walls of

the combustion engine cylinder.
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ÑÜàãàåé nar ticles. Investigations were carried out at the EG-5 electrostatic generator.
FLNP, in cooperation with the Electrical and Technical Institute of the Slovak Academy of
Sciences, continued investigations Úó RBS, PIXE, ERD and channeling methods of HTSC films
on different substrates, as well as of films with buffer layers, with the aim of elaborating à
technology for building buffer layers to enable conjunction of incompatible crystal structures of

the film and substrate.
À method of energy analysis following the scattering of helium ions had appeared to Úå

extremely productive in investigating multi-layered structures. The information about the
thickness and composition of each layer could Úå obtained without destroying the investigated
sample. Investigations of metallized coatings with enhanced adhesive properties deposited on
glasses and ceramics by the IBAD method were conducted.

~~~
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2 . 1 . C O N D E N S E D M A T T E R P H Y S I C S

C O N T E N T S

Diffraction
Neutron Diffraction Study of the High-Ò, Superconductor Í äÂà~ÑàÑï ~Î ~.ç under High Pressure

Å.V Antipov, ÁÌ ÐèÛò , J.-J.Ñàððî ò '

Estimation of Residual Stress in Cold Rolled Iron-Disks from Strain Measurements on the High

Resolution Fourier Diffractometer
V.L.Aksenov, À.Ì .Balagurov, G.D.Bokuchava, 1.Schreiber, Yu.V. Taran

Experimental Study of the V ibrational Spectrum and Structure Variations in NH4C1 under High

Pressure

GÕ ßóãóÛ

The Crystal Structure of the Ionic Conductors ÂàÑå<| ,~Ó,Î ð <z~
À.1.Beskrovnyi , À. Êßé'å1éî ÷, 1.Î .Shelkova

Texture Investigations at the N SHR D i f f ractometer : M ethodical W ork

Cold M oderator at the IBR-2 Reactor as à Basis for New Possibi l i ties in Neutron Scattering

Experiments
G.Ì . Mi ronova

Sm al l -A n gl e Scat t er i n g

N on-I on i c Sur f actant Str uctur es i n Sal i ne W ater So l ut i ons b y SA N S

1. .À .B ulavi n , V.Ì . G a r am us, Ò. V.K a r mazi n a

M aterial Research on Hydrating Cement Paste and Sol id State Nuclear Track Detectors by

SANS
Ì .Hempel, F.H aupler, F.Ei chhorn, À.Hempel, Í .Baumbach
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Low Resolution Model of Ribosomes and Their Subparticles. Structural Model of the 50S
Subunit of Å.Coli Ribosomes from Solution Scattering
D.1.Svergun, Ì .Í .Êî ñÜ, 1.Skou Pedersen, 1.È.Serdyuk

I n el ast i c Scat t er i n g

N eutron Scatter i ng Stud ies o f Pressur e I nduced Phase T r an si t i on s i n N + H SO4

L Bobr o wi cz, 1.N a tkani ec, Ò.Sa r ga , S.1.B r agi n

Investigations of the Liquid Helium-4 Excitations Spectrum Structure
1Õ Âî ~î óàé åò )ò', Å. ÊÊàòï à~çåòÜ, Zh.À.Kozlov, À. V Puchkov

Neutron Scattering Studies of Orientational Disorder in Camphor-L ike Plastic Crystals in the
Temperature Range of 10-300 Ê
Ê. Holderna-Natkani ec, I .Natkantåñ

The Temperature Dependence of the Phonon Density of States of Superconducting La@Cu04
ÅÀ.Goremychkin, 1.L Sashi n, G.F.Syrykh, VÐ.Glazkov

The Crystal Field Effects in the YbCuzSiz Compound
Å.À.Gorernychki n, À. Yu.Muzychka

The Spectrum of the Inelastic Neutron Scattering from the Polymethylsi l icate Acid X erogel
V.D.Khavryuchenko, À. V.Khavryuchenko, À. Yu.Muzychka

Pol a r i zed N eu t r o n s

A nom alo us D ependence o f N eutro n D epo l ar i zat io n on M ag net ic F i el d i n Y B azC uqO q.g C er am i cs

near Ò,

À . V.Pet r enko, Yu. V.B ug oslavskij , À .À .M i nakov

Òèï å-o f -F l ight N eutro n D epo l ar i zat io n f or N o ndestruct i v e T est i ng
L P. Cher nenko, D .À .K o r neev, J .Sch r ei 'h er

Ground State Moment Reduction in an Ultra-Thin W(110)/Fe(110)/W(110) Film
V.Pasyuk, Î .F.Ê.Mc Ñòàé , Í . Laurer, À.Petrenko, À.Li~enard, Þ á þ î ï /
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Neutron diffraction study of the high-Ò, superconductor

HgBazCaCuzO<ä under high pressure

V L .Aksenov, À .Ì .Balagurov, ÂÌ 5 à÷åï Êî , FLNP, JIN R, Dubna, Russia

V .P.Glazkov, 1.Õ .Ñî ï ñéàãåï 1ñî , V .À 5 oò ånkov,,RNC KI, Moscow , Russia
Å.× .Antipov, S.N .Putil in, Ì ß .1, Moscow, Russia
~.-~.Capponi, ÜàÜ. of Crystallography, CNRS, Grenoble, France

In the recently discovered series of HgBazCaÄ~Ñè„Î ~„,~, „ ñî ò ðî èï ñÜ~ ' ' / ,

as w el l as in other layered copper oxide high-temperatur e superconductors, à

signi ficant increase in the superconducting transition temperature is observed
when high external pressure is applied . For example, in the compound w i th
n=3 (Hg-1223), Ò, increases from 134 Ê at normal pressure to 150 Ê at Ð=11
Ñðà~~~. H igh-pressure neutron diffraction experiments have previously been
performed on mercury-based superconductors in/ /, , where all three • / 7/

representatives of the series were investigated: for compounds w ith n=1, 2, and 3,

an experiment was performed under pressures up to 0.6 GPa; for the compound
w ith n=3, addi tional measurements were carried out for Ð=4.0 and 9.2 GPa. One
of the problems which has emerged in/ / in the diffraction data analysis w as the

presence of an appreciable quantity of impuri ties, such as ÂàÑèÎ ~,„, ÑàÎ and
Âà~Ñè~Î ~, in the samples of compounds w ith n=2 and 3. In principle, their

infl uence could have biased the structural analysis results. It is this factor that the
authors of/ emphasize to explain unusual behavior of the interatomic distances / 7/

in H g-1223. Thus, more experiments are needed to confirm this data.

Our experiments were performed on the Í @Âà~ÑàÑè~Î ~, „ ñî ãï ðî èï ñ1, the
synthesis and properties of which are given in , w ith the DN -2 and DN -12 time- / 8/

of-fl ight ñ1Í ãàñéî ò åéåãâ. The experiment at the DN -2 dif ãàñéî ò å1åã w as

performed in order to determine the degree of phase homogenei ty of the sample
(the available amount of sample w as about 0.2 g) and to refine its oxygen content .
Fig. 1 show s the measured diffraction spectrum after Rietveld refinement . It was
found that two phases w ere present in the sample: Hg-1212 and traces of metall ic

Au. Evidently, the later fell into sample during extraction from the container . The
DN -12 diffractometer is specifically intended for work w ith high-pressure cel ls
based on sapphire anvils. The measurements at DN -12 were performed on à

sample w i th à mass of about 1 mg under pressures of Ð=Î , 3.0 and 3.6 GPa; the

measurement time for each pressure value was about 50 hours. The diffraction
spectra w ere processed by the Rietveld method w ith the help of the MRIA
softw are.
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Data processing was performed in several stages. The spectrum measured at DN -

2 was processed for the interval of 1.1( äù ( 3.0 A which contained about 50 peaks
from the tetragonal phase, space group Ð4/ mmm. The data from~ ~ w ere used as

the ini tial parameter values. The relatively low quality of the diffraction spectra
(bad effect-to-background ratio and restricted possibil ities of analyzing data in the

region of smal l Û„ö) prevented the thermal atom parameters from being reliably
evaluated . Therefore, we chose to fix them: Â=0.5 À~ for Âà, Cu, and Ñà; Â=1.0 À

for all oxygen atoms. Varying these parameters wi thin the limi ts of 50% only
slightly infl uenced the structural parameters of the atoms. While processing the
spectra measured at DN-12, the thermal parameters, and the Î Ç oxygen content,

n(O3)=0.3, were fixed . In addition, the lattice parameters at Ð=Î , à=3.850 À and
ñ=12.629 À , as determined by processing the data obtained at DN -2, were fixed as

w ell . From the comparing measured and calculated profiles i t follows that the
spectrum fi tting was qui te good at í åãî pressure, but at higher pressures the
fi tting qual i ty is defini tely w orse. Another conspicuous factor was the sharp
shortening of the Hg-Î 2 bond length w ith the increase in pressure. That is w hy
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we undertook several attempts in order to change the ini tial model of the
structure. The best result w as obtained for the model wi th disordered 0 2 oxygen.
Realistic values for the bond lengths were obtained on the assumption that 0 2 is
disordered along the diagonals in the (à,b) plane, üå., i ts posi tion is described by
the (õ,õ,z) coordinates. The most easily evaluated and reliable results of our
measurements are the dependencies of the Hg-1212 lattice parameters on

pressure. They are shown in Fig.2 as normalized to Ð=Î together w i th the data
&î ò ~~~ obtained at the SEPD diffractometer . For our data, values are shown for

the models w ith ordered and disordered 0 2. Lines, obtained w ith the help of the
least square method, are drawn only for the second model . The least square line is
also drawn for parameter à according to the SEPD data. For parameter ñ, this l ine
is indistinguishable from ours. The compressibil i ty values, determined as ê~=-

(1 q)5q/ÜÐ (10 / GPa), where q is the parameter, calculated for the crystallographic
àõåÿ and for the unit cell volume are given in Table 1. The compressibil i ty values
for the distances are also given in Table 1. For comparison, the data from/ on / 7/

Hg-1212 and Hg-1223 are presented in that table.

Ta b le 1 .

(è ð to 3 GPa) and ÁÅÐÎ (èð to 0 .6 GPa), and H g-1223, measu r ed wi th H I PD (èð to 9 .2 Gpa) .

Our resul ts for the compressibil ity values of the Cu-Î 2 and Hg-Î 2
interatomic distances noticeably differ from the data in : ~ Ä~ z is tw o times • / 7/ .

smaller, x~s~ z is large. For Hg-Î 2 bound î ø result, in fact, correspond better to
the resul t for Hg-1223. In/ / , , the data for Hg-1223 are regarded as unexpected and

the assumption was made that the diffraction spectrum analysis results w ere
distorted by the impuri ty phases in the sample. One can admit that à simi lar
systematic error is present in our w ork, but i t should be noted that these resul ts
w ere obtained on different samples and diffractometers. Another possible
explanation could be in à change in the character of the dependence of these
interatomic distances in H g-1212 under pressures higher than 1 GPa. It is also
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ð î çÿ Û å th at th e p r esen ce of Î Ç oxy gen i n an y qu an ti ty n ot iceab l y af f ect s th e

s p e c i f i c v a l u e s o f c o m p r e s s i b i l i t y .

T h e g r e a t e s t a b s o l u t e v a l u e s o f

c o m p r e s s i b i l i t y w e r e o b t a i n e d f o r t h e

d i s t a n c e s b e t w e e n t h e Â à - 0 2 a n d B a -

H g a t o m l a y e r s . D e s p i t e à r e l a t i v e l y

b r o a d s p r e a d i n s p e c i f i c v a l u e s , t h e

g e n e r a l t e n d e n c y i s b e y o n d d o u b t . I t

w a s n o t e d r e c e n t l y t h a t t h e m a g n i t u d e

o f t h e C o u l o m b s p l i t t i n g o f t h e c a t i o n -

a n i o n l a y e r s i s v e r y s e n s i t i v e t o

c h a n g e s b o t h . i n t h e c o m p o u n d c o n t e n t

a n d i n e x t e r n a l c o n d i t i o n s , w h e n t h e

a m b i e n c e c h a r g e i s a s y m m e t r i c a l ( Â à

a n d 0 2 l a y e r s i n o u r c a s e ) . T h e r e s u l t s

o f o u r e x p e r i m e n t a n d t h e d a t a i n • / 7 /

ñ î ï é ã ò t h i s c o n c l u s i o n . D e f i n i n g

m o r e e x a c t l y t h e c a u s e o f t h e l a r g e

c o m p r e s s i b i l i t y v a l u e s f o r t h e s e

d i s t a n c e s , o n e m a y s a y t h a t t h e y a r e

d u e , t o à g r e a t e x t e n t , t o t h e m o t i o n o f

Â à a t o m s t o w a r d s t h e H g a t o m p l a n e . 1 . 0 1 0 . 0 . 9 8 0 0 . 9 7 0 1 . 0 0 5 0 . 9 9 5 — 0 . 9 8 5 0 . 9 7 5 î 1 2 ç 4 P , G P a F i g . 2 . D e p e n d e n c e s o f t h e H g - 1 2 1 2 l a t t i c e p a r a m e t e r s o n

pressure, normali zed to the values at Ð=Î . Poi nts obtai ned

on DN-12 and SEPD are shown . Lines are drawn by the

least square method. The li nes dro7on f or c through both

sets of data are i ndi sti ngu i shnht

~
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I N T R O D U C T I O N

Forming process outcomes can be infl uenced by residual stress states in the formed material . For example,
cold rolled steel disks used for forming small, gas pressure tanks can have inadmissible folds on their borders after the
first forming step. Residual stresses might appear in the di sks due to several reasons, one being the means of cutting
the disk from rolled sheet metal . To have an effecti ve forming process it is important to be able to check residual stress
states, as well as the initial material texture by à quick and easy testing method. For this purpose, magnetic [1] and
ultrasonic [2] nondestructive testing methods have been developed and uti lised. These techniques have certain disad-
vantages, however. Magneto-elastic measurements do not permit direct testing of residual stresses and provide infor-
mation on stress states in the near surface region only. The ultrasonic technique gives stress values averaged over the
scanned path and the sound wave beam cross-section. In both cases the rolled texture complicates the determination of
stress states in sheet metal . Calibration of these techniques is therefore necessary for à rel iable assessment of rolled
plates used in forming processes. This calibration can be performed by neutron diffraction, à unique non-destructive
reference method [3] .

This paper presents and discusses the results of estimating residual stresses in cold rolled iron disks by meas-
urements with the high resolution Fourier diff ractometer (HRFD) at the IBR-2 pulsed reactor in Dubna [4] . À ~1.1-
glass scinti llation detector is instal led at the scattering angle 28=+152' on the HRFD. The neutron intensity on the
sample is 10 nlñò ~/s and the resolution achieved by the dif fractometer is Ì /d=10 3. This allows the measurement of

strain in bulk metal lic specimens with suf ficiently high precision and within à reasonable measuring time.
Òî verify expectations for the possibility of strain measurements in steel components with HRFD, à relatively

simple program has been started using the back scattering geometry of this spectrometer. Prospects of HRFD devel-
opment will be discussed in the concluding section of this paper.

E X P E R I M E N T S

The tested obj ects were cold rolled steel disks of 2.5 mm thickness and diameter of about 500
mm (steel - Ñ(0.127 %), Si(0.100 %), M n(0.760 %), Ð(0.011 %), S(0.008 %), and A lS(0.043 %).
The bulk elastic constants were: Å = 180 kN/mm~, and p =- 0.3. The yield point Ê,, ~ of this material

was 276 Ì Ðà and the tensile strength R was 434 MPa. À fi rst indication î È Üå presence of residual
stress states in the considered disk is disk unevenness (Fig. 1) . The magnetic and ultrasonic meas-
urements carried out at the Fraunhofer-Institute for Nondestructive Test ing in Saarbrucken indicated

characteristic changes in stress states across the disk. The magnetic testing method had à lateral
resolution of about 20õ20 ï ûï ' , which was determined by the geometry î Åé å magnetic sensors. The

gauge volume for the neutron diff raction measurements was chosen accordingly. With the help of à
boron nitride (BN) mask, the cross-section î Ãthe neutron beam was reduced to 2õ20 mm (Fig. 2) .

Òî determine the strain tensor, å, from neutron diff raction spectra, the scattering vector, () ,
has to be oriented in diff erent directions. Because stresses are averaged over the interior of the scat-
tering volume, the internal stress components belonging to the normal direct ion to the disk plane
should vanish. A s à result , the determination of the main components of the local strain and stress
ç1à1åû ÿ reduced to à quasi two-dimensional problem. Extensive investigations were not possible due

to the limited measuring t ime and, therefore, only four directions of the scattering vector () were
chosen: the radial direction (ñð'=0' ) of the disk, the tangential component (y '=90' ), and the <ð'=+45'
directions in the (õ' ,ó') local coordinate system built by the radial and tangential components. At

several points the normal component î Ãthe strain perpendicular to the disk-plane was also measured.

~



À survey î Ãí å changes in the internal strain and residual stresses was obtained for eight observation
points on à track lying around the disk at à distance of 55 mm from the border î Ãthe disk.
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The lattice spacing in an unstrained state, d,"~, , was derived from the reverse time-of-fl ight

(RTOF) spectrum for an annealed powder sample ò àáå from the disk material . The lattice strain is
determined as à relative shift of the Bragg refl exes Ë = (Ó " — d,"~)/ d,"~, , where dQ~ is the measured

lattice spacing.
R E S U L T S

Âó analysing the positions of available Bragg refl exes the corresponding crystallite lattice
plane spacing, Ô '|, was determined by the centre of gravity method, which takes into consideration
the upper 50 % î Ãthe peak heights. The results are presented in Figs. 3-4.

À striking feature of all Ë~'((ð) is their correlation with disk unevenness. The obtained strain
variations for diff erent angles, y , as well as for diff erent local orientations (angle y ') î Ãthe scattering

vector are rather strong. In addition, Ë~" (~ð) shows à pronounced anisotropic eff ect .
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Fie. 4. The latti ce strai n, À~~ (~ðô, /î ã the scattering

vector, Q, along the tangenti al vector î / the di sk.
F~i . 3 The latti ce strai n, À~~~(ô , / î ã the scatteri ng

vector , Q, along the radi al vector of the di sk.

In Fig. 5 the internal strain as à function of the anisotropy factor is presented. The irregular
behaviour of Ë#~(Ã,y ), points to à strong infl uence of plast ic anisotropy and large stresses due to
grain interaction (microstresses - see [5], [6]), à linear dependence would have been caused by elastic
anisotropy. M icrostrains, which are related to the line widths of Bragg refl exes, do not show any
signifi cant dependence on the angle y or on Ã. Only stochastic fl uctuations âååò to be present .

D I S C U S SI O N

Actually, these results do not permit à quantitative analysis of stress [5] . Further investiga-
tions, i.å., measurements î Ãthe sin~y -dependence î ÃA~ (y ,y ) are necessary. To acquire experience
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in analysing the measured strain data, the following evaluation procedure was performed. The least
squares method was used to calculate components of the strain tensor : êàçû =(êàçû (õ', õ'), àáàçû(ó', y'),
êàçû (õ', ó'))ò where Ò means the transposed form. For this purpose, the measured Ë",~(y ) are col-
lected to form à 4-dimensional vector : Ë1çû =(Ë"~(ñð), Ë,~(ñð), Ëç~(y ) Ë4 (ñð))ò, where i denotes the

diff erent directions î Ã() in the (õ',ó') coordinate system: i= 1 - y '=45' , i=2 - <ð'=-45' , i=3 - y '=0' , i=4
- ñð'=90' . Then, the strain tensor å1çû satisfies the equation: Ë1~û = À ~å1çû . The line î Ãthe À matrix is
defi ned as: A;=(m,' , n,'. , n; m;), where m;=cos(y ) and n;=cos(90' -y ) are the direct ion cosines of Q.

According to the least squares fi t procedure, å1çû can be obtained by the formula:
~âû=(Àò,À)-~ Àò, äüû

The relative fitt ing error can be estimated by the following formula:
=J(A e(A T*A )- À ò Ö~Ä1É1~/ô é1~

The principal strain, å1~ "û , and the principal strain axis can be determined by diagonalizing

the strain tensor. Then, under the assumption of an elastic model, the components of the principal
ç

stress tensor are related as: a « =2 G~ å~;,"~ + Õ1~û ,,~ å~;"~, where G~ =E~ /2(1+plikl) and
d=l

3Ì =1Ô ~Å1çû /( 1-2plikl)(1+ii ~ ) . The third component åç;"~, which has not been considered so far,

can be derived from the condition that î çç=0. Unfortunately, the Õ-ray elastic constants are not

known for the steel used to make disks. Because the investigated material is nearly isotropic in our
case, the values of G~ and X~ were estimated on the basis of those for bulk material which were
determined by the manufacturer as G=70 GPa and 1= 104 GPa.

Table 1 contains the results of à least squares fi t for the [222]-refl ex, i .e. the measured strain,
Ë, the strain tensors å, the principal strains å~, the relative error î ÿ , of the fi t , and the principal
stresses î ~~ à1î ï ä the principal strain àõåÿ rotated through the angle 5y ' in the local system (õ',ó') .

The å~~, àï é â~~, ' quantities are the theoretical (a Ä=0) and measured normal strain components,

respectively. The obtained results look quite reasonable, though the fi tt ing errors are relatively large.
The situation similar to that illustrated in Table 1 also takes place for î áæåã [hkl] -refl exes. It would

be interesting to investigate whether the errors of the fit can be reduced by increasing the number of
observation points. Repeat measurements with better statistics are planned.

T able 1
(2221- r efl ex of Fe â =Î '

(-16.6, -13.4, -15.5, 10.1)
(-2 1.6, 4 .0 , - 1.6)

(-2 1.8, 4 .1)

0 .44

(-4 10 -48)

-4

7 .5 / 2 .3

ô =90'

(-6 .2, 8.0, -2.0, 22.3)

(-6.6, 17.7, -7.1)

(-8.5, 19.6)

0.38

(-53, 340)

-15

-6.8 / -4.7

(-16.7, -3.2, - 15.5, 13.6)

(-20.0, 9.2, -6 .8)

(-21.5, 10.6)

0.34

(-365, 84)

- 12

4.8 / not measuredý ï . ñõð
633 833
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T h e c a l c u l a t e d st r e s s v a l u e s a r e a l so r a t h e r l a r g e . S t r e s s e s a l o n g t h e r o l l i n g d i r e c t i o n a r e n o -

t i c e ab l y l a r g e r t h a n a t t h e y i e l d p o i n t Ê 0 2, b u t t h e t e n s i l e st r e s s i s st i l l sm a l l e r t h a n t h e t e n s i l e

st r e n g t h R . I n o u r o p i n i o n , l a r g e fl u c t u a t i o n s o f l a t t i c e st r a i n s f o r d i ff e r e n t l a t t i c e p l a n e s n ev e r t h e -

l e s s p o i n t t o t h e f a c t t h a t t h e c a l c u l a t e d st r e s s v a l u e s n o t o n l y r e fl e c t t h e e x i s t e n c e o f m a c r o sc o p i c

r e s i d u a l st r e s s e s ( 1 st k i n d r e s i d u a l st r e s s ) , b u t a r e a l so c a u se d b y r e s i d u a l st r e s s î Ã í å 2 n d k i n d [ 6 ] .

F i n a l l y , à fi r st c o m p a r i s o n o f t h e n e u t r o n d i ff r a c t i o n

d a t a w i t h t h e r e su l t s o b t a i n e d b y t h e u l t r a so n i c a n d m a g n e t i c

m e t h o d s c a n b e m a d e . I n F i g . 6 t h e d i ff e r e n c e b e t w e e n t h e

r a d i a l a n d t a n g e n t i a l st r e s s c o m p o n e n t s c a l c u l a t e d b y t h e
f o r m u l a Ë ñÐ ~= î " — o ~= 2 0 ( À " ' — Ë " ' ) i s sh o w n t o g e t h e r w i t h

t h e c o r r e sp o n d i n g c h a n g e i n t h e v e l o c i t y o f S H - w a v e s A v ~ ~

( t h e f r e q u e n c y i s 8 0 0 k H z , t h e t r a n sm i t t e r - t o - r e c e i v e r d i s -

t a n c e i s 3 0 m m ) , a n d t h e B a r k h a u se n n o i s e a m p l i t u d e ,
Ë Ì " ~ , m e a su r e d i n a c fi e l d s ( 5 0 H z , 1 0 À / c m ) o v e r t h e

f r e q u e n c y r a n g e o f 10 - 3 0 k H z . T h e c o e r c i v e f i e l d st r e n g t h ,

— Í ñ ~ , f o r t h e m e n t i o n e d f r e q u e n c y r e g i o n d o e s n o t y i e l d à

0 100 200 300 400
~. Ã ! s i g n i fi c a n t <ð - d e p e n d e n c e , w h i c h i s e v i d e n c e o f à w e a k t ex -

t u r e i n fl u e n c e i n t h e c o n s i d e r e d d i sk .~~ á. Comparison of é å angular depend-
D e sp i t e t h e fl u c t u a t i o n s , à c o r r e l a t i o n o f t h e e st i -

/ ãî ò é å ( 2 11 1- r ef l ex c o n tai n ed i n th e ï å è- m a t e d st r e s s v a l u e s w i t h h v an d Ë Ì c a n b e d e t e c t e d .

tron diff raction data with é å results on the Furthermore, angular dependencies of these quant it ies are
~~1" ~2åo ï ' ~ v e l o c t " of ~11 w a cs a n d é å c o n n e c t e d i n a n o b v i o u s w a y w i t h t h e d i sk u n e v e n n e s s, z .

Barkhausen ï î òå ampli tude, Ì .For all
c a s e s t h e d iJf e r e n c e b e t w e e n t h e r a d i a l a n d H e n c e , b o t h r e s i d u a l st r e s se s a n d d i sk u n e v e n n e s s i n fl u e n c e

tangenti al components is dr~ n. Òðå èï - t he result of the forming process, i .å., folds should appear at
evenness of the di sk, z, i s also shown. t he disk posit ions for w hich signif icant changes in these
q u a n t i t i e s a r e o b se r v e d . W e d o n o t k n o w y e t w h a t t h e f o r m i n g p r o c e d u r e w i l l r e su l t i n , b u t n o n -

r eg u l a r b e h a v i o u r c a n b e e x p e c t e d f o r t h e a n g l e s ~ð = 1 8 0 ' a n d 2 7 0 ' .

T h e e x i st i n g d e v i a t i o n s i n t h e a n g u l a r d e p e n d e n c e o f t h e t h r e e p a r a m et e r s Ë ñÐ ~, Ë ÷ ~ ~ a n d

Ë Ì ~ ' , c o u l d h a v e s e v e r a l o r i g i n s . F i r st o f a l l i s i n h o m o g e n o u s m i c r o st r u c t u r e . T h e a v e r a g i n g p r o -

c e d u r e o v e r d i ff e r e n t m e a su r i n g v o l u m e s m i g h t a l s o b e r e sp o n s i b l e f o r t h a t . F o r i n st a n c e , t h e n u p e c -

t i o n d e p t h o f t h e m a g n e t i c m e t h o d i s o n t h e o r d e r o f 0 .3 - 0 .5 m m o n l y , a n d t h e m a g n e t i c r e su l t s

c a n n o t b e i n c o r r e sp o n d e n c e w i t h t h e b u l k p r o p e r t i e s f o r a n y ñ à çå .
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EX P ER I M EN T A L ST U D Y O F Ò Í Å V I B R A T I O N A L SP EC T R U M

A N D ST R U C T U R E V A R I A T I O N S I N ß Í @Ñ 1 U N D ER H I G H

P R ESSU R E .

À .Ì .BA LA G U RO V an d Â.È .SA V EN K O
FLNP, JIN R,14 1980, Dubna, Russia

À.× .BORMAN , × .Ð.GLAZKOV, 1.N.GONCHARENKO, × .À5 Î Ì ÅÌ ÊÎ ×
and G .F.SY RY K H

RSC ÊèòñÜà1î þ Üèß è1å ,123182, Moscow, Russia

Ammonium hal ides N + A, where A= C1, Br or 1, are ".ather simple,

convenient and interest ing obj ects for neut ron scatt er ing exper iments. The st rong
infl uence of pressure on phase t ransit ions in these systems has already been
established by different met hods, including neut ron scatt er ing. U nder pressure the
N aC1 type cubic st ructure converts erst into à CsC1 type cubic st ructure wit h
di sordered and t hen wit h ordered ammonium ion arrangements, space group P43m ,
wit h the single parameter of à hydrogen atom centered at t he t hreefold posit ion .

Vibrat ion frequencies of N + Cl have also been thoroughly studied. Together
with int ramolecular ( 175-400 meV range) and latt ice vibrat ions (0-20 meV
range) , there is the l ibrat ion mode (- 42 meV ) which is non-act ive in opt ical
spect ra and cor responds to t he rotat ion of the N + + þ ï as à whole. It was

establi shed ear lier t hat most part of t he int ramolecular frequencies decrease wit h
pressure. As fol lows from t he opt ical data à phase t ransit ion of unknown nature
takes place for ammonium halides at high pressure, and the quest ion arose about
their stabi l ity if t he density is high.

Recent ly, several studies of t he atomic dynamics in t hese compounds by
means of neut ron inelast ic scatter ing were performed under high pressure. For
instance, N ~ C1 has Úååï invest igated~ ~ at the I BR-2 pulsed react or under

pressures up to 10 kbar . The pressure of 25 kbar in the study of N ~ Br has been
àñÛ å÷åñÐ~~ at t he pulsed source ISIS. Therefore, i t is i nterest ing to invest igate the

frequencies and st ruct ural parameters behavior of ammonium halides under pressure
higher t han before using sapphire anvils technique.

The neut ron scatt ering experiments were performed at the IBR-2 pulsed
reactor w it h t he DN -12 diffractometer . The sample was placed between sapphire
anv ils, which were used t o create the pressure. The sample volume was 2.5 mm3. À
ring-shaped detector ( 16 independent ~Í å-counters) 800 mm in diameter was used
to gat her t he scatt ered neut rons. The scatt er ing angle was 90' ; t he diameter of t he

incident neut ron beam was 2 mm.
For analysis of t he neut ron energy t ransfer , Âå È Ôåãÿ (à 120 mm t hick Be

layer , w it hout cool ing) were placed between the sample posit ion and each counter .
Inelast ic scatt er ing exper iments were car ried out under pressure of Î , 10, 16, 27 and
40 kbar at room temperatu re. Addit ional ly, neut ron diffraction patterns were
measured at 0 and 25 kbar . Exposure t ime for the maximum pressure was - 50
hours for t he inelast ic and - 10 hours for the elast ic scatt ering measurements. The
background was measured þé Ü the high-pressure cel l but wit hout the sample.
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The inelast ic neut ron scatt ering spect ra were converted int o general ized
vibrat ional density of states G ( E) . Aft er spect ra processing t he posit ions and w idt hs
of t hree low-frequency modes were obtained: l ibrat ion , t ransverse opt ical and
longitudinal acousti c. The values of the observed latt ice and l ibrat ion frequencies
increase w ith increasing pressure, t hough wit h à dif erent slope ( dm~ / dP and

dmro/ dP =0.17 meV / kbar ; É )ó , / dP ~0.056 meV / kbar ) .
Òî study the structure parameter variat ions with pressure the deuterated

analog, N D4C1, was invest igated. The neut ron diffract ion patt erns of N D4C1 at 0
and 25 kbar are shown in Figure 1. One can observe the sharp change in t he set
and i ntensit y of the lines wit h pressure. After Rietveld refi nement of t he dif& act ion
spect ra at 0 and 25 kbar à defi nite result was obtained: posit ion parameter è
increases with pressure from 0.154 to 0.168 at 25 kbar whi le t he unit cel l volume
decreases, with just the same slope as ~n~~~. The agreement of the calculated

intensit ies to exper imental ones may be considered as sat isfactory, taking into
account à low stat ist ical precision. For zero pressure the è value agrees wel l ûëÔÜ~~~.

Contrary to the int ramolecular vibrat ions, al l t he low-frequency vibrat ions

obviously increase wit h pressure. The di&erence between t he increasing rates of t he
latt ice and l ibrat ion frequencies indicates t he possibi l ity of frequency crossing. The
point of intersect ion obtained by linear ext rapolat ion is about 230 kbar . The
increase of structural parameter è means t hat à reduct ion in t he D-Cl bond length
takes place wit h pressure ( from 2.300 to 2.175 at 25 kbar ) whi le t he lengt h of È -

D bond remains near ly the same ( 1.038 À at ambient pressure, 1.052 À at 25
kbar ) . It is evident t hat as parameter è reaches the value of 0.25, eit her à col lapse
of molecular N D4+ ion or à change in its form or orientat ion towards t he anion
should be observed, because as è= 0.25 t he lengt h of the N -D bond w il l be equal to
t he lengt h of t he D-Cl bond. The l inear ext rapolat ion of è to 0.25 gives à pressure
value about 130 kbar for t his t ransit ion. So, we òï àó assume t hat t he phase
t ransit ion of unknown nat ure in ammonium halides is connected wit h t he existence
of à dynamics and st ructural crit ical point . It is also possible t hat t he t ransit ion
pressure is determined by the anion polar izat ion abi l it y and decreases wit h it s
growth ( P = 100 +10 kbar for N Q C1, P = 80 +10 kbar for N H4Br and P = 54 +4

kbar for N ~ I ) .

1. À .N .Ivanov, D.F.Litv in , Y.Mayer , 1.N atkaniec and 1..S.Smirnov, ITEP, Prepr int
80-91, Moscow (1991) .

2. Ì .À . Adams, European W orkshop on Neut ron Scatter ing at H igh Pressures, 19-

21 March ( 1992) Abingdon, U .K.
3. G.Ê.Lewis, Å.À .Perez-Albuerne and Í .G.Drickamer , J. Chem. Phys., 45, 598

( 1966) .
4. Í .À .1.å÷ó and W .Peterson, Phys. Rev., 86 , 766 ( 1952) .
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Precisi on Neutron Di f f racti on Study of the
High-Temperature Superconductor Y( Ñà)Âà~Ñè4Î ~

À .Ì . Â à 1à ð ï 'î ÷ ' , Ð . F i s ch e r , Ò .Ó è . K a g a n o v i ch , Å .Ê à 1ñÛ ÿ ~,

J .K a r p i n s k i , V .G . S i xn k i n '~, , V .À . T r o u n o v

The high-temperature superconductor, ÓÂàãÑè4Î ö, w ith partial substitution of Ca
for Y was investigated with à high-resolution neutron diffractometer over à w ide

temperature range. À partial substitution of Ca for Y (- 10%) in Y124 leads to an

increase in the superconducting transition temperature from 80 Ê to - 90 Ê and the

occurrence of à phase transition at Ò=150 Ê . The phase transition w as first found
by means of elastic and specific heat measurements in à Ñà doped compound ' .

Indications of its existence were also detected in the powder neutron diffraction
study of Y(Ca)-124~ ~ and the Õ-ray structure analysis~ ~ of Y-124 and Y(Ca)-124

single crystals.
We have attempted to clear up the situation by carrying out an experiment on the
same sample studied earlier in . We performed î ø experiment w ith the high- . óãó

resolution neutron Fourier diffractometer (HRFD) put into operation recently at
the IBR-2 pulsed reactor in Dubna . The resolution of HRFD is approximately 2.5
times better than that of the mini-SFINKS diffractometer in Gatchina where the
results of Ref .~~~ were obtained .

The neutron diffraction experiment was performed on powdered YBazCu4O> that
had 10% of its Y replaced Úó Ñà. The coherent scattering length of the Ca
isotope (1.42 F) di ffers appreciably from that of Y and Âà (b~=7.75 F, Üö,— — 5.07 F)

thus facili tating the problem of identi fying Ca atoms in the positions of Y or Ba.
The Õ-ray phase analysis revealed the presence of small amounts of CuO and YzO>

in the sample. The temperature of the superconducting phase transition w as 87 Ê .
The di ffraction spectra were measured wi th good statistical accuracy at
temperatures of 135, 165, and 293 Ê; structural analysis was then performed over
these data. Additional measurements were performed at nine temperature points
in the interval of 8 to 288 Ê . These data were used only for determi ning the
temperature dependence of the lattice parameters. The spectra w ere measured
w ith high resolution by the detector at à fixed mean scattering angle of 20=152' in

the d-spacing range of 0.75 to 3.0 A . The unit cell parameters w ere refined using

the data from the interval of 1.35 À < d < 2.97 À ; Rietveld structural analysis was
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performed on the interval from 0.73 À < d < 2.97 À . Fig.1 shows portions of the

spectrum w ith the experimental points, calculated profi l e, and the difference
curve. The indication of the presence of à structural anomaly in the proximity of
150 Ê w as obtained . It manifests itself by à change in the expansion coefficient
along the b axis, ir regular behavior of the orthorhombicity coefficient (Figs.2 and

3), and à noticeable change in bond lengths. The most distinct change is à
contraction of the distance between the Cu2 copper atom and the apical Î 1
oxygen, as w ell as à change in the distance between the Î 2 and Î Ç atom chains in
the CuOz layer .

~

í CLl

EO

Å
î
ò

The population factor n(Y) was found to be 0.889(5), which is practically equal to
the nominal value of 0.9. The population factor of the Ba position coincides þ ÈÜ
the nominal value w ithin the limits of error, which confi rms the conclusion made
åàãÛåã~~~ that it is the Y position and not Ba that is replaced by Ca. This points to

the main role in the substitution mechanism being played by the small ion radius
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o f Ñ à ~+, w h i ch p r a c t i c a l l y c o i n c i d e s w i t h t h e Y ' r a d i u s , an d n o t b y i t s v a l en c y ,

w h i ch i s e q u a l t o t h a t o f B a .

Ò î c o n fi r m e d t h e r e su l t s o b t a i n e d à ò î ãå d e t a i l e d m e a su r e m en t s a s à f u n c t i o n o f

t em p e r a t u r e a r e p l a n n e d o n à n e w p u r e r sa m p l e .
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Fi g . 2 . The dependen ce of the un i t cel l ðàòè-

meter b of Ó(~4Ñà)-124 on temperature.

Li near dependencies calcu lated by the least
square method are àòàèò over separate tem-

peratu re i n tervals.
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Ò Í Å C R Y S T A L S T R U C T U R E O F Ò Í Å I O N I C

C O N D U C T O R S Â à Ñ åé, .„ >Ó „ Î <~.„~~>

À Ë.B eskrovnyi * , À .V .Strelkov * * , I .G .Shelkova*

Frank Laboratory of Neutron Physics, JINR, Dubna, Russia
* * The Moscow State University, Department of Chemicals, Russia

The crystal structure of BaCeO~ was examined by numerous authors [1, 2] .
Atomic coordinates, Pbmn the space group, and the structural parameters à=
6.212(1)À, b=6.235(1)A, ñ=8.781A ò÷åãå determined ø [1] . It was noted, that the
general regularity of the orthorhombic perovskite structures: à<ñ~Ã2 ( Ü, was broken

in ÂàÑåÎ ä. In [2] the compound, ÂàÑåÎ Ç was assumed to have the tetragonal
structure with à=6.212(2)A, ñ=8.804(4)A.

Further, an interest in ÂàÑåÎ Ç, doped trivalent metals, arose due to the
discovery of their high ionic conductivity [3, 4] . I t was suggested, that the ionic
conductivity, which appeared following the substitution of Ñå + by trivalent

cations was realised via oxygen vacancies. The protonic conductivity is the result
of the action of water vapour on these materials.

In [5] the structural data, confirming the existence of oxygen vacancies in
the amount of õ/2 ø à compound, doped with Y=0.1 and Gd=0.1, are given.

The examined samples were the ÂàÑå~~.,~Ó„Î ~ (õ=0.05, 0.10, 0.15, 0.20,
0.25, 0.30) compounds. No î ë åã phases were observed in the samples. Rietveld
fiting was done under assumption, that the vacancies can occupy the positions 0 1
and 0 2 and their total ï ø ï Üåã equals õ/2. The diffraction patterns for õ=0.05 and
õ=0.20 are shown ø flg.l and 2. Splitting of the diffraction peaks (110) and (002)
(d=4.393A) and their second orders (d=2.197A) ø à sample with Y=0.20 are
illustrated on fig.2. À change ø the lattice parameters following Y- doping is
presented ø fig.3. À very weak dependence on à,Ü and à high sensitivity ñ, to Y-

doping attract attention. Another peculiarity of structural changes is the existence
of the oxygen vacancies in four Î 2 positions only, which are ø the apices of the
octahedral basis. Two Î l are on à line parallel to c.

Obviously, the reason for à high þ ø ñ conductivity ø ÂàÑåÎ Ç, which is
doped with trivalent cations, is actually à high concentration of oxygen vacancies.

1. À. Jacobson, Â.Ñ.Tofield, Â.Å.F. Fender, Acta Cryst. 1972 Ü28, 956-61
2. V.Ë î ï òî , F. Ricciardello, D.Minichelli , Õ Mat. Sci ., 1981, 16 3503-05

3. N.Bonanos, Â. Ellis, Ê.S. Knight, Ì .N. Mahmood, Solid State Ionics, 1989,35
4. Í .lwahara, Í . Uchida, Ê. Ono, J. Ogarki , J. Electrochem. Soc., 1988, 135
5. N.Bonanos, Ì .Soar, Annual report ISIS, 1992, À56.
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TEXTURE INVEST IGAT IONS ÀÒ T H E NSHR DI FFRA CTOM ET ER :
M ETHODI CA L W ORK

J oi n t I rtst i tn te of N ãê 1eaã 11åüåàã ch, D ubn a , R ussi a

I nt roduct ion

Beside the carrying out of pole figure (PF) measurements on geological samples by our group
and external users, even methodical work is performed to rationalize PF measurements and to
improve the extraction of pole density data from the recorded spectra. This research is based on
the demands of structural geologists: to derive the development î Ãgeological structures from the
textures of the rock forming minerals, generally many samples have to be measured. The
reduction of measuring time for one sample without loss of texture informat ion therefore is
desirable. On the î áæåã hand, good counting statistics require long measuring t imes, and the
determination of the lowest possible t ime is essential to avoid data falsification. One possible test
to control the reduction of measuring time by means of data smoothing is reported.

Furthermore, some work has been initiated to improve PF extract ion from time-of-fl ight
(TOF)- spectra by means of peak prof ile analysis considering also the shape of the peaks. The
fundamental concept is explained in this report .

In Figure 1 the experimental and smoothed PFs of two overlapped Bragg refl ections are ó ÷åï
as an example, their difFerences are described by the statistical error parameter RPO [4] . Rather
good conformity even in detail is deduced from small RPO- values and from visual comparison,
this is valid for experimental (RP0=3.6%) and smoothed (RP0=1.2%) PFs as well. In sections
g = constant it becomes ò î ãå obvious, but slight diff erences should also be noted (see Fig. 2). It
seems, that for the considered PF an exposure time of 2 min is sufticient. On the other hand, we
observed greater diff erences for weakly scattering peaks. As low intensity peaks determine the
quality of quantitative texture analysis, à measuring time of 2 min to accumulate one spectrum is
too short. We conclude, that the exposure time in principle ò àó be reduced, but its lower limit
must be determined carefully also considering the scattering behaviour of the present phases,
sample volume and other parameters.

5 3

Rat ionalizat ion of pole density measurements

The required measuring time to obtain adequate texture information of one sample is
determined by the number of sample positions [ 1,2], but also by the measuring t ime at one
position. Since the quality of the recorded T0 F- spectra depends on counting stat istics (noise)
and therefore on t ime, some expense is necessary to control the reduct ion of measuring time. This
may be done by means î È à1à smoothing.

The experimental PF 1',„ (ó ) is considered to be the sum of some function and à superimposed

noise î , i~e. we usually get P (ó) + E It is assumed, that à long t ime measurement has à lower

level of noise as à short time measurement and aAer smoothing better fits the real pole density
distribution. Thus, the comparison of two smoothed data sets obtained with diff erent measuring
times will test the quality of the short time measurement . As an example, à carbonate mylonite
was measured twice with 17 and 2 min exposure times, subsequently the extracted PFs were
replaced by smoothed PFs Ð,„' (ó ) applying à Gaussian to determine the weights è, [3] :
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scat t er ing v o lu m e V (h, ~~ó ) :

>' (~, Ü )
PÄ( y ) - 5

C om m o nly à PF is co nsidered as à no rm al ized funct io n 5 (hÄ

~ , (Ó) =

Two é éåãåï 1 approaches in the processing ot the experimental data and to obtain the estimate
S may be realized - à parametric approach and à nonparametric one. Í åãå, the parametric
approach assumes à parametric model of the diff raction peak and not à parametric Poisson model
of the countings in each channel. The approxin>atin< curve is composed of à limited set of
parametric curves, which better match the experimental data. The area below the peak is obtained
by integration over the intensit ies ot' that àððãî ÿ ï ~àéï ö curve, which is easy to calculate

analytically. That property is desirable especially for texture analysis.

The parametric model overcomes several ðãî Ûåø ü, but other problems arise. The most
important one is the assumed peak shape. Accumulatin<~ all experience, the peak of the N SHR-
instrument may be properly described by à composed funct ion of the following type:
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l ( t ) = åõð —
(t - ñ, )»

2 cr,
4 ~ ~ ~ ~i

åõð~- ó( — t, ) ) ,

where ñò, and cr, are determining the width of the Gaussian regions at the left and right side î Ãthe
peak and y is the decay constant of the exponential region. The position t, = t, + óî , ensures à
smooth transition between the regions.

Recently PFs obtained by means of the parametric model are compared with PFs obtained from
the nonparametric model . First results show several advantages of the parametric model .
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sm oothed F ig . 2 : Sect ions q = const ant f o r t he PF s.
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C O L D M O D E R A T O R À Ò ÒÍ Å I B R -2 R E A C T O R A S À B A SI S F O R N E W

P O SSI B I L I T I E S I N N E U T R O N SC A T T E R I N G E X PE R I M E N T S

Ñ.Ì .Mironova
Joint Institute for Nuclear Research , Frank Laboratory of Neutron Physics,

141980 Dubna, Russia

With the DN-2 difractometer (fl ight path 25 m) at the IBR-2 pulsed reactor the
theoretically available range of neutron wavelengths is 1-30 À, the lower limit
being caused by the use of à bent neutron guide-tube and the upper is the recycle
limit of the reactor. As the resolution ËàÈ - Atl t for scattering angles near 180'
and Ë~- 300 ps, we obtain ËàÈ =2 10-~ (1=2 À) - 10-> (ë=ÇÎ À). So, the larger

the avai lable wavelength, the higher the resolution of the device becomes.
The diffraction pattern of à Y-123 ceramic sample measured at the temperature of

the water moderator 300 Ê is presented in Fig.l a. It is obvious that the most
useful information is located in the wavelength interval of 2-6 À where the
maximum available resolution is - 6 10-> (ë=á À). Fig.1Ü represents the

diffraction pattern obtained under the êàò å conditions, but at the temperature of
the solid methane moderator, Ò- 30 Ê. The quality of the structural information

significantly improved due to strongly enhanced large wavelength neutron fl ux.
Perhaps the brightest i llustration of neutron spectrum completness at large
wavelength and Ò ,~=ÇÎ Ê is Fig.l c (the upper curve). It is remarkable in several
aspects: /1/ one of the weakest refl exes of the Y-123 structure - (002) - has been
measured at the 175' angle, /2/ the effect-background ratio is ( 1, /3/ the

wavelength in this region of the spectrum is about 11 À, /4/ measurement time is
1 minute, /5/ the sample volume is about 1 cm>.

The practical consequences of using large wavelengths in backscattering
diffraction are shown in fig.2, where the diffraction patterns of 'blue' phase -
Y~Cu~O~ (2à), 'green' phase - YzBaCuO> (2Ü) and Y-123 (2ñ) are presented. All

the phases measured simultaneously were purely resolved at Õ) 6 A. There are
two circumstances promoting this fact:

1) the resolution M /d is less than 5 10-~ in this region;

2) the natural rarefying of diffraction lines is significant.
À resolution on the level of 10-4 would be necessary to solve the problem

of quantitatively separating these phases at wavelengths less than 6 À .
Taking into account the minute exposition being enough to have appropriate
statistics in large wavelength range it is clear that quite new possibilities are
offered in studying transient phenomena and chemical reactions in complex
systems.
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Fig. l a
The part of dif fraction pattern
ò åàçèãåä Ãî ã 1 min. from à 1
cm> Y-123 ceramic sample for

à channel width 128
microseconds, the range of
wavelengths 1-9 À and

temperature of water
moderator 300 Ê .

Fig.1Ü

A l l conditions are as

Fig.1à. The temperature

methane moderator 30 Ê .

in
of

Fig.l c
Upper curve is the tail of the
pattern presented in Fig.l b.
In the range 970-1024 the

channel width is 1024
microseconds. Wavelength
interval ranges from 8 to
28A. Lower curve is the tail
of the spectrum in Fig. l a.
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Fig.2à
Dif fraction pattern
from 'blue' phase:

wavelength interval is
4-10 À ; measuring

time 1 min.;volume of
sample 1 cm3.

Fig.ãü
'Green' phase at the

same conditions.

Fig.2ñ
Y -123 phase. V olume

is about 2 ñï è .
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N on - I o n i c Su r f ac tan t St ruc tur es i n Sal i n e W ater So lu t i on s b y SA N S

Ü .À .B ul av i n ~~, V .Ì .G ar am us~>, Ò.V .K ar m azi na~)

1) Phy si cal D ep ar tm ent K i ev U ni v er si ty , K iev , U k r ai ne

2) Fr ank L abor ator y of N eutro n Phy si cs, JI N R

3) I nsti tu te of C ol l o i dal C hem i stry and C hem i str y o f W ater , K i ev , U k r ai ne

The infl uence of salt on surfactant aggregates is à widely studied f ield in the ñàÿå
of ionic surfactants with à large electrical charge. Micelles formed by non-ionic surfactants

contain à very small positive charge and the salt effects are considered negligible.
À set of experiments with two types of surfactants: ethoxylated di-isononylphenol

(ODNP) and tetramethylbutylphenol ethylene oxide (Triton Õ-100) in NaCl and NaBr
water mixtures with varying surfactant and çàÉ/çàï àñ(àï 1 concentrations were performed
on the "MURN" small-angle neutron scattering spectrometer. ODNP, recently synthesized,
is an original two alkyl chain surfactant with specific properties which act on the oil-

surfactant-water interface. The study of ODNP/water mixtures Úó SANS were performed
earlier by our group [1]. Triton Õ-100 is à commonly used research subject because it has

à well defined chemical structure [2].
In the ñàçå of dilute surfactant solutions (surfactant volume fraction is 0.01) the

addition of salt gives rise to increases in the radius of gyration of the micelle. But direct
use of the Guinier approximation is not valid because of interference effects in the
scattering curves. The experimental results were modeled in two ways: monodisperse
spheres with an adhesive potential , and ellipsoidal particles with à screened Coulomb
potential . Both fit procedures gave consistent results: with the addition of salt the
aggregation ï øï Üåã and micellar repulsion decreased, and the radius of gyration increased.
Micelles also became more non-spherical . The surface electric potential increased but the
radius of the screened Coulomb potential decreased and effective micellar repulsion
decreased, as well . The value of the surface potential was close to 1 mV (in the ñàçå of
ionic surfactants, about 10-100 mV and decreasing with the addition of salt).

For analyzing data on concentrated surfactant solutions (surfactant ÷î 1ø ï å fraction
of 0.1) integrated parameters (Porod invariant, parameter Ê = fdZ(q)/dQqdq)
of the scattering curves were used. The average radius of the aggregates, Porod radius
(V/S, where S is the total surface of aggregates and V is the aggregate volume) and their
ratio versus NaBr concentration are represented in the table.

î

Average radius, À
î

Porod radius, À Ratio

1.37

1.4 1

1.43

N aB r , g / cm ~

26.1

24.9
23.4

35.9

35.2

33.6

0.025

0.055

The ratio points to the slow increase of some non-spherical aggregate shapes with salt

concentration.
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The infl uence of salt on non-ionic surfactant solutions is somewhat different than
for ionic surfactants, |.å., aggregate volume and aggregation number decrease, and the

surface potential increases.

4

~

á

È
' Î

Fig.1. Experimental curve î Ã neutron scattering î Ã 8.11 mmol ODNP, 50 mmol/1 NaC1
and curve î Ã thc model Ãî ã ñé ðçî Ûà1 particles with scrccncd Coulomb potentials.

Rcfcrcnccs:
1. L .À .Bulavin, × .Ì .Garamus, Yu.Ì .Ostancvich Colloids and Surfaces, acccptcd for

publ ication # 1654.
2. Ñ.M onohar, × .Ê .Kclkar, Â.Ê.M ishra, ct al ., Chem. Phys. 1.ñé. ÷.17 1 ð.45 1 1990.
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I n v est i gati on o f t h e st r u ctu r e an d dy n am ics o f l i p id biolo gical
m em br an es v i a n eu t r on an d Õ - ãàó scat ter in g

× .1.Gordeliy, Ì .À .K iselev, ÀË.K uklin, × .G.Cherezov, S.Ð.Y aradaykin, À .Í .Islamov,
ÀËÝ. Tougan-Baranovskaya~, À .× .Pole* , Ð.Âà1äà÷ó~, × .À .Chupin" , Î .K lose* ,

ü.s.~;~ ~ k y

' - M oscow State University

M oscow Institute of Fine Chemical Technology
- ~Ëé ~åãçéó î Ã Bratislava, Slovak

* University of Leipzig, Germany

+ M oscow Engineer-Physical Isbtute

Investigations of membrane structure and the problem of membrane interactions mere carried
out at the YuMO spectrometer, DN-2 diff ractometer and the DRON-4 Õ-ray diff ractometer.

1. Sm a l l - àè à 1å n eu t r o n sca t ter i na .

1. The method developed in " ' was used for measurements of membrane structural parameters

(membrane thickness and positions of deuterium labels in it) by small angle neutron scattering. For
this purpose it is important (î have vesicles in the solvent with à radius larger than 500A . This is
necessary for à precise structure determination. This fact is demonstrated in Fig.l . À sample of
one kind was taken (DPPC in à DM SO/water mixture with DM SO molar concentration 0.05), but
two dif erent methods for preparation of the vesicles have been used: the 5rst - ul t rasoni cal l y (in
this ñàâå we have small vesicles with about 150À radius) and the second - using an extruder (in
this ñàâå the radius of the vesicles is determined by the radius of the nuclear membrane in the
extruder, about 800A )~ . The linear part of the curve for the sample prepared by extrusion is
longer in the region of small q' - that giving the possibility to determine the membrane structure

parameters with à higher accuracy relative to the sample prepared by ultrasonics.

2. À similar method was øâåä to determine the membrane thickness and the location of
surfactants in lipid unilamellar vesicles. The structure study of lipid membranes containing
nonionic polyoxyethylene type surfactants has direct implications for à wide range of questions: for
example, the origin of âî -called hydration forces between lipid membranes, cell adhesion, cell
fusion properties, etc. To determine the surfactant location in the lipid matrix, the following
partially deuterated surfactants were used:

Ñ»Í ~ÑÅ4Î (ÑÍ ~ÑÍ ~Î )„Í denoted by C»E; D~,

ÑèÍ ãçÎ (ÑÅ4ÑÐ ~Î ), Í den oted by Ñ „ Å , -Ð , .

According to the results obtained &om neutron dif& action, the polyoxyethylene groups of
C~~EÄ are entirely incorporated in the polar part of the lipid matrix and the lipid/water interface
increases. I t was important to detect the location of the surfactant in the lipid matrix by SANS. The
measurements carried out with contrasts of 100%, 50% àï ä 25% Ð~Î showed that under the
inf luence of the surfactant molecules, the membranes became asynunetric. To obtain the
parameters of the asymmetry with âèø ñ|åï ( accuracy, it is necessary to measure ò î ãå points of
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the contrast. This work was perfor med in collaboration with Ðãî Ø Ê1î àå, Germany, University of
Leiðãù .

3. The new direction of the ÇÀÈ Á application to the study of biological membranes is the
investigation of the thylakoid membranes of chloroplasts. These membranes play an important role
in plant photosynthesis. The mechanism of photosynthesis and, in particular, the mechanism of
proton transport through the membrane remains unknown. The purposes of the performed
experiments were:

à) Òî properly extract single thylakoid membranes &om the plants (spinach leaves) and to
make clear whether it is possible to investigate these obj ects by means of small angle neutron
scatteri ng;

b) Òî measure the parameters of the thylakoid membranes.
Fig.2 represents the scattering curves at diff erent contrasts in the D>O/Í ~Î solution. These

curves agree with the data in ~ . The scattering amplitude density calculated from the neutron
experiments is ð = 0.0169' 10' ~ cm/À~. This value is in agreement with the theoretically estimated
value of 0.0166' 10" ñò /À~. The measured membrane thickness was 53À . This work provided à

basis for futher accurate deter minations of the structure parameters of thylakoid membranes under
diff erent conditions. The main aim of the planned experiments is to study the way of protons
during the proton pumping. This study is being done in collaboration with M oscow State
University, (Prof . L .S.Yaguzhinskiy).

Ï . N eutr on and Õ-ãà ä di f f r acti on .

4. Up to now the mechanism of the huge repulsive forces acting at short distances between
membranes, âî ò å biological molecules like DNA, collagen and colloids is unknown. À series of
investigations have been done in order to understand the mecharusm of the so-called hydration

forces.
Òî understand the contribution of the out-of-plane fluctuations of lipid molecules to the

balance of forces acting between membranes, the structure and hydration properties of membranes
from à newly synthesized polymerizable lipid DTDPC (phosphatidylcholine with two conj ugated
diene groups on both ends of the hydrocarbon chains) were studied by Õ-ray dif5 action and

NM R.
Electron density profi les of polymerized bilayers and electron microphotographs show that

polymerization occurs not only between adj acent lipids in the êèï å monolayer but also between
lipids from opposite monolayers which links these monolayers together. See Fig.3.

The "hydration" forces were measured in polymerized membranes by means of the osmotic

stress method. It was found that the decay length of these forces has an anomalously 1ow value -
0.7À in polymerized membranes compared with nonpolymerizable analogs (- 2À ). This can Úå
attributed to restriction of the out-of-plane lipid motion caused by polymerization. Synthesis of
DTDPC and the NM R experiments were done at the M oscow Institute of Fine Chemical
Technology.

5. T h e secon d par t o f th e m em brane str uctu r e inv estigati on w as car ried out at th e D N - 2 h igh -

fl ux neutr on d i ff r actom eter and w as conn ected w i th th e stu dy of stack ing diso rder in m odel
m em br anes v ia tim e-o f - f l ight neu tron é é ãàñï î ï . T he stack ing d iso rder in m em br an e sy stem s h as
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an important implication for elucidating membrane structure and interactions. À knowledge of the
nature of the disorder would allow the out-of -plane thermal fluctuations of lipid molecules to Úå
determined correctly fi -om neutron Éé ãàñéî ï experiments. The latter is à "hot" problem
concerned with Israelachvili's theory of entropic contribution to the "hydration" forces" '.

It is necessary to stress, however, that in traditional experimental set ups at steady state reactors
and Õ-ray diff ractometers, the refl ection widths are largely deter mined by instrumental

broadening, and it is practically impossible to remove this eff ect completely.
Time-of-fl ight neutron Ééòàñáî ï was used to extract the contribution due to intermembrane

distance fl uctuations &om the di f f ract i on peak width' . This method was also applied to investigate

the second kind of disorder in model egg yolk lecithin membranes. The widths of several orders of
difFraction at diff erent hydrations were deternuned. Based on this data, conclusions concerning
with the nature of the stacking disorder in model EYL membranes were drawn (Fig.4).

6. The membrane structure of à series of 1-palmitoyl-2-oleoyl-sn-glycero-3-

phosphatidylcholine (POÑC) modifi ed by the nonionic surfactant Ñ„ Í ,Î (ÑÍ ,ÑÍ , Î ) Í (CÄE )
(n=2, 4 and 6) in à lipid/surfactant molar ratio of 2:1 and 1:1 have been investigated by Õ-ray and
neutron dif5 action at two relative humidities RH =85% and RH=97% (1=20 Ñ, L< phase). It was

shown that the position of Ñ„ Å in the lipid matrix depends on the osmotic pressure, molar ratio

and length of the hydrophiHc head of surfactant (ÑÍ ,ÑÍ , Î ) . In âî ò å cases, with à decrease in

the osmotic pressure, the hydrophilic head of the surfactant withdraws &om the lipid matri x in the
water layer. These data give important information for interpreting the results of measurements of
the hydration forces between bilayers. The study has been performed in collaboration with
University of Leipzig.

7. The mechanisms acting on the cells through biologically active molecules are being studied
intensively now. In order to understand the role of the lipid bilayer in âèñÜ phenomena, à study of
the infl uence of local anesthetic on lipid membranes has been performed by Õ-ray diff raction~ . À

simple mathematical model explaining the quasi-parabolic dependence of the local anesthetic

activity on the length of the hydrophobic substituent in the homologous series of tertiary amines
(ÒÀ) has been proposed. It is suggested that the molecules of ÒÀ intercalate between the lipid
molecules in bilayers. Due to the mismatch between the length of the lipid and ÒÀ hydrocarbon
chains the intercalation results in à decrease in the bilayer thickness. The quasi-parabolic

dependence is the result of the combination of partition equilibria and the geometrical parameters
of interacting molecules in the Û1àóåã. The model predicts that the ÒÀ chain length at which
maximum activity is observed should depend on the lipid : aqueous phase volume ratio. The
empirical parameters used in the model were obtained from Õ-ray diff raction on multilamellar egg
yolk phosphatidylchoine (EYPC) dispersions with the monohydrochloride of the [2-(heptyloxy)-
phenyl)-2-( 1-piperidinylethyl) ester of carbamic acid and from the partition equilibria of its

alkyloxy homologs with ø é û ï åÂàã EYPC liposomes. The resul ts support the idea that one of the
mechanisms of the influence of biologically active molecules on biological cells is the change m
membrane thickness. This work has been performed in collaboration with the University of
Bratislava (Dr. P.Balgavy).
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8. Other kinds of work in the membrane fi eld were started in 1993- 1994 in collaboration with

Leon Brillouin Laboratory, Saclay, France and the Institute of Biological Structure of KFA, JOlich,
Technical University of M unich and BENSC HMI, Âåê à, Germany. (See reports ~ ).

R eferences.

1. V L .Gordeliy, L .V .Golubchikova, À .1.K uktin, À .G.Syrykh, À. Watts:
Progress i n Colloi d & Polymer Sci ence, v.93, ï î .PI-38 (1993).

2. R.Ñ.M acDonald, RË.M acDonald, Â.Ph.Ì .Ì åï ñî , Ê .Takeshita, N .Ê .Subbarao, Ü.Hu:
Âå ñÜ. Bi oph. Acta, 1061, 297-303 ( 1991).

3. È .Ì .Áàé ñò, D .W orcester : ÕÌ î !.Bi ol . 159, 485-499 ( 1982).

4 . J .N . l s r a e l a c h v i l i , Í . J . W e n n e r s t r o m : J .P hy s . C h e m , 9 6 , ð . 5 2 0 ( 1 9 9 2 ) .

5. V .L .Gordeliy, ÀÚ ÚËÉàò î ÷, À .G.Syrykh: Biologi cl~eskie membrany , v.9, num.2, ðð.193-200

(1992) (in Russian).

6. D . Uhrikova, × . Cherezov , S. Y aradaikin, P. B algavy : J . Phar mazi e, 48, Í .á, 446-450 ( 1993).

7. × .I .Gordeliy: Investigation of the structure liquid-crystalline lipid membranes via neutron

(È &àñï î ï . Disser tati on, JINR, Dubna (1989).

8. L .G.Golubchicova, V .1.Gordeliy, Ì .À .K iselev, J.Teixeira, S.Ð.Y aradaikin, V .G.Cherezov : LLB
Repor t, Saclay, France ( 1993).

9 . B EN SC R ep or l, B er l in , G erm any ( 1994 ) .

6 4



vesicles prepared by extrusion from DPPC in D>O/DM SO~ mixture
+ vesicles prepared by sonication &om DPPC in D>O/Î Ì $0 ~ mixture

deuterium DM SO molar consentration 0.05

- 4.00

Ô ~

~~~

Ô •

- 4,50
Ô

3

- 5.00

- 5.50

- å.î î

- 6,50

Fig.1. Guinier plot for two kinds of DPPC vesicle size distribution in D~O/Î Ì ÁÎ Ñ

mixture.
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Fig.Ç. Electron density profiles of polymerised membranes from DTDPC at diff erent
humidities.

å "

Fig.4. The diff raction peak width related to the repeat distance as à function of neutron
wavelength: (ÜñÈ )~ = (hd /d) + ô à/Õ' .
The second diffraction order for åù ~ yolk lecithin membranes under 97Î 6 D2O

humidity. The linear approximation gives the repeat distance fluctuation:
Ää~ä = (1.08 + 0.04) 10' .
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Mater ial research on hydrating cement paste and solid state nuclear track
detectors by SANS
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)Fraunhofer-Institut fur zerstorungsfreie Prufverfahren / EADQ Dresden, Germany
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+)Fraunhofer-Institut fur zerstorungsfreie Prufverfahren Saarbrucken, Germany

M aterial research becomes more and ò î ãå important today, especially with regard to the
long t ime behaviour of the materials. In the ñàçå of hydrating cement paste it includes the
unhydrated clinker minerals as well as the hydration products [ 1] . The SAN S ó ÷åâ the
opportunity to invest igate cement samples with macroscopic thicknesses. In the ñàçå of
the M URN facility of the IBR-2 the wavelength from (0.7 to 1.5) nm is used. Therefore
SAN S measurements on samples with thicknesses, which are relevant for building
industry (up to some millimetres), are possible without any necessary corrections of
multiple scattering eff ects. By means of diff erent programs ( SA S [2], FUM IL I , ITP 92
[3]) the scattering data were used for the description of the development of the particle
size distribution (Fig. 1) and of the time depending change of the interfaces (Fig. 2) [4] .
By means î Ãí å inverse Fourier-transformation [3], it is possible to calculate the part icle
size distribution. Figure 1 shows the time depending change of the part icle sizes (radius)
in à 0.5 mm thick OPC (Ordinary Port land Cement) sample (not normalized) . The SAN S
experiments were carried out during about 2 years (sample set CEMPA S). On the fi rst
hand it is visible that the size maximum position goes from about 5 nm up to 2.5 nm and
during the hydration à second maximum will be observable (about 10 nm) . The
increasing of the integral about the probability shows that the number of scattering
obj ects in the investigated size range becomes more and more. This facts are
understandable when we assume that during the hydration the unhydrated clinker
minerals will decompose and form new hydrated clusters part ially.

The approximation of the scattering curve by à potential function gives the possibility to
calculate an exponent À(2) of this function which can be associated with the dimension
of mass or volume fractals d~ (À(2) = äò ) or surface fractals ds(A(2) = 6-d ) [4] ,[5] .

The sketch of fractals is very useful for modelling of the inner structure which is
import ant for description of the transport of liquids within the cement structure. The
long-t ime behaviour of the exponent À(2) of the set CEMPA S is discussed in detail .
With an increasing exponent the particle size distribution shows à translation of the fi rst
maximum to smaller sizes. After 92 and 434 days à distinct change both in the value of
À(2) and in the size distribution was found. I f the exponent decreases from 4 to 3 that
means the inner structure becomes ò î ãå and ò î ãå fi ne [5],[6] . Other investigations are
done on à set of 4 hydrating samples for the analysis of grain-size eff ects of the OPC
part icles. In this ñàçå à set î Í î èã samples of à hardened cement paste are prepared from
ordinary Portland cement fract ions of diff erent grain sizes ((8- 14)ðò , > 45 ðò ) and
water mixture (D2O/water = 0.80) with à given water to cement ratio of 0.38. (sample

set CPHYD) In the experiments an observation of the hydrat ion progress within 378
days is done. Figure 2 shows the development of this exponent À(2) calculated by the éã'

procedure FUM IL I .
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In the observable size interval of the SAN S instrument M URN (about 1 nm to 30 nm)
[2] the cement structure can be described by means of volume fractals (in the fi rst hours
of hydration) and surface fractals. In figure 1 and 2 it is shown that not only in the fi rst
few days structural changes are visible, also after ò î ãå than 200 days. Hereby the strong
changes in the particle size distribution correlate with çèñà in the exponent À(2) .
Experiments on single cement phases (Tricalciumsilicate) were carried out to complete
these measurements. The continuation î Ãthese studies has to show the further evolution
of the parameter À(2) . In the ñàçå of À(2)= 4 the Porod law holds and the specific
surface of the sample can be calculated in à straight forward way. It will be interesting to
see whether the particle size distribution shows only one maximum.

In contrary of the hydrating cement paste the structure of irradiated and etched solid
state nuclear track detectors (SSNTD) is more simple, but there are à lot of unsolved
questions about the track formation, their shape and the spatial scattering length density
distribution. The observable size interval of the spectrometer M URN is favourable to the
investigation of the irradiat ion and etching process (etching time was up to 65 minutes) .
Figure 3 shows the Guinier-Plot î Ãí å scattering curve of irradiated and etched SSNTD .
The radii of gyration K~ calculated from the slope î Ã the scattering curve move within à
range of about 5 nm to1 5 nm for etched tracks. It shows à radius î Ãí å inhomogenieties
of about 10 nm. The Guinier-plots of the etched samples show regions with diff erent
slopes, i .e. two Ê values. The Ê values measured by SAN S were compared with the
Ê values measured by à conductometric method. The dependence on the state of
etching of the magnitudes of the Ê® and Ê are diff erent . SAN S reflects structural
changes of the neutron optical contrast . In contrary the conductometric method studies
the electrical behaviour. The etching time varies and an increasing of the track radii is
visible. Also only irradiated and non-etched SSNTD were invest igated by SAN S [7] .

The authors thank the colleagues from the SANS group, especially À . 1. Kuklin, for their
helpful discussions and help in the SAN S experiments. The experiments in the field of
SSNTD were done by cooperation with the colleagues of the JINR Dubna / L aboratory
for Nuclear Research Dr. Ì . Danziger, Dr. P. Yu. Apel, Dr. S. G. Stetsenko and M r . À .
Schulz. We wish to acknowledge Dr. W. Birkholz ( Umweltministerium des Landes
Mecklenburg-Vorpommern Schwerin, Germany ) and Dr. × . P. Perelygin ( L aboratory for
Nuclear Research) for their permanent interest . The work reported has been performed
with partial support î Ãí å Bundesminister fur Forschung und Technologie through grant
ï î . 03-DUÇFHG and 03-EI3ROS. The authors are fully responsible for the contents of
this publication.
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L ow R esolut ion M od el of R ib osom es an d t hei r Su b p ar t i cles.
St r uct u r al M od el of t he 50S Sub u n i t of Å .col i R ib osom es

f r om Solut ion Scat t er ing

D l .Svergun, Ì .Í .Êî ñÜ
ÅÌ ÂÜ, Hamburg Outstation, Notkestrasse 85, D-22603 Hamburg, Germany;

I . Skou Pedersen
Department of Solid State Physics, Risgl National Laboratory,

DK-4000 Roskilde, Denmark;

and I .N.Serdyuk
Frank Laboratory of Neutron Physics, Joint Institute

for Nuclear Research, 141980 Dubna, Moscow Region, Russia

Advances ø crystallization of ribosomal particles have aroused
hopes for their rapid decoding by Õ-ray analysis. However , à number of

emerging problems have led ë àï ó researchers to the conclusion that the
decoding of the ribosome structure is, in all probability, à problem of
the 21st century. Without disclaiming the possibility of obtaining
electron density ø àðç using powerful synchrotronic sources with à 5-10 À
resolution, we believe that new possibilities of small-angle scattering
can today yield à 3-D resolution sufficient for constructing trustworthy

models. The direct method of interpretation of scattering curves using
spherical harmonics belongs to çèñÜ possibilities [1-3] . In our work this

method was applied to create à structural model of the large subunit of
Å. coli ribosomes.

The small-angle scattering intensity from monodisperse solution is

proportional to the çñàéåï ï ä from à single particle averaged over all
orientations: I(s) = ( [Ã(ð(ã)-ð }] ) , where p(r ) and p are the

scattering length densities of the particle and the solvent ,
respectively, F denotes the Fourier transformation and s is the modulus
of the scattering vector s, ç= (4Û Ë)çø ä, Ë is the wavelength, and 20 the

scattering angle. The dependence of the scattering on the contrast p
ð(ã) — ð , where ð(ã',) is the average particle density, is given by (4)

î

( 1)

I (s) is the scattering of à uniform particle with the âàø å shape ("shape
ñscattering"), I (s) that from inhomogeneities and I (s) is the cross

S c s
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m. As the 50S subunit from Å. coli is à two-component particle

staining 980 KDa RNA and 34 proteins with à total molecular mass of 460

)à, its scattering can also be represented as (5)

~åãå ð , ð and I (s), I (s) are the contrasts and the
RNh pro RNh pro

uttering intensities of the RNA and of the protein, respectively, and
(s) is again the cross-term. The scattering densities of the RNA

oSS
5 proteins é éåã significantly from each other both for Õ-ãàóç and

éãî ï ç so that contr àç1 variation can provide valuable structural
'ormation. Joint Õ-ãàó and neutron studies combine the advantages of

high brilliance of synchrotron radiation and of the broader contrast

ige of neutrons.
50S ribosomal subunits of Å. coli MRE600 bacteria were obtained by

: standard procedure [6] . The çàø å batch of 50S ribosomal subunits was
:d as for Õ-ray and neutron experiments. In the Õ-ray experiments for

atrast variation samples ø buffers containing Î , 7, 14, 24, 32 and 38%
/w) sucrose were used. In the neutron experiments for contrast
riation samples ø buffers containing Î , 14, 40, 67, 97% D 0 were âàçåä.ã

The Õ-ray scattering data were collected using ÕÇÇ of ÅÌ ÂÜ on the
irage ring DORIS Ø of DESY (Germany). The wavelength was À = 0.15 ï ø
d the range of momentum transfer [S , S ] = [0.08, 1.53] nm .

min øàõ
The neutron scattering experiments were performed at the Riso SANS

:ility using the cold source of the DR3 reactor . Two experimental
ttings were used: sample-detector distance 3 ï ø , average wavelength À

8 nm (setting 1 covering the range of momentum transfer 0.09 ( s ( 0.70
à ) and sample-detector distance 1 ø , average wavelength 0.6 ï ø

:tting 2, 0.4 ( s < 2.0 ï ø ). The neutrons were monochromatized by à
:chanical velocity selector giving à wavelength distribution with
Ï -width-half- maximum ÀË/À = 0.18.

The neutron scattering experiments were performed also at the IBR-2

actor using the YUMO instrument . Two experimental settings were used:
) sample-detector distance 10.52 ø (detector-1 in this position
å range of momentum transfer from 0.07 to 1.2 ï ø ') anc

øðlå-detector distance 8.47 ø (detector-2 in this position cover.

nge of momentum transfer from 0.5 to 2.5 ï ø ).
The scattering curves obtained are presented in Fig. 1 and Fig. 2.

:overç

I (2)
the

~
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F i g . 1. Contrast variation data from the 50S ribosomal subunit . (1) to
(5) neutron data ø Î , 14, 40, 67 and 96% Î ãÎ (Riso, Denmark).
(6) Õ-ray scattering ø Í ãÎ (Desy, Hamburg) . For clari ty,
successive curves are displaced down by one logari thmic uni t .

L n l

Fig. 2. Neutron scattering curve from the 503 ribosomal subuni t ø
(IBR-2, Dubna) .
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Decomposition into the basic scattering functions according to Eq. 1

or Eq. 2 by the indirect transform program CGNOM (6) yielded the integral
parameters. These are ø good agreement with earlier results (7-9) and

confirm that RNA forms à compact core surrounded by à protein shell .

At the next step the shapes of the 50S subunit and of the RNA were

determined. The envelope of à globular particle can be described by the

angular function Ð(ñî ) which is parametrized using the multipole

expansion:

(3 )
ü

Ð(ñî ) = , L '

where the highest value of Ü determines the resolution (the angular

resolution is ë/(Ü+ 1) and spatial resolution is R ë/(Ü+ 1) , where R is
î î

the radius of the equivalent sphere, f are complex numbers, Ó (ñî ) are
lm 1ø

spherical harmonics and (r ,ñî ) are spherical coordinates. The partial

amplitudes À (s) ø the corresponding scattering intensity
1ø

üI(s) = 2ë .'Ã .Ã ~À (ç) ~ , (4)

are expressed ø terms of à power series with ñî åÛ ñ1åï ~ç that are
ï î à-1ø åàã combinations of the shape coef ficients f . Using Eqs 2 and 3

for 1 (s) and I (s) the envelopes of the 50S and of the RNA were
ñ w

evaluated by à minimization procedure and presented in Fig. 2.

Our model for the 50S subuni ts (spatial resolution about 40 À) i s ø
good agreement with electron-microscopic models [10, 11] , thus showing

that the new possibil i ties of small-angle çñàé åãø ä can today yield à

spatial resolution suf ficient for constructing trustworthy model s.
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Stereo pai rs of the model of the 50S subunit (the particle
envelope is shown ø à red wireframe, the RNA-rich core in à blue
wireframe). Crown view (top) , kidney view (down) . Bar length
represents 50 À .

Fig .

~
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Neutron Scatter ing Studies of Pressure I nduced
Phase Transitions in NH4HSO4

Ü.Bobrowicz~), I . Õà0ñàø åñ~~, Ò.ì àãäà~~ and S.I . Bragin

Frank L aboratory î ÃÕåè1ãî ï Physics, JINR, 141980 Dubna, Russia

Ammonium hydrogen sulphate (AHS), NH4H SO4 , undergoes two solid phase
transitions at atmospheric pressure. It was shown that in the temperature range of
phase I I , between 270 Ê and 154 Ê , AH S is ferroelectric [ 1] . Nuclear spin latt ice
relaxat ion time experiments [2] indicate à remarcable change in NH4 motion at lower
transition temperature, while ï î change is found at the upper phase transition. The
ferroelectric properties of this crystal disappear with with increasing hydrostat ic
pressure [3] and proton superionic conductivity was observed at temperatures above
460Ê and pressures 500 Ì Ðà [4] .

The results of neutron powder diff raction (NPD) and inelastic incoherent neutron
scattering (I IN S) investigations of the diff erent AH S solid phases in the temperature
range of 100 - 300 Ê under hydrostatic pressures up to 400 Ì Ðà are presented. The

measurements were performed on the NERA inverted geometry spectrometer [5] of
the IBR-2 pulse reactor at JINR in Dubna. The gas compressor made by UNIPRESS

(Warsaw, Poland) was used as à high pressure source.
No change was found in the NPD and I lN S spectra for the I I I second order phase
transition at 270 Ê , while the I I - Ø first order phase transition at 154 Ê was clearly
seen . The latter phase transition is marked by à change in crystal structure and proton
dynamics.

250 1 ' ! ' ! ' ! ' !

Ì Í 4Í $ 0 4
Ò = 285 Ê

2 0 0

ñ

ñ 1 5 0

î~ <oo

phase !

~

ð = 150 Ì Ðà

ð = 340 Ì Ðà
! • ! • ! • ! !

4 .80 5.20 5.6

50 '
2.60 3.00 3.40

~ ~í ~ " ~

Fig .1. Pressure dependence î Ãí å neutron pow der diff ract ion spectra of N H 4H Á0 4.

1) On leave from the Inst itute of ÐÂóòñÿ, À .M ickiewicz University,
60-780 Poznan, Poland.

2) On leave f rom the Í .N iewodniczanski Inst itute of Nuclåàã Physics,
31-342 Krakow, Poland
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The latter phase transition is marked by à change in crystal structure and proton
dynamics. In the low temperature phase Ø well resolved bands corresponding to
the latice vibrations, translational and torsional vibrations of NH4 ions, torsions of
HSO4 ions and internal vibrations of the SO4 tetraedron are clearly seen. With
increasing temperature these bands are smeared and look quite similar above ca
250 Ê ø the both II and I phases [6] .

1 ' !160
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F i g .2 . N e u t r o n p o w d e r d i ff r a c t i o n sp e c t r a o f N H 4 H S O 4 a t d i f Fe r e n t p r e s su r e s a n d

t e m p e r a t u r e s .
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Fig .Ç. The I IN S spect ra î Ãí å phases I , I I and IV î Ãammonium hydrogen sulphate.

With increasing hydrostatic pressure at the temperatures of 290 Ê (phaseI) and 250 Ê
(phase I I) we have observed the first order transition to phase IV ( Fig.1 and 2) .
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Below ca. 250 Ê phase IV becomes matastable and can exist even in atmospheric
pressure within temperature region of the phases I I and Ø . With increasing
temperature phase IV transforms directly to phase I at about 270 Ê . A s it is shown in
Fig.3 the I INS spectra of phases I , I I and IV indicate on the stochastic character of
hydrogen motion above the temperature of the I I - Ø phase transitions. The
quasielastic broadening caused by the fast reorientation of protons in the phase IV is
smaller then in phases I I and I . The diferences in vibrational spectra of phases Ø and
IV ( Fig.4 ) at low temperatures are caused by the ordering of NH4+ ions in two

difFerent crystal structures.

î
î
ñ

~>~

CO

Ô
× Ý

Î Ý

3 0

2 0

10

~~

200 400 600 800
- 1

Neutron energy transfer, Å (cm )

10 0 0

Fig .4 . Generalized phonon density of states î Ãí å phases Ø and I V î É ×Í 4 H SO4.
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I N V E ST I G A T I O N S T H E L I Q U I D H E L I U M ' E X C I T A T I O N S SP E C T R U M S T R U C T U R E

1.× .BOGOYAVLENSKII , Ü.× .ÊÀÊÊÀÒÁÅÌ ÑÍ ~, Zh.À.KOZLOV , À.× .PUCHKOV~

I nsti tute of Ðhóstcs and Technology, Kharkov, 310108, Ukraine
Joi nt I nsti tute1î ò Nuclear Research, D ubna, 141980, Russia
Insti tute of Ðhóstcs and Power Eng ineeri ng, Obninsk. 249020, Âèò à

The questions of fundamental physical reasons for the transformations of the excitation spectrum in
liquid Í å4 in the transition f rom the superfluid to normal phase is stil l open for discussion. Progress in
understanding this behaviour was achieved due to the development of the microscopic theory of Bose-
liquids by Belyaev, Hogenholtz and Pines, Gavoret and Nozieres, Hohenberg and Martin, Shepfaluzy and
Kondor, á ï ï ø and Cheung, etc. On the basis of the øàø previous achievements of the theory Grd5n,
Glyde and Stirling [1] have proposed à ï åè phenomenological model qualitatively describing the
spectrum of excitations in liquid Í å4. À rather complicated spectrum of liquid helium excitations
predicted in the above papers require à detailed experimental check ø à wide range of wave vectors q
from 0 to 3.5 k ' at various temperatures and densities of the liquid helium. We could start real izing this
check on à new spectrometer DIN-2PI [2] .

The neutron inelastic scattering measurements ø liquid helium-4 were carried out using the DIN-2PI
spectrometer. For experiments we took à cryostat [4] aUowing us to operate with à sample of liquid
helium-4 of the volume 3.6 litres in the temperature range &î ò 4.2 to 0.4Ê, the accuracy in maintaining
the temperature being 0.01Ê.

ý.î

ß

ã.î

g 1.î

î
~.î

î . î -
î î

F i g . 1. T h e p h o n o n -ø àõ î â - r o to n

d i sp er si o n c u r v e i n su p er f lu i d h el i u m -4

( so l i d l i n e) an d m u l t i p h on on

ex c i t at i o n s (d ash ed l i n e) . Set o f

k i n em at i c l aw s a t v a r i ou s an g l es

sca tt er i n g at i n c i d en t n eu t r o n en erg y

1.6 m eV i s sh o w n . T h e m easu r em en ts a r e p er f o r m ed at i n i t i a l n eu t r o n

en erg i es f ro m 2 ø å× an d l ow er . T h e l ow i n i t i a l

en er g i es al l ow ed an essen t i a l r ed u ct i o n o f t h e

i n Qu en ce o f m u l t i p h on o n an d m u l t i p l e i n el ast i c

n eu t r o n scat t er i n g t o ob tai n i m p r ov ed r eso l u t i on s

b etw een 50 an d 10 0 pe V , d ep en d i n g o n t h e

w av ev ect o r . F i g . 1 i l l u st r at ed t h i s w o r d s an d sh ow s set

o f k in em at i c l aw s at i n i t i al n eu t r o n en er g y 1.6 ø å× .

T h em easu r em en ts o f t h e d o ub l e d i f fer en t i a l c r oss

sec t i o n of t h e l i qu i d h el i u m w er e car r i ed ou t at t h e

i n i t i a l n eu t r o n en erg i es Å „ = 1.6 ; 2 .0 8 ; 2 .4 5 ; 3 .5 m eV

an d t em p er atu r es Ò = 0 .4 2 ; 0 .4 5 ; 1.4 ; 1.4 5 ; 1.5 ; 1.7 2 ;

g pg gg~t .og ~ t~ s ~ tt < ( , j p ) ~.~ 2 .0 ; 2 .0 5 ; 2 .2 1; 2 .2 5K i n t h e r an g e o f th e an g l e

scatt er i n g r om 5 t o 13 5 ' (o r w av e v ect o r f r o m 0 .0 8 t o

2 .5k ' ) [ 5 ] .T h e m a i n r esu l t s o f î ø an al y se a r e sh ow n

i n fi g .2 . T h e an al y se w as p er f o r m ed by t h e n ex t w ay .

T h e ex per i m en t al d oub l e d i f fer en t i a l c r o ss sect i o n o f

t h e l i qu i d h el i u m w as t r an sf o r m ed t o t h e dy n am i c

st r uc tu r e f acto r $ (q, à) . T h e sh ap e o f $ ( q ,å) p eak s w er e

d escr ib ed by th e v a r i ou s m od el s . W e ñî â Û d i st i n g u i sh

t h r ee ch ar act er i st i c r eg i o n s o f t h e w av e v ecto r q f o r

w h i ch p eak s a re a l so d i 8 er en t i n sh ap e . T h ese a r e : th e

i n i t i a l p h on o n p ar t of t h e d i sp er si o n cu r v e , w h en
q < 0 .5À ' , th e m ax o n - r o to n reg i o n o f ex c i ta t i o n , w h en ó - 0 .6 5À ' , an d t h e so -ca l l ed t r an si t i o n r eg i o n ,

w h en 0 .5< q < 0 .6 5 À - ' .

Â å1î è Ò > ø t h e ø àõ î ï - r o ton r eg i on , à o ne-p a r t i c l e sh a r p p eak o f $ ( q, a) i s i l l d esc r ib ed b y à si n g l e

á àö âÿ àà ( G ) o r à si n g l e L o ren t z i an c onv o l u ted w i t h à G au ssi an (L G ) . À tw o - G au ssi an m od el ( G + G ) an d

à tw o -co nv o l u t i o n m od el (L G +L G ) p rov i d es à b ett er d escr i p t i o n o f t h e sh a r p p eak ( i n t er m s o f ó ~, t h e

co r r el a t i o n co ef fi c i en t s o f t h e m od el p ar am eter s, an d î ë åã stat i st i ca l c r i t er i a o f ap p ro x i m at i o n ) . T w o

co m p o n en ts o f t h e scat t er i n g p eak É é åã si g n i fi can t ly i n w i d th , t h er ef o r e, w e w i l l cal l o n e of t h em t h e

n ar r ow c o m p on en t ( n ) an d m ark i t on t h e fi g .2 by t h e so l i d c i r c l es ; an d t h e î áæåã , t h e w i d e c o m p o n en t

(è ) an d m ark i t by t h e op en c i r c l es.
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In the phonon region of the spectnun, these components are observed also. For the reason to be
understood from à subsequent consideration, the narrow component here may be diff erent in nature from
the (n)~ mponent and we will denote it by (zs) and mark it on the fi g.2 by the triangles. The wide
component is well seen in this region only about T> and at lower Ò its intensity decreases, thus making
its separation ÉØ àé1. In the transition region, the picture is the most complicated. Í åãå, obviously, all

Fig. 2. The result of the description of experimental $(q,å) at various Ò by the (G+G) and (G)-model .

Above T> in the maxon-roton part of spectrum only wide peaks (w) are observed, and they are well
described by one (G) or one (LG). In the phonon region, besides the broad component (w) à narrow
component (zs) is seen. In the transition region, the latter component becomes rapidly attenuating and
above.q- 0.651 -' it is not observed at all , The broad component ø the transition region is ill defi ned. The

narrow component (n) typical of Í å Ï is not observed above T>.
The modern experimental fhcil ities of the spectrometer DIN-2 admit the detailed research of inelastic

scatteriag in helium. The results were represent via the fi t of the initial experimental data by the Gauss-
Gauss and Gauss-Lorentz convolutions and it promoted us to Ãî Áî è the evolution of the peak of the
scattering as à function of Ò and q. The origin of spectrum, ø brief , is in accordance with the Grid5n-
Glyde theory. The (n)component may be identifi ed as the result of the quasiparticle excitations. In the
normal state the narrow (zs) phonon branch may be explained as the zero-sound mode, and as the
superposition of âèñÜ à mode with phonon part of quasiparticle excitation in superfl uid phase. The (w)-
component may be understood as the collective excitations of phonon type, usual for the classical l iquids.
As to the mechanism of "interaction" among these three branches, the á ï éø and Glyde's idea about the
hybridisation of quasiparticles with the density fluctuations due to the presence of Âî âå-condensate to be
adequate to the picture presented above.
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N E U T 34O N SC A T T E R I N G ST UD I E S O F Î Ê Æ Õ Ò À Ò1Î Õ À Ò
D I SO R D E R I N C A M P H O R -L I K E P L A ST I C C R Y ST A L S I N ÒÍ Å

T E M PE R A T UR E R A N G E O F 10 - 300 Ê

Ê . Ho l d e r n a - Na t k ani e c ( 1 ) , Z . Na t k an i e c (2 )

( 1 ) I nst i t ut e o f Phy si cs , À. Mi ck i ewi cz Uni ver si t y , 60- 780 Poznan , Po l and
(2 ) Fr ank Labor at or y o f Neut r on Phy si cs , J I NR, 141980 Dubna , Russ i a

Í . Ni ewodni czansk i I nst i t ut e o f Nuc l ear Phy si cs , 31- 342 Kr akow, Pol and

Mol ecu l es of camphor C,~Í „ Î and bor neol e C|~Í |,Î ar e near l y
gl obu l ar i n shape , and at r oom t emper at ur e , t he cr y st al st r uct ur e
of t hese compounds shows or i ent at i onal d i sor der . Neut r on scat t er i ng
i nvest i gat i ons of p l ast i c cr y st al s of d- and d l - camphor ,
d l - bor neol e and d l - i sobor neol e hav e been per f or med down t o hel i um
t emper at ur es . Neut r on di f f r act i on (ND) and i nel ast i c i ncoher ent
neut r on scat t er i ng ( I I NS) spect r a hav e been r ecor ded s i mu l t aneous l y
wi t h quas i e l ast i c neut r on scat t er i ng (QNS) spect r a on t he KDSOG and
NERA i nv er t ed geomet r y spect r omet er s of t he I BR- 2 h i gh f l ux pu l sed
r eact or .

The ND spect r a of d- and dl - camphor i nd i cat e st r uct ur al phase
t r ans i t i ons i n t hese cr yst al s at ca . 240 and 200 Ê, r espect i v el y .
The I I NS spect r a c l ear l y show t hat onl y t he mol ecu l es of d- camphor
ar e comp l et el y or der ed i n t he l ow t emper at ur e phase . I n add i t i on ,
on l y s i x r ef l ect i ons i n t he ND spect r a of d l - camphor and
dl - i sobor neol e have been wel l obser ved down t o 10 Ê. Th i s
r e l at i v el y smal l number of r ef l ect i ons suggest s t he or i ent at i onal
d i sor der of mol ecu l es i n t he l ow t emper at ur e phase of t et r agonal
symmet r y . Temper at ur e dependence of t he l at t i ce spac i ng end
i nt ens i t y of t hese r ef l ect i ons ev i dent l y conf i r ms t he st r uct ur al
phase t r ans i t i on at 200Ê i n d l - camphor and weak l y i nd i cat es t he
t r ans i t i on at 290 Ê i n d l - i sobor neol e wi t h i n t he t et r agonal
symmet r y . The ND r ef l ect i ons of d l - bor neol e can be i ndex ed i n t he
cubi c symmet r y . Thei r t emper at ur e behav i our does not i nd i cat e any
st r uct ur al phase t r ans i t i on down t o hel i um t emper at ur es .

I I NS spect r a measur ed at l ow t emper at ur es shows t hat i nt er nal
mol ecu l ar v i br at i ons ar e wel l separ at ed f r om cr y st al l at t i ce
v i br at i ons . The d i f f er ences i n l at t i ce and i nt er nal mol ecu l ar
v i br at i ons of d- and d l - camphor ar e caused by i nt er mol ecu l ar
i nt er act i ons r el at ed t o var i ous mol ecu l ar pack i ngs i n t he cr y st al s .
Appr opr i at e d i f f er ences bet ween t he I I NS spect r a of d l - camphor and
d l - i sobor neol e r ef l ect t he dynami cs of s l i ght l y d i f f er ent mol ecu l es
wi t h t he same cr y st al st r uct ur e . Compar i son of I I NS spect r a of
d l - bor neol e and d l - i sobor neol e i nd i cat es t he d i f f er ence i n t he
dynami cs of s i mi l ar mol ecu l es caused by var i ous mol ecu l ar
conf or mat i on and cr y st al pack i ng . The ND and I I NS spect r a of
d l - bor neol e exh i bi t s t hat t he d i sor der char act er i st i c of t he
p l ast i c phase of camphor - l i ke subst ances mi ght be f r ozen down t o
hel i um t emper at ur es . The QNS component i n t hese subst ances i s
r el at i v el y weak and i s caused mai nl y by st ochast i cal j umps of
met hy l gr oups obser ved at t emper at ur es above 100K.
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ÒÍ Å T E M PE R A T U R E D E PE N D E N C E O F T H E PH O N O N D E N SI T Y O F ST A T E S O F

SUPERCONDUCTING L agCu O 4ä

Å À . Gor emy chki n, 1.L .Sashi n.

G.F .Sy ry kh, V.Ð.Gl azkov

E ur chatov I nsti tute,123182, M oscow, Ì 1Áß À

T her e have b een n um er ous stud ies in d icat i on t he im por tan ce î Ã t he elect r on -phonon

i n t er act i ons i n h igh -t em per at u r e super conduct ing cer am i cs, al t hough i t i s not esta b l ish ed t h at

à ðÜî ï î ø ñ m echan ism is r esponsi b le for t he super cond uct i ng t r ansi t i on .Óàï ous spect r oscop i c

tech n i q ues have show n ev idence for à cor r elat i on betw een t he lat t ice d ynam ics and t he onset

of super cond uct i v i ty .
T he com pou nd Ü à2Ñ èÎ 4 is à ï î ï -super cond uct i ng ant i f er r om agnet bu t i t w as f ound

t hat t he i n t r od uct ion î Ã i n ter st i t ia l oxygen by h igh p r essu r e and ot her t echn i ques p r ov i des à

d op i ng m echan ism that p r od uces Ò app r oachi ng 40K

I t 1â Ñï î þ t hat at low oxygen d op i ng levels t her e is à m i sci b i l i t y gap w i t h t he t w o
phases consist i ng of t h e non -super conduct i ng par en t com pound and à m eta l l i c oxygen -r i ch

com pound w h ich ca r r ies t h e âèðåãñèããåï Ã R ecent stu d ies phonon d ensi t y of st ates (PD O S) of

su per cond u ct i ng Üà2Ñ è Î 4 1 m easur ed by inelast ic neu t r on scat t er i ng, at t he r oom

tem per at u r e ( 1) , has show n sof t en i ng low ener gy par t î Ã t he PD O S T h i s p r ov i des à usef u l

op por tu n i t y t o com par e t he PD O S i n t he par en t com pound w i t h t he doped su per cond u ct or at

d i f fer ent tem per at u r e
T he m easur em en ts on i nver se geom et r y spect r om eter at K D SO G , D ubna, show an

un usual dependenCe of t he low ener gy par t of t he PD O S on d i f f er en t t em p er at u r e and oxy gen

st oich i om et r y .T hå PD O S î Ã ðèãå Üà C uO shows ï î t em per atu r e depen den ce . H ow ever , f or

Ü à~Ñ èÎ 4 1 i t w as f ound substan t ial incr easi ng ÒÂ Î ß i n t he low ener gy r ange w i t h t h e

decr easin g tem per atu r e . T he com par ison î Ã t he PD O S for super conduct i ng Ü à C uQ 4 and

n on -super con duct in g par ent has show n excessi ve densi t y of states f or sup er cond uct i on sam p le

up t o 15 m eV (F I G .1) and i ncr easi ng ËÑ (å) w i t h t he decr easing t em per at u r e .
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~

1 . G E A y r y k h et ~ l . " S u p er c o n d u c t i v i t y : p h y si cs , c h em ist r y , t ec h n i cs " , 19 92 , v 9 N 1 1 , ð 2 17 1 .
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Ò Í Å C R Y S T A L F I E L D E F F E C T S I N T H E Ó Ü Ñ ï ~ ß ~ C O M P O U N D

Å .À . G or em y ch k i n , À Õ ö . M u zych k a

1.Ì .Ã ãàï Ê L ab or at or y of N eu t r on P h y si cs, J oi n t I n st i t u t e f or N u cl ear R esear ch

The investigations of the dynamic magnetic susceptibility of the YbCu2Si2
compound, which is known as à compound with the intermediate valency (IV) of the
ãàãå earth þ ï , have been carried out with the help of the inelastic neutron scattering
(INS). The greatest dif ficulty ø the data processing was blending of the magnetic and
phonon scattering.

Fig. 1 shows the scattering law at helium and ãî î ò temperatures. An increase
in Á(ÿ) with à decrease ø temperature ø the energy transfer region 20 to 40 meV
points to à presence of à strong magnetic contribution to the neutron scattering ø this
region. On the îáæåã hand, the peculiarity in the region of small energy transfer values
<5 meV is also of magnetic nature and it does not allow the magnetic scattering at
>20 meV to be interpreted as the quasielastic one. I t is j ust this peculiarity that is
more likely to be à consequence of the quasielastic scattering. Thus, the magnetic
response of the sample is à superposition of the
quasielastic component with the line width of - 2.5 meV and the inelastic component,

which is typical of the systems with heavy fermions (SHF) and not of the compounds
with IV .

Âó means of the cosistent description of the spectra at Ò=10, 80, and 300 Ê,
the magnetic response of the sample has been singled out (Fig. 2), on the basis of
which the crystal field (CF) parameters have been obtained:

,ô =-0.2; 34' ==--0.21 10 1; g =-0.1 10 4; Â44=0.46 10 1; / =0.17 10 2 (meV)

The statistics deterioration with an increase ø temperature seen in Fig. 2 is
connected with the way of the data processing: the phonon component obtained by
subtraction of the calculated magnetic one from the spectrum at Ò=10Ê was multiplied
by the temperature occupancy factor and subtracted from the spectrum measured at the
corresponding temperature.

The CF parameter analysis with the help of the superposition model [1] , which
has earlier been performed for the compounds with îáæåã ãàãå earth elements [2,3] , has
allowed the internal parameters of the 4th and 6th orders for the Cu and Si
coordination spheres to be determined:

A4(Si)=-0.06; A4(Cu)=-5.5; A6(Si)=2.0; A6(Cu)=1.5 (meV)
The comparison of these values with corresponding parameters of î ë åã ãàãå

earth elements gives one the grounds to make à conclusion that strong hybridization of
the f-electrons and the Cu electrons takes place in this compound contrary to the
CeCu2Si2 SHF, where the Si electrons participated in the hybridization with the f-

electrons.

RS



Fi g . 1. Th e sca tter i ng 1àí f o r ÓÜÑè2Á 2 f o r diff er en t temp er a tu r es.

Fig. 2. Magneti c response at diff erent temperatures:
poi nts represent the response extracted f roò the experimental spectrum;

obtained CF parameters;
thin li nes represent separate spectrum components.

1. D J. Newman and Â. Ng, Rep. Prog. Phys. 52 (1989),-ðð. 699-763

2. Å.À. Goremychkin, À .Yu. Muzychka and R. Osborn, Ðóèñà Â 179, 184 (1992)
3. Å.À . Goremychkin, À .Yu. Muzychka, R. Osborn. Theses of the ÕÕÕ workshop
on the 1ow temperatures. Dubna, 1994, ÷.2, ð.224 (in Russian)
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ÒÍ Å SP E C T R U M OF T H E I N E L A ST I C N E U T R O N
SC A T T E R I N G F R O M ÒÍ Å P O LY M E T H Y L SI L I C A T E

A CI D X E R O G E L

V.D.Khavryuchenko, ÀÕ .ÊÜàò÷óèñÜåï 1ñî
Inst itute of Surface Chemistry, Ukrainian Academy of Sciences, Kiev

À Õ è.M uzychka
Frank Labor at ory of Neut ron Physics, JINR, Dubna, Russia

The polymethylsi licate acid xerogel is used in medical practice as à highly active
enterosorbent, however, the mechanism of its action has not been investigated. The main
obstacle consists in an uncertainty of its amorphous state structure. The only way to
investigate the structure of such materials is the vibration spectroscopy, which includes both
experimental methods (infrared spectroscopy and the inelastic neutron scattering spectroscopy)
and the calculation methods in chemistry. To realize it, we have obtained with the help of the
inelastic neutron scattering the amplitude-weighed spectrum of the vibration state density for

an industrial sample of dried polymethylsi licate acid xerogel (Fig. 1).
According to performed calculations of the cluster models of the structure of this

material , à preliminary description of the vibration spectrum may be done as follows:
- the region of 0 to 60 cm 1 corresponds to the torsional vibrations of the OgSiCHg

tetrahedra relative to the Si-0 -Si bounds;
— the region of 180 cm 1 corresponds to the torsional vibrations of the methyl group;
- the region of 320 cm 1 corresponds to the deformation vibrations of the 0 -Si-Ñ

angles;
the region of 800 crn corresponds to the def ormati on vi brati ons of the Si -CH ~

angles,
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A N O M A L O U S D E P E N D E N C E O F N E U T R O N D E P O L A R I Z A T I O N O N

M A G N E T I C F I E L D I N Y B aqC u qO g.p C E R A M I C S N E A R Ò, .

V .I .Aksenov , Å.Â .Dokukin , V .K .Ignatovich ,
S.× .K ozhevnikov , ÅË.K orni lov , Yu.V .Niki tenko, À .× .Pet renko

Frank Laborat ory of Neut ron Physics, Joint Inst i t ute for Nuclear Research , Dubna,
R u s s 1a

Yu.V .Bugoslavskij , À .À .M inakov ,
Inst i tute of Physics of the Russian A cademy of Sciences, M oscow, Russia

T his research is devoted to t he invest igat ion of magnet ic fi eld penet rat ion inside t he HT SC,
ÓÂà~Ñè~Î ~ ð and of t he vor tex system dependence on t emperat ure and magnet ic fi eld
st rength . T he met hod is based on neut ron depolar izat ion measurement s as descr ibed in
[1]. Former exper iment s [2-5) were per formed in t he temperat ure range of Ò ( 0.5T, . Í åãå

we repor t t he resul t s of measurement s ø t he temperat ure r ange near Ò, in à fi eld up to 1
T l where the HT SC exhibit new propert ies t hat were not previously observed.

T he exper iment s were performed at t he SPN-1 spect romet er of polar ized neut rons of

1Âï ; 2. Neut rons were polar ized and t ransmit ted through t he sample of Y BaqCuqOs 9 as
shown in fi g.1. Dimensions of t he sample and di rect ions of the ext ernal magnet ic fi eld,
neut ron polarizat ion and the beam are included. T he sample had à t ransi t ion temperature
T,= 90.4 Ê wi th à t ransi t ion region widt h of 1 Ê , and i t s densi ty was ð = 4.9 g/ cmÐ. I t
had à text ure and the axis (001) of cryst al l i tes was oriented mainly along t he "à" -direct ion

of the par allelepiped, shown in fi g.1.

~~

F i g . 1 . G eom et r y of t h e ex p er i m en t

À spin fl ipper placed before the sam ple could reverse polar izat ion of t he incident beam .
À detector placed after the polar izat ion analyzer measured the count rat e 1V+(H , Ò, Ë) of

t he t ransmit ted beam in dependence on the fi eld Í , temper at ure Ò and t he wave lengt h
of neut rons Ë, wi t h spin fl ipper swi t ched î ï (+ ) an d on (-) respect ively, i .å., when t he spin

of t he incident neut rons was directed along the fi eld and against i t .
Polar izat ion of the t ransmit t ed beam , P (H , Ò, Ë) , was determined as the rat io:

N + (H , Ò, Ë) — N (H , Ò, Ë)
Ð (Í , Ò, Ë) = ( i )N +(H , ò , ë) + ì - ( í , ò , ë)
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T he ranges of var iab]es were: 0.5 < Ë < 15A , 0 < Í < 10 kOe, 77 < Ò < 94 Ê ,

respect ively.
Informat ion about processes inside the sample was ext racted from the r at io

( 2 )

w h er e i n d ex 0 i s r el at ed t o m easu r em en t s at t h e t em p er at u r e Ò = T s — — 250 Ê , h i gh ab ov e

T Ä w h er e Ó Â àðÑ è çÎ â ð i s n on m ag n et i c an d Ð ( Òä, Ë ) d o es n o t d ep en d on t h e m agn et i c

fi el d .
B esi d es t h e sp ect r al p o l ar i zat i on Ð ( Ë) ( 1) t h e i n t egr al p o l ar i zat i on Ð w as al so u sed . I t

w as ñ1åï ï åé w i t h t h e h el p of r el at i on ( 1) , w h er e È + ( Í , Ò , Ë ) w as r ep l aced w i t h È ~ ( Í , Ò ) :

F ig . 2. Polarizat ion in dependence on magnet ic field. à) at an increase and , Ü)

at à decrease of t he ï å1Ë.

F ig. 2 shows t he dependence of int egral polar izat ion Ð( Ð at t he t emper at ure Ò = 86

Ê on t he magnet i c fi el d: (à) when t he fi eld increases, (b) when t he fi eld decreases. I t can
be seen t hat besides t he minima at Í = Í ~ and Í = Í ~, which were discussed in [1],
there is à range of fi eld st rengths from H s — — 4.1 kOe up t o maximum 10 kOe, achieved

here, where t he polar izat ion curve Ð (Í , Ò) has an ir regular behavior .
We int erpret t he point Í ç, which has an approximat ely l inear dependence on temper-

ature, as the t ransit ion point from the region Í ( Í ç, where t he Abr ikosov vor t exes ar e
rect il inear and paral lel t o the external fi eld, to t he region Í ) Í ç, where the A br ikosov

vor texes acquire bending excit at ions.
Fig. 3 shows three curves for polar izat ion in dependence on neut ron wavelength , Ë.

Curve 1 shows Ps(A); curve 2 shows P (A) corresponding t o the maximum point Í „ = 9

kOe of curve (Ü) in fi g. 2; and curve 3 shows Ð (Ë) corresponding t o the minimum point
Í „ = 8.4 kOe of t he curve (Ü) in fi g. 2. Curve 3 in fi g. 3 is where an anomaly is
seen: the change in sign and an increase in polar izat ion at long wave lengths, which can
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be explained by inelast ic scat t ering wit h à spin fl ip and t he energy t ransfer f rom neut ron
to vort ex lat t ice.

Such à scat ter ing should enhance the intensi ty at long wave lengths when t he spin
fl ipper is swi t ched on, or maj ori ty of neut rons are polar ized against t he ext ernal fi eld. T he
enhancement was observed.

Compar ison of neut ron spect ra t ransmit t ed Ü~ the sample at temperat ures high above
Ò, and below Ò, at t he minimum polar izat ion ø t he region of i r regular i t ies shows t hat
t he energy t ransfer should be ò 20 ø åÓ. Simple geomet r ical considerat ions show t hat t he

inelast ic scat ter ing creates bending excit at ions of t he vort exes perpendicular t o t he fi eld
and t o the di rect ion of t he beam .

T he ir regular behavior has à quasi-per iodic char acter in dependence on the external

fi eld t hat may be connected with the per iod of t he vortex lat t i ce an d the fl uct uat ions
appear ing close to the lat t ice melt ing point [6,7].

T he work was suppor ted by RFFI (grant s No. 94-02-04011, No. 93-02-2535) and by

ISF (grant No. NJZ000).

~

F ig . 3 . Polar izat ion in dep enden ce on w avelengt h of t he neu t r on at 1) T = 250 Ê ,

2) Ò = 86 Ê , Í = 9 k Oe, 3) Ò= 86 Ê , Í = 8.4 k Oe.
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Òè ï å- î Ð ä Û n eu t r o n d ep o la r i za t i o n f o r n o n d est r u c t i v e t est i n g

Ü.P.Chernenko, D.À.Korneev
Frank Laboratory of neutron Physics, JINR,
141980 Dubna, Moscow region, Russia

J.Schreiber
Fraunhofer-Institute for Nondestructive Testing,

Dresden, Germany

The run of 184 hr was carried on March 1994 to demonstrate the
reliability of SPN installation for characterization of industrial sample
like the car motor cylinder wall fragment. We performed à
nondestructive study of the sample, which was tested previously by
acoustic methods. The acoustic methods showed the existance of
inhomogeneity in the ferromagnetic Ni coated layer of the sample area.
According to the potential of the neutron depolarization method, it was
interesting to search for the micromagnetic properties of the sample
and make an evaluation of the important information for wear
resistance study purposes. The first aim was to prove the existance of
the acoustic methods pointing. We adopted the SPN set-up for à simple
area scan along the right line marked on the sample. Fig. 1 shows the
sketch of the experimental set-up. For the mode of data collection been
the quickest we measure the f lipping ratio (Fig. 2), which reveals the
area inhomogeneiteis in correlation with the acoustic data. The series
of measurements was ë àäå at three positions on the sample scan with
coordinates equal to 25, 35 and 59 mm to compare the time-of-fl ight
data of æî çå positions. As seen from Fig. 3 there are remarkable
differences ø the behaviour of the depolarization functions at æî çå
positions. Analysis of the peculariteis of the depolarization function
gives the conclusion about the character of stress condition in the Ni
layer. This is the essential benefit of the time-of-fl ight information,

which permits to develope the procedure of residual stress testing.
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Fig. 1 Sket ch of the ex perimental set-up
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Fig. 2 The scan data curve clearly
shows the inhomogeneous profi le
along the chosen marked right line
of the sample area.
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Gr ound state moment reduction
W(110) / Fe (110) / W (110) film.

l 0 u l t r a -t h i nan

Ó. Pasyuka,~, Q. F. Ê . Ì ñ Gratha, Í . J. L auterb, À . Petrenkoe À . L ienard~, and D.
Givorda

~ L aboratoire Louis Neel , CNRS, BP 166, 38042 Grenoble Cedex, France.
> ILL , Â.P.156, 38042 Grenoble Cedex 9, France.
~ Frank Laboratory of Neutron Physics, JINR, 141980 Dubna, Russia.

D espi te the l ar ge body of theor et i cal w ork dev oted to the ev alu at ion of the gr ound

state moment in reduced dimen sional m agnet i c sy stem s, there ex i st s v ery l i t t l e

exper im ental ev aluat ion of the ab sol ute v al ue of the m om ent i n u l tra-th i n f i lm s. O n l y one

ex act determ inati on of the m om ent i n è1~ãà4 Û ï F e f i lm s h as been p rev iou sl y repor ted [ 1] ,

w here the av er age m om ent i n à m onol ay er and tw o -l ay er th i ck Fe f i lm w as deduced f rom

m agnet i sat ion m easurem ents and quar tz m icr ob al ance th ick ness m easurem ents.

I n thi s paper w e present an account of an exper imental determ inat ion of the

average m om ent in à three lay er Fe ( 110) f i lm .

À buf f er l ay er of W (nom inal th i ck ness = 500A ) w as in i ti al l y dep o si ted on À 1~0 ~

( 1120) by pul sed l aser deposi ti on , as repor ted el sewhere [2] . À detai l ed structural

analy si s of the grow th of Fe on W w as performed by means of ø -si tu RH EED and

A uger and ex -si tu by m ean s of graz ing incidence Õ -r ay d i f f r act ion and specul ar refl ect ion

and w i l l be reported el sew here [3] . RH EED and grazing incidence di f f raction analy si s

show ed the Fe to grow epi taxial ly directly onto the W ; al l crystal l ographic àõåè of Fe

being paral lel to the axes of W of the çàò å index . The f ir st monolayer of Fe i s found to

adopt the l att i ce param eter of bu lk W , the f i lm then rel ax es as the th i ck ness (d ) increases.

The rel axati on fol low s an approx im ate 1 / d behav ior . The f i lm nucleates through the

Îformation of in-plane isotropic crystal l ites which are greater then 50À with à

misorientati on w hich i s less than 1.8' . A s the f i lm thickness increases the crystal l i te size

increases and the m i sor ientation decreases. The f i lm was subsequentl y protected by à
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à pm 2.1 +/ - 0.1 ~

2.53 +/- 0.12 ~

Ü magnetometry

2.46 +/ - 0.1 5 ~

2.18 ~~

theoretical
2.17 ð

F igure 4 . Schem ati c represen tation of th e gr ound state m om ent (in un i ts o f ð ä ) in v ar i ou s

ul tra-thin Fe f i lm s; à - polar ised neutron data (thi s w ork ), Ü - magnetometry data (f rom

[ 1] ), and ñ - theoretical calculations (from [5] ) .
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measured by means of à SQU ID magnetometer . The f i lm was or iented onto the sample

holder w ith the easy axi s to w i thin 0.5' of the f ield direction. À constant f ield of 1 kOe

w as appl ied and the m agneti sation was measured at each temperature step ( 10 Ê ) f rom

4.2 Ê to 300 Ê (f ig. 3) . The magneti sation is f ound to decrease f rom 1.85 +/ - 0 .05õ 10-~

emu at 4.2 Ê to 1.57 +/ - 0 .05 õ 10-~ emu at 300 Ê . A ssuming that the thermal decrease

from 0 Ê to 4.2 Ê i s negl i gible then the 300K moment, as determ ined by neutrons

( 1.80+/- 0 .05 pB) can be extrapolated to 2.1 +/ - 0 .1 pB at Î Ê .

The above data i s compared w ith the magnetometry / quar tz data [ 1] and band structure

cal cu l ati ons [5 ] in f igur e 4 . A l though à d irect com p ar i son betw een the three sets of data i s

not possib le, th e theoret i cal pred icti on that W leads to à reducti on in the m agnet ic m om en t

at an Fe interface appears to be veri f ied by the above neutron data. T heoretical

calcu l ati ons f or the sy m m etr i cal W / Fe / W sy stem , in clud ing in ter f ace rou ghness, w ould

enable à better com par i son betw een theory and exper im ent to be m ade.

In conclusion , the average magnetic moment in à W ( 110) / Fe ( 110) / W ( 110) f i lm ,

w here the Fe thickness i s three layers, has been measured as 1.80 +/ - 0 .05 ðö at 300 Ê .

The value extrapolated to 0 Ê i s 2.1 +/ - 0 .1 ðä which agrees w ith theoretical predictions

th at W leads to à r educti on in the Fe m om ent at an in ter f ace com par ed w i th à f ree surf ace.
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O N Ò Í Å N E U T R O N M E A N S Q U A R E I N T R I N S I C C H A R G E R A D I U S

Óè.À.À1åõàï é î ì
Frank Laboratory of Neutron Physi cs, JINR, Dubna, Russia

In 1994, the physical community of the world continued di scussing the i ssue
of the value of the n-e scattering length, à , and of the sign of the neutron mean
square charge radius cr >g. The latter is related to a through the Foldy
relationship (Foldy, 1952) which Foldy obtained by solving the generali zed Dirac

equati on:

( >)

where àð = ð, (å 2Mc ) = -1.468õ10 ~ fm Foldy scattering length.

With respect to neutron experimental data processing results physicists can
be divided into two groups [1] : Æî çå belonging to the f irst group believe that
ñà, > = (-1.31Þ .02)x10 Ç fm (Krohn, Ringo (1973), Koester et al . (1988)) and,

consequently, ~ ;,>~ > 0 (see (1)), and the others who believe that
ñà„ ) = (-1.58~Þ .03)x10 ~ fm (Melkonian et al . (1959), Alexandrov et al . (1975
and 1986)) and, consequently, cr~ ) ñÎ .

Calculations performed in [2] on the basis of the S-matrix of neutron
scattering which take into account the phenomenon of inter-resonance scattering
(Wigner (1946), Fogt (1958)), yielded an analytical expression for the inter-
resonance interference term. This term, å.g., for bismuth for the neutron energy on
the order of 10 eV is 90 times less than the total neutron cross section. In [2], it
has also been shown that far from resonances the interference term is practically
independent of neutron energies and thus cannot infl uence the value of à„
obtained in Dubna, especially, if this value is obtained in à diffraction experiment.
It has moreover been shown that the sum effect of resonance effects and inter-
resonance interference is almost equal to zero for even-even nuclei (for the isotope
~~~ÐÜ and the neutron energy of 1 eV the contribution of this sum effect to the
total cross section is approximately 10 x10 ~~ cm ), what means that for an even-

even nucleus the resonance scattering should not affect the value of à , .
Reasons for à discrepancy in the determination of the aÄ value from

transmission experiments performed ø Garching (Koester et al. (1988)) and in
Dubna (Alexandrov et al. (1986)) were also considered in [2] . I t has been shown
that the most probable reason for this discrepancy is the calculation methods by
which the infl uence of negative energy resonances is accounted for. The Dubna
calculation method seems to be à more preferred method.
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In [1,2,3], à comparison was carried out between experimental and
calculated values for aÄ and ñã~;,>~ on the basis of modern theoretical

representations of the nucleon. It has been shown that the well-known theoretical

ideas of the nucleon structure based on the old meson theory by Yukawa (Cloudy
Bag Model (Thomas (1983), Skyrme model (Skyrme, 1962), Numbu-Jona-Lasinio
model (1993), collective model (Bij ker, Iachello, Leviatan (1994), etc.) disagree
with the experimental value ( à~,> = -1.31õ10-~ fm (ñã~„.,>~ .-,Î ), and agree with
the value ( à~,> = -1.58õ10 Ç fm (cr ~>g <Î ). This point of view has recently

received positive response at the XVIII International Nuclear Physics Symposium
at Oaxtepec (Mexico) held on January 4-7, 1995. At present there exists ï î
adequate idea of the nucleon structure which would explain the value
<à„ ) = -1.31õ10 ~ï ï .
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RE CEN T I N V EST I GAT I ON S OF N EU T R ON
P OL A RI ZA BI LI T Y

Ò .Ü.E n ik , L .V .M i t sy na, V .G .N ikolenko, À .Â .P op ov , Î .S.Sam osvat
( Joint Inst i tute for Nuclear Resear ch, Dubna)
V .G .K r iv enko , À Ë 7.M ur zi n , Ð.N V oãî n à

Inst it ute for Nuclear Research , K iev )

T he elect ri c polar izabil ity of t he neut ron ãåéåñéâ i t s int ernal charge st ruct ure.
For t he polar izabil i ty coeffi cient , diff erent t heoret ical models predict very similar

values [1]
à „ 1 • 10 ~/ ò ~. ( 1 )

But the sit uat ion wit h the exper iment al val ue of à „ is not clear . At t he fi rst sight ,
t he problem seemed t o be solved by t he result of ref .[2]

à „ = ( 1.20 2 0 .15 + 0 .20 ) 10 ~,~ò ~,

ob t a i n ed i n O ak - ' R i d ge f r om n eu t r on t o t a l cr oss sect i on ~ò, m easu r em en t s on ~~ Ð Ü

i n t h e w i d e en er gy r an ge u p t o 50 k eV . B u t t h e car ef u l an al y si s p r esen t ed i n

r ef .[3] sh ow ed t h e au t h o r s con cl u si on ( 2 ) t o b e t oo op t i m i st i c an d t h e sy st em at i c

er r or w as t o b e i n cr eased b y sev er al t i m es . F i n al l y , t h er e i s à n ew r esu l t n Ä [4 ]
ob t ai n ed b y t h e D u b n a- G ar ch i n g- R i g a co l l ab or at i o n f r om a < on ~'~Ð Ü f or fi v e

qu asi - m o n och r o m at i c n eu t r on gr o u p s, 1 .26 , 5 .19 , 18 .6 , 12 8 an d 19 70 eV :

1 59 ~ 0 04) 10 — ç f m ,

— 1 32 + 0 04) . 10 — ç f m .
for

for

~

( — 1.3 k 0.5) • 10 ~f m~

( — 0.3 ~ 0.5) • 10 ~/ ò ~
4 å =

4 å =

I t ñî ï é~ñÔç both wit h the theory (1) and wi th t he previous result (2), especial ly
if we use n-e scat t er ing length bÄÄ which theoret ical ly seems ò î ãå accept able.

À program of fur ther à „ invest igat ions was developed in 1994 at Dubna and

K iev reactors.
In Dubna at t he IBR-30 booster , we have star ted to measure aq for ~~~P o

by classic t ime-of-fl ight method wi th the Ñ î , B r , W, Àä and R h fi l t ers wit h black
resonances being permanent ly present in the beam for the background isolat ion .
T he neut ron detector is 20 cm long 10 at m ~ Í å — counter , t he fl ight path is 70.8 m ,
t he beam diameter is 11m m , t he sam ple t hickness is 20.8 mm (0.06872 î ~) . T he

runs wi th à sample (15 min) and wi thout à sample (10 min) were al t ernated and
cont rol led by the ÐÑ-286. 10 energy interval s between 1.6 and 97 eV have been
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ch o sen f o r t h e cr< c a l cu l a t i o n . T h e r esu l t o f t h e fi r st sev en 2 4 - h o u r l o n g r u n s i s

sh o w n i n F i g . 1 b y o p en c i r c l e s t o g et h er w i t h 4 G a r ch i n g p o i n t s ( f u l l c i r c l es ) . T h e

n ew cr q b el o w 4 eV seem t o b e sy st em a t i c a l y h i g h er t h a n t h e o l d î ï åê b y 10 — 2 0 ò Ü.

W e d o n o t k n o w y et t h e r ea l r e a so n o f su ch à ÿ ä ø 6 ñà Û d i ff er en c e i n t h e o q v a l u es .

Fig.1. Tot al cross sect ions of enriched 20sP b measured

in Garching (full circles) and in Dubna (open cir cles)

T he most impor tant aim of t he invest igat ions is t o get ñò~ at Å ) 10 keV
because the à „ infl uence on ~ò, is propor t ional t o E ~~~ and t he î „ , cont r ibut ion at

such energies is zero. Å = 24 keV is chosen as the fi r st st ep , which can be real ized
by t r ansmission of the white spect rum neut rons t hrough à thick layer of ~ F e. In

order t o suppress t he other neut ron peaks, one uses addit ional fi l t er s such as A l

and S.
T he measurements wi th 24 keV neut rons have been execut ed wit h the same

t echnique as in t he ñàÿå of t he eV neut rons, except fi l t er s, the fl ight pat h , and
t he ÿÍ å — count er , which were 24 ñò of natur al Fe plus 10 or 20 cm of A l , 74.4 ò ,

and 50 ñò , correspondingly. F ig.2 pict ures t he result of the one-day run including
t he t ime-of-fl ight spect rum without t he sample and cal culat ed t ransmission of t he

sample. T he tot al resul t of 15 days is

( ~ )1 1.04 7 ~ 0 .0 19 b.

~

T he most essent ial result has been obt ained in K iev at t he ÆÈ Â; Ì reactor ,
in à beam of which t he fi lt ers of 37 ñò of ~~Å å, 22 ñò of A l , and 10 cm of S were

placed. T he 3 at m 22 ñò long Í ~ — count er was used as à neut ron detect or , t he

beam and the sample diam et ers were the same as in Dubna. T he measurement
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F ig .2 . Result of one-day exposure wit h

24 keV neut rons in Dubna.

Fig.Ç. Result of 20-hour exposure with

24keV neut rons in Kiev .

went on dur ing 7 days by 2 — 3 hours runs, wi th the 100 seconds exposure wi t h and

without t he sample being al ternated in each ï ø . A s an example, t he spect rum of
the 20-hour measurement with the sample is displayed in Fig.Ç. Some undulat ion of
plateau is caused by t he elect ronics nonlinear ity. T he underlayers of ó — background

and peaks of the higher energies have been subt racted fr om the t ot al spect rum to
calculate t he t ransmission. Processing about one t hi rd of dat a gives

o~ — — 11.009 2 0.003 Ü. ( 5 )

Bot h (4) and (5) values , as well as the open cir cles in Fig.1, ar e r at her pre-

liminary resul t s and t hey are to be con6rmed in t he fut ure invest igat ions.
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F o r w a r d - b a c k w a r d asy m m et r y an d ð - r eson a n ces ø t h e f i ssi on o f

I .S. Guseva, G .À . Pet rov, À .Ê . Petukhov , V .Å . Sokolov

~

and

V .P . A l fi m enk ov , Ü .Â . Pik elner , × .I . Fu r m an

~

The fi rst parity violation eff ect is such reactions was observed by Abov et à1. [1] in the

asymmetric emission of ó - rays at the capture op polarized thermal neutrons. Later à similar asym-

metry was observed in fragment emission during the fi ssion of heavy nuclei [2] . The next step in this

fi eld was the discovery of parity nonconservation in ð - wave neutron resonances [3] . The helicity

dependence î ÃÍ å neutron cross sect ion in çèñà resonances amounts t o t en percent .

A l of these eff ect s w ere explained as being the result of mixing s - and ð - resonances by

w eak interact ion [4,5] . The values of these eff ect s depends very strongly on the parameters of the

resonances, w hich are w ell - know n for s - resonances but are unknow n for ð - resonances. This is

special ly t rue for f i ssionable nuclei w here informat ion about ð - resonances is totally absent , and is

the reason why any new properties î ÃÍ å ð - resonances is quite interesting.

One î Ãthe methods for discovering and studying ð - resonances is the observation of various

fi ssion co r r elat io ns. T he angu lar di st r ibut ion s of f r agm ent s at t he fi ssion of nu clei by n eut r ons m ay be

ex pr essed as:

w here 6 , ð and ð , are unit vectors in direct ions of neutron polarization, neutron momentum and

light fragment momentum, a Ä is the coeff icient of the Ð - odd correlat ion and à~ and a~ are the

coeff icients of Ð - even lef t - right and forward - backw ard correlat ions. A ll three coeff icient s are

funct ions of the same parameters. Only à contains addit ional w eak matr ix element betw een the s -

and ð - lev els.

The a coeff icients are quite low, so the experimental results were only for thermal neutrons

and not for resonance neutrons. Recently measurements of àðô for ~'U were began in PNPI

( G at ch i n a) an d t h en c o n t i n u ed o n t h e I B R - 3 0 h ig h i n t en siv e n eu t r o n so u r c e i n D u b n a .

M ea su r em en t s w er e m ad e w i t h t h e ~" Á an d ~ ' Ó i so t o p es. F o r d et ec t i o n o f fi ssed f r ag m en t s

à m u l t i sec t i o n i o n i z at i o n c h am b er w as u sed . I t g av e t h e p o ssib i l i t y o f i d en t i f y i n g b o t h l i g h t an d h eav y



fragment s escape: forw ard or backw ard relative to the neut ron momentum. The chamber can rotate

around the ver tical axis and remain at 0' or 180' relat ive to neutron beam. This w as necessary to re-

move apparatus asymmetry, which could distort the true value of àù .

M easurements were carried out by time - of -fi ight method on neutron beam N o. 1 of the

IB R - 30 at t he fl ight p at h of 30 m . T he asy mm et ry co ef5 cient w as det erm ined f r om t he r elat io n ;

N — N
~ óâ =

N , + N

w here N ~are the count s î Ãí å fission chamber at the detect ion of fragments of certain mass.

As à result of these measurements and calculations, the values of à~â were carried out for

~'Ó and ~'Ó over wide energy interval 1 - 70 å× . Fig 1 shows the energy dependence of è~â for

~'Ó (above) and the experimental fi ssion count (below). It seems that the energy dependence of

s o

- %

~

- SO

~

'ñ
SO

~

C H A N N E L N U M B E R S

~~~~~~

ment is being prepared

should begin in 1995.

and

F igu r e
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gave à set of parameters of the

ð-wave resonances which de-

scribe àðô(Å) quite well .

Further development of

such investigations will gave new

information on the ð -resonance,

especially if the other correlation,

a~ (E), is also studied. Presently

in FLNP JINR üèñï an experi-

àäö(Å ) has à com pl icat ed shape, w hich w as ex pect ed becau se at à w hich w as ex p ect ed b ecau se at à

N E U T R O N E N E R G Y ( e V )

~å â ç

! ! ! ! 1 ! ! many ð - wave resonances.
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Signifi cant exper iment al progress has been achieved dur ing the l ast
year s [1] in t he st udy of par it y nonconservat ion (PNC) in p-wave neut ron

resonances using longit udinally polar ized beams of resonance neut rons and
t he t ime-î È ÛäÛ methods of neut ron spect roscopy. Par ity-violat ing longi-
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t udinal asymmet ry of the cross sect ion appears ø t hose p-resonances which
ï à÷å large enough weak matrix elements Ì , to mix t hem wi t h t he â-wave

resonances wit h t he âàø å spin J . Only the spin channel j = l / 2 component
of t he total neut ron widt h cont ributes to t he exper imental eff ect , t herefore,
âð1ï â and spin channel mixing rat ios should be measured àâ well . T he 6nal
parameter needed for the theory of ~ åà1ñ inter act ion ø compound nuclei is
the root -mean-square value of matr ix element s, Ì , or t he corresponding

spreading widt h Ã of t he weak interact ion

2~ãÌ ~

D
( >)

~

which are independent of det ails of t he wave funct ions of individual res-

onances (here, D is t he average level spacing ø the compound nuclei at

given exci t at ion energy ).
If t he spreading width Ã is essent ial ly independent of t he atomic mass

number À , then the mass dependence of Ì should reflect t he mass depen-

dence of t he level densi ty D . On the ot her hand, à sl ight ly difFerent mass
dependence of the kind ~

( 2 )

was argued ø the work of Ref . [2] based on the mechanism of dynamical
enhancement due Ñî t he vir t ual exci t at ion of à giant 0 resonance by the
weak interact ion . T he mass dependence of t he weak interact ion mat r ix el -

ement has not been exper iment ally t ested yet : only the work of Ref . [3]
touched on this subj ect when analysing t he early class of exper iment s wi t h
stat ist ical ly inadequat e dat a for single resonances in each nuclei . T herefore,
after result s for À 235 nuclei , t he T RIPLE Collaborat ion st ar ted ø åà-

surement s of t he PNC asymmetr ies ø many resonances for nuclei around
t he Çð-max imum of the neut ron st rength funct ion , À 100. T he resul t s
for the t arget nucleous ~~~ÑÈ only are repor ted here.

T he par i ty violat ion phenomenon in Cd was 6rst discovered in 1964 at
IT EP [4] as the asymmetry of .ó-quant a decay of Cd after t he capture of

polar ized thermal neut rons, and st udied in 1991 at JINR [5] at à single
resonance Åð — — 7.0 åÓ by à polar ized neut ron t ransmission t echnique. In à

1In this formula Ì , D and the ef fect i ve excitation energy è,óó are ø å×
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given work , par it y violat ion in 22 ð-resonances found in Ref . [6] was inves-
t igat ed by measuring the tot al capture cross sect ion of ~~~ÑÉ on the longi-

t udinal ly polar ized neut ron beam at t he L A NSCE pulsed neut ron source
of t he Los A lamos M eson Physics Faci li ty. À 4n-capt ure detect or based
on BFp cryst al s was used. T he sample was à highly enr iched (93.35%)
~~~ÑÉ -met al disk . T he spins of resonances were det ermined by measur ing

gamma-ray spect ra from t he individual resonances at t he GEL INA pulsed

neut ron source (IRM M , Geel ) wi th t he use of Ge-detectors and t he same
sample. T he assignment of t he spins was based on the populat ion of low-
lying st ates. À typical t ime-of-fl ight spect rum wi th the ~~~ÑÉ sample is

shown in F igure 1 in logar i thmic scale. T he dat a were analyzed in t he
energy int erval 7-495 ev . T he resul t s are listed in Table 1.

Four resonances showed non-zero par i ty violat ing asymmet r ies at the

level equal or great er t han 2.5 ~ò. From spin measurement s i t follows that
only 10 resonances are liable to exibi t par i ty violat ion , namely those wi th
spins J = 0,1 but not J = 2. T he st at ist ical approach was applied to t he
analysis of t he obt ained dat a. T he Dubna resul t s of Ref . [7) on the neu-
t ron st rength funct ions for j = l / 2 and j = 3/ 2 channels were eff ect ively used
instead of unknowm spin channel mixing par amet ers of resonances. T he
likelihood funct ion of rms mat r ix element Ì was const ruct ed and cal culated
giving for t he fir st t ime t he resul t

Ì ( C d ) = 2 .0 ~~~' z ò åÊ

T his value is t o be compared wi th t he root -meam-squaw PNC mat r ix el -
emets obt ained at LA NSCE for ~~~ÒÜ [8] and ~~× ) [9]:

( 232Ò Ü ) = ] 2 + 0.5

Ì (ÿÇÂÓ) = 0.56 +Î ~1 ò åÊ

T he resul t s indicate à smoot h , i f any, mass behavior of t he weak mat r ix
element . T he st at ist ical uncert ainty of the above result s do not al low Ñî
dist inguish between diff erent approaches t o the mass dependence of Ì .
PNC asymmetr ies measurement s for more nuclei from t he mass region of
the Çp-maximum of the neut ron st rength funct ion are necessary. T hey are

under preparat ion û well û the spin assignment measurement s on t arget s-
candidates for par i ty violat ion study.
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ÒàÛ å 1: P N C asy m m et r i es an d p ar am et er s of t h e p - w av e r eson an ces ø

E Ä ( e V )

7 . 0 0 + 0 . 0 1

2 1 . 8 3 ~ 0 . 0 1

4 3 . 3 8 = Å 0 . 0 3

4 9 . 7 7 ~ = 0 . 0 1

5 6 . 2 3 + 0 . 0 1

8 1 . 5 2 3 = 0 . 0 1

9 8 . 5 2 = Å 0 . 0 2

1 0 2 . 3 0 = Å 0 . 0 2

1 0 6 . 5 6 + 0 . 0 2

1 6 6 . 6 0 ~ 0 . 1 3

1 9 6 . 1 5 ~ 0 . 0 4

2 0 3 . 5 1 ~ 0 . 0 4

2 1 1 . 8 8 j 0 . 0 5

2 3 7 . 8 7 ~ 0 . 0 5

2 5 2 . 6 8 ~ 0 . 0 5

2 7 1 . 5 0 3 = 0 . 0 6

2 8 9 . 6 4 = Å 0 . 0 9

3 1 2 . 3 0 ~ = 0 . 0 7

3 4 3 . 7 9 ~ = 0 . 0 7

3 5 1 . 6 + 0 . 2

3 5 9 . 3 ~ 0 . 1

3 7 6 . 8 ~ = 0 . 1

3 8 5 . 0 ~ 0 . 1

4 2 2 . 7 = ~ 0 . 1

4 8 9 . 9 + 0 . 1 Ð ( % ) — 1 . 0 0 = Å 0 . 4 5 — 0 . 0 5 = Å 0 . 2 8 — 0 . 4 0 + 0 . 6 9 — 0 . 0 6 + 0 . 2 7 + 0 . 2 8 ~ = 0 . 1 3 + 0 . 7 0 ~ 1 . 4 2 — 0 . 4 1 Å 0 . 2 6 + 1 . 3 0 = Ü 0 . 2 7 + 2 . 4 9 ~ 1 . 2 2 — 2 . 0 0 ~ = 0 . 9 5 — 0 . 6 3 ~ = 0 . 4 3 + 0 . 3 0 3 = 0 . 2 6 + 0 . 3 2 ~ 0 . 3 1 + 0 . 5 0 = Å 0 . 1 2 + 0 . 2 0 = Å Î . 1 9 — 0 . 5 1 = Å 0 . 7 4 — 0 . 5 7 = Å 1 . 5 4 — 0 . 2 8 ~ 0 . 4 5 — 0 . 4 9 ~ = 0 . 1 6 — 0 . 2 4 ~ 0 . 7 6

Ô 0 . 0 5 ~ = 0 . 2 8 1 2 0 1 2 2 1 1 2 2 ( 1 ) 2 0 2 1 1 2 1 ä Ã „ ( ò å Ó ) 0 . 0 0 0 3 1 = Å 0 . 0 0 0 0 3 0 . 0 0 7 1 = Å 0 . 0 0 0 2 0 . 0 0 4 7 = Å 0 . 0 0 0 4 0 . 0 1 5 0 = Å 0 . 0 0 0 5 0 . 0 4 0 3 ~ = 0 . 0 0 0 6 0 . 0 0 5 2 ~ = 0 . 0 0 0 6 0 . 0 4 2 = Å 0 . 0 0 1 0 . 0 3 7 = Å 0 . 0 0 1 0 . 0 3 0 + 0 . 0 0 2 0 . 0 2 0 ~ = 0 . 0 0 2 0 . 1 0 0 ~ = 0 . 0 0 5 0 . 0 6 7 ~ 0 . 0 0 3 0 . 0 7 8 = Å 0 . 0 0 3 0 . 1 2 5 ~ 0 . 0 0 4 0 . 1 4 0 ~ 0 . 0 0 4 0 . 2 6 ~ 0 . 0 1 0 . 0 6 = Å 0 . 0 0 6 0 . 4 9 1 = Å 0 . 0 0 7 0 . 1 7 = Å 0 . 0 1 0 . 0 3 6 = Å 0 . 0 0 3 0 . 2 8 = Å 0 . 0 1 0 . 8 3 ~ = 0 . 0 1 0 . 0 8 9 ~ 0 . 0 0 6 1 . 0 0 ~ 0 . 0 2

0 . 7 2 = Å 0 . 0 2
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A B STR A CT
In this work prel iminary resul ts are presented of an

investigation of the radiative capture of resonance
neutrons by ' " ßï i sotope in the region of resolved

resonances maki ng use of the method of multipl i ci ty
spectrometry . The choi ce of the indicated i sotope was
due to the data on i ts spin and radiation width being

incomplete . The cross section of radi ative capture by
' Sn isotope in the region of resonance neutron energies

is interesting f rom the point of ì åú of understanding
nucleosynthesis.

Neutron time-of-ò,|äÌ spectroscopy measurement
was made on the sample enriched in ' " ßë at the pulsed
neutron booster I BA- 30 of the Joint Institute for
Nuclear Research (JINR) in Dubna. The capture
measurement was performed on the 502 m fl ight-path.
The gamma-cascades from neutron resonances were
measured with the Na1(Tl ) multisectional 4ê-detector
in order to obtain gamma-multipl icity spectra of
resolved resonances in the energy range from 20 e V to
2000 eV. The Boron converter, positioned inside the
detector, gave the opportunity for detecting of neutron
scattering events by measuring monoenergy gamma-
quanta from the " B(n,ay) reaction. The correlation

between the multipl icity spectra and the spins of the
resonances was investigated. Spins and radiative widths
of resonances were determined.

II . EXPERIMENT

1. I N TR OD U CT I ON

Studies of the radiative capture of neutrons are
stimulated by the ðãåâåï Ì àó physical picture and
theoretical description of this process still remaining
quite incomplete. Application of the method of
multiplicity spectrometry of gamma-quanta together
with the time-of-éô Û (TOF) method yields extensive
experimental information on radiative capture in the
region of resonance neutron energies and on
parameters of resonance levels. The data on the spins of
the resonances of certain nuclei being fragmentary
determines the interest in those characteristics of
gamma cascades, which exhibit systematic dependence
upon the spins of resonance levels.

À multi section 4ê - "Ðà çó-type" scintillation
detector located at the 502-meter-long TOF base of the
I BR — 30 pulsed neutron booster of the FLNP JINR ' ,

was used for measurements. The mean booster power
and the resolution were 10 k8' and 8 ns/ ò

respectively. The detector consisted of 16 independent
Nal (TI ) crystal sections with à total volume of 36
litres and geometric åØ ñ1åï ñó of 80 %. À '" ßï target ü
5. 97.10 4 ï ï ñ1åÈ)àï ~ thick was used in the
measurements. The sample of SnO, enriched in ' " Áè

to 90.7 % abundance was positioned in the center of the
detector in à thin A l container.
The neutron beam was monitored by two counters of
SNM — 17 type and these were positioned at 60 ò

distance from the source. À Â4Ñ(10 ò ò ) fi lter was
constantly in the beam to remove the recycl ing
neutrons. The neutron TOF and the coincidence
multiplicity of gamma-quanta were determined for each
interaction event. In parallel with the gamma-quanta
from radiative capture in the target, single 480 ke V

On leave of absense from the Institute for Nuclear
Research and Nuclear Energy, Sofi a, Bulgaria

The ' " Áï target was provided by Institute for Nuclear

Research and Nuclear Energy, Sofi a, Bulgaria

1 1 3



gamma-quanta produced in the ' B(n,ay) reaction,

caused by neutrons scattered in the target and occurring
in the Boron converter surrounding it, were detected.
At the same time the converter screens the detector
é î ø scattering neutrons. The capture-event and the
neutron scattering-event parameters are stored in the
memory of the measuring module if the sum energy of
the registered gamma~ uanta is in the energy interval
from 2 to 9M eV and from 0.35 to 0.50MeV
respectively. Thus, the same detector registered events
of radiative capture and of neutron scattering in the
target simultaneously and in identical conditions. The
high ef5ciency of the detector permits enhancement of
the number of measurable resonances in neutron-
scattering experiments by this method.

Tahle 1. Resonance narameters of Sn
Pr esent w ork

ó ã
BNL -325

) ó ã ~ î

eV

ã„

meV

Ã „

m e V

(87)~ +

eV
-10

6.22+ 0.06

74.76+ 0.08

114.8+ 0.2

140.9+ 0.3

145. 7+ Î . 3

222.6+ 0.4

261.6+ 0.5

283. 1+ 0.6

330.0+ 0.7
Ø . ÂÅß Ë.ÒÁ

455.8+ 1.0

697 + 2

830 + 2

885.0 + 1.8

948

1150

1258

The energy limits of the calculated areas were chosen
âî as to reduce as much as possible the infl uence of
adj acent resonances and of peculiarities of the incident

The experimental spectra were processed for
determining the areas ß (ê) under the resonance peaks
in the time-of-fl ight spectra of di6ering multiplicities
(ê) for detector sections fi red simultaneously. Thus,
the experimental gamma~ uanta multiplicity spectrum
Ð( ê) = SÄ( a)/ '~) ß„ (ê) for each resonance was

k '

obtained, and the mean gamma~ uanta multiplicity
(x ) = g êÐ(ê) determined. It turned out to be that for

ê
the even-odd ' " ßï isotope the ( ê ) values concentrated

around two points: (k ) = 2. 50 and (k ) = 2. 79. Thus,
in the range of energies up to 2000 eV, 9 spin 0'

resonances and 13 spin Ã resonances were successtuily
identifi ed for '" ßë -ÒàÛå 1.

For determining the parameters of the resonances à
program was written which made possible computation
of the expected TOF radiative capture and scattering
spectra and fi tting them to the respective measured
spectra by vatytng the resonance parameters and
fi tting the parameters of the neutron spectrometer. The
resolution function of the spectrometer and the
detection eI5ciencies for various events â åãå fi tted for
the whole set of resonances. The radiation width Ã

was fi tted with the aid of the ratio of the partial areas
AÄ and 4 under the respective resonance peak in the
radiative capture and scattering spectra, of the known ò

neutron width I Ä and of the distribution function
obtained. The A„ / A ratio is practically insensitive to

the shape of the spectrum of incident neutrons and to
details of the resolution function. The Mn content in material of the vacuum neutron

guide tube prevents the observation of this resonance.

1 14
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After the Dubna pioneer work on pari t y nonconservat ion (PNC) in
neut ron p-resonances [1] par i ty violat ion has been observed in à number of

nuclei [2] , [3] , [4] and now appear s as to be a general feature of compound
st ates. À new approach to t his phenomenon [5] t reat s the symmet ry-
breaking mat r ix elements as random var iables and expresses t heir root -
mean-square val ue Ì through t he efFect ive nucleon-nucleon weak coupling
const ant s. Up to t he last year t he Ì -value was obt ained only for ÒÜ~~~ and
U~~ . For fur ther study of t he mass dependence of Ì i t is impor t ant t o

obtain more experiment al dat a on p-wave resonances of nuclei-candidates

for PNC measurement s. In t he given work t his is done for indium which is
near t he max imum of the Çp peak in neut ron st rength funct ion . T he known
dat a and simple st at ist ical argument s suggested that t he avai lable set s of
resonances in ~~~?ï and ~~~?ï were incomplete even in à low energy region

up to several hundred eV , t herefore new measurement s were of interest .
T he t ransmission t ime-of-fl ight measurements were made on t he 56m
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T ab l e 1: ~~ I n p -w av e r eson an ce p ar am et er s

ä Ã „ ( ò å~ )
E Ä ( e V )

2 9 . 6 7 = Å 0 . 0 5

4 0 . 6 6 3 = 0 . 0 7 *

5 8 . 7 0 ~ 0 . 1 0 *

6 6 . 4 0 ~ 0 . 1 2 *

7 3 . 0 4 ~ = 0 . 1 3

7 7 . 8 9 ~ 0 . 1 4 *

8 5 . 5 0 + 0 . 1 5 *

8 6 . 3 2 + 0 . 1 5

8 8 . 4 0 ~ 0 . 1 6 *

1 0 0 . 8 ~ 0 . 2

1 0 3 . 7 = Å 0 . 2 *

1 1 0 . 8 ~ 0 . 2

1 1 4 . 3 = Å 0 . 2

1 2 0 . 6 ~ 0 . 2

1 4 4 . 1 = Å Î . Ç

1 4 5 . 7 ~ 0 . 3

1 4 6 . 9 = Å Î . Ç *

1 5 6 . 5 + 0 . 3 *

1 5 8 . 6 = Å Î . Ç

1 6 2 . 2 = Å Î . Ç

1 7 4 . 2 ~ 0 . 3

1 9 0 . 9 ~ 0 . 3 *

1 9 2 . 4 + 0 . 3

1 9 4 . 5 + 0 . 3

1 9 8 . 7 ~ 0 . 3

2 1 4 . 1 ~ 0 . 4 ä Ã „ ( ò å Ó ) 0 . 0 0 1 1 0 . 0 0 4 1 0 . 0 0 0 1 4 0 . 0 0 0 0 4 0 . 0 1 1 0 . 0 0 1 5 0 . 0 0 3 0 . 0 1 7 0 . 0 0 1 7 0 . 0 3 2 0 . 0 0 0 4 0 . 0 1 6 0 . 0 7 2 0 . 0 2 5 0 . 0 9 3 0 . 0 3 6 0 . 0 4 5 0 . 0 0 8 0 . 0 5 2 0 . 1 1 0 . 0 9 6 0 . 0 8 0 . 3 7 0 . 0 5 0 . 0 3 4 0 . 0 9 ~ 0 . 0 0 0 1 ~ 0 . 0 0 0 5 ~ 0 . 0 0 0 0 2 0 ~ 0 . 0 0 0 0 0 2 + 0 . 0 0 1 ~ 0 . 0 0 0 6 ~ 0 . 0 0 1 ~ 0 . 0 0 1 ~ 0 . 0 0 0 5 = Å 0 . 0 0 2 = Å 0 . 0 0 0 2 3 = 0 . 0 0 2 ~ 0 . 0 0 4 ~ 0 . 0 0 3 = ~ 0 . 0 0 7 = Å 0 . 0 0 7 ~ 0 . 0 0 8 ~ 0 . 0 0 3 ~ 0 . 0 0 5 ~ 0 . 0 2 ~ 0 . 0 0 5 ~ 0 . 0 4 ~ 0 . 0 9 ~ 0 . 0 4 ~ = 0 . 0 0 9 = Å 0 . 0 1

E Ä( eV )
219 7 ~0 4õ

246.7~ 0.4
264 .5=Å0.5*

275 .03=0.5*

276 .9~ 0.5*

282.3~ 0.5
285.1=Å0.5*

302.8~ 0.5

304 .1=Å0.5

308.2=~0.5
313.4=Å0.6*

317.0~ 0.6*

325.8~ 0.6*

329.5~ 0 .6
333.5=Å0.6*

336.7~ 0.6

344.7~ 0.6

367.0~ 0.6

379.0=Ü0.7
389.5+ 0.7*

394. 7~ 0.7*

398.2=Å0.7*

431.2~ 0.8

474 .0~ 0.8
481.4=~0.8*

488.1~ 0.9

0 .0 14 ~ 0 .00 6

0 .0 9 =Å0 .0 03

0 .04 =Å0 .0 2

0 .0 1 ~=0 .0 1

0 .04 ~ 0 .0 1

0 .05 ~ 0 .02

0 .0 14 =Å0 .006

0 .2 1 ~ 0 .0 7

0 .16 =Å0 .09

0 .06 =Å0 .02

0 .11 =Å0 .09

0 .00 7~ 0 .005

0 .29 =Å0 .06

0 .18 ~ 0 .06

0 .3 =Å0 .1

0 .4 ~ 0 .1

0 .1 1 =Å0 .04

0 .38 ~ 0 .05

0 .7 1 ~ 0 .04

0 .06 =Å0 .0 1

0 .2 =Å0 .1

0 .2 =~0 .1

0 .09 ~ 0 .05

0 .6 ~ 0 .2

0 .2 ~ 0 .1

0 .16 ~ 0 .05
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fl ight pat h at t he LA NSCE pulsed neut ron source of the Los A lamos M e-
son Physics Facil i ty. Neut rons were detected with à syst em of ~~B-loaded

detectors. T he detai ls of t he exper imental set up are reviewed in Ref .
[2). À sam ple of natural indium had thickness 0.231 at / Ü. I t was cooled
with l i quid ni t rogen t o reduce Doppler broadening. A n addi t ional , cap-

ture gamma-ray measurement , was performed wi th the 9.61 g of à highly
enr iched, 99.99%, ~~~Üü âàø ð1å shaped as à circular disk of area 20.8cm~.

T his t arget was placed near à gamma detector consisted of two CsI (pure)
cryst als. T he cryst al s were shielded from scat tered neut rons by 5 cm of
~Ü|-loaded polyet hylene.

T he dat a were analyzed ø the energy int erval 25-500 eV using the Â

mat r ix code SA M M Y of the Oak Ridge Nat ional L aboratory. T he new
t ransmission dat a yield 43 new week resonances which are ei t her s-wave
resonances ø the 4.28% abundant isotope ~~× ï or p-wave resonances in t he
dominant ~~ In isotope. In t he capture exper iment wi th à highly enr iched
~~ In isotope 23 new resonances are observed, therefore ident ifying t hem
àâ ~~~1ï resonances. T he new resonances which were not observed wit h
the enr iched ~~~?ï sample were assigned t o ~~~?ï . T he resul t s for ~~~?ï

are list ed in Table 1. Resonances labelled with an aster isk are new . T he
present resul t s imply à total of 50 ð-wave resonances between EÄ= 25 and
500 eV ø ~~× ï which are sui t able for study of par i ty violat ion pending the

absence of informat ion on t heir spin values.
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P O SSI B L E E QU I D I ST A N CE OF ÒÍ Å E X CI T A T I O N
E N E R G I E S OF ÒÍ Å I N T E R M E D I A T E L E V E L S O F ÒÍ Å

M O ST I N T E N SE y- C A SC A D E S

V .À . K h it r ov , Y u .V . K holnov , À .Ì . Suk hovoj ,
Å Ë 7. V asi l i eva, À .V . V oj n ov

Frank Laborat ory of Neut ron Physics, Joint Inst i tute for Nuclear Resear ch, 141980,
Dubna, Russia

T he theoret ical analysis developed, for inst ance, in t he quasipart i cle-phonon nu-
clear model (LT P JINR) shows that the st ructures of êà÷å funct ions for r ather high-

lying (Å , ) 2 M eV ) levels of compound nuclei cont ain à great number of similar
magni tude components of var ious types. But this fact does not prevent t he possibi l -

i ty t hat wave funct ions for some number of levels can contain the large components
connected wi th simple exci t at ion modes. For example, there can be vibr at ion modes.

Present ly, the only real possibil i ty to exper imental ly observe such levels higher
than 2 M eV , for example, in deformed even-even (and àl l t he more so in odd) nuclei
is t he search for regulari ty in t he spect ra of the most intense cascade y-t ransit ions.

Up to now such à regular i ty was observed most clear ly in t he int ensi ty dist r ibut ion of
cascades between the compound-st ate and the fir st excit ed st at e of the ~~4Ó Ü nucleus.

In the corresponding spect rum there are at least four groups of pract i cal ly equidist ant
intense cascades. À similar equidistance can be revealed in àl l the cascade intensity
dist r ibut ions hi ther to obt ained for nuclei diff ering by such par ameter s as nuclear
deformat ion or neut ron number par i ty. I t is very impor tant Ñî note that equidist ant
intervals can appear not only between the single levels but also between t he mul t iplet s
of intermediat e levels of intense cascades. T his is à very st rong argument in favour
of the nonrandom nature of the observed equidist ance of enhanced cascades.

À method for the search near equidist ant spacings between " dist inguished" " inter-

mediat e cascade levels in the bulky âï àÿÿ of dat a values was developed for t he fir st
t ime in [1]. T he funct ional connect ing three tested cascade int ensit ies, two spacings
between their intermediate levels and the val ue of equidistant per iod searched for
was suggested. I t was assumed that average cascade intensi t ies smoothly change
wit h var iat ions of their intermediate level energies. Unfor tunately, this funct ional
has not determined t he solut ion in al l cases which sat isfy such limi t at ions. In à
real nucleus the exper iment shows the presence of local var iat ions of average cascade
intensit ies at diff erent nuclear exci t at ion energies (i t is à manifest at ion of nuclear
st ructure efFects) . Such à si t uat ion not iceably decreases the possibil i ty of solving t he
problem under study.

Never theless, the search for equidistance in à set of nuclei fr om ~4~Õ È up to i s~W

shows t he existance of equidistance per iods whose values change rat her regular y wi th
var iat ions of atomic mass of t he examined nuclei . Â is also possible that t hese values
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diff er for groups of nuclei wi th diff erent rat ios of reduced neut ron widths of compound-
st ates, Ã'„ , to their average values. T he çàëï å is possible for diff erent mult ipolar i t ies

of cascade t ransit ions.
T he observed equidist ance period var ies over the range of 400-800 keV for the main

par t of the invest igated nuclei and i t s value is comparable wi t h typical quadrupole
vibrat ion energies both in spher ical and deformed nuclei (corresponding 2+ states

energies) . À qual i tat ive explanat ion for thisf eff ect may be obt ained if one suggest s
that à neut ron captured by à nucleus does not ðàçç on al l of i t s energy to individual
nuclons (i t means t hat many-quasipart icle st ates are not exci ted or are poor ly excit ed)

but in some cases exci tes harmonic nuclear vibrat ions.
À preliminary conclusion about t he possibi l i ty of observing à " cold" nucleus in-

stead of à " hot " one after slow neut ron capture was also made when anal ysing the

densi ty of levels exci ted by cascade t ransi t ions and radiat ive st rength funct ions for
pr imary low-energy t ransi t ions [2]. I t is necessary to conclude t hat t he exper iment

dist inguishes the states difFer ing by two phonons as à minimum. T he remaining
par t of the energy inser ted in to the nucleus by the neut ron , is most probably con-
cent rated on few-quasipar ticle nuclear exci t at ions. A ccordingly, t he pr imar y and

secondary t ransi t ions of à t r io of equidistan t cascades connect st ates difFer ing by one
to two phonons. T he final proof or refutat ion of this hypotheses may be obt ained
only in the invest igat ion of cascade y-decays of the neut ron resonances in diff erent

I

nuclei . Such an experiment is qui te possible wi th the modern HPGe-detect ors.
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P E C U L I A R I T I E S O F H I G H -LY I N G L E V E L E X C I T A T I O N
B Y y-C A SC A D E S I N ?Í ÐÐÅ Â Å Ì Ò?Ë SH A P E D N U C L EI

V .À . K h it r ov , Y u .V . K h olnov , À .Ì . Su k h ov oj ,
Å Þ . V asi l i eva, À .V . V oj nov

Frank Laboratory of Neut ron Physics, Joint Inst i t ute for Nuclear Research , 141980,

Dubna, Russia

For à bet ter understanding of the exci tat ion and t he depopulat ion mechanism
for levels wi th diff erent energies and st ructures, i t is crucial Ñî have informat ion on
t he dipole radiat ive widths over à wide region of nuclear exci t at ions. A t present an
unambiguous knowledge of this mechanism can be deduced only from invest igat ions of
two-step cascades. Such exper iments [1] give indirect but very impor tant informat ion

about level st ructures in the intermediat e energy range from the ground-stat e up
to neut ron resonance. In par t icular , two-step cascade y-decay spect ra have been
measured for many nuclei from the region of the 4S-maximum of t he neut ron st rengt h
funct ion - from ~~~Â à up to ~~~À è.

An impor t ant advant age of this method is t he oppor tuni ty t o detect à11 possible
two-st ep cascades between the compound-st ate and several low-lying final levels and

to ext ract useful informat ion , even in cases when the spaces between decaying st ates
are smaller t han the resolut ion of the detector .

À very essent ial resul t was obtained ear l ier [1]: cascades from neut ron resonances
wi th large Ã~ ò àø 1ó exci te few-quasipar t icle low-lying final states. T hose from stat es
wi th small Ã~ åõñé å many-quasipart icle (collect ive) high-lying final st at es of rather

complex st ruct ures. T his resul t leads to à qual i t at ive explanat ion [1] of cascade
enhancement s between compound-st ates wi th relat ively lar ge Ã~ àï ñ1 final stat es wi th
à pure single-par t icle nature. Such an explanat ion supposes t he exci t at ion of à system

of intermediate levels that have reasonably few-quasipar t i cle component s in t heir
wave funct ions, as is t he ñàÿå for the decay of à compound st ate wi t h à relat ively large
single-par t icle component in i t s wave funct ion (the ñàÿå of large Ã~). I t al so supposes

the exci t at ion of à system of levels of à collect ive nature for cases of smal l single-
par t icle component s in the compound-st ate st ructure. T he main par t of t he two-
st ep cascade dat a for nuclei from the 4S-resonance of the neut ron st rengt h funct ion

corresponds to the fi rst ñàÿå.
Informat ion about the populat ion probabi li ty of levels wi th difFerent exci t at ion

energies was obt ained from usual cascade intensi ty dist r ibut ions decomposed into
" pr imary" and " secondary" component s using the y-decay scheme const ructed in the

same exper iment [1].
Figs.1-3 present the typical dependences of intensi ty dist r ibut ions on t he pr imary

t ransi t ion energy E i for spher ical (À 140), deformed (À 160) and also spher ical
(À 190) nuclei . T he histogram shows the exper imental data for two-step cascade
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intensi t ies summed in 500 keV energy bins. T he problems which ar ise when der iving
t he dat a plot ted in F igs.1-3 were discussed ear lier [2,3]. I t was shown that the possible

systemat ic error in the determinat ion of cascade intensi ty most probably did not

exceed 50%.
T he most not icable experiment al ly revealed feature of compound-state cascade

depopulation is " nonstat ist ical" — the st rongly st ructured shape of t he intensi ty spec-

t ra (Figs.1-3). T hese st ructural eff ects regular ly appear in diff erent ways for var ious
nuclei . For spher ical nuclei , the most intense cascades ar e measured at pr imary t ran-
sit ion energies Å ~ ) 4 — 5 MeV (Fig.1). Low-energy pr imary t ransi t ion int ensi t ies

in t hese nuclei are compar able to those cal culated (or are less than the culculated

intensi t ies).
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In st rongly deformed nuclei from the begining of the 4S-resonance of the neut ron
st rength funct ion, namely ' ~~ ~~~Ññ1 and ' ~~Þ ó, à second local maximum of t he inten-
si ty dist r ibut ion was revealed at the pr imar y y-quanta energy of E > — — 2 — 3 M eV .

T his intensi ty enhancement is absent in the calculated intensi t ies because the models
commonly used predict à smooth energy dependence for level densi ty as well as for
the radiat ive st rength funct ions.

In the middle of t he 4S-resonance region these two local intensi ty maxima prob-

ably create à j oint peak , i .å., the greater par t of the pr imary t ransi t ion int ensi ty fal ls
in t he exci tat ion energy region of about 1/ 2Â „ .
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F i g .3 . T h e sam e , as i n F i g .1, f o r ~~~Ð 1.

In nuclei from t he end of the 4S-resonance region , å.g., ' ~ Ð1 and ' ~~À è, t his

second local intensi ty maximum is not reveal ed. Probably, when increasing t he mass
number À and changing the shape of t he nucleus, the cascade intensi ty dist r ibut ion
changes i t s shape as well .

Such à tendency permit s the assumpt ion that two-st ep cascade int ensit ies depend
on the shape of the nucleus. T he coincidence between the intensi ty maxima for low-
energy t ransi t ions and the calculated energies for the one-quasipart i cle 3pq~q and 3ps~q

neut ron st ates for spher ical nuclei , and t he Ê = 1/ 2 and 3/ 2 stat es for deformed
nuclei , al lows one to qual i t at ively explain this enhancement as à manifest at ion of
one-part icle t r ansi t ions between the 4S and 3P st ates.

Finaly, one may conclude that two set s of nuclei , general ly diff er ing in shape,
manifest diff erent forms of cascade intensi ty dist r ibut ions as à funct ion of t heir pr i-
mary t ransi t ion energies.
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NEW RESULTS OF MEASUREMENT OF FISSION FRAGMENTS ANGULAR ANISOTROPY

FROM RESONANCE NEUTRON INDUCED FISSION OF 235U ALIGNED TARGET

W .I .FURM AN 1 À À ÂÎ È ÝÅÅÜ1 P GELTENBORT2, N .N .GONINÇ, Ì À GU SSEINOVÇ

J.KL IM ÀN4, Yu.N .K OPACH 1, Ü.Ê .ÊÎ Ë .Î × ÁÊÓÇ, L .V .M IÊÍ ÀILOV I , À .Â .POPOV 1,,

Í .POSTM A5, N .S.RABOTNOV~, D .I . TAMBOVTSEV Ç

1Frank L aboratory î ÅÕåè1ãî ï Physics, JINR, Dubna, Russia
>Institute Laue-Langevin, Grenoble, France
ÇInstitute î ÊÐÜóÿ ñç and Power Engineering, Obninsk, Russia
4Institute î ÃÐÜóÿ ñç, SA S, Bratislava, Slovakia
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1. A i m s o f i n v est i g a t i o n .

À long-standing problem of nuclear fi ssion is the origin and nature of the so-called Bohr fission

channels [ 1] including their interconnection and relation to fi ssion modes recently considered in à

clear and instruct ive manner in [2] . An investigation of epithermal neutron induced fission ÷|à largely

isolated compound states, having à known spin J and parity ii , gives à unique possibility, to get new

insight into the problem.

It is appropriate to note that from à ò î ãå general point of view this is an interest ing example of the

peculiar chaotic behaviour of à complex quantum system such as the heavy excited nucleus after

neutron capture. In this ñàâå the complex excited nucleus (chaotic system I ) goes via à ÷åòó limited
number of transit ional states (Bohr's channels) of à highly deformed (and cold) nucleus to à nuclear

system broken up into two fragments which have à wide distribution over mass and kinetic energy

(chaotic system II) . These transitional states are relatively simple, but they are hidden between the

two chaotic systems and therefore diffi cult to study. However, à better understanding of âî ñï states is

î é ï 1åãåâ( since they occur with nuclear matter in à rather unstable and excited condition.

The use of aligned target nuclei in the 235U(n,f)- reaction in the region of known s-wave neutron

resonances [3] allows us to directly investigate [4] the dependence of part ial fi ssion amplitudes on the

quantum number Ê , defi ned as à proj ection of spin J onto the deformation axis of à fi ssioning nucleus.
In the experiment of Ref. [4] angular anisotropy coeff icients have been measured for several â-wave

resonances of the 236U compound nucleus. But, more valuable information can be extracted from

the study î Ãthe energy dependence of this anisotropy. The diff erential cross-section of this reaction

can be written in the following manner [5] :

J O 'Ä

CK 2 — 4
( 11

~

T he t ot al fi ssion cr o ss- sect ion ñÐ, ( Å „ i s exp ressed by
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(2)
ê

The energy dependent S~(lj — > Ef ) is an element of the S-matrix describing the transit ion from the
entrance channel (jI I ) (with an orbital momentum 1 , total spin ó' of the incident neutron and à

target nucleus spin 1 ) to the inclusive fission channel f with explicit quantum numbers ÓÊ

energy dependent anisotropy is expressed by [5] :

z, = û ~ ,(Å~,,è(~ï ãë)~. ñ,","„þ;,(î -,' ~ e )s,(î -,' -+êó) (ç)
JJ ' ê

Í åãå g, = (2J + 1)(2(2I + 1)) , U ( ~ 1ã 2,.I I ) is à Racah coe5 cient and ~ C~ are Clebsch-Gordan

coef5cients providing the Ê -dependence of the anisotropy part of the cross-sect ion in à difFerent way

compared to the total cross-section (2) . À new and important point predicted by formula (3) is the

presence of interf erence between s-wave resonances î È |éåãåï 1 spins.

Òî obtain unambiguous partial fi ssion amplitudes characterized by quantum numbers Ë ãÊ it is
necessary to make à combined analysis on the basis of formulae (1)-(3) of the data on the spin
separated total cross-sections [3] and the ãã'„ (Å„ ) value. This is the aim î Ãthis paper .

2 . E x p e r i m en t a l a r r a n g em en t s

The 235U target nuclei were aligned using the electric quadrupole hyperfi ne interaction in the uranyl

group (UO, ) in à single crystal of rubidium uranyl nitrate (RUN), cooled to low temperature [4] .
Two mosaic samples made from single crystal slabs î ÃÌ Ë× having total areas î Ã20 ñò ' and 24 ñò '

were used. A11 slabs were properly oriented and attached to both sides of à copper target plate

connected to the dilution chamber of à ÇÍ å/4Í å dilution refrigerator . The evaluation of the surface
temperature under neutron irradiation from the angular anisotropy of the à - particles gives 0.15' Ê .

From this the nuclear alignment parameter f , = — 0.16 is calculated for 235U .

The fission fragments from each sample were detected by three silicon surface barrier semiconductor
detectors of rectangular form ((2õ5)ñò ' active area each) mounted in the directions 0' , 45' and 90'

with respect to the Ñ-axis î Ãí å single RUN crystals which were oriented along the neutron beam. In
comparison with [4] the detectors at 45' were added to improve the investigation of fi ssion fragment

angular distributions. For monitoring the neutron fl ux an additional layer of à non-orientable 235U
compound, about 0.5 mg ñò ' thick, and à separate Si detector were placed in the neutron beam. ÀÏ

detectors were mounted onto the 1'Ê screen.

The data acquisition system with à ÐÑ on-line, plus à hard disk, allowed the accumulation of seven

separate energy spectra ( 1024 channels each) of à - particles plus fi ssion fragments and seven time-

of-fl ight spectra (4096 channels each) î Å fi ssion fragments.

The cryostat with an aligned 235U target was installed at beam No. 5 of the IBR-30 pulsed booster

source on the fl ight path length of 29.4 m. with à neutron pulse width about 4 ðâ and à burst
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frequency of 100 Hz. The time-dependent (neutron) background was measured at the "black

resonances" of some beam fi lters.

À set of computer programs were developed for :

- calculation and extraction î Ãneutron background from black fi lter files;

- correction for neutron background data fi les;

- calculation of real geometry experimental corrections using the M onte Carlo method;

-extract ion î Ã the coeff icients À, and À4 from data files.

3 . P r el i m i n a r y r esu l t s

An example of à TOF-spectrum is shown in Fig.l . One can see that up to neutron energy Å„ < 30e V

( channel numbers > 500), the energy resolution is satisfactory.
In Fig.2, the experimental values À, (Å„ ) are shown as à ratio o< (EÄ) l oÄ>(EÄ) for the range of 0.2 -

70å× . This figure includes the results of à preliminary analysis of two initial runs. Due to low

statist ics, à summation over groups of 50 TOF channels was äî ï å. As seen in Fig.2 à prominent
energy dependence of À, (Å„ ) exists. For the fi rst 4 resonance the present data reasonably

resembled the old measurements [6] . The most interesting qualitative conclusion following from

Fig.2 is à first indication of the presence of interference between s-wave resonances of diFerent spins

in the À, (EÄ) on neutron energy. It can be seen immediately from à comparison î Ãthe measured À,

with the calculated ones [7] obtained in à multilevel, two-channel approach neglecting, in formula (3),

the terms with ./ e Ó. But it is necessary to improve the statistics to obtain à more quantitat ive

conclusion.

At this stage of the experiments, it becomes clear that some improvements of the method are

necessary to achieve à desirable accuracy for measurements of the energy behaviour of the angular

dependent part of the fi ssion cross-section. The needed improvements are: quality of the sample

surface, stability of the Si-detectors mainly against the y-fl ash accompanying the neutron bursts, and
the necessity to extend the measuring time at 0.15' Ê .

Now, à new dilution refrigerator with à "cold plate" to replace the 1'Ê helium bath is under

construction which will permit us to keep à low temperature during the full time of the run. À new

type of implanted Si detectors are at the stage of development and testing. Uranium monosulphide is

being investigated as à perspective replacement of the monocrystal sample, but this w ill require an

external magnet .

A ck now ledgm ent

T he aut ho r s w ish t o ex p ress t heir t hank s t o Y u .1.K olg in fo r his v aluable assist ance du r ing t hi s w o rk .
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Fig.1 An example of à TOF spectrum for the 235U target, aligned in the RUN crystal at Ò=0.15'Ê

measured at IBR-30. Experimental conditions are: tÄ=4.0ðs, L=29.4 m, initial delay 160ðç. The time
scale was split into 3072 channels of 0.5 ps and 1536 ones of 2.0 ps.
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~

z .î

î . î

Fig.2 The dependence of A2(EÄ) on neutron energy. The points are our results. The curve taken
from ref. [7] is à result of calculations without accounting for the interference î Ãí å compound-states
of é éåãåï 1 spins.
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Com parat ive m easurement s of independent y ields of ~~~Ðè

fi ssion f r agment s induced by t herm al and resonance

n e u t r o n s .

N .G u n d or i n , Y u .K op a ch , S . T el egn i k ov

R esear ch ,141980 Î è Üï à , M oscow R egi on , R ussi a

1 . I N T R O D U C T I O N

T he invest igat ion of nuclear fission induced by low energy, and especial ly resonance
neut rons, gives unique possibili t ies to clear up the basic mechanism of t he manypar t icle
rear rangement of nuclear mat ter in t he fi ssioning process.
T he exist ence of à correlat ion between these parameters and the proper t ies of t he end
fi ssion process phase — fragment kinet ic energy, charge and mass dist r ibut ion, neut ron and
gam ma mul t ipli ci ty -' represent obvious interest in the underst anding of t he dynamic fi s-

sion mechanism. A s à rule, the above noted proper t ies of fission product s ar e measured
by means of mass separ ators, ionizat ion chambers, fragment t ime-off -fl ight spect rometers,

and ot her ar rangement s wi th smal l amounts of fi ssion mater ials in spect roscopic layer
form . T hese arrangement s have poor high-t ransmission and may be employed only in t he
int ensive beam of high neut ron fl ux sources. Another possibil i ty, t he use of gamma-ray

spect roscopy methods Ñî determine fi ssion fragment yields, was fi r st demonst rat ed dur ing
the invest igat ion of spontaneous fi ssion ~~~Cf [1]. T he greater high-t ransmission of t his
method was used in t he invest igat ion of gam ma — ãàëÿ from fission fragment s of ~~~Ðè

induced by resonance neut rons [2]. T he exper imental dat a for thermal and resonance
neut rons were compared wi th t he recommended independent yields from t hermal neut ron
fi ssion and some peculiar i t ies were observed. As the precision of the exper iment al data was
not enough, and t he gam ma-spect roscopy, as any indirect method, has diff erent sources of

possible of systemat ic errors, i t was necessary to ver ify these resul t s by means of t he new
measurement s.

2 . D E T A I L S O F M E A SU R E M E N T S

T he gamma-spect roscopy method is based on precise measurement and analysis of t he
fi ssion gamma-ãàó spect rum wi th fur ther ident ifi cat ion of fragments by refi ned gamma
lines. Neut ron spect roscopy was carr ied out using t he t ime-of-fl ight met hod wi th t he IBR-
30 reactor as à pulsed neut ron source. T he fission chamber wi th ~~~Ðè is employed as the

target and as t he fast det ector of fission events. À semiconduct ing Ge(Li ) det ector was used
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to measure the gamma-ray spect rum . To ensure the absence of syst emat ic er rors in t he

exper imental data, fission yield fragments induced by thermal neut rons were measured. A s
t he recycl ing energy for t he pulse neut ron spect rometer is 0.17 eV there is ï î possibil i ty to
use the t ime-of-fl ight method and à Cd-fi l ter was used Ñî separ ate out the t hermal neut ron
fission . For t he fi r st measurement with the Cd-fi l ter in t he neut ron beam , t he integral
yield of fr agment s for resonance neut ron induced fi ssion from t he 0.4 t o 230 eV energy
region may be cal culat ed by the formula:

ó ~ ~

. î ñè
~ ñ è~~ó ò åñ

~ ò ( >)

where Y >'Ä' is t he integral fragment yield per fission , Y ~~ — t he yield accor ding t he gamma

line per 6ssion through measurement s wit h the Cd-fi l ter in the neut ron beam , é — the
number of gamma-ãàóç per fragment , N+" — the area of photo peak in gamma spect rum , n
— t he coeK cient of int r insic conversion of gamma-ray for t his fragment , ñ — efBciency of t he
spect romet er , and N>~ — the number of fission event s dur ing measurement wi t h t he fi l t er .

After t he second measurement wi thout t he Cd-61ter , the yield of fragment s for t hermal
neut ron induced fission, Y ~>"Ä may be calculated by t he formula:

(Õ „ -
y t h

Ðç ( 2 )â ñþ ~ . y

where N~'" , N~ N>" , Ny are t he areas of the photo peak and the numbers of fi ssion events

for t he measurement s wi t h and without Cd-fi lt er , respect ively, normalized by the neut ron
fl ux . T he average squared deviat ion for è exper iment al means from recommended dat a of
fragment yields is char acter ized by parameter :

g ' / n ó òåñ) 2 ( ( ä ó ) 2] /[ ~ ~ ~ó åõ ~)

( 3 )

Òî increase t he precision of comparat ive resul t s the relat ive yields of fission fr agments are
compar ed by cal culat ing t he fol lowing rat io:

î ñè ~~ ó ñà' )

ó ñà . p l î ñè )
ð òåç

t h
'4 )

T he error of t his rat io is connected mainly wit h the precision of t he photo peak areas and
i t does not cont ain the error of specific gamma-spect rometer par amet ers.

Ç.R E SU L T S A N D SP E C T R O M E T E R D E V E L O P M E N T

Par t ial resul t s of comparat ive measurements are shown ø Table 1. T he independent
yields of 15 even — even thermal neut ron fission fragment s of ~~~Ðè , measured in t his exper i-

ment , are averaged wit h the few previous measurement result s having diff erent background
condi t ions. T his values are in column Y ,'~" . T he recommended values Y « ' , the rat io be-

tween resonance and thermal neut ron 6ssion fragment yields P,"~' and the average squared
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Table 1: T he compar at ive measurement resul t s
ð~À 7 åõð ó1 ~ñ [3] pi

%~=Ë% %~ À%
ç6~

~8Áã

ä8ßã
40Åã~~

40 Z r 1~~

42 ó '
42Ì î ' ~

û Òå™ 1 2 .13 + 0 .2 3

138

56 âà 4
56 à ö . 144

58 ~ å 4

ñÿÑ å' 48

deviat ion between t he exper imental dat a and recommended val ues are also shown in Table
1. T he exper iment al resul t s are in agreement wi th recommended dat a. T he main diff er-
ences of rat io Ð;~' from uni ty for some fragment s and the size of i t s exper iment al er ror

are connected wi t h the diffi cult ies of y-spect roscopy because of high background in fi t t ing
spect ra and poor st at ist ics for the measurement wi th the Cd-61Ñåã.

T he main par t of t he exper imental error is connected wit h the large cont inuous spec-
t rum background due to t he Compton scat tered ó-ãàóç. I f t he ï ø ï Üåã of fi ssion event s
dur ing measurement are 3 10~, t he experiment al errors of calculat ed yields are about 5 —
25%. I t can be reduced by about one order of magni tude by means of " act ive" shielding

of the Ge(L i ) detector . T he employment of à HPGe detector wi th high effi ciency in t he
gamma-spect rometer and à reduct ion of elect ronic equipment deadt ime are necessary to
increase t he number of ident ifi able fragments and the st at ist ical provisions for measure-

ments [4). A t t he present t ime here is ï î possibi l ity to measure the fi ssion fr agment yields
of individual resonances for the range 40 — 230 å× due to insuffi cient neut ron energy reso-
lut ion on the IBR-30. I t wil l increase after reconst ruct ion of i ts neut ron source accor ding

to t he IREN proj ect [5).
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4 . C O N C L U SI O N

On t he basis of the comparison of our resul t s wit h t he recommended dat a for thermal
neut ron induced fi ssion, we can conclude that systemat ic error in t he exper imental dat a is
absent . A s à resul t of t his comparat ive measurement we have not observed t he pecul iar i t ies
of integral yield fission fragment s induced by resonance neut rons from 0.4 to 230 eV energy
region wi t hin t he exper iment al errors. For higher precision measurement s of t he yields of
fission fr agment s by means of t he gamma-spect roscopy method i t is necessary to employ
t he Compton-suppression spect romet er wi th higher quali ty equipment . In t his way, t he

number of ident ifi ed fragments will be increased and independent yields of more than 1%
could be measured to à precision of 1 - 3%. T he measurement s of t he fission fr agment
yields from individual resonances for t he energy region 40 — 230 eV wi l l be possible aft er
reconst ruct ion of t he IBR-30 reactor according the IREN proj ect .
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Frank L aborat ory of Neut ron Phy sics,
Joint I nst it ut e for N uclear Research

141980 D ubna, Russia

T he eff ect ive fract ion of delayed neut rons, p,ä — — v» / v , is one of t he pr incipal

reactor physics const ant s, important for nuclear reactor design , nuclear safeguar ds, et c.
Í åãå è „ „ is the t ot al yield of delayed neut rons (DN) per fi ssion , v is the average number
of fi ssion neut rons ðåã fi ssion. T he basic resul ts on DN are descr ibed in [1] .

Recent ly, Fil ip and D 'Angelo [2] have shown that due tn the cont inuous progress

in nuclear reactor technology, measurements of enhanced accuracy are required of u „ -

values for t hermal neut ron induced fi ssion.
In order to perform invest igat ions of delayed neut rons wi th high accuracy and t o

study short -t ime groups of DN, an improved exper iment al facil i ty, using the method
of per iodic ir radiat ion, was designed and tested. T he faci l i ty ut i l izes the Dubna I BR-2
pulsed reactor (PR), à mirror neut ron guide, à neut ron chopper (NC), and à ÇÍ å-fi l led

mul t icounter neut ron detector (ND).
T he IBR-2 PR is used as à pulsed neutron source having à 200ò ç t ime interval

between pulses. T he bent mirror neut ron guide considerably supresses the fast neut ron
background. T he mean t hermal neut ron fl ux at à t arget is 2 10~ n/ sec.cmÐ.

T he NC consists of 2 mm thick Cd disk wi th two symmetr i c 20' sli t s. To get à

bet ter fi xat ion of the terminat ion of the neut ron beam , the NC is mounted as close as
possible to the ND af ter t he mirror neut ron guide. Rotat ion of t he NC is synchronized
wi th reactor burst s.

T he ND consists of 12 ÇÍ å-fi l led propor t ional counters placed in à polyethylene

moderator . T here is à hole ø i t s cent re for insert ing samples. M onte-Car lo calculat ions
show t hat the neut ron detect ion effi ciency for this setup is approximately 20%-30% in
the 0.2 — 2.0 hl eV range.

T he measurement dat a are collected ø the form of à t ime dist r ibut ion (T D ) of
detected neut rons. A l l " st ar t " pulses t r igger ing the electronics are synchronized wi th

the IBR-2 neutron bursts.

T he T D of the detected neut rons consists of two diff erent par t s. T he ï ãâ1 par t
includes prompt fi ssion neut rons (FN) detected dur ing an exposure t ime A t . T he second
par t represents the t ime dist r ibut ion of the detected DN in the t ime interval when the
neut ron beam is cut off .
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I f Sp~ is t he number of detected prompt fi ssion neut rons and ßðð~ is the sum of DN
detected in the t ime interval (éä, t q) , (éä, t q ( Ò), where Ôä and t q are counted after the
exposure of t he t arget is ï ø âÜåé, then Ç,óó can be obtained from the equat ion :

1) anrl Ë; i s t h e decay const an t for t he ò.-~~

Fig. 1. À T D of neut rons for ~~~U. T une channels 1024 . 64ps + 1024 . 128ps,

lower curve is t he background. M easurement t ime 15 h .

Âó using the known values of ~9,óó(~~~U) = 0.0068 ~= 0.0002 [4] we obt ained the
rat io of bot h neut ron detector effi ciencies for ~s~U , which is in good agreement wi th the

calculated value.
Cal ibrat ing our ~~~Y exper imental dat a wi th the known dat a for ~~~U , and making

the assumpt ion t hat the effi ciency rat io for ~~~Y is the same as for ~~~U , we have obtained

the Ç,óó val ue for U :

1 3 3

Í åãå À ; is t he relat ive yield (Q ~ À ; = '

group of DN .
Òî t est t he faci l i ty, measurement s wi th ~~× ~ and ~~~Y t argets were performed. T he

exper iment al T D of detected neut rons shown in Fig.1 and F ig.2 were measured with
~~~U (0.3 g) and ~~~U (0.1 g) t argets, respect ively. T he background was measured wi th

à 2 mm thick Ñ È fi l ter in t he neut ron beam .



ð,„ ( ' " è ) = o.þâæ + o.å þ ~.

T his value is in good accordance wi th the resul ts in [3]. We must emphasize t hat the
stat ist ical error of the obtained values was several t imes less than system errors.

F ig. 2. À T D of neut rons for ~~~U . T une channels are the same as on Fig. 1.

M easurement t ime 21 h . T he lower curve is the background.

î
è

Fig. 3. Decay curve for ~s~U . Every point is the sum of neut ron counts in à 6.4 ms

t ime interval .

T h e m et h o d of p er i o d i c i r r ad i a t i on al l ow s t h e D N d ecay cu r ve t o b e ob t ai n ed f r om
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our dat a (see fi g.3) . Our est imat ions for t he possible exist ence of à 7-t h group of DN
with À7 — 14 sec (Ò~~ð — — 50 ms ) show that À ó ( 0.003.

T he faci l i ty for st udying DN emission has been designed and tested . À method
for per iodi c i r radiat ion of à target by à pulsed reactor has been realized and the fi r st
measurement s wi th good st at ist ical accuracy and real ist ic resul t s have been car r ied out .

T he use of an ext remely powerful pulsed neut ron source, based on the IBR-2 pulsed
reactor , gives t he possibil i ty of DN detect ion between neut ron burst s st ar t ing à few " ms"

after t erminat ion of the neut ron beam by the NC. T he facil i ty gives the oppor tunity t o
est imate the cont r ibut ion of shor t-lived groups to the DN emission.

We would al so l ike Ñî note that t his is actually à mult ipurpose facil i ty, which could
be ut i l ized in solving other problems relevant to nuclear fission , (n , y )-react ions, et c. [5] .
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Á'Ï ÅÐÓ OF FA ST NEUT RON I NDUCED CH A RGED
PA RTI CL E ÐÊ Î ÐÏ ÑÞ Ñ Ê ÅÉ Ñ'Ï Î Ë ß

1. MEA SUREMENT OF ANGULAR DISTIQBUTION AND CROSS
SECTION FOR ÒÍ Å 5~% (ï u )55Fe REA CTION ÀÒ 5.1 M eV

× è.Ì .Gledenov, Î .Khuulchenkhuu, M V . Sedysheva
(Ðòñï é ÅàÜî òà~î òó of Neètãon Physi cs, Ë ÈÊ, Dubna, Russia)

Tang Guoyou, Bai X inhua, Shi Zhaomin, Chen éø ø ûù
(Instttute of Í eà÷ó 1î è Physi cs, Peking Î ò ì åò êó, Beji i ng, P.R China)

Intrmluction
Investigation of charged particle emission reactions induced by fast neutrons is of

interest for both nuclear eneqg applications and the understanding of basic nuclear
physics problems. In particular the study of (ï ,è) reaction is important for estimating
radiation damage due to helium production in the structural materials of fi ssion and
fusion reactors, as well as for testing nuclear reaction models.

Nickel is an important element of structural material . Natural nickel contains 68.27%
58N i. But åõðåï ï ì ì éà1 data of åï åù ó and angular distributions of alpha particle and
cross section for the 58Õ~(à,è)55Ðå reaction are very scarce ø the energy range of several

Ì å× . Because of this, was carried out measineaient of energy spectra, angular
distribution and cross section for the 58~ä(à u)55Fe reaction at 5.1 M eV [ 1] .

Kzperimental method and resul ts
Experixmmts were made in the D+D neutron beam of the Van de Gr af accelerator at

the Institute of Heavy Ion Physics, Peking University, P.R.China. Emitted alpha particles
were detected with à ðàõà11å1-plate, gridded twin ionization chamber with à common

cathode, which was made at the Frank Laboratory of Neutron Physics, JINR. The
ionization ñÜàø Üåã was fi l led with à mixture of 98.39o Kr and 1.79î ÑÎ 2 to 2.2 atm
pressure. The fi rst section of the twin ionization chamber contained studied target which
is à metal di sk of 99.9Yo enriched 58Õ1 of 1 047 mg/ñm2 thickness. The target was

backed on the aluminium cathode. The second section was empty and was used for
background measurement . Neutron flux is monitored using à fission chamber with 238U

enriched to 99.997%. Two dimensional åàåãðó spectra of anode and cathode signals for
emitted alpha particles were obtained with the help of measuring system based on the
IBM PC ÀÒ-386 computer.

Cross section of the 58Æ (à,à)55Ãå reaction at 5.1 Ì å× was found to be

47.415.0 ø Ü. A ngular distribution of alpha particles emitted in this reaction is nearly
symmetrical with respect to 0=90' (Fig. 1) .

The comparison of the experimental results with the statistical model calculations
shows [ 1] that the angular di stribution and cross section for the 58Õ~(ï ,è )55Ðå reaction

at 5.1 M eV can Úå described by the compoiind nucleus model (Figs. 1 and 2) .
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Figure 1.The angular distribution of alpha-particle à ø âçþ à in the 5Ü Û(à,è)55Ðå

reaction at 5.1 M eV . Black points are our experimental data. Solid curve is the statistical

model calculation.

Neutron Energy (MeVj

F i gure 2 . The ex citati on funct ion of th e ~Ü É(à ,è ) ~~Ðå react i on .

Exp er im ental poin t s :0 - ref .[2] ; • - p resent à or1ñ. Sol i d cur ve i s th e st at i st i cal m od el

calcu lati on .
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2. SY STEM ATICS OF ÒÍ Å FA ST NEUTRON INDUCED
(ï ,ð) REACTION CROSS SECTION S

Î .K huuk hen k hu u, Y u .IVL G ledenov , Ì .× . Sedy shev a, G ËÞï ààÚàt .

I n t r oduct ion
In practice it is often necessaxy to evaluate the ñãîðàÿ secti on of the nucl ides, for w hich

no exper imental data are avai lable. Therefore, it w ould be useful to der ive some empirical
law for goviaa ing neutron cross sect ion variation. Besides, such empirical law is perhaps
useful for the unclei standing of nuclear reaction mechanisms. Several formulae have Úåå
suggested to describe the isotopic depenh mce of the (à,ð) cross section around the
neutron energy of 14.5 M eV only (see, for example, ref . [ 1]) . Recently , w e obser ved à
sim i l ar dependlence for the (â,ð) cross section, averaged over the fission neutron spectrum
of 235U [2] and ø the åàåãöó range of á- 16 Ì å× [3] .

For mula ÿè4 Data Analysis
For black target nucleus (â,ð) cross section can be written as follows [4] :

crÄ =Ñë(ÿ +õ) åõð - ú X (N — Z)

where R = r,À is the radius of the target nucleus; Õ is the wavelength of the incident

neutrons divided by 2z; À,N and Z àòå the mass number, the number of neutrons and the
charge of the target nucleus, respectively. The parameters Õ and Ñ for diff erent energies
of âåí êî âà can be determirmd 6î ø experimental data fi tting, using formula (1) .

Analysis î 1 1àþ þ à exlxmimental (à,ð) cross sections depending on the relative neutron
excess ðàï ø æ1åã (N — Z) / À of the tax@et nucleus showed that formula (1) sati sfactori ly
describes al l n cperimenta1 (â,ð) cross section data in the wide åàåãöó range of - 2 to

16 M eV [4] . The known experimental values of (à,ð) cross sections and the l ine fi tted by
expmssion ( 1) at energies 6 and 16 MeV are shown, as the examples, in Figs. 1 and 2,
ãåçðåñÛ å1ó.

Plus and minus symbols denote the positive and negative Q values of reactions,
respectively. Cor r espondi ng values of the fi tting parameters Ñ and Ê are also given in
these fi gures. The cor elation between the (â,ð) cross section and parameter (N-Z)/À in
the wide energy interval of - 2 to 16 Ì å× and éì the wide range of mass number
À= 19+197 indicate that this systematics (formula (1)) is appaamtly independent on the

nuclear reaction m~xhanisms.
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Figure 1. The dependence of reduced (ï ,ð) cross section
upon the relative neutron excess parameter (N-Z)/À
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N U C L E O SY N T H E SI S O F ÒÍ Å Ê À Ê Å I SO T O PE -36 8 :

M E A SU R E M E N T S O F T H E 36 S(n ,ó) C R O SS SE C T I O N

À Ò k T =25 k eV A N D ÒÍ Å 35ñ i (ä ð )35ß C R O SS SE C T I O N F O R

ÒÍ Å Ê 1È À Å N E U T R O N S

Óè.Ì .Gledenov, Yu.P.Popov, × .1. Salatski , P.× . Sedyshev, Ì .× . Sedysheva.

Dubna, Russia.
Í .Âååò, F.Êaððålåã.

Kernf orschungszentrum Kar lsruhe, Instttut+ r Kernphysi k Ø , P.Î .Bor 3640, D-7á021
Kar lsruhe, Germany .

The synthesis of the ãàãå nucleus 36S is à long-standing problem in nuclear

astrophysics. M ost of the rare isotopes are thought to originate ø explosive environments
in stars [ 1] . Up to now, however, al l explosive calculations appeared to oveqzoduce 368.
Recently, investi gations of the s-process contribution to the abundance of nuclei &î ø the
S-Ca region have appeanxi [2] . One result of these calculations was that the s process
can account for most of the observed 36S abundance. Both explosive nucleosynthesis and
s-process calculations, however, have à ÿù ø éñû é uncertainty because the cross sections
for the reactions that lead to 363 or destroy it have not been measured and theoreti cal
estimations are used instead. From this point of view, the 363(ï ,ó) reaction cross section

at star temperatures is very important, as up to now there was only à theoretical
estimation: Î .Ç ø Ü at 30 keV [3] . The 35Ñ1 isotope ø àó also play à role ø the
nucleosynthesis of 36S. This infl uence is introduced via branching, which determines the
relative probabil ity of the 36S synthesis via the 35Ñ1(ï ,ó)36Ñ1(ï ,ð)363 and the
35Ñ1(ï ,ð)353(ï ,ó)363 reaction sequences. It is clear that the Ì àõæåé àï average cross

section (M A CS) values at star 1åø ðåãàéï åç (in the keV region) axe needed in
nucleosynthesis calculations. An accurate cross section value at thermal neutron energies
is also very important. The thermal cross section has à direct impact on M A CS-values,
which ø àó be signifi cant, and thi s value is indeed to normalize cross section data at
higher neutron energies. So, Koehler investigated the 35Ñ1(ï ,ð)353 reaction é î ø
25 ø å× up to 100 keV at the LAN SCE faci l ity, Los-A lamos (USA) [4] normalizing data

to à thermal value of 4891 14 mb &om [5] . Wagemans, et al ., repeated these
measurements at the GELINA faci l ity, Geel (Belgium) [6] . But they used the thermal
value of 44Û 10 mb for normalization, which they also determined at the Î ãåï î Û å
reactor . Êî åÛ åã's and Wagemans's M A CS values have à discrepancy factor of up to 1.5.

In connection with this we carried out measurements of the 35Ñ1(ï ,ð)353 reaction cross

section for thermal neutrons.
The 36~(ï ó)373 (5.1 min) cross section was measured with neutrons at the

pulsed 3.75 M V Van de Graaf accelerator of Kernforschungszentrum ÊàãÜï é å
(Germany). Using the special properties of the 7Ü~(ð,ï ) reaction near the reaction

threshold à Mmnvell ian neutron spectrum with à thermal energy kT=25 keV was

generated [7] . The cross section was det er mi ned by the fast cycl ic activation technique
which is described ø detai l in [7] . Samples of elemental sulphur enriched with 36S by
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F i g . 1. Th e accum u l ated ó-ãàó in ten si ty & om à ~~ S acti v ati on .

5.933% were irradiated, sandwiched between two gold foils which served as the capture
standard. The y-emission from the sulphur and gold was registered by à 175 cm3 HPGe
detector . In Fig.1 the accumulated 3103 keV -ray line &om 36S activation is shown. À
prel iminary M A CS-value of 0.178 mb at kT=25 keV was obtained. The results were

presented in [8] .
Two runs of measurements of the 35Ñ!(ï ,ð)353 reaction cross section for thermal

neutrons were can ied out on the neutron beam of the IBR-30 pulsed booster in Dubna.

Æå used our facil ity based on the double grid ionization chamber and multiparameter
data system acquisition [9,10] . The NaCl and LiF targets were prepared by vacuum
evaporation and the È ë(ï ,1)4Í å reaction served as à standard. In Fig.2 the amplitude
spectrum of the 35Ñ1(ï ~)35<~ reaction is shown. We have a prelimiruuy result for this
reaction at É åï ï à1 neutrons: ath=540240 mb. This result was presented ø [ 11] .

I 1 1 ~ ! ]

~
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~à à zaa

channel
ç àà 4 00

F i g . 2 . Spect r um of the pr oton s 6 î ø the ~~Ñ 1(ï ,ð )~~ß react i on at therm al n eut ron s.
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Fig.3 gives an overview of the nucleosynthesis reaction sequences ø the sulphur-
calcium region. Stable isotopes are put into à full square, unstable but long-l ived isotopes
into à square with inter mittent l ines and short-l ived isotopes axe surrounded by à circle.
Normal arrows mark (n,ó) reactions and an intermittent lø å means à less probable (n,ó)
transition due to competition w ith other reactions. The 3~3 production is mediated by the
3~Ñ1(ï ,ð)3~8 reaction 6om seed nuclei À <36, seed nuclei with À >36 can contribute via
the 3~Àã(à,è)3~3 reaction ñÜàààå1. But the destruction of 3~8 is only achieved through

the ~~3(à,ó)3~3 reaction. A s our measured value of this cross section is by à factor of 1.8
smaller than the previously used theoretical estimate [3] the s-ðãî ñåÿç production of 3~3
wi11 be enhanced by à factor 1.8. Concerning the ~5Ñ1(ï ð)35~ reaction cross section, our
value for thermal neutrons is 19% higher than the value used by Wagemans [6] and 9Yo
higher than value used by K oehler [4,5] . It should be noticed, however, that our result is
preliminary and we are planning to continue the measurements.
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Fi g . 3 . Part ial nucleosynthesi s netw ork ø th e S-C a reg ion .
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5 . N E U T R O N S O U R C E S

5 .1 . Ò Í Å I B R -2 P U L SE D R E A C T O R

Oner ation of the r eactor . In 1994, the reactor operated, for physical experiments, for
720 hours in 3 scheduled cycles. In M arch, 1994 the reactor was shut down for à scheduled
replacement of the movable refl ector .

The reported year was the tenth year of IBR-2 operation for the rated power of 2 M W
(started in February 1984). The International Seminar "Advanced Pulsed Neutron Sources" (June

1994, Dubna) was devoted to the main results of the past decade.
In the course of the reactor operating period the mean burning of fuel was 2.77%, and

the achieved fl uence in the j acket part subj ected to the highest tension was 2.1x 10~ n/cm~..

Careful investigations and calculations carried out together with NIKIET , M oscow, permitted the
determination of the j acket (7 years) and sodium cooling system (20 years) residual resources.
The results were approved by the General Constructor .

M ovable r ef lector . Since October 1987, the reactor has operated with the second, PO-2,

movable refl ector. The total operation time was 19619 hours which corresponded to the
operation resource determined Úó the General Constructor. In the f irst hal f of 1994 the new
movable refl ector PO-2R was manufactured. Its principe design repeated the PO-2 construction,

but the new refl ector was equipped with à more developed and updated system for dynamic
control of rotor osci l lations, displacements, and vibrations. In October, 1994 the PO-2R was
assembled on à test stand, and after successful tests it was moved in December to i ts working
site at the IBR-2 reactor. The PO-2 refl ector was moved to the special storage ãî î ò .

The automatic system for measur ing r eactor nar ameter s (A SI IBR-2) was developed
by the Regtron-KFKI f irm (Hungary). Equipment delivery accompli shed in the course of several

years was completed in spring 1994. Tests of àÏ systems are to be completed in 1995.
Cr yogenic moder ator (ÑÌ ). In 1994 the test program for the ÑÌ prototype was

completed with the fol lowing main results:
- the possibi l ity of using solid methane at the reactor power of 2 M W was demonstrated;
- an increase in the cold neutron yield Úó 10-25 times (in dependence on the wavelength)

in comparison with the water moderator was achieved (f ig.10).
Design work on the new ÑÌ started (f ig.11).

ñ' é

Fig.10. Ratio of the neutron yield from the cryogenic moderator surface for several values of mean

methane temperature to the neutron yield from the moderator in à heated state ( the plain water
premoderator at 300 Ê ) . T he x-axis is the neutron wavelength in angstroms.
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Fig.11. T he cryogenic moderator for the I BR-2 reactor (vertical cross section) : 1 - light water

premoderator, 2 - solid ï âåé àï å, 3 - beryllium filter-refl ector, 4 - helium-methane heat exchanger. T he

dimensions are given in mm.

5.2. T H E I B R-30 BOO ST E R

In 1994 the IBR-30 + LUE-40 complex operated for 2420 hours in ten scheduled cycles.

Seven neutron beams were used (î ñàï ó out experiments in nuclear physics and applied
research.

In the reported year, à new system for electron beam control at the converter of the
multiplying target was developed, constructed and tested. This system permitted increasing the
power stabil ity level of the neutron source. The new water moderator was installed on beams 3-
5 of the booster to optimize the resonance neutron yield.

Tests of the principally new ò î ï î -crystal target of the converter were conducted on the
electron beam of the LUE-40 accelerator. The same electron beam was èçåé to test à xenon high
pressure target intended to produce 1 isotopes for the purposes of medical diagnostics. The 132

obtained results will be used in designing the new target.

5.3. ÒÍ Å I REN PROJ ECT

T h e stah i~ of the n r o i e c t . I n J u n e 19 9 4 t h e 7 6 t h se s s i o n o f t h e J I N R S c i e n t i f i c C o u n c i l

a d o p t e d à d e c i s i o n t o c o n s t r u c t t h e n e w p u l se d so u r c e o f r e so n a n c e n e u t r o n s , I R E N . T h e w o r k

w a s d e c i d e d t o b e c o m p l e t e d i n 19 9 7 , a n d t h e m o n t h l y f i n an c i n g sc h e m e w a s d e t e r m i n e d b y t h e

J I N R D i r e c t o r a t e . T h e l a t t e r e n a b l e d J I N R t o n o t o n l y p a y d e b t s t o d e s i g n i n g o r g a n i z a t i o n s b u t

a l so st a r t w o r k o n e n g i n e e r i n g d e s i g n a n d m a n u f a c t u r i n g so m e s y st e m s o f t h e s o u r c e . T h e

o r g a n i z a t i o n a n d f i n a n c i a l r u l e s f o r t h e w o r k o n t h e p r o j e c t c a r r i e d o u t b y î áæåã J I N R

l a b o r a t o r i e s w e r e a d o p t e d Ú ó à sp e c i a l d e c i s i o n o f t h e I n s t i t u t e D i r e c t o r a t e .
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Rlectron linear accelerator . I .ßÆ-200. In accordance with the JINR - DOE USA
agreement for delivery of klystrons for the LUE-200, the first 5045 type klystron was shipped to

Dubna and installed in bldg. 118 of FLNP in Ì àó 1994. Âó the end of the year, the first stage
of the construction of à full-scale stand for the klystron modulator was completed.

In accordance with the approved working schedule à FLNP-ÜÍ Å-LSHE collaboration

carried out work on the creation of systems for synchronization and excitation of the klystron
modulator. An agreement with RMIR (St.Petersburg), the leading organization in designing
modulators, was signed. According to the agreement, equipment for the OLIVIN stations of
these modulators will be delivered by ErPI as the contribution of Armenia to JINR.

MEPI in cooperation with the ISTOK industrial enterprise (Friazino) is designing and
manufacturing HF fiders. Specifications for designing and manufacturing magnetic systems of
the accelerator were agreed to with LNP JINR.

À contract with INP SB RAS (Novosibirsk), the top organization in constructing the
LUE-200, for manufacturing and complex adj ustment of the accelerating system before the end
of 1997 was prepared for signing.

Ì ï È ðÛ ï à tar get. NIKIET completed work on the engineering design of the first
version of the target. Fuel element (TVEL) specif ications were submitted for approval . À
contract with the MAJAK industrial enterprise and the RF Ministry of Atomic Energy for
renting feasible materials for TVELs was prepared.

Work on making the calendar plan and conditions of the agreement for developing à
complex proj ect of the IREN facility signed in 1993 more precise was carried out in
collaboration with GSPI. À contract with the Obninsk Division of NIKIMT for the development
of à proj ect for disassembling the IBR-30 booster was prepared for signing. À working schedule
for testing an electron-neutron converter for the multiplying target at the IBR-30 was adopted.
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Participants of the International Seminar "Advanced Pulsed Neutron Sources

dedicated to the 10th anniversary of IBR-2 reactor operation (June 1994, Dubna).

~

' é
%

~

17 6

~~





1
7

8

0
0- 

<

ß
:~

65IK
 

ä
~

ÎÎ

î÷
é'ú

Î

Ì 
ä

<
 

'

ö 
Î~ì

à5 
ÔÃ

MÌ

Î

Î

4Â0
0 

î
à

Ô
 Ý

ë
Åù

'È
 

àÌ
,Ë

 
Î

Ì 
ôßî

G
4 

Î

Ñ
4

G
4 

Î
Ç

 
~îî

î
î

,Ä
 ) 

Ú
ì

ß
 

ñ÷Æ

~~~~~

÷

~~~~~



6 . C O M P U T E R C E N T E R

Networ k and computer infrastructure. The 1992-1993 experience in using the network
resources which were implemented on the basis of SPARC workstations of the SUN firm and
personal computers (PC), allowed us to start in 1994 the next stage of evolution of the network
and computer infrastructure of FLNP (Fig.12). The network was reconfigured by involving new
workstations (two SPARCStation 10 clone and one SPARCStation 2 clone) and additional hard
disk devices with à total capacity of 16 Gb. The reconfiguration will Úå f inalized at the end of
1995. In result, user access to the hard disks of the file servers and workstations will be
optimized, and the stability of the network, È å servers and workstation operation in the ñàçå of
disk quota overfl ow will be improved. By the end of 1994, FLNP had 180 registered users of
the Laboratory's network.

The distributed file system on several SPARCStations allows access to their data to users
from any computer connected to the network. The new workstation console software presents
the çàâ å desktop environment to users whether they enter the SUN-cluster from Õ-terminal , an
Õ-terminal emulator on à PC or from the console of à workstation. Upon installation of the

Mosaic user interface, the new information service World Wide Web (WWW) became accessible
to users - it allows users to enter %%%-çåã÷åë around the world and use the WWW data

bases.
On the f i le servers of the network , à "pub" directory i s installed with commonly used

software for PCs, as wel l as descriptions and documentation of packages which may be used for
novices on the workstations. The CERN l ibrary package was al so instal led. A lthough some SUN
workstations are intended to perform special functions (å-mail service, entry to other networks,

etc.) al l workstations are accessible to users in the normal mode of operations.
Future development of the network assumes à replacement of some communications

equipment, purchasing and installation of additional network bridges, laser printers, enlarging the
disk capacity purchasing an archive system on the basis of JukeBox for long term data storing,
etc.

Electronic eauinment develonment. First and foremost, design and development of
electronic equipment was aimed at utilization of the VME standard. À concept was elaborated
for the development of electronic systems from the point of view of equipment unif ication and
transition to the new VME technology. The main motive for introducing VME standard in place
of the CAMAß standard was the necessity of supporting parallel processes of data acquisition,
processing and viewing. In 1994, the first system in VME standard for data storing, monitoring
and control was built for the NSVR texture spectrometer.

For investigations in nuclear physics, the new version of à mobile measuring module
(Ì Ì Ì ) was constructed. The new measuring module was made as à one-crate module that
enabled its use in out-î È .'ÜÕÐ experiments. At the present time the Ì Ì Ì is used to perform

experiments in the neutron beam of the proton accelerator at the meson factory of INP RAS
(Troitsk). On the basis of the Ì Ì Ì , à stationary version of the measuring module was built for
the spectrometer for (n,à) and (n,ð) reactions at the IBR-30 reactor.

Work has been performed on the development of à computer and measurement module
for the ROMASHKA ï ø 164 å1åñ(î ã spectrometer operating in an IBR-30 reactor beam. The
module permits performing three dimensional analysis by simultaneously measuring the time,
amplitude, detector number or coincidence multiple. The measured spectra are accumulated in à
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256 Ê 16-bit memory device. For information compression, two digital selection blocks are
used. In addition to the main channel for accumulating three-dimensional information, â åãå are
two autonomous one-dimensional channels each consisting of à time coder and à 4Ê 16-bit

memory, and one channel consisting of à time coder and à detector number coder for 8

det ect ors .
À large volume of work on the modernization of equipment and software for the other

spectrometers at the IBR-2 and IBR-30 reactors has been done.

Softwar e for data acouisit ion aM contr ol system<. The control software for the High
Resolution Fourier Dif fractometer (HRFD) consists of two programs - FDC and NDC. The FDC

program allows users to check and setup parameters of the data acquisition electronics in
BITBUS standard and Fourier chopper electronics, as well as to control them during
experiments. FDC perf orms the experiments as à set of sweeps. The setup operation allows
users to change the time of sweep, delay, speed of chopper rotation and type of frequency
window. FDC allows users to start the measurement at à given time and to suspend
measurement for à given time between two sweeps. This pause may be used to change the
position of mechanical devices which are controlled by the NDC program on another computer.
The NDC program is intended to control the mechanical devices, refrigerator and low resolution
data acqui sition systems, which are implemented ø ÑÀÌ Àß standard. For synchronizing the
work of both programs, the absolute time of the computer clocks i s used. FD and NDVI routines
are used for viewing high and low resolution spectra and for calculating parameters of marked
interactive mode peaks (position, height and width at hal f height).

The new control software for the SNIM -2 spectrometer has been developed. It al lows

users to study the magnetic structures of single crystals as well as phase transitions which are
induced by à pul sed magnetic f ield. The software controls the two data acquisition sets of
electronics, mechanical devices, heater and magnetic f ield faci l i ty. The electronics of thi s system
were implemented in ÑÀÌ Àß standard.

The software which was developed for the SPN-1, SPN-2 and REFLEX spectrometers

allows the instruments to be control led in the interactive and automatic modes and has some
particular features. The control software reads out the large variety of experimental data during

the experiments and stores it in à data base, which was special ly designed for this system. In
off-lø å mode the software al lows users to browse the parameter l i st of the measurements, view

the spectra and perform preliminary data analysis. One of the programs al lows users to
automatical ly search for the center of the neutron beam, measure the prof ile of the beam and
move the detectors into à given position relative to the center of neutron beam.

The new generation of data acquisition and spectrometer control systems is being
developed at FLNP on the basis of VM E standard electronics, modern personal computers and
workstations. The main principles for hardware and software organization of the distributed
experiment automation system at the IBR-2 reactor have been def ined. Thi s organization wil l

give us à maximum throughput for the data acquisition systems, al lows us to implement
complicated methods for experiment performance which need the simultaneous control of
different devices and viewing parameters of the instruments, as well as of accumulated spectra,
and al lows users to remotely control an experiment via the ETHERNET network.
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7.1. ST R U CT U R E O F L A B O R A T O RY A N D SCI EN T I FI C D EPA R T M EN T S
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7 .2 . U SE R P O L I C Y

The IBR-2 reactor usually operates 10 cycles à year (2500 hrs. total) to serve the
experimental program. À cycle has been established of 2 weeks of operation for users, each
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 the IBR-2 are open to the general scientific community. The
User Guide on neutron experimental facilities at FLNP is available by request from the
Laboratory' s Scientific Secretary.

Condensed matter studies at the IBR-2 facility have undergone some changes according
to the experience gained during the last two years. It was found necessary to establish
specialized selection committees formed of independent experts in their corresponding fields of
scientific activities . The following 4 committees were organized:

1. Diffraction
V.À.Somenkov - Russia - chairman
V.À. Trounov - Russia
À.À.Loshmanov - Russia

2. Tnelastic scatterine
Janik - Poland - chairman

W.Gotze - Germany
V.Dimic - Slovenia
Ü.Bata - Hungary
À Ó.ÑÜà1ó1 - Ukraine

3. ì åø àþ àðû
ÀË.Okorokov - Russia - chairman
S.× .Maleyev - Russia
Ò.Rekveldt - The Netherlands
Í .Lauter - France - Germany

4. Small àï à1å scattering
Ü.Cser - Hungary - chairman
J.Plestil - Czech Republic
J. Teixeira - France
G.Zaccai - France
Í .Stuhrmann - Germany

Dr. Óàé ò Sikolenko was appointed as the scientific coordinator of user ðî Èñó at FLNP
and Mr. Gizo Bokuchava as his deputy. Two deadlines for proposal submission were defined.
For the experimental period from October through February the deadline is Ì àó 16 and for the
period from February through June the deadline is November 16. The scientif ic coordinator and
his deputy are responsible for organizing all necessary work for:

- distribution of "Application for Beam Òèï å" forms to potential users;

- reception and registration of proposals;
-proposal review by instrument scientists to estimate their technical feasibility;
- sending the feasible proposals to members of the selection committees and reception of

their comments and recommendations.
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The IBR-2 beam schedules are drawn up Úó the head of the Condensed Matter
Department together with the persons responsible for the instruments on the basis of the experts'

recommendations. Schedules as adopted by the director or deputy director for condensed matter
physics are sent to the chairmen of the selection committees. Àéåã performing an experiment the
'Experimental Report" form is filled out by the experimenter(s), which is then submitted to the

scientif ic coordinator of user policy.
The first cal l for proposals resulted in 76 applications requesting 406 experimental days

on 7 of the 12 IBR-2 spectrometers. The average overload factor for these instruments is 1.16,
the largest being for the NERA-PR high resolution inelastic scattering spectrometer (2.4) and the
YuMO small-angle scattering spectrometer (2.1).

Contact address:
Dr. × .Sikplenko or M r. G.Bokuchava
Frank Laboratory of Neutron Physics
Joint Institute for Nuclear Research
14 1980 Dubna, M oscow region
Russia
Tel .: (+7)-095-924-39- 14, (+7)-09621-63677
Fax: (+7)-09621-65803
Å-ò û 1: çé î 1åï 1ñî ® ï é èï 1 j inr.dubna.su,

gizo ® ï é èï 1.àôïã.dubna.su.

7 .3 . M E E T I N G S A N D C O N F E R E N C E S

1. 2èé I nternational Seminar on I nteraction of Neutrons wi th Nuclei : "Neutron
Snectrosconv. Nuclear Structure. Related Toni cs". Anri l 26-28. Aubna.

The seminar was organized with the financial support of the Russian Fund for
Fundamental research. The seminar continued the workshops on the investigation of atomic
nuclei with neutrons which have been carried out in Dubna for à number of years. About 120
participants from more than 10 research institutes in Russia as well as participants from
Belgium, Bulgaria, Germany, Holland, Italy, Latvia, Mexico, Poland, Slovakia, Slovenia, USA,
Ukraine, Czechia, and Japan attended the Seminar.

The Seminar showed that the interest in neutron physics remains high. The spectrum of
the considered problems was wide: from fundamental characteristics of the neutron to the
structure of the nucleus and applied problems.

Reports by international scientific collaborations with FLNP participation (USA,
Euratom, Germany, China, Latvia, Ukraine) were well represented at the Seminar, and the new
joint works were discussed. The participants paid homage to the well known German nuclear
physicist, an expert in nuclear fission and à great friend of our Laboratory, Professor Jurgen
Theobald, who died j ust before the beginning of the Seminar.

2. I nter nati onal Semi nar " A dvanced Pulsed Neutr on Sour ces " . 1èèå 11-10. 3ÚèÜèà

T he Seminar w as dedicated to the 10th anniversary of IBR-2 reactor operation. The

Seminar was organized in conj unction w ith the Insti tute for N uclear Research of the Russian

A cademy of Sciences, w ith the f inancial support of the Russian Fund for Fundamental Research.
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The Seminar Program included:
- theoretical and experimental aspects of pulsed reactors;
- safety, reliabil ity and diagnostics of pulsed reactors;
- alternative high flux pulsed sources;
- new proposals for creating high intensity neutron sources;
- unusual applications of pulsed sources;
- experimental techniques (moderators, choppers, etc.);
- prospects and trends of the IBR-2 reactor development;
- physical research program for neutron sources with à large pulse width,

3. 30th Conference on ~î í Òåò ðåòà1èòå Physi cs. %evtember 6-9. Aubna.
The Conference (formerly an al l -union conference) was organized by the Scienti fic

Council on the Physics of Low Temperatures of the Russian Academy of Sciences and the Joint
Institute for Nuclear Research, with the f inancial support of the Russian Fund for Fundamental

Research.
The Conference attended Úó 236 participants had the plenary and section sessions. The

plenary sessions heard 11 invited talks, including one from FLNP. Over 150 reports, including
posters, on fundamental problems of superconductivity, quantum l iquids and crystal s, low
temperature physics of sol id matter , and electron phenomena at low temperatures were

contributed to the section sessions.

~

g ~ubn ~.
N ew neutron instruments and techniques for creati ng high pressures, high pressure

investigations of the atomic and magnetic structures of high temperature superconductors, al loy s

and hydrogen containing compounds, phase transit ions and phase di agram s, l att ice dynamics,

geomater i al s, as wel l as progru n s of f uture investigations and à number of other questions w ere

included in the program of the Seminar .
Over 70 special i sts f rom 9 member and non-member-states of JIN R , incl uding special i sts

f rom the leading neutron centers: Rutherford A ppleton L aboratory (Great Br itain) , L eon

Âï l l î ø ï L aboratory (France) L os A lamos N ational L aboratory (U SA ), and K urchatov Insti tute

(Russia) attended the Seminar .

I n 1995 th e f ol l owi ng meeti ngs wi l l be or gani zed:

W ork shop on M athematical M ethods of Texture A naly si s M arch 2 1-24 D ubna

Gr enob leM arch 23-28

~

Russian-French Seminar "Strongly Correlated Electronic

Systems"

A pri l 26-28 D ubn aÇrd International Seminar on Interaction of Neutrons with

Nuclei

~

Ì àó 23-28 D ub na

~

Çrd International Meeting "Nuclear Physics for Protection
of the Environment"

A ugust 2 1-25 D ubnaon Synchrotron and N eutron

~

Russian-Japan M eeting

Investigations

September 4-2 1 D ubna

~

V I I I nternational School on N eutron Phy sics
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7.4. COOPE RA T I ON

The FLNP Plan of Scientific Research and Scientif ic and Technical Cooperation refl ects
the whole diversity of links established by FLNP with many of the research centers in member-
and non-member-states of JINR.

The many year cooperation of FLNP with leading neutron centers in Russia received an
additional boost in connection with the establishment of the new National Scientific and
Technical Program on Neutron Investigations of Matter, under the leadership of FLNP Director,
V.L.Aksenov. The Scientific Council of the Program has created à plan for the development of à
spectrometer structure at neutron sources in Russia, including the IBR-2 reactor, for users from

research and higher education institutes.
Wide cooperation with many institutes in Germany was also established (Table 1).

Agreements and protocols for cooperation with the ISIS Facility of the Rutherford Appleton
Laboratory, the Imperial College Reactor Center (United Kingdom), and the Institute of Solid
State Physics, HAS (Hungary) are in effect.

The collaboration of FLNP with scientific establishments in Europe received the support
of the International Association for the Promotion of Cooperation with Scientists from the
Independent States of the Former Soviet Union (INTAS). Four grants were given to FLNP
scientists by INTAS (Table 2).

One of the indications of the extent of the cooperation is the number of visiting scientists
from non-member-states, which was 43 people in 1994 (Table 3).

T ab le 1

P r esen t st a t u s o f c o l l a b o r a t i o n s b e t w ee n G er m a n I n st i t u t es a n d F L N P

G er m a n ~ F L N PA cti vi t v
Hahn-M eitner Institute,

Berlin, Prof .F.M ezei
Prof .F.M ezei ,
Dr.Í Ç.Lauter

Prof .V .L .Aksenov
V .V .Pasiuk,
À Ë .Petrenko

General Agreement on Scienti f ic Co-

operation
Upgrading the spectrometer of polarized
neutrons (SPN-2)

E~ mscndarf
Dr. Ê.Walther
Dr.F. Prokert

Dr J.Heinitz
Dr. Â.N.Savenko

D r .Â .K am of er

Neutron dif fraction studies of textures in

materials
Investigations of phase transitions in crystals
with à partly disordered structure
M eson decree of freedom in nuclear matter D r .G .G .B unat i an

EHIZP
Saarbrucken/Dresden
Prof .Ì . Kroning,
Prof .Í .Baumbach
Prof .Ì .Kroning,
Prof .Í .Baumbach
Prof .Ì .Kroning,
Prof .Î .Dobmann,
Prof . Schreiber

Use and development of the neutron
spectrometer YuM O. Investigation of cement

structures Ðãî Ø ×.Serdyuk,
Dr.F.Hessler
S.S.Pavlov

Prof .V .L .Aksenov,
Dr.À .Ì .Balagurov,
Dr. Y u.V . Taraì

Study of transfer processes in liquids and
solids by radiography methods
Precision investigation of the crystal structure
of new materials and measurement of internal
mechanical stresses by high-resolution

neutron diffraction methods
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Safety and diagnostics improvement of the
IBR-2 reactor

Prof .Å.Pridoehl ,
Prof J.Schreiber,
Prof . Ê Ë .Froehlich
Prof .Ì .Kroning,
Prof .S.Kraus,
Prof . Schreiber

Prof .V .L .Aksenov,
À .V .Vinogradov,
Dr . Yu.N .Pepelyshev
Prof .V .L .Aksenov,
V .D .A naniev

Manufacture of the movable refl ector for the
IBR-2 reactor

Joint experiments on the High Resolution
Fourier Diffractometer (HRFD) ( G ee st h ac h t )

D r .Í .P r i e sm ey er

P r o f .Í .St u h r m an n

Dr.À.Ì .Balagurov
Prof. I .N.SerdyukInvestigation of ribosome structure by using

triple isotopic substitution and spin dynamical
polarization in neutron scattering
Small angle scattering with polarized

neutrons
Dr .R.W agner Prof .V .L .Aksenov,

Å.Â.Dokukin
Investigation of transition phenomena ø
solids by the real-time method

Neutron induced fission

2Ø ;Ì õï ûéàé
Prof.Í .Fuess
Prof. P. Theobald

Î .Ì .M ironova
Dr .W .Ë.Furman,
Dr.Å.0 åï ï åï ñ1||å÷

KEK 2u1i&
Prof .Ò. Springer
Dr.Å.Preuss

Ðãî Ø ×. Serduyk
DrË.Natkaniec

Joint experiments on small angle neutron
scattering
Investigation of surface dynamics and
dynamics of adsorbed molecules by inelastic
neutron scattering

Prof .Î .K lose

Investigation of intermediate interactions in
solutions of surface-active matter by SANS Ðãî Ø ×. Serdyuk,

Dr.N .Ë.Gorski
0 ã.ÓË.Gordeli ,
D.À .Korneev

The infl uence of membrane surface properties
on interactions between membranes

Prof .Î . K lose

RS Garchine. TU
Munchen Prof .Gr.Ñå÷å D r . V Ë .G or d el i

Prof .Ò.von Edigy Dr .À .Ì .Sukhovoy

Pr of .W .G l aser

D r .W .W aschk o w sk i

Dr.W .Ë.Furman
Dr. Î .S.Samosvat,
Dr. Yu.À .A lexandrov
Dr. À Ë.FrankDr .R.Gel ler

Investigations of the infl uence of membrane
lateral structures on inter-membrane

interactions
Investigation of atomic nuclei properties with
the help of neutrons
New powerful ultracold neutron source
Study of the electrical polarizabil ity of the
neutron
Ä à÷å optics with ultracold neutrons

Investigation of reactions on stable and
radioactive nuclei

IK. Êàõ1û è ê
Ðòî â ' .Kappeler

TU Rraunschweie
Prof. Litterst

Dr . Y u.Ì .Gledenov

Investigation of magnetic structure of HT SC

Dr .À .Ì .Balaeurov

Investigation of the texture of geological

samples

Univ ~~ ;ù ~
Ðãî ÃÆ åÜåã D r .Ç .H ei n i t z
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T ab l e 2 .

I N T A S

Ñî ä å L eaderP r oj ec t

9 3-36 17 × Ü. A k senovPolarized neutron refl ectometry studies on high
temperature superconducting films and ultrathin magnetic
film sandwich structures

À .Ì .B al agurovStudy of the chemical , structural and physical aspects for
the new high Ò, superconductors containing Cu oxide

93-2483

93-298 À .V .StrelkovImproved measurements of the neutron p-decay l i fetime
ú~

Calibration of ÷î 1ø ï å residual stress measurements by
neutron diffraction techniques and applications

94-3239 Y u . V .Òàãàï

T able 3.

L i st o f V i si t o r s f r o m N o n -M em b er S t a t es o f J I N R i n 19 9 4

D a t es

09/0 1- 16/0 1

O r g a n i za t i o n C o u n t r yNam e

G er m anyFr. Inst. fur M ikroelektr.

Schalt.+Svs.
Ò.Strel l

G er m any 09/0 1- 16/0 1Fr. Inst. fur M ikroelektr .
Schalt.+Sys.

W .B i rk ho lz

3 1/0 1- 11/02J.Schreib er Fraunhof. Inst. fur Zerstror.
Prufv., Dresden

G er m any

14/02-24/02

14/02-25/03
16/02-11/03
16/02-11/03

18/02-18/02

07/04-10/04

07/04- 10/04

10/04-03/05

FZ Rossendor f Germany

Germany
Ð.Reichel
R.Jî é ñkå
N.Å1 Sharouni

Ì .A lex
Young Nam Jang

W .Í Ë3ãÜàï èç

À .Â.Sterk

Refaat M aavouf

T U Chemnitz-Z w ickau

À ÅÀ N uclear Research Center =gypt

<avpt
South Korea

À ÅÀ N uclear Research Center

K I GA M , Seoul

T he Netherl andsI nsti tute of Pl asma Phy sics

T he N etherl andsInsti tute of Pl asma Phy sics
N R C -À Å À -C ai r o
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J. Schr eiber G er m any 2 1/04 -24/04Fraunhof. Inst. fur Zerstror.
Prufv., Dresden
U niv . of W ashington, Seattle USA

France

Sweden

W il l i am Ì .Soraeue

IL L , Grenoble

21/04-25/04
22/04-04/05

15/05-03/06
Í .Lauter
Zhu Bin Chalmers Univ. of

Technology, Goteborg
Fraunhof. Inst. fur Zerstror.
Prufv., Dresden

G er m anyÕ Á ñ Üãå ~Ü å ã 26/05-04/06

SL A CR.F.Koontz
Ì .À .Kellett

Í . Stuhrmann

Ê.Walther

Ê.L .Jàgåã
Subramanian Raman

Ì .Van der Kaars

À .Â.Sterk

Ò.Strel l

U niv . of B i rmineham

06/06-08/06

18/06-06/07

24/06-05/07

24/06-24/Î á

24/06-05/07

02/07-10/07

10/08- 14/08

10/08- 14/08

18/08-28/08

GK SS, Geesthacht

FZ Rossendor f

GK SS, Geesthacht

O R N L

I nsti tute of Plasma Phy sics

Insti tute of Plasma Phv sics

Fr . I n st . f ur M ik roelek tr .

Schal t .+ Sv s.

USA

UK

Germany
Germany

Germany

USA

The Netherlands

The Netherlands

Germany

W .B i rk hol z Fr. Inst. fur M ikroelektr .
Schalt .+Svs.

G er m any 18/0 8- 28/0 8

I L L Grenoble France

France

Germany

Û .Ñàððî ï |
Ì .Marezio

13/09- 14/09

13/09- 14/09

17/09-21/09
I L L , Grenoble

Â .Ì 1ñÜàå1û Otto von Guericke Inst.,
Maedebure

D.M ildner

Ñ.M acDonald

Í .M ayer

R.Downing

ÊÆ à1Üåã

Ð.Reicher

W.Boede

USA

USA

USA

USA
Germany

Germany

Germany

France

German v

26/09-28/09

26/09-28/09

26/09-28/09

26/09-28/09

03/ 10-25/ 10
03/ 10-25/ 10

03/ 10-25/ 10

05/ 10-08/ 10

10/ 10-25/ 10

12/ 11-24/ 11

12/ 11- 19/ 11

17/ 11-21/ 11

N I ST , W ashington

N I ST . W ashington

N I ST , W ashington

N I ST , W ashington

FZ Rossendorf

FZ Rossendorf

FZ Rossendorf

ÜÜÂ , Sacl avG.Peêy

Ì .Betzl FZ Rossendorf

À ÅÀ N uclear Research Center Ear n<
FranceI L L , Grenoble

Ref aat M aay ouf

Í .L auter

Õ Áñéãå|Üåã G er m anyFrnunhof . Inst. fur Zerstror.
Prufv., Dresden
Ð àï ï 1åãÂåï ã A G Tech. GU S G er m an vÍ .L udw ig 19/ 1 1- 19/ 11
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7 .5 . E D U C A T I O N

The University Center (UC) affiliated with the Joint Institute for Nuclear Research and
based on the faculties of the Moscow State University and Moscow Engineering Physics
Institute admits, for continuation of studies, undergraduate students of the last two years of
study in higher education institutions, who have attended introductory speci al i zed courses of
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 quite in line with research performed at FLNP, which has at its disposal , for
both sectors, à good experimental base 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 both for the
Laboratory and for î áæåã Russian neutron centers.

As an example illustrating this aim we present the list of courses by lecturers of the
Condensed Matter Physics Chair of the UC (Head: Prof .V.L..Aksenov):

- theoretical methods in condensed matter physics;
- methods of investigation of condensed matter at nuclear reactors and accelerators;
- fundamentals of neutron physics and neutron sources;
- methods for structure analysis of ideal and real crystals;
- synchrotron radiation spectroscopy of solid matter;
- infl uence of radiation on solid-state properties;
- methods of experimental data processing.

À number of leading FLNP scientists takes part in delivering these courses. Each student
is allowed access to the Laboratory computer network. An obligatory condition for successful
completion of the 4-th year is the capability of using modern personal computers. Earlier,
students were included in the research groups led by their instructors from the FLNP scientists,
which made it possible for under-graduate students working on their theses to take part in
preparing or performing experiments.

In 1994 the teaching process of students of UC continued successfully. Ten students who
had their UC training course at FLNP were employed by JINR or scientific centers in Russia.

The Condensed Matter Physics Chair gave graduation certif icates to à third group of
students in the reported year. This group had 7 students, making the total number of students
who have graduated from the Chair 23. Nine of them were employed by FLNP, which has
renewed the çíàé of the FLNP Scientific Department of Condensed Matter Physics to à
noticeable degree. À somewhat smaller infl ux of graduates came from the Nuclear Physics Chair
of the University Center. In the past three years only three of them have j oined FLNP.
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7.6. PE RSO NNEL

As of 31.12.1994, the Ì àé of the Laboratory amounted to 511 employees. The staff can
be divided into two categories: the main staff (455 people) and the directorate' s staff (56

people). The main staff , in turn, is comprised of permanent and temporary members. The latter
are the employees who work on à temporary contract basis.

The members of the directorate' s staff work only on à temporary contract basis. This
staff is mainly formed of specialists from 'bld" JINR member states. Recently, the number of
specialists from "new" JINR member states has increased, however (table 1).

The processes of concluding contracts with the members of the main staff , which began
in 1992, has practically been completed: the number of employees working on à temporary
contract basis has reached 92.3%. The other process started at the same time and aimed at the
reduction of the total number of employees continued, but at à slower ðàñå: 4.5% for the
reported year.

The distribution of the main staff personnel among Laboratory departments is illustrated
in table 2.

Òàé å 1.
P er so n n el o f t h e D i r e c t o r a t e a s o f 3 1 .1 2 .9 4

C o u n t r y P eo p l e

" Old" m em ber st ates

B ulgar i a

Czechia

K PD R

M ongol i a

Poland

Romania

Slovak ia

V ietnam

~

ñàð~å öóüü m em b er st a t es

A zerbaij an
Armenia
Georgia
Kazakhstan
M oldavia
Russia
Ukraine

1

2

1

2

1

1 6

1

Germany
USA

~

T O T A L 56
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T ab l e 2 .

D i st r i b u t i o n o f t h e M a i n S t a f f P er so n n el p e r D ep a r t m en t a s o f 3 1 . 12 .9 4

P e r m a n e n t p e r so n n el Cont r acts

~~

Å . &

Ò.

~~

Å . &

Ò.

D ep a r t m en t s

30.5 9.5

~~~

N uclear Physics D epar tment

27.5 10.5

~~~

Condensed M atter Physics D epartment

18 26

~

Department of Electronics, Computers and

Networks

2 .5

~~~

4 .5

~

Physical and Technical Research Sector
Activation Analysis Sector

~

4.5 2 1

~~

IREN Department

~~

40

~

IBR-2 Department
Nuclear Safety Sector

~~

52.5 127Technical and A dmini strative Service

~~

9 1.5

~

160.51 1 16 12

4 16 (9 1.4%)39 ( 8.57% )

455T o t a l

ß äù ù Ä S. - Scienti sts, Å. é Ò. - Engineers é Technici ans, W . - W orker s,

7 .7 . F I N A N C E

The financial situation ø the Laboratory, though remaining strained, has somewhat
improved in comparison with the previous year: the total income was 2626.5 th. $ in 1994
against 1584.4 th. $ in 1993 (table 1).

One of the reasons for the insufficiently improved financial situation is the systematic
non-fulfillment of the decisions on the part of the JINR budget assigned to FLNP adopted Úó the
Committee of Plenipotentiaries of JINR Member States (table 2).

Scientific investigations by FLNP are receiving increasing support from the Russian Fund
for Fundamental Research. In 1994 the sum of 86.0 th $ was allocated to finance 13 FLNP
projects (against 35.5 th. $ in 1993).

Financial support by the International Scientific Fund (ISF - Áî ãî â Fund) of the long-

term proj ects and scientists of the Laboratory was the largest of external investments. In 1994,
ISF was financing 8 projects, mainly, in nuclear physics.

Table 3 shows the distribution of the "ðèãå" (the part alloted for the JINR infrastructure

has been subtracted) financial support from the 1994 JINR budget among the IBR-2 basic

facility and other departments which are carrying out and providing for scientific investigations
in the Laboratory, as well as expenditures for equipment and materials.
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T ab l e

F L N P b u d g et i n 19 9 4

I ncom e E x p en d i t u r e

Source th .do l . th .do lW here to

1. Income f rom JIN R 2530 . 1 1.1. Scientif ic research and
infrastructure

2 163 .0

1.2. Amount returned to
JINR infrastructure

367 . 1

96.4 2. Scientific research and
infrastructure

2. External investments 96.4

86.02.1. Russian fund for
fundamental research

2.2. Program of high tempe-

rature superconductivity
10 .4

T otal 2626.5 T otal 2626.5

T ab l e 2 ,

T h e p a r t o f t h e J I N R b u d g e t a ssi g n ed t o F L N P ( % )

Y ea r

199 2

1993

1994

Plan F act

13 .3

14 .7

13 .0

2 1.7

16.7

16.8

T ab l e 3 .

Expenditures for scienti5c research and FLNP infrastructure
from the income supplied by JINR in 1994

W h er e t o Ô .ä î 1.

N eu t r o n so u r c e I B R - 2 :

1. 1. S al ar y an d ac c o m p an y i n g ex p en se s

1.2 . Î ë åã ex p en se s

1889.5

533.2

458.1

476.4

421.8

2 . P h y si c s an d M ai n t en an c e D ep ar t m en t s

2 . 1. S al ar y an d ac c o m p an y i n g ex p en se s

2 .2 . M ater i a l s an d eq u i p m en t

2 .3 . I n f r ast r u c t u r e

2 .4 . Î ë åã e x p en se s

T otal 2 16 3 .0

1 9 9

273.5

145.1

128.4
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