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The present report on FLNP act ivity covers à t wo-year period from 1992 to 1993.
(Ear l ier , the 1992 annual report was released in Russian) . This was à t ime of radical
economic and pol i t ical changes in JINR member states which posed à series of di ffi cult
problems for Inst i tute and Laboratory author it ies connected wi th support ing and
developing the research program. The main achievement of this dif ficul t ðåï î é is that
the efficiency and stabi l i ty of the Laboratory staff was preserved and we succeeded in
solving large-scale scient ific and technical problems within the framework of the FLNP
programme.

With the aid of neutron scat tering new results have been achieved into
investigat ions in the physics of condensed matter . Using the method of inelast ic cold
neutron scattering the complex structure of the elementary excitat ion spectrum in
superfluid helium was revealed. In bismuth Í Ò$Ñ compounds studied Úó neutron
di ffraction, the existance of an addit ional superstructure in the crystal l ine latt ice was
proven. By measuring the depolarization of à polar ized neutron f lux in superconduct ing
YBaCuO ceramics the manifestat ion of the depinning l ine was observed in the magnetic
field distr ibut ion of the sample. W ith the aid of ref lectrometry using polarized
neutrons, an invest igation was carried out with latent fi lm structures of Ñî / Cu/ Co in
which à very weak ant i ferromagnet ic coupl ing between magnetic and non-magnet ic

layers was observed.

The experimental faci l i t ies for studies in the physics of condensed matter have
been considerably developed and perfected. In 1992 for the f irst t ime at à pulsed
neutron source, à Four ier diffractometer was put into operat ion. The achieved resolut ion
and luminosity put this new HRFD diffractometer in the ranks of the best
spectrometers in the wor ld. The group of di ffractometers at the IBR-2 reactor was also
enhanced with à new special ized DN-12 setup designed for investigat ions under very
high pressures. The f irst stage of up-dat ing the MURN smal l -angle di ffractometer has
been completed, bringing it up to the level of the best set -up of this type, located at
I LL (Grenoble) . The real izat ion of the second stage (commissioning of à new posit ion-
sensit ive detector , in part icular) wi l l make i t possible to obtain record parameters at
the MURN spectrometer with the instal led cold moderator .

In another main f ield of research foreseen in the FLNP scient i fic programme -
neutron nuclear physics - à number of experiments with à unique monoisotopic 113Cd
sample should be noted. Ear l ier à ser ies of p-wave neutron resonances was observed Úó
FLNP physicists. ÒÐåï spins were determined in à j oint Dubna-Geel exper iment . At the
LANSCE pulsed neutron source à j oint group of scient ists from Dubna and Los Alamos
measured p-odd effects in these resonances. An analysis of al l data has not confirmed
the sign coherence of p-effects observed earl ier for thor ium and uranium nuclei . The
technique developed at FLNP to invest igate the cascade y-decay of à compound nucleus
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caused by thermal neutron capture, was appl ied to the measurement of cascade
ó-radiat ion for the ~~~ÓÜ radioact ive isotope produced after the p-decay of ~~~Åè. The
known scheme of levels has been considerably corrected and supplemented, thus
reveal ing the existence of good prospects oã combining this technique with tradit ional
methods of nuclear spectroscopy . New measurements of the fission cross-sect ion for the
237Np isotope were performed, which el iminated discrepancies bet ween the reported

data.

Among the methodical developments, implementat ion of which is now under
way , two maj or proj ects, UGRA and ISPIN, take à not iceable place. The first proj ect
aims at determining the neutron electric polarizabi l i ty by à precision measurement of
the angular distr ibut ions of scattered neutrons of intermediate energies. The purpose of
the second proj ect is to create à set -up for measur ing the neutron l i fet ime using
ul tracold neutron gas from the BI GR pulsed reactor at Arzamas.

Among the applied studies, we can note the completion of the development and
the f irst broad appl icat ion of the method of biomonitoring atmospher ic deposi t ion with
the aid of neutron act ivation analysis of moss and pine needles, the successful test ing of
methods of dynamic radiography , and neutron doping of si l icon at the IBR-2 reactor .

The stable operat ion of the FLNP base instal lat ions, the pulsed IBR-2 reactor
and the IBR-30 + LUE-40 pulsed booster , has contributed to the ful fi lment of the
FLNP research program. The IBR-2 reactor is st i l l the most intense neutron source ø
the wor ld. In 1994 it wi l l be 10 years since it was put into service. In connect ion with
the part ial burn-up of fuel in 1993, the first renewal of the act ive core was carried out ,
and permit t ing the reactor to run for 6 more years, in the previous working mode. The
physical start -up of à cold moderator based on sol id methane has become à great
achievement of 1992. An enhancement of the cold neutron f lux by approximately à
factor of 5 was obtained as compared with the regular water moderator . The program to
prepare the moderator for regular operat ion at the reactor was completed ø 1993.

In the near future another base instal lat ion, the IBR-30, wi l l be replaced by à
new high resolut ion pulsed neutron source. In March 1993 the Plenipotent iary
Commit tee of JINR member-states arrived at the decision to construct à specialized
source of resonance neutrons ( IREN) . The rate the proj ect development has been carried
out ø col laborat ion with the Inst i tute of Nuclear Physics of the Siberian Branch of the
RAS (Novosibirsk) and some other Russian research inst itutes, al lows us to hope that
the instal lat ion wi l l be put into service at the planned t ime - in 1996.

The data acquisit ion and processing complex of FLNP has received à large
development effort . The ñî ãï ðèé ï ä complex distributed according to terri tor ies is based
on seven SUN W ork Stat ions and × ÀÕ Microcomputers which have been subst i tuted
for the central FLNP processor , wi th the PDP-11/ 70 computer forming its basis for
many years. This work has been implemented wi thin the framework of the CAS proj ect
- Computer-Aided Systems - for the I BR-2 spectrometers. In 1993 the proj ect was
carried to complet ion. Practical ly al l neutron spectrometers at the base instal lat ions of
the Laboratory are equipped wi th the new generat ion PC/ ÀÒ computers. At the
present t ime the laboratory computer network unites more than 100 personal computers
and the computers of the physical instal lat ions.
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The scient i fic achievements of FLNP were commended with JINR awards. In
1992 first prize ø the scient i fic and technical research sect ion was given to the series of
invest igations on "Smal l-angle neutron scat tering as à method to invest igate the
submolecular structure of mat ter" . The "P-odd correlat ion invest igation in react ions

wi th l ight nuclei fol lowing the capture of thermal polar ized neutrons with the emission
of charged part icles" research was awarded the encouraging prize. In 1993 first prize ø
the scient ific and technical appl ied studies sect ion was granted to the work "Textural
analysis Úó the method of neutron diffract ion and problems of geophysics" .

An extensive program of col laborat ion with foreign scienti fic centers within the
agreements and minutes adopted Úó JINR, or direct ly by the Laboratory , undoubtedly
contributed to obtaining high scient i fic resul ts. Contacts with German research
inst i tutes within the framework of the JINR-BMFT agreement and wi th Hungar ian
inst i tutes were especial ly diverse.

During the period covered by the report the structure of the Laboratory
underwent some changes. The Department of Electronics and Computing Techniques
was dissolved and à number of sectors and research groups were organized within the
scient i fic Department of the Physics of Condensed Matter headed by À .Ì .Balagurov.
The low temperature sector became part of the Inst i tute of Technical Physics Problems
of the Russian Ministry of Atomic Energy .

The number of employees has been reduced from 580 people for 1.01.92 to 492
people by the beginning of 1994.

The creat ion of à large group of neutron spectrometers at the FLNP base
instal lat ions and, à broad level of cooperat ion with other inst i tutes gave rise to the
creat ion of à new user pol icy . Committees of users for every research direct ion have
been establ ished comprizing the most wel l-quali f ied members of the Laboratory Staff .

The budget financing of FLNP during these years was only enough to maintain
normal funct ioning of the personnel and infrastructure of the Laboratory . The resources
for support ing and developing scient if ic research to à considerable extent were provided
by external investments granted by the Russian program of high-temperature

superconductivity , the Russian fund for fundamental research and other programs.

× .L.Aksenov,
Director
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1 . S C I I ?N T I P I C Â Å ß Å Ë Â Ñ Í

T h i s c h a p t e r d e a l s w i t h r e v i e w s a n d o r i g i n a l c o m m u n i c a t i o n s o n t h e r e s u l t s o f s c i e n t i fi c

r e s e a r c h c a r r i e d o u t i n 1 9 9 2 - 9 3 a t F L N P i n t h e t h r e e p r i n c i p a l fi e l d s o f r e s e a r c h f o r e s e e n i n t h e

F L N P s c i e n t i fi c p r o g r a m : t h e p h y s i c s o f c o n d e n s e d m a t t e r , n e u t r o n n u c l e a r p h y si c s , a n d a p p l i e d

r e se a r c h .

1 . 1 . E X P E R I M E N T A L K Q U I P M K N T

The base installations of the L aboratory used for implementing this research were the IBR-2
fast pulsed reactor and the IBR-30 pulsed booster. The experimental equipment for studies in the
physics of condensed matter is located at the IBR-2 reactor (Table 1), and for studies in neutron
nuclear physics, mainly at the IBR-30 booster (Table 2).

Table 1
N eut r on spect r ometer s at the I BR-2 pulsed r eactor

O bi ect of i nvest igat ion C ol labor at ionS e ec t r o m et e r

Õ È åè é ï ë d i f f r acti on
Crystal structure, phase tran-
sitions, transit ion processes
Precise structure analysis

Russia, France,
Germany, et .al .
Russia, Finland, GB,
Germany
Russia, Germany, Hungary,
Uzbek Repub.
Russia, Germany

1. Òèï å-of-fl ight diff ract ometer,
DN -2

2. H igh resolution Fourier
diff r actometer, H RFD
3. Òèï å-î Û ô 1 diff ractometer,
DN - 12

4. T exture diff ractometer, H RN S

Russia, Bulgaria, Czech5 . D i& act om et er w i t h à pu l sed

m ag net ic fi el d, SN I M

6 . D i& act om et er o f ideal cry st al s,

D I FR A N

Russia, Latvia

Crystal structure at high pressure
(to 200 Kbar)
Textures î é ï äèé ï à1 products
and rocks
M agnetic structure in à magnetic
fi eld î Ãup to 15 Ò
Dynamic dif5'action of neutrons

I L Sm a l l - è ï ð!å n eu tr on scat ter i n r

'Hydrogen in metals, liquid helium ~Rust re

Russia, PolandCrystal fields, phonon spectra

Russia, GB, Poland

8 . D ir ect g eom et ry spect rom et er ,

D I N

9 . I nv er t ed g eom et ry

spect r om et er , K D SO G

10 H igh r eso lut ion spect r om et er ,
N E R A -PR

M olecular spectroscopy

I V. Æåè é î ë opti cs

M agnetic inhomogeneities,
domains
Surface phenomena, internal fields

Russia, France, Germany,
Poland
Russia, Germany, Hungary,
Poland

11. Spect r o m et er o f po lar ized
neu t ro ns, SPN - 1

12 . N eu t r o n r efl ect om et er ,

R E FL E X
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ÒàÍ å 2
Neut r on spect r ometers at the I BR-30 booster

O b j ec t o f i n v es t i g a t i o n Col labor at ionN o

B ea m

Sp ect r om et er

Rar e r eacti ons (neutr on, charged
var ticles) on stable and radi o-

! acti ve nuclei i n the r esonance
energ y range

Ò÷ î quanta decay î~ ñî ò ðî èï ñ1
states

Êàçí à: PINP;
USAPA R C S

1À C A SC A D E Latvia

~

D R E N I S Sub-barri er f tüÿ î ï Bulgaria

~

PO L Y A N A pol ar i zed neutr on and n uc lei U SA

Russia: PEI ;
I Slovak ia

ó - spectra of ß sston f r að èånts,
fissi on of ai öðüåd nuclei

~

D E L R E N E

Neutron elasti c scatteri ng
angular di str tbuti ons

~

U G R A Germany

Russia: RNC KI ;
Bulgaria

ó - m ul ti p li ci ty i n cap tur e and

Fissi on

~

R O M A SH K A

The reported investigations were partly carried out at external neutron sources. For example,
the entire program of research with ultracold neutrons is implemented at the reactors of the
St .Petersburg Institute of Nuclear Physics (Gatchina) and All-Russian Research Institute of
Experimental Physics (Arzamas). On the other hand, the interest of external users in the neutron
sources î Ãthe Laboratory is rising. During the past two years the number î Ãusers has, in part icular,
increased in the fi eld î é ëå condensed matter physics, which can be seen from Table 3.
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Table 3
E x p e r i m e n t s o n t h e I B R - 2 s p e c t r o m e t e r s

N ov ember 19 92 - June 1993

Number of
ezper iments

~çàï ù )åç1

U s e r s
Com m ent sSpect r om et er

F L N P I O t h e r s 1 T o t a l

~~~~~~

Diff ract ion:

DN-2 Str uctur e and
r eal - ti me
Str ucture

14(20) 10 12 2 2

~

10

~

4( 6)

~~~

High pressure2(2)

~

D N - 12

10 Tex tur e a na ly si s3 (72)

~~

H R N S

~~

D I F R A N 1(1)

~~~~~

2(1)

D y na mi c
dif p ac ti on
P ulsed mag neti c
fi eld

SANS:

Smal l ang lescafferi'neï (ãçî )

~

13 2 0M U R N

I N S :

12 1 4D I N - 2

~~

Di rect geometry

14(23)

~~

12 I nver ted gåî ò å3òóK D S O G

1 1 Quasi elasti c
scatter inr

10(38)

~~

Õ Å Ê À

Neut ron Opt ics:

SPN-2

~

1 1 Depolari zati on
and reflectometr v

13(9)

~

7 7 126T ot al 85() 450) 49
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1 .2 . Ò Í Å P H Y S I C S O F C O N D E N S E D M A T T E R

1.2.1. E X PE R I M E N T A L ST U D I E S

Experiments in the physics of condensed matter are mainly conducted with the spectrometers
at the IBR-2 reactor. The EG-5 electrostatic generator and the DRON-4 Õ-ãàó di8ractometer have
also been utilized during the past two years for the certifi cation of samples and for solving certain
special problems.

At present, 10 spectrometers have been put into operation on eight beams of the IBR-2:
HRFD, DN-2, HRN S, SNIM, DIFRAN, M URN, DIN, KDSOG-Ì , ÕÅÊÀ -ÐÊ, SPN- 1. During the
period dealt with in the report new results have been obtained in àÏ sect ions of ÐÑÌ research under
development at FLNP.

~Di~ r~aàcñÈti oî aè. Studies of HT SC materials occupy à noticeable place among the investigations
of structure.

À series of studies of the magnetic phase diagram of the HT SC YBa,(Ñè, „)Ðå„),0
compound versus the concentration of iron, x, and the oxygen content, ó, has been completed within
à range of temperatures from 8 to 450 Ê . Experiments were carried out with the diff ractometers of
FLNP and LLB, Saclay, and, making use of the M oessbauer eff ect, at the IC RA S with samples
enriched with the ' V e isotope. The high contrast achieved has permitted one the unambiguous

determination of the probability of iron to substitute for copper atoms (Fig. 1), and to reveal the
nature of the changes occurring at the interatomic distances (Fig. 2).
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n(Fe2)
.0

0 Î îCu/ Fe

CQ/ Ni

Â. È -
î . î î | 0 .2

~

«Ë ~, 1, Occupati on f actors of Cul and Ñè2 posi ti ons
i n Ï 23-Ñè/Ðå by atoms of i r on versus thei r

concentrati on and i n samples saturated wi th oxygen.
Shown ar e the data of À .Ì Balagurov et. al. (poi nts Î ,
0) and data i n li terature (the remai ni ng poi nt s) .

F~ i~ ., Õ D ep endence of Ñ u2-O 1 i n ter a tomi c di stance i n

Ï 23 on the concen tra ti on of i mp ur i ty atoms: F e, _#_ i ,
and Ñ î . F or YI 23-C u/ F å, data por n l i ter atur e ar e also

p r esented . The si ze of Ihe p oi n ts cor r esp onds !î the

er r or s.

Unlike the Y 123 system, involving the substitution of cobalt for copper, the absence of à
correlation between the temperature of the super-conducting transit ion and the Cu2-0 1 interatomic
distance was established. This lack of correlation was almost constant throughout the entire range of
concentrations of the dopant atoms. This efFect is in contradiction with the universal mechanism of
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at t h e I B R -2 r eact or

Neutron guide and
Li-detector of HRFD
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superconductivity loss in Y 123 discussed in the literature. This e8ect is due to an enhancement of the
interatomic distance and to the related transfer of negative charge &om the chains in the plane, and
points to processes taking place in the course of doping being more complicated than originally
assumed. The magnetic phase diagram has been determined for the compound, meaning that domains
have been established for the coexistence of superconductivity and magnetic ordering of the type of
spin glass moments present in Cu-0 chains, as well as the domains in which long-range
ààÛ åããî ï èù ï åáñ order arises. The collinear antiferromagnetic structure existing for Fe
concentrations exceeding 5% has been confi rmed, together with à recovery behavior at temperatures
below 100 Ê . In the region of iron concentrations of 7-23%, an unexpectedly strong coupling has
been revealed between the àðèè of iron and copper, as well as à large magnetic moment induced at

the Cu1 nodes.

~~~

R S

~

R S

1
r

Studies continued of modulated structures of
Bi-superconduct or s . Owing to the complicated
electronic ñî ï éó êà0î ï of the ÂÐ' ion, it is precisely

these HT SC compounds that exhibit à tendency
towards the production of superstructures which
might result in the formation of HTSC properties. The

f3 O following systems were studied in experiments
performed at the DN-2 dif5 actometer with ò î ï î - and

Bi O polycrystals: Bq(Sr, Ñà),ÑèçÎ , Bi~Sr, ÄY„Cè~Î s,„
and Bi Áã,ÑèÎ í . All these compounds were shown

SrO to exhibit structural modulation along the è-axis of an
~ö~ elementary cell . For concrete compositions of the

systems indicated above, modulation was observed
Ì é periods of 4.25è, 4.75a and 5.0a, respectively.

CuOq The structures of these compounds were determined
(Fig. 3), and it was shown that the superperiod is due

Sr O to the formation of Bi, Î „ chains along the è-axis

(Fig. 4). Insertion of an additional oxygen atom (ó)
into these chains leads to the appearance of wavelike

Â iO displacements of the planes of atoms with amplitudes
of 0.2-0.4 À along the c-axis. Investigation of the

S rO temperature dependence of the modulation ðåï î é and
amplitude reveals ï î direct relationship with the
superconducting propert ies of Bi compounds, but they
determine, to à large extent , the balance of charge in
an elementary cell . Thus, an extremely complicated
structural problem found its solution in these
experiments, which ò àáå possible an essential
clari6cation of the situation with Bi compounds.

Of the numerous experiments performed by the method of diff raction in real-t ime mode, we
note the work on phase states in t itanium deuteride, TiD, carried out together with physicists of the
SSPI , RA S (Chernogolovka). This work was the continuation of studies init iated in 1991 performed
at temperatures between the temperature of liquid nitrogen and room temperature. This time,
measurements were carried out at temperatures from ãî î ò temperature up to 870 Ê . Thus, the
entire range studied included about 700 Ê . M easurements showed that there were âå÷åï diff erent
phases and intermediate states with hcp, fcc, fco or bcc latt ices of metal with deuterium atoms
distributed over the octahedral or tetrahedral sites of the structure.
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compound (à) and 17à Ü ñ î / ' the Bi p r > Ò„ ÑèçÎ s compound (b) (Bi cati ons ar e i ndi cated by black

ci rcles, the ar rows poi nt to the posi ti ons î) é å addi ti onal ly i nser ted oxygen) .

Formation of the Bi(Pb)-Sr-Ñà-Ñè-0 HTSC compound was studied. For the éãç1 time it
became possible to observe the formation and decomposition processes of the main phases of this
system: 2201 and 2212 (Fig. 5). I t has been shown that the intermediate Sr, ÄCaÄCuO~ phase plays an
important part in these processes. At temperatures above 850' Ñ the decomposition mechanism

involves à process of partial melting. The stoichiometry that appears when the phase undergoes
part ial melting, determines the stoichiometry î Ãí å HTSC phase which forms when part ial melting of
the phase occurs. This, in turn, determines the stoichiometry of the HT SC phase which forms when
the mixture cools slowly. The short annealing times of the produced phases permit formation of the
2212 phase. For formation of the 2223 phase, which exhibits à higher Ò„ à more prolonged
annealing is required. The work was carried out together with scientists from the Institute of Physics

and Technology, Bucharest .

~ F i . ~ . T e m p e r a t u r e d e p e n d e n c e o f é å i n t e g r a l i n t e n s i t y î /

p e a k ( O O Z ) f o r p h a s e s 2 2 0 1 a n d 2 2 1 2 i n ñ à ç å o f h e a t i n g

( c u r v e s 1 a n d 3 ) a n d c o o l i n g ( c u r v e s 2 a n d 4 ) , r e s p e c t i v e l y . E x p e r i m e n t s a r e s t i l l u n d e r w a y f o r i n v e s t i g a t i n g s t r u c t u r a l p h a s e t r a n s i t i o n s i n f e r r o e l e c t r i c a n d f e r r o e l a s t i c m a t e r i a l s . À s t r u c t u r a l f e r r o e l a s t i c p h a s e t r a n s i t i o n w a s o b s e r v e d i n ~ Ü Ü Í ç ( 3 0 4 ) 4 a n d t h e s y m m e t r y o f t h e f e r r o p h a s e w a s d e t e r m i n e d i n à j o i n t i n v e s t i g a t i o n c a r r i e d o u t w i t h t h e I n s t i t u t e s o f P h y s i c s U A M ( P o z n a n ) a n d Ï ' Ò Ì ( B u c h a r e s t ) . S t u d i e s o f t h e s t r o n t i u m - b a r i u m n i o b a t e f e r r o e l e c t r i c w e r e c o n t i n u e d i n c o l l a b o r a t i o n w i t h t h e Ì Ñ , R o s s e n d o r f . I n a d d i t i o n t o t h e t w o h i g h - t e m p e r a t u r e p h a s e t r a n s i t i o n s s t u d i e d p r e v i o u s l y , t h e e x i s t e n c e o f t w o l o w - t e m p e r a t u r e t r a n s i t i o n s w a s r e v e a l e d , o n e o f w h i c h i s r e l a t e d t o t h e r o t a t i o n o f t h e o f w h i c h i s r e l a t e d t o t h e r o t a t i o n o f t h e f e r r o e l e c t r i c a x i s t h r o u g h a n a n g l e î Ã 9 0 ' .
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Studies in the kinetics of the spin-fl op transition in the antiferromagnetics Ñã~Î ~ and à -Fei O~
were continued with the SNIM -2 diff ractometer equipped with à pulsed magnet . À hysteresis was
observed in the dependence of the sublattice magnetization rotation angle upon the act ing magnetic
fi eld (Fig. 6), in which the behavior of the antiferromagnetic when the the magnetic pulse fi eld
increases is found to difFer from its behavior when the field decreases. The hysteresis phenomena are
due to the following:

1) when the field variation is suff iciently rapid (- 2õ10' Oe/s), the spin-fl op transition

proceeds adiabatically, i .å., the exchange of energy between the spin and phonon systems has ï î time
to occur;

2) in the experiment, relaxation processes are observed that are related to the finite t ime
(- 10 ' s) required for establishment of an equilibrium state in the magnetic system, due to relativistic

magnetic interactions.

î ~

~ óð à +
ð ô ,

î î ä ~

,ð,~à

~~~

0 *

* ~Fi . 6. D ependence î / the digfi action peak
(333) i ntensi ty î~ é å -Fez0 3 monocrystal

on the pulsed magneti c f ield str ength at à
temper atur e of 199 Ê . The black dots
cor respond to the leadi ng edge î / the
magneti c p ulse, the li ght dots to the trai li ng
edge.
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Di8raction inv stigations have been made of à Í î ÐåÎ sample subj ected to an external
magnetic field. Antiferromagnetic ordering has been found in this ãàãå-earth sublattice, which in the

absence of the fi eld is in à paramagnetic state. Studies were performed of this antiferromagnetic
state. The sensitivity of the magnetic moment measurements amounted to 0.1 è per cation.
Temperature dependence of the "antiferromagnetic susceptibility" in the range from 79 to 220 Ê was

measured. The noncolinearity of antiferromagnetic ordering in the iron sublattice was also
determined and turned out to be 2%.

The HRN S textural di8ractometer was used to obtain total pole fi gures from 42 samples of
quartzites, gneisses, amphibolites and xenolites, including 12 samples from the K ola and German
super-deep boreholes. Textures of artificially deformed quartzites and ÷àï àé öï È éàï èèï alloys were
studied. This work was carried out in collaboration with scientists from Germany (from the Research
Centre in Rossendorf , the Gottingen University, the Higher Technical School in Aachen and the
Technical University of K laustal) and Russian scientific centers (IEP RAS, Î ÅÎ ÁÓÁÒÅÌ , Ì ÐÏ ,
UPI in Ekaterinburg, TTSU in Tula). Besides the above, measurements were performed of the form
factors of liquid alkali metals (together with scientists of the Romanian IAP in Bucharest) .
Investigations wårå carried out of the distribution of atomic pairs in electric alloys (together with the
Technical University in K emnitz (Germany)) and the short-range ordering in oxide glasses (together

with the University of Rostok (Germany)).
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S m a l l - è í Û å s c a t t e r i n t t I n t e n s e s t u d i e s w e r e c a r r i e d o u t w i t h t h e M U R N sm a l l - a n g l e

sc a t t e r i n g sp e c t r o m e t e r , .

À s t r a i g h t f o r w a r d e x p e r i m e n t a l c o m p a r i so n o f M U R N w i t h o n e o f t h e b e s t sp e c t r o m e t e r s o f

t h i s t y p e , D - 1 1 a t I L L ( G r e n o b l e ) w a s p e r f o r m e d . P a r a l l e l m e a su r e m e n t s w e r e c a r r i e d o u t w i t h

s a m p l e s c o m p o s e d o f p a r t i c l e s e x h i b i t i n g a n e x t r e m e l y w i d e s p e c t r u m o f s i z e s . T h e f o l l o w i n g

c o n c l u s i o n s w e r e ï à ä å o n t h e b a s i s o f à j o i n t a n a l y s i s o f t h e m e a s u r e m e n t r e s u l t s : 1 ) t h e a b so l u t e

i n t e n s i t i e s a n d i n e r t i a ãà ä à o f b o t h i n s t a l l a t i o n s c o i n c i d e w i t h i n t h e å ããî ãâ ; 2 ) t h e r a n g e o f m o m e n t u m

t r a n s f e r s w i t h M U R N i s 2 t i m e s w i d e r t h a n w i t h D - l l ; 3 ) m e a s u r e m e n t s o f w e a k l y s c a t t e r i n g

sa m p l e s ( w i t h c r o s s s e c t i o n s l t < 0 .0 5 c m - ' ) t a k e t h e sa m e t i m e w i t h b o t h i n st r u m e n t s ; 4 )

m e a su r e m e n t s o f s t r o n g l y sc a t t e r i n g s a m p l e s ( l t > 0 . 1 c m - ' ) r e q u i r e s i g n i fi c a n t l y m o r e t i m e w i t h

M U R N , t h a n w i t h D - 1 1 . T h e D - 1 1 d i ff r a c t o m e t e r , h o w e v e r , i s a b o u t a t i t s l e v e l o f t e c h n i c a l

p e r f e c t n e ss , w h i l e t h e c o m m i s s i o n i n g o f à c r y o g e n i c m o d e r a t o r a t t h e I B R - 2 r e a c t o r , a s w e l l a s t h e

n e a r l y c o m p l e t e d i n st a l l a t i o n o f à n e w p o s i t i o n - s e n s i t i v e d e t e c t o r a t b e a m N 4 w i l l e s s e n t i a l l y

b r o a d e n t h e f a c i l i t i e s o f M U IR N b y i n c r e a s i n g i n t h e sp e c t r a l r a n g e a n d a l l o w i n g b e t t e r s p a t i a l

r e s o l u t i o n i n t h e d e t e c t i o n o f s c a t t e r e d n e u t r o n s .

7. Guiguer cur ves oirroi oed p ore
measurements î / neutron small-angular
scattering on é å Ì È ðÓ spectrometer: 1
Í ~Î :.Ð~Î soluti on = 1:1 (ß å experi mental points
are not presented); 2 - Í ~Ý:.Ð~Î = 1:4; 3 -
vanadi um sample 3 mm thick; 4 - solution (i M)
Í -TM U è Ð Î ; S - soluti on (Ibj of mixture Í -
and D-TM U i n Í Î D>O at 30 ò î !. È Í 20 ; á -

s o l u t i o n ( Ù ) Í - TM U i n Í ~Î - D ~O a t á 0 m o l . È V a r i o u s t y p e s î Ã P o r t l a n d c e m e n t w e r e i n v e st i g a t e d ,

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

w a s f o u n d t o f o l l o w t h e P o r o d p o t e n t i a l l a w , w h i l e

c o m p o u n d s d i d n o t y i e l d , i n t h e m e a su r e d Q - r a n g e , à

s i m i l a r b e h a v i o r o f sm a l l - a n g l e sc a t t e r i n g c u r v e s .

I n v e s t ig a t i o n o f n u c l e a r t r a c k s i n s o l i d - s t a t e d e t e c t o r s b y

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

c a r r i e d o u t i n c o l l a b o r a t i o n w i t h F L N R J I N R . R E R T

t y p e f o i l s o f t h e w e r e a l s o st u d i e d . T h e i r r a d i a t e d f o i l s

d i s p l a y e d à G u i g n e t - l i k e b e h a v i o r o f t h e sc a t t e r i n g

c u r v e s . T h e m e a su r e d r a d i u s o f i n e r t i a t u r n e d o u t t o b e
a b o u t 8 n m . A n n e a l i n g ( 1 6 0 ' ) l e a d t o à d e c r e a s e o f t h e

r a d i u s .

S e a r c h e s c o n t i n u e d f o r p e r t u r b a t i o n e ff e c t s o f t h e

st r u c t u r e o f à s o l v e n t i n t h e v i c i n i t y o f à d i s so l v e d

m o l e c u l e ( F i g . 7 ) . I n c o l l a b o r a t i o n w i t h st a ff m e m b e r s o f

C I P R , B u d a p e s t , e x p e r i m e n t s w e r e c a r r i e d o u t w i t h

t e t r a m e t h y l u r i n e ( T M U ) , a n d t h e t e m p e r a t u r e a n d

t e m p e r a t u r e a n d c o n c e n t r a t i o n d e p e n d e n c e s o f t h e

s c a t t e r i n g l a w w e r e o b t a i n e d . D e sp i t e t h e f a c t t h a t t h e

s c a t t e r i n g c r o s s s e c t i o n s t o b e m e a s u r e d w e r e ÿ ï à Ï , i t

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

p e r t u r b a t i o n o f t h e st r u c t u r e o f à so l u t i o n i n t h e v i c i n i t y

o f à T M U m o l e c u l e a n d , a l s o , t o e s t a b l i sh t h e e x i s t e n c e

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

a r i s e s d u e t o h y d r o p h o b i c i n t e r a c t i o n s i n a c c o r d a n c e

w i t h a s s u m p t i o n s .

~

ï î î â O.~'Â ~ 3 à à

For the fi rst t ime studies were performed of micelle systems at high hydrostatic pressures. In
solutions of tetradecildimethylaminoxide (Ñ,4-DMAQ) at pressures in ranges up to 8 kbar, à phase
transition was found in which cylindrical micelles with radii of 18.5 À and lengths of 160 À undergo

~
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ã s e n s i t i v i t y a c h i e v e d w a s t h e o b s e r v a t i o n o f p e a k s

r e l a t e d t o n e u t r o n s c a t t e r i n g i n l i q u i d h e l i u m i n v o l v i n g

a c q u i r e m e n t o f e n e r g y , i . e . o f e x c i t a t i o n s p r e s e n t i n

t h e l i q u i d . A n a n a l y s i s o f t h e e x p e r i m e n t a l s p e c t r a o f

i n e l a s t i c a l l y s c a t t e r e d n e u t r o n s r e v e a l e d t h a t t h e

p h o n o n - m a x o n - r o t o n p e a k h a s à c o m p l e x

m u l t i c o m p o n e n t s t r u c t u r e ( F i g . 8 ) . 0 . 8 5 0 . 9 0 . 9 5 1 . 0 1 . 0 5 Å , ì ý Â Ã~ ~ . 8 . S p e c t r u m î / ï å è Ü î ï ç b a c k s c a t t e r e d o n

Í å 11: à - Ò = 1.4 Ê ; E~ = 2.05 ò åÐ; q = 1.0 A ~;
Ü - Ò = 1.72 Ê ; Å î = 2.45 ò å~; q = 1.83 À -i . The

soli d li ne i s à ô to the experi mental data; the
dashed li nes i ndi cate à decomposi ti on i nto two
Gaussi ans. The ar rows poi nt to the posi ti ons î / the

G a u s s s i a n s . A t t e m p e r a t u r e s a b o v e t h e Õ - p o i n t i n t h e

p h o n o n r e g i o n , e x c i t a t i o n s w e r e o b s e r v e d t h a t c a n b e

a s s o c i a t e d w i t h l o n g w a v e e x c i t a t i o n s ç è ì a s t h e fl r s t

o r z e r o t h s o u n d ( F i g . 9 , i n d i c a t e d b y t r i a n g l e s ) .

A t a l l w a v e v e c t o r s à b r o a d p e a k i s s e e n , t h e p h y s i c a l n a t u r e o f w h i c h i s n o t q u i t e c l e a r a t

p r e s e n t . I t m a y b e d u e t o t h e q u a s i c r y s t a l l i n e s t r u c t u r e o f t h e l i q u i d o r t o n e u t r o n s c a t t e r i n g o n

t h e r m a l e x c i t a t i o n s o r t o î á æ å ã m e c h a n i s m s ( f u l l c i r c l e s i n F i g . 9 ) . A t t e m p e r a t u r e s b e l o w t h e Õ - p o i n t ,

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

q u a s i p a r t i c l e s a n d i s r e l a t e d t o t h e c a n o n i z e d L a n d a u c u r v e ( o p e n c i r c l e s i n F i g . 9 ) . T h e t e m p e r a t u r e

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

p a r a m e t e r c u r v e i n l i q u i d h e l i u m I I .

T h e r e s u l t s s h o w t h a t , m o s t l i k e l y , t h r e e d i ff e r e n t e x c i t a t i o n s e x i s t i n l i q u i d h e l i u m - 4 , w h i c h

m a n i f e s t t h e m s e l v e s i n d i f F e r e n t w a y s , d e p e n d i n g o n t h e t e m p e r a t u r e a n d t h e w a v e v e c t o r . Í å ã å t w o

c h a r a c t e r i s t i c r e g i o n s o f s i g n i f i c a n t r e s t r u c t u r i n g o f t h e e x c i t a t i o n e n e r g y s p e c t r a m a y b e

d i s t i n g u i s h e d . F i r s t , s t r o n g q u a l i t a t i v e a n d q u a n t i t a t i v e c h a n g e s i n t h e n a t u r e o f n e u t r o n s c a t t e r i n g

o c c u r w i t h i n à v e r y n a r r o w t e m p e r a t u r e i n t e r v a l o r a c t u a l l y a t t h e p o i n t o f t r a n s i t i o n t o s u p e r - f l u i d i t y ,

Ò 1 „ . S e c o n d , e x p l i c i t c h a n g e s i n t h e n a t u r e o f e x c i t a t i o n s b o t h i n s u p e r fl u i d a n d i n n o r m a l h e l i u m t a k e

p l a c e i n à n a r r o w r a n g e o f w a v e v e c t o r s ( 0 . 5 - 0 . 6 5 ) À - ' i n t h e t r a n s i t i o n f r o m p h o n o n s t o m a x o n s . t r a n s i t i o n t o s t a t e s w i t h à 5 2 À r a d i u s . T h e e x p e r i m e n t s w e r e c a r r i e d o u t t o g e t h e r w i t h p h y s i c i s t s

& o m B a i r e u t h ( G e r m a n y ) .

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

o b t a i n e d b y t h e m e t h

o d o f i n e l a s t i c n e u t r o n s c a t t e r i n g .

T h e D I N - 2 P R a n d D I N - 2 P I d i r e c t g e o m e t r y s p e c t r o m e t e r s ( m o n o c h r o m a t i z a t i o n o f t h e

n e u t r o n s i n c i d e n t u p o n t h e s a m p l e ) w e r e , u s e d f o r c o n t i n u e d i n v e s t i g a t i o n s o f t h e d y n a m i c s o f l i q u i d

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

d o p a n t h y d r o g e n , n i t r o g e n a n d o x y g e n a t o m s i n m e t a l s a n d a l l o y s .

T h e m a i n a c c e n t i n t h e i n v e s t i g a t i o n o f t h e

q u a n t u m p r o p e r t i e s î é è ð è é h e l i u m - 4 h a s s h i f t e d & o m

s t u d i e s o f t h e m o m e n t u m d i s t r i b u t i o n o f a t o m s b y

a n a l y s i s o f t h e s p e c t r a î Ã n e u t r o n s s c a t t e r e d w i t h l a r g e

m o m e n t u m t r a n s f e r s ( t h e i m p u l s e a p p r o x i m a t i o n ) t o à

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

e x c i t a t i o n s i n l i q u i d h e l i u m a t v a r i o u s t e m p e r a t u r e s .

Ò î p e r f o r m t h e i n d i c a t e d r e s e a r c h , t h e D I N - 2

s p e c t r o m e t e r o p e r a t e d a t i n i t i a l n e u t r o n e n e r g i e s

b e l o w 2 m e V . T h e l o w i n i t i a l e n e r g i e s m a d e p o s s i b l e

a n e s s e n t i a l r e d u c t i o n o f t h e i n fl u e n c e o f m u l t i p h o n o n

a n d m u l t i p l e s c a t t e r i n g o f n e u t r o n s a n d i m p r o v e m e n t

o f t h e r e s o l u t i o n & o m 5 0 u p t o 1 0 0 m e V d e p e n d i n g

o n t h e e n e r g y t r a n s f e r . À m a n i f e s t a t i o n o f t h e h i g h0 .6

0 . 4 l
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The issue of the amount î ÁÂî çå-condensate in super-fluid helium-I I is still under discussion, init iated
by the works of F.L ondon, N .N .Bogolubov and S.Ò.Belyaev. According to the Glide-Æ ø ï ç

concept, the intensity of the peak of quasiparticles is determined by the density of Bose condensate.
Therefore, the experiments made it possible to apply an independent method for determining the
density î ÃÂî èå condensate.

è âå
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T ~ 2.05Ê
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Studies of nitrous austenitic steels are
under way to determine the force constants
of interatomic interactions. Admixtures of
nitrogen strongly influence the hardness of
austentitic steels. The f requency spectra have
been investigated for austenit ic alloys Fe-Cr-
M n-Ni (f .ñ.ñ) with nitrogen contents in the
ãàï êå î Ã 0.06-0.5 weight %. It was found
that, unlike the nitrous chrome-manganic

steels investigated previously, theaddition of
å , ð z • . . . — - , nitrogen does not lead to à change in the M e-

1.ð
M e à ï ä M e-Ì f o r c e m t e r ac t i o n „ i n t h e ñàçå

ð , 3 of à Fe- 18Ñã- 10Ì ï - 16Ni compound. Studies
ß ä 9. Dispersi on ñèï åë /î ã li quid heli um-4 at à temperature were also erformed of allo s of the TaN
î / 2 . 0S K . a n d N aN o 4~Í î 1 p - p h a s e i n t r u s i o n s . D a t a

were obtained on the oscillation energies of
nitrogen and hydrogen atoms and on constants of the force interaction of interstit ial metal-atom

interaction. Investigation has continued of double and triple hard interstitial solutions. The
phenomenon of interstit ial nitrogen atoms being "captured" by Ta-V substitution admixtures has

been studied using the example of à Òà× „ î ,ß î î ~ solution. Besides local nitrogen peaks in the
frequency spectrum of the solution investigated, peculiarities were observed that were due to
oscillations of vanadium atoms associated with the "captured" nitrogen atoms. Investigation of the

structure of the admixture zone in the ÓÎ „ î ,Í î alloy revealed that the oscillations of interstitial
hydrogen and oxygen atoms do not correspond to the location of these atoms at the centre of the
octahedral inter-nodal posit ion î Ãthe yttrium cubic lattice.

Spectra have been measured for inelastic neutron scattering on ÐÜÐ in the 293-773 Ê
temperature interval with the aim of determining the density of phonon states at temperatures higher
and lower than the super-ionic transition, Ò, — 700 Ê .

Two-dimensional liquids have been studied, taking advantage of the example of water
adsorbed on the surface of pyrogenous silica and porous silicon dioxide. Simulation of the
quasielastic scattering law and analysis of the angular dependence yielded the self-É ï èç~î ï

coef5cients î Ã water molecules, the hydration shell of silica and of aerosil hydrogel, and the average
square deviations of hydrogen atoms from equilibrium posit ions.

Studies were performed of the scattering of slow neutrons Úó liquid potassium in the 340-

550 Ê temperature interval. À technique for taking coherent eff ects into account was elaborated on
the basis of the Lovsee viscous-elastic model. Analysis of experimental spectra with the aid of the
developed technique resulted in our obtaining the hitherto unavailable temperature dependence for
the frequency spectrum of oscillations of atoms of the melt and for other microdynamic
characteristics related to this spectrum: autocorrelation speed function, root-mean-square oscillation
amplitude of atoms averaged over the direction of the force constant of interatomic interactions, and,
also, the calculated isochronic heat capacity taking into account anharmonic eff ects. The
characteristics were obtained for diff usion processes in liquid potassium in the indicated temperature

~
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range together with an idea of the mechanism governing these processes. The correspondence of the
experimental results with the theory of interaction between modes was investigated. Collective
modes in liquid helium were investigated, and these data were öçåä to calculate the lifetime and non-

M arkovian behavior criteria characteristics of relaxation processes in à melt :.

The KDSOG and NERA-PR inverted geometry spectrometers make simultaneous studies of
inelastic scattering and diff raction of neutrons possible. Such complex investigations are being
successfully implemented for studying phase transitions in the 4-400 temperature and 1 Üàã - 1 kbar

pressure ranges.
Investigations of the dynamics of molecular crystals and phase transitions were carried out

with the NERA-PR spectrometer. Studies were continued of phase transitions in plastic crystals,
such as camphor, and other types of molecular crystals. The phonon spectra of meta-, ortho- and
paraxylene were measured versus temperature and pressure with the purpose of studying the
dynamics of methyl groups and their interactions with the latt ice of à crystal . M ixed Ê , Ä(NH4)ÄSCN
crystals were used for investigating the temperature dependence of the static and dynamic disorder of

ammonium and thiocyanate þ ï ç in the range of
temperatures &om 10 Ê up to room temperature and
in à broad range of ammonium concentrations.
Several phase transitions were revealed that are
related to the dynamics of ammonium ions: à
structural phase transition of the order-disorder type
at low temperatures for õ = 0.75, à transition from
dynamic reorientation to the phase of proton glass for
0.3 < õ < 0.75 and to the phase of nearly &ee
quantum rotation at helium temperatures for õ < 0.1.

The good resolution that can be achieved with
the ÕÅÊÀ-ÐÊ spectrometer was used for
investigations of both lattice dynamics and internal
molecular oscillations of à series of amino acids with
the purpose of determining the characteristic
oscillation frequencies of the ÑÍ àï é ÕÍ molecular
groups. Owing to the large scattering cross sections
of neutrons on protons, the dynamics of these groups
is manifested clearly in neutron spect roscopy.

The vibrational spectrum of quenched
amorphous ice of high density (hda), obtained by

Kii 10. Plots î~ äåëåãà!èåà è Í ãà!þ ï à1 densi ty î / compressing hexagonal I h ice up ~î 13 K bar at 77 Ê ,
states á (â) / î ã ~åõàóî í à! Í 20 -! ~å Ih, Éå äèå~~~åà w as studied w ith the aid of inelast ic incoherenthigh pressure phase VI and amorphous i ce î /' high

ï åö1ãî ï çñàéåï ï ä in the energy region &om 1 to 120
expertmentaI spectrum, the dashed lines show, meV à1 80 Ê (Ðù . 10) . T he spect ra of I h ice and of
theoreti cal ly calculated contributions of the quenched high-pressure phase I V ice w ere also

multiphonon neutron scatteri ng; the soli d lines are measured for comparison. In the t ranslat ional zone of
the hda ice phase spectrum, the fi rst peak in the region
of acoustic modes is shifted by 2 meV towards higher

energies, as compared to Ih ice, while in the tortional zone the spectrum reveals that the low-energy
cutoff of this zone is shifted by 13 meV toward low energy transfers. The principal characteristics
peculiar to the spectra of hda ice and of ice IV were observed to be similar, thus indicating that the
dynamics of these phases must depend on the same atomic correlations and force constants.
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ÕÅÊÀ-PR inelastic
scatter ing
spect rometer of
inver ted geometry
on beam 7Ü
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Vibrational spectra of fi nely granulated silicates and of water adsorbed on them were studied
with the KDSOG spectrometer . The results are used for clarifying the microscopic mechanisms of
water adsorption on the surface of silicates. á åãåãàéó, this spectrometer is used for studies of
crystalline fi elds in alloys and compounds of ãàãå-åàãé elements. À series of experiments has been
carried out to studyi the crystal electric fi eld (CEF) in ReCu Si compodhds (Re = Ñå, Nd, Pr, Er,

Tb, Í î , Yb) . The dependence of the parameters on Re was determined. The spectra of magnetic
excitations in systems with intermediate valence (IV), CeNi, Ñå(?.à, Y)Ni and PrCe(La, Y)Ni, were
studied with the purpose of investigating the CEF transformation in transition &om IV to the Condo
mode of the 4f-electron shell .

Polarized neutrons. The SPN- 1 polarized neutron spectrometer was used for ñî ï áï ø ï ö
studies of the magnetic propert ies î Ã thin and multilayer fi lms by the method of specular refl ection.

The profile of the constant magnetic fi eld penetrating into superconducting niobium fi lms
(Fig. 11) was measured. At à temperature of 4.9 Ê, à 500 Gauss fi eld within the limits of ( = 28 nm

penetrated the superconductor at the boundary with vacuum practically without damping, which is
related to the near-surface suppression of the order parameter of the superconductor. Deeper in the
fi lm the damping follows the London law with à constant Ë = 45 nm. By the improved method of
inverse resonance scattering of accelerated helium ions on oxygen it turned out to be possible to
establish the existence of à natural 5 nm thick NbO oxide at the surface of the niobium
superconductor fi lm being studied with the aid of neutrons. Observation of the oxide confirms the
existence of à hitherto unknown mechanism for the origination of the normal phase at à real

microcoarse boundary with à vacuum.
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I t has been demonstrated and experimentally proven that single-axis anisotropic magnetic
films exhibit à suff iciently large coercive force to create neutron beams of diff ering polarizations,
depending on the orientation of à weak external magnetic field relative to the magnetization vector
of the film (Fig. 12) . Thi s makes it possible to use them as wide-spectrum neutron polarizers in
neutron polarization spectrometers without applying spin-fl ippers.
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The SPN- 1 spectrometer provides good possibilit ies for applying the method of neutron
depolarization to the study of magneto-inhomogeneous media. The spectral function of
depolarization contains information both on the parameters of magnetic inhomogeneities (size,
spread of magnetization orientations) and on the nature of pair correlations between local
magnetization vectors in adj acent microregions. M anifestations of the information on correlations
should depend on the depolarization function Ð(Õ), and on the neutron path length 4 in the sample,
which can be altered by rotating the sample through an angle 0 about the axis coinciding with the
direction of the magnetic fi eld. In the Halpern-Holstein theory there exists à constant, f =

D ,(Õ)4~~ç~~4'<ç'>/Ý~(Õ), independent of the neutron wavelength. However, in the ñàçå of samples
exhibiting à correlation between mutual orientations of the micromagnetization, or in the ñàçå of
samples with micromagnetic elongated inhomogeneities packed anisotropically, the value of f
depends on the neutron wavelength. Fig. 14 presents experimental data for à thin laminated steel
ribbon. The form of function I(k) points to the packing of the magnetic particles elongated in à
direction perpendicular to the rolling. The function f(X) obtained for annealed Ðåï ï àÏ î ó (Fig. 15)
confirms the absence of pair correlations between the orientations of local magnetizations and, also,
of any priori ty orientation in the packing of magnetic particles. Inclination of the plane of à thin
sample relative to the external fi eld allows the defi ning of an initial polarization, Ð„, at the entrance to
the sample, that diff ers in orientation from the induction vector within the sample. In this ñàçå the
depolarization process is complemented by rotation î Ãthe vector, Ð, about the induction vector, as in
the technique of three-dimensional polarization analysis. An example of à depolarization curve
obtained by transmission through an inclined sample of transformer iron is presented in Fig. 16. In
this ñàçå the function Ð(Õ) is most informative since it allows spectral analysis to be performed
simultaneously with the three polarization vector components at the exit from the sample.

ë ,ë
Ë ,À

F~ iä 1$5. . Shap e îÄ èï ñé î ï ~ß / î ò an annea l ed

Perma l loy r i bbon 1áÎ p m thi ck .

~F i ~ . ~ 4. ß ~àð å of / è ë ñ é î ë / (ô , òåàòðè å ä Ãà ã à (hi s' n

r o l l e d s tee l r i b b o n 3 0 0 ð ò thi c k i n a n ex t er n a l f i e l d of

1 á 0 Î å .

Systematic investigation was performed of the dependence of neutron depolarization in
samples of HTSC ceramics Y 123 (Ò, = 91 Ê) upon temperature (77-250 Ê) and the external
magnetic field. The most interesting temperature region is found around TÄ where theory predicted
new magnetic phenomena âèñÜ as: transit ion î é Üå vortex latt ice into the spin-glass state, melting of
the vortex latt ice and others, which may be manifested in specific behavior of the neutron
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depolarization when the temperature and external ï å1Ë undergo variations. New information has
been obtained on the magnetic fi eld distribution in à sample. Thus, for example, à possible
manifestation was found of the so-called depinning line, which separates captured and freely moving

vortexes.
î .~ î

?Ý ( Ë )

0 .6 0

0 .5 0

0 .4 0

~~F i~ . Ëá. D ep o l a r i e a l i o n f un c l i o n Ð (ËË rne a eu r ed w i l h th e ai d of n e u l r o n n a n n w e ei o ë i h r o ug h a n

i n c l i n e d sa m p l e of tr a n sf o r m er i r o n 3 0 0 ,èò thi c k . T h e a n g l e b e t w e en th e a x i s î / th e sa mp l e a n d th e

ex t er n a l ô å !È (4 á Î Î å) eq u a ls 1 0 ' .

Scatteri ng of accelerated heli um i ons. New possibilit ies for investigating the structure of
HTSC materials opened up with the application of à combination of channeling and inverse-
scattering methods at the EG-5 accelerator. The method of channeling charged particles occupies an
intermediate position in between atomic microscopy and diff raction spectroscopy. Because this
method exhibits the precision of diff raction methods, it yields direct information in real space
(naturally, for periodic structures) and, unlike atomic spectroscopy, it allows the visualization of
large latt ice volumes. M oreover, the high energy resolution of electrostatic accelerators provides the
possibility of independent investigation of the sublattices of various (including light) elements and
their depth profiles by measuring the energy of the detected scattered particles.

Experiments were performed involving inverse scattering of 3.6 Ì å× helium ions &om à
monocrystalline Y 123 fi lm 1400 À thick on à support of strontium titanate in the channeling position
along the <001> direction. Since the wave function of helium ions, in the ñàçå of channeling, is
concentrated inside the crystallographic channel, free from nuclei, the intensity of nuclear scattering
drops drastically. Í åãå the observed scattering is mainly related to the presence of defects and
displacements of nuclei from regular crystallographic posit ions. It turned out that the distribution of
defects is inhomogeneous through the thickness of the film. The quantity of defects is maximal at the
surface of the fi lm and on its inverse side adj acent to the support. Extension of defective layers is
quite significant and amounts to 400-600 À . The resonance nature î ÅÉ å scattering of helium ions on
oxygen (Å = 3.045 M eV) permitted clear identifi cation of scattering on the oxygen sublattice, in
spite of the high background of scattering from the support . For the first t ime, the angular width of
the oxygen sublattice channeling entrance crater was measured. It turned out that this width is
signifi cantly smaller than the crater width of the barium, copper, and yttrium sublattices, which can
be explained by the significant dynamic (or static) instability of oxygen in the latt ice. Similar
investigations w ill be carried out in the vicinity of the critical temperature of superconductive
transition.
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The mechanism of radiative formation of defects in YBaCuO monocrystalline fi lms irradiated
with helium-4 þ ï ç was studied. The influence was determined of the äî çå accumulated in the course
of measurement on the properties of the obj ect being studied. Two aspects were considered:
variation of the depth distribution of elements in the fi lm (ðãî é åç of elements) under the action of
the analyzing þ ï beam, and destruction during measurement of the crystal lattice being irradiated
(Fig. 17) . In the ñàçå of the YBaCuO fi lm, the contribution of the ionization mechanism amounts to
30-60% î Ã the contribution of collisional defect formation. Simulation of the interaction processes of

ions with the atoms of the target resulted in the determination that an average energy of 5 å× is
required for an atom of the YBaCuO latt ice to be irreversibly substituted.
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2.2.2. D E V E L O PM E N T O F ÒÍ Å EX P E R I M E N T A L Â À ÇÅ

The main event of 1992 turned out to be the beginning of operations of the high resolution
Fourier diff ractometer (Í ÊÍ Ý). I t took four years to construct the HRFD in accordance with à j oint
proj ect of J1NR, PINP (Gatchina) and the Centre of Technical Research (Finland). The fi rst run of
measurements with the HRFD was carried out in June 1992, j ust before the summer intermission of
the IBR-2 reactor. The idea of realizing the Fourier technique at à pulsed neutron source like the
IBR-2 was confirmed to be correct, namely, record parameters of the diff ractometer for resolution

and luminosity can be obtained with its aid. Routine operation î é Üå Fourier diff ractometer started in
1993. Experiments with standard samples (Ge, Al 0 ,) revealed its parameters to be close to the
computed ones. Resolution amounted to about 0.0015, which is close to the resolution î Ãthe HRFD
î ÃÊÀÒ, (Fig. 18).

The processing of measured diff raction spectra has been organized by using the Rithvield
method (Fig. 19) and the first physical experiments were carried out in which HTSC compounds
(Y 124, Hg- 1212) and superproton conductors etc. were studied. À program of applied research has
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been init iated with the HRFD . Joint experiments were performed with physicists &om the FRG on
internal strains in massive obj ects. À technical base is being created for simultaneous measurement of
deformations in two directions perpendicular to each other (the NIDA proj ect) .

(top) and on the HRFD one at 1BR-2 (bottom) . The hori zontal scale i s slightly Éß åãåï Ö î ã the patterns.

U )
ñ
Q)

ñ

F~ i .Ë 9. À secti on î 1 È å1ì å1É r ef inemen t p at ter n f or À 120 3 measur ed on the H RFD . A s exp er i men ta l

p oi n ts on ly ev ery f oèr th i s shown.

À very interesting new study "Investigations at very high pressures" has been initiated at the

IBR-2 reactor. The fi rst results have Úååï obtained Ì é the DN- 12 diff ractometer put into operation
in 1993. The idea î % à - 12 is based on the peculiarities of observing diffraction by the time-î Û ô

method at à pulsed neutron source, namely, in the ñàâå of an experiment with fi xed geometry, there
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exists à possibility of detect ing diff raction spectra from à polycrystalline sample at à ÷åòó wide solid
angle without signifi cant loss of resolution. To this end it is necessary to use à multidetector
detection system with counters located along Debye-Sherer rings.

The first realization î Ã the idea occurred at the beginning î 1' the 1960's, when à diff ractometer

was constructed at the IBR- 1 reactor with à wide-aperture 90' detector (V .× .N ietz, et . al .) . The
detector of the DN-12 diff ractometer represents à circular (360' ) set î Ð Í å counters, situated in the
vertical plane, and the scattering angle can vary from 45' to 135' . In âòñï geometry eff ective use of
high pressure chambers based on sapphire or diamond anvils is possible, with the primary beam

passing through the anvil . M easurements
showed the luminosity of DN - 12 to exceed by
about two times that of the DI SK
diff ractometer at the RNC K I (M oscow)
exhibiting à close resolution. In its turn, the
luminosity of DI SK is several t imes higher than
that of the diff ractometers of LLB (Saclay),
with which studies are carried out at high
pressures, and it approximately corresponds to

the POLARI S dif f r acto met e at RAL

(England). In principle, this level already
permits conducting experiments at pressures of

pr . gg. di ffracti on speclrum f rom ~yg measurey al à about 100 kbar and to accumulate statistics in
ó > measureð~þ ò ~å of a5 GPo during 22 hours. òüå ro plu volume reasonabie t ime. The time required for data

was Î . Î 27 mm3. accumulation from à ÐóÐ sample 0.03 mm~ in

volume at à pressure of 80 kbar amounts to
about 24 hours (Fig. 20) . Experiments with hematite à -Ðå Î , at à pressure î Ã45 kbar confi rmed the
phase transit ion to à new state with an intermediate orientation of the magnetic moments.

The textural goniometer of the high resolution neutron spectrometer (HRN S) has been re-

equipped, thus making it possible to measure total pole fi gures for samples being studied. The
corresponding technical work has been performed and the HRN S software improved, which
permitted taking an essential step in the investigation of textures of multiphase materials with low

crystallographic symmetry (up to triclinic syngony) .
The rated parameters were achieved with the NERA-PR spectrometer. The resolution of this

spectrometer is three times better than that of KDSOG, and is comparable to the resolution of the

TXFA spectrometer at the ISIS pulsed neutron source (ÊÀ1.) . Fig. 21 presents inelastic scattering
spectra measured at NERA -PR and TXFA with the âàò å sample ò àáå of à single molecular crystal .
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Construction of the "Refl ex" refl ectometric complex at channel 9 of IBR-2 is close to

completion. The main mechanical parts of the refl ectometer and the storage and measurement
electronics have been assembled. The helium cryostat and the magnetic system are close to being
completed. Test measurements have estimated fl uxes at the sample to be approximately twice the
fl uxes at the SPN- 1 spectrometer operating in the refl ectometric ò î äå. Putting the refl ectometric
complex Refl ex-1 (for polarized neutrons) plus Refl ex-2 (non-polarized neutrons) into operation will
allow essential enhancement of the experimental program for studies of surfaces and thin magnetic
and non-magnetic films.

2.2.3. T H EORET I CA L ST UDI ES

N ew theoretical results have been obtained on phase transit ions. The freezing temperature
Ò~, > Ò, for the scalar latt ice i' -model of structural phase transitions has been found within the
theory of coupled modes. The frequency and temperature dependences of the linear and square
susceptibilit ies have been obtained by self-consistent solution of the equations of coupled modes
used for studying the crit ical behavior of this transition. Two cases have been analyzed: 1) à perfect
crystal lattice with à characteristic Â-transition at T~Ä and 2) à system with randomly distributed
defects and an À- transit ion at Ò~,. The experimental aspects of the presented theory are under

discussion.

Analysis of the multicomponent order parameter in the ÑâÍ ÁÎ superionic conductor has
been carried out . The symmetry of the observed superionic and non-conducting phases was
determined and à symmetry of high-pressure phases was predicted.

À number of studies have been conducted in HTSC physics. The spectral density of à hole
moving along the ÀÐ ground state has been computed within the framework î Ã the Emery model. It
has been shown that eigenenergy is nondiagonal in the vicinity of the quasipart icle pole. The mixing
of à singlet and triplet depends on the wavevector. Estimation of the optical conductivity has been
performed. The results are in good agreement with experimental data and numerical calculations.

The possibility of à self-localized state to form has been examined within the Holstein model.
It has been shown that unlike the continual limit, the solution of the Schrodinger equation on à 2D
lattice in the adiabatic approximation leads to the formation of à barrier separating âå1È î ñà1û åä and
de-localized states.

The nature of many unusual properties of high-temperature superconductors is due to the
existence of à disordered set of weak Josephson links inside them. Within the framework of the
model of superconducting granules with randomly distributed phases, it has been shown by
renormalizable group methods in replica space that the recurrent K osterlitz-Tauless transit ion occurs

only for order parameters in the x/8 < À < 1.2x/8 range.

Analysis has been performed of the upper critical field of superconducting super-latt ices
based on vanadium and copper. I t was shown that , owing to à decrease of the magnetic length in
strong magnetic fields, à normal metal äî åâ not aff ect the distribution î Ãthe superconducting nucleus
in the super-lattice. Numerical computation of the Ginzburg L andau equation is in good agreement
with experimental data. Analysis has been performed î Ãthe temperature dependence î Ãthe line width
for transitions between f-levels of Tm ions split by à crystalline fi eld in YBCO. It has been shown
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that the main contribution to the broadening is due to antiferromagnetic fluctuations in the vicinity of
the Î -point of the Brillouin zone, while the temperature dependence is determined by the static
susceptibility. Numerical analysis has been performed of the strongly interact ing phonon-electron

system. It was shown that the exact solution coincides with the adiabatic Holstein polaron. Exact
diagonalization was applied to calculations of an optical polaron of small radius, which can be done

only in the limit of strong coupling.

The problem of reconstructing the distribution of internal magnetic fi elds &om the
depolarization function observed for à polarized neutron beam on its passage through à magnetic
medium is very important . À new approach, based on the model of strong interaction, has been
developed for computation of the depolarization function. The results of the Halpern Holstein theory
are reproduced for the limit of small wavelengths. Investigation of the specular refl ection of neutrons
&om various types of multilayers is one of the important practical issues of constructing mirrors for
neutron guides. Numerical analysis has been performed of the neutron reflection coef5cient from
multilayer structures, forming à sequence of so-called Fibonacci layers. I t has been shown that
disorder of the quasicrystalline type in how the materials of the mirrors are arranged may result in à
shift of the neutron backscattering region toward either longer or shorter wavelengths.
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1 .3 . N E U T R O N N U C L E A R P H Y S I C S

1.3.1. T ECH NI CA L PR OJECT S

The decision to create à new pulsed source of resonance neutrons, IREN, and the startup of
realization of this proj ect, stimulated the active work of nuclear physicists to update the existing and
to develope novel techniques for experiments in sectors tradit ional for FLNP.

After à prolonged delay due to insuffi cient fi nancial support , full-scale realization of the
UGRA proj ect began for measurement of the neutron electric polarizability. Implementation of the
UGRA proj ect is under way in collaboration with the Institutes of Nuclear Research in Kiev
(Ukraine) and Rez (Chekhia), and with the Technical University of M unich (FRG). À large-scale
vacuum multidetector chamber is under construction for measurement of neutron angular
distributions in elastic scattering. Two new types of neutron detectors have been created and tested
for this chamber. At the same time à series î Ãtechnical issues has been investigated with à prototype
of the UGRA setup. For example, new data have been obtained on the contribution of p-wave
neutron scattering on heavy nuclei. Assembly î é Üå chamber in the experimental hall and its tests are
scheduled for the end of 1994. The setup should be ready by the startup of the new pulsed neutron
source, IREN .

Good facilit ies for studying short-lived fissioning isomers and delayed fi ssion neutrons in the
millisecond region are provided by à new device installed on beam N 11 of IBR-2, that was
commissioned in 1992. Test experiments revealed the necessity of modifying the device, which was
done in 1993. For instance à new chopper was constructed and installed on the neutron beam. On-
beam adjustment of the device was performed. In 1994 measurements will be carried out with
samples prepared at NI IAR.

Preparation has been start ed in collaboration with Physics Power Engineering Institute
(Obninsk) for measurements of the energy and angular dependences of emissions from fission
fragments at resonances with an aligned ' i U nuclear target . The fi rst version of the target was

installed on beam N 5 of the IBR-30 booster. Tests of the target permitted the choice of the final
target construction. In 1993 it was realized, and complex adjustment of the setup was performed.
The first measurements were carried out for the (n, f)-reaction w ith the ~s'U nucleus. The setup is

ready for data taking in 1994.

An experimental setup is being created for measuring the p-odd asymmetry of y-quanta

emissi
on from the reaction '~Â(ï , à)'×ë~ -+ × ë+ó in the high intensity beam of polarized thermal

neutrons at the St.Petersburg Institute of Nuclear Physics (Gatchina). M easurements are scheduled
for the second half of 1994.

The ROM A SHKA setup has been updated for the investigation of y-quanta multiplicit ies in
decays î Ãneutron resonances. I t comprises neutron detectors with à 2z -geometry, which will permit
signifi cant improvement of the accuracy in extracting the parameters of neutron resonances.

M uch work has been carried out for mathematical simulation of the experiment and of à
series î Ãparts î Ãthe setup intended for the fi rst straightforward measurement î Ã the neutron-neutron
scattering amplitude at the BIGR reactor (All-Russian Research Institute of Experimental Physics,
Arzamas).
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1.3.2. E X PE R I M E N T A L ST U D I E S

During the ðåï î é covered by the report, implementation continued of the program fi xed
earlier of experimental studies of the fundamental properties of the neutron, of parity violation in the
interaction of slow neutrons with nuclei, neutron resonance decay channels, etc. Studies were
performed at the FLNP JINR pulsed neutron sources, IBR-2 and IBR-ÇÎ , and also at neutron
sources of à number of other world nuclear centers (PINP, Gatchina; INR, K iev; Oak Ridge and L os
Alamos, U SA; Garching, FRG; Beiging, China, Geel, Belgium).

The FLNP PINP-VNIIEF-TU (M unich)-INR (Ukraine) collaboration continued, examining
the ââèåâ of electric polarizability within the framework î é Üå research program for investigating the
electromagnetic properties î È Üå neutron. M easurements were performed of the energy dependence
î Ãthe total neutron interaction cross section with the nucleus î Ã the lead isotope " 'ÐÜ. Their analysis

revealed that the neutron coeff icient of electric polarizability strongly (up to à change in sign)
depends on the neutron-electron interaction amplitude chosen for the calculations. Since the values
of this amplitude derived from various experiments diff er by several standard deviations, new
approaches are necessary to this problem. One such approach involves precise measurement of the
total cross section for the lead isotope indicated in fi ltered neutron beams. These measurements were
init iated at the reactor of the INR of the Ukrainian Academy of Sciences in 1993. The fi rst
experiments demonstrated the feasibility of achieving the required precision. Great diff iculties are
encountered, unfortunately, in providing the resources required for operation î é Üå reactor in K iev,

Another fundamental characteristic î Ãthe neutron is its lifetime ò relative to p-decay. In the

FLNP report covering 1991, j oint measurements of xÄ at the Ê Î × ÈÍ setup were announced by the
Dubna-Gatchina collaboration. The precision achieved in measuring xÄ amounted to about 0.3%.
Í åãå an anomalous leakage of UCN was observed, which exceeded by à factor of over 100 the
theoretical estimate derived from experimental data obtained with very cold neutrons (VCN). Òî
investigate the reasons for âèñÜ leakage, an activation technique was developed for measuring the
spectra of neutrons produced in inelastic interactions î Ë ÇÑÕ with the surface material of the vessel .

The technique was tested at the UCN channel in Gatchina with materials exhibit ing record low
absorption coeff icients ( 10 ' -10 ~ per collision) . At the same time, modernization of the K OV SH-2

setup was completed. I t was ready for the experiment, but it was not possible to start experiments in
1993, because of diff icult ies in putting the new UCN channel in operation at the V VR-Ì reactor in

Gatchina.

Precise measurement of ò„ is one of the purposes of the new proj ect that is being developed
j ointly by FLNP and VNIIEF (Arzamas). Design and construction have been completed of the I SPIN
setup, which will permit realization of à new method for obtaining, extracting and utilizat ion of
superdense (about 10' ñò -' ) UCN gas from the BIGR aperiodic pulsed reactor. Estimates show that

when the expected parameters of the setup are achieved, it will be possible to measure t Ä with an
accuracy higher than 0.3%. However, since the safety requirements at BIGR have become ò î ãå
stringent, the construction of the setup must be modified. This will result in à delay of the first

experiments until 1995.

Essential development took place of the program for studying parity violation and time
invariance in neutron induced reactions. New results have been obtained on violation of space parity.
The Dubna monoisotopic " Cd sample was used in à j oint Dubna-Geel experiment, in which
measurements were performed of the spins of p-wave neutron resonances observed earlier by FLNP
physicists. Then, the same sample was used for measuring p-odd eff ects in neutron transmission with
the wide aperture spectrometer of resonance neutrons, LAN SCE, at L os Alamos. À preliminary
analysis î Ãthe first series of ~oint measurements, that relied heavily on data relevant to the spins of p-



w ave resonances, seems to indicate an absence of the sign coherence of p-odd eff ect s observed
ear lier for thorium and uranium nuclei . Experiments w ith the " ~ÑÈ sample w ill be cont inued

consider ing the sign anomaly to be essent ial for understanding the nature of space par ity v iolat ion in
nuclei .

The obtained information turned out to be very useful in planning future experiments for
studying the eff ects of p- and t-parity violation. À special monocrystalline ' s Ho sample was made at
Duke University for investigating the violation of t-invariance. The depolarization of neutrons in the
sample must be known with à high accuracy before the main measurements can be initiated. To this
end the POLYANA spectrometer of polarized neutrons and nuclei has been modernized, and à new
cryostat has been created for alligning the nuclei in the '~' Í î sample. The fi rst stage of
measurements were performed at the IBR-30 booster by the FLNP Duke University-LANL

collaboration. Analysis of the results points to à significant (up to 300%) angular dependence of the
depolarization eff ect (Fig. 22), which requires correction of the technique for the planned
measurement of the t-odd fi ve-vector correlation between the spins of the neutron and nucleus and

the neutron momentum.

Also with the POLYANA setup, and using à record-breaking ( 1.5 kg) polarized '~×.à

sample, à measurement was made of the transmission cross section for polarized neutrons (Fig. 23).
The energy dependence, necessary for analyzing p- and t-odd eff ects to be studied at Dubna and

Gatchina, was obtained for the polarization cross section.

~~Fi~ . 22. A ng ul ar dep endence î / the tr ansmi ssi on eff ec t

s due to dep olari zati on of neutr ons i n à ho lmi um
monocry stal f or var i ous ori en ta ti ons of t ts c - axi s.

Fie. 23. Transmissi on eff ect s î / polari zed neutrons
through à polarized lanthanum target. The open ci rcle
represents the 0.74 eV resonance (~~~Áà), the tri angle -
the 3.0 eV resonance (~~~éà), the cross - the Î .Â7 eV
resonance (mir ture î,( t 4~Sm i n La target) , black dots
indi cate the region of smooth dependence î / the ~~~Éà

cross secti on, due to à strong negati ve resonance.

Closely related to the above topic are the joint studies carried out by the Dubna-Gatchina
collaboration at the PINP high-intensity beam of polarized thermal neutrons for observing parity
violation in reactions involving emission of charged particles. The p-odd asymmetry à was
measured in the '~Â(ï , à)×ë reaction. The upper limit of the eff ect, significant from the point of
view of theory, was derived from experimental data for à -lines - à = (3.4+6.7) 10 ~ and the
à,-line - à , = (-2.4+1.6) 10-~
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À series of interesting new results was obtained in traditional neutron spectroscopy. Studies
î Ãamplifi ed (by factors of up to ten) electromagnetic transit ions between highly excited states, which
are most likely related to the fragmentation of single-particle 4S- and 4P-neutron shells into states
participating in gamma transitions, were continued with à number of even-even nuclei in the vicinity
of '~~ß using the CASCAD setup. À j oint analysis of experimental data on (n, ó)- and (n, 2ó)-
reactions for the '~~% nucleus resulted in obtaining à record-breaking, from the point of view of
completeness, scheme of levels including the 1.5-3.5 M eV excitation energy interval, not previously
studied. The radiation strength functions of primary dipole y-transit ions of the discharge cascade of
the capture state were obtained for " 7. ~' ~Âà and '~'Hf nuclei . For these nuclei, like for the nuclei

studied previously, the radiation strength function was established to depend on the temperature of
the excited nucleus.

M easurements of the cascade y-radiation were performed for the '~~ÓÜ nucleus produced
after the J3-decay of '~× è. This allowed an essential correction of the known scheme of levels

(Fig. 24) obtained by tradit ional methods of precision nuclear spectroscopy. This experiment
revealed the existence of new possibilities in this fi eld.

~

ß , 24. Scheme of the levels of ~~î ÓÜ: — - previously
known levels conf irmed by this work; - - - - not conf irmed
levels; — — — - newly discovered levels. At Ihe right -
example î / analysi s î / two-quantum gamma-transi ti ons
ô î í the 3064.98 keV level of é å ~~î Ó6 nucleus. The

notati oni s the same.

~F i~ 22. D ependence of otteo tn te i n lenei ly of two-
quan tum cascades to the f ir st exci ted state of ~~~ÓÜ

on exc i tat ion energ y. The R oman n umbers i ndi ca te

p r obabl e g r oup s of åqè ! É ç!àï 1 sta tes.

The two-step y-cascades measured earlier at FLNP for twenty target nuclei in the 114 < À <
187 mass interval were analyzed with the aim of revealing intense y-transit ions between
approximately equidistant excited levels (Fig. 25). À conclusion was made concerning the possible
existence in heavy nuclei of groups of excitations of the vibrational type with à characteristic energy
interval Å = 500-800 Ì å× . For confi rmation of this conclusion measurements must be performed at

à number of neutron resonances, which requires à significant (and expensive) enhancement of the
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luminosity of the existing spectrometer. Certain progress is expected in 1994, should the new gamma
spectrometers ordered in Krakow arrive.

M easurements of the multiplicity distribution of y-quanta after radioactive capture of
neutrons by ' 4~ '4~ ' sSm nuclei, that were started earlier with the aid of the ROM A SHKA setup
(à 4n-detector based on NaJ(T1) crystals), have been completed. New data have been obtained on

resonance parameters. For example, à unique set of data on the total radioactive widths has been
determined for '4~Sm (Fig. 26). Similar measurements have been carried out for the '~~ '~~ '~®Í Ã

isotopes, but have not been processed yet .
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Studies have continued of reactions induced by neutrons on stable and radioactive isotopes
and involving the emission of charged part icles. Results were obtained in measurements of (n, ð)-
reactions on the radioactive target nuclei " Cl and 4' × , carried out Úó the Dubna-Gatchina group and
by the Dubna-L os Alamos collaboration with the aid of the technique developed at FLNP.

Processing has been completed î Ãmeasurements î Ãthe 3~C1(n, p)3~S reaction that plays à key
part in the production of the ' ~S isotope, which, in turn, essentially àé åñé the branching of the fast

and slow processes of nucleosynthesis in stars. Analysis of the energy dependence of the cross
section (Fig. 27) within à wide range of neutron energies (up to 800 keV ) has required the
application of multilevel multichannel formalism. The calculated ý~ß production reaction rate turned

out to be two times lower than the rate utilized previously in calculations, which permits signifi cant
diff iculties in the theoretical description î é Üå S-process of nucleosynthesis to be overcome.

Earlier, measurements were reported of the spectra of prompt y-quanta from fragments
produced in the fi ssion of the ~4~Ðè compound nucleus. Processing of these measurements has been

completed. Data have been obtained on the variation of independent yields of fragments produced at
à level >- 1% in the neutron resonances of 23~Ðè, and the yields and lifetimes of the isomer fragments

have been determined. Within à 5% precision, the conclusion has been ò àáå that fi ssion from the
compound state of spin 1' is single-channeled. Indications have been obtained that the integrated

yield of fragments is dependent upon the fission resonance width. M ultiplicity measurements have
been carried out î Ãprompt y-quanta from 2' ýÖ " ' Ö " ~ß ð àï é 23~Ðè fission resonances.

M easurements have been completed and analyzed î Ãí å neutron induced fission cross section
for the ~~~ß ð isotope, which is important in the problem of transmutation of the minor actinides.

The results permitted the removal of à previous contradiction between the data of difFerent groups
(Fig. 28).
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~F it . 2 7. D ep e n d e n c e of ~ ~Ñ ! (ï , p ) s ~Á r e a c t t o n c r o s s s e c t i o n o n n e u t r o n e n e r g y .
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Ã~ , 28. Compari son of f isè on cr oss secti ons o>f or ~s Np measured i n Saclay (dashed li ne) , f or
ï åè~òî ò ß î ò an underground nuclear exp losi on (dot-dashed li ne) , on the lead cube î~ é å Ky oto
uni versi ty (bl ack dots) and at FLNP (soli d li ne)

Completion of the above indicated studies turned out to be possible due to RFFI grants, and
to the contribution of collaborants from Poland, Chekhia, Slovakia, USA, and the Netherlands.
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1.3.3. ÒÍ Å Î Ê Å Ò1ÑÀ Û ÕÓ Å ßÒ1Ñ À Ò1Î Õ ß

Theoretical work in fundamental nuclear physics continued in à number of sectors.

Calculations were performed of the electric polarizability à of à free neutron and of à
neutron bound in nuclear matter. The resulting values of à àãå in quantitative agreement with
existing experimental estimates. M eson (it, ð and à) degrees of freedom have been shown to be
essential for describing nuclear matter, especially in the ñàçå of high densities and temperatures.
Ðåï çå nuclear matter has been investigated at à temperature Ò — (1-2) mÄ. The change in the pion

spectrum of çèñï à gas, as compared with the spectrum of free pions, consists in substitution of the
eff ective mass mÄ(T), that increases with temperature for the mass mÄ. The main thermodynamic

quantities of the system decrease, as compared with an ideal pion gas.

An original method of solving the multipart icle problem has been applied in studying à system
î Ãthree neutrons. The phenomenon of the appearance of artificial resonances has been observed and
explained as non-physical solutions, as the area considered was limited. This gives rise to doubt
concerning the previous conclusion on the existence of à three-neutron resonance.

An original microscopic method î È åçñï Ü~ï ä cluster radioactivity has been applied in making
detailed calculations of the probability of emission of carbon, oxygen and neon nuclei for the region
of daughter nuclei in the vicinity of the doubly ò àó ñ '~~Áï ' ~ nucleus. The theoretical predictions
diff ered from previous î ï åç by six and ò î ãå orders of magnitude and were confi rmed by
measurements performed at FLNR JINR. Theoretical investigation of eff ects due to the structure of
the init ial and final nuclei in cluster decay points to their being of à ò î ãå complex nature than the
similar mechanism of à -decay. Thus, for example, the hindrance factors of cluster radioactivity
cannot be explained if only singlet nucleon-nucleon pairing is taken into account .

An experimental method for measuring UCN refl ections from powders has been developed at
FLNP for studies of anomalous losses of UCN . Owing to the diff usion of à neutron between grains
and to multiple scattering from the surface of individual grains, the sensit ivity to small losses of à
single refl ection increases. For interpreting the results of measurements, à model was proposed that
takes into account the infl uence of the packing density of grains on the albedo. I t turned out to be
possible to achieve qualitative agreement with experimental data with the aid of this model .

The theory of multiple scattering î Ãwaves was analyzed in detail to establish the applicability
of the optical potential in describing UCN refl ection from à boundary surface. With its aid
corrections were found to the refl ection from the surface of à monocrystal with à precision up to (d/
X)z, where d is the lattice parameter, and Õ is the neutron wavelength.
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1 .4 . A P P L I E D S T U D I E S

Õèñ1åàò data for nuclear energet i cs. Within the program for creating à new generation of
power reactors, measurements were performed at the IBR-30 booster of the total transmission and
self-indication functions in the fi ssion cross sections for ~~~ÒÜ, ~~×.1 and 2Ç~Ðè nuclei within à wide

range of neutron energies up to 200 keV . An analysis has been completed of the results of
measurements with the ~~× 1 isotope in the range of energies from 0.465 to 200 keV . The resonance
self-screening factors in cross sections were found which are used in practical calculations of nuclear
reactors and of radiation shielding. The coincidence, within standard deviations, of the total and
partial transmissions at energies above 20 keV points to the absence of resonance self-screening in
the radiative capture cross section. The non-exponential behavior of the total transmission points to
resonance blocking of the total cross section throughout the entire energy range. The results of the
measurements were used for estimating the average resonance parameters: scattering radii and
neutron force functions.

M odernization of the DIN- 1 installation located at IBR-30 beam N 7 was carried out for
measuring thermal cross sections of reactor materials. Implementation of the program of
measurements has started.

Acti vati on anal ysi s. The preceding report announced the development of devices such as
"AZOT" for express analysis of the nitrogen content in food grains, combined fodder and nitrogen-

containing organic ñî ò ðî î ï <Û Ýöï ï ä the ðåï î é covered by the report , modification and correction
of the techniques and schematic solutions on the basis of industrial tests were performed. The final
documentation has been given to the Institute of Technical Physics (Chelyabinsk-70) for serial
product ion of instruments. Technical support was also given in adj usting the devices. The technical
facilities of the instruments, obtained in the course of multi-year tests, were reported at à scientific

conference held in the USA .

M ethodological work has been completed on the utilization of moss and of pine-tree needles
for biomonitoring atmospheric deposition with the aid of instrumental neutron activation analysis
(INAA). Utilization of the record-breaking fl ux of resonance neutrons from the IBR-2 reactor made

it possible to extend the number of identifi ed elements up to 40 (for comparison, in N orw ay 20
elements were identifi ed). M etals from vanadium to uranium, including REE, are reliably identifi ed,
as are à number of non-metal elements. During the years covered by the report this technique was
applied in studies of the distribution of atmospheric deposition at à series of sites in Norway and at
20 points on the Kola peninsula. In the latter ñàçå, the depositions, including those of nickel, were
traced from nickel factories to distances of up to 300-500 km. The work was carried out j ointly with
the University î ÃÒãî ï Üåèï and the RA S Institute î ÃEcology î Ãthe North.

Complex studies î Ãpollution by heavy metals and REE of the basins of the Upper Volga and
Oka have been carried out in collaboration with the RAS Institute of the L ithosphere of the Earth.
Water, residues, etc., were used for monitoring. À number of anomalies in the pollution were
revealed. For example, one î é Üå tributaries î é ëå Oka river is strongly polluted with zirconium.

Ì åèé î ë radi oeravhv. Studies were carried out of the transportation of gadolinium ions
along micro cracks in concrete. The results permitted the conclusion that the technique of dynamic
radiography can be used at neutron beam N l 1 of the IBR-2 reactor for studying the transportation of
ions î Ãgadolinium and cadmium, of analogs of calcium, potassium and sodium, and of chlorine also.
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Experiments have revealed that, unlike Í ,Î , ions and their complexes are transported deep into
concrete not in the course of diff usion through the main matrix of the material, but only along micro
cracks with dimensions from 30 to 1000 ðò . Knowledge of such non-stationary transport processes
is extremely important for studies of the aging of concrete, especially of concrete under stress in à
water medium with admixtures of heavy metal þ ï ç and organic compounds. This work was carried
out j ointly with the Institute î ÃÕî ï Destructive M ethods of Control (Saarbrucken). The proj ect of à
device for dynamic radiography is scheduled to be prepared j ointly in 1994.

Radiati on studi es. In accordance with the proposal of physicists &om L SHE JINR, CERN
and FRG, studies have been initiated at the IBR-2 reactor of the radiation resistance of various
detectors and electronic devices developed for experiments at the new powerful hadron colliders. À
series of studies of the radiation resistance of Si-detectors in beams î Í àç1 neutrons has been carried
out . For the fi rst t ime have data been obtained on the possibility î Ãusing the chosen type of detector
in the ñàçå of fast neutron fl uences up to 10'4 n/cm~ The results of studies have shown that such
detectors can be applied both in experiments at accelerator complexes and in constructing rapid
mosaics for detecting thermal neutrons from pulsed neutron sources.

I rradiation of electronic equipment based on á àÀç comprising 20 low-noise preamplifi ers
and shapers has revealed that the parameters of the equipment start changing when à fl uence of
10'4 n/cï Ð is accumulated, and that the equipment becomes totally inoperative after receiving à
fl uence of 10" n/ñï è .

Neutron dovine î Ãçé ñî ë. The possibility of neutron doping of silicon was studied in 1992
at beam N 3 of the IBR-2 reactor. À monocrystal silicon ingot 61 mm in diameter and 242 mm long
was irradiated using an experimental setup. M easurement of the electric parameters of the doped
ingot showed that its average specific resistance of 61 Ohm.cm was in accordance with the

requirements î é Üå customer, within à spread not exceeding 3%.

The design, construction and assembly of à setup for commercial production (up to 1500 kg)
of neutron doped silicon monocrystals (with maximum dimensions of ô 127 mm õ 370 mm) were
completed in 1993. Work has start ed to put it in operation and for adj ustment . Test runs have been

carried out for irradiation of silicon samples at à reactor power of 100 kW with the aim of
determining the operational parameters î é Üå setup.
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2 . 1 . T H E P U L S E D I B R - 2 R E A C T O R

In 1992-93 the high-fl ux pulsed reactor IBR-2 was in operation for 4910 hours, as compared
with the scheduled 5000 hours, which provided for completion of the program of physics
experiments on 12 neutron beams. M ore detailed information on the operation of the reactor is

presented in Table 4.
Table 4

Oper ati on of I BR-2 r eactor ø 1992-93

E P R

1

3

2

3

2

1

7

7

4

Ò

263

248

265

268

265

278

325

244

406

Ò

269

209

299

32 1

277

284

408

287

443

Cycle t im e

06.0 1- 17.0 1.92

27.0 1-08.02.92

17.02-29.02.92

17.03-29.03.92

13.04-25.04 .92

12. 05-24. 05. 92

08.06-24.06.92

16.11-29. 11.92

07. 12-25. 12.92

C y cl e

1

2

3

4

5

á

7

8

9

30
3

2

3

5

3

8

6

0

4

3

2562
243

249

254

250

236

2 16

257

154

252

237

2797
273

280

270

281

248

279

295

176

272

267

2

3

4

5

á

7

8

9

10

Total f î ã 1992
11.0 1-22.0 1.93

0 1.02- 13.02.93

22.02-05.03.93

22.03-02.04.93

12. 04-22. 04. 93

17.05-29.05.93

07.06- 19.06.93

25.10-0 1.11.93

15.11-26.11.93

06. 12- 17. 12.93

~

2 641Total f î ã 1993 23 4 8

5438 674910Over al l total

Comment: Ò , is the time of operation for physical experiments; Ò , is the operation time
î É Üå moving refl ector; EPR is the number of emergency power shutdowns.
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Short-term shutdowns î Ãthe reactor were init iated by unexpected actuation î Ãí å emergency
safety system, caused by events classifi ed as zero level events, in accordance with the international

scale of events.
Since the start -up of power production by the reactor (the end of 1980) up to 01.01.1994 it

has run for 26038 hours. The total number of emergency shut-downs during this period was 318, of
which 307 were unexpected. The fl ux density of neutrons with energies > 0.1 M eV incident on the
wall of the reactor casing amounts to 1.3 10'4 n/cm~ ç, when the power is 2 M w. For the above
figures the neutron fl uence on the reactor casing amounted to 1.22.10~~ n/cï Ð by 01.01.94.

The acti ve core. L ong-term operation of the reactor resulted in à partial burn-up of the fuel
and to à corresponding reduction of the operational supply of reactivity. The fi rst renewal of the
active core of the reactor was performed between July 19 and 23, 1993. The decoy cassette (without
fuel) was extracted from the core and put away for long-term storage in the reactor storage pit . It
was substituted by à heat-generating assembly (HGA) with fresh plutonium dioxide fuel (Fig. 29).

~Fiä 29. Acti ve core î / ' the I BR-2 reactor. The f igures indi cate the numbers î /' cells f il led wi th si mulators of

2 are reacti vi ty compensaters, ËÈ 31, ËÈ 32 are emergency saf ety blocks, ÁÀ31, ÁÀ32 - rapid emergency

rej lectors, respecti vely, Í 20 - neutron moderators, Ï Ê-I , Ï Ê-2 - trigger channels.

M easurements carried out after the renewal showed the supply of reactivity was enhanced by
à quantity suff icient for implementation of the scheduled energy production for á years of reactor
operation in the previous mode. The resource parameters of the core after renewal are presented in

Table 5.
The renewal of the core, being à task classified as nuclear-dangerous, was carried out

together with all necessary organizational and technical measures required for nuclear and radiation
safety. À routine test of the state of nuclear, radiation, and technical safety was made by à
Gosatomhadzor (Russian State Atomic Inspection) commission upon completion of the renewal
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activities at the reactor, and ï î deviations from or violations of the established safety restrictions of
the reactor operation were observed.

ÒàÍ å S

Ser vi ce char acter i st i cs of t h e I B R -2 cor e af t er r en ew al

Â ó t h e en d of t h e

sch ed u l ed ser v i ce t i m e

s l a v 2 0 03 1

C har act er ist ic F or 01.01.94

Burn-out of plutonium
- average
- maximum

Reserve of reactivity

2050 M W.day

2.7%
4.| ~~

1.55Þ .05%

4000 MW.day

5.2%
7.8%

Û 0.05%

2 0 5. 10ãã

1. 17 . 10ãã

Fluence î Í àç( neutrons (n/cm~)
- at the centre of the core
- at the reactor vessel (maximum)

1 .5 3

4.0 10~~

2.28 10~~

1.50Volume coef5cient of inhomogeneous
energy release

! Number of loaded fuel element assemblies I 74 74

Comment: The burn-out of plutonium due to fi ssion is assumed to be equal to 1.1 g/Ì W.

day, which corresponds to an energy release of 192 M eV/fis. The reactivity coeffi cient with respect
to the burn-out of fuel is dK/dQ = -8 10-~ MW day. The specific fl uence of fast neutrons (Å > 0.1

M eV) was öçåä at values of äÔÙ = 1.0 10'~ neutr./cï Ð M W day in the central channel and 0.57.
10'~ at the reactor vessel in à median cross section î é Êå core.

The moveable refl ector. À second moveable refl ector, PO-2, has been in operation at the
reactor since October 1987, having been substituted for the fi rst moveable refl ector, PO- 1, the fi rst
refl ector had been in operation for 13211 hours from the reactor startup. The permitted service time
for PO-2 is 19000 hours. Âó 01.01.94 the running time î ÃÐÎ -2 amounted to 18791 hours. When the
resources of ÐÎ -2 are exhausted in 1994, it will be replaced by à new moveable refl ector, PO-2R.
The new PO-2R refl ector is fully analogous to the existing one, except that the control system for
positioning the rotators is more developed. The construction of PO-2R was mainly completed in
1993, and now part-by-part assembly is under way together with some additional machining.
Balancing of the rotors was completed. The tempo of work on PO-2R has been hindered both in
1992 and 1993 by insuffi cient financial support.

The control system for fuel elements. Work has been completed on the construction of an
automated control system for the hermetic cases of the fuel elements in the core zone. The system
controls the activity of the gas in the argon cavity of the expansion tank of contour 1 with à Ge(L i)
detector. When leakage of gaseous fi ssion products occurs, relevant information will appear
automatically on the control panel of the reactor.

The I BR-2 automated measurement and moni tori nz system (AMMS). During the ðåï î é
covered by the report work continued on developing the reactor AMM S. Detailed information on
the system is presented in the 1991 report. The AM M S consists of three subsystems: 1) technical
control (Ò); 2) control of the reactor and of the refl ector (R); and 3) the logical system for
processing and forming control and emergency signals (L).

The measuring equipment for subsystem Ò was provided and assembled in 1991. The
subsystem has been in service for two years. Periodic control of its characteristics revealed its
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operation to be stable. The equipment for subsystem R was obtained and installed at its working
place in 1992 and tested with real signals. In 1993 improvement of the software was performed for
reducing the time delays in the formation of signals for resetting the emergency safety control
system. At present the parameters of the system correspond to the technical assignment . The
measurement channels of subsystem R are to be tested, when the new moving refl ector is put in
operation in 1994. As to subsystem Ü, development work and the construction of equipment was to
be completed in 1993. Adj ustment work should be completed in 1994. Òî à significant degree all the
necessary work was delayed by insuf5cient financial support .

The cr yogeni c moderator. In 1992 work was completed on the construction of à cryogenic
moderator (CM ) based on solid methane. À detailed description of the design was presented in the
report for 1991. The moderator was established at its regular place near the core, transport
operations for its installation and removal from the active zone were worked out, and the control and
diagnostics systems were assembled and adj usted. Complex technological tests of the CM , involving
cooling the methane down to 12 Ê , were carried out in October 1992. À ÑÌ test program was
worked out for the reactor in operation, the safety of these tests was substantiated for certain
restrictions (for powers not exceeding 5 MW hour).

30.10.92-5.11.92 the ÑÌ was put in physical operation while the IBR-2 was operating at à
power up to 1 MW. M easurements of the thermal and neutron-physical parameters were performed.
The following results were obtained at 1 MW: temperature of solid methane was 20 Ê ; power
consumed by the moderator was 490 W as compared with 300 W at zero power; the admissible rise
of reactor power cannot be greater than 0.3 MW/hour; and enhancement of the cold neutron fl ux
(Õ > 4 À) was by à factor of 4.2-5.2 as compared with the regular comb-like water moderator.

In Fig. 30 the variation of the moderator parameters is presented for cooling without power,
when the reactor is operating with power and when the moderator being heated. Fig. 31 presents
experimental spectra of neutrons from the comb-like and from the cryogenic moderators, and in Fig.
32 the respective gain factor for the ÑÌ is shown. On the whole, the assignment parameters of the
moderator were achieved.

Ãæ 31. Neutron speclra measured in Üåàò N 4 of IBR-2
reactor: ! - comblike moderator, 2 - cryogeni c moderator.
The ê-axis - Ë(À), the y-axis represents é å count i nlensi l i es è
arbi trary uni tsf or each spectrutn.

5 0



Cold moder ator of the I BR-2 r eactor

S l



In 1993 work continued for mastering the
moderator. The main work was the investigation of
solid methane irradiated in conditions close to the
operating conditions of the cryogenic methane
moderator at à power of 2 M W over à prolonged
period of t ime. The purpose of the work was to
obtain the following quantitative characteristics: the
degree of swelling of methane exposed to radiation,
the rate of accumulation and disposal of radiolytic
hydrogen, and the reaction rates for radicals.

~

2 0

10

0
2

T he follow ing results w ere obtained w ith the
specially made UIU Qvf installat ion:

1. N o radiat ion sw elling of the methane in the 20-

60 Ê temperature interv al w as observ ed under

i rradiat ion during periods up to 4 days.
ì åÐå" àå" ~å à1 .g a' " f ~c to" G « th» 2 . A strong temperature dependence has been

ï åè î ï à~å åï ó ( ) : • - è åàëèãåò åï ×/ o b ser v ed f o r lo n et i c s o f t h e h y d r o g en y i e l d f r o m

sp ectr a wi th à semi conductor Si (Li ) detector i n
Üåàè Ì 4 wi th à f l i h t Üà å L = 18 è 0 - m et h an e . A t Ò > 5 0 Ê , h y d r o g en d i ff u si o n w as

measur ement on sma l l- ang ular Çñà„ åè ï ç insigmfi cm t . À , ò > 55 Ê the diff sion rate w m çî

diff ractometer SANS wi th carbon, L = 18 ò ; Ï - high, that w hen the methane w as submit ted to heat ing
current ~~~È~òë î ï chamber i n beam N 6, L = 5.5 for periods of about 10 min, the radiolyt ic hydrogen
m; Ü - measur emen ts on D N -2 diff r ac tometer wi th h ad t un e ~î 1åà÷ å é å m et h an e b e f o r e t h e m et h an e

zi r coni um di oxi de Zr O p, L = 25 è .

3. N o spontaneous fast recombinat ion react ion of radicals (RRR) w as observed in the condit ions
î Ãthe URA M experi ment . RRR w ere init iated in the ñàçå of suff iciently rapid heat ing of the cooling
helium by 3-5 Ê , if the preceding irradiat ion cont inued for at least 4 hours.

À ÑÌ test program for reactor pow ers up to 2 M W has been elaborated on the basis of data
analysis î é Üå physical startup and studies at the URAM installat ion. The results î Ãthe ÑÌ tests w ill

be used in choosing it s optimum operat ion modes. I mplementation of the program is scheduled for

the f irst half of 1994.

2 .2 . ÒÍ Å I B R -30 + L U E -40 B O O ST E R

In 1992-93 the IBR-30 pulsed fast booster, with its inj ector based on the LUE-40 linear
electron accelerator, was in regular operation for 20 cycles of total duration equal to 5030 hours,
which provided for implementation î Ãthe nuclear physics program on 6 neutron beams.

In the 1991 report, the development of à new tantalum target was announced. The purpose
î É Ûç proj ect was an enhancement of the e8iciency using photo-neutrons and the creation of à ò î ãå

uniform thermal fi eld about the target channel. To the latter end the target has been surrounded with
à tantalum screen. The target was installed at its regular place inside the active zone of the booster
and prepared for working tests in October 1992. During tests at nominal power the temperature of
the fuel elements around the target was two times lower than when the target was without à screen.
However, week-long tests of the target turned out to be unsuccessful, on the whole. The tantalum
target, cooled by liquid helium, start ed to disintegrate under the infl uence of the electron beam,
which resulted in pieces of tantalum j amming the target channel, in à drop of helium consumption
and in à corresponding increase in the target temperature. The tests were stopped. The target was
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replaced by the regular tungsten target, with which the 1992-93 campaign continued. À new target
has been improved taking into account the results of the tests; for instance, tungsten has been
substituted for tantalum, while the tantalum screen of the target has been retained.

At the end of 1992 control of IBR-30 installation became the responsibility of
Gosatomnadzor (State Atomic Supervision) of Russia. In connection Ì é the introduction of new
documentation regulating technical standards, much work was performed in 1993 to bring the
booster into accordance with the new requirements for çàÕå operation.

Financial support of IBR-30 is based on non-budgetary funds allocated to the scientific self-
supporting section "The IBR-30 reactor".

2 .3 . T H E S O U R C E O F R E S O N A N C E N E U T R O N ( I R E N )

The 1991 report announced the start î Ãwork on the design of à new high resolution neutron
source (the old ï à ï å of the proj ect was HRN S), which is to replace the source actually in service,
the IBR-30 booster. In the course of work on the proj ect in 1992 it became clear that it was possible

to create à relatively cheap pulsed source of resonance neutrons with parameters at à world level in
its class. In M arch 1993 the JINR Plenipotentiaries, upon completion of à large preparatory work for
choosing the most promising source, made the decision to create à new pulsed source of resonance
neutrons (IREN) at FLNP.

The rated parameters were defi ned for the two main systems of the installation: for the
electron accelerator and the multiplying target . The principal part of the installation is the powerful
linear electron accelerator LUE-200. The parameters of the IREN setup and of the LUE-100
accelerator are presented in Table 6, while the location of IREN in the building where the IBR-30 is
situated, is shown in Fig. 33.

Tab l e 6

R ated par ameter s of the I REN instal lat ion

~ Electron energy, Ì å×
I Peak current. À

200

1.5

150

0.2

10

0.4

30

540
1,5 10 ' '

2,7 10»

5.6

28

0.0 1

2.5

i Pulse freauencv Hz

Pulse duration, mes
Average power of electron beam, kW

l Duration of neutron oulse. mes
~ Average fi ssion power, kW
~ Peak fi ssion power MW
) Average fl ux n/s
Peak fl ux, n/s
The background in between pulses, %

I M ultiolication
I À÷åãààå lifetime î Ãoromot neutrons mes
~ Volume î Ãactive zone, dm~

Comment: The neutron yield is calculated for å-ó-n-convert er ò àáå from stainless steel,
uranium-235 and uranium-235 mononitride, and for an active zone of plutonium.
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Ë ä, ÇÇ. Layout of l REN i nstal lati on è bui lding 43 of Ë Nß FLlVP (ver ti cal secti on) .

In 1992 an agreement was concluded for designing and constructing the LUE-200 at the

Institute of Nuclear Physics of the RA S Siberian Branch (Novosibirsk) . For two years the INP
carried out à large volume of work in creating the working design of the electron accelerator.
International expertise of the design was carried out . In connect ion with the close completion of the
design work à detailed division of responsibilit ies for constructing the linac was performed between
INP and JINR: about 20% of high technology norm-hours are to be consumed in N ovosibirsk and
the rest in Dubna. Preparation is under way for signing à fi nancial Agreement for implementing the
work in INP.

Close collaboration has been established with Stanford University (USA) concerning the
issues of the linac construction. For the IREN proj ect the most modern and most powerful clystrons
in the world, constructed at Stanford, will be used as sources of SHF power. À corresponding
agreement has been prepared and signed between the Department of Energy (USDOE) and JINR.
Permission has been obtained and à program has been worked out concerning the supply and
transport î é Üå clystrons and the equipment for them. The fi rst clystron and its equipment have been
paid by JINR and will be delivered to FLNP in the summer of 1994.

~



À new scientific experimental department was formed in FLNP, and its task is realization of
the IREN proj ect . In order to reduce the design and construction time and realization expenses à
cooperation has been established between FLNP and some other JINR laboratories. The linac
focusing system and the channel for transport ing the beam to the target are under development at the
L aboratory of Nuclear Problems. Í åãå, also, the general layout of the linac in the appropriate
building is being worked on. The electron source is being designed together with staff members of
the Laboratory of High Energies and the L aboratory of Nuclear Problems. At present à version of
the vert ical arrangement of the electron source and of the high-voltage supply for it has been
completed. Work is under way in the new department on modulators for the American clystrons. At
the same time the department has begun working on design and experimental work for à choice for
elements of the linac beam diagnostics system.

An agreement has been concluded with NIKIET (M oscow) for preparation of the technical
design for the target complex of the IREN installation. The proj ect involves development of the
active zone with plutonium fuel elements such as the elements for IBR-ÇÎ , of an electron-neutron

converter, of cooling systems, of an emergency safety system, of à biological safety system, and of
neutron refl ectors and moderators. The layout of the multiplying target together with the tungsten
refl ector (à tungsten-nickel-iron alloy) and water neutron moderator is shown in Fig. 34.

~ ä ~ ç å Ø Ð . p a r g e t 4.~è~ ~'"~ 34.

The active zone î é ëå target consists of 108 fuel elements 16 cm high. The amount of loaded
plutonium is 17.6 kg for à neutron multiplication coef5cient equal to 0.98. Utilization of plutonium,
instead of uranium, as planned for the first version of the target, will permit à twofold enhancement
î Ãthe neutron fi ux at the surface î Ãthe moderator. The spectrum î Ãneutron leakage is presented in
Fig. 35.

Practically all 10 kW of the electron beam power are released in the form of heat in the heavy
material of the converter inside à volume of the order of magnitude of 1 ñï Ð. À beryllium beam
scatterer is to be utilized in order to reduce the energy release density. The role of the scatterer is
clearly demonstrated in Fig. 36, in which à comparison is made of electron-phonon showers, when à
beryllium scatterer 10 cm high is present and when it is absent; 25 histories were simulated for
electrons of init ial energy equal to 150 Ì å× . The radial distribution of released power is shown in
Fig. 37.
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An agreement has been concluded with PKNTs "Reconstruction" for à computational

technical substantiation of the multiplying target. However, owing to à delay of the preliminary
payment Úó JINR, provided for in the agreement, implementation of the agreement has been delayed
by half à year. This has shifted the performance of work in NIK IET . Àë agreement has been
concluded with GSPI (Moscow) for preparation of the working design of IREN, that is to include
disassembly of the IBR-30 booster and appropriate accommodation of the parts of the new electron
accelerator and of the neutron multiplying target . At present all design work is being carried out in

close collaboration with FLNP.

Besides creation of the IREN installation itself in 1994-96, plans are to reconstruct the
experimental base for studies in neutron nuclear physics. This will not only make possible the
utilization of à first-class neutron source, but also, to actually have à neutron factory providing the
broadest experimental facilities possible for specialists from JINR member states and from î áæåã

countries.
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C E N T R A L P R O C E S S O R C O M P U T E R S

1992 was the last year when the complex of three computers (PDP- 11/70 and two
micro × ÀÕ-I I computers), constituting the central FLNP processor, supported physical
measurements at the FLNP reactors. One of the microVAX -Ï computers was incorporated into the
Institute's common ETH ERNET network and was used for archiving experimental information. In

1993 the PDP 11/70 that was in service for 12 years, was put out of operation. In its place, 6ve
SPARCstation-2 and two SPARCserver-2 computers were put in operation. Both microVAX -I I
computers were combined in à cluster with common disk space of about 1 Gbyte. On the whole, this
made possible an essential enhancement of the computational facilit ies of the laboratory and
development of à new archiving and experimental data processing system.

C O M P U T E R N E T W O R K S

Work performed in 1992-93 for development of the infrastructure of à local ETHERNET
computational network and renewal of the stock of computers resulted in creation in the laboratory
of à computational complex distributed according to territory (Fig. 38).

From à structural point of v~åw, the laboratory network is à segment of the common network
î Ãthe Institute, as one of its segments. This allows laboratory users to have access to the networks
of diff erent countries. It gives them the following possibilities: å-mail, Remote Job Entry, File

Transfer, ÒÑÐ/IP Ð service, etc.

Inside the laboratory, the network consists of à series of segments located in the buildings of
the IBR-2 reactor and in the laboratory buildings. These buildings are connected with the FLNP
measurement-and-computation centre (Building N 119) by LV S optical cables. On the whole,
besides the computers indicated above, the network combines over 100 personal computers and
computers pertaining to physical installations.

M E A S U R E M E N T S Y S T E M S O F P H Y S I C A L S E T U P S

In 1992-93 work was under way to create the hardware and software for the measurement
systems of physical setups at the IBR-2 and IBR-30 reactors, and, moreover, in the VME standard.
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In 1992, in collaboration with specialists &om the Technical Centre (Finland) and PINP
(Gatchina), work was completed on the measurement module of the new powder di8 ractometer
HRFD on beam N 5 of the IBR-2 reactor, and it was put in operation. The electronics of the
multichannel L i-detector of the diff ractometer were improved. Electronics were ï à äå for the 90'

detector. Successful tests were carried out of the prototype of the RTOF correlator based on digital
signal processors. The software for the accumulation system in the BITBU S standard was developed
and put into service. The software for including à PC-controHed re&igerator in the FDVR system

was updated.

The measurement module of the DN-12 dif5 actometer was created and put in operation. The
fi rst measurements with the measurement module, in the VM E standard, were carried out at the
N SVR installation. À multidimensional Ì Ì Ì (moving measurement module) system has been made
and put in operation. The fi rst line of the data acquisition system for the UGRA setup has been
completed. The physical installations NERA-PR and KD SOG have been modernized and their

equipment updated.

E L E C T R O N I C K Q U I P M K N T

New electronic blocks have been developed and constructed in the VM E and CAMAß
standards: à ÑÀÌ Àß-VME interface based on the ÊÊ 009 controller-crate and the software for the
crate; à 2 Mb (24; 16) incremental memory block in the VME standard; à 5 kV high-voltage supply

in the ÑÀÌ Àß standard; and à coding block for t ime spectra with 16 detector inputs in the ÑÀÌ Àß
standard.
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4 .2 . U S E R P O L I C Y

At present, the experimental installations for condensed matter investigations and neutron
nuclear physics are e8ectively èçåé on all beams î é Üå IBR-2 reactor and the IBR-30 booster, which
form the FLNP base facilities. The number of performed experiments, including those carried out at
the requests of the outside users, has grown considerably.

À new scheme of managing the experimental investigations proposed by the laboratory's own

and outside users has been worked out . I t demands that :

• T h e h ead of th e Con d en sed M a t ter D ep a r t m en t è ap p oi n ted th e on e r esp o n si b le

f or ca r ry i ng ou t t h e exp er i m en t s (a ny a cti vi t ies u si ng n eu t r on s) a t à ä å I B R -2 b ea m s.

• T h e n ex t cy cl e sch ed u l e è d r a w n èð b ased on t h e "A p p l i ca t io n f or a n E xp er i m en t "

f or t h e l a bor a t ory 'ç ow n sci en t i sts a n d th e "A p p l i ca t i o n f or B ea m T i m e" f or t h e ou tsi d e

u ser s.

• ÒËå ap p l i ca t i on s f or exp er i m en ts a r e su b m i t ted to t h e h ead of th e sect or bef or e
d r a w i ng èð th e I B R -2 sch ed u l e, con std er ed by th e cor r esp ond i ng u ser s' sp eci a l i zed

com m i t t ee, a nd ad op t ed by t h e F L N P d ep u ty d i r ector or by t h e h ead of t h e Con d en sed

M a t ter D ep a r tm en t .

• T h e I B R -2 bea m sch ed u l es a r e d r a w n èð by t h e h ead of t h e Co n d en sed M a t t er

f or m on i t or i ng t h e r ad i a ti o n level , a n d ad op ted by th e d i r ect or or th e d ep u ty d i r ector

f or con d en sed m a t ter p hy si cs.
• O n p er f or m i ng a n exp er i m en t, one fi l l s ou t t h e "E xp eri m en ta l R ep or t " f or m , w h i ch

è t h en su b m i t t ed ~o t h e h ead î ~ Æ å sector .

• F or r ea l u i ng t h e p r oced ur e of d i st r i b u t i ng t h e r esou r ces a n d t i m e r eq u i r ed f or
p er for m i n g exp er i m en ts a t th e I B R -2 sp ect r om eter s, user s' com m i t t ees h a ve been set èð

sca t t er i ng , n eu t r on op ti cs, a n d n u cl ea r p hy si cs. A lso, t h e com m i t tee f or Üåà òï

exp er i m en ts of app l i ed or com m er ci a l ch a r a cter h as been set èð . T h ese com m i t t ees

con si d er ap p l i ca t i o n s f or exp er i m en ts.

E ach î é ëå speci al ized com m it t ees i s co m pr i sed o f :

+ th e F L NP dep u ty di r ec tor f î r speci a li za ti on ,

+ head of é å C on den sed M a t ter D ep ar tm en t or the N ucl ear P hy si cs D ep ar tm en t,

+ head of th e cor r esp ondi ng sec tor ,

+ Áåà à î~ é å g r oup of p hy si ci sts a t th e sp ec tr om eter .

T he co m m i t t ee on t he ap pl ied w or k s i s com pr i sed o f :

+ th e F L N P dep u ty di r ector of é å app li ed õ î òÜ ,
+ th e F L N P chi ef ångt'n åår ,

+ hea d of th e H ea vy l ons P hy si cs D ep ar tm en t,

+ head of the C on d en sed Ì à t tår D ep ar tm en t,

+ hea d of the N eutr on A c ti va ti on A na ly si s and ß àé ~à0 î ï I nvesti g a ti ons.
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The temporary staff of the users' committees has been formed.

Small-àï à1å scatter ingD i f f r act i on

1. I . Natkaniec1. I . N atkaniec

2. À .Ì . Balagurov2. À .Ì . B alagurov

3. I .Ì Serdvuk3. À .1. Beskrovnvi

4. Ì .À . K iselev4 . × .W . N ietz

5. J. Heini~

N eut r on ont icsI n el ast i c scat t er ing

1. Natkaniec 1. 1. N atkaniec

2. À .Ì . Âà1ààèãî ÷2. À .Ì . B alaaurov

3. D .À . Ê î ãï å÷å÷3. À Õ è. M uzvchka

4. L .Ð. Chernenko4. À .V . Puchkov

Applied investigations

1. Óè.P. Pooov

Nuclear ohysics invest igat ions

1. Óè.Ð. Pooov

2. 1. Natkaniec 2. V .D . Ananvev

3. × .I . Lushchikov3. W.1. Furman

4. À .Ì . B alam rov

5. × .Ì . N azarov

In addition to the brief information on the FLNP spectrometers, which is given in Section 2.1
(Tables 1 and 2), their ò î ãå detailed characteristics are presented in the "User Guide (Neutron
Experimental Facilities at JINR)", issued by FLNP, Dubna, 1992.
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4 .3 . S E M I N A R S

T it leDate A uthor s

23 .0 1.92 V .0 .Nì (åãåï Êî

(BL TP JINR)

Metal clusters as à new f ield f or
appli cati on of ideas and methods of
nuclear physics

Tests of Time Reversal Invari ance wi th
Polari zed Neutrons and Ori ented Targets

26.03.92 Pr of. Ñ.Ê.Ñî âÛ
(TUNL and NSCU, USA)

Chai n reacti on of nucIear synthesi s23.04.92 G .Õ .Õ0ãø , Å Ë) Õ î ãî Ü1î ÷

(FL N R JI N R)

Spin Polari zed Ì åèðà î ë Refl ection Studi es
of Ì àöèåéñ È é à-Thin F ilm Structures

14 .05 .92 À .Â 1àï ä

(C am br i dge U niv ., E ngl and)

Goals and problems of marketing in
condi ti ons of transi tion of sci entif ic
i nsti tuti ons to the market

2 1.05 .92 À .Ý .Óåâóï 0 ï

(Commi ttee for foreign trade

rel ati ons of Russia)

9.06.92 Prof. Í .Ê.% åï ê
(Univ. of ÑàÈ ., Berkeley,

USA)

Áî ò å Geologtcài Appli cations of Texture
Analysis

Strong current accelerator-reci rculator
RI U-100 as inj ector of electrons f or

general purpose multiplying target

25.06.92 Óþ.Õ.À 1åõàê1ï ï ,

À .Óè.Ì î 1î ä î õÜî ï é å÷

(L SHE JINR),

Ó.ÜË î ï ï äêå

(FL NP JINR)

Inelasti c Neutron Scatteri ng in Latti ce
Dynamics

13 .08.92 Â Dorner
gLL, France)

Inelasti c Neutron Scattering Studi es of the
Quantum Sine-Gordon Breather i n 4-
Methyl-Pyridi ne

10 .09 .92 F .È 11à t~õ

(L ab or ato i r e d e

Sp ec tr o c h i m i e I n f r ar o u g e e t

R am an , C N R S , F r an ce)
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Issues of quantum mechanics (conf erence
i n Trani , Italy)

17 .12 .92 Ó.Ê Àðï à(î è ñÜ

(FL NP JIN R)

24 .12 .92 Â .Õ .Õàê ï àã!å÷

(B L T P JI N R)

1. Exoti cs of the moti on of waves along
gri ds of channels.
2. Discrete and continuous quantum
mechani cs

How to Implement the RTOF Method f or
Inelasti c Scatteri ng Studi es î è Single

Cryst al s

14 .0 1.93 Ð.H i ism ak i

(V T T , E spoo, F in l and)

4 .02 .1993 Óè.À .By k ovsk y , À .S. T sy b in

(M I PE , M oscow )

Laser neutron generator

Quantum sect s i n the case of f àst
modulati on of the neutron wave

11.02 .93 À Ë .Ã ãà ï Ê

(F L N P JI N R ) ,

V .G .Õ î çî ÷

( R N C K I , M o sc o w )

LANSCE-2: Proj ect of 1 MW Pulsed

SpaIlati on Neutron Source
25.02.93 ÁÕãàï Û å

(LANL , Los Alamos, USA)

Observati on of the yi eld î~ ðãî éèñ1ç of
nuclear D -D-synthesi s (neutrons and
tri ti um) f rom deuteri um-contai ni ng

f er roeIectri cs è transi ti on through the
Ñèï 'å poi nt

4 .03.93 Â .ÓËÇåãóàð ï , À .Ñ .Ü ~ðçî ï ,

Â Ã.ÜóàÊï î ÷

(Ê À $ I nsti tute of Phy sical

C hem i stry , M oscow )

Investigation of the behavior of solid
methane (20-á0 Ê) i rradiated at the
IBR-2 reactor (URAM experiments)

20.05.93 Óå.Ð.ßÜàÜàÈï
(FLNP JINR)

Industrial Appli cati on of Neutron
Dig raction

2 1.09 .93 Ò.Ì .Holden
(Chalk River, Ontario,

Canada)
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4 .4 . C O N F E R E N C E S a n d M E E T I N G S

19 92

usi ng neutr ons (17-20 Ì àó 1992, Ð èÜèà)

At the seminar methods were considered for studying the structure and dynamics of
membranes and molecules composing amphiphyls with the aid of neutron and y-ray scattering. I ssues
were discussed of further improvement of experimental installations for studying these obj ects at
IBR-2. Original works were heard on studies of biological and lipid membranes and of lipid

monolayers.

(1-4 Sep tember 1992, D ubna)

At the seminar discussions were held of the latest achievements of scientifi c and
methodological nature in investigations of the structure of condensed matter w ith the aid of
diff raction and small-angular scattering of slow neutrons. The main goal of the seminar was to draw
the attention of specialists to the possibilities opening up of diff raction investigations at à
qualitatively new level and to hold discussions of the program of studies with the high-resolution
Fourier diffractometer (HRFD). At the seminar, also, information was presented on the course of
work on the construction of à new cold moderator at IBR-2, which will extend signifi cantly, when
put in operation, the possibilities of studying the structure of matter with the aid of small-angle

scattering. The seminar was held in commemoration of Yu.Ì .Ostanevich.

3. I nternati onal workshop on the app li cati on î / acti vati on analy si s i n the
p rotecti on of thå envi r onment (15-18 September 1992, D ubna)

The workshop was held for determining the place and role of neutron activation analysis in
solving the problem of environment monitoring. I ssues were considered that were related to
requirements î Ãanalytic quality control of environmental obj ects when relative and absolute methods
of analysis are applied.

1993

Æåèé î ë Reacti ons (M ay 4- 7, 1993, Ý èÜëà)

International Workshop was organized by JINR and sponsored by Triangle Universities
Nuclear L aboratory (TUNL and L os Alamos N ational Laboratory (L ANL) .

The workshop focused on the study of parity violation and time reversal invariance in
neutron physics. Emphasis was placed on measurements with polarized neutron beams and polarized
targets as well as on the implication of recent theoretical developments for future progress in this
intensively developing field of research. À special session on experimental possibilit ies and new
directions of research at the new Dubna intense resonance neutron pulsed source, IREN, took place
for two last days î Ãthe workshop. The aim î Ãthe workshop was to discuss the results î Ã theoretical
and experimental investigations obtained since the 1st Workshop at Chapel Hill, U SA, in 1987. Over
100 participants came to Dubna. In addition to scientists from Russia (30 participants) and JINR (39
participants) there were physicists from U SA (13 participants), Germany (5 participants), Japan (3
participants), I srael (2 participants), as well as scientists from Australia, Belarus, Belgium, Canada,
Poland, the Netherlands, South Africa and the Ukraine.
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2. 3r d I n ter n ati on al Conf er en ce on Su rf ace Õ -Ê àó an d N eu tr on Scatter i ng

(ß Õ Ò -3) (J u n e 24-29, 1993, D u bna)

This conference w as organized by FLN P and sponsored by the Commission of European

Communit ies.

A ttending the Conference w ere 120 scient ists from B ulgar ia, U K , Germany, D enmark, the
N etherlands, Poland, Russia, U SA , the U kraine and France. T he main topics of the Conference w ere
invest igat ions of physical and chemical propert ies of thin f ilms and mult ilayer st ructures,
semiconductors, polymers and biological materials. These invest igat ions had been carr ied out at the
IBR-2 reactor by the method of polarized neutron ref lect ion for several years.

3. I n ter n ati on al Semi n ar on Sup erp r otoni c Con du ctor s (?ÁÈÐ Ñ)
(Sep tem ber 7- 11, 1993, D ubn a)

Part icipants of the Seminar w ere physicists from the JINR, U SA , U K , Germany, I taly,
Poland, Russia, CI S members, Sw eden and Y ugoslav ia. About 10 year s ago, à new class of crystals
w as discovered at the Inst itute of Crystallography, Russian A cademy of Sciences. À specific feature
of these crystals is intrinsic superproton conduct ion, i .å., it is not caused by defects or impurit ies.
Studying this type of cry stal involves the most import ant fields of condensed matter physics: the
physics of ferr oelect ri c, ferroelastic and related phenomena, physics of st ructural phase transit ions,
superi on state physics, hydrogen bond physics, etc. These issues w ere the subj ect of discussions at

the seminar .

4. È Tri l ater al Ger m an - R ussi an - Ul rr a in i an Semi n ar on H i g h - Temp er atu r e

Sup er con du cti vi ty (Sep t em ber 14- 18 1993, D u bn a)

À w ide scient ific program of the Seminar embraced the issues of the theory of high
temperature superconduct ivity, product ion of new materials, applicat ion of superconduct ing
materials, grow th mechani sms î Û 1ò ç and crystals, application of nuclear physics methods to H T SC
investigat ions, etc. M ore than 50 invited and 80 poster report s w ere cont ributed. T he Seminar w as
attended by many w ell-known scientists, representat ives of the A cademy of Sciences, M inistry of

A tomic Pow er and M inist ry of Science of the Russian Federation as w ell as representatives of the
Federal M inist ry î ÃÊ åçåàãñÜ and T echnology of Germany.

PL A N S F O R 1994

1. International Seminar "Neutron Spectroscopy, Nuclear Structure, Applications",

Dubna, 26-28 Apri l .

2. International Seminar "Present and Future of the IBR-2 High-Flux Pulsed
Reactor", Dubna, 14- 16 June.

3. 30th Russian Conference on Low Temperature Physics, Dubna, 6-9 September.

4. International Seminar "Neutron Scattering at High Pressures", Dubna, 4-8 October.
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4 .5 . L I ST O F V I SI T O R S F R O M N O N -M E M B E R ST A T E S

O F ÒÍ Å J I N R I N 1992- 1993

D ates of visitÎ ãäàï è àÈ î ï

I L L , G r e n o b l e

3 ' î è é Ë å ï ( . L t d . , L o n d o n

U n i v . L e t ð z ö g

U n i v . G o t t i n g e n

U n i v . L e i p z i g

T U L e i p z i g

N o r t h C a r o l i n a U n i v .

N o r t h C a r o l i n a U n i v .

L A N L , L o s A l a m o s

I L L , G r e n o b l e

C a m b r i d g e U n i v .

F Z R o s s e n d o r f

F Z R o s s e n d o r f

U n i v . C h e m n i t z

U n i v . C h e m n i t z

O x f o r d . U n i v .

H a h n - M e i t n e r I n s t . , B e r l i n

U n i v . o f Ñ à È . , B e r k e l e y

T R C F , E s p o o

T U L e i p z i g

I z f P , S a a r b r u c k e n

I z f P , S a a r b r u c k e n

I z f P , S a a r b r u c k e n

T U L e i p z i g

M a x - P l a n c k I n s t . , M u n i c h

Ì à õ - P l a n c k I n s t . , M u n i c h

T U L e i p z i g

T R C F , E s p o o

I L L , G r e n o b l e

U n i v . E r l a n g e n - N u r e n b e r g

I z f P , D r e s d e n

T R C F , E s p o o

C R N S , S a c l a y

À Æ å ç . C e n t r e

A t . R e s . C e n t r e

K y o t o U n i v .

C a i r o U n i v .

F Z R o s s e n d o r f C o u n t r y F r a n c e U K F R G 1 F R G F R G F R G U S A U S A U S A F r a n c e U K F R G F R G F R G F R G U K F R G U S A F i n l a n d F R G F R G F R G F R G F R G F R G F R G F R G F i n l a n d F r a n c e F R G F R G F i n l a n d F r a n c e I n d i a I n d i a J a p a n E g y P t F R GName

11.01-28.01
26.01-28.01
0.02-03.03
17.02-02.03
17.02-27.02
12.03-28.03
13.03-21.03
24.03-29.03
07.04-20.04
14.04-19.05
08.05- 19.05
11.05-12.06
11.05-23.05
18.05-26.06
18.05-26.06
01.06-08.06
03.06-09.06
05.06-09.06
08.06-14.06
11.06- 14.06
11.06-14.06
11.06- 14.06
11.06-14.06
11.06-14.06
11.06- 13.06
11.06-14.06
15.06-20.06
24.06-27.07
11.08-12.09
28.08-20.09
31.08-18.09
31.08-05.09
09.09-12.09
17.09- 17.09
17.09-17.09
28.09-03. 10
01.10-05.10
09.11-20.11

Í Ç.L auter

À .Shak i l
Ò.Í .Gneupel -H erold

Ê ËË1åø å1åã

D L eððtn

W .B irkholz

N .D .Gl en

Ñ.R .Gould
S.J.Seestrom-M orr i s

Í .J.L auter

J.À . B l and

Ê Ë×à1é åã

F.Prok ert

W .H inz

R Joedtñ1ñå

Â .Ò.Ì .W i l l i s

J.Gl adk ik h

Í .R.W ånk

À .Ò. T i i tta

W .B irk holz

Í .B aumbach

Ì .K roening

G.D obman

G.Operschal l

Ì .Í .N eum ann

Ò.Herm ann

À .Goer td

P.Å.H i i sm aki

Â .Ì .Ì .D orner

Â Ëï ï åã

ÕßñÜãå1Üåã

À .Ò. T i i tta

F.Fi l l aux

À .Sek veir

Í .Radj hopa

Ì .Î ï î

R .Ì .À .M aayouf

Ì .B etzl
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$ .J .K af al a

Í .S i em e n s

Å .Ì åä åãä å Û àó

Í . L a u t er

U .Í î ð ð å

À .Ê .K o l l m ar

F .St al l m ac h

W .W .B o ed e

J .P eê y

Ü .Â .Jo h an n e s

S .Ñ .F r an k l e

Ñ .Ì .F r an k l e

W .B i r k h o l z

Ò .St r e i l

À .R .K o l l m ar

J .A l k em p er

Ê .W a l t h er

Í Ç .Ñ Ë . àè (åã

Î .K l o se

À Æ 1|ð

12.11-03.12
15.11-28.11
15.11-28.11
21.11-29.12
03.12-19.12
07.12-15.12
07.12-18.12
25.01-05.02
27.01-30.01
10.02- 15.04
14.02-28.02
14.02-28.02
23.02-01.03
23.02-01.03
26.02-12.03
10.03-20.03
11.03-26.03
13.03-01.05
23.03-30.03
03.04-14.04

13.04-23.04
08.05- 10.05
11.05-26.06
13.05-27.06
15.05-26.06
16.05-21.05
16.05-20.05
03.06-05.06
12.06-20.06
20.06-27.06
20.06-27.06

I m p e r i a l C o l l . , A s c o t

Ò Í , A a c h e n

Ò Í , A a c h e n

I L L , G r e n o b l e

U n i v , R o s t o c k

F Z J u l i c h

U n i v . L e l p z l g

F Z R o s s e n d o r f

Ü Ü Â , S a c l a y

U n i v . G o t t i n g e n

L A N L , L o s A l a m o s

L A N L , L o s A l a m o s

T U L el pzl g

T U L e i p z i g

F Z J u l i c h

Ò Í D a r m s t a d t

F Z R o s s e n d o r f

I L L , G r e n o b l e

U n i v . L e i p z i g

C e n t r e d ' E t u d e s N u c l e a i r e ,

C a d a r a c h e

U n i v . B a y r e u t h

U n i v . o f W a s h i n g t o n

Å Å R o s s e n d o r f

I z f K , S a a r b r u c k e n

M i n e r a l o g i e I n - t , A a c h e n

I C T P , T r i e s t e

E S P O O , H e l s i n k i

U n i v . o f I l l i n o i s

R A L , C h i l t o n

U n i v . G o t t i n g e n

G e o l . D y n a m . L y t . I n s t . ,

G o t t i n g e n

I L L , G r e n o b l e

C R S L , N e w J e r s e y

D e c o r D e s i g n . I n c .

D e c o r D e s i g n . I n c .

Å 7 . R o s s e n d o r f

Ï . Â , S a c l a y

H a r t C r o w s e r I n c .

H a r t C r o w s e r I n c .

S I E M E N S , E r l a n g e n

S I E M E N S , E r l a n g e n

T U C l a u s t h a l

À Å À , C a i r o U K F R G F R G F r a n c e F R G F R G F R G F R G F r a n c e F R G U S A U S A F R G F R G F R G F R G F R G F r a n c e F R G F r a n c e F R G U S A F R G F R G F R G I t a l y F i n l a n d U S A U K F R G F R G

Ì .À .Gradziclsk i

R.Obcrg

Ê .W althcr

Ì .Hcmpcl

Å.Å.N iederschlag

Ð.N ozar

À .Ò. T i i tta

À .N athan
Â .Í . T ictze- Jacnsch

Î .Í Ë. î ãåï ã

L .J.Bcrnd

France
USA
USA
USA
FRG
France
USA
USA
FRG
FRG
FRG
Å~óð~

20.06-15.07
21.06-24.06
24.06-26.06
24.06-26.06
28.06- 17.07
29.06-09.09
3.07-07.07
03.07-07.07
05.07-08.07
05.07-08.07
18.07-31.07
20.07- 17.12

Í .J .Ñ . L a u t e r

S . Ê . S i n h a

R .W e d e l

Ò . S t a u t

W . V o i t u s

Ì . Ì à û à

Û .H u e n t e l m a n n

À . K e - L i S h e n

Ê . Ð .M i c h e l

Í . O p e r s c h a l l

Ê .H e l m i n g

Ì .À . A l i



U SA

N or w ay

Sw eden

C anada

B elg i um

FR G

FR G

Eg y p t

F R G

U SA

FR G

A u st r al i a

N ether l and s

N ether l and s

FR G

F R G

FR G

FR G

Fr ance

Fr ance

F R G

U SA

F R G

N or w ay

U K

U K

U SA

A u str i a

26.07-29.07
09.08-19.08
29.08-06.09
20.09-23.09
21.09-27.09
30.09- 14.10
30.09-02.10
07.10-26.10
11.10- 14.11
17.10-19.10
21.10-10.11
27.10-28.10
02.11-02.11
02.11-02.11
06.11-27.11
06.11-27.11
17.11-26.11
19.11-25.11
05.12-15.12
06.12-28.12
06.12-17.12
07.12-09.12
08.12-15.12
09.12-14.12
09.12- 15.12
09.12-15.12
18.12-19.12
30.12-30.01

SL A C, Stanford

Trondheim U ni v .

M SL , Stock holm

Chalk River . ÜàÜ.

I RM M

I zfP, Dresden

T U D arm stadt

A EA , Ñà ãî

I zf P, Saarbrucken

Decor Des. I nc.

U ni v . Gotti ngen

U ni v . of W est. A ustr .

Delft U niv .

Delft U niv .

FZ Rossendor f
M ineralogie I n-t , A achen

GK SS, Geesthacht

U niv . L eipzig

ESRF, Grenoble

I L L , Grenoble

T U Cl austhal

Decor Des. I nc.

I zf P, Dresden

Trondheim Univ .

RA L , Chi l ton

RA L , Chi l ton

D ecor .D es. I nc.

J.K epler Univ .

Î .À Ë . î å è

Å .S t e i n n e s

Z h u B i n

Ò .Ì .H o l d e n

F .- J .H am b sc h

J .Í .S c h r ei b er

J .- P . T h eo b al d

R .Ì .À .M aay o u f

Å .W .P r i d o e h l

Ò .S t au t

R .K r u se

J .R .Å .H e st er

V .Í Ë ÞãÜàï ï ç

À .Â .S t er k

Ê .W al t h er

Å .Å .Ì åä åë ñ Û àä

J .K eu t er
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Í .J .L au t er

Ê .H e l m i n g

Ò .St au t

J . Í .S c h r e i b er

Å .St e i n n e s

R .Ê .H ee n an

Ñ .J .C l i n c h

Ò .St au t

Ì .R u d al i c s
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4 .6 . Ò Í Å C E N T R E O F E D U C A T I O N A N D S C I E N C E

T he C entre o f E ducati on and Sci ence (C E S) af f i l i ated w i th the Jo i n t I n st i t u te f or N uc l ear

R esearch an d based on t he depar tm ent s o f the M o scow State U ni v er si t y and o f the M o scow

Phy si cs T echn ic s I n st i t u te adm i t s, f or conti nuat i on of st udi es, under gr ad uate st uden t s o f the l ast

tw o y ears o f st ud y at h i g her ed ucati on i n st i tu ti ons w ho hav e at tended i nt rod uctor y spec i al ized

co ur ses o f l ec tur es i n t he f ol l o w i ng top i c s: p ar t i c le p hy si cs, n ucl ear p h y si cs, i n v est i gati o n o f

co ndensed m att er at nuc l ear reactor s and accel er ator s, r adi at i on b i o l o gy . T he seco nd and th i r d

spec i al i zat io ns are q ui te i n l i ne w i th r esearch per f or m ed at FL N P, w h ich has at i t s di spo sal , f or

bo th secto r s, à g oo d ex per i m ent al b ase com pr i si ng p ul sed neutr on so ur ces - the I B R - 2 r eactor

and the I B R -30 boo ster .

The education courses and practical training for the students af f i liated with FLNP have
been organized, to à large extent, for preparing special ists in neutron physics both for the
Laboratory and for î ë åã Russian neutron centers. A s an example il lustrating thi s claim we
present the l ist of courses in the physics of condensed matter:

- theoreti cal methods i n condensed matter physi cs;
- methods of i nvestigati on of condensed matter at nuclear reactors and accelerators;
- the f undamentals of neutron physi cs and neutron sources;
- experimental physi cs and low-temperature techni ques;
- physi cs of high-temperature superconductors;
- the i nfl uence î~ òàé à1þ è on solid-state properti es;
- methods of experimental data processi ng.

À number of leading FLNP scientists take part in del ivering these courses. Each student
is al lowed access to the computer Laboratory network. For example, an obl igatory condition for
successful completion of the 4th year is the capabil ity of using modern personal computers.
Earl ier, students were included in the research groups led by their instructors which made it
possible for undergraduate students working on their theses, to take part in preparing or
performing experiments.

In 1993 the f irst group of nine students graduated from the Centre of Education and
Science in FLNP topics: seven in the physics of condensed matter and two in nuclear physics.
FLNP has concluded contracts for õî äó with three of the former students. The experience
accumulated during the relatively short functioning time of the CES reveals that à group of 8- 10
persons is j ust the optimum size.
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4 .7 . P E R S O N N E L

The personnel of the laboratory includes permanent and temporary staff members. The
latter are employed in accordance with contracts (temporary employment agreements). Until
1992 most of the staff members from the Commonwealth of Independent States (CIS) were
permanent members of the personnel . In 1992 the situation underwent à drastic change: most of
the staff members of the laboratory concluded contracts. The total number of personnel has
decreased noticeably: 492 on 31.12.93 against 580 in 1991. More detailed information related to
the end of 1992 is presented for various Departments in Table 9.

ÒàÚÛ 9

Dist r ibut ion î ÃPer sonnel for V ar ious Depar tments as of 31.12.93

Per manent per sonnel Cont r actsD epar tment

R . Ð . Å . S . R . Ð .

~

S .

1. Neutron Sources and
Nuclear Safety
Den artment

~~~~

39

~

2. Nuclear Physics
Department

~~

29

~~~~

2 1 16

~

3. Department of
Physics of Condensed
M atter

~~~~~~

4. Department of
Physical and Technical
Research and
Department of
Activation Analvsis

~

2 4

~

12 17

~

5. Department of
Radioelectronics and
Computation
Techniaues

~

13

~~

5 8 142á. Technical and
Administrative Services

T otal 25 51 22 78 146 170

T otal 98 (20 % ) 394 (80 % )

T otal 492 ( 100% )

Cgmmgng R .Ð. - Research personnel , E . - Engineer s, S. - Suppor t staf f .

~



Serious changes occurred during the past two years regarding the personnel from JINR
member states and other countri es (the so-called personnel of the Directorate). In 1992 the
number of specialists from the "old" member states decreased. CIS republics, including Russia,

joining the Joint Insti tute for Nuclear Research as members with full rights has led to the
appearance in the personnel of the Directorate of specialists from these countries, which has
resulted in its increasing in number in 1993 (ÒàÛå 10).

Tabk 10

Personnel of the D i r ector ate

on 3 1.12.9 1 on 3 1.12.92 on 3 1.12.93Countr y

~

~ parted from
J I N R

3

5

6

12

9

3

" Î Û " member states

Bulgaria
Chckhia, Slovakia
Korea
Hungary

8

15

1

8

~

M ongolia
Poland
Romania
Vietnam

" N ew " member states

Armenia
Russia
Ukraine

1

1 1

3

Ger many
USA

~~~

T otal 33 427 1
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4 .8 . F I N A N C E S

The serious changes in the economic situation of the host state, Russia, that occurred
during the past two years have infl uenced formation of the JINR budget, and consequently, that
of the Laboratory.

Starting from 1993 the budget is expressed in dollars. This circumstance, as well as the
high infl ation rate in Russia, makes it difficult to make à straightforward comparison of the
FLNP budgets of 1992 and 1993 (Tables 11 and 12) from the point of view of dynamics of
financial support of activities in the Laboratory. From an analysis of the structure of the budget
during the period covered by the report one may make the following conclusions:

1) the positive balance of the budget in these years testifies that the minimum financing
required for the laboratory was actually supplied;

2) à drastic drop occurred regarding the relative part of external investments from
national programs (6% in 1992, 3% in 1993) as compared with 1991, when they amounted to
33%. Under the conditions of strong infl ation, the actual introduced indexation of the grants of
these programs was insufficient;

3) the actual share of FLNP of the JINR budget was lower than the control figures
approved by the Committee of Plenipotentiaries: 13.3% against 21.7% in 1992, 14.7% against
16.75% in 1993.

Table 13 demonstrates in greater detail the disbursement of the "ðèãå" (the part allotted

for the JINR infrastructure has been subtracted) financial support coming from JINR in 1993.
The resources for supporting and developing scientific research (expenditures for: materials and
equipment for physical departments) àéåã the decline down to 16% in 1992 exceeded the 1991
level and comprised 33% of the total expenditure.

Table 11

FL NP budget ø 1992

I ncome Expendit ur e

ß Î Í Ã Ñ Þ t hous. ãÛ . thous. rbl.

106108.4

W her e to

1. Income from JINR 123313.9 1 Scientific research and
infrastructure.
Amount returned to JINR 17205.5

5411.5
6613.2

2. Scientifi c research and
infrastructure.
Amount returned to JINR 13 70 .7

2. External investments:
Program of high-

temperature
superconductivity
Other orograms ?4 8 6

T otal 130 175.7 T otal >30095.6

Sald o: + 50.1 th ous. ãÛ .

7 9



ò~û 12

FL NP budget ø 1993

Expendi tur eI ncome

thous. ãÛ .

~

thous. ãÛ .

~

Where to

1 Scientifi c research
and infrastructure

Amount returned to
JlNR

Source

1350557.1 1355.5153 7 .31. Income &om JINR 1514850.7

4 5 .5
4 22 73 .8

164293.6 181.8

3 5 .53 2950 .0 0 .63588 .9

2. Scienti6c research
and infrastructure

Amount returned to
JINR

2. External
investments:
Russian fund for
fundamental research

Program of high-

temperature
superconductivity

Other oromams

9 .083 75 .0

2 .624 09 .1

T otal 1 5 5 7 7 13 .4 1583.41558584.8 1584.4T otal

Sal do: + 87 1.4 thous. r b l . (0.9 K $)

Table 13

Expenditures for scienti fic research and FLNP infrastructure
from the income supplied by JINR ø 1993

t hous. ãÛ .

~

W her e to

1. Æåè ï î è so u r c es
1. 1. I B R -2

Salary

O t her ex penses
1.2 . IB R - 30

94.0
99.3

9 2 2 7 3 .3

1 0 5 3 4 8 .4

e x t r a - b u d g e t

fi n a n c i a l su p p o r t

369.2
465.6
336.3

369466.3
454080.7
329388.4

2. P h ðè ñà an d M ai n ten an ce D epar tm en ts

Salary
M aterials and equipment
Other expenses

1355.5T otal 1350557.1

ß Î
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The N ew Fourier D iff ractometer at the IBR-2 Reactor: Design and First Results

V.Î .Ì èòàãî ì

Estimation of Residual Stress in Rolled Iron Disks by Strain M easurements Using the High
Resolution Fourier D iff ractometer of Råàctî ã IBR-2
V L .Aksenov, À.M Balagurov, G.D.Bokuchava, ÕßñÜ å~Üåò, Óè. Ê Òàòàð

Atomic and M agnetic Structure of YBa (Cu, „' ~Ðå„), Î ~, „ Â èé åé by Neutron Diff raction on I sotope

Enriched 3amples
À.M Balagurov, F.Bouree, 1.ÁËóèÚèäï , I .M tråbåaè

Neutron Investigation î ÃÜà,Ñï 0 È and (Nd,Ñå),Ñu0 4 Single Crystals

Neutron È Êãàñ6î ï Study î é ëå M odulated Structure of Â~ã~ãã.4ç~ î .~ÑèãÎ ~ ã
À.I Beskrovnyi , J Ji rak, Ì Èå÷ò~1à, I .G.Shelkova

Neutron Structure Investigation of Single Crystals î Ãí å BaBiO, - KBiO~ System

Phase Transformations in M aterials Studied by TOF Neutron Thermo-Diff ractometry
À.M Balagurov, G.M Mi ronova

Òèï å-Resolved D iff raction and Small-Angle Neutron Scattering Study of Thermal Behavior of
YBazCu30 7 Compound over à Temperature Range 900- 1470 Ê
G.M Mi ronova

Òèï å-Resolved Neutron Diff raction Study of the Superconducting Phase Formation Process in the
Bi(Pb)-Sr-Ñà-Ñè-0 System
G Aldi ca, Î M Mi ronova, N C Popa, À.D.Stoi ca, Ì Î .Stoi ca

À Êåà1-Time Neutron D iff raction Study of Phase Transit ions in the Ti-D System after H igh-Pressure

Treatment

E.Î .Ponyatovsky

Peculiarit ies î Ë .î þ Temperature Phase in ÐÜÌ ö,,çÌ ç ,çÎ
À.M Balagurov, S.ÂÕ àÈèèé ~åö À.À.Naberezhnov, Â.N Savenko

M elting-Freea ng of the M etallic M ercury in the Porous Glass
S.Â òàÈþï è Áåö Óè.À.Kunzerov, À.À.Nabereznov, Â.È .Savenko

Thermal Diff use Scattering in ßã„Âà, „Ì çãÎ ~
F.Proker t, Â.N Savenko, À.M Balagurov

Study of Antiferromagnetic Ordering in HoFeO Induced by an External M agnetic Field
S.À.Bui ko, Ê.Krezhov, V. V Ni etz, G.Pasazhov, À.P.Si roti n
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The Phase Diagram of Hematite in an External M agnetic Field
V. Ê# åé

Di8raction Investigation of the Dynamic Hysteresis Following Spin-Flop Transit ion in Uniaxial

Antiferromagnetics in à Pulsed M agnetic Field
D.Georgi ev, Ê Ê# å~ã, À.P.Si roti n

Texture Investigations of Geological Samples at the N SHR Di8ractometer
Ê Æàêåò , È È 1àé î ÷, À.N Niki ti n, D.1Nikolayev, ÕË 1Èåò åóåã, J Heinitz

Neutron Diff raction at High Pressure with Diamond and Sapphire Anvils at the IBR-2 Reactor

À.M Âàéö èãî ì , Â.# Áàì åï éî , VÐ.Glazkov, VÀ.Somenkov

SmaIl-angle scat t er ing

SAN S Studies on H ydrat ing Cement Paste and SSN TD
F .H aussler , M H empel F .F tchhorn, À .H emp el, Í .Baumbach

SAN S-I nvest igat ion of the M icelle System C,4DM A O in Ð , Î at H igh H ydrostat ic Pressure

È . Gorski , J Kal us, À .1 K ukli n, L .S. Smi rnov

The Study of M icellar Solut ions of Ethoxylated D iisononylphenoi by Small -A ngle N eutron

Scattering
L .À .B ulavi n, V M .Garamus, Yu.Ì .Ostanevi ch

I nelast ic scatter ing

Structure of L iquid Helium-4 Excitation Spectrum

V B.Pri ezzhev, À. V Puchkov, À.N Skomorokhov, Â.S. Yaruni n

Inelastic Neutron Scattering in ÐÜÐ
Zh.À.Kozlov, I .Padureanu, S.N Rapeanu, Gh.Rotarescu, V A.Semenov

Localized Vibrations î ÃÕéãî öåï in Interstit ial Phases î ÑÒà-N

S.I .M orozov, Ê V.Kazarni kov

Localized Vibrations î ÃHost Atoms in Zr-0 Interstitial Solid Solutions

S.I .M or ozov

Oxygen Atom V ibrational Excitations in Y -0 -Í Solid Solutions

S.I M orozov, V. V Sumin

Eff ect î Åß ãî öåï on Lattice Dynamics î É Üå Austenitic Fe-Cr-Ì ï -Ì Alloys
SÀ.Dani lkin, VP.Mi naev, V.V Sumi n

The Analysis î Ë ï ñî ï åãåï 1 Neutron Scattering on L iquid Pottassium at 340-550 Ê
M . V Zaejz ev, M # I vanovski , À.G.Novi kov, V. V Savosti n, Î . V Sobolev, À.L Shi mkevi ch

Neutron Scattering Studies of Phase Transit ions in Protonated and Deuterated Triammonium
Hydrogen Disulphate
1..Bobrowi cz, I Natkani ec, M Mroz, Ð Èàûòî ñ~Ê Æ Æî óéëï ñã

Neutron Scattering Studies of Ammonium Dynamics and Phase Transition in Ê , Ä(NH4)ÄSCN
at 10 Ê
I Èàé àë~åñ, L.S.Smi rnov, À.I .Solovi ev, S.I .Bragin
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Vibration Spectrum of the Ice Ø
I Natkani ec, L.S. Smirnov, À.# 1÷àï î ÷

Investigation î Ãthe Temperature Dependence of Static and Dynamic Disorder in the Ê , „(1×Í )„ÁÑÕ
System
I Natkani ec, L .S.Smi rnov, È Bragtn, À.I .Solovi ev

The Search for the Crystal Electric Field in the Compounds î Ãí å ReNiSn (Re-Ñå, ?.à, Nd) Òóðå
P À.Alekseev, Å.S.Clementyev, ÊÌ 1àï é î þ, I P.Sadi kov, ÀÕè Ì èëóñÌ à, 11..Sashi n

Crystal Field in the Set of RECu,Si~ Compounds (RE - Pr, Nd, Tb, Í î , Er, Yb)
Å.À. Goremychkin, À. Yu.M uzychka

Density of V ibrational States î Ã Silicon Nitride
1Ì àòÛñÁåþ, Å.Á À Ì È.á î ï ñéàòî þà, 1Ì àé àò åñ, À.Ì èõóñÈø , Ê Ñ3ï é à1ï ü, ÊÕÜàì óè~ñéåï éî ,

Density of States î ÃÂèÏ ñ and Surface V ibrations of Í ù Èó Disperse Al
I M arki chev, Å.Sheka, I .Natkaniec, À.M uzychka, ÊÕÜñâ ãóè1ñÚåòé î

Density î ÃV ibrational States in Thiol Capped CdS Particles Using Inelastic N eutron Scattering

Inelastic Neutron Scattering (IN S) Investigation of Hydrogen Capture by Crystal L attice Defects
V.V.Sumin, Ñ.Gantulga

Polar ized Neutron

Polarized Neutron Refl ectivity î ÃÅðéàè à! Thin M agnetic Films
Î . M cGrath, Ê ÊÐàçóèÌ , Í Ï ë è1åã, À. V Petrenko, D.Gi vord

Interface M agnetization in à Pd/Co/Pd Ultra-Thin Film Studied by PNR

J.M á àó

Polarized Neutron Refl ectrometry Study on M agnetic Multilayers for Nuclear Resonant Scattering
Experiments
Ê Ê ÐàëóèÌ , Ø .Nagy, Í .Lauter, À. V Petrenko

New Aspects in Employing M agnetic Anisotropic FeCo Thin Films as N eutron Polarizes
D.À.Eorneev

À possible observation of the Depinning L ine in YBa Cu, Î Ceramics &om Neutron Polarization
Studies

À. ÊÐåé åï Û , S.À.Sergeenkov

N eutron Depolarization Studies î ÃÌ àöï å6êà6î ï Process on Superparamagnetic Cluster Structures
S.Ligenra, Å.Â.Dokuki n, Yu. V Ni ki tenko
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ÒÍ Å N EW FOU RI ER D I FFRA CT OM ET ER ÀÒ ÒÍ Å I B R-2
REA CT OR : : D ESI GN A N D FI RST RESU LT S

V .Ü.A k senov , À .Ì .B aiag ur ov , V .G .Sim k i n and Y u .V .T ar a n
Frank Laboratory of Neut ron Physics, JI NR, Dubna, Russia
V .À .T r o unov , V .À .K ud r j ashev , À .P .B uik in and V .G .M ur at ov
S-Petersburg Nuclear Physics I nst it ute, Gat china, Russia

À high-resolut ion neut ron powder I ourier <Í Ããàñéî ò åéåã (HRFD) has been const ruct ed
at t he pulsed reactor I BR-2 à D ubna~~~ and t he very fi rst high-resolut ion spect ra
measured (Fig.1). ÒÜå diffractometer uses t he Reverse T une-Of-Fl ight (ÂÒÎ Ð) met hod~~~

in t he data acquisit ion system. T he design avails of bot h t he high luminosity of t he
I BR-2 reactor and t he high resolut ion of à Fourier chopper and reveals good prospect s

for st ruct ural and residual st ress st udies. T he high resolut ion of t he HRFD is provided
by high frequency of neut ron beam modulat ion ( 150 kHz) . High intensity level is
ensured by high t ransmision of Fourier chopper ( 0.25) and à large solid angle (0.1
âã) of t he t ime focused detector system. A ddit ional modulat ion of t he beam by neut ron
source pulses makes possible à considerable ( by 10 or ò î ãå t imes) decrease in correlat ion
background level as compared wit h t hat of à Fourier É é ractometer at à steady st ate
react or .

ç.î
d = 1.6 7 À

I
î ã.î

ñ 1 . 5
î

~ ~.î
î
È

Û 0.5

Á ä.1. Di ffracti on pat tern of Ge
powder, measured on l l RFD.

î . î ~
Î î î î ÝÎ Î Î 5000 7000 9000

Fourier chopper opeed. ãðãï

1' ~ä .2 . T h e d ep en d en ce o f t h e r eso l u ti o n o n

t h e m a x i m u m ch op p er sp eed .

T he result s of preliminary measureinen4s have confi rmed t hat t he Fourier technique
in combinat ion wit h t he I I3R-2 pulse reactor gives diff ract ion pat terns of good qualit y

bot h wi t h respect to resolut ion and intensity. T he resolut ion very close to 0.001 was
achieved ' (F ig.2) and t he expected value of b ,d/ d equal to 0.0005 can be reached aft er

t he diff ractometer unit s are aligned . T he st ruct ural st udy oppot unit ies wit h t he new
Fourier diffractometer are expected to be j ust t he âàò å as HRPD (RA L) off ers.

1. × .Ü.A ksenov , À .Ì .Balagurov, × .À .T rounov, Ð.Hiismaki et al , Communicat ion of
JI N R, E13-92-456, D ubna, 1992

2. Ð.H iismaki , Í .Ðî óãó, À .T ii t ta, J A ppl .Cryst . 1988, 21, ð.349
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ESTIMA TION OF RESIDUAL STRESS
IN ÊÎ ÜÜÅÐ IRON-DISK S BY STRAIN MEASUREMENTS USING ÒÍ Å

HIGH RESOLUTION FOURIER ÝÏ .'ÐÊÀ ÑÒÎ Ì ÅÒÅÂ.
OF REACTOR IBR-2

× .Ü. A ksenov, À .Ì . B alagurov, G .D . B okuchava, J. Schreiber ~, Y u .× . T aran

Frank Laboratory î ÅÕåè1ãî ï Physics, JINR, Dubna, Russia
~Fraunhofer-Institute for Nondestructive Testing, Department of Acoustic M ethods for

Nondestructive Evaluation and Quality Assurance, Dresden, Germany

Variation of internal stress states in cold rolled sheet metal can essentially infl uence the

result of forming processes. Therefore it is important to controll the forming process by à

practicable in line testing method. For this purpose magnetic [ 1] and ultrasonic [2]

nondestructive methods are available. However, it is necessary to calibrate these techniques [3]

to get results, which can be used for à reliable assessment of rolled plates for the further

forming process.

This paper describes à cal ibration procedure making use of the neutron dif fraction

method. With the help of the high resolution Fourier dif fractometer at the pulsed reactor
IBR-2 in Dubna [4] the strain tensor was measured at selected points of cold rol led iron-

disks (2.5 mm thickness). A s the fl uctuations of residual stress in the disk are of interests
at à lateral scale of about 10õ10 mm~ the gauge ÷î 1ø ï å of the neutron dif fraction was

chosen in correspondence with that.

The complete strain tensor ã; i s determined from the measured reverse time of fl ight

(RTOF) dif fraction spectra for dif ferent orientations of the scattering vector . The size of

stress states are averaged inside the scattering vol ume. This averaging makes the

components of the internal stress states belonging to the normal direction of the di sk plane

to be vanished. Therefore the determination of the main components of the local strain and
stress is reduced to à quasi-two-dimensional problem.

Analysing the positions of the available eight Bragg refl exes the corresponding
crystal l ite lattice plane spacing d>«< is obtained. The lattice spacing of the unstrai ned state

~ä"«~ was known f rom RTOF spectrum for the annealed powder sample of the disk

material . Thus taking the quantities Ô '~=(,Ô ~-Í ~~~)/ä "«~ and the direction cosines of the

scattering vector the strain components üô "~ is calculated applying the least squares

method. Additional ly to that information Rietveld Ref inement i s carried out to get ei>

averaged with respect to the di f ferent diffraction planes (hkl). Now the quantity À is
calculated by the f itted lattice constant à, 1.å. À=(à-az)/àä. Furthermore, the systematic

deviations of the measured intensities of the Bragg peaks f rom the Rietveld È for ideal
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isotropic powder samples provided information on the change in the texture at different

inspection points of the disk.

On the basis of the diffraction results an assessment of the magnetic and ultrasonic
methods for the estimation of residual stress in the cold rolled iron-disks was made. The

characteristic parameters of the Barkhausen noise, üå. noise amplitude, coercitive field

strength at different measuring frequencies, and others [1], as well as of the ultrasonic

technique (sound velocity for different wave modes and measuring frequencies [2]) are

determined for the considered disks. The comparison of these results with the neutron data

are èçåé ñî propose à reasonable measuring concept for practical applications to forming

processes with cold rolled sheet metal.
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A t omic and M agnet ic St ruct ure of ~ Âà~(Ñï | , ~~Fe, )~Og+Ä

St udied by N eut ron Ð |éãàñé î ï on I sot ope Enr iched Samples

À .Ì .B alagur ov , F .B our ee~, I .SË óèÜèé ï ~, I .M ir eb eau ~

1 — Frank Laboratory of Neut ron Physics, JINR, Dubna, Russia
2 — Laboratoire Leon Bri llouin , Saclay, France
3 — Inst i t ute of Cryst al lography, Moscow , Russia

Copp er at om s in t he sup er conduct or Y B aqCu>Oq can b e easi l y sub st i t u t ed by t wo

and t hr ee valent m et als. T h i s fact i s w idely used t o st u dy t he r ole of som e Y 123

st r u ct u r al elem ent s i n t he for m at ion of super con du ct ing pr op er t ies an d Ñî st udy t he

pr ob lem of t he coex i st ence of super conduct i v i t y and m agnet ism in t h is com poun d .
Copp er subst i t u t ion in Y 123 for i ron or ot her 3d-met al s dest r oy s t he sup er con duct ing

pr oper t ies of t h is com poun d . T he m echanism of t h is phenom enon is st i l l not ver y clear .

On t he w hole, i t i s at t r ibu t ed t o à m odifi cat ion of t he ch ar ge t r an sfer f r om ch ain s
t o p lanes. For exam ple, for t he ÓÂ àë(Ñäää Co, )sOQ+y (Y 123- Cu / Ñî ) sy st em , i t w as
suggest ed~~~ t h at r em oval of 0 ~ fr om pur e Y 123 i s equ ivalent an in cr ease of Ñî +

cont ent at t he Cu l si t e becau se t he Cu 2-0 1 d ist an ces ar e ch anged by t h e sam e m ean s
in bot h cases. Bu t for t he Y 123-Cu / Åå sy st em , i n our ÿÑääéó~~~, i t was foun d t h at t h e

Ñè 2-0 1 d ist an ce does not dep end on i r on concent r at ion . M or eover , as fol low s f r om
d at a pu bl i shed äï ~~~ for t he Y 123-Cu / N i sy st em t he Cu 2-0 1 d i st ance decr eases i f N i

con cent r at ion in à sam ple incr eases.
M odifi cat ion of t he m agnet i c st r uct ur e by subst i t u t ing copper for i r on i s an ot her

i nt er est ing quest ion of t h e Y 123 com poun d . I n addi t i on t o t he st r uct ur al dat a, of
speci al in t er est i s à com p ar ison of t he Y 123-Cu / Fe an d Y 123-Cu / Ñ î sy st em s, i .å., t he

m agnet ic m om ent of Ñî -at om s i s also ver y h igh . On t he w hole, t hese sy st em s r eveal

m any com m on feat u r es, bu t at t he ÿàãóï å t im e, ï î long r ange m agnet i c or der w as found
in t he oxy gen sat u r at ed Y 123-Cu / Åå sy st em , t hough i t w as wel l est ab l i shed in t he

Y 123-Cu / Ñî syst em .
In ðàðåã~4~ à new anal y si s of t he neu t r on st r u ct ur al d at a for t h e Y 123 sy st em i s

m ade and new d at a abou t t he m agn et i c or der in t h is com poun d ar e an alyzed .

Neut ron diff ract ion exper iments were per formed with the DN-2 diff r actometer at

the IBR-2 pulsed reactor in Dubna and with the constant wavelength diff ractometers
Ñ6-1 and 3T 2 at t he Orphee reactor in Saclay.

T he st ructure of Y Baq(Cu~ ~~Åå,.)çÎ ~~.„ both oxygen saturated and oxygen defi cient

samples was refi ned by the Rietveld method. T he atomic coordinates do not change
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very much wi th õ, remaining at óè 1, pract ical ly the same as in pure Y 123 despi te the
tet ragonal symmet ry of t he st ructure. At ó< 0.5 the coordinates are also typical for

pure Y 123 wi th oxygen par t ially removed (Fig.1).
In spect ra obtained with t he G6-1 spectrometer we observed three magnet ic refl ect ions

at 1/ 2,1/ 2,1, with half integer 1 values (l = l / 2, 3/ 2 and 5/ 2) . T he intensity of t hose
peaks is comparable to t hat of the impurity peaks but they can be clear ly dist inguished

through their temperature dependence.
Nuclear and magnet ic Riet veld refi nement have been performed on some spect ra

obtained wi th the G6-1 spectrometer using the program FUL LPROF. T he magnet ic
moments pcÄq and pcÄq were refi ned assuming à coll inear st ructure with al ternat ing
ant ifer romagnet ic planes along the ñ axis, an d spin component s in the à — b plane.

T he magnet ic moments are plot ted as à funct ion of temperature in Fig.2. Æå note
that the moment on the Cul sites is ant iparallel Ñî the neighboring moment on the Cu2
si tes, so that the sequence + - + - + - of AF planes is observed along the c axis. T he
Neel temperature increases with i ron concent rat ion, together with t he am plit udes of the

mean moment .
Our study confi rmed in general and extended the magnet ic phase diagr am of t his

compound in the deoxygenated state, published earl ier ø ~~~ from Mossbauer measure-

ments and ~n~~~ from neut ron scat ter ing dat a. T he quest ion for next experiments would
be the intermediate (õ 0.02 — 0.07) region between the state with moment s or dered on
Cul sites only and the state with long-range order on both Cul and Cu2 sit es, where

the dat a are not ful ly agree each other .
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N E U T R O N I N V E ST I G A T I O N O F L agC u 0 4 A N D (N d y C e)gC u O 4 SI N G L E

C R Y ST A L S.

Âó À.Ì .Balagurov, S.N.Bari lo, À.1.Beskrovnyi, N.N.Bydanov, Õ.'è'.Gamayunov,

Research, Dubna, Obninsk Branch of Karpov Physi cal Chemistry Insti tute, Obninsk,
Russia.

The purpose of this work was to study regularities of the structure defects caused by
nonstoichiometry, to determine fine cationic and anionic distributions. The investigations
of regularities of the reciprocal lattice, the definitions of twinning law, check of crystal
quality were fulf i lled on the time-î Ù Û diffractometer DN-2 with the help of position
sensitive detector at the pulsed reactor IBR-2 in Dubna. The neutron diff raction
measurements for precise structure calculation were done on the 4-circle diff ractometer
Syntex PIN at the reactor VVR in Obninsk (A,=1,167A . sin
8/1=0,81).

There were two samples of La~CuO4. The sample Sl was annealed and quenched at
1150' Ñ, the sample S2 — at 400' Ñ. Neutron experiments for these samples were done at
18' Ñ and 300' Ñ. The parameters of elementary cel l are

SP.(Æ .

Ñ mca

Ñ mca

14/mmm

14/mmm

à, À

5,369(3)

5,363(2)

3,811(2)

3,810(2)

× , À >

380,3(5)

380,6(5)

19 1,8(3)

19 1,8(3)

18' Ñ Sl

S2

Sl

S2

13,144(9)
13,147(13)

5,389(3)
5,389(2)
13,208(8)
13,214(8)

300' Ñ

L .S. ref inement of structure parameters at 300' Ñ gave R-factors 0,025 for 141

independent refl ections for Sl and 0,028 for 143 independent refl ections for S2 and next
results. In position (å,4mm) parameters z/c are Üà 0,36119(6) and for 0 1 0,1833(1) as for
S1 and S2. Site occupations for all atoms in Sl and S2 are exactly 1. But the parameters
of thermal vibrations are systematical ly higher for al l atoms in S1

Â eq., À ~

1,10( 1)

0,92(2)

0,98(2)

0,79(2)

2,56(3)

2,33(3)

1,52(3)

1 1,32(3)

Â22

Â 11

B l 1

B l 1

Â 11

B l 1

Â 33

0,87(3)

0,68(4)

1,62(4)

1,43(4)

1,20(5)

La Sl

Ñ è

0 1

B l 1
1,37(4)
1,22(5)

0 2
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T w o sam p l e s w i t h t h e c o m p o si t i o n N d ~ ~~Ñ è~ 9~0 „ (Õ 1)àï é N d ~ 9()Ñ å() ä Ñ è ~ 9~0 „ (1× 2 )
w er e i n v e st i g at ed at 18 ' Ñ . T h e p ar am et e r s o f e l em en t ar y c e l l ar e

SP.G R .

14/m m m

14/ mmmm

× , À
189,4(1)
188,5(2)

N l
N2

à, À
3,9450(8)
3,8480( 1)

12,170(3)
12,093(4)

L .S. refinement of structure parameters gave R-factor 0,027 for 139 independent
refl ections for N I and 0,028 for 139 independent refl ections for N2. The main results are

~

) Â åð., A > ( cite occupati onõ/à

0,0Nd N l
N2
N l
N2
N l
N2
N l
N>

0,35098(8)

0,35 15(2)

0,25

0,25

0,63( 1)

0,47(5)

0,68(2)

0,57(7)

0,94(2)

0,96(9)

0,85(2)

0,74(3)

1,002(5)

0,965(5)

1,00

1,00(3)

0,993(7)

1,00(3)

0,995(7)

0,985(6)

0

0

0

0

0

0

0

Ñ è

0

0 •

0

0

0 ,5

0 ,5

0 ,5

0 ,5

Î )

0 2

Because the lengths of neutron scattering for Nd and Ce are diff erent but for Nd and Cu
are approximately equal we can propose from our experimental results and compositions

crystal chemistry formula for N 1: 1~~2(Ñ~0.95N d0.05)~ 3.98

(N (l0.9 !Ñ~0 09)2(Cu0 92~ ~~0.08) 3.94.
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N E U T R O N D I F F R A C T I O N ST U D % O F Ò Í Å M O D U L A T E D

ST R U C T U R E O F B i zSr q,4ç~î .âÑ è~Î â~, „

À .E.Beskrovnyi ' , Z.Ji rak „ Ì .Nevri la and I .G.Shelkova

' Fr ank L aboratory of Neutr on Physi cs, JINR, 141980 D ubna, M oscow

Regi on, R ussia
nsti t ute of Physi cs, 16200 Pr ague 6, Cukr ovarni cka, Czech Rep ubli c

T he B i q(Sr , Ñà)„+ä Ñè„ Î ~„ ~.~ cuprate based cryst als (n= 1,2,3) show st ructural mod-

ulat ion, depending on the content and amount of oxygen present . T he modul at ion can
be commensurate or incommensurate. T he reason for appearance of modulat ion l ies in
existence of an addit ional oxygen atom inserted in à Bi-0 -Bi r ibbon after each modu-
lat ion per iod in the direct ion of t he modulat ion vector with the per iod 4-5 t imes the

period of t he basic cell .
T he invest igat ions were performed on the t ime-of-fl ight neut ron diff ractomet er DN-2

at JINR, Dubna. T he sample measuring 2 x 2 x 0.3mms was scanned in t he reciprocal

space of t he hol , î È , hko, hhl-planes. T he refi ned st ructural parameters are : À „ , à =

5.461À , Ü = 5.456A , ñ = 30.48À . T he superst ructure refl ect ions of t he fi r st and second
order were observed. T he posi t ions of the satel l i t es show that t he st ructural modulat ion
is defi ned by the wave vector ò = [0.233(2), Î , 1] . T he period of modulat ion ð = a/ r ' is

close to 4.25 à, what means, t hat i t can be considered approximately commensurate with
à 17 t imes enlarged cell in the à-direct ion , space group Ð„ „ . T he observed st ructural
modulat ion has à peculiar i ty consist ing in t he fol lowing. Besides the fi rst addi t ional
oxygen atom , exist ing in t he Bi-plane with à ðåï î é 4.25 à, t here is inser ted with the
same period one more addit ional oxygen atom between the neighbouring r ibbons in the
Bi-planes. T he increased oxygen content given by y = 0.5(1) compensates the eff ect of
t r ivalent yt t r ium . T he posit ions of atoms an d the amplit udes of modulat ion have been

determined.

% Ì 12 15 1Ô 15 16 17

~~~~~~~

T he B i Oq~ ~> arrangement in Bi'qSrs Ó Ñ èóÎ à+-~(õ 0.6). Oxygen atoms 0 (4)

are shown by open circles, t he ext ra atoms O(5) (within the chains along the s-axis)
and O(5') (between the chains) ar e marked by crosses.
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N E U T R O N ST R U C T U R E I N V E ST I G A T I O N O F SI N G L E C R Y ST A L S
O F Ò Í Å Â àÂ ~Î ~ — K B i Oq SY ST E M

× .À . Sari n, À .Ì . Balagurov, À .I . Besk rovnyi , S.S. Negovelov
Laboratory of Neutron Physi cs, Joi n t Insti t ute for Nuclear Research

Ye.Å. Rider , L .Ye. Fykin
Obninsk branch of the K arpov Physi co-Chemi cal Insti t ute

D . Hohl wein
Í àØà M ei tner Insti t ut , Ber li n

Among the non-copper superconductors, Â à| Ê , Bi~Os single cryst als have been
known to have the highest Ò, . À number of purely st ructure problems was supposed
Ñî have been solved by means of the neut ron invest igat ion of t he single cryst als of t his
system wi th x= 0, 0.11, 0.16, 0.22, 0.43, 1.0. T he fi rst problem was to ascer tain with
the help of t he coordinate detector whether there is the incommensurate phase in t his
system. T he second problem was Ñî solve the st ructure of K Bi,Os single crystal about
which there has been ï î single crystal data. T he third problem was to evaluate precisely
the cat ion and anion dist r ibut ion, anisot ropic parameters of t he thermal oscil lat ions of

atoms, and possible nonstoichiomet ry.
Âó now, t he stage of studying the high-symmet ry (cubic) phases with õ= 0.22

(Ò, ð — — 300 Ñ), õ= 0.43, and x= 1.0 (Ê Â ãÎ ä) has been completed .
1. In t he number of experiments on the single crystal s wi th x= 0.43 and 1.0 per-

formed at t he DN-2 diff ractometer (Laboratory of Neut ron Physics, JINR) and at t he
Weissenberg neut ron goniometer (HM I , Berl in), ï î satel l i t es as an indicat ion of noncom-

mensurate or modulated phase have been detected. T hus, even if t he incommensurate
or modulated st ructure does exist , i t s cryst al l i t es are too smal l and their coherency

region is insuffi cient for t he neut ron diff ract ion.
2. T he fi rst st age of the neut ron st ructure analysis of K Bi ,Os single cryst als has

been car ied out at the neut ron Weissenberg goniometer (HM I ). T he uni t cel l par ameter
à= 10À and the I3m space group have been determined by analysing the Î , 1, and 2
developed layer lines. T he set of integral intensit ies has been obt ained at t he 4-cir cle
goniometer Syntex (0 bninsk branch of the K arpov Physico-Chemical Inst i t ute). T he

structure has been solved automat ical ly by the ÐÀÒÈ program and then with t he help
of t he nuclear density diff erencial syntheses. T he least squares refi nement has been
performed by use of t he CSD programs complex . T he st ructure dat a is presented in t he
Table 2. In the st ructure of K Bi 0 >, large Ê cat ions ar e st at ist i cal ly disordered along
the body diagonal in the cavi t ies between the Bi — 0 oct ahedra. In this compound, Bi
has the valency of 5+.

3. In the st ructures with õ= 0.22, 0.43, and 1.0, ï î oxygen nonstoichiomet ry has
been detected to an accuracy of 0.01 formula uni ts. In st ructures wi th x teq0.5, Âà is
replaced Úó Ê in i t s posit ion (which is logical in view of t he closeness of t heir ion radi i ) .
However , t he pr imi t ive cubic cell (x= 0.43) does not remain as the Ê content increases,
and K Bi ,Os has à complicated body-centered cel l with disordered Ê posit ions. St rong
anisot ropy of t hermal oscil lat ions of oxygen atoms has been detected in the studied

compounds.
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Table 1. The compounds studied

Table 2. Re6nement resul t s

A t om x/ ü à/ ñ Thermal
â,À'

õ / â f act or Popul at ion
mult ipl ici ty

K B i'Os, R= O 04

Bi
î ~
0 2
K l
Ê2
êç

0

0

0

0

õ

1/ 4

0.3393(4)
0.3619(6)
0.3382(5)
0
õ
1/ 4

0.48(8)
0.8(2)
1.05( 12)
1.4(6)
3.2(6)
1.9(6)

12
12
24

2
16
8

1

1

1

0 .7 0 ( 9 )

0 .6 1( 3 )

0 . 12 5 ( 4 )

0 .5

0

0 .2885( 5 )

0

0 .159(2)

1/ 4

Â î î .òâÊ î .øç Â üÎ ç , R = 0 .0 1

Bi
Ââ
ê
î

1/ ã
î
î

1/ 2

1/ ã
î
î

1/ 2

1/ 2

0

0

0

0.720(6)
1.69( 1)
1.69( 1)
2.93

~

1

0 .7 7

0 .2 3

1

B ap üò~ î ì çÂ üÎ ð, R = O.28

Bi
Âà
Ê
î

1/ 2

0

0

1 / 2

1/ 2

0

0

1 / 2

1 / 2

0

0

0

0.42(Ç)
0.91(6)
0.91(6)
1.41

~

1

0 .5 6 ( Ç)

0 .4 4 ( 3 )

1
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PHASE TRANSFORMATIONS IN MATERIALS STUDIED BY TOF
NEUTRON THERMO-DIFFRACTOMETRY.
À .Ì .Balagurov and G.Ì .Mironova
Laboratory of Neut ron Physics, JINR, 141980 Dubna, Moscow Reg., Russia,

A B ST R A CT

On t he T OF neut ron diffractometer DN-2 at t he I BR-2 pulsed reactor in Dubna i t is possible
to measure t he complete powder diff ract ion pat tern in several minutes or somet imes seconds. T he
wide range of d-spacing is available for diff ract ion st udies toget her wit h small angle scat ter ing mea-

surements. I n t his report t he recent results of t he real t ime st udies of phase t ransformat ion in
powders are presented.

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

I t is well known t hat t he powder diff ractometer can be opt imized in two alt ernat ive modes: ei-
t her high resolut ion or high intensity. T he fi rst kind of inst ruments is dest ined mainly for t he
precision st ruct ural st udies, whereas t he second one is developed for st udies of samples t hat are
eit her very smal l or are in ext reme environments, but mainly for t ransi t ion phenomena st udies by
t he real-t ime technique.

A t present t here are several neut ron powder diff ractometers which have high ~Ì / d resolut ion (about
0.001). T he best of t hem such as D2B in Ï ? and HRPD at I SI S wit h resolut ion bet t er t han 0.001
became famous owing to very high quality of st ruct ural dat a obt ained.
A not her kind of inst rument s - high intensity diffractomet ers - are not widespread nowadays, t here

exist two or t hree inst ruments which off er t he possibi li t y to measure t he whole diff ract ion pat t ern in
several minutes. A t t he most known of t hem - D 1B in I LL — à lot of t he real-t ime neut ron diff ract ion
experiment s were performed during t he last decade [1] .
Since 1985, t he real-t ime diffractomet ry has been developing on t he t ime-of-fl ight inst rument - t he
DN-2 neut ron diff ractometer at t he I BR-2 pulsed neut ron reactor in Dubna [2]. I n à short t ime à

number of experiment s í åãå performed and it was shown [3,4] t hat t he T OF-diff ractomet er is very
suit able not only for t he reversible phase t ransit ion st udies, as it was known long ago, but also for
t he i r reversible processes st udies. I t should be ment ioned t hat t here are several plans t o build high
intensi ty diff ractometers which would off er t he possibil i ty to measure neut ron powder diff ract ion
spect ra wi t hin à minute even in seconds t ime intervals [5] . but at present , on our knowledge, t he
acquisi t ion of t he whole neut ron diffract ion pat tern in such à short t ime is possible at t he DN-2
diff ractometer only.
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D N - 2 - T I M E - O F - F L I G H T H I G H I N T E N SI T Y D I F F R A C T O M E T E R

T he design and performance of t he DN-2 T OF-diff ract omet er were descr ibed several t imes elsewhere
(see, for example, [6]) . T he main feat ures of DN-2 are as follows: high tot al neut ron fl ux ( 10
n/ cm~/ s) , medium T OF resolut ion (A d/ d= 0.025/ d, where d is in À ) , ÷åòó high signal-t o-ï î ë å

rat io, t he possibil i t y t o use neut rons wit h à very long wavelengt h wit hout overlapping (in real
experiment s up t o 20 À ) due t o t he low source repet it ion f requency (5 s ) . T he det ect or syst em
consist s of one linear PSD and several Í å count ers enclosed
in individual shielding and placed at various scat t ering an-
gles very close t o t he sample posit ion: t he sample-detect or

dist ance can be varied from 30 t o 130 cm. T he high count
rat e is provided by large beam cross sect ion, S= 15 180 mm~,,

and large solid angle of t he det ect ors. For example, t he
count rat e of t he 90-degree det ect or is as high as 10 n/ s
for 10 cm~ cross sect ion sample wit h 0.2 probabilit y of scat -

t ering. T he soft ware of RT -experiment s includes t he special
graphics program and t he package for t he analysis of t he
diff ract ion pat t ern evolut ion . A t t he fi nal st age t he spec-

t ra are analyzed by t he Riet veld met hod . F igure 1 shows
an example of t he evolut ion of t he neut ron É é ract ion pat -

t ern during t he t hermal t reat ment of powder T iDo74 and
in fi gure 2 t he result s of mult iphase Riet veld refi nement at
several t emperat ures are il l ust rated .

ÔÃ- -
à+6+ó
7= 570 Ê

~~~

Ò~ 7 0 0 Ê

~~~~~

d , À

~~~

1.5

~

Ñ 7

Figure 1. The evol uti on of the neut ron di ff rac-
ti on pat tern d uri ng the thermal t reatment of'

Ti Do.74 àÿ measured for d-spaci ng range 1.7 -

2.7 À . The sample was heated èð from 293 Ê
to 873 Ê ( 9 -phase) and then cooled down.

Figure 2. M ul ti -phase Ri et vel d analy si s of Ti -
D di ff racti on p at terns measured at several tem-

perat ures. Crystal data of p hases are:
à - Ò!' , Ðáç mm c, à= 2.965 À , c= 4.634 À ; p -

Ti Dn.~4, I m3m, a= 3.383 À , .Ó - Ti D i .qe, Fm3m,
a= 4.386 À ; Î - Ti Do.äâ, Cccm, à= 4.164 À ,

b= 4.232 À , c= 4.573 À ,
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E X A M P L E S O F A P P L I C A T I O N

T hough t he RT neut ron diff ract ion is à relat ively new technique, t he list of possible applicat ions of
t he met hod is already quite long [1,3] . Our pract ice of DN-2 operat ion includes: isot hermal kinet ic
st udy of t he react ion between water and calcium aluminate [2] , isot ope Í -D exchange in t he lipid
mult i layer [7] , polymorphic t ransformat ion in t he T i-D system [8] , solid st at e chemical react ion -

format ion process of high-Ò, Y 123 ceramics [9] and some ot hers.
M any of t hese exper iment s have been performed in à t hermo-diff ractomet ry mode, i .e. when t he

diff ract ion pat t ern was measured at const ant t ime int ervals, t » t he temperat ure of t he sample was
cont inuously var ied in à predetermined range along t he t ime scale. T he rat e of t emperat ure variat ion
was det ermined by several factors: neut rons count rate, t he temperat ure gradient in t he sample, and
somet imes by t he beam-t ime available. Typical ly, in our experiment s t , was bet ween 20 s and 5 min.

P h a se t r a n si t i o n s o f h ig h p r essu r e m et a st a b l e i ce V I I I [10]

I n ice, as it was shown recent ly [11]~ in addi t ion t o some cryst al phases, t wo amorphous phases of
different density : low ( Ida) and high (hda) density, do also occur . T hese amorphous phases can be
ext racted from hexagonal ice of high pressure. A not her possibi l it y to obt ain 1da and hda from t he
quenched high pressure phase × Ø was reported in [12], where à series of t ransi t ions were observed:
× Ø È à — 1ñ- 1ï , here Ic is t he cubic phase, I h is t he hexagonal phase. I t was suggested t hat t he
low density phase, Ida, was formed from à high density phase, hda, but at tempt s to observe t his

process had failed .
We st udied [10] phase t ransit ions of heavy ice f rom t he quenched phase V I I I when heat ed from 94 t o
240 Ê by t he real t ime neut ron diff ract ion met hod wit h t he temporal resolut ion of 5 min t o fi nd t he
t ransit ion V I I I ~ hda. T he sample (99% DgO, weight 0.3 g) , was compressed at ãî î ò t emperat ure
to t he pressure of 2.6 GPa, held under t hose condit ions for 1 h to est ablish equilibrium , cooled
down Ñî 100 Ê and t hen t he pressure was lowered t o t he at mospheric pressure. F igure 3 shows t he
sequence of diff ract ion pat terns measured during t he heat ing of t his quenched phase. Ex periment al
dat a show t hat t he init ial phase, ice V I I I , remains to à temperat ure of 130 Ê . A t t emperat ures
130-135 Ê t he diff ract ion pat t ern changes dramat ical ly in 5 min.

Fi gure 3. Neutron di ff racti on pat terns of heavy i ce in the temperat ure i nterval 94 — 290 Å<

T he heati ng was carri ed out at Ü Ò/ Ü t= l deg/ mi n. Ò= 94 Ê corresp onds to zero ti me.
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T he narrow peaks corresponding t o à cryst al l ine phase of ice vanished and t wo broad peaks at
dr= 3.65 À and ñ1ð= 3.01 À appeared . T he peak wit h à larger d had à st ruct ural feat ure near 3.85
À . T he values given above are in vi rt ually complet e agreement wit h t he values d= 3.85 À and 2.99
À which were measured earl ier for amorphous phases of high- and low-densi ty ice, while d= 3.65 À
corresponds t o à ( 111) refl exion for à cubic phase of I c. T he mixt ure of phases remained t o 150-160
Ê , and at Ò= 160 Ê à t ransit ion t o à cubic I c phase occurred, and lat er , t o t he hexagonal one,
I h . T he t ransit ion I c — +I h had t he complex nat ure: in t he beginning t he ordering of D@O in t he

basic plane of I h occurred , t hen t hese planes were ordered wit h respect t o each ot her . T hus, in
t his experiment t he t ransit ion of ice × Ø t o an amorphous ice, Û à, was observed for t he fi rst t ime.
I t was also found t hat amorphous phases of t wo densit ies, hda and lda, can coexist and t hat t he
I c — +I h t ransi t ion was of à complex nat ure.

T he st udy of t he phase t ransit ion in CuL i~ä'Êö yFe] sO4

T he copper fer r it e Fe~ sC us[Fer~sCur ~]0 4 has t he inverse
spinel st ruct ure and appears in t wo cryst al forms: cu-
bic Fd3m at high t emperat ure and t et ragonally deformed
14| / adm wit h à dist ort ion paramet er ó= ñ/ à 1.06 when
slowly cooled down t o room t emperat ure. T he phase t ran-
sit ion occurs due t o t he cooperat ive Jahn-Tel ler eff ect .

I n t he exist ing t heory of t his phenomenon paramet ers b
and y are relat ed wit h each ot her and t his relat ion can
be t est ed in diff ract ion exper iment . À real t ime neut ron
diff ract ion st udy wit h t emporal resolut ion of 80 s was per-
formed t o examine t he t et ragonal-cubic phase t ransit ion in
CuLipä V oäFå~.s0 4 [13] . T he sample temperat ure was var-
ied as shown in fi gure 4. Figure 5 shows t he charact erist ics
of t he cryst al t hat were det ermined by t he Riet veld analy-
818 .

Fi gure 4. The vari ati on of the temp erat ure duri ng
the exp eri ment wi th the CuLioä × î .| Ãå~.~0 4. The
regi ons are marked where tet ragonal (Sg) and cu-
bi c (ß, ) phases occur red.

Fig ure 5. Ti me ( temperat ure) dep endence
of: lat ti ce parameters, scat teri ng factors of
À - and Â-si tes and oxygen coordi nates of

Cur i o..| Voë Fei .s0 4.
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T he variat ion of scat t er i ng fact o rs, gr = byex p(- Â óê ) , w here Ü is coherent scat t er ing lengt h , Â is t he
temperat ure parameter , ê is moment um t ransferred, 1 indicates oct a- (À ) or t et rahedrall (Â ) sit es

in t he unit cell , can be referred to t he eff ect of cat ion diff usion bet ween À and Â sit es. T his eff ect
is ò î ãå dist inct in fi gure 6, where t he diff erence of gg and gg is shown.

0 .20

0 . 15
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à
cb a g

à ä
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à
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Ä î . ~î
)
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î .î ü
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T he annealing of t he melt -quenched Â Â ãÑàÑèðÎ mat er ial

One of t he most at t ract ive feat ures of T 0 F diff ractomet er is it s possibil i t y t o measure t he diff ract ion
pat tern and smal l-angle neut ron scat ter ing (SA NS) toget her . A n example of t he result s which can

be obt ained in à ÿèñï experiment is shown in fi gures 7 and 8.

Figure 7. The evol uti on of the é éãàñéî ï pat tern of the mel t -quenched

Bi SrCaCusO duri ng heati ng from 290 Ê to 1340 Ê and then cooli ng down to
room temperat ure. T he (002) 12 À and 15 À di fFracti on peaks from (2201) and

(2212) phases are clearly seen.

:!'

1

15 À
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~~~~~

~ \ Â

~~~~

Figure 8. The ÿàò å as i n fi gure 7
but for SA NS. The T OF channel
range bet ween 100 and 200 cor-

resp onds to à Q range from 0,06
to 0.02 À .
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T he sample was t he ÂÆãÑàÑèãÎ , mat erial melt -quenched from t he t emperat ure of 1340 Ê , heat ed
up t o 973 Ê for 5 h , t hen melt ed at 1150 Ê and cooled down. Dur ing t he fi rst st age of t he anneal-

ing for 2 h t wo well known cryst al phases of t he Bi-Sr-Ñà-Ñè-0 system were formed sequent ially :
(2201) and (2212) . T he (002) diff ract ion peaks wit h d= 12 Ë and 15 À from t he basis plane of t hat
st ruct ures are clearly seen in fi gure 7. Just before t he beginning of t he (2201) phase format ion ,
signifi cant small-angle scat t ering arose at t he nucleat ion of t his phase (fi gure 8) . D uring t he (2212)
phase format ion t here was ï î evidence of any nucleat ion. Only t his long-period phase, (2212) , was
ret ained af t er t he addit ional annealing for 3 h . T he diff ract ion pat t ern and small-angle scat t eri ng
disappeared af t er t he mat erial was melt ed. During t he cooling down bot h of cryst al phases ap-

peared almost simult aneously, at fi rst (2212) , not long aft er (2201) , but SA N S int ensit y remained

very low .

CON CL U SI ON

T he real-t ime st udies have good perspect ives at t he I BR-2 react or . I n principle, it is possible t o
increase t he count rat e by several t imes and t hus t o obt ain t he opport unity of st udying t he t ran-

sit ion phenomena in cryst al s wit h à t ime of spect rum acquisit ion less t han one minut e. M oreover ,
in appropriat e cases it would be possible t o obt ain useful informat ion in one pulse (1 ms t emporal

resolut ion) of I BR-2 operat ion [4] .

~ ä s 9 0 2 8 7R u s s i a A c a d . S c i . u n d e r t h e p r o j e c tsu o r t ed f i n a n c i a l l y b y t h e R u ssi a ca . c i .T h ese i n v est i g a t io n s a r e su p p o r e
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T I M E -R E SO L V E D D I FFR A C T I O N A N D SM A L L A N G L E N E U T R O N SC A T T E R I N G

ST U D Y O F T H E R M A L BE H A V I O R O F Y B agC ugO q „ C O M PO U N D

O V E R À T E M PE R A T U R E R A N G E 900-1470 Ê .

G . Ì . M ironova

The use of high-Ò, ceramic superconductors for practical applications is limited by
their low current densities. It is believed that the low current densities result from the
presence of grain boundaries [1], porosity, crystallographic anisotropy of individual grains
[2], and cracks resulting from the thermal expansion anisotropy [3]. In order to obtain high
critical current densities in bulk forms of YBCO it will be necessary to produce à textured
microstructure such that the high j , directions in the basal plane are aligned ø the direction
of current travel. Of different methods, directional solidification has been found to produce
the highest transport and magnetization j , values [4]. Òî develop this technique the
knowledge of processes taking place at melting-solidification of YBCO is necessary. It is
clear that the knowing of how the second phase material exists in the system is of great
importance in order to control the microstructure of YBCO superconductor prepared by
melt processing. It is very important also to know if the cracks originate during the
solidification process or the subsequent oxygen anneal .

Although there are à lot of investigations on the equilibrium phase diagrams of the
ternary YgOg-BaO-CuO system, very little is known about phase transformations of the Y-

Âà-Ñè-0 system near the 1:2:3 stoichiometric composition below and above the melting

point.
The objective of our paper [5] was to elucidate the kinetic behavior of ÓÂà~Ñè~0 7

compound in the course of melting-solidification cycle using direct information about
atomic structure and large-scale inhomogeneities in the sample from diffraction spectra and

SANS.
The experiment was carried out in real-time mode on the TOF diffractometer DN-2 at

the reactor IBR-2 [6]. Two ÇHe detectors placed at angles of scattering (28) of 170' and

0.8' were available providing diffraction and SANS spectra from the sample every 100
sec. The ceramic sample of YBagCugO7 Ä (T~ - 90 Ê) was placed into the tube furnace

and annealed as is shown in Fig. l (a).
In Fig. 2 (à, Ü) the time (temperature) evolution of diffraction and SANS spectra in the

course of the first melting-solidification cycle is presented. As to diffraction spectra, one
can see the sharp transition, resulting in disappearance of the ÓÂà~Ñè~0 7 ñî ò ðî èï ä and
appearance of à new crystal phase with very low scattering capacity due to its high
dispersity. This phase was identified as "green" phase YgBaCuOg. There are ï î evidence
of another crystal compounds j ust above the temperature of melting (- 1070 ' Ñ). Increased

incoherent background under diffraction lines indicates the existence of à liquid phase.
From earlier studies [7] it may have approximate composition Ó~(öÂàî ä~Ñè~ 740 . In this
part our findings are consistent with the previous data [7,8]. Under subsequent cooling à
hysteresis takes place: the solidification occurs at - 970 ' Ñ in the same abrupt manner. The
quantity of "green" phase diminished but the third crystal phase appeared identified as

YgOg. The phase ratio depends on the highest temperature reached in the experiment, the
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rate of heating and cooling, the dispersity of initial sample. À number of additional phases
were encountered in î ë åã our experiments. For the reaction under discussion, the
following sequence of phase transformations in the course of melting-sol idi f ication is

suggested:
ÓÂà2Ñï çÎ ~ „ ~ Ú'2ÂàÑèÎ ~ + li quid — > YBagCugOq Ä + Y~BaCuOg + YgOg

Fig. 3 shows the diffraction spectra from the sample before melting (à, Ü), in the molten
state (ñ) and after solidification (d). The second cycle of melting (Ò „= 1470 Ê) -
solidification resulted in increase of "green" and YgOg phases and in decrease of

ÓÂà2Ñèç0 7 Ä phase.
The information about large-scale inhomogeneities provided by SANS is unique and

very interesting. In Fig.l (e) one can see abrupt decreasing of SANS at temperatures of
- 970 and - 1070 ' Ñ. The last effect must be ascribed to melting transition. The first one

we attribute to unknown phenomena connected with à small increase of density of the
sample and disappearance of à large amount of planar defects (accompanied by oxygen
release) which play à crucial role in oxygen transport through the bulk.

There exist numerous data on two thermal effects detectable above 900 ' Ñ [9]. Áî ò å
authors left it unexplained, while others attribute this effect (970 ' Ñ in air) to the melting

of BaCuOg. We hope that our interpretation is reasonable and correlates with many
experimental studies on the J, dependence versus sintering temperatures. It is well
established that the J~ drastically drops in the samples processed at temperatures near 970
' Ñ. Our finding shows that at this temperature on heating à drastic change in à

microstructure takes place. After this temperature structural parameters behavior changes as
well (Fig.1(Ü,c)). The lattice parameter à becames constant (or even has negative thermal
expansion coefficient). The effect at 970 ' Ñ is irreversible. À long time is needed for

soaking à sample at several temperatures to form the appropriate microstructure again.
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T I M E -R E SO L V E D N E U T R O N D I F FR A C T I O N ST U D Y O F ÒÍ Å SU PE R C O N D U C T I N G

PH A SE FO R M A T I O N PR O C E SS I N ÒÍ Å B | Pb)-Sr -Ñ à-Ñ è -0 SY ST EM

~

À .Î .Stoica and Ì .G .StoicaÎ .Ì .M ironova , N .Ñ .Popa 2
G.Aldica

1 Institute of Physics and Technology of Materials, Bucharest, POB MG-7, Romania
> Laboratory of Neutron Physics, JINR, Dubna
3 Institute for Electronic Components, Bucharest, Romania

The purpose of the present work / 1/ is to investigate by time-resolved neutron dif f raction,

the early stages of the superconducting phases formation process, starting from à mixture
of Â1~0 ~(ÐÜÎ ) and à Sr-Ñà-Ñè-Î type precursor, with the same stoichiometry as the phase
2223. The starting nominal composition of the precursor is placed in à two-phase region of

the ãî î ò temperature action of SrO-CaO-CuO ternary system phase diagram /2/ . Âó this
reason the precursor must be à mixture of two phases: À- Sr >ÄCaÄCuO> and Â- Áã~(

Ä)Ca>ÄCuO>. Considering the lattice parameters dependence on x /2/ , we can conclude that
the value of x is — 0.35 for the phase À and - 0.65 for the phase Â . The resulting Sr-Ca-

Ñè-Î compound was mixed with Â1~0 ~ and PbO powder. The nominal cation ratio was
Bi :Pb:Sr:Ñà:Cu= l .7:0.3:2:2:3. This material was examined by neutron dif fraction ø the
course of heating to observe the phases evolution. A fter appearance of the phases 2201 and
2212 (f ig.l ), the Rietveld refinement with four phases (À , Â, 2201, 2212) was used. À
strong decrease of the phase À was observed, in connection with the growth of the phase
2212. Another important fact which we observed was the decrease of the lattice parameters
of the phases À and Â during the heating in the range 800-855 Ñ. This cel l contraction is

conserved even at the ãî î ò temperature. The Rietveld ref inement using 3 phases (À , Â ,
2212) af ter disappearing of the phase 2201 at temperature - 800 Ñ, indicates, that the

decomposition of the phase 2212 is accompanied by à restoration of the phase À . For
annealing times greater than 30 min, the decomposition of the phase 2212 stops at 855 Ñ
and takes place at 860 Ñ with ï î signif icant change of the precursor phases. We can state
that in the early stages the mechanism of phase decomposition of 2212 û ï î ãå probable
solid state reaction, later à melting process. The sample cooling provokes the
crystal l ization of the phase 2212 and even of 2201. I t is remarkable that the phase 2212 is
growing in the interval 800-850 Ñ for both heating and cooling; the phase 2201 appears
only below 700 Ñ (f ig.2). The dif fraction peaks of the phase 2223 are not observed. We
can conclude that one mechanism of formation or decomposition of the phase 2212
involves preferentially the phase Sr i ÄCaÄCuO>. Above 850 Ñ another mechanism of

decomposition involves à partial ly melted phase.
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Figure 1. Òèï å dependence of the sample temperature
(left scale) and the integral intensity of the (002) peak
(right scale) for the first series of measurements.
(1) 2201 phase; (2) 2212 phase.
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Figure 2. Òèï å dependence of the sample temperature
(left scale) and the integral intensity of the (002) peak
(right scale) for the second series of measurements.

(1) 2201 phase; (2) 2212 phase.
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À R eal - Òèï å N eut r on D i f f r act i on Study of P hase T r ansi t i ons i n th e
T i-D Sy st em A f ter H igh- P r essu r e T r eat m ent

À .1.Kolesnikov>, À .Ì .Balagurov~, 1.0 .Bashkin~, , V .K .Fedotov>,
× Õ ö.M alyshev~„ Î .Ì .M ironova2, , and Å.Î .Ponyatovsky t

1 Institute of Solid state Physics, Russian Academy of Science, Russia
2 Frank Laboratory î é ×åè1ãî ï Physics, JINR, Russia

The present real-time study of phase transitions in pressure-treated ÒÆ 0.75
was carried out by simultaneous measurement of neutron diff raction and SAN S. The
total sequence of structural transformations

+ x + (a ) ~ ó + à — ý à + 8 = p

~

( 1)

was investigated (only last one is reversible), and most structures were further detailed.
We parenthesize the à phase àéåã the fi rst transit ion to indicate that this phase was
not à product î é ëå transition, but arose during further evolution.

Two samples were prepared Úó reaction of high-purity titanium with gaseous
deuterium from thermally decomposed TiD 2. Òî obtain fi ne-grained polycrystalline
deuterides and to reduce their texture, the titanium rod was cold rolled by - 70%

before hydrogenation. Deuterium content was determined from weight gain, and it was
õ=0.74~0.01 (sample 1) and 0.73 + 0.01 (sample 2). Each sample consisted of 10 discs

of 6.7 mm diameter and 3 mm thickness. To produce the ó phase, the samples were
compressed to 60 kbar , heated to 620 Ê , exposed under these conditions for 10 min
and quenched to 80 Ê at à rate of — 10Ç Ê s - 1. Then pressure was lowered to
atmospheric. Sample 2 aimed for the high-temperature study was air-heated from 77 Ê

to ãî î ò temperature. The temporal resolution of 0.5 min at low 1î ï ðåãàà ãåâ and 1
min at high temperatures was suff icient to observe peculiarities of the phase
transformations.

Figure 1 shows the evolution of neutron diff raction patterns and SAN S over
interval 137 to 240 Ê , illustrating changes at the ó- +à +ó phase transformation. The

diff raction pattern drastically modifi ed between 142 and 151 Ê . Ðåéñ ( 111) decreased
in intensity Úó - 5 t imes and shifted to larger d values. Simultaneously, superlattice

refl ections ( 110) and ( 112) arose in the pattern. These changes in the difFraction
pattern can be explained by displacement of deuterium from octahedral to tetrahedral
sites concomitant with ordering on alternate ( 110) planes and increase in volume of
the unit cell . Further modifications of the diff raction spectrum displayed structural and
chemical changes within the ê phase and its discontinuous transformation to the y
phase. Drastic changes in microstructure occurred at 215 Ê , as is seen from evolution
of SAN S spectra. It is possible to connect this eff ect with better resolved (002), (200)
and (020) peaks. The anomalous temperature behavior of latt ice parameters seems to
indicate strong D-D interaction in ê and y phases.

Evolution of the neutron diff raction pattern from TiD 0.73 measured on
heating from 480 to 760 Ê followed by cooling to 515 Ê is shown in Figure 2. It is
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seen that the crystal structure of à Ti in (a +y)-TiD 0.73 prepared by rapid heating of
the y phase to ãî î ò temperature difFered from that of à -Ti, but gradually approached
the latter eutectoid transformation in the single-phase state, the p phase, where
deuterium occupied only tetrahedral interstitial positions in the ÂÑÑ metal sublatt ice.
The reverse transformation to the a +5 state took place on cooling. As is seen from
SAN S measurements, precipitated à -Ti had much larger grain size compared to à -Ti
and à -Ti precipitated on heating the high- pressure z phase. For more details see / 1/ .
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PECU L I A RI T I ES O F L O W T EM PERA T U RE PH A SE I N ÐÜÌ ~ | ~çÛ Ü~~çÎ ç

S.Â.Uakhrushev~, À .À .Naberezhnov~, Â.N.Savenko~À .Ì .Â alagurov

- J I N R , D u b n a ; 2 - F T I , S t . - P e te r sb u r g

ABSTRACT

In recent years the phase transitions and structure of low temperature phases ø the
disordered perovskitelike compounds have been the subj ect of intensive experimental
investigations, but their macroscopic nature and the role of structural disorder are not understood
yet. À crystal PbM g1/3Nbg/30 3 (PMN) belongs to this class of disordered system. In PMN
nonisovalent ions (M g~+ and Nb5+) are randomly distributed in crystallographically equivalent

positions. This random charge distribution generates local electric f ields randomly distributed in
strength and direction as well as random interaction between dipole moments. This paper
presents the results of neutron scattering measurements on PMN in temperature range from
300K to 90Ê and in applied along [ 110] direction electric f ield. The measurement have been
performed on triple axis spectrometer "Neutron-3" (PNFI , Gatchina) and on neutron

diffractometer DN-2 (JINR, Dubna).
I t was confirmed the existence of two types of quasielastic scattering (QES) in the

vicinity of Bragg's refl ections of (2h+1 2k+ 1 21) and (2h 2k 21) types. The intensity of the f irst

increased strongly with à fal l of the temperature and two-dimensional distribution of QES

intensi ty revealed à transversal character of scattering relatively the reciprocal lattice vector. On
the contrary in the second case the QES intensity was temperature independent and longitudinal .
Under applied electric f ield it was found that the Bragg' s intensity increased with an increase of

f ield. On other hand the first part of QES (in particular in vicinity of (110) and (330)
refl ections) decreased with the increase of electric f ield. For the temperature below the FC and
ZFC spl itting points [ 1,2] we observed à threshold value of applied electric f ield for the (330)
Bragg's peak intensity and QES in vicinity of this refl ection. For example at 180Ê and electric
field =6.5 10Ç × lm Bragg's peak intensity achieved practically à saturation and the f irst part of
QES was completely suppressed. It is necessary also ñî point out that the (600) Bragg's peak

intensity increases faster than the intensities of (200) and (400) refl ections when the temperature
decreases. This fact enables us to conf irm that the growth of Bragg's peak intensities is not

concerned with the extinction ef fects. So the obtained data allow to 4î the fol lowing conclusion:
the observed transversal QES is the cri tical scattering is concerned with the

ferrofl uctuations in PM N crystal ;
- the dependencies of Bragg's peak intensity and intensity of critical scattering have à

thresholdl ike character;
- the second part of observed QES is à Huang's scattering;

- an absence of critical scattering in vicinity of (2h 2k 21) refl ection only, à suppression of
this scattering (and à growth the Bragg's peaks intensities) in applied external electric f ield al low

us to conf irm that as into in PMN there are random shif ts of ions from their symmetrical
positions.
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M EL TIN G - FREEZIN G OF ÒÍ Å Ì ÅÒÀ Ê Ñ M ERCU RY IN ÒÍ Å POROU S GL A SS

S.Â.V akhrushev >, Yu.À .Kunzerov>, À .À .Nabereznov>, Â .N.Savenko2

1 - À.Á î éå Phys.-Tech. Institute, St.-Petersburg, Russia
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In à recent time à considerable interest has appeared for the investigation of the physical
properties of ultradispersive materials. One of most peculiar parts is related to studies of the
phase transformations in micropaticles. It is clear that phase transition should be destroyed in the
limit of extremely small size. In present paper we are discribing the results of the investigation
of the liquid-solid phase transition ø the ultradispersive mercury obtained by filling of the

porous glass with metallic mercury. The distribution function of the porus size was measured by
mercury porosimetry. It was shown that in our samples distribution was quite narrow with
average porus size of about 701 . The glass was filled with Hg at high pressure and after
pressure removal nearly 95% of mercury remained inside glass. Sample size was - 0.5õ0.5x2
cm~. It was ð1àñåä in the close cycle refrigerator. Temperature was controlled with the precision

of about 0.5Ê and temperature gradient along the sample was of the âàò å order of magnitude.
Neutron diffraction measurements were performed on the DN-2 TOF difractometer with point
detector, placed at angle 28=150 .

At room temperature ï î diffraction peaks were observed. In cooling solidification started
at 205Ê resulting in the appearance of Bragg peak. The intensity of the peaks I(T) was
increasing with temperature decrease indicating probably the increasing of the concentration of
solid phase - Fig.1. At Ò( 100Ê the saturation of I(T) dependency was observed. The low
temperature diffraction pattern exactly coincided with the diffractogramm of the bulk mercury,
but all peaks were broadened. One should mention that the widening should exists both for the
independent Hg clusters with 70A diameter and for fractal cluster consisting of the connected
microregions, but the exact lineshape should be different. In the present work the lineshapes
were not studied because of relatively poor instrumental resolution. The measurements in the
heating ãåð ò å have revealed extremely large hysteresis of the I(T) dependency. At the moment
the physical nature of the hysteresis is under discussion as well as "diffuseness" of the I(T) in
the cooling branch and "sharpness" at the heating branch. These phenomena would be discussed

in ò î ãå detailed ø the foregoing paper. At present time we would like to mention that results of
neutron experiments exactly correspond to the results of the specific heat measurements on the
âàò å samples as it be easily seen from Fig.2.
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At the time-î Ð äÛ spectrometer DN-2, installed at the pulsed reactor IBR-2
in Dubna ßã,Âà~„ÓÜ~Î ~ mixed single crystals (SBN-õ) of different compositions
(0.50 < õ < 0.75) were investigated between 15 Ê and 773 Ê. The diffraction

pattern along [001] at the scattering plane (110) and (100), respectively, were
found to be strongly infl uenced by the thermal diffuse scattering (TDS). The
appearance of the TDS from the long-wavelength acoustic modes of vibration in
single crystals is characterized by the ratio of the velocity of sound ñ, to the
velocity of neutron vÄ [1]. Due to the nature of the TOF Lane diffraction technique
used on DN-2, the TDS around à Bragg peak has à rather complex profile. An
understanding of the TDS close to Bragg peaks is essential ø allowing the
extraction of the diffuse scattering occuring at the diffuse ferroelectric phase
transition ø SBN crystals.

There are three regions of þ„ to be considered in calculating the nature of this
scattering. I f ñ, < vÄ, the TDS rises to à maximum at the Bragg peak and scattering
is al lowed at al l points in the reciprocal space. If ñ,> vÄ> ñ, ñî ëÎ where 8 is hal f
the scattering angle, the TDS rises to à steep maximum on either side of the Bragg
peak at Î â and scattering between these maxima is forbidden [2] . Finally, i f
ñ,ñî ëÎ > vn, there is one maximum only, and this is associated with phonon
annigi lation for 8 > Q and phonon creation for 8 < 8Â.

The third region, already studied in barium fl uoride [3] on SXD at ISIS,
has been examined now using SBN crystals and the results agree with the

theoretical predictions.

Fig.1 is à contour plot near 28 = 90, showing scattering close to the

reciprocal lattice point (002). The TDS occurs only on one side of the Bragg peak ,
which is characterized by the TOF and the Bragg angle Q . TDS appears at shorter
TOF than t~ i f 8 < ô and longer TOF if 8 > ô . From the curve calculated for the
central position of the TDS [3] we get ñ, = 2.90 kms-1. This value is not far from
3.16 kms-~ determined from the elastic constant c44 = (5.2+0.5) 1010 Nrn-~ (and the

density p = 5.2 gsm-3) for the elastically i sotropic case which is approximately

given here.
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Fig.1 Contour plot of (002) refl ection of SBN-61 around 28 = 90' on DN-2.
The detector positions 1 - 32 cover the 28 - range 83.9' - 96.1' .

Òèï å channal width 64 its.
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ST U D Y O F A N T I F E R R O M A G N E T I C Î Ê Ï Å ÂÕÕ Ñ2 I N H oP e0 3

I N D U C E D B Y A N E X T E R N A L M A G N E T I C F I E L D .

S.À .Buiko, Ê .K rezhov , × .V .Niet z, G.Pasazhov , À .Ð.Sirot in

R ank Laboratory of Neutr on Physi cs

Diff ract ion measurement s using à single-cryst al sample placed in à pulsed magnet ic
fi eld t o study the ear lier observed eff ect of ant i ferromagnet ism induced in ãàãå-ear th

sublat t i ces have been cont inued.
In H oF eOs four sublat t i ces of i ron ions experience ant iferromagnet ic or der ing along

the c-axis (à, Ü, ñ — are three or thogonal àõåí of t he or thorhombic cel l ) and holmium
ions are in paramagnet ic state. Under t he act ion of magnet ic fi eld (along the Ü-axis) t he
ant ifer romagnet ic order ing of four Holmium sublat t ices along the à-axis, perpendicular

to t he applied fi eld, is induced. Besides that t he ant iferromagnet ic order ing in i ron
sublat t ices occurs also along the à-axis, however with the al t ernat ion of t he signs of

magnet ic moments, difFerent from that of the main ant ifer romagnet ism.
T hough the appearence of addit ional component s of ant iferromagnet ic order ing in

the applied magnet ic fi eld is necessar ily determined by cryst al symmet ry, t heir quant i-

t at ive val ues, which ar e fi r st of al l dependent on ant isymmet r ic exchange interact ions
F e-Å å and F e- Í î , have not been calculated yet .

T he diff ract ion refl ect ions (102), (104), (201), (302), which are not present in t he
init ial st ate have been measured. As an exam ple à ser ies of neut ron-diff ract ion pat terns

for (102) is given in Fig.1 for the magnet ic fi eld pulse ampli tude of 77 Î å and the
indicated temperatures. T he t ime dependence on magnet ic fi eld (in relat ive unit s) is
shown here too.

T he result s of processing neut ron-diff ract ion pat terns for (102) and (201) measured

at t he temperature of 93 Ê is given in F ig.2. T he (201) peak is determined by the ant i.
ferromagnet ic ordering of only holmium ions, and the (102) peak — by the inser t ion of

i ron and holmium ions. Comparison of t hese data shows that the ant iferromagnet ism is
induced in both subsystems al ong the à-axis. T he t emperature dependence on holmium
" ant iferromagnet ic suscept ibil i ty" is represented in Fig.3.

T he t heoret ical analysis of the obt ained dat a wil l al low to determine à number of
essent ial constant s for ant isymmet r ic F e-F e and F e- Í î exchange interact ions.
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ÒÍ Å P H A SE D I A G R A M OF H E M A T I T E I N A N E X T E R N A L
M A G N E T I C F I E L D

V .V .Nietz

ß àþé Laboratory of Neutron Physi cs

In connect ion with measur ing hysteresis phenomena fol lowing spin-fl op t ransit ion in
ant iferromagnet ics with uniaxial anysot ropy with t he SNIM -2 spect rometer , the phase
diagr am of hemat it e (e-F eqOs) in an external magnet ic fi eld has been calculated. We

could assume that t he maximum width of t he exper iment al hysteresis loop is direct ly
connected with t he magnet ic fi eld range within the limi t s of met ast abil i ty for two possi-
ble phase states in t he spin-fl op t ransi t ion. T his range, in i t s t urn , i s determined by the

rat io of t he 1st and 2nd const ants of anisotropy. T he phase diagram calculat ion with
the known values of t hese constants shows that the experiment al hysteresis loop width
is at least twice less than the calculated one.

In addit ion, on the phase diagram some peculiar i t ies have been found which are not
encountered in other cases of phase t ransi t ions. T he sect ion of t his diagram for cer t ain
values of anisot ropic const ants is shown in Figure 1. T he complicat ion of the phase
diagram is caused by the emergence of one more phase st ate (I I I ) besides two basic
ones ( I and I I ) . In t he fi gure: Ñ is à cr i t ical point of the fi rst -or der phase t ransit ion

between the st ates I and I I I , ÒÑ2 is à t r icr i t ical point which unlike typical cases is not
connected with t he fi rst -order t ransi t ion l ine. In the (ÒÑ 2 — Ñ ) interval t he minimum of
the st ate I I I or iginates. In t he (à — Ñ ) interval the minimum of t he st ate I dissapear s
(when Í , increases). Over t he (Ü — c) l ine the minimum of t he st ate I I or iginates so
that beginning from the point ÒÑ 2 it also becomes the l ine of the second-order phase
t ransit ion between the states I I and Ø . In the interval (d — F ) t he states 1 and I I and
in the interval (F — Ñ ) the st ates I I I and I I sat isfy the equil ibrium condit ion . W hile

the anisot ropic const ant K i is decreasing which corresponds to à t emperat ure r ise, t he
points F and Ñ become closer and fi nal ly for Ê ~ — — 156 Î å (at t he temper ature of 160

Ê ) these point s converge into one supercr it ical point . T his anomalous point on the
phase diagram unites proper t ies of both cr i t ical and t r icr i t i cal point s. T he exhibit ion of
specifi c pecul iar i t ies in the behaviour of the system in i t s vicinity should Úå expected.
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D I F F R A C T I ON I N V E ST I G AT I ON OF ÒÍ Å D Y N A M I C H Y ST E R E SI S
F OL L OW I N G SP I N -F L OP T R A N SI T I O N I N U N I A X I A L

A N T I F E R R O M A G N E T I C S I N À P U L SE D M A G N E T I C F I E L D

D.Georgiev , V .V .Niet z, À .Ð.Sirot in

Frank Labor atory of Neutr on Physi cs

I n v e s t i g a t i o n s o f t h e k i n e t i c s o f r e - o r i en t a t i o n sp i n - fl o p p h a se t r a n si t i o n i n a n t i -

f e r r o m a g n e t i c s w i t h à r h o m b o h e d r i c s t r u c t u r e h a v e b ee n c o n t i n u ed w i t h t h e S N I M - 2

sp e c t r o m et e r .

T h e d i m en s i o n s o f Ñ ò ð à a n d à - F eqO s s i n g l e - c r y st a l sa m p l e s a r e 5 x 6 x 8 m m .

M a g n e t i c fi e l d p u l se s h a v e t h e sh a p e o f à h a l f - p e r i o d s i n u so i d a n d t h e d u r a t i o n o f 7 3 5 p s

o n t h e b o t t o m . T h e t i m e r e so l u t i o n f o r t r a n s i t i o n p r o c e sse s i s a p p r ox i m a t e l y 4 p s . T h e

c r y s t a l b a s i s p l a n e ( 1 1 1 ) i s v e r t i c a l . T h e m a g n e t i c fi e l d i s p e r p en d i c u l a r t o t h e ( 1 1 1 )

p l a n e , i . e . i t i s p a r al l e l Ñî t h e i n i t i a l d i r e c t i o n o f a n t i f e r r o m a g n e t i c v e c t o r .

Since the observed hysteresis exhibit s i t sel f only at à rather fast field change, i t is of
à dynamic character . T he hysteresis can be natural ly considered Ñî be the consequence
of t he coexistence of two st ates in some definit e fi eld range, with one of t hem being
met ast able. According to t he theory this range is determined by the rat io of the 1st
and 2nd anisot ropic constants. In t he ñàçå of C rqOs i t is impossible t o compare the
experiment al data with t he theory since i t cannot be said with any cer tainty whether
the obt ained hysteresis loops ar e utmost and the 2nd anisot ropic const ant is unknown
either . T he phase diagram calculat ion for n-Ð åðÎ ç in à magnet ic field has shown that
the experiment al hysteresis loop width is at least twice less than the calculated range

of met ast abil i ty.

R e f e r e n c e s

[1] D .Georgiev , V .V .Nietz, À .Ð.Sirot in , À .À Óà1ñî ÷1å÷
Temperat ure and fi eld dependences of neut ron scat ter ing intensi ty at coherent spin-

fl op t r ansit ion in ÓãðÎ ç
JINR, Ð14-92-400, Dubna, 1992 (in Russian)

[2] D .Georgiev , V .× .Nit z, À .Ð.Sirot in
Hysteresis phenomena at spin-fl op t ransit ion induced by the pulsed magnet ic field
JINR , Ð14-92-401, Dubna, 1992 (in Russian)

14 9



~~ 3

2 . 2

~

1 . 5

! . 2

~ .0

0 . 8

0 . 6

0 . %

0 . 2

5.! 5.3 5.5 10 '

Fig.1 T he neut ron-difFract ion pat tern of refl ect ion (224) for C rqOs at Í = Î , together

with the fi eld pulse. T he t ime channel number is shown on the hor isont al axis (t he
channel width ~ = 16ps) T he geomet ry of the exper iment is al so given .

î ë

î . z

- 0 .4 — ' Ñã 0 3 ( 2 24 ) 15 6Ê à = + 1' 1 * Í = 6 7 . 18 k o e~

1 ü 68 .64 Ì Î å
• + • • 1 • 69 .8 9 k o e

~ • • à +e ~áà 1 • 7 1.0 0 k o e
• Â • • ee •

â~ •
* • • ~ 9~ ì •

Â • ~ Ü •
ä , •

• Ü

à~ * • à é » Ôâ"

Ì * < * Ú- • • 3~1
* * • 4 * - ]~ . ~á 1-

* 4 ~~ àð
á * • • * • • ô

* À * * k * à~ •
• ~ i s * * À 9Ã

a • ea ee

• ~ 4 è * ðáì ê~ • •

*

10 10 1020 1030 1040 1050 1060 1070
n u m b e r o f c h a n n e l

CR 110P00.026,.016,.032,.03ò 13- 16 12.91 16.î ã.92

F i g .2 T h e n o r m al i zed d i ff er en ce n eu t r on - d i ff r act i on p at t er n s ( I ~ — I O) / I O ( I ~ , I p -

t h e p at t er n s w i t h an d w i t h ou t à m agn et i c fi el d r esp ect i v el y ) f o r C r 20 3 , o b t ai n ed at

2 1Ý = 90 ' , t h e ch an n el w i d t h r = 8ð ç an d t h e i n d i cat ed i n t h e i n ser t m agn et i c p u l se

am p l i t u des. T h e d ash ed l i n e sh ow s t h e m agn et i c fi el d v ar i a t i on i n r el at i v e u n i t s. à — i s

t h e an g l e b et w een t h e fi el d d i r ect i on an d t h e an i so t r op i c ax i s on t h e h o r i zon t al p l an e ,

w h i ch d et er m i n es t h e d i r ec t i o n of m agn et i za t i on r o t a t i o n a t an i n cr ease of t h e fi el d .

ë

ñ î . ()
Ô

ñ

- î .ã

15 0



* * Í = 7 1.0kOe 136K
• î Í = 7 1.0kOe 153K

î .ã

~

î •
• •

î

:ý~
— î . î

Ô

* % î
• •

~~

> ~ å îó î
î- î .ã

~~~

î
* ~ î Ô ~ „ ee

* * ~ î •
0 0 • 0* * * î î 4! • •

* !00 • •
â60 ô I 68 7î 62 64 66

@~ n e t i c f i e l d ( 1 0 ) , !ÀÉ!2 3.~9 03.î 3.92
11î ð00.047 20.12.91 + 1~~9CR110P00.037 17.1Ë ! ñà11î

~

~ ä

- 0 .4

Fig.Ç T he scat ter ing intensi t ies in dependence on magnet ic fi eld val ue for Ñ ãðÎ ä at
two indicated temperatures. Full st ars and cir cles cor respond to t he fi eld growth and
blank — to the fi eld decrease.

1 .2 ~ î

~

~Ú
àà - Ãå20 ç ( 33 3) HIIC>

~.î

~~

0 .8

0 .4

î .ã

î . î

15 1

äÚæ*

4 .)
- • * ~ á

Ü •
Üî á*

1 •

Ô à Ò 19 9 Ê

Hm = 57 .20 kOe

60 .33 kOe

• î 60 .60 kOe

• î 6 1.3 4 kOe

* * 6 1.6 6 kOe

5 3 5 5 5 7 5 9 6 1
m a g n e t i c f i e l d ( k O e )

HI404PD.044. .045 ..046 . .05 1..0 5 2 C= .5~5 .79 22 - 23 0 3 ß2



TEX T URE I NV EST I GAT I ON S OF GEOL OGI CA L SA M PLES ÀÒ ÒÍ Å
N SH R DI FFRA CT OM ET ER

Ê . Wal ther , 1V.1V. Isakov, À .lV. 1Vi ki ti n, Ð.1. 1Vi kolayev, Ê . Ullemeyer , J. Hei ni tz
Joi nt insti t ute for IVuclear Research, Dubna, Russi a

T he preferred orientat ion of crystall i tes deviat ing from isot ropic or ient at ion dist ribu-
t ion is cal led texture. For geological mater ials deformat ion processes act ive in t he Earth' s

crust are t he main mechanism infl uencing texture development . These processes act ing
under ext reme physical condit ions are very slow and therefore cannot be invest igated by
direct methods. Texture analysis would provide interest ing informat ion about t he de-

format ion history of rocks. For à bet ter underst anding of t he processes act ing in the
crust i t is also import ant Ñî simulate t he texture forming mechanisms and invest igate
exper imental ly t he deformat ion of geological samples and composites. Ref. [1] report s on
the resul ts of simulat ing t he texture development in high temperature quart z applying
à t hermoact ive model of dislocat ion sl ip. Ref . [2] proposes à model for à t exture rise in
an init ially isot ropic polycrystall ine quar tz aggregate under non-uniform st rain directed

paral lel to t he crystal lographic àõåÿ. T he model bases on the not ion of t he behaviour and
the propert ies of quartz near t he à — p t ransit ion point . In cooperat ion wi th t he Inst i tute
of High Pressure in Troit sk , Russia, and the Research Center Rossendorf , Germany, much
eff or t has been made to develop high pressure faci l i t ies Ñî invest igate texture modifi cat ion
processes in geological materials direct ly in à neut ron beam. T wo high-pressure cel ls are
in const ruct ion: one for à working temperature up to 1100 Ê and single-axis compression
up to 1.5 õ 10 Í for samples with à volume up to 20 ñò ç. The second, for à t emperature
up to 600 Ê under à hydrostat ic pressure of 1.5 GPa and single-axis compression up to
5 õ 10 for samples of 4 ñò ~. Ref. [3] report s details of t hat complex .

Òèï å-of-fl ight neut ron diff ract ion is t he most perspect ive method Ñî invest igate the
texture of geological samples. It al lows high resolut ion and large sample volumes and
si mul t aneous measurement of à large number of pole fi gures. The work on the determina-

t ion of textures of geological materials [4,5] with t he NSHR diff ractometer was cont inued
New data were obtained about t he texture of polyphase samples cont aining quart z,

plagioclase, and biot i te [6] .
Figure 1 shows à t ime-of-fl ight spect rum of à three-phase granuli te measured at the

NSHR di ff ractometer . A lt hough t he resolut ion is high, A d/ d = 0.5%, the spect rum has à
complicated character with many overlapping peaks because of t he polyphase composit ion
of t he sample and the low symmetry of i t s const i t uents.
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Fig. 1, Òèï å-of-flight spec-
trum of sample ST G contai-
ning quart z, biot i te and ð1à-
gioclase.

1 2 0 0 15 0 0 i soo ã ~î î

C h a n n e l s

2 7 0 0 çî î î

Quart z is common in many rocks, if present , i ts duct ile propert ies mainly determine the
rheological behavior of t he rock. On the other hand, à broad spect rum of quar tz textures
is observed. I t was found, t hat t he normal to ( 110) is t he dominant sl ip direct ion. T he
main sl ip planes are the basic, rhombohedral and pr ismat ic planes, Under deformat ion
the sl ip plane becomes parallel to t he shear plane, and the sl ip direct ion paral lel to t he
direct ion of shear . Moreover , t he st rain path and the magnitude and symmetry of st rain
also infl uence the result ing text ure.

Figure 2 i llustrates the reference system commonly used in geology. T he X Y plane is
the foliat ion plane, the Õ direct ion is t he l ineat ion direct ion, Pole figures are generally
given in t he X Z sect ion. T he Õ,Y ,Z àõåÿ are interpreted to represent the main axes of
the st rain tensor .

F ig. 2. T he geologi cal referen ce sy st em ,
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T he symmetry of deformat ion (coaxial or non-coaxial ) determines the symmet ry of t he
observed preferred orient at ion (or thorhombic or monoclinic) . For coaxial deformat ion two
main types of orientat ion pat terns are observed, which are typical for oblate and prolate
st rain. In t he (110) and (001) pole fi gures, t he tendency to form small circles around
the fol iat ion normal , 2 , indicates prevailing compression perpendicular to t he fol iat ion.
Small circles around the l ineat ion, Õ, indicate dominant extension paral lel t o Õ, which
is commonly observed during fold format ion. Circle-shaped maxima posi t ioned on the
X Z-circle give evidence for plane deformat ion. The pole fi gure symmetry is lowered by
non-coaxial st rain.

In the ñàçå of plagioclase it seems, t hat also dislocat ion sl ip is t he main reor ientat ion
mechanism with [100] and [001] as the main sl ip direct ions on (010) and (001) planes.
Usually t he (010)[001] sl ip system dominates, at very high temperatures the (001)[100]
system act ivates. At temperatures above 500' Ñ plagioclase becomes plast ic, and preferred

orientat ion develops. T hat means, that plagioclase bet ter remembers older deformat ional
events in cont rast to quart z, where plast ic behavior start s at 300' Ñ and older Fabrics
textures are more or less over pr inted or deleted.

Biot i te has à platy grain shape with [001] as the normal . During deformat ion that
normal becomes perpendicular to the shear plane. T herefore, t he (001) pole fi gure cont ains
general informat ion about the orientat ions of all fol iat ions in t he sample.

Figure 3 shows some pole fi gures of biot i te, quartz, and plagioclase recalculated from
the orientat ion dist ribut ion funct ion. T he (001) pole fi gure of biot i t e has à sharp, almost
axial-symmet ric maximum in t he 2 direct ion. T hat point s to à dominant X Y -fol iat ion
which developed under coaxial compression. T he (110) pole fi gure of quart z has circle-
shaped main maxima near t he Õ di rect ion. ~ o tendency to form small circles can be
observed. In cont rast to biot ite, hat indicates plane deformat ion with extension paral lel
Õ. Furthermore, t he quart z ( 110) pole fi gure is character ized by the fact , t hat t he circle
connect ing the t hree maxima depart s from the X Z sect ion. Correspondingly, the maxi-
mum in t he (001) pole fi gure is shifted from the center .

Fig. 3. Recalculated
pole fi gures for biot ite
(bt ), quartz (qt z), and
plagioclase (pl ) .
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The observed textures of quart z and biot i t e might be interpreted as fol lows: the (001)
pole fi gure of biot i t e refl ect s t he bulk fi nal st rain characterized by à tensor wi th t he àõåÿ, Õ,
Y , and Z (Fig.2). T he quar tz t exture gives informat ion about t he last st age of deformat ion
and evidences for an oblique deformat ion regime. The interpret at ion of t he plagioclase
texture is at the state of beginning, because of t he absence of suffi cient informat ion on the
reorientat ion mechanisms act ing during texture format ion. The characterist ic maximum
of t he (010) poles in the Z direct ion might Úå evident for t he dominance of (010) as sl ip
plane.

R efer ences.
/ 1/ Ê . Walther et al .: Simulat ion of deformat ion textures of high-t emperature quart z.
(in Russian) , Fiz. Zemli , 1993, No. 6, ð. 45-48.
/ 2/ À .N. Nikit in, 1.Ê . Arhipov é Ê . Walther : À Model of Induced Anisot ropy in crystal-

l ine Rocks. X X I I I General Assembly of t he European Seismological Commission, A ct ivity
Report 1990-1992 and Proceedings, vol . 2, ðð. 359-362, Prague, 1992.
/ 3/ J. Heini t z et al . À High-Pressure Device for In-Situ Measurements in à Neut ron

Beam. Textures and M icrost ructures, 1994 (in press),
/ 4/ Ê . Helming, W . Voitus É Ê . Walther : Progress in Texture Invest igat ion at t he Pulsed
Reactor IBR-2. Physika Â , 1992, 180 É 181, ðð. 1025-1028.
/ 5/ Ê . Walther et à1.: Diff ract ion studies of t he texture of geomater ials at t he high reso-

lut ion neut ron diff ractometer NSHR at FLNP JINR. (in Russian), Fiz. Zemli , 1993, No.
6, ðð. 37-44.

/ 6/ S. Siegesmund, Ê . Helming é R. K ruse: Complete Texture Analysis of à Deformed
Amphiboli t e: Comparison bet rween Neut ron Diff ract ion and U-St age Ï àÑà. J. St ruct .
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N E U T R ON D I F F R A CT I ON À Ò H I G H P R E SSU R E W I T H D I A M O N D
A N D SA P P H I R E A N V I L S À Ò ÒÍ Å I B R - 2 R E A C T OR

À .Ì .Balagur ov, Â .# ßà÷åï éî
Joi n t I nsti t ute for Nuclear Research, D ubna, Russi a

V.Ð. Glazkov, × .À .Somenkov
RSC "K ur chatov I nsti tute" , M oscow, Russi a

T he new high-luminosi ty neut ron diff ractometer , M A N, for invest igat ing microsam-
ples at ambient and high pressures is now operat ing on channel 12 at t he IBR-2 reactor

(see Fig.1). À r ing of 16 detectors is posit ioned on the ver t i cal plane perpendicular Ñî
the incident beam . By moving the r ing along the beam , the scat ter ing angle is var ied
from 45' up to 135' . Fir st test experiments have demonst rated the possibil i ty of mea-
sur ing sam ples wi th à volume of 0.05tol .5 mm~ with t his diff ractometer . T he crystal

st ructure of P yP s was invest igated with diamond anvils at pressures of up Ñî 120 kbar
to sear ch for the phase t ransi t ion predicted on the basis of the resist ivi ty data in [1,2]
Ñî occur at about 100 kbar . T he ini t ial hexagonal structure was found to be stable
over t he ent ire pressure range (Fig.2). M agnet ic order ing in (à — F eqOs hemat ite was

invest igaed at 45 kbar . Transi t ion to à new state with intermediate moment direct ions
[3] has been confi rmed. Addi t ional data about intensi t ies of refl ect ions with larger Q
have been collected.

1. 1.0 .Bashkin , Å .G.Ponyatovski i , Ì .Å.K ost . Phys. St at .Sol .(Ú), 83 (1977), 517-520.

2 . À . S a w a o k a , Ê . W a k a rn o r i , S .Ì .F i l i p e k . P r o c .J I M S - 2 , H y d r o g en i n M e t a l s . 1 9 8 0 ,

14 1- 14 7 .

3. I .N.Goncharenko, Î .À .Lavrova, × .À .Somenkov, G.Andre, J-Ì .M ignot , I .M irebeau,
J .Rossat-M ignot . Abst r . of Russian-French Seminar , Gat china, 1993
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Fig.1. The diffractometer layout: 1 - mechanical chopper, 2 - anvils,
3 - detector ring, 4 - sample.

Fig.2. The diffraction nattern from hematite measured at P=S0 t har
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SA N S St udies on H ydr at ing Cement Paste and SSNT D

F . H au81er ), Ì . H empel ), F . Eichhorn" ), À . Í åò ðå1" ),Í . B aumbach+i

)Fraunhofer-Inst itut fi i r zerstorungsfreie Prufverfahren / EADEM Dresden, Germany
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) Forschungszentrum Rossendorf å. × . / 11Ì Dresden, Germany
+)Fraunhofer-Institut fur zerstorungsfreie Prufverfahren Saarbrucken, Germany

Â ó m eans o f SA N S ex per im ent s à non-dest ruct iv e descr ipt io n o f st at i st ical ly r ep r esent at iv e

m i cro st r uctu r es ( nm - and p m - scale) in t echno logical ly im po rt ant d iso rder ed m at er ial s i s

po ssib le [ 1] . À detailed descr ipt ion o f t he u sed SA N S- spect ro m et er M U R N is ó ÷ åï by

O st anev ich et al .[ 2 ,3 ] .

À hardening Portland cement paste contains many crystalline and non-crystalline phases in
various ranges of sizes. The crystalline phases ( å.g. Port landite, Calcite ) are embedded in the
amorphous phases of hydration products. The kernel of the hydrating grain consists of
unreacted Portland cement [4] . After the onset of hydration the evolution of the inner structure
is observable by the evolution î é óð1ñà1 parameters of the SANS curve.

The infi uence of the dry Portland cement (particle size: ( 1 ...150) ltm, specifi c surface area
(BLAINE) : 0.25 m2 /ö [5]) and silica fume (sphere-like particles (diam.50% smaller than 0.25
ðò ) specifi c surface area (BL AINE): 20 m2 /ä [6]) on the scattering signal is investigated by
special SANS measurements. À dry powder of silica fume (SF), of ordinary Port land cement
(PZ), and à mixture of them (with à SF-PZ-mass ratio of 0.109) were put in à sandwich-like
container formed of à plastic hollow ring and two circular plates of quartz glass on the faces of
this ring. The obtained SANS-data for àÏ the samples studied have been plotted as [ Q 4 dZ/

dQ (Q)] versus Q. Figure 1 shows diff erent scattering patterns of the behaviour of dry powder
samples. The Porod's potential law holds for the samples of the mixture of SF and PZ . Based
on the smaller size range of the SF-particles à steeper increase of the macroscopic cross-

section by decreasing of Q is expected. The exponents À(2) of the scattering curves of dry
Port land cement and dry silica fume, calculated by the fi t procedure FUM IL I, deviate from 4.0
by about 4%. Accordingly, the calculated surface area of these samples have to be considered
as an estimate [7] . The surface area ðåã unit volume of PZ and SF is estimated. The results are
summarized in table 1.

T a b le 1: Su r face m easurem ent s o f dry pow der sam ples o f anhy d r ou s o r d inary P o r t l and

cem ent , si l ica fu m e and t heir m ix t u re
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The samples of à hardened cement paste are prepared from ordinary Portland cement and
water (D2O) with à ó ÷åë water to cement ratio of 0.38. In order to observe the hydration
progress after the onset of hydration ( at the last measurements the sample were 620 days old )
the cement paste was put in à sandwich-like container formed of à plastic hollow ring and two
thin 30 pm thickness plastic foils on the faces of this ring to reduce the vapour (water)
exchange. Changes in the mass of à sample due to evaporation of water were registered. The
thicknesses of these plastic rings were 0.50 mm, 1.05 mm, and 1.70 mm.

B ot h t he p ot ent i al law of t he scat t er ing cu rv e and t he m acro scop ic cr o ss sect io n dZ /d Q v ary .
I n t he m easu r ed Q -r eg ion t he har dening cem ent past e do not ex hib i t à P o r o d - l ik e behav iou r .
T he pow er law o f oc () -~ (2 ) is ob serv ed f or Q < 1 nm [ 7] . F igu r e 2 g iv es à su rv ey o f t he

ev o lu t i on o f t he ex ponent s À (2 ) o f t he SA N S cu rv es. T he ex ponent s À (2 ) o f t he FU M I L I

calcu lat ions ar e v ary ing in dep endence o n t he hy dr at io n t im e and li e in an i nt er v al f r om abou t

2 t o 4 . T hi s i s b el i ev ed t o b e asso ci at ed w it h f r act al b ehav i ou r . T hi s m ight ar i se f r om t he
dep o sit io n of à Ñ - S-Í gel on t he cem ent c l ink er g r ain/ ð î ãå boundary and t he r o ughening o f

w at er int r udes t o f o rm t he inner pr oduct [ 1] . T he area o f t he r ough su r f ace depend s o n t he
scale o f ob serv at ion [ 8] . I n t he ñàçå of sel f - sim i lar su rf ace st r uctu r es ( su rf ace f r act al s) t he

ex pon ent o f Q i s betw een - 3 and -4 . I n addit io n t he t hick ness o f t he hy dr at ing cem ent past e

sam p les p r ov es t o be à signifi cant par am et er f o r stu dy ing t he cem ent hy dr at io n in r eal-t im e

ex p er im ent s. C o m par ing t he ev o lu t ion o f t he ex po nent À (2) , af t er t he hy d r at i on t im e o f 92

day s t he ex p o nent s descr ibing t he p ot ent i al behav io u r decr eased . B ev o r e r eaching à near ly

co m m o n v alu e o f À (2 ) t h e ï ø ø ï à o f all t hese ev o lut ion cu rv es at t he hy dr at i on t im e o f ab ou t

400 day s ar e v i sib le in f igu r e 2 . H ence t hese ex p er im ent al r esu lt s m ight be cau sed by chang es

î Åt he m i cr o st r uct u re du r ing t he hy dr at io n pr ocess.

Assuming à logarithmic normal distribution for the size (geometric radius R) of spherical
particles (pores or grains of diff erent phases) the most probable radius R0 (centre of
distribution) and the dispersion of that distribution (ð oc FWHM) for hydrating samples within
the fi rst 92 days after the onset of hydration is given in table 2. The results using à calculation
procedure discussed in G. Walther et al. [9] show that the mean part icle size reaches its fi nal
value already in the early stage of hydration whereas the dispersion of the particle size
increases during à longer ðåï î é [ 10] .

T ab l e 2 : P ar am et er s (t he m o st pr obable r adiu s R o and the fu ll w idt h at hal f m ax im u m

[FW H M ] ) o f à log ar it hm ic no r m al d i st r ibu t ion f o r spher ical par t ic les in dependence o n t h e t im e

af t er t he o nset o f hy dr at i on î ÒÐî ã(1àï é cem ent past e

All these experimental results give rise to the conclusion that further investigations, especially
theoretical î ï åê, are necessary for the correct interpretation of the experimental curves and the
evaluation of structural data (nm-level) on the cement paste.

Furthermore, latent þ ï tracks in solid state nuclear track detectors (SSNTD) before and after
etching are studied by SAN S [ 11] . Passing the SSNTD charged particles (protons and havier
particles) form latent tracks. The parameters of these tracks vary with the atomic number and
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the energy of the incident particles. Therefore SSNTD represent passive detectors for ionizing
radiation and can be used for the registration and identifi cation of charged particles. On the
other hand with the help of special etching procedures the design and the production of nuclear
fi lters with defi ned porous ãà4é in the ðò -level is achievable. First experiments by SANS on
the M UON facility are realized [ 12] . Essentially the study of the infl uence of partial annealing
and î Ãother environmental conditions on the storage of irradiated detectors over à long period
requires the analysis of the latent tracks. Semenyuk, Svergun et àl.[ 13] have investigated
diff erent types of nuclear fi lters by small angle Õ-ãàó scattering. Both latent and etched tracks
in Ï ETP are studied. I rradiated and etched þ ï tracks are shown in Fig. 3. The slope of the
scattering curve using the Guinier plot indicates the size range of the radial extension of the
etched track. Without any assumptions about the form of the scattering obj ects the radii of
gyration Rg calculated from the slope of the scattering curve correlate with the radii r
measured by à gas penetration method. For the further interpretation of the scattering data via
modelling additional data about the latent tracks are necessary. This modelling is à useful help
for the quantitative analysis of SANS data. For this analysis, the form of the latent tracks, i .e.
the matter density distribution (profi le) parallel and perpendicular to the track axis, the exact
track density of the irradiated region, i.e. homogeniety of the track distribution, and other
parameters are needed.

T h e a u t h o r s w i s h t o g r a t e f u l l y a c k n o w l e d g e l a t e P r o f . Y u . Ì . O s t a n e v i c h o f F L N P J I N R f o r

h i s p e r m a n e n t i n t e r e s t , f r u i t f u l d i sc u s s i o n s a n d t h e su p p o r t f o r t h e w o r k u n t i l h i s s u d d e n d e a t h

i n 1 9 9 2 . W e t h a n k o u r c o l l e a g u e s f r o m t h e S A N S g r o u p , e sp e c i a l l y À . 1 . K u k l i n , f o r t h e i r

h e l p f u l d i s c u s s i o n s a n d h e l p i n t h e S A N S e x p e r i m e n t s . T h e e x p e r i m e n t s i n t h e fi e l d o f S S N T D

a r e s u p p o r t e d b y D r . W . B i r k h o l z . T h e s e e x p e r i m e n t s w e r e d o n e b y c o o p e r a t i o n w i t h t h e

c o l l e a g u e s o f t h e J I N R D u b n a / L a b o r a t o r y f o r N u c l e a r Ê å ç å à ãñ Û Ýã . × . P . P e r e l y g i n , D r . Ì .

D a n z i g e r , D r . P . Y u . A p e l , D r . S . G . S t e t s e n k o a n d M r . À . S c h u l z .

T h e w o r k r e p o r t e d h a s b e e n p e r f o r m e d w i t h p a r t i a l s u p p o r t o f t h e B u n d e s m i n i s t e r f u e r

F o r s c h u n g u n d T e c h n o l o g i e t h r o u g h g r a n t ï î . 0 3 - D U ÇF H G a n d 0 3 - E I 3 R O S . T h e a u t h o r s a r e

f u l l y r e sp o n s i b l e f o r t h e c o n t e n t s o f t h i s p u b l i c a t i o n .
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F I G U R E 2 : T he ev o lu t io n o f har dening cem ent paste in dependence on t he hy d r at i on t im e and

t he sam p le t hi ck ness
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SANS-investigation of the ï ï ñåÈå system Ñ| 4 DMAO in Ð ~Î
at high hydrostatic pressure

N .Go rsk i , " .) .Kalus , " " À .! .Ku k lin , " " " L .S .Sm irno v " " "

" FZ-Rossendorf , Germany; JINR,Dubna,Russia
" " University Bayreuth, Germany

" " " JINR, Dubna, Russia

Int roduct ion
Pressure (along w it h temperature) is one of t he important
characterist ics, w hich determines the propert ies of matter. Nevert hless,
pressure is not w idely used in small angle neut ron scattering
invest igat ions of micelle systems because of technical complicat ions.
The main aim of our experiments is to obtain informat ion about t he
behaviour of surfactant solut ions under pressure. It is necessary to note, t hat
under t he inf luence of pressure phase t ransit ions w it hin t he mezophase
range.

SANS Experiments
Were done w it h MURN the t ime-of-f light spect rometer at t he pulsed
reactor IBR-2, JINR, FLNP. We used à wavelength range f rom 0 .7 to 10 À
and à t ime-averaged f lux of t hermal neut rons on the sample of about 107
neut rons cm -~s -~. The lengt h of t he scattering vector Q was varied f rom
0 .0 1 to 0 .2 À-' . The important feature of the " Ì Î ÂÈ" spect rometer is t he

use of an internal standard scatterer (metallic vanadium) w hich
guarantees absolute calibrat ion of t he measured cross sect ion w ith an overall
systemat ic error less than 10 %.

T h e h ig h p r e s s u re c h a m b e r ( Í ÐÑ )
Í ÐÑ is m a d e f ro m t h e T i/Z r a l lo y w it h à " 0 " c o h e r n t s c a t t e r in g le n g t h .

T h is c h a m b e r is à 1 3 0 m m h ig h c y l in d e r w it h t h e 3 3 m m e x t e r n a l d ia m e t e r

a n d t h e 1 1 m m in t e r n a l d ia m e t e r . T h e w o r k in g ãà ï ê å is f ro m 0 u p t o

10 0 0 M Pa . T h e p re s s u re w a s c re a t e d b y à p re s s .

The Micelle system
The concent rat ion of t he micelle system C14DMAO

(tet radecyldimethy laminoxide) in 0~0 was C = 55 mM. The shape of
micelle w ith this concent rat ion is à cylinder w ith t he radius R= 20.6É and
the mean lengt h L = 150 %. The experimental background was formed by
heavy water. The samples were exposed to radiat ion for 1 to 4 hours. The
temperature was 24 Ñ, the pressure - 0 .1; 210; 421; 632; 842 MPa. For
est imat ing t he possibility of using this chamber for conduct ing experiments
we compared the data measured w ith t he cell of t he 1 mm useful t hickness
w ith t he data measured for the reported chamber under the pressure P = 0 .1
MPa. Comparison of t he scattering curves (Fig.1) indicates good
agreement w ithin the range 0 >O.Î ÇÀ-" .
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Result s and Discussion
As is seen f rom Fig .2 , an inc rease of pressure to 2 10 M Pa leads to à

great change in t he scat tering curves . À f urt her inc rease of pressure (up to
84 2 M Pa) does not af fect t he curves so much: t he shape of t he c urve does
not vary apprec iably w it h inc reasing pressure, and only intensit y
increases . The reason for t his change is t he inc reasing micelle
concent rat ion due to heavy w ater compressibilit y . For comprison w it h t he
ex periment al data t he f it -curves for t he cy linder (Fig .3 ), fo r t he d isk (Fig .4 )

and t he ellipso id (Fig .5 ) are presented . The calculated values are listed in
Tab. 1. As is seen f rom f igures 2-5 t he scat tering curves have t he max imum
at Q=O.18 À " . But t his max imum does not ex ist at t he pressure P = 0 .1

MPa. If assumed , t hat w it h increasing pressure à layered st ruct ure

appears, t hen f rom equat ion d = 2' / Î , w e obt ain t he interlayer
repeat d istance d of about 34 A . We plan to conduct add it ional
ex periments for f urt her detalizat ion of micelle st ruct ure at high pressure .

Finaly , many thanks are due ñî Mrs Drozdova for numerous correct ions
of our English.
N.Gorski gratefully acknow ledges the support of BMFT (cont ract
03-DU3 ROS /À.8-Ê16).
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Fig.1 The scattering dependence for the Ñ1ù 0 Ì ÀÎ -solution in 0 20 In

the cell and ln the high pressure chamber.

Flg.2 The small-angle scattering patterns of C~4DMAO
as à function of pressure at T = 24o Ñ.
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Flg.Ç The calculated (line) and the experlrnental
data (points) for the cylinder.
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Flg.4 The calculated {Ilne) and the experimental
data (points) for the disk.
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The Study of Ì 1ñå11àã Solutions of Ethoxylated Diisononylphenol Úó Small-A ngle

Neutron Scattering

B ulavin~ L .À ., Garamus × .Ì ., Ostanevich Y u.Ì .

1 - Phy sical Facul ty , K iev Uni versity , K iev , Ukraine

The application of non-ionic surfactants in enhanced oi l recovery has recently

attracted considerable interest owing to their favourable characteristics under reservoir

conditions. Because the structure of micel lar solutions of surfactants, i .e., the size,

shape and concentration of micel lar associates (micel les), may play à fundamental role

in the shaping of interface phenomena in oiVwater systems it is been investigated on

many occasions [ 1] .
The structure of micel lar associates is intimately connected with surf actant

molecular formula. The one of parameters is number of alkyl chains. The surfactants

with dif ferent number of alkyl chains are à obj ects of study [2] . The chosen surfactant

has two alkyl chains and is close to industrial ones. Both factors make it very

interesting obj ect of studying.
Small angle neutron scattering is à powerful technique that i s able to inves-

tigate, not only the above mentioned parameters but also the intermicellar interactions.

Oxyethylated di isononylphenol (ÑäÍ ~~)~Ñ~Í 4(Î Ñ~Í 4)„Î Í (ODNP), where n=20

is the main component, was received from the Institute of Bioorganic Chemistry and

Petroleum Chemistry, Kiev, Ukraine [3]. The ODNP is mixture of equal part of 2,4 and

3,4 di isononylphenol . The critical micel le concentration (ÑÌ Ñ) ø aqueous solution
was measured by the surface tension method [4] . The ÑÌ Ñ was 5.06.10 ~ mol at

20 ' Ñ. The cloud point is 70.8 ' Ñ. Existing of second chain may play the important

role in systems where one of components is ODNP and the surface tension
(î 11/û ãÃàñ(àï (Ì à1åâ) is 10 "- - 10-~ mN/m.

Experiments with increasing surfactant concentration, from 3.83 10-4 (î

5.7 10-~ moVl , were performed at 18-20 ' Ñ. In data analysis we used Guinier's

approximation (dZ(q)/dQ = dZ(0)/Æ åõð(-q~ Ê~~/3)). We concluded that micelles do
î

not growth. Because Guinier's radius is practical ly equal to 40.0 + 1.5 À and radius of
î

equivalent homogeneous sphere is equal to 51.5 + 2 À for concentrations to
1.22 10-~ moVl . Another argument, that micel les do not increase size, i s the

measurement of Porod's field of q range. For 8.1.10-s and 5.7 10-~ moVl were

performed experiments under large q. The scattering curve were modelled Úó Porod's

approximation À/q4 and incoherent background. We obtained that the ratio between À

parameters of total micel le surface is equal to 7.5 + 0.5 that is equal to ratio between
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concentrations. That i s why, we can conclude that micel les do not growth in
î

concentration range to 5.7 10 ~ mol . M icel lar surface is equal to 2.4 104À ~.

The di f ference cross section in zero angle per one ODNP molecule

ñ1Å(0)È É /Õ vs. surfactant concentration is showed in f ig.l . The l ike maxima were
obtained in [5] . From decreasing part of curve (f ig.1) we obtained Â = - ( 38 ~ 2 ).

The second virial coef ficient of the system of monodi sperse hard spheres is equal to
-8. Such increasing of Â ò àó be connected with two factors: polydi spersi ty and hyd-

ration forces between micelles [6] . The appear of maximum ò àó be connected with

changed of micel lar interaction. The repul sion between micelle become ò î ãå than the

attraction under increasing surfactant concentration.

We performed cycle experiments on contrast variation. The average scattering

length density of the surfactant micelles p was obtained àéåã the bui lding l inear
dependence (äÅ(0)È É )~~~ vs. ð,. The obtained p i s (9.4 + 0.4).10 cm-~ . The

calculated ( table data ) scattering lengths density i s equal to 5.0.10~ñò -~. This

dif ference ò àó indicate on hydration of C2H40 [7] . In the ñàçå of hyd-ration of
oxyethylene groups the part of micel le becomes smaller and it' s scattering length

densi ty increases. We obtained one hydrated water molecule per one oxyethylene

group. This value is less than maxima possible one [8] .

The aggregation number of the micelles was obtained by the free article of
(dZ(0)/dQ)i~~ vs. ð, and was equal to 430 + 30.

The scattering data were analyzed by reverse Fourier transformation [9] . The

contrast prof ile i s showed in f ig.2. For test of results the convolution and direct Fourier

transformation of data (f ig.2) were performed. Obtained curve consistented with

original one.
We can conclude that the scattering length densi ty of micelles is slowly 4å-

creased from centre to boundary of micel le. This result ò àó be connected with

hydration.
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Fig.1. Normal ized dif ference cross section of scattering dX(0)l dQ N vs.
surfactant concentrations.

~~

î

Fig.2. T he prof i le of micel le density of scattering lengths.
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STRUCTURE OF L I QUI D HEL I UM- 4 EXCI TAT I ON SPECTRUM

~

Bl agov eshchensk i i , 1. V. Bogoy av l ensk i i , L . V. Kar nat sev i ch

Zh . À. Koz l ov , × . G. Ko l obr odov , × . Â. Pr i ezzhev , À. × . Puchk ov ,

À. N. Skomor okhov Â. S. Yar un i n

I ns t . of Phy s i cs and Power Eng i neer i ng , Obn i nsk , 249020 , Russ i a

I ns t . of Phy s i cs and Techno l ogy , Khar kov , 310108 , Uk r a i ne

Joi n t I ns t . f or Nuc l ear Resear ch , Dubna , 141980 , Russ i a

Hel d i n 1993 t he h i gh- pr ec i s i on i nves t i gat i on of l i qu i d he l i um- 4

exc i t a t i on spec t r um wi t h t he wave vec t or s (q ) l ess t han one of r o t on

by means of t he co l d neu t r on i ne l as t i c scat t er i ng has shown t hat t he

exper i men t a l spect r um of one- par t i c l e exc i t a t i ons has comp l ex

st r uc t ur e , bot h i n nor ma l and super f l u i d phases [ 1) .

One can obser v e t wo br anches of t he ex c i t a t i ons i n nor ma l phase ,

Ò>Ò : nar r ow one (os ) i s det ec t ed on l y i n t he phonon r eg i on , a t
ï - 1

q<0 . 65 À, and wi de br anch sur v i ves at a l l q . An add i t i ve br anch (n )
~- 1

at q> 0 . 48 À appear s i n t he super f l u i d phase , Ò<Ò . Thus , ma i n

t r ansf or mat i on of t he he l i um ex c i t at i on spec t r um s t r uc t ur e t akes

p l ace i n t wo way s . Fi r s t l y , when he l i um t r ansf or ms f r om Í å I I t o Í å
I , second l y i n t he t i ght wavevec t or ' s r eg i on , name l y ,

- 1 - 1
Î . 48 À <q<0 . 65 R bot h i n nor ma l and super f l u i d phases (Fi g . 1 ) .

The exper i ment a l dat a obt a i ned common l y agr ees wi t h t he l i qu i d

he l i um concept i on deve l oped i n l as t f ew year s by Gr i f f i n , Gl yde et c .

[ 2 ] based on t he f undament a l s t ud i es of Pi nes , Noz i er es , Be l y aev and

ot her s . I n t he f r ame of t hese t heor i es each componen t of t he

spec t r um s t r uc t ur e obser ved get t he def i n i t e phy s i ca l sense . Such

way t he nar r ow componen t (n ) i n t r i ns i c f or super f l u i d phase on l y , i s

t o be i n t er pr et ed as an e l emen t ar y exc i t a t i ons- quas i par t i c l e

spec t r um (Landau ' s d i sper s i on l aw) . The nar r ow componen t of phonon

r eg i on i n nor ma l phase (os ) one can i dent i f y l i k e à co l l ec t i v e zer o-

sound mode ; i n super f l u i d phase one be i ng r egar ded as t he

super pos i t i on of t h i s mode wi t h t he phonon par t of t he quas i par t i c l e

spec t r um. The nat ur e of t he (w) - componen t , det ec t ed i n bot h phases ,

i s l ess under s t andab l e . One can l i nk i t wi t h t he scat t er i ng on t he

t her ma l l y exc i t ed quas i par t i c l es or wi t h t he quas i c r y s t a l s t r uc t ur e

of l i qu i d or wi t h o t her mechan i sms .
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Fi g .

2 . 05

(w)

1. Li qui d hel i um- 4 di sper si on cur ves at t he t emper at ur es

and 2. 21 Ê f or t he nex t component s: (n ) — empt y c i r c l es ;

sol i d c i r c l es; (os ) — t r i angl es.

1 0
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Fi g . 2 . Temper at ur e dependenc i es of i n t ens i t i es f or

componen t s : (n ) - emp t y c i r c l es ; (w) — so l i d c i r c l es .

nor ma l i zed by 1 f or t he (w) a t Ò > Ò

t he nex t

Cur ves ar e

3 7 2



Accor d i ng t o Gr i f f i n and Gl yde concep t i on , t he t emper at ur e

dependence of t he nar r ow (n ) componen t s t r eng t h r ef l ec t s t he Ò-

dependence of t he bose- condensat e i n l i qu i d he l i um. Th i s l eads t o

t he pr i nc i pa l new oppor t un i t y t o i nves t i gat e t he bose- condensat e

phenomenon (F i g . 2 ) .

The d i r ec t exper i men t a l decompos i t i on of t he scat t er i ng spec t r a

i n t o sever a l br anches i s t he i mpor t an t r esu l t wh i ch a l l ows , i n

pr i nc i p l e , t o s t udy t he char ac t er and pecu l i ar i t i es of each t ype of

i ne l as t i c neu t r on scat t er i ng separ at e l y . Theor et i ca l l y t h i s

decompos i t i on i s j us t not pr oper l y deve l oped .

1. È. Ì . Bl agov eshchensk i i , I . × . Bogoyav l ensk i i , L . × . Kar nat sev i ch ,

Zh . À. Koz l ov , V. G. Kol obr odov , À. × . Puchkov , À. N. Skomor okhov ,

JETP Let t . , ÷ . 57 , No . 7 , ( 1993 ) , 428 ; and

Pr oc . of ÕÕ I nt er . conf . on Low Temp . Phy s . , OPD- 38 , Eugene , USA, 1993 ,

2 . Í . R. Gl yde and À. Gr i f f i n , Phy s . Rev . I e t t . , 65 ( 1990 ) 1454 .

Í . Â. Gl yde , Phy s . Rev . , 45 ( 1992 )7321.
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I NELAST I C NEUTRON SCATTERI NG I N PbF
ã

Zh . À. Koz l ov

LNP, J I NR, Dubna

1. Padur eanu , S. N. Rapeanu , Gh . Rot ar escu

Cen t r a l I ns t i t u t e of Phys i cs , Buchar es t , Roman i a

× . À. Semenov

I ns t i t u t e of Phy s i cs and Power Eng i neer i ng , Obn i nsk , Russ i a

Ì àï ó mat er i a l s wi t h f l uor i t e s t r uc t ur e exh i b i t à spec i f i c

heat anoma l y a t à t emper at ur e Ò we l l be l l ow t he i r me l t i ng
ñ

t emper at ur e Ò ( T 0 . 8 Ò ) . Th i s anoma l y i s accompan i ed wi t h t he
à ñ

onset of dynami ca l d i sor der i n t he an i on sub l at t i ce / 1/ . À ser i es

of dat a sugges t t h i s d i sor der . However t he ex t en t of t h i s

d i sor der i s i nc l ear i n f u l l y . À s t udy of t he l a t t i ce dynami cs of

f as t i on conduc t or s i s of cur r ent i n t er es t . Neu t r on beam

t echn i ques / d i f f r ac t i on , quas i e l as t i c and i ne l as t i c scat t er i ng

of neu t r ons/ ar e i dea l l y su i t ed t o s t udy t he behav i or of t he

i ons i n t hese sys t ems / 2 , 3/ .

The a i m of t he pr esent wor k i s t o pr ov i de t he i nf or mat i on

on t he nat ur e of t he dynami ca l an i on d i sor der l ead f l uor i ne , PbFã'

f r o m i n e l a s t i c n e u t r o n s c a t t e r i n g . P b F h a s à s i mp l e c u b i c a r r a y
ã

of an i ons wi t h cat i ons at ever y ot her body cent er . Th i s compound

possesses t he h i ghes t i on i c conduc t i v i t y and l owes t t r ans i t i on

t emper at ur e / Ò =7 10 Ê/ of t he f l uor i t es .
ñ

On t he spec t r omet er DI N- 2PI we have measur ed t he neu t r on

i ne l as t i c sca t t er i ng i n PbF at t he t emper at ur es 293 Ê and 823 Ê.
ã

Two i nc i dent ener gy , Å =2 . 84 and 10 . 4 meV, wer e used . The

scat t er ed spec t r a í åãå obser ved v i a neu t r on ener gy ga i n . À s i mp l e

measur emen t í åãå made on t he spec t r omet er I N4 i n Gr enob l e by à

neut r on ener gy l oss met hod / 4/ . Fi g . 1 and f i g . 2 shows t he t i me- of -

f l i gh t spec t r a of neut r ons scat t er ed f r om PbF at 293 Ê and 823 Ê.
ã

The or d i nat e i s t he sum ov er scat t er i ng ang l es of 71 t o 134 . The

dat a í åãå cor r ec t ed f or backgr ound . The ener gy r eso l u t i on was l ess

t han 4- 5% i n a l l t he r eg i on of ener gy t r ansf er s . The spec t r a wer e

nor ma l i zed t o à cons t an t v a l ue .

The phonon dens i t y of s t a t e PbF ca l cu l a t ed i n / 5/ shows t he
ã

peak at 6 . 5 meV der i ves f r om t he t r ansv er se acous t i c modes and t he

peak s of 13 , 27 and 40 meV der i ve f r om op t i c modes / i n f i g . 1- 2 t he

shor t l i nes show t he ca l cu l a t ed pos i t i on of t he peak s/ . Ther e i s
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à gap at 33 meV. The ca l cu l a t ed dens i t y - of - s t a t es agr ees wel l

wi t h t he exper i ment a l d i s t r i but i on f unc t i on f or phonons i n PbF
ã

measur ed at 10 Ê / 5/ . As t he t emper at ur e i s r a i sed t he peak s

become br oadened and smoot hed . Th i s ef f ec t exh i b i t s a l r eady at t he

r oom t emper at ur e . At 823 K t he l ef t s l ope of t he spec t r um i s been

ex t end t o t he h i gh ener g i es . The e l as t i c peak decr eases v i s i b l y

/ ï î shows/ . As t he t emper at ur e i nc r eases t he mu l t i phonon pr ocesses

i ncr ease i n i mpor t ance . 1ï or der t o det er mi ne t he f r equency

d i s t r i but i on t he con t r i but i on of t hese pr ocesses mus t be ex t r ac t ed

f r om t he measur ed i n t ens i t y . At t he çàâå t i me i t i s seen t hat bot h

acous t i c and op t i c spec t r a t ake p l ace at 823 Ê. I t means ï î

comp l et e d i sor der of t he an i on sub l at t i ce occur s .

1. Cat i on Ñ. Â. À. , Comi ns J . D. , Ger mano F . À. , Í àã1åó R. Ò. and

Hayes W. J . Phys . Ñ: So l i d St at e Phy s . 11 / 1978/ 3197- 32 11.

2 . Sa l amon È. Â. / ed . / Phy s i cs of Super i on i c Conduc t or s , 1979 ,

Top i cs i n Cur r ent Phy s i cs N15 / Ber l l i n : Spr i nger / .

Ç. Hu t ch i ngs È. Ò. , Cl ausen K. , Di ck ens Ì . Í . , Hayes W. , Kj ems J . Ê. ,

Schnabe l P. G. and Smi t h Ñ. J . Phy s . Ñ: So l i d St at e Phys . 17

/ 1984/ 3903- 3940 .

4 . Di ckens È. Í . , Hu t ch i ngs È. Ò. , Suck J . Â. So l i d St at e Commun . 34

/ 1980/ 559- 565 .

5 . Di ckens È. Í . and Hu t ch i ngs Ì . Ò. J . Phy s . Ñ: So l i d St at e
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L OCAL I Z ED VI BR AT I ON S OF N I T R OGEN I N I N TER ST I T I AL PH A SES OF T a- N

S.1.Mor oz ov , V .V .K az ar n i k ov
I n st i t u t e of Ph y si cs an d Pow er En g i n eer i n g , Ob n i n sk , R u ssi a

The r esu l t s of i nel ast i c neut r on scat t er i ng (INS) measur ement s of TaN

spect r a ar e pr esent ed. L ocal i zed v i br at i on spect r a of n i t r ogen i n t he à and p
phases w er e i nvest i gat ed and i nt er at omi c f oãcå const ant s of N and Ta coupl i ng
w er e obt ai ned.

The I NS- ex per i ment w as per f or med on t he DIN- 2PI spect r omet er at r oom t empe-
r at ur e. The i n i t i al ener gy of neut r ons w as 10 meV and t he gai n - ener gy pr oce-

sses w er e r egi st er ed .
Fi g . 1 show s t he v i br at i on spect r a of n i t r ogen i n TaN . St r ong peak at

c = 7 4 m e V i s à t h r e e f o l d d e g e n e r a t e d e x c i t a t i o n o f N i n p - p h a s e T a N . T h i s k i n d

2

of st r uct ur e cor r esponds t o t he cubi c sy mmet r y of oct ahedr al si t e (Î - si t e)

n i t r ogen occupi es.
Tw o smal l peak s can be seen at c=52 and c=89 meV (Ãi g.l ) al ong w i t h t he

c=74 meV mai n peak . They cor r espond t o t he vi br at i onal spect r a of n i t r ogen i n
à- Òà- N- ph ase w hi ch coex i st s w i t h t he p- phase i n our sampl e. Th ese dat a ar e
cl ose t o t he dat a [1] f or à- phase Ta- N.

The ex per i ment al dat a of i nt er st i t i al at oms v i br at i onal ener gi es i n à Òà- N
and met al - i mpur i t y (Ì å- Õ) coupl i ng const ant s ar e gi ven i n Tabl e. The r el at i on
bet w een Ì å- Õ cent r al f oãcå const ant s y and ex per i ment al v i br at i onal f r åöuåncó
of an at om i n an Î - si t e can be pr esent ed as [2] :

<ó >

~

(1) ,

~~

î
2w her e î i s t he i nt er st i t i al at oms l ocal ò î áå f ãåquåï có , and <î > i s t he mean

squar e f r equency of host at om v i br at i ons.
The cor r el at i on bet w een n i t r ogen at om v i br at i onal f ãåquåï có and Ì å- Õ di s-

t ance R (w i t hout account i ng of host at om st at i c di sp l acement ) i s seen i n
om

T a b l e . T h e d e p e n d e n c e o f Ü þ o n R f î ã Ò à - N p h a s e s i s d e s c r i b e d b y à l i n e a r
o m

f unct i on i n à f ür st appr ox i mat i on . Fur t her mor e al l dat a avai l ab l e on opt i cal
mode ex ci t at i ons ener gi es Üî of n i t r ogen i n i nt er st i t i al phases (T i ,Z r ,V,Òà)
- N can be w el l r epr esent ed by t he same r el at i onshi p (see f i g .2).

Al ong w i t h t he n i t r ogen l ocal ex ci t at i ons ear l i er descr i bed w e al so see
peak s at ñ=36+2.4 and ñ=45+3.2 meV t he nat ur e of w h i ch i s not cl ear . I n our
opi n i on i t i s à r esul t of i nt er st i t i al at om v i br at i ons or t hei r compl ex es.

Tabl e
Met al - I mpur i t y coupl i ng f or ce- const ant s and

n i t r ogen ex ci t at i on ener gy i n MeN i nt er st i t i al phases.
õ
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L OCAL IZ ED V I BR AT I ON S OF H OST AT OMS I N Z r - 0 I NT ER ST IT I AL SOL I D SOL U T I ON S

S.1.Mor oz ov , I n st i t u t e of Ph y si cs an d Pow er En g i n eer i n g , Obn i n sk , R u ssi a

I n vest i gat i on of t h e det a i l ed st r u ct u r e of Z r - 0 an d T i - 0 a l l oy s v i b r at i on

sp ec t r a h as been ð åãÃî ãï üåá . T h e l oca l i z ed st at es (L S) of t h e h ost at om s w h i ch
ar e t h e n e ar est n ei gh bor s t o t h e i n t er st i t i a l s h ave b een o bser v ed i n t h e gap
b et w een con t i n u ou s m et a l at om s sp ect r a an d l oca l i z ed i m p u r i t y v i b r at i on ex c i -

t at i on s (see f i g .1) .
I t i s n ecessa r y t o n ot e t h at t h e i n t ensi t y of t h ese m et a l at om L S i n

i n e l ast i c n eu t r on scat t er i n g spect r a ar e m u ch l ess t h an t h e sp l i t - m od e i n t en -
si t i es of t h e V- gr ou p t r an si t i on m et a l s w i t h ox y gen w e ob ser v ed ear l i er [1] .
N ever t h e l ess t h e en er g i es of t h e sp l i t - m od es b ot h i n h ex agon a l st r u c t u r es an d
i n V- 0 ÂÑÑ an d ÂÑÒ- st r u ct u r es m ay be desc r i b ed as à m ean - i e l d ap p r ox i m at i on
by an eq u at i on w h i ch con n ect s t h e q u asi - m ol ecu l ar v i b r at i on a l f r åq u ån có î

w i t h t h e con t i n u ou s spect r a boun d f r eq u en cy î an d i n t er st i t i a l l oca l v i b r a-

t i on a l f r eq u en cy î , 12] :

~

è 0 9è + 2 2

i n i t i al and

of neut r ons. Fi g.1. L ocal i zed vi br at i ons
o f h o s t a t o m s i n Å ã Î i n t e r -

x

st i t i al sol i d sol ut i ons.
E n e r g i e s ñ = Ü û = Å - Å o f r o w s --

0

mar ked peak s ar e i nd i cat ed
i n meV. Í åãå Å and Å ar e

f i nà1 ener gi esî Ú
î ~

î

4<0 490
Ñé àï ï å1 ï è ãï Üåã

1. S.Ë.Dani l k i n et al . Fi z . Tver d. Tel a, 1980, v .22, ð .3327.
2. S.l .Mor ozov . Pr epr i nt I PPE- 2190 . Obni nsk . 1991 (l n Russi an ).
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÷ • •
2 Ì + m

w h er e m an d Ì ar e t h e m ass of i n t er st i t i a l an d h ost at om s , r esp ec t i v e l y .
1ï sp i t e of à good ag r eem en t bet w een est i m at ed v a l u es an d ex p er i m en t a l

d at a [2 ) t h er e i s ï î an sw er w h y w e can obser v e sp l i t - m odes v er y w e l l i n ÂÑÑ-
st r u ct u r es , w or se i n ÂÑÒ, a n d poor l y i n Í ÑÐ- st r u ct u r es .

I t i s n ot c l ear w h et h er i t i s à r esu l t of d i f f er en t n u c l ear cr oss sect i on
of t h e con cr et e a l l oy or i m pu r i t y con cen t r at i on åÃÃåñ1â or à åÃåñ1 p oi n t
sy m m et r y åÃÃåñ1ç . Òî an sw er t h i s qu est i on i t i s n ecessa r y t o ð åãÃî ãò ca l cu l a -
t i on s of t h e so l i d so l u t i on v i b r at i on a l spect r a w i t h t h e Ì å - Õ (X =O ,N ,Ñ)

i n t er act i on pot en t i a l m od e l .



Fi g.2. Ni t r ogen at oms ex ci t at i on
ener gi es ver sus oct ahedr al

si t e r adi i of host - at om l at t i ce
i n Me- N i nt er st i t i al phases.

Ex per i ment al dat a have been
t ak en f r om [1- 5] and t h i s w or k .

Fi g .1. Ni t r ogen v i br at i on spect r a
( à + ô ð æà â å â ) i n T a N . E n e r g y

0 . 4 5

of v i br at i ons ñ=Üî i s i nd i cat ed
i n meV.
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O X Y G E N À ÒÎ Ì V I B R A T I O N A L E X C I T A T I O N S I N Y - Î - Í SO L I D SO L U T I O N S

S.1.Mor oz ov , V .V .Su m i n

å I nst i t ut e of Phy si cs and Pow er Engi neer i ng, Obn i nsk , Russi a
s Fr ank Labor at or y of Neut r on Phy si cs, JINR, Dubna

Invest i gat i ons of y t t r i um- hy dr ogen sol i d sol ut i on by t he i nel ast i c neu-

t r on scat t er i ng (INS) met hod have show n f î ã t he i r st t i me t hat t he shape of

hy dr ogen v i br at i onal spect r a do not cor r espond t o i nt er st i t i al si t e sy mmet r y

[1). The ex i st ence of t w o peaks i n t he INS- spect r a of hy dr ogen at oms i n t he

YH al l oy occur t o be connect ed w i t h 6Ã Ãåãåï 1 v i br at i on f r åquåncüås pol a-

r i zed par al l el t o t he c ax i s and per pendi cu l ar t o t he c ax i s. Ther e i s à

quest i on i f t h i s k i nd of åÛ åñ1 can appear i n y t t r i um al l oy s w i t h i n t er st i t i al

at om mor e heavi er and gr eat er t han hydr ogen . The al l oy YO0 03Í 0 has been

i nvest igat ed by INS- met hod i n t h i s connect i on .

The measur ement s w er e per f or med on t he DIN- 2PI spect r omet er at an i n i t i al

neut r on ener gy of Å =10 me V. I NS- spect r um of l ocal i zed vi br at i ons (L V) of
0

ox ygen and hydr ogen i s show n on f ig.1.
The hy dr ogen LV- spect r um (c ' =100 me V, ñ " =134 meV) i s si mi l ar t o t hat

w h i ch has been obser ved f î ã YH [1). The ox ygen vi br at i on spect r um i n
YO Í i ncl udes t w o peak s (å ' =40 meV and c " =50 meV) and consequent l y do

not cor r espond t o t he sy mmet r y of cubi c oct ahedr al si t es w h i ch ox ygen at oms

occupi ed i n t he Y- l at t i ce.

In al l INS- spect r um of i nt er st i t i al sol i d sol ut i ons w i t h an Í ÑÐ- st r uct ur e

of t he host l at t i ce, t he ð- el ement ' s LV have been obser ved as an i sol at ed

t hr eef î l d degener at ed peak [2] . The spl i t t i ng of l ocal mode peak s as i n ñàÿå

of Y- Í i n t er act i ons ÿî Y- 0 once i s abl e t o ex pl ai n by t he di spl acement of

i mpur i t y at oms f r om t he cent er of i nt er st i t i al si t e.

Int er st i t i al at oms dy nami cs may be descr i bed by t he Ì å- Õ model of

åÃÃåñÌ ÷å pai r pot ent i al . The mi n i mum of t h i s pot ent i al i s at R =R +R , w her e

R , t he host at oms met al l i c ãà4é , and R , t he i nt er st i t i al at oms' Pau l i ng

î
r a d i i . F o r Y - 0 t h i s v a l u e R = 2 . 4 6 À i s m a r k e d l y l e s s t h a n t h e d i s t a n c e f r o m

0

l at t i ce poi nt t o oct ahedr al si t e cent er of R =2.55 À. At t h i s condi t i ons t he

pot ent i al pr of i l e of f î ãñå- f i el d i n w hi ch t he i nt er st i t i al i s f î und pr obably

has t w o mi n i ma. We can ex pect à cl ear ly seen spl i t t i ng of t he l ocal mode under

such f or m of t he Ì å- Õ pot ent i al .
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E F F E CT O F N I T R O G E N O N L AT T I CE D Y N A M I C S
O F ÒÍ Å A U ST E N I T I C F e - Ñ ã - M n - N i A L L O Y S

S .A .D a n i l k i n , × .Ð .M i n a e v , V .× .S u m i n

Inst i t ut e of Phy si cs and Pow er Engi neer i ng, Obn i nsk , Russi a.
ss Joi nt I nst i t ut e f or Nucl ear Resear ch , Dubna, Russi a

~

1. Ni t r ogen al l oy i ng addi t i ons i ncr ease t he st r engt h of t he aust en i t i c
st eel s. The INS st udy pr ov i des i mpor t ant 1ï Ãî ããï à11î ï f î ã i nt er at omi c f î ãñå
const ant s det er mi nat i on and t he changes t hat may occur dur i ng al l oy i ng. In
r ecent paper s / 1,2/ aust en i t i c Fe- Ñã- Mn and Fe- Cr - Ni al l oy s w i t h n i t r ogen
cont ent i n t he r ange of 0 .05- 1.0 w t Ë Äà÷å been st ud i ed. In t h i s w or k t he I NS
measur ement s of t he aust en i t i c Fe- Ñã- Mn- Ni f .ñ.ñ. al l oys (Ñ- 0 .07 w t ./ ,Ì ï -
9.647. ,Si - 0 .457. ,S- 0 .0047.,Ð- 0 .0087., Ñã- 18.48Õ ,Ni - 16.137.') w i t h à n i t r ogen

cont ent of 0 .06- 0 .50 w t Ë ar e pr esent ed / 3/ .
The f r equency spect r a w er e measur ed w i t h t he DI N- 2Ð1 di r ect geomet r y spec-

t r omet er .
The f ãåquåï ñó spect r um of Fe- 18Ñã- 10Ì ï - 16Ni al l oy consi st s of t w o par t s

(Fig .1):
1) ñ=0- 40 meV — met al at om vi br at i ons. Tw o peaks i n t he spect r a cor r espond t o
t r ansver sal v i br at i ons (c ) at ' 23.8 meV and l ongi t ud i nal v i br at i ons (ñ ) at

32.0 meV.
2) n i t r ogen at om v i br at i ons peak at 79 meV (Tabl e).

Met al at om spect r um.
As seen i n Fi g.l and f r om t he <ñ > val ues gi ven i n t he Tabl e, t h e met al

at om spect r um of al l oy s st udi ed does not depend on n i t r ogen cont ent . Th i s
cont r ast s w i t h ear l i er r esu l t s f î ã Fe- Ñã- Mn st eel s w hen t he decr ease i n t he

2f r equency spect r um par amet er s (2- 37. ðåã w t . f or ~~ <ñ >, ñ and c ) w as obser -

÷å4 / 1,2/ . Accor d i ng t o t he Gr unei sen equat i on w i t h ó=1.98 and Üà/ ñà=0 .034 à
r educt i on of met al at om f r åquåncüås (Üñ/ ññ=- 0 .05) w as ex pect ed f î ã Fe- 18Ñã-

210Ì ï - 16Ni st eel s. But addi t i onal Me- N bonds i ncr ease t he <ñ > and , al so, n i -
t r ogen pr oduces per t ur bat i on of t he el ect r on scr eeni ng. Ther ef or e, pr obably ,
f î ã t he Fe- 18Ñã- 10Ì ï - 16Ni al l oy s st ud i ed à compensat i on of t h i s åÃÃåñ1û t ak es
pl ace and ï î concent r at i on dependence i s obser ved. À si mi l ar compensat i on of
t he l at t i ce d i l at i on and even an i ncr ease i n t he met al at om f r equenci es cau-
sed by n i t r ogen and ox ygen i nt er st i t i al s w er e obser ved ear l i er f î ã × , Nb and

Òà / 4/ .

Ni t r ogen at om v i br at i ons.
The ener gy (ñ„) , w i dt h (Ëñ „ ) and i nt ensi t y (I ), of t he n i t r ogen v i br at i on

peak ar e gi ven i n Tabl e. The t endency t o r educe t he c w i t h n i t r ogen cont ent

i s obser ved (Üñ / cc =- 0 .043+0.042). Th i s val ue i s i n agr eement w i t h Gr unei sen
N

equat i on est i mat i ons (- 5Ó).
The n i t r ogen v i br at i on peak w i dt h and i nt ensi t y i ncr ease w i t h n i t r ogen

cont ent appr ox i mat el y i n à l i near f àsh l on (Tabl e). Th i s show s t hat n i t r ogen
at oms ar e mai n l y i n à sol i d sol ut i on and pr eci p i t at i on of n i t r i des does not

occur . Th i s
cont r ast s w i t h r esul t s w e obt ai ned f î ã car bon st eel s w i t h appr o-

pr i at e met al el ement cont ent - Fe- 21Ñã- ÇÌ ï - 21Ni . For car bon st eel t he l i near
dependence of t he l at t i ce par amet er vs. car bon cont ent w as obser ved on ly up
t o 0 .27.. At h i gher car bon cont ent t he sl ope of t he à(ñ) dependence decr eases
and addi t i onal peak s cor r espondi ng t o t he car bi de phases appear i n f r equency
di st r i but i on . Ther ef or e t he sol i d sol ut i on har deni ng does not t ake p l ace i n
car bon aust en i t i c st eel s st ud i ed w i t h h i gh i nt er st i t i al cont ent .
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Fi g.1 Fr equency spect r a of n i t r ogen
aust eni t i c st eel Fe- 18Ñã- 10Mn- 16Ni

w i t h n i t r ogen cont ent :
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T ABL E

Ni t r ogen at om cont ent , l at t i ce par amet er and f r equency
spect r um par amet er s i n t he Fe- 18Ñã- 1Î Ì ï - 16Ni st eel .

Fr eq u en cy sp ect r a p ar am et er s
î

à .ÀN o . Xw t . N

0 .06 3.588 538+15
(3.588) (534+15)

0 .14 3.592 536+15
0 .17 3.596 538+15
0 .30 3.600 537+15
0 .35 3.600 539+15

(3.600) (525+15)
0 .50 3.604 538+15

(3.604) (522+15)

~

9.3+2.0
13.8+3.0
28.5+5.0
31.8+6.0

(27+8)
65.0+9.0

(65+10)

80.5+1.3
79.7+0.9
80 .1+0.9
79.4+1.2

(75.7+2.1)
78.7+0 .9

(76.5+1.3)

ã.
ç .
4 .
5 .

~

ã ã
1) <ñ > — ï ~î ï üåï 1 î Ã 1Üå ï ~å1à1 à1î ï ì Ããåöèåâñó spect r um, meV
2) å , Üå — ener gy and w i dt h of t he n i t r ogen peak , meV.

3) 1 — n i t r ogen peak ar ea

Val ues i n par ent hesi s ar e gi ven f or al l oys af t er def or mat i on .
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7.4+1.6
8.0+1.3
11.2+1.î
1î .ç+1.1

(13.5+2.2)
13.9+1.3

(17.1+1.7)



2. The same Fe- 18Ñã- 10Mn- 16Ni al l oy s w i t h n i t r ogen cont ent 0 .06, 0 .35 and
0.50 7. w er e st ud i ed àÃ1åã col d áåÃî ãï çàÌ î ï (c =907). The l at t i ce par amet er

and n i t r ogen peak i nt ensi t y r emai ns pr act i cal l y unchanged àÃ1åã áåÃî ãò à11î ï (
Tabl e) and ,obv i ousl y , n i t r i de pr eci p i t at i on does not t ak e pl ace.

The smoot h i ng of t he peak s i n met al at om spect r um and i ncr ease of t he den-
si t y of st at es at ñ 5 15 meV w as obser ved i n def or med speci mens. The 4åÃî ãï üà-
t i on decr ease t he <c > val ues and f r equenci es of t he n i t r ogen at oms.

Ef f ect s of enhancement of l ow - f r equency modes w er e obser ved ear l i er i n t he
f ãåquåncó spect r a of 4åÃî ãò åá Re and Re- Mo al l oys / 5/ , Nb and Nb- Z r al l oy s
/ 6/ , i n def or med Cu / 7/ .
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ÒÍ Å A N A L Y S I S O F I N CO H E R E N T N E U T R O N S CA T T E R I N G
O N L I Q U I D P OT A S S I U M À Ò 3 4 0 K — SSOK

Ì .V.Z aez j ev, Ì Ë×.I vanovsk i , À.G.Nov i kov ,
V.× .Savost i n , Î .V.Sobol ev , À.1 .Shi mk ev i ch

I n st i t u t e of Ph y si cs an d Pow er En gi n eer i n g , Ob n i n sk , R u ss i a

We pr esent her e t he dat a f or at omi c dy nami cs of l i qu i d pot assi um obt ai ned
f r om i nel ast i c neut r on scat t er i ng ex per i ment s on DIN- 2PI spect r omet er . The
det ai l s about t he spect r omet er and ex per i ment i t sel f can be i n d el sew her e [1,
2] . In t h i s r epor t t he r esu l t s of i ncoher ent neut r on scat t er i ng an al y si s ar e
gi ven i ncl udi ng t w o par t s concer ned w i t h t he i nel ast i c and quasi - el ast i c
component s of doubl e- di f f er ent i al scat t er i ng cr oss sect i on (DDS) .

À) The anal ysi s of i nel ast i c component w as ai med t o get t he f ãåöèåï ñó
spect r a (FS) of t he vel oci t y aut ocor r el at i on f unct i î n (t he FS of at omi c
v i br at i ons) i n l i qu i d pot assi um f î ã t hr ee t emper à1èãåÿ: 340Ê , 440Ê and 550Ê .
For dat a pr ocessi ng t he pr ogr am code SL OWN [3] w as used. To t ak e i n t o account
t he r emar kabl e coher ent par t of pot assi um scat t er i ng cr oss sect i on t he pr ogr am
code based on t he i ncoher ent appr ox i mat i on w as suppl ement ed by t he subr out i ne
f î ã coher ent åÃÃåñ1ÿ cal cu l at i on using t he v i scoel ast i c model of L ovesey [4] .
The FSs of l i qu i d pot assi um obt ai ned f î ã t hr ee t emper at ur es ment i oned above
ar e show n on Fi g. 1. The compar i son of 340Ê ex per i ment al spect r um w i t h t he
cor r espondi ng cur ve f î ã t he sol i d pot assi um (ÇÎ Î Ê , [5]) r eveal s t he
di sappear ance i n l i qu i d t he st r uct ur e f åàt uãås of FS ex i st i ng i n sol i d . At t he
same t i me t he good agr eement bet w een our ex per i ment al FS and t he r esu l t s of
mol ecul ar dyn ami cs simul at i on f î ã 340Ê [6] can be under l i ned . Fr om Fi g. 1 d ,
w her e ex per i ment al cur ves f î ã t hr ee t emper at ur es ar e p l ot t ed t oget her , i t
f ol l ow s t hat t he t emper at ur e dependence of t he FS i n t he t emper at ur e i nt er val
un der our measur ement s shoul d be est imat ed as à w eak one.

À possi b l e w ay f î ã phy si cal i nt er pr et at i on of t he ex per i ment al FSs
consi st s i n t he assumpt i on t hey ar e t he sums of t w o par t i al d i st r i but i ons
cor r espondi ng t o l ongi t udi nal and t r ansver sal modes. Usi ng f î ã par t i al cur ves
t he f or m pr oposed i n [7] w e can w r i t e:

4 2 À

ã ãåõÐ(- ñ / ñ~ )
ñ "ò

2 2 1+ — åõð(- ñ / ñ )] ,ç ò ] '
' ò

g(c) = g (å) + g (c) =
ò ( 1)

wher e e and ñ — ar e ex ci t at i on ener gy max i ma of par t i al cur ves (1); À and

À — ar e t hei r r el at i ve w ei ght s (À1 + À > = 1) . Descr i b i ng t h e ex per i ment al

cur ves at each t emper at ur e by t he ex pr essi on (1) and assumi ng t emper at ur e
i ndependence of t hese w ei ght s w e i nd out e and e i n t he t emper at ur e r ange

340Ê — 550Ê demonst r at ed t he appr ox i mat el y l i near t emper at ur e depen dence:
0

(2)

The descr i pt i ons of t he ex per i ment al FSs by ex pr essi on (1) ar e pl ot t ed on Fi g.
1 as à sol i d l i nes.

Gi ven t he at omi c vi br at i on FS of t he subst ance, i t i s possi b l e by usi ng
w el l - know n ex pr essi ons t o get à number of mi cr ody nami c char act er i st i cs of t h i s
subst ance. So, i n par t i cu l ar f î ã t hr ee t emper at ur es ment i oned w e cal cu l at e:
t he vel oci t y aut ocor r el at i on f uï ñt i î ï ; t he mean- squar e di sp l acement of an at om
as à f uï ñt i î ï of t i me; t he mean- squar e ampl i t ude of at omi c v i br at i ons; t he

f î ãñå const ant f î ã i nt er at omi c f î ãñå i el d , aver aged over d i r ect i ons (Ãî ã
det ai l s see [1]) .
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i n t h e f r am ew or k of t h e
m od e- cou p l i n g t h eor y [11];
p oi n t s - ex p er i m en t ; so l i d
l i n es - ca l cu l at i on b y t h e

ex p .(4 ) .

Fi g. 1. The f r equency spect r um of
at omi c v i br at i ons i n l i qu i d
pot assi um.
à — 34OK ; Ü — 440Ê ; Ñ — 550Ê ;
1 — ex per i ment ;
2 - sol i d pot assi um (ÇÎ Î Ê )
cal cu l at i on [5l ;
3 — mol ecu l ar dynami cs si mul at i on
(340K) [6] ;
4 — cal cu l at i on by ex p . (1) ;

340K ;
440Ê ;
550Ê .

Al ong w i t h mi cr odynami c char act er i st i cs t he know l edge of FS al l ow s f or
t he est i mat i on some of t her mody namic pr oper t i es of t he subst ance, For ex ampl e,
t he i sochor i c speci f c heat of l i qui d pot assi um was cal cu l at ed by t ak i ng i nt o
account f î ã anhar mon i c åÃÃåñ1ÿ ar i sen f r î m t he t emper at ur e éåÃî ããï à1| î ï ÿ of
FS. Wi t h i n t he ex per i ment al accur acy our r esu l t s ar e i n accor dance w i t h t he
r ef er ence dat a [8] . Gr unei sen par amet er was also der i ved f r om t he ex pr essi on
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t h e e x c i t a t i o n e n e r g y , a v e r a g e d o v e r F S , a n d à — t h e t e m p e r a t u r e ñ î å Ø ñ 1å ï 1
Ð

of t her mal ex pansi on at à const ant pr essur e. Wi t h i n t he accur acy of
ex per i ment al dat a y does not depend of t emper at ur e and i t s val ue i s not f àã

f r om t h at , obt ai ned f or sol i d pot assi um near t he mel t i ng t emper at ur e [9] .
Â) Usi ng t he dat a obt ai ned i n pr ecedi ng sect i on t he quasi - el ast i c

component of DDSs w as separ at ed and t r ansf or med i n t he scat t er i ng l ow S(aå.,,c )
at æ = const . I t w as concl uded t hat under our ex per i ment al condi t i ons t her e i s
ï î any r emar k abl e pr esence of t he coher ent åÃÃåñ1â i n t he quasi - el ast i c
scat t er i ng. The nat ur al l i ne of t he quasi p l ast i c scat t er i ng l ow w as
appr ox i mat ed by l or enz i an and i t s hal f - w i dt h ÜÅ(æ ) f or t hr ee t emper at ur es can
be âàÌ Ô àñ1î ãó descr i bed on t he basi s of t he mi x t ur e á1 f usi on model [10]
supposi ng t he ex i st ence i n t he mel t of t he j ump and cont i nuous áÃ Ãèâ1÷å
mot i ons. But t he val ues of âî â å par amet er s get i n t he f r amew or k of t h i s model
cast doubt upon t he act i vat i on mechani sm of t he di f f usi on . That i s w hy w e made
an å1'1'î ãî t o appl y t he ò î áå- coupl i ng t heor y , w h i ch gi ves f î ã S (a. ,c=O)

q .å l .
i n r educed un i t s t he ex pr essi on [l l ] :

èñàå S ã [1 + àÌ + O(z Ë 3/ 2
(4 )

~

ãî è ã
w h er e

~

D — 6Ã Ãöÿ î ï ñî åÈ 1ñ| åï 1, ð — densi t y , v — k i nemat i c v i scosi t y . I t w as f î uï d
t hat at 550Ê and 440Ê t he ex pr essi on (4) descr i bes t he ex per i men t al r esu l t s of
S (a.,c=O) r at her ÿàÌ âÃàñ1î ãó (Fi g. 2) and gi ves f î ã D and è t he

q .å 1.
est i mat i ons not f àã f r om t abul at ed î ï åÿ. And v i ce ver sa near t he mel t i ng poi nt
(at 34OK ) t her e i s ï î agr eement bet w een t he coef f i ci ent of sel f - 6Ã Ãèû î ï and
v i scosi t y get f r om (4) and t hei r know n val ues.
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Neutron Scattering Studies of Phase Transitions
in Protonated and Deuterated Triammonium Hydrogen Disulphate
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2 6 5 4 ] 3 T [ K J

11 !I I I × 11

I V T r i a m m o n i u m h y d r o g e n d i su l p h a t e , ( N H 4 ) ~H ( S O 4 ) ~ , u n d e r g o e s f o u r p h a se

t r a n s i t i o n s a t a t m o s p h e r i c p r e s su r e a b o v e t h e l i q u i d n i t r o g e n t e m p e r a t u r e [ 1 ] a n d o n e

p h a s e t r a n s i t i o n b e l o w i t [ 2 ] :

òâ

P h a s e 1 i s t h e t r i g o n a l R 3 m , t h e ãî î ò t e m p e r a t u r e p h a s e 1 i s m o n o c l i n i c w i t h t h e s p a c e

g r o u p À 2 / à , p h a s e I I I i s a l so m o n o c l i n i c [ 3 ] .

I n t h e d e u t e r a t e d t r i a m m o n i u m h y d r o g e n d i su l p h a t e , ( N D 4 ) 3D ( S O 4 ) 2 , p h a s e ×

d o e s n o t e x i s t a n d t h e c r y st a l s h o w s f o u r p h a se t r a n s i t i o n s b e l o w ãî î ò t e m p e r a t u r e [ 4 ] :

1 9 1 2 8 8 2 4 9 2 6 3 T [ K J

I I I × 11 I I I '

We report results of neutron diff raction (ND) and inelastic incoherent neutron
scattering (IINS) of normal and deuterated crystals. Experiments were conducted on the
multipurpose neutron spectrometer NERA - PR at the IBR - 2 pulsed reactor.
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Figures 1 and 2 show the diff raction spectra for normal and deuterated crystals at diff erent
temperatures. For the (NH4)~H(SO4)~ crystal considerable differences in the structure of
phases I I , Ø , × and VII have been observed. For the deuterated crystal we have
observed phases I I , Ø and VI I only. The temperatures of the phase transit ions indicate
that deuterium exchange in the crystal is of about 85%.
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Fig.~. Temperature dependence of IIN S spectra of (NH4)gH(SO4)g crystal .
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Examination î Ãthe I INS spectra of (NH4)~H(SO4)~ and (ND4)>D(SO4)> (fig. 3 and 4)
shows that they vary considerably with temperature , especially in the 150 - 450 cm 1

range. For both compounds , the frequency shift versus temperature are generally small;
the significant change has only been observed at the × - V II phase transit ion in
(NH4)gH(SO4)~ . The IIN S spectra of phases × and VII triammonium hydrogen
disulphate consist of numerous bands chracteristic of an ordered crystal. When the
temperature increases , the IINS spectra show important broadening due to orientational
disorder of ammonium þ ï â.

Fig. 4. Temperature dependence of I IN S spectra of (ND4)gD(SO4)g crystal ,

~î î 4î î 800 800
Enerav transfer (cm ' )



Fig. 5 shows I INS spectra of protonated and deuterated crystals at 10 Ê (phase V I I) .
À comparison of the Raman , infrared [5] and IINS spectra in this phase shows that they
are similar exept for isotope eff ect for the ammonium bands.
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Neutron scatter ing studies of ammonium dynamics and phase
transition in Ky Ä(NH4)ÄSCN at 10Ê .

1. N atkani ec, L S.Smi r nov, À Ë .Solo v ev, SË .B r agi n

F rank Laboratory of N eutr on Physi cs, JINR, D ubna

KSCN and NH4SCN crystals have layered structures of SCN and Ê or NH4
ions. These crystals undergo à phase transition from the high temperature
tetragonal phase 1 at Ò =413 and 391Ê, respectively, to the the orthorhombic
phase II, which is associated with the ordering of linear SCN ions and with two
NH4 ion s. At about 360Ê, orthorhombic NH4SCN transforms in ãî the
monoclinic phase III with ordered orientation of î Æåã two-tetrahedral NH4 ions.

We investigated the elastic and inelastic incoherent neutron scattering from the
mixed K t Ä(NH4)ÄSCN system on the ÕÅÊÀ-PR time-î Ù Û invert ed
geometry spectrometer to study the infl uence of composition and symmetry of the
dynamics of ammonium ions.

Powder samples of K t Ä(NH4)ÄSCN with x=O, 0.005, 0.05, 0.15, 0.34, 0.50,
0.60, 0.68, 0.75, 0.85, 0.95 and 1 were prepared by evaporation of appropriate
aqueous solutions at 350Ê. The structural parameters obtained by neutron powder
diffraction are presented in Fig.l . One can see, that the transformation from Æå
phase 11 to the phase III has its origin at õ=0.75. The determined concentration
dependence of the generalized phonon density of states G(E) in the one-phonon

incoherent scattering approximation for Ê1 (ÕÍ 4) ÇÑÕ is presented in Fig 2.
For diluted ammonium solutions (õ=0.15) the unit cell parameters are close

the those of ðèãå KSCN. The G(E) functions exhibit rotational tunneling
transitions at about 30 cm 1, as well as localized translational (195 and 228 cm 1)
and torsional (295 àï 4 327 cm t)vibrations of NH4 ions. With increasing

ammonium concentration the unit cell volume and orthorhombic distortion
increase, showing some saturation effect for 0.50ñõ( 0.75. Localized vibrations
for these concentrations of ammonium form broad bands, with maxima
corresponding to the following frequencies: 180, 220, 292 and 327 cm 1. The
linear behavior of the G(E) functions below 30 cm 1 speaks of the static disorder

of NH4 ions (orientational glass) at 10Ê in the àÚî ÷å indicated concentration
range of the ammonium in the orthorhombic phase. Phase transition to the
ordered monoclinic phase III occurs at about 75% ammonium concentration. À
significant increase of the unit cell volume is observed at this transition. In the
ordered phase of ammonium thiocyanate the torsional band shifts ãî higher
frequencies and splits into four sub-bands, corresponding (î 318, 352, 380 and
409 cm t. The translational band of NH4 vibrations becomes narrower and shows
maxima at 179 and 193 cm t which values are close to the corresponding
frequencies'in the orthorhombic phase.

9 2



Fig.1. Unit cel l par ameters and the vol-
ø ï å of pot assium — ammonium thiocyanate

solid solut ions at 10 Ê .
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V I BRA T I ON SPECT RUM OF T H E I C E Ø

1. N a tk n ni ec, L S. Sm i r n o v

F r ank L ab or ato r y o f N eu tr o n Ph y si cs

Jo i n t I n st i tu te f o r N uc l ear R esear ch , D u b na, R u ssi a

À .N . 1và n o þ

T he I nst i tu te f o r Phy si cs o f H i gh Pr essu r es, R A Sc , T r o i tsk

The ice is unique obj ect for studying the ef fect of the orientational disorder
upon the vibration spectrum. To investigate the ices Ih, Ic, II , Ø , IX , × , and
VI is possible only under the pressure of up to 20 kbar and at the temperature
below 270Ê. Áî ò å of these phases of ice are fixed by means of the quenching
method [ 1] .

The vibration spectrum of the quenched ices Ih, II , IX , × , and VI have been
studied by means of the inelastic incoherent neutron scattering (I IN S) at
dif ferent pulsed sources [2,3] . The crystal structure of ice in these phases varies
from total ly disordered with respect to the hydrogen position to part ly or
total ly ordered. The structure of the ice Ø is similar to that of the ice IX and
dif fers from the latter in the ordering degree [4] . It is tetragonal , the space group
is P4 2 2, Z= 12, the unit cel l parameters are à=á.6662 À and ñ=6.9358 À . The

unit cel l parameters are close tothose of the ice IX . However, some researchers
[5] insist that the ice II I cannot be produced by the use of quenching.

The IINS measurement of the ê å I II has been carried out i n si tu with the
help of the clamped high pressure cell [3] at the NERA -PR neutron spectrometer

with the use of the pyrolytic graphite analyzer crystal . The ice Ø has been
produced by the isobaric cooling of the high pressure cel l with the sample in the
fl ow cryostat down to Ò=250Ê with é å initial pressure at the room temperature
Ð=Ç kbar. The further cooling down to 200Ê has al lowed comparing spectra of the

ices Ø and I I . The obtained general ized phonon densities of states G(E) of the ice
Ø (250Ê), the ice I I (200Ê) as well as G(E) of the ices Ih and I I at 80 Ê
measured earlier are shown in Fig. 1 for comparison.

G(E) of ice consists of the libration zone, which is isolated from the region of
translation phonons by à gap. The G(E) dependences for the ices Ih, Ø , and I I in
Fig. 1 show that the left boundary of the libration zone shifts to lower energies at
thetransition from the ice Ih to II . This regularity may be accounted for in the
following way. The characteristic property of the crystal structurås of the ices
consists in the increase of the phases density in moving along the ð — Ò diagram
((Ih or Ic) — (III or IX ) — II-V — IV- VI — × Ø ), but the distance between the nearest

neighbors of oxygen also increases. The orientational intermolecular interaction
is inversely proportional to the power dependence of the distance between the
nearest neighbors which accounts for the observed behavior of the libration zone
energy. Within one phase, the distance between the nearest neighbors of oxygen
decreases with the increaseof pressure, and the libration energy increases. Earl ier
we observed this in the ice I I [3].
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I N V E ST I G A T I O N O F ÒÍ Å T E M P E R A T U R E D E P E N D E N C E O F ST A T I C A N D

D Y N A M I C D I SO R D E R I N ÒÍ Å Ê ~ , (Õ Í 4)„ 8 Ñ 1× SY ST E M

I . N atkan iec, L S. Smi r nov, S.l . B r agi n, À .I . Áî 1î þ 'åþ

T h e õ -Ò p h ase d i ag r am o f K l x ( N H 4) xSC N sh o w s th at th i s co m p o u nd i s an i n ter est i n g

o bj ec t f o r i n v est i g at i o n i n to th e tem per atu r e dep end ence o f st ati c an d d y n am i c d i so r d er o f

am m o ni u m and th i oc y anate i o u s, w h i ch i n th i s w o r k h as b een c ar r i ed ou t b y m ean s o f

i nel ast i c i nco her en t neu tr o n sc at ter i ng ( I I N S) [ 1] . ÒÜå m easu rem en ts h av e b een p er f o r m ed at

th e N E R A - PR neu tr o n spec tr o m eter .

T h e r esu l t s o f stu d y i ng o r i en tat i o n al d y n am i c d i so r d er b eco m i ng ap p ar en t i n th e r eg i o n

o f p h ase tr ansi ti o n s i n K SC N àï 4 N H 4SC N ar e sho w n i n F i g . 1. A t 4 13 Ê K SC N

u nd er g o es à p h ase tr an si t i o n o f th e o r der -d i so r d er ty p e f r o m th e tetr ag o n al to o r th o r h o m b i c

p h ase r el ated w i th th e o r d er i ng o f t he l i near th i o cy an ate þ ï [2 ] . I n N H 4 SC N , à ph ase

tr an si t i o n f r o m o r tho r h o m b i c ñî m o no c l i n i c p h ase t ak es p l ace at 3 60 Ê . A cc o r d i n g t o

i n terp r etati o n b y th e au th o r s o f [ 3 ] , th i s ph ase t r ansi ti o n i s co nnec ted w i th o r i en tat i o n al

o r d eri n g o f tw o am m o ni u m þ ï ç ( th e o r der i ng o f f ou r t h i o cy an ate an d tw o am m o n i u m i o n s

tak es p l ac e at th e p h ase tr an si ti o n f r o m tet r ag o n al to o r th o r h o m b i c ph ase at 39 0 Ê ) . T h e

tem p er atu r e d epen d enc es G ( E ) o f th e g ener al i zed p h o no n d en si ty o f st ates (G P D O S)

p r esen ted i n t h i s w o r k p ro v e th at the app ear i ng o r i en tati o n al d y n am i c d i so r d er o f SC N an d

N H 4 i o u s m an i f est s i tsel f i n t he ch ang e o f th e G P D O S ener g y d ep end enc e f r o m th e D eb y e to

th e l i near o ne i n t he r eg i o n o f l o w energ i es at the ph ase t r ansi t i o n tem p er atu r e .

H o w ev er , î ø tem p er atu r e m easur em en ts o f I I N S sp ec tr a o f N H 4 SC N sh ow th at th e

d y n am i c d i so r d er o f am m o n i u m i o u s i n the m o no c l i n i c p h ase i s ob ser v ed r i g h t u p t o 20 0

Ê w h i c h i s m an i f ested b y q u asi el ast i c sc at ter i ng ( see F i g . 2 ) . T h e I I N S sp ec tr a o f

Ê () 15(Õ Í 4)0 85$ Ñ Õ m easur ed at 10 .80 àï 4 290 Ê p r o v e th at d y n am i c d i so r d er o f

am m o n i u m þ ï ç i s p resen t , l i k e ear l i er , i n the m o noc l i ni c p h ase m an i f est i ng i t sel f b y

q u asi el as t i c sc at ter i ng and co n si der ab l e w i deni ng o f l i b r at i o n su b zo n es ( F i g . 3 , Ò= 2 9 0 Ê ) as

w el l as b y o v er l ap p i ng w i th tr ansl at i o n op t i cal p ho no n s.

I n N H 4 SC N , o r t h o r h o m b i c p h ase ex i sts i n à v er y nar ro w tem per atu r e i n ter v al o f 3 60 ñî

39 0 Ê . D u e t o d y nam i c d i so r der , th i s m ak es i m p o ssi b l e to i nv est i g ate t h e l i b r at i o n zo n e . A t

th e co ncen tr at i o n o f x ( 0 .7 5 , à p o ssi b i l i ty o f m easur i ng th e l i b r at i o n zo ne ener g y o f

am m o ni u m þ ï i n th e o r th o r ho m b i c l atti ce o f Ê 1 „ ( Ì Í 4 ) „ ÁÑ Õ ap pear s. I n t h e co ncen t r at i o n

i n ter v al f r o m , say , õ= 0 .30 to x = 0 .7 5 , an o r i en tat i o n al g l ass state c au sed b y f r o zen st at i c

o r i en tati o n al d i so rd er o f am m o ni u m i o us ar i ses i n th i s co m p o u n d at 10 Ê . T h e stat i c d i so r d er

c au ses w i d en i n g o f th e l i b r at i o n zo ne , and f o r x = 0 .60 ( see F i g . 4 ) th e d y n am i c d i so r d er i s

ob ser v ed al r ead y at Ò= 80 Ê w i th th e co nsi d er ab l e p r esenc e o f q u asi el ast i c sc at teri ng .

I n th e d i l u t ed so l u t i o n r eg i o n o f à m i x ed cr y stal at th e c o ncen tr at i o n o f x < 0 . 15 t h e

l ow ener g y ex c i t at i o n o f am m o ni u m i o us i s o b ser v ed at 10 Ê . A s th e t em p er atu r e

i n c r eases, t he d y n am i c d i so r d er i n tensi f i es and tr an sf o r m s i n to j u m p d i f f u si o n ( see F i g . 5 ) .
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Fig 2. Temperature dependence of IINS spectra intensi ty for
N H 4 SC N .
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ÒÍ Å SE A R C H F OR ÒÍ Å CRY ST A L E L E CT R I C F I E L D I N ÒÍ Å
C O M P OU N D S O F ÒÍ Å R eN iSn (R e — Ñ å, Üà, N d ) T Y P E

P.À . Alekseev, Å.S. Clementyev, V.N . Lazukov, I .P. Sadi kov
Russi an Resear ch Center "K ur chatov Insti t ute" , M oscom

À . Yu. M uzy chka, 1.L . ÁàâÛ ï
Fr ank Laboratory of Neutron Physi cs

Joi nt Insti t ute for Nuclear Resear ch, Dubna

In the recent t ime, the intensive invest igat ions of t he valency-inst able CeNiSn system

which has à gap in t he elect ron states spectrum at the Fermi level are car r ied out [1,2].
In ascer t aining the gap forming mechanism, t he issue of character ist ic energy of inter-

act ion between 4f elect rons of Ce and crystal elect ric fi eld (CEF) is vit al . Namely, t he
rat io of t he ground level spl i t t ing energy of Ce and the temperature at which violat ion of
the coherency regime in the spin subsystem takes place (Ò= 40 Ê ) [3] is impor t ant . T he
magnet ic exci t at ions spectrum of the CeNiSn system is descr ibed by the quasi-elast ic
Lorentz peak with t he hal f-width Ã/ 2~ 3.5 meV [2], i . å. ï î CEF effect s are observed

in i t . One of t he possible ways of assessing the magnitude of t he 4f mult iplet spli t t ing
in t he CEF of the CeNiSn system is measuring the magnet ic scat ter ing spect rum of t he
Ce> L a Ni Sn sample in which replacing Ce by Üà þ ï that has greater ion radius may
lead to decreasing Ce valency down to t ransit ion into t he Ñ å~+ st ate. T hus, measure-

ment s of t he L i ~~ of the ions absorpt ion verge in the Ñ åî äÜàî qNi Sn sample at Ò= ÇÎ Î Ê
have proved abscence of the Ñå + state within the limi t s of experiment al accur acy. 'Ãî

assess spl i t t ing in t he CEF for CeNiSn is also possible by using CEF Hamilt onian pa-

rameters which have been determined in an isostructure compound based on an ion
with the integer -valued valency, for example, N d L ai N i Sn . In this work , the inelas-

t ic neutron scat ter ing from the Cep sL ap yN i Sn and # ÖäÜàî yN i Sn samples has been
studied. T he unit cell par am eters of t he lat t er sample are close to t hose of CeNiSn. T he
measurement s have been performed at t he K DSOG t ime-of-fl ight spect rometer at 10,
80, and 300Ê at the scat ter ing angles 28= 30 to 90' and fi xed final energy of neut rons

E y= 4.9 meV . T he mass of polycrystal samples was about 150 grams.
Fig. 1 shows the magnet ic component of the neut rons scat ter ing funct ion á ,ä(Å)

of Cep.sL ap >Ni Sn at Ò= 10Ê . T he spect rum is well fi t ted by the quasi-elast ic spect ral
funct ion with half-width Ã/ 2 4.6~ 2 meV . T he increase of t he temperature up to 80Ê
leads only Ñî slight widening of the Lorentz funct ion width (Ã/ 2 5 meV ). At T = 300K ,
ï î magnet ic component of the scat ter ing has been discerned. T he observed spect ral re-

sponse, like in the case of CeNiSn, manifest s instabili ty of the 4f shell of Ñ å~ä? à~ qN i Sn
at low temperatures. T hus, for assessing the spli t t inng of the 4f Ñå mul t iplet in the
CeNiSn CEF only t he second possible method that consist s in measuring the magnet ic
neut rons scat ter ing from N d3+ ions in CeNiSn lat t ice may be applied. Fig. 2 shows
the spect ral funct ions S(E) of neut ron scat ter ing for the N dp.sL apqNii Sn and LaNiSn
samples at Ò= 80Ê . T he diference between S(E) measured for these samples is t he mag-

net ic component of the inelast ic neut rons scat ter ing from the neodymium ions caused
by CEF efFects. T he peaks in the magnet ic scat ter ing spect rum corespond to t ransit ions
between the 4f levels of t he Þ ÛÇ+ ion mult iplet spl i t ted in t he CEF . 10-fold degenerate
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ground mult iplet of the Þ Èä+ |î ï spl i t s into 5 K ramers doublets in t he low-symmet r ic

CEF of RNiSn. In Fig. 2, posi t ions of the magnet ic scat ter ing peaks are mar ked.
Judging from the character of t he temperature dependence, t hey may be at t r ibuted to
the t ransit ions from the ground state. I t allows to suggest t he probable scheme of the
N d3+ levels spl i t t ing and to assess the average spl i t t ing magni tude for Ce in CeNiSn
which is 20 meV . To evaluate CEF potent ial parameters, more det ailed measurements
of t he temperature dependence of t he scat ter ing intensity should be carr ied out .
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1. Ò . T ak ab a t ak e , F . T esh i m a , Í . Fu j i et al . P h y s. R ev . Â 4 1 ( 19 90 ) , 960 7

2 . P .À . A lek seev , Å .S . C l em en t y ev , Å .À . G o r em y ch k i n , × .N . L azu k ov , 1.P . Sad i k ov ,
an d 1.Ü . Sash i n . P h y si ca Â 18 6- 188 ( 199 3 ) 4 16-4 18
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of E x p er i m en t al an d T h eor et i ca l P h y si cs ( i n R u ssi an ) ( 19 93 )

2 0 2



CRYSTAL F I EL D I N ÒÍ Å SET OF RECu >Si > COMPOUNDS

( RE - - Pr , Nd , ÒÜ, Í î , Er , Yb )

Å. À. Gor emychk i n , À. Yu . Muzychka

Fr ank Labor at or y of Èåû~ãî ï Physi cs ,
Joi nt I nst i t ut e f or Nuc l ear Resear ch , Dubna , Russi a

The i sost r uct ur e compounds RECu2Si 2RE ( RE i s à ãàãå ear t h

el ement , Tr i s à t r ans i t i on met al ) áåòî ï ÿ1ãà~å di f f er ent

phys i cal pr oper t i es . Dependi ng on t he k i nd of RE and Tr , t hey

may ex i st as nor mal ant i f er r omagnet i cs ( AF) , medi um va l ence

compounds ( Ì ×Ñ) , or as à sy st ems wi t h heavy f er mi ons ( SHF) .
Det er mi ni ng t he cr yst al f i el d ( CF) par amet er s i n t he Ce

compound [ 1] has been chosen as an i ni t i a l poi nt of st udy i ng CF

i n t he RECu2Si 2 ser i es . The pur pose of t h i s wor k i s st udy i ng of

t he CF r egul ar i t i es i n nor mal r epr esent at i ves of t he ser i es as

wel l as compar i ng t hem wi t h t he anomal ous compounds ( SHF and

Ì ×Ñ)
The r esul t.s of t he NdCu2Si 2 i nvest i gat i ons have al r eady been

pub l i shed [ 2 ] . Bes i des , by t he pr esent t i me t he CF par amet er s

i n t he Pr , Í î , and Er compounds have been det er mi ned r el i ab l y

enough ( Fi g . 1 à , Ü f or Er ) .
The anal ys i s has been based on t he super posi t i on model ( SM)

i n wh i ch CF i s r epr esent ed as à super posi t i on of t he

cont r i but i ons of t he coor di nat i on spher es cont ai ni ng d i f f er ent

i ons The magni t ude of each spher e cont r i but i on i s det er mi ned

by t he f act or cal l ed i nt er nal par amet er of t he spher e .

The mai n conc l us i ons ar e :
1 . The CF par amet er s of t he 4t h and át h or der ar e det er mi ned

by t he t wo near est coor di nat i on spher es : Cu and Si . Thus , f or

each compound of t he ser i es we have f our char act er i st i c

i nt er nal par amet er s : A4( Si ) , A<( Si ) , A4( Cu) , Aá( Cu ) .
2 . I n nor mal AF, A4( Si ) i s much l ower t han A4( Cu) wh i l e i n

t he ÑåÑè ß1 SHF t he cont r i but i on of Si pr evai l s . Th i s

i ndi cat es t hat i t i s Si l i gands t hat ar e r espons i b l e f or t he

anomal ous pr oper t i es of CeCu2Si 2 [ 3] .
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3 . I n Nd , Í î , Er c ompounds , monot on ou s gr owt h of t h e

i nt er na l par amet er s i s ob s er v ed a s t he RE or d i na l numb er

i nc r eas es . Si mu l t an eous l y , t h e spher es r ad i i monot onou s l y

dec r eas e . Each of t h ese r egu l a r i t i es may b e t he cau s e of t h e CP

monot onou s change . We hope t hat i t wi l l b e a f t er pr oc es s i ng t h e

ÒÜ c ompound r esu l t s t hat t he i s sue of t he ma i n cau se c l ear s up

becau se i t s or d i na l number l i es bet ween t h os e o f Nd and Í î

wh i l e t he Si c oor d i nat i on sph er e r ad i us i s sma l l e r t han t h at i n

Er Cu2» 2

4 . I t s eems t hat t he monot onous CF change a l ong t h e set o f

RE i s t h e pr oper t y of t he nor ma l r epr es ent at i v es o f t h es e

ser i es ÑåÑè2ß~2 ha s anoma l ous l y l a r ge À4 ( Si ) wh i l e i t s or d i na l

number i s t h e l owest and t h e sph er e r ad i u s i s t h e l a r ges t .

Si mi l ar CF b ehav i or i n Pr Cu2Si 2 , t h ough i t i s l es s d i st i nc t , i s
à sur pr i se . I t ca l l s t he " nor ma l i t y " o f t h i s c ompound under

ques t i on . Th e f i na l CF p i c t u r e i n t h i s s er i es sh ou l d b e

ev a l uat ed on t he gr ound s of t he YbCu2Si 2 Ì ×Ñ r esu l t s wh i ch

c ur r ent l y ar e under pr oc es s i on .

RE ~ Ra d i u s Si ( A4 ( Si ) ë ( ~~ Ra d i u s Cu ) À4 ( Cu ) À ( Ñè )

Ñå

Pr

Nd

3 . 13 6

3 . 13 0

3 . 1 15

3 . 0 2 1

3 . 0 4 0

3 . 0 2 4

~

3 . 2 18

3 . 2 16

3 . 2 0 8

3 . 18 6

3 . 18 1

3 . 17 8

4 . 4 2 . 6

6 . 6

18 . á

2 1 . á

3 . 9

9 . 1

2 4 . 9

2 9 . 18

~

~. î

~. ã

12 . 0

12 . á
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D EN SIT Y OF V I BRAT I ON A L STA T ES OF SI L I C ON N IT RI D E

I .Markichev, Å.Nikitina, Å.Sheka
Patrice Lumumba Peoples' Friendship University, Moscow, Russia

× . Khavryutchenko
Institute of Surface Chemistry, Ac.Áñ| Ukraine, K iev, Ukraine

I .Natkaniec, À.Muzychka
Frank Laboratory of Neutron Physics,

Joint Institute of Nuclear Research, Dubna, Russia.

During two past decades, powdered Si , N 4 has received considerable attention
due to its broad application to à structural ceramics fabrication. In practice, the above
chemical formula represents à family of materials in which the species constitutes the
major phase only. The properties of each family member depends, in part , on the
microstructure developed during manufacturing. An IN S study of the vibrational
spectyra of f ive members of the family has been performed. The results are presented in
Fig.1

The first powder was obtained in the course of SiCI4 decomposition by à
plasma induced gaseous reaction in à nitrogen-ammonia fl ow. The product was treated
by heating at 450' Ñ for 100 hours in à nitrogen atmosphere ñî remove the N H 4CI

Úó-product. The final powder was amorphous with à specific area of 50m' / g and

consisted of practically ideal spherical particles of 17nm average diameter. The powder
is denoted below as "CI-plasma" (see curve 1). À part of this sample was exposed to the
ambient atmosphere for à week. This sample is referred ñî as "Cl-plasma/ air" (curve
2). The third powder, referred to as "Si-plasma" (curve 3), was also produced by à

plasma induced but direct silicon nitridation reaction. The powder is à mixture of à
(45%) and p (55%) crystalline modifications as well as of the amorphous phase. The
average particle sizes fall in the region from 30 up to 100nm. The fourth powder,
referred to as "Si-SHS" (curve 4) and consisting of à-phase (80%) grains of about

100nm in size, was obtained in the course of self-propagating high-temperature
synthesis (SHS). The fifth powder referred to as "Si-Stark" (curve 5) was à commercial
product by Stark & Ñî . of about 100nm à-crystal (90%) grains produced by nitriding
silicon at high temperature in furnaces according to à carbothermal reaction. The
vibrational spectra of these powders at 80Ê were studied. Fig.l shows the normalized
TOF INS spectra along with the amplitude-weighted density of states (AWDS) spectra
obtained from them. In addition to the powdered samples, the spectrum for the a-
modification of the silicon nitride crystal was obtained (curve 6 in Fig.l b). It diff ers
slightly from that of the p-modification in the low-frequency region < 400cm ' only.

Hence, this spectrum presents bulk vibrations of the nitride. It serves as à reference for
spectrum shape and intensity. Excess in spectrum intensity followed by à change in
shape exhibits the surface vibration contribution to the powder spectrum.

The AWDS spectrum of the "Si-Stark" sample, coinciding with the spectrum of
the à-crystal, was considered as the basic spectrum of the powder core. Extracting this
spectrum from the others gave the spectra of the surface zones shown in Fig.2. The
presented spectra exhibit the diff erences in the composition of the surface zones. À
spectrum of à N H4CI crystal is given in Fig.2 (curve 7) for comparison.
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DENSITY OF VIBRATIONAL STATES IN THIOL CAPPED CdS
PARTICLES USING INELASTIC NEUTRON SCATTERING

1.M arkichev, Å.Sheka
Patrice Lumumba Peoples' Friendship University, M oscow, Russia

× .Khavryutchenko
Institute of Surface Chemistry, Ac.Áñ| Ukraine, Kiev, Ukraine

1.Natkaniec, À .M uzychka
Frank Laboratory of N eutron Physics,

Joint Institute of Nuclear Research, Dubna, Russia.

Colloidal semiconductor compounds are currently under intense investigation as
examples of nonmolecular materials which demonstrate the quantum confinement
eff ect (1).The particle size is à few nanometers so surface atoms constitute à significant
part of the material . The interface between the particle core and surrounding atoms
greatly aff ects the properties of these surface atoms.

We have studied vibrational spectra of capped clusters of CdS where the
capping groups are thiophenolate ions (SPh ) The formula of the clusters is
N (CH , )4], ~(ÑÉ,Ä ,ÁÐÜ„ ) .Í åãå tetramethylammonia cations compensate the

negative charge of the thiophenolate groups. The CdS core size is of 1nm.
Fig.1 shows the spectrum of the double amplitude-weighted density of

vibrational states (AWDS) of the cluster obtained by inelastic neutron scattering at
10Ê. Naturally cadmium is à good thermal neutron absorber so the presented spectrum
exhibits the vibrations of the hydrogenically enriched capping surface zone only. À well
defined structure corresponds to molecular group vibrations. It is obvious that the
thiophenolate ions are the main contributers to the spectrum. To trace the diff erence in
1î ï vibrations with respect to the thiophenol molecules, the solid thiophenol AWDS
spectrum was obtained as well (see Fig.2).

Òî assign the vibrational modes and to model cluster structure we have
performed à quantum chemical calculation of athiophenol molecule and à model thiol
capped cluster. Curve 2 in Fig.2 presents the calculated AWDS spectrum of the
thiophenol molecule obtained without any adjusting parameters. The pure AWDS
function being à set of 33 Ü-functions has been convoluted with à resolution function
simulating that of the KDSOG-Ì spectrometer at the IBR-2 reactor in Dubna. As
seenfrom the figure, the calculated spectrum fits the experimental one quite well if one
takes into account the spectrum alterations caused by solidification.

The capped cluster has been modelled by à cluster having the formula
SCd4SPhÄ consisting of 101 atoms. Its fully optimized structure is shown in Fig.3.
Curve 2 in Fig. l presents the calculated AWDS spectrum of the cluster genrated as in
the ñàçå of the thiophenol molecule spectrum above without any adjusting parameters
and with the ç ëå convolution function. As seen, the calculated spectrum fits the
experimental one well. This supports the validity of the cluster structure shown in Fig.3
and the quantum chemically calculated force field. The spectra calculation has been
performed for internal coordinates to assign the vibrational modes and to reveal the
diff erence in the thiophenol spectrum after capping.

W ang Y ., H erron N . J.Phys. Chem ., ÷95 ( 199 1) 525
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I N E L A ST I C N E U T R O N SC A T T E R I N G (I N S) I N V E ST I G A T I O N O F
H Y D R O G E N C A P T U R E B Y C RY ST A L L A T T I C E D E F E CT S

× . ÷'. Sumi n, Ñ. Gan t ulga

Áàëèñ Labor atory of Neutr on Physi cs
Joi nt nsti tute for Nuclear Resear ch, Dubna, Russi a

T h e eff ec t o f h y d r o g en c a p t u r e b y c r y s t a l l a t t i c e d e f e c t s c o n s i s t s o f su p p r es si n g

h y d r i d e f o r m a t i o n w i t h a t e m p er a t u r e d e c r e a se , a t t h e ex p e n se o f h i g h e n t h a l p y o f t h e

h y d r o g en c o m p l ex f o r m a t i o n , w i t h so m e c r y s t a l l a t t i c e d ef e c t s .

T h i s p h e n o m en o n h a s b een w e l l s t u d i e d ø n i o b i u m , w h e r e i n t e r s t i t i a l a t o m s o f

d i s so l v e d n i t r o g en o r o x y g en o r d i sso l v e d i n t e r s t i t i a l a t o m s o f t i t a n i u m f o r m t r a p s .

I n t a n t a l u m , h y d r o g e n c a p t u r e h a s n o t b e en s t u d i e d y e t . H o w ev er , i n v es t i g a t i o n s o f

f a s t þ ï ch a n n e l i n g sh o w t h i s m e t a l t o b e i n t e r e s t i n g f o r t h e f o l l o w i n g f a c t : d e u t e r i u m ,

w h e n c a p t u r e d b y n i t r o g e n a t o m s , i s n o t o n l y k ep t b y t h e l a t t e r i n à so l i d so l u t i o n , b u t

a l so ch a n g e s t h e n u m b e r o f i t s n e i g h b o r i n g a t o m s f r o m t e t r a h e d r o n t o o c t a h e d r o n .

T h e I N S m et h o d i s a n e ff e c t i v e m e a n s o f s t u d y i n g h y d r o g en c a p t u r e b y d ef e c t s . I n

t h i s w o r k , n i t r o g e n a t o m s a n d t h e m o r e c o m p l i c a t e d v a n a d i u m p l u s n i t r o g en c o m p l ex

h a v e b e en u se d û h y d r o g en t r a p s i n t a n t a l u m .

H i g h l y p u r i fi e d t a n t a l u m , a s w e l l a s T c N ~ pg a n d T a V ~ î çåðî pg a l l o y s , w h i c h a r e so l i d

so l u t i o n s , h a v e b ee n u se d i n t h i s w o r k . P u r e t a n t a l u m a n d t h e se al l o y s w er e sa t u r a t e d

Úó h y d r o g en u p t o 1 a t o m i c % f r o m t h e g a s p h a se .

T h e I N S sp e c t r a o f a l l o y s , w i t h a n d w i t h o u t h y d r o g e n ; w er e m e a s u r e d w i t h t h e

K D S O G - Ì sp e c t r o m e t e r a t t h r ee t em p er a t u r e s : r o o m , 9 0 Ê , 2 2 Ê . T h e h y d r o g en c o n t r i -

b u t i o n t o t h e I N S sp e c t r a w a s o b t a i n e d b y su b t r a c t i o n . F o l l o w i n g t h a t , t h en t h e sp e c t r a

w er e p r o c e s se d t o o b t a i n t h e p a r t i a l h y d r o g en d e n s i t y o f s t a t e s .

T h e h y d r o g e n l o c al m o d e s i n p u r e t a n t a l u m a r e 1 1 8 a n d 1 6 8 m e V ( se e F i g . 1 ) ,

w h i c h a r e c l o se t o t h e l i t e r a t u r e d a t a . A t 2 2 Ê , w h er e a l l h y d r o g en p r e c i p i t a t es i n t o t h e

h y d r i d e p h a s e , t h e h y d r o g en v i b r a t i o n en e r g i es sh i f t i n t o t h e h i g h - f r e q u e n c y r eg i o n , u p

Ñî 1 2 7 a n d 18 2 m e V , w i t h w i d t h s o f t h ese v i b r a t i o n s c o n s i d e r a b l y n ar r o w i n g ( se e F i g .

In t antal um wi th ni t rogen or nit rogen an d vanadium addit ions, t he hydrogen peak
posit ions do not change at t he measured temperatures, which confi rms hydrogen capture
by these defects. T he local mode widths decrease from 28 to 10 meV for the 118
meV low-frequency peak as the temperature decreases from room Ñî 22Ê . T hese widths

remain about twice as wide as those for pure tantalum at al l t emper at ures.
In the ÒàÆî sq al loy at 20Ê and in t he T QVp ~äÕ~ää al loy at 90Ê , an addi t ional peak

wi th an energy of about 80 meV appear s. M eanwhi le, the wide high-frequency peak
apparent ly spli t s into two peaks wi th energies of 170 and 210 meV (see Fig. 2).

T he appear ance of t he addit ional peak at 80 meV and the spl i t t ing of t he twice
degenerated high-frequency peak shows à more complicated char acter of t he defect

complexes wi th hydrogen in t antal um than in niobium . Probably, hydrogen par t ially
moves over into t he octahedron posit ion with vibrat ion energies of 80 and 210 meV ,
which fol lows from the data on channeling. I t is al so possible t hat in t his complex hy-
drogen occupies à less symmetr ical posi t ion in the t ant alum lat t ice than t he tet rahedr a
posi t ion in niobium.
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Fig.1 Hydrogen local modes
in pure t antalum

Fig.2 Hydrogen local modes
in T a-V-N soli d solut ion
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P o lar i zed N eu t r o n R e8 ect iv i t y o f E p i t ax ia l T h i n M agnet i c F i l m s

Î . M cGrath~, , V .V .Pasyuk~, , Í .J .Lauter~, , À Õ .Pet renko and D .Givord~

Laboratoire Louis Neel , CNRS, ÂÐ 166, F-38042 Grenoble, France

FLNP, JINR , 141980 Dubna, M oscow Region, Russia
ILL , ÂÐ 156, F-38042 Grenoble Cedex , Fr ance

T he symmetry breaking at an interface gives r ise to lar ge surface magnet ic anisot ropies.
M uch scient ifi c work has been devoted recent ly to studying sur face anisot ropies, but
the exact or igins st i l l remain unclear .
In order to study this phenomen we real ized three fi lms of :
W (110)(50A )/ Fe(110)d/ Æ (110)(500À )/ AlqOq(1120) where d= 90 À , 20 À , and 4 À . À
det ai led study of t he magnet ic and st ructural propert ies of t he 90 À and 20 À fi lms has
been conducted. Anal ysis of t he 4 À fi lm is ø the process of being completed.

One of t he most st r ingent means of anal yzing the qual i ty of the ï í ÿ is by polar -

ized neut ron refl ect ivi ty (PNR). The exper iment ally obtained refl ect ivit ies for t he 901
fi lm and for t he 201 film were fi t ted. T his enabled the exact determinat ion of the
fi lm thicknesses. In addi t ion the fi t s were obtained without int roducing any not icable
roughness parameters (< z~) < ÇÀ ), t hus indicat ing clean interfaces. F inal ly bulk mag-

net isat ion per atom (2.2 pg ) were used in t he fi t t hroughout t he fi lm t hickness (the
measurement was performed in saturat ing external magnet ic field). T his indicates no
enhancement / reduct ion of magnet ic moment at the interfaces, Ñî within experiment al
accuracy, as one would expect for t he (110) face of à bcc st ructure.

T he invest igat ion of T b/ Fe fi lms deserved to the basic understanding of ferromagnet ism .
Ferromagnet ism occurs due to exchange interact ions. T hree types of exchange interac-

t ions are known . They ar e:
-Çñl-Çñl exchange ie t r ansit ion met al exchange
-4f-4f exchange ie ãàãå-eart h exchange, commonly cal led RK K Y exchange and fi nal ly
-Çñ1-4f exchange.
Due to t he complexi ty of t he magnet ic systems in which Çñl-4f exchange inter act ions

occure ie mainly intermet al li c al loys, this exchange mechani smn is poorly understood.

Thus recent ly we discovered that i t was possible t o epit axial ly deposi t T b(4f ) on Fe(3d)
in the fol lowing confi gurat ion: W / ÒÜ(0001)/ Fe(110)/ W (110)/ Al@Os. T his system is à
model syst em for st udying the above ment ioned interact ions. In part icular i t is pre-

dicted that à T b fi lm couples ant iferromagnet ical ly t o t he Fe at low temperat ures. À
variant is t hat only about two layers of T b adj acent t o the Fe are ant iferromagnet ic
with respect t o t he Fe but in fur ther layers t he direct ion of magnet isat ion turns again
by 180 deg.
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PNR experiments were per formed at room temperature on SPN at t he IBR-2. T he

re8ect ivity dat a for t he T b(53A )/ Ãå(100À ) composit ion are shown in t he fi gure. T he
dat a could be fi t t ed wit h t he bulk magnet isat ion value of Fe and ï î magnet isat ion of t he
T b. However the average density of t he Fe layer is reduced by about 8% with respect
to t he bulk density. Increasing the Fe layer f rom 1001 to 1651 t he densi ty decrease
is even about 16%. T his indicates that beyond à cert ain thickness island growt h may
appear .

The low temperature data (Ò = 80 Ê ) show difFerences wi th respect t o t he room tem-

perature one and are in progress of being analysed to determine the int eract ion between
Fe and T b (Çd-4f coupling).

Figure: PNR data as a funct ion of 4ò/ Q (Q = momentum t ransfer ) for t he ÒÜ/ Fe sam -
ple. R+ (î ) and R (* ) are the refl ect ivit ies for t he neut ron spin paral lel or ant iparal lel ,

respect ively, wi th respect to the external satur at ing magnet ic fi eld.
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I nt er face M agnet isat ion in à Pd/ Ñî / Pd U lt ra-t hin Film St udied
by PN R

V Õ .Pasyuk' , Í .J.Lauter~, , Ì .Ò.Johnsons, , F .J .À . den Broeders, Å .Janssens, J .À .Ñ.Bland4,

À Õ .Pet renko and J .Ì .Gay

FLNP, JINR, 141980 Dubna, Moscow Region , Russia
~ ILL , BP 156, F-38042 Grenoble Cedex 9, France
~ Phil ips Research Laborator ies, PB 80.000, 5600 JA Eindhoven, T he Net herlands
4 Cavendish Labor atory, Cambridge ÑÂÇ Î Í Å, UK

CRM C2, Luminy, Ñàÿå 913, F-13288 M arseil le, France

À Polarized Neut ron Refl ect iv i t y (PNR) st udy was performed on SPN at t he I BR-2 reac-

t or for t he invest igat ion of t he magnet isat ion profi le of t he sandwich Pd/ Ñî (211 )/ Pd (in à

sat urat ing magnet ic fi eld) prepared by high vacuum vapor deposit ion on à A u fi lm deposit ed
on à Si-subst rat e.

Surface and interface magnet ism and magnet ic propert ies of ul t r a-thin fi lms are ex-

tensively stuched due Ñî t he fact t hat new magnet ic features are expected to ar ise from
the breakdown of t hree dimensional cryst al symmet ry. The enhancement of t he Ñî
magnet ic moment was theoret ical ly predicted in Ñî / Pd [1] t hin é1ò â. In Pd t he d
band is not completely fi lled , t herefore for Çd monolayers on Pd à st rongly increased
Çd-4d hybridizat ion ar ises. Due to t he large spin-suscept ibi li ty of Pd one expect s also
that the magnet ic Çd over layers induce sizable moments ø the Pd subst rate. The ef-

fect of an interface and of fi lm thickness upon the magnet ic proper t ies can be studied
due to recent progress in t echniques used to synthesize high qual i ty ul t ra-thin fi 1ms.

À PNR study was carr ied out t o measure the absolute value of t he magnet ic moment
per atom in an ult ra-thin Ñî (21 À ) single fi lm sandwiched by Pd and to determine also
the magnitude of à possible induced magnet ic moment in t he Pd at t he Ñî / Pd inter face.

Prior to the neut ron study the samples were character ized by Surface M agneto Op-

t ic K er r Eff ect (SM OK E) and V ibrat ing Sample M agnet ometer (V SM ) measurements.
T he st ructural composit ion was determined by chemical anal ysis, Õ-ray and neut ron re-

fl ect ivity measurements. In the neut ron study à saturat ing external magnet ic fi eld was
turned perpendicular Ñî t he surface of t he fi lm , t hus the neut ron refl ect ivity becomes
spin-independent and the nuclear profi le is measured [2,3]. For some parameters t he

diff erent measurements were complement ary, but ø general an excellent agreement of
al l parameters was obt ained [3,4]. T he composit ion of t he fi lm was determined to be:
Si(111)/ Au(2204 )/Pd(272k.)/ Co(20.È )/ Pd(704 ).

The V SM measurement indicated already an about 10% enhanced magnet isat ion then
expected from the Ñî t hickness of 21 À . T he neut ron-spin depended re8ect ivit ies with
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à saturat ing magnet ic fi eld of 3.5 kOe par al lel to the fi lm surface are shown ø fi gure
1. T he ampli tude of the fi r st osci llat ion between R+ and R refl ect s t he average mag-

net isat ion of t he Ñî -layer . T he fi t s t o t he exper imental dat a were made by using the
thicknesses and neut ron-opt ical potent ial s which were obt ained by the previously men-

t ioned character izat ion studies. Only t he magnet ic cont r ibut ion from the Ñî layer was
à free par ameter . The solid lines represents à fi t t o t he data wi th 1.84 ðâ ðåã Ñî atom
throughout t he Ñî layer (1.73 ðâ for bulk Ñî ).

The spin-asymmetry S, shown in fi gure 2, can be expressed as:
S=S /P=(1/P)*(R+ - R )/Â + R+)
S is the measured spin-asymmet ry and P is the wavelengt h dependent polar izat ion of

the neut ron beam . T he sol id l ine shows the best fi t t o t he data and corresponds, as
the fi t in fi gure 1, to t he enhanced magnet ic moment of 1.84 p~ per Ñî atom, T he
region in Q, where the enhancement of the magnet ic moment is t he most obvious, is
enlarged ø the insert . T he dashed line is calculated wi th t he bulk moment of Ñî , T he
diff erence to the fi t ted curve is evident , however à determinat ion of à profi le, å.g. higher
magnet isat ion at t he two interfaces. is wi thin the st at ist ical error .
À very similar curve wi th respect t o the fi t t ed curve (ful l line) is obt ained using the
bulk magnet ic moment of Ñî and an average induced moment of 0.4 py in à 5 À thick
layer of Pd adj acent Ñî t he Ñî . In order to dist inguish between the two possibili t ies:
an enhanced Ñî magnet ic moment or an induced Pd magnet ic moment (or à mixture
between both ) [3,4], one neds to measure refl ect ivi t ies for higher Q values.
Recent measurement s extending to higher momentum t ransfers which are in the pro-

cess of being analyzed wil l al low to dist inguish between. t he two solut ions found in t he
presented experiment .

[1] R.Wu, Ñ.Li and À .J.Freeman, J M agn.Magn.M at . 99 (1991) 71
[2] S.S.Parkin , Ú' .R.Deline, R.Î .Hilleke and Ñ .P.Felcher , Phys.Rev.Â42 (1990) 10583

[3] V .V .Pasyuk , Í .J.Lauter , M .Ò.Johnson, F .J .À .den Broeder , Å.Janssen, J .À . Bland
and À Õ .Petrenko, Appl .SuÊ Sñiånñå 65/ 66 (1993) 118
[4] V .V .Pasyuk , Í .J .Lauter , Ì .Ò.Johnson, F .J.À .den Broeder , Å .Janssen, J.À . Bland,
À Ó.Petrenko and J .Ì .Gay, Ë.M ag.M ag.M at ., 121 (1993) 180
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Figure 1: Neut ron spin-dependent refl ect ivi ty curves R+ (î ) and R (+ ) for t he Pd/ Ñî / Pd

sample measured in à magnet ic field of 3.5 kOe paral lel Ñî t he surface of t he sample.
The solid l ine shows the best fi t Ñî t he dat a.
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Figure 2: Measured and calculated spin-asymmetr ies for t he Pd/ Ñî / Pd sam ple. T he
dashed l ine in t he insert corresponds to the bulk magnet isat ion per Ñî atom , the sol id
line is calculated for the enhanced moment of 1.84 ð ö per Ñî atom . À very similar
curve is obtained wit h t he par ameters of the bulk Ñî magnet isat ion and 0.4 p~ induced
magnet ic moment in à 5 À thick layer of Pd at each Ñî / Pd interface.
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Polar ized N eut ron Re8ect omet ry St udy on M agnet ic
M ult i layers for N uclear Resonant Scat t er ing Exper iment s

× Õ . Ðàçó,é ~, D .Ü. Nagy~, , Í . Lauter~ and À Õ . Pet renko'

' Fr ank Laboratory of Neut ron Physics, JINR, 141980 Dubna, Russia
~ K FK I Research Inst i t ute for Par t icles and Nuclear Physics,

Í -1525 Budapest , P.Î .Â . 49, Hungary
~ ILL , Â .P. 156, F-38042 Ñãåï î Û å, France

M agnet ic mult i layers composed of al ternat ing ~~Ee and ~~Ee layers are good candidates

of monochromators for neutron scat ter ing as well as for M ossbauer spect roscopy. In
the case of neut ron scat ter ing the magnet ic scat ter ing length is t he same for the two
isotopes but t he nuclear scat tering length is diff erent . By varying the composit ion ø
each bi layer proper t ies for polar ising monochromators can be explored. T he fi lm of an
al ternat ing Fe-isotope structure is in addi t ion à nuclear resonant per iodic st ruct ure and
can be used as monochromators wi th peV bandwidth or temporal Mossbauer spec-

troscopy at synchrotrons. In par t icular mult i layers prepared from epi taxial layers wil l
have appropriate bandwidth , high acceptance, high nuclear and low elect ronic refl ect iv-

i ty.
An advantage of t hese Åå-mult i layers is that t here is no st ructural interface leading to

efFect s due to symmetry breaking (enhanced moments, perpendicular anisot ropy, et c.)
and to structural roughness (mechanical st rain at inter faces). However , if such mul-

t i layers are grown by convent ional sput ter ing techniques, they can be st i ll ø éèåàñåñ1
by amorphisat ion and interdiff usion both resul t ing in à roughness and à degradat ion of
coherent scat ter ing and magnet ic propert ies.
In the presented study we invest igated the isotope distr ibut ion and magnet isat ion of
an ~~Åå/ ~~Åå mult i layer containing 15 bi layers prepared by J.K orecki (AGH, Cracow ,

Poland ) with molecular beam epit axy (Ì ÂÅ). T he sam ple is grown on fl oat glass and
covered by à 90 À thick A l layer . T he study was performed with polar ized neut ron
refl ect ivi ty (PNR ) on SPN at t he IBR.-2.

In t he fi gure the measured refl ect ivi ty curves are shown for the two spin states of t he
neutrons wi th respect to t he external inagnet ic fi eld of 1 kOe applied along the sample
surface. T he smal l osci l lat ions at low Q represent the total thickness of t he fi lm . The
peak at about 0.12 À ' is t he Bragg-peak ar ising from the mult i layer st ructure wi th

i t s bi layer thickness of 52 À . T he limi ted number of bi layers gives r ise to à broadened
peak. T he sl ight shift of the peak posit ion given by the two neut ron spin st ates refl ect s
the fact that t he mult ilayer does not consist of an integer number of bi layers, but t hat
à layer of ' Åå is added on top.

T hus i t has been shown that mul t ilayers of diff erent isotopes of Fe can be grown by
Ì ÂÅ such that à Bragg-peak can be measured with PNR. T he qual i ty of t he interfaces
wil l be deduced from the on-going data anal ysis. I t seems that after this fi r st successful l

step à way was found for t he preparat ion of efficient peV monochromators for nuclear
resonant scat ter ing experiments at synchrot rons.
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Figure: Measured refl ect ivit ies of à ãå-isotope mult i layer st ructure for the neut ron
spins par allel (R+) (î ) and ant iparal lel (R ) (+ ) wi th respect to the saturat ing external
magnet ic fi eld of 1 kOe (or iented paral lel to t he sam ple surface) as à funct ion of t he ï þ -
mentum t ransfer Q. T he composit ion of the mult ilayer is A l / ~~Få/ 15(~~Få/ ~~Få)/ fl oatglass.
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New aspect in employing magnet ic an isot ropic ÃåÑî thin films as neut ron polar izers

D .À . K orneev

Laboratory of Neutron Physics, Joint Inst i tute for Nuclear Research
141980 Dubna, Moscow region, Russia

A B ST R A CT

Reversal of the beam polar izat ion vector is à necessary procedure in carrying out experiment s
wi th polar ized neut rons. A t present à number of methods and set -ups (spin-fl ippers) àãå widely

used in experiments ut i l izing thermal polar ized neut rons. À new way to achieve neut ron beam
polar izat ion of à necessary sign dur ing the process of neutron specular refl ect ion from ferromag-

net ic anisot ropic mirrors is proposed. T he result s of i t s check-up test ing wit h à polar ized neut ron
beam are given . T he measured spin reversal probabili ty by this method is near to unity, and,
pract ical ly, i t does not depend on the neutron wavelength . T he appl icat ion of t he given way lets
one exclude the spin-fl ipper as an element of polar ized neut rons set -ups.

I N T R OD U CT I O N

Neutron refl ect ion from the surface of ferromagnet ic fi lms is à widespread method of get t ing
thermal polar ized neut ron beams. D .Hughes and Ì .Burgy were the fi rst to use à fer romagnet ic
mirror as à neut ron polar izer ' . Hereafter this technique was being extensively developed (see ,
for instance). Polar izing mirrors on the base of the FeCo al loy sput tered on the absorbing
sublayer T iGd, mul t i layer thin fi lm structures with al ternate layers of ferromagnet ic and non-

ferromagnet ic mater ials are much used nowadays. M irror polar izers make it ðî âí |Û å to choose
the r ight ferromagnet ic al loy refl ect ing only the neut rons which spins are paral lel t o à magnet ic
induct ion vector of à mirror . As à result t he spins of the refl ected neut rons are directed towards
an external magnet ic fi eld . À high value of polar izabi li ty (95 — 97%), weak spect ral dependence

of polar izat ion and ease of operat ion make wide use of neutron mir ror polar izers at stat ionary

as well as at pulsed neutron sources.
À change of sign of à polar izat ion beam, i .e. mutual reverse of à polar izat ion vector and an

external magnet ic fi eld is very impor tant dur ing polar ized neut ron experiments. To realize this
one needs spin-fl ippers - the devices for mutual reverse of the external magnet ic fi eld and beam
polar izat ion. Spin-fl ippers impair polar izat ion spectral character ist ics and l imit t he luminosity
of set-ups. For example, à well-known Drabkin spin-fl ipper has à bounded region of neutron spin

reverse.
À new way of obtaining beam s of diff erent polar izat ion signs wi th the help of t hin mag-

net ic anisotropic fi lms is discussed in this paper . T he exper imental result s of the check-up ar e

presented.



ÒÍ Å G R O U N D O F ÒÍ Å N EW M E T H OD O F P O L A R I ZAT I O N

As it is known , t he ferromagnet ic with à Hat boundary can be descr ibed by the al l owi ng
j ump of t he neut ron opt ical potent ial

U + = UÄ + p (4n.Ì „ ) , (1)

where UÄ = 4~ã ~ N á is à neutron nuclear opt ical potent ial , N is à number of nuclei ðåã unit

volume, Ü is an average neut ron scat ter ing lepgth , Ì „ is the proj ect ion of à magnet ic moment
on à refl ect ing surface. T he fact that à neut ron spin is equal Ñî one half resul t s in the existence
of two potent ials. T hus, if one chooses the r ight ferromagnet ic alloy, then

U = UÄ — 4òðÌ „

~

As à result only the neutrons wi th à magnet ic moment facing away from the vector M Ä wil l ~å
refl ected from the mat ter boundary, because U+ — — UÄ + 4~ãðÌ ð ) Î . À very impor t ant fact

should be noted here: dur ing the neutron magnet ic moment interact ion with t he boundary of
ferromagnet ic mat ter , the derect ion of polar izat ion in the refl ected beam is determined only by
the direct ion of the vector Ì „ . T he magnet ic field vector does not enter into the equat ion (1).
Thus, i t is easy to show that in the system of coordinates connected wi th t he external magnet ic

-í

fi eld Í polar izat ion in t he refl ected beam wil l depend on the angle 8 between the vectors M p

and Í , üå.
(2)P (8) = Ð, (Ë) Cps(8),

where Ð, (Ë) is mirror polar izabili ty along the M Ä direct ion.
From (2) i t fol lows that

P (8 = 0) = — P (8 = ~ã) (3)

Therefore, for ay olar izer where M Ä does not depend on Í , the change of mutual or ientat ions of
vectors P and Í in a refl ected beam can be achieved by the magnet ic fi eld reverse.

Single-axis anizot ropic magnet ic fi lms with à rect angular hysteresis loop, see Fig.1, are the

ones whi ch are pract ical ly free from the dependence of Ì ð î ï Í in the interval of ~Í ~ < Í , .
From this i t fol lows that for t he fi lms with such à hysteresis loop the change of t he éå14 sign at
~Í ! < Í , wi l l resul t in the change of sign of the refl ected beam polar izat ion.

Fig.1. T he typical magnet izat ion re-
versal curve of à single-axis anisot ropic
fi lm , when the magnet ic fi eld is di-
rected to the " easy axis" of anisot ropy

of à fi lm . In t he region - Í , ( Í ( Í ,
t he dependence of t he magnet ic mo-

mept Ì ð î Ã à fi lm on the volurne àä à
direct ion of an external magnet ic field
Í is absent .
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EX P E R I M E N T A L Ñ Í Å ÑÊ -U P O F ÒÍ Å M E T H OD

Òî examine the suggested technique we have used à polar izing inirror wi th the E e(40)Co(60)
fi lm (1500À thick ) with the T i (85)Gd(15) sublayer sput tered on à fl oat glass plate. T he fi lm
was being sput tered in t he magnet ic fi eld of 250 Oe at the temperature of à glass plate equal
to 150 ' Ñ . Single-axis anisotropy of the fi lm occurred due to the magnet ic fi eld. T he val ue of

the fi lm coercive force was Í , = 95 Î å. T he mirror was placed into à polar ized beam behind
à polar izing neutron guide. À change of polar izat ion of an incident beam was performed by à
spin-fl ipper . T he mirror was put into à gay of the elect romagnet al lowing one Ñî change both the

value and sign of à magnet ic fi eld. T he Í vector coincided with t he anizot ropy axis of t he film .
M agnet ic fi eld behaviour at the elect romagnet inlet provided the adiabat ic guide of the spin at
any fi eld direct ion in t he gap . Refl ected intensit ies N + (spin-fl ipper " î é"' ) and N (spin-fl ipper
" on" ) for diff erent val ues of fi elds in the electromagnet were measured wi th t he Í å detector . À

combinat ion of the measured intensit ies was analysed:

1V~ — 1V

N ~ y N ~
= Ð, P (H ) , 4 )

where P, is incident beam polar izat ion, P is mir ror polar izabil i ty. Equat ion (4) is t rue for the
case that spin reverse probabil i ty by à spin-fl ipper is f = 1. In our case the lat ter condi t ion was
real ized wi th an accuracy of 5 10 3 in the region of à neutron wave length Ë ( 6À .

A t fi r st the mirror was magnet ized by à negat ive magnet ic fi eld of 500 Î å. After that the
fi eld decreased to zero and then increased in à posi t ive direct ion . Fig.2 shows the exper iment al
dependence of P, . P (H ) on the magnet ic fi eld. Í åãå P, and P (H ) are an average over the

spect rum beam polar izat ion and mirror polar izabili ty, respect ively. I t is seen from the shape of
à curve that in Í ( 80 Î å P, P (H ) does not depend on the value of an applied Beld; in this
case i t is negat ive. I t means that t he magnet izat ion vector M p is opposi te to the external fi eld.
In the fi elds Í ) 80 Î å t he reversal of magnet izat ion begins; the process ends in t he fi elds of
> 200 Î å. T hen at à decrease of the fi eld P (H ) does not depend on the fi eld and i t i s posi t ive.
I t means that the magnet izat ion vector M ~ is paral lel to Í . T herefore the bot tom and top par ts
of the exper imental curve correspond to opposi te and unidirect ional or ientat ions of the vectors

Ô

Ì ð àï ñ1 Í , respect ively.
T he measurements have shown that P = — Ð wi th à high degree of accuracy (about 5 10 ~)

in the region Í < 70 Î å, where P and P mirror polar izabil it ies correspond to the bot tom and
top par t s of à hysteresis loop.

2 2 2



Fig.2. T he exper iment al dependence
of P, P (H ) = „++~ ~ on the exter-
nal magnet ic field par allel t o t he " easy
axis" of t he anisot ropic F eC o fi lm . A t

fi rst the fi lm was magnet ized in the op-
posit e direct ion to the external mag-
net ic fi eld. T he reversal of magnet iza-

t ion of the fi lm leads to the changing
of sign of fi lm polar izabil ity.

ÒÍ Å M E A SU R E M E N T OF W AV E L EN G T H D E P EN D E N C E O F P

F o r sp e c t r a l p r o p er t i e s ch e ck - u p o f m i r r o r p o l a r i z a b i l i t y w e h a v e m e a su r e d P , P a c c o r d i n g

t o à n e u t r o n w a v e l en g t h i n t h e fi e l d s Í ~ — — — 8 Î å a n d Í ~ — — + 8 Î å .

F i g .Ç sh o w s ex p er i m en t a l f u n c t i o n s P , P f o r t h e se v a l u e s o f t h e fi e l d s . T h e r a t i o > ~>'> ' >~

g o t f r o m t h e ex p er i m en t a l c u r v e s 1 a n d 2 d i ff e r s f r o m - 1 ï î ò î ãå t h a n 5 . 10 s i n t h e m e a su r ed

i n t e r v a l o f n eu t r o n w a v e l e n g t h s Ë = 1 .5 — ' 6 À .

Fig.Ç. T he experiment al wavelength
dependence of Ð, P~ (H ) = ~~~++ for

the F e Co single-axis anisot ropic fi lm :

curves 1,2 correspond to the magnet ic
field equal to + 8 Î å and — 8 Î å, re-

spect ively. T he changing of sign of
the external magnet ic fi eld leads Ñî
the changing of sign polar izabili ty of
the film in à wide range of t he wave-

lengths.
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CO N U 1 N

À new method of get t i ng polarized neut rons with à necessary sign of polar izat ion by specular
refl ect ion from à magnet ic anisot ropic fi lm is suggested. I ts checkup on the single-axis anisotropic
F eC o fi lm have shown that the refl ected beam polar izat ion and the external magnet ic field change
their sign simultaneously. T he effi ciency of the change of sign of neutron beam polar izat ion due
to the change of sign of an external magnet ic field i s near to uni ty and is independent of à
neutron wave length .

T he applicat ion of t he given method allows one to perform the äø Ôèà1 reverse of à neutron
spin and external magnet ic fi eld not using à spin-fl ipper .
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À POSSIBLE OBSERVATION OF THE DEPINNING LINE IN Óâ à~ÑÖÇÎ 7 ~
CERAMICS FROM NEUTRON POLARIZATION STUDIES

A bst ract

Using t he exper iment al dat a on neut ron depolarizat ion in superconduct ing
ÓÂ àðÑ èâÎ ó ~ ceramics obt ained by means of t he high fl ux pulsed react or
I BR-2 in D ubna, we discuss à possible manifest at ion of t he âî -called depinning
line, Í * (Ò) , which separates pinned vort ices f rom t he f reely moving ones.

Our previous measurements [1] conducted in appl ied magnet ic éå1ñÜ èð Ñî
0.5 Ò, confi rmed in general t he well-known behaviour of t he neut ron depolar izat ion
P (H ) in Cype-I I super conductors. Yet , near Ò, we observed the appearence of an

ext ra anomaly in P (H ) dependence. I t was interest ing to get ò î ãå informat ion
about the nat ure and evolut ion of this anomaly at higher magnet ic fi elds. T his is
the main goal of the present paper .

T he invest igat ions of the superconduct ing Y B aqCusOq q ceramics (Ò, =
90.4 Ê ) were carr ied out on the polar ized neutron spect rometer SPN-1 on the
high fl ux pulsed reactor IBR-2 of the Frank Labor atory of Neut ron Physics, JINR ,
Dubna. T he det ailes of the experiment al method and the sample's par ameters

ar e given in [1] . In t he depolar izat ion exper iments, t he temperat ure and magnet ic
fi eld dependence of depolarizat ion of t he neutron beam P (H , Ò) is measured. T he
neut ron wavelength used in our exper iments had var ied from 0.5 to 15À . T he
measurement s have been t aken at temperatures from 77 to 250 Ê . Òî i l lust r ate
the obt ained result s, Fig.1 shows the fi eld dependence of the polar izat ion of t he
âöò ð1å taken at Ò = 86 Ê for increasing field mode. I t is seen that in addi t ion Ñî
the polar izat ion minima at Í = Í 1 anñ1 H = Í ~ (which have been discussed in
[1]) , there is à region (star t ing at Í = Í ~) of quasiperiodic (osci l lat ing) behaviour
of P (H ) . In the backward regime (with decreasing the fi eld) , the minima become
even deeper (as compared to the forward mode). Fig.2 depict s t he temperature
dependence of t he threshold fi eld Hq(T ) (curve 2) . For comparison, t he âàò å fi gure
shows the corresponding behaviour of t he upper cr i t ical field Í ~(Ò) (curve 1) for
the sam e sample deduced from the resist ivi ty measurements in applied magnet ic
field . Clear ly, both curves exhibit à l inear t emperature dependence (near Ò, ) ,
i .å. Í ~(Ò) = Í ~(0)(1 — Ò( Ò,) , where Í ~(0) 84 kOe. Since for Y B aqCusOq g

1General Physics Institute, Russian Academy of Sciences, Moscow
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Figure 1: Field dependence of normal ized polar -
izat ion P (H ) at Ò = 86 Ê for increasing fi eld
mode.

ceramics [2] Í ,~(0) 0.5 kOe and Í ,ð(0) 200 Ò, we conclude that our sample is
in the mixed st ate and, t hus, t he above-ment ioned quasiper iodic behavior of P (H )

can be at t r ibuted to t he neut ron scat ter ing by Abr ikosov vort ices.
Let us discuss br iefl y à possible or igin of t he observed anomaly of P (H ) .

Taking into account t he fi eld dependence of t he cr i t ical current density j , (Í ) (å.g.,
in t he cr i t ical state model j , (Í ) î ñ (Í + Hs(T )) ' ) , one can approximate the vol-

ø ï å pinning force density Ã (Í ) = Í j , (Í ) as [3]: FÄ(H ) = Ü(1 — b), where
b = Í / Í * (Ò) and H *(T ) is t he so-cal led " depinning" fi eld . I t is import ant t o

st ress that in cont rast to t he convent ional (low-T, ) superconductors where pinning
reaches it s maximum value at Í -' Í ä (Ò), in high-T, mater ials t he magni tude of

the depinning fi eld l ies essent ial ly below Í ,~ [4] . Assuming that H q(T ) corresponds
to the onset of the depinning line H *(T ), we can propose the fol lowing interpre-

tat ion of t he anomalous behaviour of P (H ) above Hg(T ) . Namely, the higher t he
applied magnet ic fi eld, the more r igid becomes the vor tex lat t ice. Correspondingly,
polar izat ion P (H ) increases (see Fig.1), tending to reach it s maximum value. A t
Í = H q(T ), vor t ices star t to depin from their pinning si tes (which in turn depend
on the applied fi eld via Ã ( Í )) . T his result s in à " softening" (mel t ing) of t he vor tex

lat t ice. A ccording to this picture, i t seems qui te plausible to assume that neut ron
scat ter ing by vort ices which are st i ll pinned wil l be highly depressed (this gives ï çå
to the appearence of t he maxima above Hq(T )) in compar ison wi th t he freely mov-

ing (unpinned) vor t ices which wi ll dominate the neut ron scat ter ing dat a (resul t ing
in t he appearence of t he minima of P (H ), see Fig.1). I t is wor thwhile to ment ion
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Figure 2: Temperature dependence of t he upper
cr it ical fied Í ,~ (curve 1) and the threshold field
Í ~ (curve 2) for given ÓÂ à~ÑèçÎ ~.ä sample.

that t he absolute value of our threshold field Í ~(0) 84 kOe is in à rather good
agreement with t he est imates of the depinning field Í *(0) known for Y B aqCuqOq q

compound [4] .
In summary, we presented our recent exper iment al data on the polar ized

neut ron scat ter ing by superconduct ing Y B aqCusOq g ceram ics and discussed the
possibi li ty of à direct observat ion of t he depinning line H * (T ) separ at ing freely
moving (above H *(T )) Abrikosov vort ices from the pinned ones (below H *(T )) .

T he authors would l ike to acknowledge the col leagues with whom we have
had the col laborat ion in t he work . Part icular t hanks go to 0 ã. V .K .Fedotov ,
S.V .K ozhevnikov and Ch, Surkovski .

Par t of t his work has been supported by Russian Foundat ion for Fundamen-
t al Resear ch (Grant 93-02-2535).

R e f e r e n c e s

[1] Aksenov V .Ü, Dokukin Å.Â ., Niki tenko Yu.V ., Pet renko À .× . and Sergeenkov
S.À ., Physica Scr ipt a Ò48 (in press) .

[2] Harshman D .R . an d M ills À .P., Phys.Rev .Â 45, 10684 (1992),

[3] Fiet z W .À . and Webb W .W ., Phys.Rev . 178, 657 (1969).

[4] Civsl e ? ., M cElfresh Ì .W ., M arwick À .D ., Holt zberg F ., Fei ld Ñ., T hompson
J.R . and Chr isten D ,Ê ., Phys.Rev .Â 43, 13732 (1991).

2 2 7



N E U T R O N D E P O L A R I Z A T I O N ST U D I E S O F M A G N E T I Z A T I O N P R O C E SS

O N SU P E R PA R A M A G N E T I C C L U ST E R ST R U C T U R E S

S.L igenza (à), Å.Ö.Dokukin (b), Yu.V.Nikitenko (b).

Institute of Atomic Energy, Laboratory of State Physics, Swierk (à)

Joint Institute for Nuclear Research, Laboratory of Neutron Physics, Dubna (b)

Neutron depolarization studies àãñ made on polycrystalline Li-Ti-Zn ferrite

system exhibiting the superparamagnetic behaviour due to the magneto-crystalline

cluster structure [1]. The magnetization processes investigated by neutron
depolarization measurements on magneto-crystalline cluster structure have been

performed for the first time. The magnetization is measured by using neutron spin
precession time-of-fl ight method on polarized neutron beam [2] at pulsed reactor

IBR-2 in Dubna. The analyses of neutron depolarization with respect to the

wavelength dependence are performed for different values of external magnetic field

Í . The oscil lations of polarization are observed versus the neutron wavelength.

Basing on the wavelength dependence of the neutron polarization, the mean

magnetic induction is estimated as à function of external magnetic field using à

least square fit procedure and the classical model assumption of neutron

depolarization given by Halpern and Holstein [3]. The magnetic induction <Â>

inside sample, versus Í is interpreted using the 1.àï äå÷ø function. The running
of estimated magnetization curve is explained assuming an existence of the "cluster
field" connected with à dipole interclusters interaction. The value of this "cluster

field" " is taken as proportional to the magnetic moment of clusters and depends on

the value of external applied field Í

It is established that this cluster interaction depends on the Í in à power
equal (4/3)>. During the analysis of the depolarization measurements the

perpendicular magnetization induction ( Â> ~ is determined as à function of Í . For

the <Â>~(Í ) relation the unexpected maximum of perpendicular magnetic

induction appeared at external field Í =440å. The existence of ðåãðåï é ñè1àã<Â> ~

with distinct maximum is interpreted as due to the superparamagnetic cluster

structure and is connected with appearing of intercluster interactions.

R E F E R E N C E S
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6 .2 . N E U T R O N N U C L E A R F H Y S I C S

C O N T E N T S

Ð es
V A.Khi trov, Yu. VKholnov, Óè.Ð.Popov, À.M ßèÈ î ÷î ó', E.V. Vasi li eva, ÀÕ Õ îð þ ÷

The Peculiarity of the high-lying States Excitation of the Even-Even Nuclei &om the Region
150<À< 164
VA.Ehi trov, À.Ì .ßè1é î üò ', À. Ê Voi nov

Î ï à N ew Way of Compton Background Subtraction in Investigation of y y-Coincidences by
Summation the Amplitudes of Coinciding Pulses (SACP)

V N.Shi lin

On Application of the ó-ó-Coincidence M ethod Including Summation of the Amplitudes of

Coinciding Pulses (SACP) to Investigation of Nuclåàr Radioactive Decay Schemes

Óè.Ð.Popov, À.Ì .Sukhovoj , Fam Di nb Khang, V A.Ehi trov, Yu. V Eholnov

On the Independent Fragment Y ields in the Fission of z~~Pu Induced by Resonance Neutrons

N.À.Gundori n, À.Â.Popov, Dao Ahn Mi nh, L. VMi chai lov

On Development of y-spectroscopy M ethod to Research ~~~Pu Fission Peculiarities by Resonance

Neutrons.
N.À. Gundori n

The Fission Cross Section and Resonance Parameters of ~~~Mp in the Sub-Barrier Region
(Å„<500 eV)
Å.Dermendj i ev, I .Ruskov, Yu.S. Zamj ati n, À.À. Goverdovsky

An Experiment to M easure Delayed Neutron Y ield and to Search for Short-L ived Groups of
Delayed Neutrons (Ò<0.5 s)
Å.Dermendzi ev, Ju.S.Zamj ati n, VM Nazarov, 1.Ruskov

Investigations î Ãí å ~~×3 Nuclei Fission Induced by Resonance Neutrons

À.Â. Ðîðî ö W.I .Furman

~~C1(n.ð)' ~S Cross Sect ion from 25 meV to 800 keV and the Nucleosynthesis î ÒÂàãå I sotope ' ~S

Ð.E.Koehler, S M Graaf , Í À. Î Bri en, Yu.Ì . Gledenov, Yu.Ð.Popov

'4N(n,ð) '4Ñ Reaction Cross Section at Thermal, 24.5 keV and 144 keV È åö1ãî ï Energy

J.Andrz je ewski

~~A1(n,p)z%4g and ~~À1(ï ,u)z~Na Cross Section from Thermal Energy to Approximately 50 keV
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M easurement of Ð-odd Asymmetry in the '~Â(ï ,à)× ë react ion

VA.Vesna, Óè.M È åéåèî ö 1.$.0 kunev, S.S.Parzhi tski i , Yu.Ð Ðîðî ÷, F.V Shulgi na

Investigation of Charged Particles Emission Reaction Induced by Fast Neutrons
Óè.Ì .Gledenov, G.Khuukhenkhuu, Yu.Ð.Popov, Âàî Shangli an, Tang Guoyou, Cao enti an, Qu
Decheng, Chen Zemin, Chen Yingtang, Qi Huiquan

Interaction of Polarized Neutrons with à Polarized Lanthanum Target and Structure of the Neutron
Cross Section up to 20 eV
ÊÐ.Alf i menkov, Yu.D.M areev, Ê VNovttsky, I..Â.Pi kelner, VR Skoy

Study of the Depolarization of Resonance Neutrons in an Experiment to Search for the T-

Noninvariance

# R Roberson

M ultiplicity of Gamma-Rays in Neutron Resonances of ' Hf and '~Hf

G.Ð. Georgi ev, ÓèÕ á ï äî ãóåö G. V M uradyan, N B. Yaneva

Situation in Study î ÃÅ1åñ~ï ñ Polarizability and M ean Square Charge Radius î Ãí å Neutron
Óè.À.À!åõàëè î ì

On the Electric Polarizability of the Neutron

UCN High Density Pulse Source at the BIGR Reactor (Arzamas- 16) and Neutron L ifetime

Experiment
À. V Strelkov, V N Shvetsov, À.D.Stoi ca

À M oving Converter as à Possible Tool for Producing Ultracold Neutron at Pulsed N eutron Sources
Yu. Pokoti lovski

On Experiment Veri fi cation of the Skobeltsin-Baldin Hypothesis of Emission of à Nonstable Particle
Following the Decay of ~'~Bi

Óè.# Pokoti lovski , G.G. Takhtamyshev

M ossbauer Eff ect Based Experiments to Search for New L ight Bosons
Yu.Pokoti lovski

Áî ò å Aspects of Estimation of n,å-amplitude and Neutron Polarizability
Ê á .Ni kolenko, À.Â. Ðî ðî v

Properties of ð - and à -mesons in Ðåï üå and Hot Nuclear 'M atter Near the Crit ical Pion Ì î äå Sof t ening

G.G.Bunati an, Â.Kampf er

Quasi-Ðàã6ñ1å Description of à Strongly Interacting Pion Gas

G.G.Bunattan, Â. Kampf er

Quantum Phenomena at Fast Modulation of à Neutron Wave
Î . ÊÀò àï éõî !îðëà, À.I .Frank, V.G.Nosov

Interaction î ÃWaves and Part icles with Layered Ì åäÈà (all media can be considered to be layered)
V K .Ignatovi ch

Promising and Crucial Examples of Cluster Radioactivity Processes
S.G.Kañémånsky, V I Furman, Yu.Ì . ÒñÜèò Ãé ó
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Ð î çâ|Û å eq u i d i st an ce o f t h e ex c i t at i o n en er g i es
o f t h e i n t er m ed i at e l ev e l s o f i n t en se y- ca sca d es

V .À .K h it r ov , Y u . Ê.K holnov , Y u .P.P op ov , À .Ì .Su k hovoj ,
Å Þ Ë 7àç|1|å÷à, À Þ Ë 7î ] ï î ò

Ðãàõé Laboratory of Neut ron Physics, Joint Inst i t ute for Nuclear Resear ch

T he " regular ity" exhibit ed by the intermediate levels excit at ion energies of t he

most intense two-step cascades has been shown to be most clear ly man ifested in t he
intensi ty dist r ibut ions of the cascades [Ö between the compound st ate of ~~47 Ü and

i t s first excit ed level (Fig.1). In t he cor respondig spect rum there are no less than
four groups of intense cascades. T he dist ances between the~e groups are ðãàñ6 ñàÍ ó
const ant . À similar equidistance can be revealed ø pract ically al l the cascade in-

tensi ty dist r ibut ions hi t her to obt ained for nuclei dist inguished by such par ameters
as the neut ron number par i ty or by their deformat ion. I t should be noted , t hat at
à quit e defi nit e dist ance from the intermediate level of t he observed intense cascade
there may appear not only another level of à single intense cascade, but also groups
(mult iplet ) of intermediate levels of intense cascades.

Fig.1. The dependence of the relat ive in-

tensi ty of resolved intense two-step cas-

cades Ñî the first excited state of Y b

upon the excitation energy. The possible

groups of equidistant states àãå marked Úó

Roman numerals.

Â ó n o w t h e c a s c a d es f r o m t w o y - t r a n s i t i o n s h a v e b ee n s t u d i e d e x p e r i m e n t a l l y

f o r m o r e t h a n 1 8 n u c l e i f r o m t h e r eg i o n 14 3 ( À ( 18 7 . T h e se d a t a a l l o w u s t o

p e r f o r m a n a n a l y si s i n à b r o a d r a n g e o f n u c l e i .

23 1



I t is now possible t o single out one val ue for the equidi stant interval Ò from
our exper imental data for many nuclei . In Fig. 2 the dependence is shown of t he
obtained equidist ance period Ò àâ â funct ion of the atomic weight of t he nucleus
under study.

It is seen f rom Fig. 2 that (in regard to er rors of reveal ing the possible equidist ant
per iod) on the whole, regular dependence of equidistant per iod upon atomic weight
is observed if one divides al l studied nuclei into 4 groups difFer ing by types of cascade
t ransit ions or by st ructure of decaying compound-st ate.

Obtained data al low one Ñî suppose à presence of groups of vibrat ion excit at ions
with character ist ic energy T 500-800 keV .

Similar equidistant peri ods between i ntermedi ate levels of t he most intense cas-
cades were revealed also ø nuclei |~~Ñ È and ~~~Òe.

For éâà1 proof of presence of pointed exci t at ions i t is necessary to search for
two-step cascades in many neutron ãååî àààñåå.

Fig.2. The dependence of the most probable

equidistance period Ò on the mass number

of the studied nuclei .
p - even-even nuclei , cascades of El + Ml -

transi tions;
î - even-odd nuclei wi th Ãî / ( Ã„ ) ) 1;

õ - even-odd nuclei wi th Ã~~/ ( Ã„' ) ( 1;

+ - nuclei ~~ Å ã and ~® H f , cascades of

El + El -t ransi t ions.

The maximum and minimum values àãå con-

nected by l ines separately.

Boneva S.Ò. et al , Izv. Ahead. Naut SSSR, Ser . Fiz. × 53, 2092 (1989)
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T he peculiar ity of t he high-ly i ng st at es excit at ion of t he
even-even nuclei from t he region 150 < À < 164

V .À .K hit r ov , À .Ì .Suk hovoj , À .V .V oéï ov

Frank Laboratory of Neut ron Physics, Joint Inst i tute for Nuclear Research

P er f o r m ed b y n ow i n v est i g at i on s of t h e p ecu l i ar i t i es of t h e h eav y d ef o r m ed n u cl ei
st at es ex ci t at i on an d d ecay at t h e ex ci t at i o n en er g y ãåð î þ b el ow n eu t r on b i n d -

i n g en er g y sh ow t h at u su al l y accep t ed n o t io n s o f t h ei r n eu t r on r eson an ces y - d ecay

m ech an i sm d o es n o t t ak e i n t o accou n t so m e i m p or t an t f ea t u r es.
So , t h e si n g le-p ar t i cl e t r an si t i on s b et w een t h e 4s an d Çð n eu t r on sh el l s m u st

ø é è åþ ñå essen t i a l l y on t h e cascad e y - decay ø t h e 4s- r egi on of t h e n eu t r o n st r en g t h

f u n ct i on . I t i s i m p ossi b l e Ñî d i st i n gu i sh su ch t r an si t i on s b y t r a di t i o n al m et h o d s of

n u cl ear sp ec t r oscop y d u e t o t h e f r ag m en t a t io n p r o cess ( w el l st u d i ed t h eo r et i cal l y )

of su ch st a t es ov er m an y n u clear l ev el s. A t t h e sam e t i m e , t h e m et h o d o f t h e
cascad es '~- t r an si t i o n s an al y si s, su m m i n g b y n at u r al m an n er t h e st r en g t h of st a t es

ov er à g i v en ex ci t at i on i n t er v al , al l ow s u s t o ob ser v e d i r ect l y t h ese si n gl e-p ar t i cl e

t r an si t i on s.
T h ei r si gn i fi can t r o l e i n t h e n eu t r on r eson an ces y - d ecay p r o cess w as d em on -

st r at ed b y i n v est i g at i on of t h e ev en -o d d n u cl ei [1] . U p t o o n e h al f o f t h e t o t al

i n t en si t y of al l t h e p r i m ar y t r an si t i on s m ay b e d u e Ñî t h e n eu t r on t r an si t i on s b e-

t w een 4s an d Çp sh el l s .
Si m i l ar eff ect s can n o t Úå u n ob ser vab l e al so i n t h e ev en - ev en n u clei y- d ecay . T o

r ev eal t h e r o l e o f si m i l ar t r an si t i o n s w e st u d i ed [2] cascad es of y- t r an si t i o n s i n t h e

ev en -ev en co m p ou n d -n u cl ei ~~ ß ò , ã~~ ~~~Ñ Û an d ã~~P y . A cco r d i n g t o t h eo r et i cal

cal cu l at i on s si n g l e- p ar t i cl e st at e [5 10] ] ' , con cen t r at i n g t h e st r en g t h o f t h e Çð sh el l

i n d ef or m ed n u cl ear p o t en t i al , l i es b y 2 .5- 3 M eV b elow n eu t r on b i n d i n g en er gy i n

t h i s at om i c w ei g h t r eg i on . T h i s st a t e m u st b e ex ci t ed i n t en si v el y b y t h e p r i m ar y

t r an si t i o n s w i t h cor r esp on d en t en er gy . I t i s seen f r om t h e fi gu r es t h a t i n à11 t h ese

n u cl ei at i n d i cat ed p r i m ar y t r an si t i on en er gy i t i s r eal l y ob ser v ed àþ en h an cem en t

of t h e cascad es i n t en si t i es r el at i v el y b o t h m o d el cal cu l at i on ( cu r v e i n fi gu r e) an d

cascad es w i t h som e h i gh er p r i m ar y t r an si t i on en er gy . M or eov er , i n so m e cases t h e

ex p er i m en t al i n t en si t i es ex ceed t h e m o d el cal cu l a t i on b y o r d er of m ag n i t u d e.

H en ce , i t i s i m p ossi b l e t o d escr i b e t h e n eu t r o n r ad i at i v e cap t u r e p r o cess i n h eav y

d efo r m ed n u cl ei [3 ] ( i n cl u d i n g t r an su r an i u m i so t op es) w i t h ou t t ak i n g i n t o accou n t

t h e sh el l eff ect s o f t h e si m i l ar k i n d .

1. Boneva S.Ò. et al ., Particles and Nuclei , 1991, V .22, ð.1433
2. Boneva S.Ò. et al ., Z. Phys. À — Hadrons and Nuclei , 1991, V .338,. ð.319
3. Beitins Ì .R. et al ., Z. Phyz. À - Hadrons and Nuclei , 1992, V .À341, ð.155
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F i g . 1 . S u m i n t e n s i t y o f c a s c a d e s f o r t h e t w o l o w - l y i n g

l e v e l s i n S m ( % ð å ã d e c a y ) à â à f u n c t i o n o f p r i m a r y

t r a n s i t i o n e n e r g y . H i s t o g r a m s r e p r e s e n t t h e e x p e r i m e n -

t a l d a t a w i t h o r d i n a r y s t a t i s t i c a l e r r o r s ; c u r v e s 1 a n d 2

r e p r e s e n t t h e B S F G a n d t h e I g n a t y u k t h e r m o d y n a m i c a l

m o d e l p r e d i c t i o n s r e s p e c t i v e l y . F i g . 2 . T h e â à ò å à â i n F i g . 1 f o r c a s c a d e s

t o t h e t h r e e l o w - l y i n g l e v e l s i n ~~ ~ P y .

Fig.4. The âàò å àâ in Fig.1 for cascades to the
three low-lying lå÷ålâ in ~~~Ñ H.

Fig.Ç. The same àâ in Fig.l for cascades to the
three 1î ê -lying levels in G d. 156
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ON À N E W W AY OF C O M P T ON B A CK G R O U N D SU B T R A CT I ON I N
I N V E ST I G A T I ON OF .ó ó-C OI N C I D E N CE S B Y SU M M A T I O N

ÒÍ Å A M P L I T U D E S OF C OI N CI D I N G P U L SE S (SA C P )

Å.× .×àÿ 1|å÷à, À .V .Voèþ v, × .D .K ulik , Yu.P.Popov , À .Ì .Sukhovoi , × .À .K hi t rov ,

Óè.× .K holnov , V .N.Shi l in

Frank Labor atory of Neutron Physi cs
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However there is à background smooth component left in the form of st ructures of
three peaks, one of them with à posi t ive ampl i tude, two others wi th à negat ive one,
T hese st ructures have ï î satel l i tes in the other hal f of t he spect rum. T hey appear
fol lowing the background subt ract ion under the infl uence of the y-l ines forming the " f '

peaks (Fig.1) of greater total energy. Fig,Ç explains the nature of the false structures.

Fig.4. T he same as in F ig.2 for the
åëåö ,ó interval of t he SACP spect rum
of 2430 — 2443 keV .

Fig.2. T he ó-ãàóç spectrum for the two-
quantum cascades corresponding to the en-

ergy peak of Å , = 2498 keV in the
SACP spectrum (F ig.l ): à) following the
t radi t ional way of background subtraction;
b) following the new way of background

subtract ion .
I n t h e i n t e r v a l " ~" ' ( F i g .Ç) t w o y - l i n es o f o n e o f t h e c a sc a d e s f o r m i n g t h e " f ' p e a k

o f su m s a r e sh o w n . T h e C o m p t o n d i s t r i b u t i o n f o r t h e m i s sch em a t i c al l y i n d i c a t ed b y

à d a sh e d - l i n e . F o r Å ,' ( Å ', c o i n c i d en c e s o f t h e ó - l i n e , Å ~, w i t h t h e k q s e c t i o n o f t h e

C o m p t o n d i s t r i b u t i o n o f t h e l i n e E ~ m a y b e r eg i s t e r e d . T h u s w e o b t a i n t h e p a t t e r n o f t h e
sec t i o n " 1 " . Â ó se t t i n g u p t h e " g a t es" o n t h e l ef t a n d o n t h e r i g h t s i d e o f t h e " ~" p e a k ,

w e sh a l l m e a s u r e p a t t e r n s f o r t h e se c t i o n s " 2 " a n d " 3 " . T h e b a c k g r o u n d su b t r a c t i o n

" 1 " — " 2 " — " 3 " w i l l g i v e u s t h e p a t t er n o f t h e se c t i o n " 4 " , i l l u s t r a t i n g t h e b a ck g r o u n d

s t r u c t u r e i n F i g .2 à . T h e n u m b er o f su ch s t r u c t u r es i n c r e a s es r a p i d l y w i t h d i m i n i sh i n g

en er g y o f t h e p e a k o f su m s u n d e r i n v es t i g a t i o n , Å ,' . A t Å , ( Q — 1 M e V w h er e y i s t h e

en er g y o f d ec a y , m e a su r em e n t s b e c o m e p r a c t i c a l l y i m p o s si b l e . À r e p e a t e d b a ck g r o u n d

su b t r a c t i o n m a k es i t p o ss i b l e t o e l i m i n a t e f a l se s t r u c t u r es .

2 3 á



Let us consider the " à" sect ion (Fig.1) to be an eff ect and the " ñ" sect ion — à

background. T he resul t of the above-ment ioned operat ion will be the pat tern of sect ion
7 shifted to t he left from the cent re to à distan ce of " à" width . T he same is t rue for
the sect ion 10 shifted to t he r ight to à distance of " b" width .

Í we shif t both pat terns as i t was descr ibed above and add them together , as à
resul t we shall have " 11" ident ical to " 4" . The subt r act ion of " 11" from " 4" gives zero.

T he E~ l ine turns out t o Úå subt racted àç well ,
T he shift s of " 7" àï é " 10" correspond to t he move of t he ÷ô î 1å diff erent ial spec-

t rum scale by à corresponding number of channels. Having performed the aforeci ted
operat ions pn the spect rum (F ig.2à) we obtained Fig.2b, Al l t he background st ructures
have disappeared completely.

T he ðàãÑ of t he spect rum of sums for the interval of ~430- 2443 keV is t he best exam-

ple in this respect . Fig.4à comprises more than 25 background st ructures. On applying
this new method of background subtract ion (F ig.4b) they are removed completely.

We have made use of this method to invest igate the compl icated scheme of t he decay
of ~~~Å ì - +~~~ Sm [5]. T he measurement has been t aken for the whole energy interval .

T he method can be successfully appli ed to the study of the (n , 2~) react ion . l t is deal t
wi th in more detai l in [6] ,

Â .å Õå ã å ï ñ å ÿ

[1] Bogdzel À .À . et al ., JINR, Ð15-82-706, Dubna, 1982

[2] Vasi lieva Å .× . et à1., Izv . AS USSR, ser . phys. 1991, V .56, ð .2, JINR , P6-91-568,

Dubna, 1991

[3] Vasi l ieva Å.V . et al ., see the current repor t , ð .
[4] Boneva S.Ò. et al ., Izv . A S USSR, ser .phys., 1987, V .51, ð .1882 JINR , P6-87-98

Dubna, 1987

[5] Vasilieva Å.V . et al ., T he programme and abst ract s of 43d Internat ional workshop
on nuclear spectroscopy and the st ructure of à nucleus. Publishing house of PINP,
St .-Petersburg, 1993

[6] Vasil ieva Å.× . et al ., Izv . RA S, ser .phys., 1993, V .57, ð.77; JINR,p 6-92-148, Dubna,

1992
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ON A P P L I C AT I ON OF ÒÍ Å ó ó- C OI N CI D E N C E M E T H OD
1Õ Ñ Û Ë Í Õ Ñ2 SU M M A T I ON O F ÒÍ Å A M P L I T U D E S OF C OI N CI D I N G

P U L SE S (SA CP ) ÒÎ I N V E ST I G A T I O N OF N U CL E A R R A D I OA CT I V E

D E C AY SCH E M E S

Å.× .× àÿ 1~å÷à, V .D .K ulik , Å.× .K ulikov' , N .À .Lebedev' Üå Hong K hj em,

À .F .Novgorodov' , Yu.Ð.Ðî ðî ÷, À .Ì .Sukhovoi , Fam Dinh K hang, × .À .K hi t rov,

-, Yu .× .K holnov

Frank Laboratory of Neutr on Physi cs
' -Laboratory of Nuclear Problems

T he decay of compound states of nuclei , produced by the capture of thermal neu-

trons, has been successful ly invest igated by the SACP method [1] for more than 10 years.
T he work [2] shows that the field of applicat ion of this method could be extended to

invest igat ion of complicated radioact ive decay.
T he gist of t he method consist s in successive measurement of the spect ral composi-

t ion of t he two-quantum cascade groups wi th the sam e sum energy, Å , . Af ter the decay
of à compound state (Fig.l a) , i t wi ll be groups of cascades between the compound state,
(Â „ ), and diff erent low levels of à nucleus, Å~, fol lowing the decay of à nucleus (F ig.l b)
— between numerous levels populated by p-(à )- decay and low-lying levels.

Fig.1 T wo types of decay schemes
for nuclei : compound states (à) and
ð- (à )- decay (b) .

~~

ô !

~~~~

4 ñ Å ö,

à
T he energy of cascades (Fig.1à) is known beforehand. In t he case of 1Ü i t was not

clear whether there would be some lines in the SACP spectrum .
T he measured SACP spectrum for the ' ~~Üè — +~~~ Y b (Q = 3.5 M eV ) decay is given

in F ig.2. I t contains 70 peaks (there are usually only à few of t hem for the react ion
(è , 2 Ó)), T hey correspond to the cascades between pairs of levels (combinat ions of ~ 80
levels). T hus, the whole Ó-'spectrum (> 600 t ransi t ions) fal ls into 70 spect ra of two-

quantum cascades. One of them wi th Å , = 3081 keV is shown in Fig.3. T he pairs
of l ines, which are symmetr ic about the spect rum center , form cascades each of those
determines the posi t ion of three levels of à nucleus. 497 cascades have been detected,
and their character ist ics are presented in the tables [2]. 413 y -t ransit ions are engaged
in them . 129 new cascades, 133 new y-t ransi t ions, and 17 new levels (3298, 3273,
3206, 3180, 3114, 3111, 3092, 3055, 3014, 3007, 2979, 2846, 2842, 2779, 2764, 2739 and
2657 éåÚ' ) 1~à÷å Üååï 1î èï ñ1.
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It ' s surpr ising that such an abundance of new resul ts have been obtained while
invest igat ing the scheme of t he decay of ~~~Üè, considered to be thoroughly explored at

à high up-to-date level [3] .

Fig.2 SA CP spect rum for the decay of Fig.3 Distr ibut ion of intensit ies for the
170 ð 170 ó ~ two-step cascades wi th t he total energy

Å, = 3081 keV .
At t he present t ime the construct ion of schemes of levels and t ransi t ions is based on

the Ri t z rule (the rule of sums and difFerences of t ransi t ion energy val ues). In ñàÿå of
complicated decay schemes, when the total number of t r ansit ions N ) 100, the number
of accidental energy coincidences r ises abrupt ly (û N ~), and applicat ion of these rules

ð ÷åÿ poor eff ect . For large N it is al so diffi cult t o interpret t he result s obt ained with
t radi t ional method of coincidence with " gates" .

Òî move fur ther , i t i t necessary to increase considerably (by an order of magni tude)
the measurement accuracy of t ransi t ion energy or new methods should be found which
either would not rely on the Ri t z rules at al l or would use them only Ñî à cer tain extent .
T he present work has shown that t he SA CP method is one of such methods due to i t s
following char acter ist i cs:

1. T he possibil ity of dividing à complicated spect rum into à lar ge number of sect ions,
the rarefact ion of spectra, and ident ifi cat ion of weak component s.

2. Weak degree of dependence on the Ri t z rules.

3. T he possibili ty of à complete subt ract ion of the Compton background.
4. T he possibil i ty of separat ing t ransi t ion mult iplet s regardless of the component 's

energy val ue difFerence. I t can be i llust rated [2] Úó duplet s 1514.26 - 1514.47 (2.6
- 61), 1674.11 - 1674.22 (15.6 - 2.73) and 1700.76 - 1700.80 (8.4 - 8.9) (in brackets
the intensit ies are given per 10 4 decays)

5. T he resul t s can be e& ily interpreted.

R e f e r e n c e s

[1] Boneva S.Ò. et al , Par t icles and Nuclei , 1991, V .22, ð .479; V .22, ð .1433
[2] Vasilj eva Å.V . et à1, Izv . RAS, V .57(9), ð .77; JINR , P6-92-148, Dubna, 1992

[3] Dzhelepov Â .S. et al , T he proper t ies of atomic nuclei . I .26 Schemes of à decay of
radioact ive nuclei . À = 169,170. 1988, L ., Science, ð .104-192
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ON ÒÍ Å INDEPENDENT FRAGMENT YIELDS IN ÒÍ Å FISSION OF ~~~Ðè

INDUCED BY RESONANCE NEUTRONS

N.À .Gundorin, À .Â .Ðî ðî ÷, Dao ÀÜï M inh, L .V ,M ichailov

Prank I aborator y of Neutron ÐÜóç÷ñç, Joint I ru 6 tute f or Nuclear ÊåçåâòñÜ

T he analises of gamma-spect rum from the resonance neut ron induced fi ssion î Ð ~~Ðè

at 0,2 å× to 230 å× were developed [1].
T he refi ned independent yields of some fragments as well as the ti me of l ife of some

isomers were obt ained / Tablel and ÒàÛ å2/ .On the base of the comparison of our exper-
imental resul ts with those obt ained for thermal neutron induced fi ssion we may conclude
that the var iat ions in the ò àçà dist r ibut ion don' t exceed 25 % for t he fragments iden-

t ifi ed.

T h e r el a t i v e y i el d s o f som e f r agm en t s t o t h e 11- t h r eson an ce w i t h sp i n 1+ w er e

o b t ai n ed f o r al l i d en t i fi ed f r agm en t s. T h e w ei gh ed m ean val u es f o r 18 l i g h t an d h eav y

f r agm en t s w er e cal cu l a t ed f r om t h ese d at a as à f u n ct io n of E Ä an d 1/ Ã ó / F ig .1 an d

F i g .2 / .

W e h av e n o t seen t h e fl u ct u a t i on s f r om on e r eson an ce Ñî o t h er m or e t h an 5 % w i t h i n

t h e er r o r o f m easu r em en t s.

T h e d ecr ease of r el a t i v e y i el d s f r om t h e r eso n an ce w i t h sm al l Ãó d u e t o t h e com p et i -

t i on b et w een t h e ( n ,f ) r eact i on an d t h e ( n , ó f ) p r o cess i s i n qu al i t at i v e agr eem en t w i t h

t h e C ow an et al . d a t a [2 ) o n t h e Ð / × r at i o / F i g .Ç/ as w el l as w i t h t h e ex p er i m en t al

[3] an d cal cu l a t ed d a t a [4 ) o n t h e t o t al en er gy of f i ssion gam m a-ãàó ç / F i g .4 / . B u t ï î

qu an t i t a t i v e est i m a t e i n f av o u r of t h i s ob ser vat ion i s p o ssi b l e t o b e m ad e f r om t h ese

m easu r em en t s d u e t o con si d er ab l e ex p er i m en t al er r o r s.

So h i g h er p r eci sion m easu r em en t s of i n d ep en d en t y i el d s f r om t h e r eso n an ce n eu t r on
i n d u ced fi ssi on of ~~~Ð è ar e n ecessar y .

References
1. N .À .Gundor in et al ., Proceedings of t he Second Internat ional Simposium on Nuclear
Exci ted States, Kodi , June 22-26, 1992.
2. G.À .Cowan et al ., Phys.Rev., 144, ï î .Ç (1966).
3. Î .À .Scherbakov, Phys. Elem . Part and Atom. Nucl . 21, 419 (1990).
4. U.Gohs, Proceedings of Internat ional Conference on Nuclear Data for Science and
Technology, Jii l ich, 1991.
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Table 1.Independent y ields of fission fragments from the resonanace neut ron induced
fi ssion of ~~~Ðè in comnarison with those from thermal neut ron induced fi ssion.

G am m a

en e r g y

Å .„

k eV

Pr el im in ar y
resul t s/ 9/
YÄÄ + A Y

%

Refi ned
result s

YÄ, + b , Y
%

À.Ñ.ÆàÛ
/ 8/

Ya + ~ Y
%

J .K aufm ann
/ 10/

Ya + ~ >

%

7-Fr -À

0.79~ 0.03
1.18~ 0.05

36- Ê ã- 88

90

775
707

814.7

837.4

815

1223
212.4
152

296
192

171.7

0.77~ 0.23
1.58~ 0.27 1.00~ 0.20

0.60~ 0.24
3.32~ 0.42'

1.40~ 0.56
2.4~ 0.36
4.08~ 0.21

1.25+ 0.03
38-Sr -92

94

96

1.00~ 0.06
3.14~ 0.16
1.90~ 0.10

2.65~ 0.33 3.30~ 0.05
1.75~ 0.04

40-Zr -98

100
102

2.78~ 0.29
3.95~ 0.20
0.99~ 0.14

2.85~ 0.14
4.76~ 0.24
1.19~ 0.12

2.83~ 0.05
4.40~ 0.06
0.54~ 0.02

42-Ì î -102

104
106

1.70~=0.12
4.12~=0.21
2.06~ 0.10

4.02~ 0.20
1.48~ 0.21

5.19~ 0.06
2.05+ 0.04

52-Òå-132

134
1.79~ 0.23
2.70~ 0.28~

2.00~ 0.40
4.50~ 0.81'

2.36~ 0.07
4.71~ 0.51

54-Õå- 136

138
140

1.83~ 0.17'

3.56~ 0.28 4.06~ 0.34
1.30~ 0.27

5á-Â à-142

144
3.49~ 0.32
2.51~ 0.15

3.11~ 0.24
2.32~ 0.19

3.27~ 0.26
2.05~ 0.23

58-Ñå-146

148
1.13~ 0.18
1.70~ 0.16

0.95~ 0.01
1.09~=0.12

à-This value has been evaluated due to the large interference caused by the ~~ñ å (n ,n'y )

broad neut ron inelast ic scat tering peak .

ñ(Ü)-This value has (not ) been corrected for t he cascade isomer ic t ransi t ion.
Table 2.Cascade delay ó-ãàóç observed in t he experiment .

< amma Z-Fr-À Intensity ñ1~ð

energy YÄk A Y
keV % ns

à-T his value was t aken from / Ref./ and used as input .

24 1

2.00~=0.20
5.07~ 0.21
2.20~ 0.24

3.02Õ0.36
4.08~ 0.33
1.50~ 0.09
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T he measurements of independent fission fragment yields by mean s of gamma -

spect roscopic method was demonstrated dur ing the invest igat ion of spontaneous fi ssion
of ~~~Cf [1] ,[2]. T his method was used in the invest igat ion of gamma - ãàóç from fi ssion
fragments of ~ç% induced by resonance neutrons [3] . Further development s of t he

gamma — spect roscopy method were in conj unct ion wi th t he research of peculiar i t ies in
the fi ssion of ~~~Ðè [4] .

Neut ron spectroscopy is carr ied out using the t ime - of - fl ight method with t he IBR
- 30 as à neut ron source. T he fi ssion chamber is employed as the t arget and as the
fast detector of fission events. T he semiconduct ing Ge detector is used to measure the
gamma - ãàó spect rum . T he basic char acter ist i cs of the gamma - spect rometer are shown
in Table 1. T he t ime-î È Û~Û spect rum from the fi ssion chamber (fi g.1) demonst rates
insuffi cient energy resolut ion, especial ly for the range (40 - 230)eV .

)î î î î

~

For increased resolut ion i t is necessary to use à source with shor ter neut ron pulse du-

rat ion . I t wil l be possible af ter reconst ruct ion of t he neutron source in Dubna according
to the IREN proj ect [5].

24 4

23®Pu fission peculiar it ies by resonance neut rons.

N.À .Gundorin
Prank Laboratory of Neutron Physi cs, Joi nt Insti tute for N uclear

Research,



Table 1: Basic character ist i cs of fi ssion gam ma - spect rometer .

Par ameters of Fission Gamma - Spect rometer

IREN
proj ect

IBR - 30

1992ó.
Neut ron

spect rometer

57 - 60
2 õ 10çß - î .å

1.9 õ 10 çß ç)à

0.17

57 - 60
3 õ 10çÅ - î

1.9 õ 10- 4Å'~/ '

0.17

Dist ance of neut ron fl ight (rn)
Neut ron fl ux (n/ cm~ s eV )

Energy resolut ion (eV )
Recycling energy (eV )

239 ðFission chamber (IFC)

1 .6

19

1 .0

7 .5

99 .9

6 0

2 .6

19

Fission mater ial (g)
Number of t argets
Density (mg/ cm~)

Target diameter (cm)
Enriched (%)
Effi ciency (%)

Òèï å resolut ion (ns)
Number of sect ions

D G D K - 110 G R 3019Ge - detector

12 30

0.9
1.9
48
14

) p>~
48.5 õ 10ç 3 USA

Effi ciency (%)
Energy resolut ion (keV )

122 keV
1332 keV

Peak/ Compton
Dist ance IFC - Ge (cm)

Raddi t ion - resistance fl uence (n / cm~)

Pr ice (in 1989ó.)

1.4
2.3
24

28 - 31

30 õ 10 rouble

Count ing rate in spect roscopy channel (s ~) ~ (3 — 4) õ 10~ ~~ 6 õ 10~

T he gamma — spectrum , measured by the spect rometer wi th Ge detector DGDK
— 110 (6g.2) , has à few " bumps" and à small rat io between gamma - l ines and the

underlayer due to insuffi cient quali ty of the Ge detector and the high neut ron induced
y -background.
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Figure 2: Coincidence gamma - spect rum for t he energy region (100 - 1000)keV ,

Effi ciency of t he gamma-spectroscopy method in invest igat ing nuclear fi ssion de-

pends on the parameters of à spectrometer and the qual i ty of à measured spect rum.
Perfect ion of spect rum by reducing the Compton-underlay with t he help of an " act ive"

shielding of the Ge detector is doubtful due to unfavorable background condit ions of
the neut ron beam . Nevertheless, t hat way of spect rum improvement was tested with
à model spect rometer with incomplete " act ive" and complex " passive" shielding. An
incomplete " act ive" shielding consisted of t hree plast ic scint i l lators 20 õ 20 õ 40cm~ and
one NaI (T l ) crystal - 15cm x 10cm (fi g.3). À complex " passive" shielding - 5cm of ~~B

- ÑÍ and 5cm of Pb - was used to decrease the gamma counts connected wi th à high

neut ron background.
T he effi ciency est imat ion of t he Compton-underlayer reduct ion was defi ned to com-

par e the rat io peak / underlayer for gamma - l ines in the energy region (100 - 400)keV
between two fragments gam ma - ray spectrum: without (À ) and wi th " act ive" shield-

ing (Â ) (fi g.4). T he mean value of the reduced coeffi cient is Ê „,~ = 2.6 9 0.2. If the
condi t ion of incomplete shielding - near ly (0.65 — 0,7) x 4ò - is t aken into account , with
the spect rometer 's size and const ruct ion being opt imized the reduct ion could be over

90%. As far as the main par t of t he experimental error is connected wi th the large
spect rum 's underlayer , after i t is reduced 10 t imes, the precision of the dat a may be

ò î ãå than 3 t imes greater . The stat ist ical error may be reduced more than 3 t imes
using à quali ty n-HP Ge detector (GR3019), à fast electronic system and to reducing
the dist ance between it and the IFC (Table 1).

A s à result the summary exper imental error could be improved by near ly one order
of magni tude compar ed to the preceeding data [6]. Modifi cat ion of the spect rometer
by using à high qual i ty n-HP Ge detector and à fast electronic system, wil l al low mea-
surement of much more gamma-lines wi th the intensity precision of (1-3)%. T hus the
effi ciency of gam ma-spect roscopy method wi ll be increased essent ial ly.
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F i gu r e 3 : Sch em e of g am m a - sp ect r om et er w i t h i n com p let e " act i v e" sh i el d i n g on I B R
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In this way t he number of ident ified fragments will be increased; for those with in-
dependent yields of more than 1% could Úå measured to à precision of 1 — 3%. T his
value is close to t he dat a precision obtained with the " Cosy — Fan - Tut te" spect rometer
at t he Grenoble High Flux Reactor for the thermal neut ron fi ssion of ~~~Ðè [7] . But
the possibi l it ies of this Grenoble arrangement , as wel l as t he mass - separ at or " ÜÎ -

HENGRIN" , are limited to the light fission fragment group. T he gamma — spect roscopy

method, which is used on the IBR - 30 in Dubna, can measure the independent yields of
both light and heavy fragments. In this method the l imit at ion on the number of ident i-

fi ed fr agment s is connected with t he quali ty of technical equipment and the incomplete
spect roscopic data about the decay of excited odd - even and even - odd fi ssion fr agment
st ates. T his last cir cumst ance may be overcome by car rying out t he éââþ ï fr agments
gam ma - spect roscopy on-line with t he " Cosi - Fan - Tut te" spect rometer or any other

similar ar rangement at à high fl ux neut ron source.
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ÒÍ Å F I SSI ON ÑÊ Î ÁÈ SE CT I ON A N D R E SON A N C E PA R A M E T E R S
OF çç~Õð I N ÒÍ Å SU B -B A R R I E R R E G I ON (Å„ < 500eV )

Å .D er m en dj iev , I .R u skov , Yu .S.Zam yat n in

ß ank L abor atory of Neutr on Physi cs, Ë Ì ß ,
141 980 Dubna, M oscow Reg. Russia

À .À .Goverdovsky

Iasti t ute of Physi cs and Power Engi neeri ng, 249020 Î Üø àâ1ñ, K aluga Reg., R ussi a

T he reported work sought to achieve ò î ãå precise values for the fi ssion cross sect ion,
,òó(EÄ), and the resonance parameters, o, Ãó and Ãó for ~~~ß ð in t he sub-bar rier range of

neutron energies, where there is à considerable discrepancy (about t hree t imes) between
î ó val ues of American and Japan groups [1] , [2] and the Saclay resul t s.

I t should be added that these neut ron data on ~~~X ð ar e of impor tant signifi cance

for simulat ing the processes going in high burnup reactors and for the t ransmut at ion of
long-l ived radioact ive wastes.

T he experiment was performed using the neut ron t ime-of-fl ight method on beam 3
at t he IBR-30 pulsed booster at JINR. T he Bight path of 58.5 m , t he neut ron pulse
frequency of 100 H z, and the pulse width of ~ 4 èç were used.

À relat ive method of measurement was applied and the mult i layer ionizat ion fi ssion
chamber comprising 12 tar gets from ~~~X p with t he overal l weight of 132 ò ä and one
target from ~ssU weighing 8.5 ò ä were used. T he measur ing t ime amounted to 1042

hours.
T he cross sect ion dependence oy(D EÄ) was measured over t he neut ron energy in-

terval from 3 to 500 eV .
T he resul t s, compared with other authors' dat a, are shown in Fig.1.

One can see that our data in resonance cluster range are in good agreement with both
the American result s obt ained using neut rons from an underground nuclear explosion
[1] and the Japan î ï åÿ in à lead cube [2], but about three t imes lar ger t han the Saclay
dat a [3] .

At t he same t ime the inter-cluster cross sect ion values are closer t o t hose measured at

Saclay [3] which can be at t r ibuted to t he diff erence in resolut ion power of t he measuring
methods.

T he resonance par ameters, ñò,Ãó and Ãó, obt ained in Dubna recent ly and those that
had been measured earl ier [4] are given ø Table 2. A lso shown are the Saclay [3] and
Geel [5] resul t s. One can see that t he Dubna dat a are systemat ical ly by several t imes
higher t han the dat a of the French group.

À conclusion is made that the new values of neut ron const ant s for ~~~ß ð measured

in Dubna and K yoto, and also at Los Alamos [6] , al though showing qui te good agree-
ment , st i ll require correct ion and re-evaluat ion of the ENDF / Â-V I and Y ENDL-3 values,

relying on the measurements reported in t he work [3].
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Fig.1 Comparison of o, values for ~~"Ì ð measured at Saclay [2], using
neutrons from an underground nuclear explosion [3], in à lead cube of
Kyoto University [5] and given in the present work.
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T a b l e 1 . T h e cr oss sect i on of ~~~Mp av er aged b y r eson an ce n eu t r on s i n t h e en er gy

in t er v al f r om 3 eV Ñî 5 00 eV .

Averaged cross sect ion ,
( î )
(barn)

0,022 ~ 0,006
0,009 ~ 0,003
0,055 + 0,010
0,006 ~ 0,002
0,012 + 0,003
0,008 ~ 0,003
0,014 ~ 0,004
0,023 + 0,006
0,11 ~ 0,02
0,35 ~ 0,06
1,64 ~ 0,26
0,34 ~ 0,06

Ener gy
interval ,

(eV)
50 — 60
60 — 70
70 — 80
80 — 90
90 — 100

100 — 110
110 — 130
130 — 150
150 — 180
180 — 240
240 — 300
300 — 500

Averaged cross sect ion
« ò, )
(barn)

Ener gy
int erval ,

(eV )
0,006
0,005
0„002
0,004
0,004
0,016
0,16
0,050
0,013
0,22
0,091
0,046

0,002
0,002
0,001
0,002
0,002
0,004
0,03
0,009
0,003
0,04
0,017
0,012

3

4

5

6

8

10

15

20

25

30

35

40

4

5

6

8

10

15

20

25

ÇÎ

35

40

50
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T ab le 2. ð âî ï ~~ñå àãåà (ó ~ t ) ~î ã àîçò~ Ð m the neutron energ y inter~ fto 50 å× rom 0.5 å×

ß

(å× )

Ã [ñòî ]
Pikelner et al .[4] Plat t ard et al .[3] T he present work

î . Ã ~, o'. Ã cr, Ã ~,
(barn.å× ).10 ~ , ' (barn.eV ).10 s (barn.eV ).10 Ç

2.9 ~ 0.7
3.8 ~ 1.0
3.5 ~ 1.0
1.9 ~ 1.0
16 ~ 4

0.489
1.321
1.479
1.969
3.865
4.26
4.86
5.78
7.42
8.30
8.97

10.68
10.84
11.10
24.98
26.19
26.56
29.49
30.41
30.75
31.30
37.15
38.18
38.92
39.24
39.79
39.93
41.35
42.81
46.04
50.34

12

1.3

1.0

35

6.6

3.5

12

10

3.0

2.6

43

44

170

23

850
5,2

1.5

440

82

890

530

190

2900

1230

95

400

370

2

0.2

0.2

6

1.1

0.6

2

2

0.5

0.5

7

7

30

140

1

0.3

70

13

140

80

30

470

200

15

60

60

6
0.4
0.1
1.6
2.7
0.9
4.1
2.5
1.8
1.0

17.8
11

70.7
0.6
308
1.3
2.2

147.3
7.7
288

153.2
69.4

891.8
389

21.3
130.2
111.7

0.9

0.3

0.1
1.8

0.6

0.5

0.5

0.4

0.6

0.3

1.8

4

5.5

0.2

12

0.6

0.7

12

2.2

24

12

22

44 .5

27

7

7

13

4 6

12

~~
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Table 3. Fission widths, Ã I , , of ~~"Õð resonances in the energy interval from 0.5 å×

to 50 eV

R eco m m en d ed

v al u es [7]

1 .24 ~ 0 .2 6

8 .7 ~ 0 .5

1 .3 3 2 0 .14

4 .2 ~ 0 .3

7 .0 ~ 0 .7

0 .34 ~ 0 .2 0

7 .9 ~ 0 .2

12 .6 ~ 0 .5

9 .5 ~ 0 .9

6 70 ~ 2

24 .0 ~ 1 .2

5 .4 ~ 0 .4

0 .8 ~ 0 .3

3 .4 ~ 0 .3 P i k el n er et al

[4 ]

1 .3

4 .1

1 .1

8 .4

7.8 Ã , «[Y o]

P l a t t a r d et al . T h e p r esen t w o r k

[3]

Å ,
(å× )

ç
0 .2

0.07

5
4 .2
2 .1

8.8
1.5
0 .8
0 .4

~

5 .8

6 .4

4 .4

11

1î
8.7

26
6 .4
1.ç
1.2

1.0

1.2

0.9

ã

ã
1.6

5
1.1
0.2

î .ã

~ç

19

K ol lar et à1.
t~l

3.6 ~ 0.5
30.6 2 8.5
22 5 ~ 3 2
9.9 ~ 6.1
79.8 ~ 10.2
5.1 ~ 2.7
6.9 ~ 2.4
142.3 + 28.5
8.6 ~ 3.0
380.2 + 84.0
333.1 2 105.8
1686.9 2 800.0
864.7 ~ 122.7
216.7 ~ 32.5
236.8 2 153.4
276.1 2 139.8
23 2 ~ 5 9

8.2 ~ 1.5
160 ~ 30
57 ~ 10
300 ~ 50
250 ~ 40
18 ~ 3
5 ~ 1
çâî ~ âî
72 ~ 13
970 ~ 170
1100 ~ 190
1500 ~ 260
6400 ~ 1100
720 ~ 130
1100 ~ 200
820 ~ 140
310 ~ 50

24.98
26.19
26.56
29.49
30.41
30.75
ç1.çî
37.15
38.18
38.92
39.24
39.79
39.93
41.35
42.81
46.04
50.34

8 .5

85

63

62

270

6.6

17

340

20

1000
840

21

7720

700

~000
7î 0
57

0 .6

5

2

4 6

8

6 .6

ç
10

2

ãî î
1ã

ã 1

6 6

~2 0

1î î
4 0

70

40.8
71.6
64.2

3.4

24

7.3

i s
40

23
46

21

180

160

109
132

44.3
232

68.5
710
533

5500

275

307

550

57.2

970
48
88
110
8.4
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A N E X P E R I M E N T Ò Î M E A SU R E D E L AY E D N E U T R O N Y I E L D A N D
ÒÎ SE A R C H F OR SH ORT -L I V E D G R OU P S O F D E L A Y E D

N E U T R ON S (Ò ( 0.5 8).

Å.Dermendziev , Ju .S.Zamj at in , V .Ì .Nazarov , 1.Ruskov

Prank Laboratory of Neutron Physi cs

1. À setup to invest igate delayed neut ron yields Üàâ been constructed and tested at
the IBR-2 pulsed reactor . I t includes à neut ron chopper , à col l imat ion system and à
neut ron detector . T he setup is placed on beam 11 of the IBR-2 reactor .

T he neut ron chopper is synchronised with reactor pulses and has an adj ustable phase
shift and à var iable rotat ion frequency. T he measuring interval for delayed neut rons is
50 — 200 ps at à neut ron pulse frequency of 5 H z, and up to 1 s, at à chopper frequency

of 1 Í ã.
Test measurements have been made to study the setup capabil i t ies and char acter is-

t ics in difFerent modes of operat ion (at à chopper frequency of 5 and 2.5 H z and diff erent

phase shift s) .
T he result s of t he prel iminary measurements with ã~× Ó and P b samples inside the

detector have shown that for t he measuring t ime of 400 ps the number of delayed
neutrons in t he groups with the known periods fal ls Úó 15% (See Figure 1). T he new
groups wi th shorter per iods over the background level have not been detected yet . T he
ways of reducing the background by means of neut ron beam fi l t rat ion and decreasing

the number of fast neut rons have been out lined.

~ ~Ó Del ay ed Neu t r on Decay Cur ves

þ '

~~

!
1 / =2 .5Í ç

Ph ase Del sy = 12m s eo

~~"Ì Ì Ù ÉÌ 1~1~ ô é ðåÔýÙ ~

åå Éî |âå i bo aLo çëå sbo
1 ø âåå

Ì î

Fig.1.
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I N V E ST I G A T I ON S OF ÒÍ Å 2Ç× Ó N U C L E I F I SSI ON I N D U C E D B Y

R E SON A N C E N E U T R ON S

# # Goni n, L .Ê . Ê î õ1î ÷çé ó, D .I . Tam bovtsev
IPPE, Obni nsk

À .À . Bogdzel , # À . Gundori n, L .× . Mi khailov, À .Â . Popov, W.I . Furman
Pr ank Labor atory of Neut ron Physi cs

Joi nt Insti t ute for Nuclear Research, D ubna, Russi a

T he measurements of t he angular distr ibut ion of fragment s from the resonance neu-
t rons induced fi ssion of al igned ~Ç% nuclei have been st ar ted at t he 5th beam of t he

booster at the IBR-30 reactor on the 30 m fl ight path .

T he purpose of t hese invest igat ions is an independent evaluat ion of t he À ~(Å„ )
anisot ropy factors for t he resonance neut rons ø t he interval of 0.3 to 50 eV as well as
the analysis of the angular-dependent par t of t he fi ssion cross-sect ion within t he frames

of t he mult i level and mult i channel model of fi ssion.
T he nuclei al ignment is at t ained by cooling the rubidium uranyl ni t r ate (RUN) single

cryst al s down to 0.15Ê in the ~Í å — ~ Í å dilut ion refr igerator (Fig. 1) . T wo set s of
t he single cryst al t argets with the area of 20 and 24 ñò ~ are at t ached back-t o-back

to the each side of t he copper plate which is in t hermal cont act wi th t he refr igerator
di lut ion chamber . T he fi ssion fragments from each sample side are registered by the
sil icon detectors of 2 x 5 area at 0' , 45' , and 90' with reference t o t he c-axis of the single

cryst als (t he ñ-àõå8 of al l the cryst al s are directed along the neut ron beam ).

Âó now, only t he prel iminary measurements have been carr ied out . Low content of
the uranium nuclei in the samples ( 10~î ñò ~) leads Ñî t he necessi ty of t he long-t ime

measurements. Cer tain problems in using the sur face-barr ier super conduct or detectors

have ar isen. At t he helium temperat ures, the cont act s somet imes give t rouble, t he noise
ar ises, and other inst abili t ies t ake place.

Fig. 2 shows the exam ple of t he effect observed in t he t ime-of-fl ight spect rum caused
by al ignment of ~~~U nuclei . T he spect rum has Úååï registered by the detector posi t ioned
at 8= 90' . One can âåå relat ive changes of the resonance areas when compar ing the
" warm" and the " cold" " spect ra

T he fi r st est imat ions show that t he mean val ue of A p within t he interval of 0.3 t o
50 å× is colse to ( À ð) val ue obt ained by Pat tenden and Postma (1971) in t he similar
experiment which has been the only one up to now.

T his exper iment is t he fi rst and preparatory step towar ds the fut ure experiment s at
the IREN inst al lat ion which will have more per fect par ameters.

T he exper iment is intended to be performed in cooperat ion æé Û Ýå1É and Darm-

stadt .
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~~Ñ 1( ï , ð ) ~~ß c r o s s s e c t i o n f r o m 2 5 m e V t o 8 0 0 k e V a n d

t h e n u c l e o s y n t h e s i s o f ã à ã å i s o t o p e ~ S

P .Å .Ê î å Û åã , S .Ì .G r a a f , Í .À . Î ' B r i e n

L o z À 1à òï î ç N a t i o n a l L a bo r a t o r y , L o s A l a r n o s>, Negr o M ez i co 8 7 Ö Á, U S A

Ó è .Ì . G l e d en o v , Y u .P .P o p o v

P r a n k L a bo r a t o r y of N en t r o n P h y si c s , > J I N R , Ý è Üï à

T he ~ C1(n ,p)~ S react ion can play à cr i t i cal role in t he product ion of the ãàãå iso-
t ope ~ S in explosive nucleosynthesis and s-process calculat ions. We have measured the
~ C1(n,ð)~ S cross sect ion from thermal energy to approximately 800 keV . ÒÜå main
measuremens were performed at the moderated " white" neut ron source of LANSCE

(Los Alamos). Protons and à- par t icles from t his react ion were det ected with à si l-
i con surface-barrier detector . Measurements were al so made wi th à dual-gridded ion

chamber . T he result from the lat t er detector were l imited Ñî energies below à few keV ,
however i t give us possibi l it y t o separate of t he alpha-par t icles from the protons for t he
Es — — 902.6 eV and 1297.3 eV resonances.

Our value for t he thermal cross sect ion 46.2~ 0.4 mb is in good agreement with value
of 46~ 2 mb [1] , but disagree with t he value reported ø [2]. A ddit ional measurement s
of thermal cross sect ion were performed by us at the W W R-Ì reactor in Gat china.

In à mult i level analysis of our dat a we determinated par ameters for eight resonances ø
the energy r ange from 900 eV t o 70 keV instead three in [3]. T he ~ C1(n ,ð)~åß cross

sect ion for energies between 500 eV and 800 keV from our measurement s is shown in

~ù .l .
At ast rophysical ly relevant temperatures the react ion rate, N~ ( o v) , cal culated from
our data is about à factor 2 t imes smaller than the theoret ical rate used early. T he
new rate should help t o reduce the overproduct ion of ~ ß from explosive nucleosynthesis
cal culat ions and may signifi cant ly reduce the am ount of ~ ß calcal ated to be synthesized

in the s-process.

Resul t s are presented in Ref .[4,5] .
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' ~Õ ( ï , ð ) ' ~C R e a c t i o n C r o s s S e c t i o n a t T h e r m a l ,

2 4 Ë Û å ' Ê , 5 3 . 5 k e V a n d 1 4 4 k e V N e u t r o n E n e r g y

Óè.Ì .Gledenov, V .1.Salat ski , Ð.× .Sedyshev, Ì .× .Sedysheva, L i Í î Âî ò
Embank Laboratory of Neutron Physi cs, Joint I nsti tute f or Nuclear Research, Ö 1980

Ðèáï à, M oscow region, Russi a
× .À .Pshenichnyj

I nst i tute f or Nuclear Research, Academy of Sci ence of Ukrai ne,
2502Â K iev, Ukrai ne

J. Andrzej ewski
Depar tment of È èñ1åàò Physi cs, Uni versi ty of Lodz, 90181 Lodz, > Poland

Depending on the ~~È (ï ,ð)~~Ñ react ion cross sect ion, ~4È isotope may exhibi t essen-

t ial infl uence on the neut ron balance and the format ion of cer t ain element s at the st age
of stellar nucleosynthesis. Our measurement s were carr ied out on the 1ÂÂ; 30 pulsed
booster of t he Frank Laboratory of Neut ron Physics in Dubna an d on the beam of È -
tered neut rons from the V V R-Ì reactor of Inst i t ute for Nuclear Resear ch in K iev . T he

ionizat ion chamber served as the detector of charged par t icles. Sol id adenine t argets
were used. Fig.1 presents t he experiment al spect rum read out dur ing the measurement
in K iev on t he neut ron fi l t er for t he 53.5 keV neut rons. T he peak À is t he prot ons from
the ~4Ì (ï ,ð)~4Ñ react ion on the 53.5 keV neut rons. T he proton peaks Â and Ñ &om

the same react ion appear due Ñî 0.49 M eV and 0.65 MeV neut ron resonances of t he
~~È , because the fi l t er t ransmi ts about 1% of t he neut rons of such energies. T he cross

sect ions were found to be 1.83~ 0.07 b , 2.02~ 0.16 mb, 2.08~ 0.23 mb and 2.07~ 0.27 mb
for t hermal , 24.5 keV , 53.5 keV and 144 keV neut ron energy, respect ively.

Our result s are in à good agreement with ear l ier est imat ions [1,2] and with exper-

iment al dat a which were obt ained by K oehler et .al . in Üî â A lamos [3] , but about à
factor of 2 larger than the result s [4] by Brehm et .al . A ccording to the our dat a the
i~N isotope may act as à st rong neut ron " poison" in s-process dur ing the operat ion of
the chain of react ion involving the ~~Ñ(à,ï )~~0 neut ron source. A lso, ~4Ì may play à
crucial role in t he nucleosynthesis of ~~P. Our result s have been presented in [5,6,7] .
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Fig.1. Spectrum of the protons from thc '4N(n.ð)'4Ñ reaction when é å

majority of neutrons have the energy 54 keV.
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~åÀ 1( ï ,p )~eM g and ~åÀ 1( ï ,à)~~Õ à C r oss Sect i on f r om T h er m al E ner gy t o

A p p r ox im at ely 50 keV
Óè.Ì .Gledenov , Yu.P.Popov

Ðï èé Laborator y of N eutron Physi cs , Joint I nststute f or ï èñlåàò Research, Dubna,
Russi a

P.Å.Ê î åÛ åã, Í .À .Î 'Br ien

Los A lamos Nati onal Laborator y, Los A lamos, NM, USA .

S.Ì . Gr aaff
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J.À . Harvey, N .× .Hill
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F .K appeler , Í .Schat z

K ernf orschungszentrum K ar lsruhe, Ê àò1çòèÜå, Ger many
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At our par t i cipat ion prel iminary measurement s on ~~À1 isotope were car r ied out

within neut ron energy region from thermal up to 50 keV . M ost of t his energy range
has not been explored Úó previous measurement s. Underst anding the or igin of ~~À1 is

impor tant because it is one of the few radioact ive products of stel lar nucleosynthesis
Ñî Úå observed direct ly Úó ó-ray telescopes or indirect ly as à ~~Ì ä anomaly in some
meteori tes. T he ~~À1(ï ,ð) and ~~À1(ï ,à ) react ion are thought to be maj or means for
the dest ruct ion of ~~À1 in some ast rophysical enviroment s.

T he measurement s were made at t he white neut ron source of t he M anuel Luian, Jr .
Neut ron Scat ter ing Center (LA NSCE) using à Ü Å-Å semiconductor det ector t elescope.

Several resonances were observed. T he prel iminary result s for t he (n ,as) channel are in
à good agreement with dat a obt ained from the invest igat ion of reversal react ion [1] , but
for the (n ,ðr) channel t hey are about à factor of 2 larger t han previous measurements
[2] . T hus, our measurements indicate that t he dest ruct ion of ~sA1 in neut ron enviro-

ments is even greater than previously thought .

1.R.Ò.Skelton and R.W .K avanagh, Phys.Rev. Ñ 35, 45 (1987) .
2.Í .-Ð. Trautvet ter et .al . Z.Phys. À 523, 1 (1986).
3.P.Å.K oehler et .al . Apri l M eet ing of À ï üÐÜóç.Soc. 12-15 Apri l , 1993.
4.P.Å .Ê î åÛ åã et .al . 8th Int .Sym.Capture Gamma-Ray Spec. 20-24 Sept ., 1993.
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Í åà âø å âåð of P- od d ààóàâ å1ãó i n t h e B ( n , a ) L i r ea c t i on 10 7

× . À . ×åâï à , Óè . Í . Gl ed enov , 1 . S . Ok u n ev , S . S . Par z h i t s k i i ,

Óè . P . Popov , Å . V . Shu l ' g i n a 1 ã

1
F r a n k L a b o r a t o r y o f N e u t r o n P h y s i c s , J I N R , D u b n a

ã
P e t e r s b u r g N u c l e a r P h y s i c s I n s t i t u t e , Ga t c h i n a

On t he h i gh f l ux Üåàà of t he po l ar i zed co l d neu t r ons of t he

MMR- È r eac t or a t t he PI NP (Ga t ch i na ) 1n f r ame of co l l abor at i on was

per f or med t he measur ement s of asymme t r y of t he emi ss i on of
«- par t i c l es i n t he B(n , « ) L i r eac t i on . Asymmet r y of t he t ype : M 10 7

• , Ô ÷ +1 + à N ( e ' k ) w a s m e a s u r e d ÷ Ü å ã å e ' , , k a r e t h e n e u t r o n s p i n a n d

p N n à è ' à

t he un i t vec t or of «- par t i c l e emi ss i on d i r ec t i on , r espec t i ve l y .

The measur i ng cond i t i ons was f o l l owi ng
neu t r on i n t ens i t y N = 3 ' 10 n/ s 10

mean wave l eng t h Ë = 4. 5 À

po l ar i zat i on Ð = 80 %

For t he det ec t i on of t he char ged par t i c l es was used an assamb l y

of t wen t y f our i den t i ca l doub l e pr opor t i ona l chamber s ( l ayou t of t he

exper i ment a l appar at us on t he r eac t or l i d pr esen t ed i n F1g 1)
/ 1/oper at i ng i n 1on i zat i on cur r en t mode . The cond i t i ons of à

det ec t or wor k (geomet r y , t he i nsenset i ve gas- f i l l ed gap , t he gas

7pr essur e ) was se l ec t ed such t o not det ec t t he i ons L i i n t he

r eac t i on and mean cos i ne of t he det ec t ed à- par t i c l es wi t h r espec t

t o t he t ar get p l ane was equa l «0 . 8 . Mi t h se l ec t i on of gas wor k

pr essur e mi x t ur e i t was poss i b l e no t t o det ec t à - par t i c l es f r om à
1

7à- decay i n t he f i r s t ex c i t ed s t a t e of t he daught er nuc l eus L i a l so .

10As à t ar ge t was used t he l ayer s of à amor phous Â of t he 50-
150 pg/ cm t h i ckness wi t h enr i chment «90% spr ayed on an a l umi n i um 2

f o i l of t he t h i ckness d = 20 pm. Thank s t o t he exper i men t a l
- Î - Â

g e o m e t r y c h o s e n i n w h i c h e ' , , k , k v e c t o r s a r e c o l l i n e a r à
n ' n ' à

suppr ess i on f ac t or of t he l ef t - r i gh t hand asymmet r y ( o' [ k k ] )
- 4 n a

was ach 1eved t o be not wor se t han 10 , wha t a l l owed t he ex c l us i on

of t he poss i b l e cont r i bu t i on of t h 1s asymmet r y i n t o t he ef f ec t t o à
- 8

l eve l of 10
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val ues f or t heThe measur ement s per f or med gave t he f ol l owi ng
l 2, 3/coef f i ci ent s of Ð- odd asymmet r y

Ñ0 È (3 4 + 6 7~ 10î ðè
~ ~ « Î - l i n e E 0 = 1 7 8 0 k e V

à Î

- 7
à = - ( 2 . 5 + 1 . 6 ) 1 0

1p N

t he

1. Vesna ×. Ë. et al . Pr epr i nt PNPI é 1694 , S. - Pet er sbur g , 1991.

2. Vesna ×. Ë. et al . Annot at i ons of t he pr oj ect s of exper i ment s

i n f i el d of t he f undament al par t i c l es phys i cs and nuc l ear sci ence

pr oposed i n 1991- 1995, S. - Pet er sbur g, 1991, ð . 92.

3. Vesna ×. Ë. et al . Pr oceedi ngs of 111 I nt er nat i onal Symposi um
on Weak and El ect r omagnet i c I nt er act i ons i n Nucl ei (WEI N'92 ) . Ed. by

Ò. D. Vy l ov , Wor l d Sci ent i f i c , ð. 419.

4. Vesna ×. À. et al . Pi sma ZhETF, v . 38, 1983, ð. 265.

5. Er makov Î . N. et al . i n book : Neut r on Physi cs Pr oceed. of t he
6. Conf er ence on Neut r on Physi cs , Ki ev , 1983, Ì . : CNI I -

a t om i nf or m, 1984, v . 3, ð. 403.
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Fi g. 1. Layout of exper i ment al appar at us on t he r eact or l i d . 1

t he l i d of t he r eact or , 2 — t abl e f or pr opor t 1onal chamber , 3
pol ar i z i ng neut r on gui de, 4 — r adi o- f r equency f l i pper , 6 — magnet i c
f i el d gui di ng t he neut r on spi n, 7 — pr opor t i onal chamber , 8 — Li F 6

neut r on absor ber . The cr oss sect i on "Ë" shows one chamber modul e.

1 — i s t he neut r on spi n, P> — i s t he neut r on moment um, Ð1 — i s t he

moment um of t he det ect ed al pha- par t i c l e. Ñ , Ñ — ar e t he out put s
f r om si gnal gr i ds of t he " f orwar d" s i gnal (U ) and t he "backwar d"

f
s i g n a l ( V ) . U 1 — t h e p o t e n t i a l s u p p l y t h e b l o c k g r i d a n d t h e

î , 1

t ar get , r espect i vel y .
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I nvest igat ion of Charged Part icles Emission R eact ion I nduced
by Fast N eut rons

Óè.Ì .Gledenov, G.Khuukhenkhuu, Yu.P.Popov
Frank Laboratory of Neutron Physi cs, JINR, Dubna

Bao Shanglian, Tang Guoyou, Ñàî Went ian, Qu Decheng
Peki ng Uni versi ty, Beij i ng, Chi na

Chen Zemin, Chen Y ingt ang, ô Huiquan
Tsi nghua Uni versi ty, Beij i ng, Chi na

Experiment s car r ied out on t he D+ D neut rons using the Van de Graaff accelerator
at t he Inst i tute of Heavy Ion Physics, Peking University, ÑÛ ï à. Charged par t icles
emit t ed in t he invest igated react ions were detected with à double-gr id, par al lel-plate,

twin ionizat ion chamber with à common cathode, which was manufactured at the Fr ank
Laboratory of Neut ron Physics, JINR. Argon mixed with 5% car bon-dioxide was ut i l ized

to fi l l t he chamber . T he fi r st sect ion of t he twin ionizat ion chamber cont ained studied
t arget . The second sect ion was empty and was used for background measurements.

T wo dimensional energy spect ra of signal s from the anode and cathode were ob-

t ained for emit t ed charged par t icles from neut ron induced react ions with t he help of
à measuring system based on t he IBM PC AT -386 computer . M easured angular dis-
t r ibut ions of à - par t icles emit t ed in t he ~Ca(n,à~)srÀã react ion at Å„ = 4 and 5M eV
are nearly symmet r ical wi th respect t o ä= 90' (F igs.1 and 2). T his fact shows that the
compound nucleus mechanism predominates in t he energy r ange Å„ = 4-5 M eV for the
double magic t arget nucleus 4~Ca. Cross sect ion of t he ~'Ca(n,à~)srÀã react ion at à neu-

t ron energy of 5 M eV was found to be u(n ,ns)= 234+ 23 mb. M easurements also carr ied
out on natural zink and ~~Eï at Å„ = 2.7 and 5 Ì å× . Alpha-peaks from the å~Åï (ï ,à )~~Èü

react ion were observed. A ddit ional ly Ñî those of the invest igated react ions there were
observed al pha-peaks from ~ Ar (n ,à ) ~ Á as à background.

References

1 . T a n g G u o y o u e t a l .C o m m u n i c a t i o n o f n u c l e a r d a t a p r o g r e ss , N o .8 , ð .7 - 1 5 ( 1 9 9 2 )
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Fig.1. T he angular dist r ibut ion of à - par t icles from the 4~Ñà(ï ,à~)~~Àã react ion at
Å„ = 4 Ì å× . T he solid ñø ÷å is only an eye-guide.

Fig.2. T he same as in Fig.1 at EÄ= 5 Ì å× .
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I N T E R A C T I ON OF P OL A R I ZE D N E U T R O N S
W I T H À P OL A R I ZE D L A N T H A N U M T A R G E T

A N D ST R U CT U R E O F T H E N E U T R ON Ñ Í Î ÂÀ SE CT I ON
U P ÒÎ 20 å'Ê

'ÊÐ.A 1Bm enkov, Yu.D .M areev, V .V .N ovi t sky, L .Â .Pi keln er , V .R .Sk oy

Joi n t Ú ÿÛ è 1å for N ud ear R esear ch, D ubn a, R ussi a

Interest in the neut ron cross sect ion of lanthanum is connected with t he discovery
of a very st rong par ity nonconservat ion eff ect ø the p-wave resonance of ~~~Åà at 0.74

å× . T his st imulated à theoret ical search for the possibil i ty of à T -noninvariance test

in lanthanum. À pr incipal part of t he neut ron cross sect ion of L a at low energy is
connected wi th à negat ive resonance. I t infl uences the par ity violat ion in t he p-wave

resonance and must be studied in more detai l .
Al l of these circumstances have st imulated our measurement of t he tot al cross sect ion

in vicinit y of t he 0.74 eV resonance up Ñî 20 eV , an d our resear ch of t he polar izat ion
proper ty of L a in an experiment with polar ized neut rons and à polar ized L a t arget .

T he interact ion of polar ized neut rons wit h à polar ized L a t arget was measured on à
neut ron beam of the IBR-30 by use the POLYANA instal lat ion. Neut rons were polar ized

by t ransmission through à polar ized proton t arget , and polar izat ion of the met al l ic L a
sample was achieved by cooling i t t o about 0.1 Ê in à magnet ic fi eld of 1.5 Ò. T he
neut ron t ime-of-Right spect ra for two direct ions of neut ron polar izat ion were measured

and the dependence of t he t ransmission eff ect ,

1Vq — N

N ~ -~- N
= ~„ 1ÜÖä ï ï ð,~)

~

on neut ron energy in t he 0.5-20 eV interval was obtained. T he val ue of t he polar izat ion

cross sect ion oÄ,~, which was measured with polar ized neut rons and nuclei was found to
be in good agreement with t he result s of our t ot al cross sect ion measurement .

A ll data were descr ibed very well by the negat ive ~~~Üà resonance with t he ðàòû ï -
eters of Es — — — 28 eV, Ã„ = 60 m eV, Ã. = 50 m eV, J = 4, (òð,~ — — 5î . Spin of t he 3.0 eV
resonance of ~~~Üà was ident ifi ed as I + 1/ 2 = 11/ 2.
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ST U D Y O F ÒÍ Å D E P O L A R I Z A T I ON O F R E SON A N C E N E U T R ON S
I N A N E X P E R I M E N T ÒÎ SE A R CH FO R ÒÍ Å Ò-N ON I N V A R I A N CE

×Ð.AIBment ov, Óè.D.Mareev, × × .Novi tsky, L.Â.Pikelner, V.R.ß ñoó
Joi nt Tnsti tute for Nuclear Research, Dubna, Russi a

Ñ.R. Gould, D.G.Í aàså, # ß .Roberson
TU_#_ L, North Carolina, ÓßÀ

Experiments on the measurement of t he fi ve-fold cor relat ion for t ime reversal t est

have been discussed ø recent years. In t hese experiments t he t ransmission of polar ized
resonance neut rons through al igned nuclear t arget s must be measured. T he eff ect which
is under invest igat ion consists of â change ø the total neut ron cl oss çåñÑ|î ï of t he change

• W • •

of the sign of t he sg I x k](I .é) term . Í åãå s and I are the spins of t he neut ron and nucleus,

respect ively, and k is t he neut ron momentum. T he experiment is very compl icated
technically because the eff ect is very smal l and is easi ly masked by addit ional false
åããåñÔâ. A ll of t hem must be invest igated and taken into account .

One of these eff ects is the depolarizat ion of polar ized neut rons at their t ransmission
through â monocrystal sample with al igned nuclei . T he value of t he depolar izat ion
st rongly depend on the cryst al or ientat ion and neut ron energy.

Now an experiment t o invest igate this depolar izat ion is ready and preliminary re-

sul ts have been obt ained. Measurement with â Í î monocryst al was carr ied out at
t he POLYA NA instal lat ion on à neut ron beam of the IBR-30 system . À st rong angle

dependence of the depolarizat ion was observed. M easurement s were made for angles
between the c-axis and the direct ion of neut ron polar izat ion, from — ~ã/ 2 to + s / 2.

Sample temperatures were 4, 80 and 300 Ê . T he values of t he depolar izat ion at
helium temperature are very large and reach up factor 3-4. We intend to develop these

invest igat ions which âãå of addi t ional interest in t he study of t he magnet ic proper t ies
of mat ter .
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MULTI PLI CI TY OF GAMMA- RAYS I N NEUTRON RESONANCES
OF 176í ~ AND 179í ~

G.Ð.Geor g i ev , Yu .V.Gr 1gî r óåv , G.V.Mu r ad y a n , È.Â.Ya n ev a

Neut r on t i me- of - f l i gh t spect r oscopy measur ement s wer e made on

t he sampl es of Haf ni um i sot opes a t t he pu l sed neu t r on boost er I BR-

30 of t he Joi nt I nst i t u t e f or Nu clear Resear ch i n Dubna. À pr el im-

i nar y r esu l t s ar e pr esen t ed of an i nv est i gat i on of t he r adi at i v e
capt ur e of r esonance neut r ons by Hf and Hf i sot opes i n t he 176 179

r egi on of r esol v ed r esonances mak i ng use of t he met hod of mul t i p-

l i ci t y spect r omet r y . The choi ce of t he i ndi cat ed i sot opes f or st u -

di es was due t o t he dat a on t hei r spi ns and r adi at i on wi dt hs bei ng

i ncompl et e [1], The cr oss sect i on of r adi at i v e capt u r e by Haf ni u m

isot opes i n t he r egion of r esonance neu t r on ener gi es i s

i n t er est i ng f r om t he poi nt s of v i ew of under st anding

nucleosynt hesi s and of r eact or const r uct i on.
À mul t i sect i on 4ê- "Dai sy- t ype" sci n t i l l at i on det ect or

(Fi g.1) l ocat ed at t he 500- met r e- l ong t i me- of - f l i gh t base of t he

I BR- 30 pu l sed neu t r on boost er of t he JI NR Fl NP was u sed f or

measur ement s [2] . The det ect or consi st ed of 16 i ndependent

Na J(T1) cr yst al sect i ons wi t h à t ot al v ol ume of 36 l i t r es and
1 7 6 - 4

ä å î ò å 1 ã 1ñ å é é 1ñ 1å ï ñ ó o f 8 0 % . À h f t a r g e t 2 .8 8 x 1 0
179 - 4

nucl ei / bar n t h i ck and à Hf t ar get 2.14 x 10 nuclei / bar n t h i ck
í åãå used i n t he measur ement s. The neut r on t i me - of - f l i gh t and

t he coi nci dence mu l t i pl i ci t y of gamma- qu ant a wer e det er mi ned f or

each i nt er act i on ev ent . I n par al l el wi t h t he äàòò à- qu ant a f r om

r adi at i v e capt ur e i n t he t ar get , si ngl e 480 k eV öààâ à - quant a

pr oduced i n t he Û(ï , àó) r eact i on caused by neu t r ons scat t er edÛ

i n t he t ar get and occur r i ng i n t he t hi n Bohr conv er t er sur r oundi ng

i t wer e det ect ed. Thus, t he âàòå det ect or r egi st er ed ev ent s of

r adi at i v e capt ur e and of neut r on scat t er i ng i n t he t ar get

si mu l t aneousl y and i n i dent i cal condi t i on s.
The exper i ment al äàòòà — quant u m mu l t i pl i ci t y spect r um

P(k ) = S (k )Q S (k ) was obt ai ned , and t he mean gamma- quant u mir 3'
mul t pl i ci t y <k > = Q P(k ) det er mi ned. I t t u r ned ou t t o be t hat
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<k >=2.50 f o r t h e e v e n - e v e n Hf i s o t o p e , wh i l e i n t h e ñ à â å o f t h e 176

e v e n - o d d Hf i s o t o p e t h e <k > v a l u e s c o n c e n t r a t e d a b o u t t w o 179

p o i n t s : <k >=2.78 a n d <k >=2.91. T h u s , i n t h e r a n g e o f e n e r g i e s u p
+ +

t o 200 å × , 18 s p i n 4 r e s o n a n c e s a n d 19 s p i n 5 r e s o n a n c e s w e r e

â è ñ ñ å â â éè 11ó i d e n t i f 1å é f o ã Hf . T h e mu l t i p l i c i t y d i s t r i b u t i o n 179

P(v ) (F i g .2) f o r g a mma q u a n t a e mi t t e d b y t h e n u c l e u s w a s c o mp u t e d

f r o m t h e g a mma - q u a n t u m mu l t i p l i c i t y d i s t r i b u t i o n P (k ) o b s e r v e d

e x p e r i me n t a l l y f o r Hf . T h i s w a s d o n e ma k i n g u s e o f t h e g a mma - 179

c a s c a d e mo d e l , o f t h e t h e o r e t i c a l d e s c r i p t i o n o f t h e s t r e n g t h

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

c o mp o s i t e n u c l e u s . Mo n t e - Ca r l o s i mu l a t i o n w a s p e r f o r me d o f t h e

p r o p a g a t i o n o f ä à ï èï à - q u a n t a t h r o u g h t h e d e t e c t o r a n d t h e

s h i e l d i n g . Fo r d e t e r mi n i n g t h e p a r a me t e r s o f t h e r e s o n a n c e s à

p r o g r a m w a s wr i t t e n wh i c h ma d e p o s s i b l e c o mp u t a t i o n o f t h e

e x p e c t e d t i me - o f - f l i g h t r a d i a t i v e c a p t u r e a n d s c a t t e r i n g s p e c t r a

a n d f i t t i n g t h e m t o t h e r e s p e c t i v e me a s u r e d s p e c t r a b y v a r y i n g t h e

r e s o n a n c e p a r a me t e r s a n d f i t t i n g t h e p a r a me t e r s o f t h e n e u t r o n

s p e c t r o me t e r . T h e r a d i a t i o n w i d t h Ã w a s f i t t e d w i t h t h e à Û o f3'

t h e r a t i o o f t h e p a r t i a l a r e a s À a n d À u n d e r t h e r e s p e c t i v e3'

r e s o n a n c e p e a k s i n t h e r a d i a t i v e c a p t u r e a n d s c a t t e r i n g s p e c t r a ,

o f t h e k n o w n n e u t r o n w i d t h Ã [ 1] a n d o f t h e d i s t r i b u t i o n f u n c t i o n
ï

o b t a i n e d . I n t h e f i t , t h a t v a l u e o f Ã wa s d e t e r mi n e d f o r w h i c h
ir

t h e c o mp u t e d À / À r a t i o w a s i n a g r e e me n t w i t h i t s e x p e r i me n t a l3'

v a l u e .

Be s i d e s t h e l e v e l s i n d i c a t e d i n r e f . [1 ] , 17 n e w l e v e l s w e r e
o b s e r v e d f o r Hf i n t h e e n e r g y r a n g e u p t o 1500å × . T h e v a l u e s o f 176 .

D = 37 +/ - 7 e V a n d <Ã > = 45 +/ - 15 me V w e r e o b t a i n e d .Ó= 179
We o b t a i n e d <Ã > = 47+/ - á f o r Hf . T h e s t r e n g t h f u n c t i o n

3'

w a s c a l c u l a t e d , w i t h t h e a i d o f t h e s p i n s d e t e r mi n e d , i n
t h e r a n g e u p t o 200 å × : S = ( 1.8 ' 7 ).10 a n d +l .0 - 4

+1.2 - 4 é + 1f +S = ( 2.4 ' 0 8 ).10 f o r t h e J = 4 a n d J = 5 s e t

o f r e s o n a n c e s r e s p e c t i v e l y , me a n i n g t h a t t h e y a r e i d e n t i c a l

w i t h i n t h e e x p e r i me n t a l e r r o r s
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Sit uat i on i n St udy of E lect r ic Ðî 1àãè àÛ È ó an d
M ean Sq uar e C har ge R ad ius of t he N eut r on

Óè.À . Alexandr ov
Franir Laboratory of Neutr on Physi cs, Jl NR, 141980 D ubna,

M oscow Regi on , Russia

T he concept of neut ron elect ric polar izabili ty (NEP) was int roduced in 1955-56 in con-

nect ion with studies of neutron scat ter ing by the Coulomb ï å1åâ of nuclei . T he best
resul t for t he NEP coe8icient < 0.7 õ 10 sf rns was obt ained in Dubna-Garching
cooperat ion (t ime-of-fl ight and neutron resonance technique methods, lead-208 and
basmuth)~ ~ .

Concerning the j ob performed by Schmiedmayer et al . (cooperat ion V ienna-Oak
Ridge)s i t was shown that t his j ob should have given ä.äâå to doubt (mainly due to the

äï éääåääñå of small angle neut ron scat teri ng). I t was also shown that t he NEP coefBcient
determined in the neut ron t ransmit ion depend on the neut ron mean square charge äà-
dius (NM SCR) < r ~Ä > ~ , related to t he internal neut ron st ructure.

Recent ly, t he issue concerning the actual value of t he NM SCR, related to the
internal st ruct ure of the neut ron, (< r;Ä > ~ = /' ð(ã)ã~ñÐã" = 6(dF>/ dq~)äèàö , where

Ðä is t he Dirac form factor ) has been also under discussion. T he experiments can be
divided into two groups (âåå table): the resul t ss ~ < à„ , > = ( — 1.309~ 0.024) x 10 ~/ ø ,
which lead to< ã~„ > ó > 0 in cont radict ion with modern theory , àõèÐ'~'~ < à„ , > =
( — 1.577 ~ 0.034) õ 10 ~/ äåä to lead to < r ~Ä > ~v< 0 in confi rmat ion of modern theory.

I t is shown that t he most probable reason for t he discrepancy between the result s of
the Garching and Dubna determinat ion of t he aÄ, for bismuth is t he difFerence in the
method of account ing for t he infl uence of negat ive energy resonances on the measurable
à„ , . I t is also shown that int roduct ion into ñò„ , of energy independent inter -resonance

interference terms does not afFect t he resul t on aÄ, obt ained in Dubna.

1. Óè.À .A lexandrov and 1.1.Bondarenko. Zh.Eksp. Teor .Ðû . 31, 726 (1956).
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2 7 2



ÒâÎ å

Authors,year M ethod M agnitude of
efFect , ï å11î 4

Recoil elect rons
in cloud chamber
Neut ron scat t er ing
on noble gases

< 1000

Ü ~ò/ à È 0.5% 100 ~= 1800

b , cr / o' = 1 .5 % 1.91 ~ 0.36

Ü 9 / 9 È 50% 1.39 ~ 0.13

Ð.D ee ,

1932

Å .F er m i ,

L .M ar sch al l ,

194 7

W .H av en s,

et al . ,
194 7- 5 1

D .H u gh es

et al .,
1952- 53

Ì . H am er m esh

et al . , 1952

Ì .C r o u ch

et al . , 1956

Å . M el k o n i an

et à1. , 1959

V .K r oh n ,

G .R i n go ,
1966- 73

L .K o est er

åÑ al . ,

19 70 - 88

Y u . A l ex an d r ov

et al . ,

1974 - 85

Y u . A l ex an d r ov

et al ., 1985 T o t al n eu t r on cr oss

sect i on an d a t om i c

çñàé åï ï ~ l en g t h

on b i sm u t h an d l ead

N eu t r on É Êãàñé î ï

on à t u n gst en - 186

si n g l e cr y st al

T o t al n eu t r on cr o ss

sec t i on on b i sm u t h

E o/ cr È 0.5% 1.5 ~ 0.4

Ü n / î 0 .5% 1.43 ~ 0.30

Total neut ron cross
sect ion on lead
and bismuth
Neut ron tot al
refl ect ion from
Î ð — Bi mir ror

Neut ron scat ter ing
on noble gases
Neut ron scat ter ing
on noble gases
Tot al neut ron cross
sect ion on bismuth
Neut ron scat ter ing
on noble gases

Ü ã/ cr = 1.5%

~

1.56 + 0.05'

Ü ñã/ cr È 0 .5 % 1.30 ~ 0.03 f 6 1

Ü <ò/ cr = 1 .2 % 1.32 ~ 0.04

~

b ,î / ÷ È 20%

~

1.60 ~ 0.05

Ü ~ò/ o' = 1 .2 % 1.55 ~ 0.11 [ 2 1

W it hou t cor rect ion for Schw inger scat t er i ng and reson an ce scat t er i ng ,
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O N Ò Í Å E L E C T R I C P O L A R I Z A B I L I T Y O F Ò Í Å N E U T R O N
Óè .À .A lex an d r ov >, L .K oest er " l , L Õ .M i t sy n a ' l , Ð.Ð ãî )ñî ï åë " ' >, G .S .Sam osv at ' >,

J .Òàø Üåã~ç' ' ~, W .W asd dcow sk i ' >

~ Joint Inst i t ute for Nuclear Research , Dubna, Russia
" ~ Technical University M uni ch , Garching, Germany

" ' ~ Nuclear Research Cent re, Salaspils, Latvia

Precise measurements of the tot al neut ron cross sect ions were performed for samples
of lead enriched up to 98, 83 92% by 208,207 and 206 isotopes accordingly. T he quasi-

monochromat ic neut rons were used with energies 1.26, 5.19 and 1970 eV which were
got on M unich Technical University FRM reactor Úó means of corresponding neutron
resonances [1]. T he obtained cross sect ions in barns are shown ø the t able.

1.26 eV
11.4388(31)
11.1510( 120)
10.7988(51)

5.19 å×
11.4718(35)

11.1320(130)
10.8270(70)

1970 å×
11.4635(26)
11.0520(120)
10.8030(60)

Sam p le

208

207

206

T wo 4|ï åãåçé methods developed in Garching and Dubna were used to ext ract the
neut ron polar izabili ty coef5cient à„ ; t hey both gave pract ical ly the same a Ä values. T he
total resul t s depends on accepted value of t he è — å scat ter ing length Ü„ , and looks as

0 3 ~ 0 5) . 10- ç f mç, i f î = ( 1 32 2 0 04) . 10- ~óò
1 3 ~ 0 5) 10 ç/ ò ~ i f î = ( — 1 59 + 0 04) 10 ç/ ò .é ~ =

So there is only one meaning resul t [2] a Ä = (1.20 2 0.15 + 0.20) 10 ~/ òï ~ by which
teoret ists are " sat isfyed" ,i t is possibly to confi rm that present result intensifies t he

problem of reliable experimental value of not only à „ , but î „ , too.

R e f e r e n c es

1.K o est er L . ,W asch k ow sk i W .,M ei er J .Z .P hy s. À ,1988 , v .32 9 , ð .22 9 .

2 .Sch m i ed m ay er J . ,R i eh s P . ,H ar v ey J .À .,,H i l l N .W . P h y s. R ev . L et t . , 199 1 , ÷ .66 , ð .10 15 .
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UCN Í 1äÛ Ýåï çé ó Pulse Source at t he BIGR Reactor (A rzamas- 16)
and Neut ron Li f et ime Exper iment .

À Ë7.St relkov , V.# Shvåtsî v
FLNP, JINR
À .Ï Æ î |ñà
Ï 'ÒÌ , P.Î . Âî õ MG52, Bucharest , Romania

Abst ract . The method of dynamic ult racold neut rons (UCN)
converter , using high fl ux pulse reactor BIGR (A rzamas- 16) is
proposed, Dif ferent types of conver ters have been compared
and est imations of maximal UCN density were obtained
(n~7x 10sn/ ñï è ). The possible experiment on neut ron li fetime
( g ) determinat ion is discussed (the accuracy 0.5+ f or g per

one reactor pulse can be achieved).

1. I n t r od u ct ion

Ult rac old neut rons (UCN) - neut rons with ext remely l ow energy

• 7õ107å÷ (V 5 m/ â)È They have an unique property of total
reflection f rom substance surface and so can be st ored in evacuated
material t raps for à long t ime. UCN are very useful for experiments on
studying of f undamental neut ron propert ies:neut ron li fet ime, elect ric
dipole moment an so on.

UCN can be produced f rom thermal neut rons for one impact . The
probabili ty of âèñÜ process is very ÿ ï à11( 10-11) and fl ux density of UCN

F -èî !â èñï

î !. + î . !ü
where F,Ä - fl ux density of t hermal neut rons , × „ - limit ing velocity
of the t rap walls (3-6)m/ s, ×,„ = 2200 m/ s - thermal neut ron's velocity ,
a~!, and î å! - inelastic cross-sect ions of cooling and heat ing, î -cap-

ture cross-sect ion .
The f irst experiments with UCN have been carried out w ith UCN

density « Sx 10-6 n/ cmç (~,~). In modern t imes the highest UCN

density is 102 n/ cm~ (41. The possibilit ies of signif icance increasing F,Ä

for stat ionary reactors are exhausted now , so f urther increasing of t he
UCN density may be done using pulse reactors only , where pulse fl ux
densit ies are many t imes larger than at stationary î ï åâ.

2. Dynamical convert er method
2.1 Constant density of the conver ter
UCN density inside the conver ter in nonstat ionary case described w ith
é é åãåï áà1 equation:
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— = F~ (t ) Åü- — dn(t ) - ' n (t ) (2), X> = N(t ) a ~,

c(t )
where n(t ) - UCN density , N(t ) - number of conver ter 's molecules in
ñï Ð, t (t ) - UCN lifet ime in conver ter : c(t ) ' = È (Ñ)× (à~~ + e , ) , × -UCN

velocity.
For the Gaussian form of thermal neut rons fl ux and BIGR

characterist ics (fluence 101~ n/ cms , s= l ms):
ã

F~ (t ) àñ exp( ) (3),2î ~
the equation (2) has been solved numerically. The values of n

maximal UCN density inside the converter - are: 1.8õ105 n/ ñï è for
polyethylene conver ter , 2.5x 105 n/ cm~ for Be and Qx 10~ n/ cm~ for

parahydrogen ones. I f N(t ) value stays constant , the UCN density
decreases for à short t ime due for à large value of losses cross-sect ions,
and it becomes dif f icult to reali ze the isolat ion of UCN f rom convert er .
Òî provide the fast isolat ion of UCN cloud f rom conver ter w ithout
ÿ ~ø éñàï Ñ decreasing of i t ' s density the method of dynamical

conver ters is proposed.

2.2 G aseous ex p an d in g con v er t er

Sharp fall of pressure in gaseous converter in à time of reactor pulse,
when thermal neut ron fl ux reaches it ' s maximal value, leads Ñî

decreasing of UCN losses. The calculation of n(t ) has been made using (2),
and the t ime of the expansion beginning coincides with the t ime of
maximal fl ux of thermal neutrons. Calculat ion shows that for real t imes
of gas expansion one can store UCN cloud some times longer then
without expansion.
UCN density «7x l 0~ n/ cm~ can be obtained with parahydrogen (30 at m.)

conver ter .

2.3 M ov i n g sol i d con v er t er

The fast removing of the converter after reactor pulse can be realized
also by mechanical movement of the converter . In t his ñàçå t he speed of
UCN, unmovable in à lab frame, relat ively conver ter w ill be × — the con-
verter speed and the losses cross-section will be reduced by factor 1/ V.

Dur ing t he passing of converter in à f ield of the thermal neut rons,
the veil of UCN is producing behind the converter . The UCN density
subordinates for dependency similar that described with (2). Calculat ions
for Be and polyethylene converters has been made to select the converter
for preliminary exper iment on method examinat ion. It was found that it ' s

possible to obtain UCN density up Ñî 105 n/ cm~ , using polyethylene

converter about 10 mm thick w ith velocity 50 m/ s. Be conver ter has Ñî
be about 100 mm thick at the çàì å speed and the value of density w ill
Üå =Çõ104 ï / ñï üÇ .
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3. P ossib l e ex per i m en t on n eu t r on l i f et i m e d et er m i n at ion

The cloud of UCN , pr oduced w it h expanding gaseous or m ov ing
conv er ter can be enclosed in à t rap , t ranspor ted out of r eact or hal l and
placed int o detector sy st em , including t her mal neut r on count er and
elect ron count er . The UCN densi ty in à t r ap w iH be:

t
n (t ) = ï , åõð ( — — — (ç~ + ç~, ) f y ( t )dt ' ) (4),

t ll Ô
w her e ò~„ , q Ä y (t ) - cer t ain param et er s, depending f rom neut ron

spect r a and t r ap pr oper t ies. T hen , count r at es f or neut r on and
elect r ondet ect or s w ill be consequent ly : J Ä = sÄq Äy (t )n (t ) and

1 n (t ) , w here sÄ and å - det ector 's ef f iciencies. T her ef ore,Þ ð — — a ~ @ Ä.

Ú ~

~

(5)
one can obt ain '.— — ~1ï (Ë )] = — 1 + É ã × , + × ~Ð >>,

dt~ ' ~ , „ . „ þ,
Equat ion (5) show s, t hat neut ron l i f et ime can be ex t r acted w it h l inear

J Äe x t r a p o l a t i o n o f e x p e r i m e n t a l d a t a d o w n t o z e r o v a l u e o f " . T h e

J p

mat hem at ical sim ulat ion of t he U CN behav ior in à t r ap has been car r ied
out to obt ain t he ev aluat ion of t he neut r on l i f et ime det er mi nat i on
àññø àñó. I t w as f ound , t hat accur acy = 0.5Ù can be achiev ed per one

pulse of t he r eactor .

4. Con cl usion

It ' s necessary Ñî emphasize t hat dynamical convert er method does not

increase the init ial UCN density in convert er . Init ial density determines
only by the thermal neutron f lux value and converter 's propert ies. This

method let us to ext ract UCN f rom signif icant ly large area of the conver -
ter than for stat ionary conver ter .

Òî understand the advantages of the new UCN source one can turn
to exist ing UCN sources and experiments. In experiment on neut ron
li fet ime measurements ~~1 (that has been made at the best af ter Grenoble
UCN source) the accuracy 0.3+ has been achieved. The number of
neut rons "used" " in experiment at 2.5 months of the "reactor " t ime were

10~ ,that is the same order of magnitude as in proposing experiment
for one pulse of BIGR reactor .

ÂåÃåãåï ñåç
[1] Golub R. and Pendlebury J. Ì . 1979 Rep.Frog.Phys. 42 439-501
[2] Shapiro F. å.à. 1969 JETP Let ters 9 40
[3] Steyerl À . 1969 Phys. Lett . 1969 29 33
[4] Steyerl À . å.à. 1986 Phys. Lett . À 116 347
[5] Alf imenkov '× P å.à. 1990 JETP Letters 52 984-989
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À M O V I N G C O N V E R T E R A S À P O SSI B L E T O O L

F O R P R O D U C I N G U L T R A C O L D N E U T R O N S À Ò P U L SE D N E U T R O N

SO U R C E S

Óè.È.Ðî éî Û î ÷çÛ
Frank I aboratory of Neutron Physi cs,

Joi nt Insti tute for Nud ear Research, Dubna Russi a

À m et h o d f o r p r o d u ci n g u l t r aco l d n eu t r on s ( U C N ) a t àð åï î é ñ p u l sed n eu t r on

so u r ces i s p r o p osed . T h e m et h o d ex p l o i t s an U C N co n v er t er t h at m ov es f ast n ear à

p u l sed n eu t r o n so u r ce. T h e m o t i on of t h e con v er t er i s sy n ch r o n i zed w i t h t h e p u l se of

t h e n eu t r on so u r ce f o r t h e con v er t er Ñî cr oss t h e r eg i on o f m ax im u m n eu t r o n fl u x ex act l y

a t t h e m om en t of t h e p u l se . T h e U C N b o r n i n t h e co n v er t er d u r i n g t h e n eu t r on p u l se

f o r m à cl o u d i n t h e r egi on w h i ch t h e con v er t er h as o ccu p i ed d u r i n g t h e t i m e of t h e p u l se.

I m m ed i a t el y af t er t h e p u l se t h e U C N clo u d i s cau g h t i n à t r ap i n st an t an eou sl y (w i t h i n

â f ew m i l i seco n d s) m ov ed i n t o t h e r egi on n ow o ccu p i ed b y U C N . T h en t h e t r ap i s sl ow ly

m o v ed oK t o à r egi on a t som e d i st an ce f r o m t h e r eact o r f o r ca r r y i n g o u t ex p er i m en t s

w i t h t r ap p ed U C N .

E st i m a t es sh ow t h a t t h i s m et h o d , i f u sed w i t h p o w er f u l ap er i o d i c p u l sed r eact o r s
of t h e T R I G A o r B I G R t y p e a t à p u l se fl u en ce of 10 ' ~ n / cm ~, w ou l d a l l ow h av i n g an

U C N d en si t y o f 10 U C 1V/ cm s i n à v o l u m e o f 1 — 2 l i t er s . A t p r esen t F L N P an d t h e

I n st i t u t e f o r A p p l ied P h y si cs d o p r ep ar at o r y w or k f o r r eal i zat i o n of t h i s m et h o d at t h e

B I G R r eact o r ( À ãêàò àç- 16 ) .

1.Yu.N.Pokot i lovski , Nucl .Inst r . Meth., 1992, ÀÄ3À, 561.
2. Yu.N.Pokot i lovski , Pis'ma ZhT F, 1980, 6, 1300 (in Russian).
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ON E X P E R I M E N T A L V E R I F I CA T I O N O F ÒÍ Å
SK O B E LT SY N -B A L D I N

H Y P OT H E SI S O F E M I SSI ON O F À N ON ST A B L E PA RT I CL E
F O L L OW I N G ÒÍ Å D E CA Y O F ~|4Â

Óè.# Ðî éî Û î ÷çÛ , G.G. ÜÆÛ àò óçÜå÷
Joi nt Insti tute for Nuclear Research, D ubna, Russi a

I n t er p r et at i o n of D ar m st ad t efFect con si st i n g i n ob ser v at i on of n ar r ow p o si t r o n -

el ect r on p ai r s f o l l ow i n g co l l i si on of v er y h eav y þ ï â w i t h t h e en er g y n ear t h e C ou l o m b

b ar r i er h as b een à ser i o u s p r ob l em f o r ab ou t t en r ecen t y ea r s [1] .

N on e o f à f ew d o zen h y p o t h eses t h a t h av e b een ad v an ced ex p l a i n s t h e ob ser v ed
p h en om en a . À .Ì .B al d i n [2] assu m ed som e r el a t i on of t h i s efFect w i t h t h e ex p er i m en -

t al r esu l t s of Sk ob el t sy n [3] w h o , i n v est i g at in g t h e scat t er i n g o f p — ãàó ç w i t h à W i l son

ch am b er p l aced i n à m agn et i c fi el d , h ad ob ser v ed an om al ou sl y l ar ge p — r ay scat t er i n g

b y ~~~Â ã at l ar ge an gl es w h i ch ex ceed ed t h at ca l cu l at ed af t er t h e M o t t f o r m u l a b y à

f act o r of à f ew t en s. I n t h ese ex p er i m en t s h e al so ob ser v ed n u m er o u s ev en t s of i n el ast i c

p — scat t er i n g w i t h à con si d er ab l e (Úó sev er al t i m es) l o ss of en er gy . L at er Sk ob el t sy n [4]
i n t er p r et ed h i s ob ser vat i o n s as à b i r t h w i t h à p r ob ab i l i t y of 7 — 12 % f o l l ow i n g p - d ecay

an d à d ecay w h i l e fi y i n g of à p ar t i cl e w i t h à m ass of ab o u t 3 m , an d t h e l i f et i m e of
( 2 — 5 ) x 10 ~~ s ec . I n d ep en d en t cal cu l at i on s [5] i n t h e f r am e of à qu asi p o t en t i al ap -

p r o ach p er f o r m ed f o r à sy st em of t w o f er m i on s h a d y i el d ed à con cl u si o n ab ou t ex i st en ce

of à r i ch sp ect r u m of r el a t i v i st i c C ou l om b l ev el s. T h ese l ev el s m er ged i n con t i n u u m m u st

ex i st i n å+ å , (ðð ) , an d ( å å ) sy st em s, an d p r ob ab l y i n à n u m b er o f o t h er sy st em s

w h i ch al so i n cl u d e com p o sed n eu t r al p ar t i cl es . T h e cal cu l a t i on s of [5 ] f ou n d con fi r m a-

t i on i n [6] w h er e t h e J = Î , L = 1, S = 1 r eso n an ces i n t h e ( åå) sy st em w er e o b t ai n ed
Úó so l v i n g u n d er d i fFer en t ap p r ox i m at i on s t h r ee d i fFer en t r el at i v i st i c eq u at i on s f o l l ow -

i n g f r om qu an t u m el ect r o d y n am i cs. T h e h y p o t h esi s of [2 ] con si st s ø act u al i zat i on o f
Sk ob el t sy n ' s assu m p t i on [4] t h at t h e u n st ab l e p ar t i c l e o b ser ved i n ex p er i m en t s [3] i s à

qu asi cou p l ed com p l ex , ( å+ å å ) , w h i ch d ecay s i n t o an el ect r on an d à ó- qu a n t u m .

U n d er co n d i t i on s cl ose t o t h ose of Sk ob el t sy n ' s ex p er i m en t w e t est ed t h e p ossib i l i t y

f o r à ( å+ å å ) com p l ex , d ecay i n g i n t o an elect r on an d ó- qu an t u m , Ñî b e f o r m ed f o l l ow -

i n g t h e d ecay of ~~~Â ~. À ~~åÂ à sou r ce w as p osi t i on ed i n à v acu u m ch am b er . D ecay

ev en t s o f ( å+ å å ) h y p o t h et i cal p ar t i cl es w er e sou gh t f o r al on g à d ecay b ase b y m ea-

su r i n g el ect r o n sp ect r a i n co i n ci d en ce f r om an el ect r on an d à ó- d et ect o r . T o com p ar e

ex p er i m en t al d at a w i t h t h e t est ed h y p o t h esi s w e si m u l at ed n u m er i cal l y t h e ev en t s of

em i ssi on f r om t h e so u r ce an d d ecay of a h y p o t h et i cal p ar t i cl e i n t o an el ect r o n an d à

y - qu an t u m ov er t h e ñ àââ an d t h e l i f et i m e r an ge of t h e ( å+ å å ) com p l ex f r om 1 .5 Ñî

2 .0 M eV / c~, an d f r om 5 x 10 ~~ t o 10 s s , r esp ect i v el y . T h e l i m i t f o r t h e p r o b ab l i t y of

å+ å å com p l ex em i ssi on i s 10 ~ i n a cco r d an ce w i t h t h e h y p o t h esi s i n [1 ,3] 10 ~.

R ep or t s on t h e w or k h av e b een p u b l i sh ed i n J I N R Â àð Û C om m u n i ca t i o n s N o . 2 ( 53 ) -

92 , ð .29 , an d i n Ó àÉ Æ ã. 19 92 , 5 5 , 20 17 i n R u ssi an .
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M OSSB A U E R E F F E C T B A SE D E X P E R I M E N T S ÒÎ SE A R C H F OR
N EW L I G H T B O SO N S

Óè.È .Pokoti lovski
Joi nt I nsti t ute for Nuclear Resear ch, D ubna, Russi a

Feasibil i ty of an experiment on the basis of Mossbauer efFect t o sear ch for new l ight
bosons with t he mass less than à few Ñåï û keV is di scussed. T he idea consist s in using à
pulsed neut ron source for obt aining à large number of excit ed isomeric st ates after t he
capture of neut rons by nuclei :

n + (Z,þ ) ~ (z , y ~ ö " ~ (Z , _#_ + 1)" , (t he i som eri c st ate),

and à resonan ce detector cont aining the (2',N+ 1) nuclei .

In such exper iment à new l ight boson instead à ó-quant um could be emit ted wi th

a low probabili ty dur ing an isomer ic t ransit ion, and then absorbed in t he detector
excit ing the ini t ial isomeric state. Est imates show that with à T RI GA type reactor
and à detector wi th the volume of t ungsten-scint i l lator of 10 ! the sensi t ivi ty t o boson
emission of 10 ~~ would be achieved. For à pseudoscalar par t icle t hat value corresponds
to the level of sever al hundred Òå× in the scale of violat ion of Peccei-Quinn symmet ry

and is over two orders of magnitude higher t han the level achieved in t he most high
sensi t ivi ty accelerator-based experiments.

1. Yu.N.Pokot i lovski . Proc. of Ø Int . Symp. on Weak and Elect romagn. Int . in
Nuclei , Dubna, June, 1992, ð .878; T s. V ylov (Ed.), World Scient ifi c, Singapore,

1993.

Pis'ma Zh .Åõð.Òåî ãÆ | ., 1983, 37, 51 (In Russian); JET P2. Yu.N.Pokot i lovski ,
Let t , 1983, 37, 60,
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Áî ò å asp ect s of est im at ion of n ,å-am p l it ude

and neut r on p olar izab i l i t y

× .G.NQcolenko, À .Â .Popov
R ank Laboratory of Neutron Physi cs, JINR, Dubna

P b 1. T he physical importance of the à ,å-amplitude Ü„ , consist s in t he fact that i t

al lows determinaaion of t he neut ron mean square charge radius that is propor t ional to
(Ü„ , — àð ), where the Foldy term àð = — 1.468 mfm .

I t is impor tent t o note that , in spite of t he many year invest igat ion, t he problem of
Ü est imat ion has not been solved. A ll known precise resul ts fall into two groups: one
near — 1.55(5) mfm [1-3] and the other near — 1.32(4) mfm in the range cr i t ical for sign

assignment to the neut ron mean square charge radius .
So, t he obt ained in [2] value of bÄ, é Êåãâ from the est imates of refs [4,5] by nearly

10 errors and, as we have shown [6], t his is connected with difFerent mathemat ical
descr ipt ions of t he measured eff ect s. But the difFerence between the values — 1.49(5)
[1], — 1.55(2) [3] and — 1.31(4) [4,5] has not found any explanat ion up to now. And

âî , est imates of Ü„ , from [5] depend on the reliabil i ty and precision of the r ich set of
coherent ampl it ude Ü„ » values (for Bi ) obt ained in diff erent year s on the gravit at ional
spectrometer and (in the last t ime) on the interferometer and lie essent ial ly beyond
error limits. T hese Ü„ ð, lead Ñî the values of bÄ, from -1.32(3) to -1.43(3) .

ÁèòÜ uncer tainty evokes the necessi ty of analysis of the measurement and dat a pro-
cessing methods. Í åãå one more approach to n ,å-amplit ude est imat ion is proposed.
T he nuclear scat ter ing cross sect ion þ, (0) = 4~ãÂ'~(0) is calculated by ext rapolat ion

of known scat ter ing cross sect ions from the energy region of tens or hundreds å× to
Å =~ Î . T he values of Ü„ , are obtained from à comparison of o, (0) and 4m b y with
Ü„ ó, = Â ' (0) + Ü„ , Z . T he authors discuss also the discrepancy between the exist ing bÄ,

est imates and conclude that i t is yet impossible to rel iably determine the neut ron mean
square charge radius. T he obtained " nonmodel" est imates of Ü„ , agree nicely wit h the

resul ts [5].
Method

g , = const [5] — 1.30 ~ 0.06 — 1.32 ~ 0.04
À' = const [6] — 1.30 ~ 0.04 — 1.32 ~ 0.03

Ext rapolat ion cr, ~ 0 — 1.33 ~ 0.03 — 1.32 ~ 0.03

2. À reliable est imate of the neutron polar izabili ty (à „ ) depends on t he accuracy of
theoret ical descr ipt ion of the neutron- nucleus interact ion and the choice of correct ions

to be made in data processing. T he experimental dat a relat ive precision must be of
about 10 ~ and higher .

In refs.[7,8] t he nÄ value was est imated wi th the st at ist ical error Ü à „ î Å about 3
and 5 for Bi and Pb, respect ively. Schmiedmayer and col leagues [10] repor ted on the
new value for à „ = 1.20 2 0.15 2 0.20 that was obtained j ust by formal ext ract ion of à
propor t ional to É term (responsible for polar izability âñàÑÑåï ï ä cont r ibut ion) from the
energy dependence of cr, expansion into à power ser ies of the wave number k.

Òî pursue the aim of t he reliable est imat ion of a Ä one has Ñî cr i t ical ly examine
the analysis method and the diff erent factors that aKecC the accuracy of calculated à„
values. T he diffi cal ty of t he neut ron polarizabili ty coeffi t ient determinat ion is connected
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with the smallness of i t s cont ribut ion into cr, . So for à „ = 1 in 10 s fms , , by analogy
with measured proton polar izability ) t his cont r ibut ion makes from 10 â Ñî 10 ~ .

Our analysis of t he two methods of aÄ est imat ion and the descript ion we made of <ò,
by using the nuclear physical parameters have shown that the exactness of a Ä est imate
depends on var iat ions of t he resonance correct ions which are of about the same order of
10 â — 10 ~ . Âó using the neut ron scat ter ing cross sect ion dat a for Bi , ÐÚ and ~ Pb

from ãåÅâ [7,10] we invest igated st abili ty of the neut ron polar izabili ty a Ä est imate to
difFerent correct ions and dat a processing methods .

T he nÄ reest imated values [9,6] from data for Bi , Pb [7,8] and Pb [10] turn out
Ñî be sensit ive Ñî account of resonance cont r ibut ion uncer taincy and Ñî accepted values
of nuclear â- and p- scat ter ing radi i . T hat is why we conclude that t o t he exist ing à „
est imates (from Bi and Pb cross sect ions) not t he st at ist ical errors must be at t r ibuted,
but some 5-10 t imes higher uncer taint ies. I t is shown that t he result [10] should be

interpreted as à „ < 2.

R ef er en ces

1.M elkonian, Å ., et .al .: Phys. Rev . 1959,114,ð .1471.
2.Alexandrov , Y ., et .al .: Sov . J . Nucl . Phys., 1986,44,ð .900.
Ç.Alexandrov , Yu., et .al .: Yadernaya Fisika, 1974,20 , ð .1190.
4.K rohn, V ., Ringo, G.:Phys.Rev., 1973,D S, ð .1305.
5.K oester , L ., et .al .: Z. Phys. À , 1988,329 , ð .229
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P r op er t ies of p- and û - m esons i n dense and hot nuclear m at t er
near t he cr i t i cal p ion m ode soft en ing

G.G. B unat ian~, , Â . K am pf er

Ðî òçñÜèï óýõåï 1òèòï Rossendorf e. V., I nst . f ti r Ê åò.ï ; end Hadronenphysik

0 -8051 Dresden, PF 19, Ñåòòè,àï .ó

A bt r act :
The propagators of p- and û-mesons in nuclear matter are analyzed. Due to the strong
coupling to pions in p~s , v r nz , ðð~ãë etc. vertices, the ð,û-meson properties depend
sensitively on the behaviour of the ð|î ø ñ mode. Relying on previous invest igat ions of the
pion propagator in nuclear matter , we elucidate the main festures of É å ð- and û-meson
behaviour in dense and hot nuclear matter in the asymptotic case near the crit ical pion
mode softening. We fi nd that under such condit ions the p-meson mode becomes stifFer ,
while the û -meson mode softens. The widths of both the ð, û -mesons increase âù ø áñàëé1ó
and become essentially greater than the ones of free mesons.

permanent address: JINR Dubna, Lab. Neutron Physics, Head Post OfI1ce, P.Î .Â. 79, 101000 Moscow,
Russia

àÉâî : Inst . Theor . Phys. (KAI å.× .) , Tech. Univ. Dresden, Mommsenstr . 13, 0 -8027 Dresden, Germany
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Q uasi-par t icl e d escr ip t ion of à st r ongly int er act i ng p ion gas

G. G. B unat is n~, , Â . K am pf er

Forschungszentr um Rossendorf e. V., I nst . f ur K ern- und E adronenphysi k

0 -8051 Dresden> PF 19, Germany

A bt r act :

The pions system at nonzero temperature Ò, ò Ò N ò , , M ~ , is studied , the pion-

pion interact ion being descr ibed by underlying Weinberg Lagrangian . In t he framework

of Har tree approximat ion , t he pion self-energy par t and propagator are obt ained. T he

modificat ion of t he pion spect rum proves consist ing in the replacement of t he free pion

mass ò » by t he eff ect ive one ò (Ò), depending on temperature and increasing with the

temper ature growth . T he calculated thermodynamical quant it ies (t he density of pion

excit at ions, energy, ent ropy an d pressure) of consider ing system come out t o be smal ler

than î ï åÿ of the free pions system .

~permanent àñÛãåì : JINR Dubna, ÜàÜ. Neutron Physics, Head Post OfBce, P.Î .Â. 79, 101000 Moscow,

Russia

also: Inst . Theor . Phys. (KAI e.V .), Tech. Univ. Dresden, Mommsenstr . 13, 0 8027 Dresden, Germany
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Q u an t u m P h en om en a at Fast M o d u l at ion

of à N eu t r on W av e

D .Þ .A m andzolova, À Ë Æ àâ3ñ, V .G .N osov f

f Inst i t ute of General and Nuclear Physics RRC " K urchatov Inst i t ute" , M oscow

In à number of papers quantum phenomena are considered that are related to à
fast, per iodic in8uence exerted on à neut ron beam . Periodical chopping of neut ron
beam is t he simplest ñàçå. The following wave funct ion is found in [1],[2] for à per iodic
chop ýåã:

î î ~÷(éà~- ~,~4
ô (õ, t ) = - å'~~ '~+ — ~~ , É = 2õ( Ò, (>)

ö ~ ~) = ) ñ ã~'-™ '~
ï = - î î

~

û „ = ø + ï À , (2)

where Ñ„ àãå the Fourier coeffi cients of the modulat ion funct ion f (t ) .
I t was found in [2],[4] t hat the Ôãàï çï èé åé wave exhibit s à st ructure character ist ic

of space beats wi th à large-scale per iod of L = (uT )~/ õ Ë.

In the ñàçå of phase modulat ion i t is possible to reconst ruct t he init ial monoener-

get ic st ate wi th t he aid of à second modulator . Í åãå modulators act l ike à coherent
spl i t ter and combiner of neut ron waves. T he possibil i ty is considered of creat ing à
neut ron interferometer wi th beam s coinciding in space and based on this idea.

~

where û , = û + é (2ç — 1), lñ, = é [1 + (2s — 1) ó] ~ , 7 = É / û W 1. T hus, t he st ate in

the çåï è-space to t he r ight represents à non-stat ionary superposi t ion of waves, each

of which has an energy h eÄ and à cor responding wave number kÄ.
Òî obtain à st ate wi th à discrete energy spect rum it is not necessary to chop the

neutron beam simul taneously over the whole of i t s cross sect ion. Per iodic chopping
at each point of t he beam cross sect ion, even changing the moment of chopping from
point to point , wi l l do the j ob quit e well . In t his way we ñî ò å to t he problem of the
mot ion of a per iodic st ructure, à grat ing, across à beam [2] ,[3].

T he êà÷å funct ion of t he difracted neutron in t he laboratory reference system is
found by subsequent applicat ion of t he Gal i lean t ransformat ion to t he neut ron wave
funct ion in à moving reference system connected with t he grat ing. In t he l imi t , when
the grat ing has à high velocity and it s period, one readily ar r ives at t he formula (1),
given above. In t he same way was à solut ion found, also, for t he phase gr at ing.

I t has been shown in [5],[4] t hat the problem can be solved wi thout invoking the
precise solut ion of t he Schrodinger equat ion with t he corresponding t ime-dependent
potent ial . If t he act ion of some device located at õ = 0 being à per iodic var iat ion of

the ampl it ude or phase of t he ini t ial plane wave then as was obtained for z ) 0:



The above argument s make it easy Ñî obt ain à solut ion of t he problem for neu-

t rons ãåéåñÑåé from an osci l lat ing (magnet ic, for example) potent ial barr ier . In t he
st at ionary ñàâå, t he ampl it ude r of the wave refl ected from à potent ial U is given
by the usual solut ion of the st at ionary Schrodinger equat ion. In t he case of à t ime-

dependent potent ial the amplit ude ã(t ) is also readily found by formal subst i t ut ion
of t he quant ity U(t ) into t he corresponding expression for t he amplit ude. T he st ate
char acter izing the refl ected wave is à superposit ion of coherent waves, t he amplit udes
of which are the Fourier coeK cient s of t he funct ion r (t ) . Consequent ly, refl ected
waves corresponding to var ious satel li tes wil l exhibit difFerent refl ect ion angles and
energies. T he pict ure that ar ises can be i l lust rated by F ig.1.

Figure 1: Quant um re8ect ion

I t was est imated, t hat angular dist r ibut ion of refl ected waves may be quit e wit hin
the range of resolut ions exhibited by ordinary refl ectormeters.

À number of experiments is proposed and now in à preparat ion for t est ing the

theory.

R e f e r e n c e s
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[3] À .1.Frank and × .G.Nosov. Phys. Let t . À (1994) (in pr int )
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[5] À .I .Fr ank , V .G .N osov Quasi' -E n ergy of Cold N eut r ons an d N eut r on Ti m e I n -

1åò~åòî üï åé ó. Òî b e publ i shed in : F .D e M ar t in i , À .Zei l i nger (E ds.) Q u a n t u m

I nt er f er o m et r y , W or ld Scient i fi c, Singap or e, 1993.
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I N T E R A CT I ON OF W AV E S A N D PA RT I CL E S W I T H L AY E R ED M ED I A
(àÈ m ed ia can b e consider ed t o b e l ayer ed )

V.Ê .l gnatovi ch
Joint I nsti tute f or Nuclear Research, Dubna, Russia

T h e r esu l t s p r esen t ed h er e ar e r el at ed Ñî t w o t op i cs: 1) i n t er act ion of p ar t i cl es w i t h à

p er i od i c p o t en t i al àï é 2 ) à m od el of t h e b al l l i gh t n i n g .

P e r i o d i c p o t e n t i a l
U su al l y Ñî sol v e on e-d i m en si on al Sh r od i n ger equ at i on w i t h an ar b i t r ar y p ot en t i al è

m ean s Ñî fi n d t h e r e8 ect ion an d t r an sm i ssi on am p l i t u d es. I t i s sh ow n i n [1, 2] , t h at t h e

p hy si cal p r ob l em i s n o t ch an ged i f t h e p ot en t i al i s sp l i t by an i n fi n i t esi m al gap i n t w o

p ar t s at an y p oi n t . B u t t h e r e8 ect ion Â 12 an d t r an sm i ssi on Ò12 am p l i t u d es of t h e w h ol e

p ot en t i al ar e n ow r ep r esen t ed t h r ou gh t h e am p l i t u des of i t s p ar t s:

Â 12 = Â 1 +
1 2 T ~1™Ò12 = ( l i

R l ~ 2

T h e e q u a t i o n s ( 1 ) a r e v e r y u se f u l w h en w e c o n si d e r çå ï è i n f i n i t e p e r i o d i c p o t en t i a l . Í åãå

w e c a n c u t o f f o n e p e r i o d f r o m r em a i n i n g p a r t ( f i g . 1 ) ,

~

1 = 0

fi g .1

and if the refl ect ion, r , and t ransmission, t , of à single per iod are known, t hen the refl ect ion
Â of the whole potent ial is represented by the solut ion of the algebraic equat ion:

ß ~ = r + t R ( 1 — r R ) ' t , (2 )

For à scalar wave propagat ion the solut ion of (2) i s

) ( 1 + ã) 2 — t 2 — ( l — r ) 2 — ] 2
R ( 3 )

w h i ch con t ai n s àl l t h e f eat u r es r el at ed t o t h e B r agg st r u ct u r e of t h e r e8 ect i on sp ect r u m .

I t i s n o t d i fBcu l t Ñî ob t ai n a l so t h e B l och p h ase f act or

/ ( 1 ~- ! )2 — ã' — / ( 1 — ! ) ' — ã'
ex p ( i q l ) = / ( 1 + ! ) ~ r s 1. ( I — ~) ~ — ã~ '

w h er e ! i s t h e l en gt h of t h e p er io d an d q i s t h e B l o ch w av e n u m b er .

Òî get t h e r e8 ect i on an d t r an sm i ssi on am p l i t u d es fo r à p er i o d i c p ot en t i al w i t h à f i n i t e

nu m b er of p er i o d s i t i s n ecessar y t o n o t e t h at t h e p o t en t i a l w i t h à p er io d ! i s p er i o d i c

al so w i t h t h e p er i od L = n l . T h e r esu l t i s

(4 )



The equat ion (1) is applicable also to vector fi elds of any dimension. T his gives à way
for generalizat ion to 3-dimensional space. In par t i cular , i t is possible t o get à new method
for the dynamical difFract ion of waves on three-dimensional single cryst als [1] .

The same approach is applicable to any l inear equat ion of mathemat ical physics of
second order (âåå, for example, [3, 4]) .
T he bal l l i ght n ing

The model for bal l l ightning was const ructed during considerat ion of ult racold neut rons
interact ion with mat ter . This interact ion is described Úó the potent ial è() — — 43'Np6 where

Np is atomic densi ty and 6 ) 0 is coherent scat ter ing amplit ude. If Ü ( 0 t he pot ent ial
is at t ract ive. So the subst ance is represented Úó à potent ial well , where bound levels for

neut rons are ðî çÿ Û å.
I t is import ant Ñî not ice that not only t he well holds the part icle, but t he part i cle also

holds the wel l , | .å. i t compresses the subst ance as is i llust rated in fi g. 2.

~~~~

The compression force can be very import ant in neut ron st ars. But t he most interest -
ing is to consider an analogy with y-quant a. They are Âî çå part icles, can be accumulated
on à single level in any number and their compression force can be arbit rary high.

This leads t o à model of t he ball lightning [5] . I t can be visual izer as à shock wave
of à point explosion in an excit ed gas wi th à laser discharge at i t s front . The discharge
photons with t heir electrost r ict ive force may stop the shock wave. So the Úà11 l ightning
is à frozen spherical t hin skin fi l led with à great number of photons.
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ÐÊ Î Ì 1ÁÏ × Ñ2 A N D CR U CI A L E X A M P L E S

OF C L U ST E R R A D I OA C T I V I T Y P R OC E SSE S

S.G.Ê âñéï åëç1ñó
Voronezh State Üï ï ~åãçéó, Russi a

W.I .Furman
& ank Laborator y of Neutron Physi cs, JINR, D ubna

Óè.Ì . Tchuvi l sky
M oscow State Uni versi ty

T he general problems of the cluster radioact ivi ty study : an ad iabat ic or nonadiabat ic
char acter of t he process, i t s connect ion with fi ssion and à -decay, even-odd effect s, t he

fi ne st ructure, heavy and light cluster ñ àââ limi ts et c., are discussed. Special at t ent ion
is paid to t he experiments, that might help fi nding an opt imal t heoret ical approach to
the descr ipt ion of t he above char acterist ics of the process. T he wide-scale search for

the new examples of âèñÜ exper iments was car r ied out using our t heoret ical scheme[1].
Not many cases of cluster decay in the t radi t ional À ) 208 parent nucleus mass region
are the prospect ive obj ect s of à crucial experiment . M ost of t hem are presented in t he

table.
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Even the l isted above cases are diffi cult to be measured. To achieve the goal i t is
necessary to measure the cluster decay of à short - (No. 2-5), à very shor t - (No. 1,6),
and à long-lived (No. 10-13) isotope. Somet imes (No. 5,15) , t he p-decay infl uence is

st rong. In some cases i t is diffi cul t Ñî have the parent nucleus obtained. T hus one may
hope to have data measured for à few cases only. T he most interest ing of t hem are Nos.
1, 2, 8, 9-14 — where the new clusters are emi t ted, including the l ightest (1, 2) and the
heaviest (16) ones, as well as (5, 15), t he cases of t he decay of odd-odd nuclei .
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I n sp i t e of t h e d i ffi cu l t y of p er fo r m i n g m easu r em en t s w i t h o t h er p ar en t n u cl ei som e

of t h em ar e w or t h t h e eff o r t o f ex p er im en t al i st s. E v en ob t a i n i n g o f t h e u p p er l i m i t o f
t h e b r an ch i n g r at i o f o r t h e em i ssi on of à v er y l i gh t c l u st er ~Â å( — 1î ä ( Ã ' ~" / Ã ) = 14 .3 )

f r om ~~çÂ à , o r à v er y h eav y cl u st er ç~ß à f r om ~~~Ð è ( 17 .6 ) ,~~~ A m ( 19 .2 ) ,~~~ C r n ( 18 .7 ) an d

à su p er h eav y cl u st er ~çÑ à f r om ~~çÑ / ( 30 i n acco r d an ce w i t h o u r est i m a t i on s) w i l l

g i v e som e i n d i cat i on s of t h e cl u st er m ass d ep en d en ce of t h e b r an ch i n g r at i o s an d w i l l

b e an ad d i t io n al t est o f t h e k n ow n t h eor et i cal ap p r o ach es.

D u e Ñî t h e d i ffi cu l t y of r eal m easu r em en t s i n t h e d i scu ssed m ass ar ea , i t i s u sef u l Ñî

l o ok f o r n ew r eg i on s of cl u st er r ad i o act i v i t y . T h e o n e , fi r st i n d i ca t ed i n [2] , w as con fi r m ed

b y î ø ap p r o ach . T h i s r eg io n i n cl u des t h e p r o cesses w i t h t h e d au g h t er n u cl ei , cl o se Ñî
~~~ß ï , an d r el a t i v el y l i gh t cl u st er s ~~Ñ ,~ç 0 , et c . T h e fo l d i n g p r o ced u r e of t h e cl u st er -

n u cl eu s p o t en t i al eval u a t i on w as u sed . T h e i n i t i al p o t en t i a l w as t h e sam e àâ w e u sed

f or t h e À ) 208 r eg i on [Ö .

T h e ob t ai n ed r esu l t s ar e st r on gl y d i fFer en t f r om t h o se fo r t h e À ) 208 r eg i on .
F or ex am p l e , i n t h e ñàçå of t h e ~~~Â à - +~~ Ñ + ~~~ S n d ecay t h e b r an ch i n g r at i o i s

! î ä ( Ã / Ã ) = — 0 .4 . T h e h al f - l i f e of t h e ~~Ñ -d ecay , Òä~~ — — 6 x 10 s ec , an d t h e r at i o ,

( Ã / Ã „ , ) ò 10 ~, m ak e t h i s d ecay ob ser v ab l e . T h e ch ar act er i st i cs of an o t h er ex am p l e ,
è âÑ å — +~â Î + ~î ã Á ï , ! î ä ( Ã , ./ Ã ) = + 3 .7 , Òö ~ = 8 .8 x 10~, ( Ã / Ã „ , ) ò 10 - ç , 10 - ~, ar e

as go o d as p r ev i o u s on es. O t h er v ar i an t s of cl u st er d ecay i n t h i s r eg i on d o n o t h av e

su ch go o d ch ar act er i st i cs b u t m ay b e p r ef er r ed as g i v i n g t h e p o ssi b i l i t y of o b t a in i n g t h e

p ar en t n u cl eu s.
I t i s i n t er est i n g t o n o t e t h a t o t h er t h eo r et i cal ap p r o a ch es [3 ,4 ] g i v e t h e w i d t h val u es

f o r t h e em i ssi on of t h e ~~C an d ~ç0 clu st er s m an y ( r esp ect i v el y 4 — 8 an d 8 —: 12 )

o r der s of m ag n i t u d e l ow er t h an ou r cal cu l at i o n d oes. So , f u r t h er ex p er i m en t s sh ou l d b e

p er f o r m ed Ñî t est d i fFer en t t h eo r et i ca l ap p r oach es .
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