
L A B OR A T ORY OF N E U T R ON P H Y SI C S
OF ÒÍ Å J OI N T I N ST I T U T E F OR N U CL E A R

R E SE A R C H

The Joint Inst i t ut e for Nuclear Research (JINR) is t he internat ional cent re for exper iment al
and theoret i cal research in t he fi eld of element ary part icle physics, nuclear and neut ron physics,
condensed mat t er research and some other related topi cs.

The Convent ion est ablishing JI NR was signed on 26 M arch 1956 by the Plenipot ent iar ies
of the Government s of t he M ember St at es, and the Chart er regulat ing the act ivi t ies of t he
Inst i t ute was adopted on 23 Sept ember the same year .

The research poli cy of JI NR is handled by the Scient ifi c Council which is convened twice
annually.

The st ructure of JI NR is determined by it s specializat ion and by the pr inciple of governing i t
internat ionally. Current scient ifi c and fi nancial aff ai rs of t he Inst i t ute's Laborat ories, common

services as well as t he work of several specialized department s are guided by the Inst i tut e

Direct orat e.
Among t he JI NR common services there are: l ibrary, publishing depar tment , exper iment al

physics facil i t ies division , medical service, et c.
The Laborat ory of Neut ron Physi cs is one of seven JINR Laborator ies. I t was est ablished in

1956, soon after t he foundat ion of JINR. In 1960 t he idea of Prof . D .I .Blokhint sev (11.01.1908-
24.01.1979) was successful ly real ized: à pr incipal ly new source of neut rons was put into opera-

t ion. The creat ion of à pulsed reactor has act ually ini t iated à new direct ion in t he development
of . research neut ron sources.

An extended scient ifi c program was carr ied out on t his new source under the leadership of t he
Laborat ory direct or Prof . I .Ì .Frank (23.10.1908-22.06.1990) and his deputy Prof . F .L .Shapiro
(06.04.1915-30.01.1973).

A cademician, 1958 Nobel Prize W inner for Physics, Prof . I .Ì .Frank was at t he head of t his
large internat ional body for over 30 years. During these years à whole family of unique pulsed
neut ron sources for nuclear physics and condensed mat ter research were being designed, con-
st ructed and operated. In 1983 the new high fl ux pulsed react or IBR-2 was put int o operat ion

at t he Laboratory.
Today the scient ifi c act ivi ty of the Laboratory is connect ed wi th two fi elds of physics: sub-

atomic physics and condensed mat ter physi cs. The former includes invest igat ions of t he neut ron
as element ary part icle and the st udy of compound nuclear states in the react ions induced by
slow neut rons. The lat t er comprises the study of t he mechanisms of superconduct ivi ty, t he in-

vest igat ion of other urgent problems of the physics of sol ids, surfaces, l iquids and of molecular
biology. Besides, works are being carried out on t he use of nuclear physics methods for applied
research.
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D I R E C T O R ' S R E P O R T

This report covers the act ivi t ies of the Laborat ory of Neut ron Physics in t he year from 1
Oct ober 1990 t o 1 Oct ober 1991 in connect ion wi th the fact t hat t he neut ron sources at LNP
t radit ionally operate for physical exper iment from mid-Oct ober t o mid- June next year and have

à scheduled shut down for improvement and maint enance from June to Oct ober .
The past year was à diffi cul t year for the Laborat ory. Nevertheless, on t he whole, i t was à

successfull and reassuring year .

N e u t r o n So u r c es

The pulsed react or of periodic operat ion I BR-2 st i l l remains t he most high fl ux pulsed

neut ron source in the wor ld. Both in 1990 and 1991 the reactor worked faul t lessly. I t has run
2570 hrs in 10 cycles for physical experiment . Pulsed react ors of periodic operat ion produce
high neut ron fl uxes and are, at the same t ime, very economic. So the act ive core of the IBR-2 is
designed for about 20 years of cont inuous operat ion in t he present regime. In à shorter period
of 5 years t he moving refl ect or must be replaced, having worked out i t s radiat ion resource. Next
t ime i t i s Ñî be replaced in 1993. In 1991 work went on manufactur ing t he moving refl ector of
à new design to allow reduct ion of t he neut ron pulse widt h by à fact or of 2.

The main t ask of the 1991 year program for upgrading t he IBR-2 was t o manufact ure à
solid met hane cold moderator . After t est ing i t wi l l be inst alled to bring à tenfold increase in
cold neut ron fl ux . As the result , on three channels (No. 4,5,6) t he cold neut ron fl ux wil l be 10
t imes higher than that from the I SI S, for example. T he present st at e of t hings al lows one to
think t hat in aut umn 1992 t he moderat or will be inst alled on the I BR-2 react or .

T he I BR-30 booster with the l inear elect ron accelerator LUE-40 as t he inj ect or serves mainly

nuclear physics exper iments. In the reported year i t s running t ime amount ed t o 2240 hours
in 9 cycles. In prospect t he boost er will be replaced by t he new High Resolut ion Neut ron
Source (HRNS) that would generate up t o 2x 10~~n/ sec wi th à pul se width of up t o 0.5 psec.

In 1991 the Laboratory in cooperat ion wi th the Inst i tute of Nuclear Physics of the A cademy of
Sciences of Russia (Novosibi rsk ) and NI CIET (M oscow) were carrying out design work on the
linear elect ron accelerator and the t arget .

R e se a r c h P r o g r a m

T he Laborat ory 's three main areas of research are fundament al and nuclear physics, con-

densed mat ter physics and applied research (use of nuclear physics facil i t ies and met hods for
analysis of indust r ially produced materials, development of manufact ur ing technologies of new
HT SC materials and design and const ruct ion of advanced physical inst rument s) . Scient ist s and
engineers of the Elect ronics and Comput ing Department t ake act ive ðàãÑ in development of the
spect rometers suit of the Laboratory. T hey are also responsible for upgrading and operat ion of
the Laboratory 's Comput ing network . T he main scient ific result s obt ained by scient ist s of t he

Laboratory are reviewed ðåã areas. Í åãå are j ust some of t hem .
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Theoret i cal invest igat ions went in close connect ion wi th main experiment al programs. M ea-

surement of t he neut ron li fet ime using ul t racold neut rons (discovered in 1968 by à t eam of
LNP scient ist s led by lat e Prof . F .L .Shapiro) is present ly t he most perspect ive direct ion of
research. À theoret i cal study of interact ion processes of UCN 's wi th t rap's wal l s has shown

that uncert ainly in r value could reach 6 sec due t o gravity correct ions. High temperat ure
superconduct ivi ty remains one of t he int riguing problems of the physics of condensed mat ter .
Calculat ions made in the past year evidenced in à most convincing manner in favour of t he
correspondence between the Superconduct ing Glass Model and t he behaviour of oxide super-

conductors in ext ernal magnet i c fi el ds at t emperatures higher than 0.7 Ò, .
An original method for measuring t he neut ron li fet ime proposed at LNP has yielded the

most precise for t oday value of òä~~ — — 888.4 sec. This resul t was obt ained in j oint measurement s

carried out by LNP and PI NP scient ist s at the reactor in Gat china. Further advance in precision
is l imit ed by UCN fl ux densi ty (10 n/ cms). In 1991 à proj ect formed to bui ld à new faci l ity on

the high fl ux react or of aperiodic operat ion at the Inst i t ute of Experimental Physi cs (Arzamas),
ear l ier used for indust rial purposes only, t o enable product ion of UCN 's wi th à densi ty of 5 õ 10
è/ cm~ (note, for compar ison, that I LL , Grenoble, avails of 10~ n/ cmÐ).

À number of new resul t s were obt ained in à study of compound st at es of nuclei . Observat ion
of y-cascades following thermal neut ron capture of Gadolinium-157 evidenced for possibi l i ty of
single part i cle t ransi t ions between 4S and 3P neut ron shells at t he energy of 2 t o 3 Ì å× .
I t is impossible to observe t hese eff ects wi th t he other nuclear spect roscopy met hods. T he
j oint efFort s of t heor ist s and experiment al ist s have successfully promoted invest igat ion of fission

processes.
À systemat ic st udy of t he st ruct ure of y t t r ium high temperature superconduct ors on copper

subst i t ut ion has yielded à curious resul t : t he subst i t ut ion si t e (in à plane or à chain) is not of
so à crucial import ance as i t was believed before. T he import ant role play purely st ructural
propert ies (å.g. t he bond length) that need Ñî be fur ther invest igat ed.

The neut ron difFract ometer for real t ime measurements DN-2 and the t exture diff ractometer

NSV R open vast possibi li t ies for applied neut ron diff ractomet ry.
Òî promissing resul t s, though requiring fur ther analysis, belong the resul t s of SA NS in-

vest igat ions of micellar systems. The SA NS method gives the possibil i ty, ofFered by ï î ot her
method, of ext ract ing new informat ion on the physical chemist ry of solut ions.

The t ime-of-fl ight spect rometer on polarized neut rons provides for an effi cient way of st udy-
ing propert ies of surfaces. This spect romet er operates in two modes: polar ized neut rons re-

fl ect ion from and t ransmission through à sample. T he t ransmission mode appeared ext remely
informat ive also in the study of the dynamics and electromagnet ic propert ies of HT SC's.

The past year saw the st ar tup of t he new inverted geomet ry spect rometer NERÀ-PR for

inelast ic neut ron scat tering studies wi th à higher resolut ion than i t was provided before by
the K DSOG-Ì spect rometer of analogous design. T he new spect rometer allowed refi nement
of the dat a on phonon spect ra of yt t r ium high temperature superconduct ors. T his method of
inverted geometry comes out to be highly effi cient in studying magnet ic excit at ions in f-elect ron

systems.
In t he fi eld of applied research there should be especial ly emphasized t he eff or t s of t he

scient ist s of t he Low Temperat ure Physics Division in invest igat ing t he problem of buil ding
SQUI D 's from HT SC mat er ials.
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An ext ended front of invest igat ions were carried out Úó the neut ron act ivat ion analysis
method. For them à special ized air-operat ed system REGATA for sample t ransport at ion was
inst al led on t he IBR-2. The t ime of t ransport at ion of à sample after i rradiat ion t o à detect or
is 12 sec. T he × àï -de-Graaf machine serves element analysi s experiment s wi t h single charge

þ ï ÿ of Í , Í å, Ñ, N , 0 accelerated t o energies from 0.7 t o 6 Ì å× .
In 1991 work cont inued on modernizat ion of ex ist ing and const ruct ion of new spect rome-

ters. T he at tent ion of t he Lab's direct orate concent rat ed mainly on the const ruct ion of two

diff ractomet ers on channel 5: t he High Resolut ion Fourier Diff ractomet er and t he Powder
Diff ractomet er for T ime Resolved St udies. Their const ruct ion is planned t o be complet ed and
fi rst experiment s st ar t ed in spring 1992.

Const ruct ion of t he HRFD is à concept ual ly import ant t ask . M ast er ing Four ier-analysis
technique would give reduct ion of the neut ron pulse width down to 7 psec and à resolving
power of A d/ d= 5x 10 4 at t he high t ime-averaged fl ux on the sample of 10~ï / cmÐsec. New

possibi l i t ies wil l open and t o real -t ime experiment s: resolut ion of up t o 300 psec and the
averaged fl ux of 5x 10 n/ em~sec.

The reconst ruct ion of the POLYANA spect rometer for experiment s wi t h polar ized neut rons
and nuclei has been accomplished t his year . On i t exper iment s wil l cont inue on the study of
enhanced parit y violat ion eff ect s in resonances discovered by t he Ü.Â .Pikelner 's group in 1982.

Scient ist s of t he Laborat ory report ed on t he resul t s of t heir st udies at many an int ernat ional
conferences and meet ings. Some of them were host ed by the Laborat ory and some were orga-
nized wit h i t s part icipat ion. T he l argest was the V I Int ernat ional School on Neut ron Physics,
one in à series of regular meet ings hosted by the Laboratory every four years since 1969. The
important resul t of these Schools is ext ending int ernat ional cooperat ion. So at t he V I School
i t was decided Ñî organize two workshops on the scat tering of neut rons in condensed mat t ers,
one in USA and t he other in France.

T r a i n i n g C e n t e r

A t t h e b eg i n n i n g o f t h e 19 9 1 y ea r t h e D u b n a b r an ch o f t h e M o sco w St a t e U n i v e r si t y t h a t

st a r t ed w o r k i n 19 6 1 o n t h e i n i t i a t i v e o f P r o f . D .I .B l o k h i n t sev , t h e fi r st D i r e c t o r o f t h e J I N R ,

h a s b een r eo r g a n i z ed i n t o t h e T r a i n i n g C en t er a t t h e J I N R . T o t w o ea r l i er c o u r se s o f t r a i n i n g ,

i n t h e p h y si cs o f e l em en t a r y p a r t i c l es an d i n t h e p h y si c s o f n u c l eu s , t h er e a d d ed t w o m o r e ,

i n n u c l ea r m e t h o d s a s a p p l i ed t o co n d en se d m a t t er r esea r ch an d i n r a d i a t i o n b i o l o g y . T h e

f o u n d er s o f t h e T r a i n i n g C en t er a r e t h e J I N R , t h e M o sco w St a t e U n i v er si t y an d t h e M o sc ow

E n g i n ee r i n g P h y si c a l I n st i t u t e . St u d en t s o f t h e se an d o t h e r h i g h sch o o l s l i v e an d st u d y i n

D u b n a d u r i n g t h e i r t w o sen i o r y e a r s t o h av e sp e c i a l i ze d k n ow l e d g e an d t r a i n i n g f o r w o r k o n

m o d er n n u c l ea r r e a c t o r s a n d a c cel e r a t o r s . T h i s sp ec i a l i z ed t r a i n i n g i s e sp ec i a l l y i m p o r t a n t f o r

f u t u r e i n v est i g a t o r s o f c o n d en se d m a t t e r s . T h e T r a i n i n g C en t r e i s o p e n t o st u d en t s f r o m a n y

co u n t r y an d n o t o n l y f r o m t h e J I N R M em b er St a t es .
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P e r s o n n e l

During the past year t here were some changes in the organizat ion of t he L aborat ory,
including t he format ion of two new research divisions - the Low Temperat ure Physics Sector

(head Â .× .Vasil iev ) and the Radiat ion Research and Neut ron A ct ivat ion Analysis Sector (head

V .Ì .Nazarov ).
In June 1991 t he Scient ifi c Council of the JINR has appointed by elect ion Prof . Yu.P.Popov

and Dr l .Natkaniec to serve t heir second three-year t erms as Deputy-Directors of LNP. Dr l .Nat -

kaniec supervises work of t he Condensed M at ter Physics Depart ment and the Elect roni cs and
Comput ing Department . Prof . Yu.P.Popov direct s work of the Nuclear Physics Depart ment ,
A pplied Research Depart ment and the Radiat ion Research and Act ivat ion Analysis Sect or .
Dr . V .G.T ishin was appoint ed t o head t he Elect ronics and Comput ing Department .

The number of st afF decreased by 30 peoples mainly due to reduced number of scient ist s
from the JINR M ember St ates (except for t hose from the host ing St ate of the JI NR) to amount
to the t ot al of 580 peoples on 1 October 1991.

On 15 July 1991 the JI NR and BM FT have signed agreement on scient ifi c cooperat ion and
part icipat ion of Germany in scient ifi c research in Dubna.

× .Ü .A k sen ov
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T h e I B R - 2 P u l s e d R e a c t o r

In the ðåï î é from 1 Oct ober 1990 t o 1 October 1991 t he IBR-2 has operat ed for 2569
hours (10 cycles) t o feed the physical experiment s st aged on 11 beam-l ines.

The IBR-2 performance in the report ed period is det ai led in Table 1.

Beginning from Oct ober 1987 the ?ÂÈ; 2 operat es wi th t he new moving refl ector , M R-2
(PO-2), in place of t he first moving refl ector , M R-1 (PO-1), having run 13211 hours since the

reactor st ar tup. T he Ì Â; 2 design service t ime is 18000 hours. I t s operat ing age by 1 Oct ober
1991 amounted t o 12166 hours. T he maximum fl uence the Ì Â; 2 blade is buil t t o sust ain is
6.7 õ 10~~ n/ m~. Âó 1 October 1991 i t was 4.38 õ 10~~ n/ mÐ.

T he annual program of measurement s on the I BR-2 react ivity power effect has been suc-
cessful ly performed. The det ai ls are reported in t he fol lowing sect ions.

T ab l e 1 T h e ch ar act er i st i cs of t h e I B R -2 r eact or op er at i on i n t h e r ep or t ed p er i o d

1 ,

2

3 ,

2 MW
1500 MW
215 ,èíåñ

Average thermal power
Peak power in pulse
Half widt h of fast neut ron pulse
T hermal neut ron fl ux density from surface
— of fl at moderat or ,

t ime averaged ,
same at burst maximum

— of grooved moderator ,

at burst maximum
Pulse repet i t ion rat e

5 õ 10~~ n/ (cm~sec)
4 õ 10" ï / (ñò ~ÿåñ)

19~åä ä ~ä~ã~~~~

5 ð .ð . s.

~

I B R - 2 I n v e s t i g a t i o n s . M a i n r e s u l t s

T hese regular invest igat ions have t he aim of providing exper iment al confi rmat ion of t he
st able and safe operat ion of t he react or . T he collect ed dat a are used t o est imat e rel iabi l ity of
the whole react or and of i t s component s.

M o n i t o r i n g a n d d i a g n o st i c s o f t h e r e a c t o r

Act ual ly, t he parameters of t he reactor are st able on average. At t he same t ime the extent
of reactor noise varies dur ing operat ion and it can be t aken as the indi rect paramet er of t he
current reactor st ate cont rol . In t he IBR-2 reactor t his cont rol is execut ed by two t ight ly bound

systems, one for moni tor ing and the second for diagnost ics of t he reactor st ate.
Noises are being measured and t he data collected dur ing every reactor cycle to yield main

st at ist ical charact erist ics of power pulses, react ivity and moving refl ect or fl uct uat ions. T he

17



1 2 .0Fig.1.1. T he clust er ing t ime diagram (t he step-

l ike diagram ) and power fl uctuat ions dur ing the
reactor performance wi th the M R-2 moving re-

fl ect or .
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noise spectrum analysis by the pat tern recognition method helps to reveal anomalous spectral
structures. During the reported 1991 year the 1ÂÂ; 2 operated in the same st able regime as
in 1990. Changes in reactor ï î ëå extent are illustrated in Fig.1.1 through power fl uctuat ion
standard deviat ions (SD) and cluster t ime characteristics. The noise extent t ransit ion seen
at the outlet of this curve refl ects vibrat ion instability of the MR-2 in the init ial period of
operation. Then the curve shows stabil izat ion and further perfect operation of the refl ector .
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Fig.1.2. The average power spectral density represent ing the 7th (see Fig.1.1) cluster center
(solid l ine) with 2 standard deviat ions (dashed lines) in every frequency channel . The split t ing
of the full frequency interval into three is shown.
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Another charact erist i c of the noi se extent is t he averaged spect rum , the " clust er 7" cent er

shown in Fig.1.2 by t he solid l ine. The dashed l ines represent st andard deviat ions in each of t he
frequency windows. The tot al frequency int erval is divided int o t hree, low , medium and high
frequency, windows. These windows can be processed separat ely t o ext ract det ai led informat ion
about changes in react or performance. For example, t hus obtained informat ion evidences, t hat
the st at ist ical charact erist i cs of t he new power fl uctuat ion source, fi rst observed in 1989, did
not change in t he reported period (t he frequency from 1 t o 1.5 Hz in t he window ( [80, 170],
Fig.1.2 ) . T his source appears at an average power of 0.9 M W and i t s int ensi ty grows by 1.2%
(in SD uni t s) with t he increase of power t o 2 M W . I t s connect ion has been est ablished wit h the
vibrat ions of t he moving refl ect or , M R, or t o be more exact , wi t h the vibrat ions of i t s mount ing
hardware and helium j acket .

Addit ionally, à narrow region ( [175-185] window in Fig.1.2 ) wi t h the peak , which refl ect s

the moving refl ect or behaviour,was analysed. This peak is responsible for the appearance of two
subclust ers (t he reactor subst ates) . À cyclic t ransi t ion from one t o the ot her is observed with
the t ime of occupat ion of each substat e being ï î shorter t han à complete two-week cycle. T his
observat ion can be explained Úó the fact t hat t he vibrat ions of t he moving refl ect or depend on
i ts st ar t up condi t ions. T he react ivity var iat ion corresponding to t his t ransi t ion is on t he level
of only 6 õ 10 ~Ü Ê / Ê and t hus infl uences nei ther the operat ion charact erist i cs nor safety of

the reactor .
The " ï î ë å pat tern" of t he IBR-2 operat ion in the report ed period gives evidence of st abil i ty

of the fl uctuat ions due t o react or and modulat or hardware and shows ï î t endency towards their
aggravat ion or degradat ion. T he noise component due to the cooling system remains unchanged
too.

In the reported period measurements on the sensitivity of the diagnost ics' system have been

undertaken. This diagnost ics system based on the pat tern recognit ion method has been shown
to be capable of extracting anomalous fl uctuations on the level of about 10 ~Ü Ê / Ê .

O p er at i on s

The annual measurement of the dynamical characterist ics of the IBR-2 reactor was performed
during the scheduled reactor cycle in Ì àó, 1991. The mean reactor power was 2 MW , the sodium
circulation fl ow rate 90 ï Ð/ h. The prompt power was modulated with reactivity adjustment rod
(AR). The swing of AR displacements was 9 steps (it is about 15 mm). This swing corresponds
to about 10% power relat ive variation. The period of reactivity variation was 0.2 sec, which is
160 t imes as much as the reactor pulsat ion period. À specially developed computer t reatment
has shown that the dynamical parameters of the IBR-2 reactor remained unchanged in the
reported period. The stability threshold at à fl ow rate of 90 òï ~/ h was est imated to have its
earlier value of 8 MW, at à ßî ~÷ rate of 65 ms/ h this est imate is about 2 MW .

I B R - 2 D e v e l o p m e n t

T h e P C - b ased C o n t r o l an d M on i t o r i n g Sy st em ( P C C M S)

Work has continued to improve the IBR-2 control and monitoring system in à search or
higher reliabil ity of control of the reactor state and the state of the maintenance equipment .
At the same t ime the system has been under constant development to increase it s informat ion
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capabi l i ty on the basis of recent achievements in t he fi eld. In 1990 the K FK I (Budapest , Hun-

gary) has advanced à Detai led Plan for t he creat ion of an automated cont rol and .:moné oï ng
syst em for the IBR-2 reactor . Soviet expert s have approved the Plan and t he cont ract has been
signed in Ëèï å. 1990, between t he JINR and the fi rm " M etripleks" for t he supply of t he fi rst

assignment , t he IBR-2 technological parameters cont rol system equipment . T he del ivery of t he

system component s has been accompl ished by Ì àó 1991 and assembly work has st ar t ed. T here
was star ted test operat ion of t he system in parallel wi th the exist ing equipment in t he end of
1991. This wil l help t he st aff Ñî get adapt ed Ñî t he system and develop new, more convenient
programs for t he dat a acquisit ion and t reatment . The whole PCCM S complex comprises, be-

sides the equipment for t he technological parameters cont rol , also the equipment of t he reactor
st ate cont rol system and elect roni cs Ñî execute necessary logic operat ions of reactor moni toring
and shielding (Fig.1.3 ) .

Fig.1.3. Schemat ical st ructure î Ã the PCCM S complex of t he IBR-2 reactor . 1. Emergency and

moni toring signal system. 2. React or parameters cont rol system . 3. Technological paràò åÔåãÿ
cont rol system . 4. Informat ion and diagnost ics system. 5. Input signals. 6. Output moni t or ing
signals.

T h e m ov in g r eAect or , M R - 2P M

Work has cont inued to build the new moving refl ector MR-2PM, in which the combination of
the heterogeneous structure of nickel rotors with the opposite motion of the main and auxill iary
refl ector would be realized. In the reported period à considerable number of the new machine
components have been manufactured and much attent ion given to st rength control of the rotors.

So l i d m et h a n e c o l d m o d er a t o r

Work on t he creat ion of à sol id methane cold moderator (SM CM ) for t hree IBR-2 beam-

lines (No.4,5,6) is now nearing complet ion. T he schemat ical view of t he moderator is shown in
Fig.1.4. T he neut ron moderat ion medium is sol id methane at 20 Ê cooled wit h gaseous helium

20
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Fig.1.4. The schemat ical view of t he solid met hane
cold moderator .

~

I
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~~~~
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a t 10 - 15 Ê . T h e ex p ec t ed ef f e c t i s à t en f o l d r i se o f

t h e co l d n eu t r o n fl u x i n t h e d i r e c t i o n o f t h e t h r ee

ab o v e i n d i c a t e d b eam - l i n es . I n t h e r ep o r t ed p er i o d

t h e d e si g n w o r k h a s b een c o m p l e t ed , t h e m e t h an e-

h el i u m ch a m b er , t h e m a i n c o m p o n en t o f t h e m o d er -

a t o r , m a n u f a c t u r e d a n d v a c u u m t est e d . St r a i n m ea-

su r em en t s o f t h e ch a m b er w er e a l so p er f o r m ed i n à

w i d e t em p er a t u r e r an g e u p t o t h e w o r k i n g t e m p er a -

t u r e o f 2 0 Ê . À t est r i g f o r t h e m o d er a t o r h a s b een

co m m i ssi o n ed t o co n d u c t c o l d t est i n g o f t h e m o d er a -

t o r . T h e p r ep a r a t o r y w o r k f o r t h i s t est i s n ow u n d er

w ay . T h e n ew l i q u i d h el i u m p r o d u c t i o n m a ch i n e w as

a d j u st e d an d st a r t ed su p p l y o f t h e l ab o r a t o r y p h y si -

c i st s w i t h l i q u i d h el i u m .
A n i n st r u m en t t o m e a su r e so l i d m et h an e sw el l i n g u n d er r e a c t o r r a d i a t i o n h a s b een d ev el -

o p ed . T h e i n st r u m en t h as g u ag es t o h el p m ea su r em en t o f t em p er a t u r e s an d v o l u m es o f sm a l l

m et h a n e b ox e s w i t h fl ex i b l e w a l l s . T h i s i n st r u m en t i s t o b e i n st a l l ed n ea r t h e I B R - 2 w a t er

m o d er a t o r b y t h e f a l l o f 19 9 1 an d i r r a d i a t ed d u r i n g t w o o r t h r ee sch e d u l e d cy c l es t o d ev el o p

p er f ec t co n d i t i o n s o f so l i d m e t h an e c o l d m o d er a t o r p e r f o r m an ce .

T ab l e 2 : C h ar act er i st i cs of p ot en t i al al t er n at i v es t o t h e I B R -2

V er sion Ì åàï
power ,
M W

T hermal
neut ron fl ux ,
relat ive,
n/ sec

T her m al
neu t ron
pul se

psec

B ack gr ou n d

~~

3 0 0

~

I B R -2

I BR-2 ,m o d i fi ed

— P u O q fu el

— U f uel

— N p f u el

I B R -Ç, n ew

con cep t of

r eact or desi gn ,
— U f uel

— N p f u el

LANSCE, ISIS

~

1.3

0.8
0.5

110

125

80

4

0 .4

1.3

0.06

à.î ~

115
30- 50

30

3 — 4

1 . 3 — 3

2 1

p ower ,

%

6

2 0

1 .3 — 3



C o m p a r a t i v e ch a r a c t e r i st i cs o f p o t en t i a l a l t e r n a t i v es t o t h e c u r r e n t I B R - 2 r ea c t o r

There are plans Ñî st art const ruct ion of à modifi ed version of t he IBR-2 react or on terminat ion
of the fi rst fuel cycle of t he ÐèÎ ð core in 1995 — 1996. Some alternat ives were discussed during
the year , including those, which off er replacement of plutonium wi th some other fi ssile mat erial .
The conclusion was made that some of them could ensure short er pulses (t o 50 psec), some
lower background power (2-3%), but none could bring simult aneous improvement of t he three
main parameters of t he neut ron source: t he fl ux , the pulse durat ion , the background power
(see Table 2). Preference was given t o PuOq as the fuel , as it helps t o keep high the thermal
and cold neut ron fl ux , t he most advant ageous paramet er of the 1ÂÍ ; 2 react or , which is now
about 100 t imes as much as that from t he spallat ion neut ron sources.

T h e B o o s t e r I B R - 3 0 + L U E - 4 0

The I BR-30 + LUE-40 Üàç resumed operat ion on 21 June, 1990 aft er the shut down for main-

tenance and machine development . T he user running t ime actually achieved in t he report ed
period was 2243.6 hours (9 cycles). Det ailed informat ion on t he IBR-30 + LUE-40 operat ions

is given in Table 3. In 1991 the Design Department st aff of the LNP have developed à new
t ant alum t arget for t he I BR-30. The realizat ion of this design would allow more eff ect ive use
of phot oneut rons in t he core and uniform dist r ibut ion of heat release over t he fuel elements
around the t arget channel . Schemat ical views of t he now operat ing t ungsten t arget and of t he
new t ant alum t arget are given in Figs. 1.5 and 1.6. T he new t arget has been manufactured

and is under test now.

T ab l e 3 : T h e p ar am et er s of t h e I B R -30 b oost er

Elect ron energy
Elect ron pulse durat ion
Frequency
Current in pulse
Average current
Average elect ron beam power
Target material
Mult ipl icat ion
Neut ron pulse durat ion
Mean t hermal power
Average intensity

~

F i g .1.5 . T h e n ow op er at i on al t u n gst en t ar get F i g .1.6 . T h e p r op osed n ew t an t al u m t ar get

ß Ñ»



T he high resolut ion neut ron source (HRNS) is proposed t o replace t he now operat ing U-Pu
boost er , IBR-30. I t would be à subcri t ical , highly enriched uranium t arget on the basis of à
powerful l inac LUE-100. T his source would produce up to 2 õ 10~î ï / sec wit h à pulse durat ion

below 1 psec and à pulse repet i t ion rat e up Ñî 200 Hz t o serve t he nuclear physi cs exper iments
by t he t ime-î Ù Û method. T he quali ty of t he source is expected to exceed t hat of t he current
I BR-30 booster by two orders of magni tude. Design st udies go in two di rect ions, one for the
const ruct ion of the new LUE-100 elect ron accelerator and the second for the fabr icat ion of the

uranium t arget .

T h e E l e c t r o n A c c e l er a t o r L U E - 10 0

À conceptual st udy has been undert aken for t he bui lding of t he elect ron accelerator wi th
the parameters: beam power 10 kW , electron energy 150 Ì å× , elect ron pulse durat ion 0.3
psec, pulse repet i t ion rate 200 Hz. The possibil i ty t o act ually achieve t hese parameters has
been proved, t he const ruct ion cost est imated, t he development engineering organizat ions and
manufacturer provisionally out l ined.

T h e M u l t ip ly in g T ar get St at ion

Conceptual studies have Úååï undert aken for the const ruct ion of t he uranium mul t iplying
t arget t o yield t en versions including neut ronics and thermohydrauli cs aspect s of const ruct ion.
The account of t his work has been released and t he choice made on i t s basis. Plans and
specifi cat ions have been drawn of t he HRNS with t he elect ron accelerator Ñî 150 Ì å× and t he
beam power of 10 kW . The 90%-enriched èãàï ù ï í ï î 1|ÜÉåï |ø ï alloy wil l be t aken as t he fi ssi le

material . The conversion media are t o be natural uranium and mercury. T he core wi l l be cooled
wit h à compulsory ai r fl ow and the convert er by means of t he nat ural convect ion of mercury.
The operat ional value of t he mult iplicat ion factor has the upper l imi t of 0.98. In t he st at ionary
mode of t he booster t he core produces the power of 20 kW , the intensity of 0.9 õ 10~~n/ sec,

the fast pulse durat ion of 0.45 @sec and t he delayed neut rons background of 10%. The t arget
const ruct ion al lows t he react ivi ty modulat ion wit h the help of t he four-blade neut ron refl ector ,
which rot at es at 50 cycles per second. In t his mode t he power yield would be 50 kW at t he
maximum value of 0.98 for mul t iplicat ion factor , t he neut ron beam intensi ty 2 x 10~~n/ sec at

200 Hz pulse repet i t ion rat e, t he pulse durat ion 0.9 psec, t he t ime averaged delayed neut rons
background 11.8%. Plans and specifi cat ions include neut ronics and t hermohydraulics analysis
of t he core and convert er design, t he const ruct ion det ai ls of fuel element s and their assemblies
in the core; t he principal scheme of the uranium-mercury convert or t oget her wi th the water-
mercury cooling scheme; the const ruct ion of t he neut ron refl ectors, moderators and shielding.
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S c h e m a t i c a l l a y o u t o f I B R - 2 e x p e r i m e n t a l f a c i l i t i e s

Sp ect r om et erB eam l i n e

~

Diff ractometer on ideal cryst als " D I F R A N
Direct geomet ry spect rometer " D I N - 2"
Ul t racold neut rons channel " U C N "
Smal l angle scat t ering diff ractomet er " M U R N "

High resolut ion Fourier diff ract ometer
and powder diff ractometer for t ime-resolved studies " D N - 5"
Single cryst al diff ractometer " D N - 2"
Single cryst al diff ract ometer with pulsed magnet ic fi el d " SN I M "
Text ure diffractometer " N SV R "
High resolut ion inverted geometry spect romet er " N E R À "
Polarized neut ron spect rometer " SP N "
Neut ron refl ect omet er (proj ect ) " R E F L E X "
Invert ed geomet ry spect rometer " K D SO G "

Test beams

6À

6Â

7À

7Â

8

9

10

11, 12
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N e u t r o n S p e c t r o m et e r s a t I B R - 2 R e a c t o r

S p e c t r o m e t e r B e a m N o . A p p l i c a t i o n s T h e r m a l

n e u t r o n

fl u x o n

t h e s a m p l e R e s o l u t i o n

r a n g e

D I F F R A C T O M E T E R S

( 0 .6 — 3 .7 ) õ 1 0 0.007< ß < 0.7A
À ß / Q= 0.04- 0.18

" M U R N "

~

Sm all angle scat t er ing
di ffract om et er .
St ruct ure of inhomoge-
neous systems, macro-

molecules, al loys,
range 10 — 10001 .

l o'" D N — 5"

(proj ect
Ñî be put
into operat ion
in 1992)

~

Ë= 0.9- 121
Üé/ d= 5x10 4À

at É= 2À

üõû ' Ë = 0.9- 121

b ,Ë= 0.041

à ) H i g h r eso l u t i o n F o u r i er

d i K r a ct o m et er f o r
p o w d er s ( H R F D ) . " A b i n i t i o "

s t u d i es o f l o w sy m m et r y

st r u c t u r es .

Ú ) P ow d er é é ãà ñÔî òï åÔåã f o r

t i m e- r eso l v ed st u d i es .

T r an si t i o n p h en o m en a i n

so l i d s w i t h t em p o r a l

r eso l u t i o n ca . 1 sec

( 3 0 0 @sec w i t h à sp eci a l

d et ect o r assem b l y ) .

A= 1.2- 20À
ÜË= 0.05À
Üé/ d= 0.01, foi
0 = 80' , d= 2A

A d/ d= 0.1, Cor
ð 10î ~ ~Î ä

" D N-2" l o'6À Single crystal É éãàñ-
tometer . Atomic struc-
tures,phase t ransit ions,etc.
Òåòï ðåãà(èãå ãàòå å 5- 1000Ê .
Real t ime diffraction with
temporal resolut ion ca.1 min,

" SN I M " 4 õ 106 Ë= 0.8- 201
ÜË= 0.04A

6 Â Single crystal É|éãàñ-
tometer . The pulsed
(1ms) magnet ic fi eld on
the sample is up to
H= 25T . Magnetic struc-
tures and phase t ransit ions.

" N SV R" û ' Ë= 0 .8 — 7 .6À

Ü Ë= 0 .0 15À

7À Texture É éãàñ(î òï åéåã.
Texture analysis of n:etals,
minerals and ceramics. Short
range order studies in glasses
and liquids.

~



I N E L A ST I C S C A T T E R I N G SP E C T R O M E T E R S

2 .5 õ 10~" DI N ã»

~

Direct geometry spect-
rometer , à reactor-
phased chopper with
curved sli ts, à sample
area up to 200 cm~.
Atomic dynamics of me-
tals, alloys and liquids.

6E = O.5 — 120m eV

Ë Å , / Å , = 4 — 10%

4 .6 õ 10~" N ER 7Â H i g h r e so l u t i o n i n v e r t e d

ä å î ø å 1ãó ç ð å ñ Ôãî ~ï å 1å ã .

S t o c h a s t i c m o t i o n o f a t o m s

a n d m o l e c u l es . A t o m i c a n d

m a g n e t i c d y n a m i c s , p h a s e

t r a n s i t i o n s .

î Å = Î — 500ò å×

Ü Å / Å = 2 — 6%

(i nel ast i c)
À Å = 4 0 — 600ð å×

(qu asiel ast i c)

6 .6 õ 10 ~" ê î â î ñ " 10 áÅ= 1 — 300ò å×
Ü Å/ Å= 5 — 14%

1ï ÷åã1åé äåî ãï å1ãó
spect rom et er . À sample
of up to 200cm ~ in area,
5 — 500K , 0 — 4kbar .

A t om ic and m agnet ic
dynamics.

SP E C I A L SP E C T R O M E T E R S

1 .9 õ 10 ~ Ë= 0 .2 — 4À

Ü Ë= 0 .041

" D I F R A N "

~

Diff ractometer on
ideal crystals
Neutron interferometry,
coherent lengths.

>Ý ~ ß ~ ß Ý\

~

Invest igat ions with
ult racold neutrons
of the surface proper-
t ies of magnet ic and
non-magnetic materials.

400 ï / s R an ge
À = 700 — 25001

" SP N " 2 .5 õ 10 ~ ëë=î .î çÀ
Ë= 0.8- 101

~

Polarized neutrons
spectrometer (ð> 94%).
Magnetic fi eld on à sample
is up to 6000 Î å.
Study of surface pheno-
mena, internal fi elds and
inhomogeneities in mag-
netic and superconduct ing
materials.

" REFL EX "(proj ect ) 9 Neutron refl ectometer .
Surface and interfacial
phenomena studies by
polarized and unpolarized

neutron specular refl ect ion 2.5 õ 10~

Notes: 1) The average over t ime neutron fl ux (n/ cmz / sec) (column 4) was measured by act ivat ion of à golden foil ,
which replaced the sample.
2) Accepted notations: Ë is the neutron wavelength; Q is the scat tering vector length (Q= k - Çñ, ); Ü - the resolution
of spectrometer over the corresponding parameter ; Å, and Å the energy of the neut ron before and after scat tering,
respectively; áÅ is the neutron energy change per scat tering event .

Ë= 0.5- 15À
~ ~óãàëþè ó= ( 2 — 12 ) Õ 10 r a d

b,0 = 2õ 10 4rad

ç ~



Schem at ical l ay ou t of I B R - ÇÎ + Ü~ÝÅ -40 ex p er im ent al fac i l i t i es

B eam l i n e Sp ect r om et er

1

1 À

~

St u d y of (n ,o ) an d (n ,ð ) r eact i on s ( " P A R K S" )

St u d y of t w o-qu an t a decay of com p ou n d st at es
(" C A S C A D E ' )

M ed i u m r esol u t i on d i ff r act om et er " D N - 3 "

St u dy of su b -b ar r i er fi ssi on ( " D R E N I S " )

M easu r em en t s of n u cl ear p hy si cs con st an t s

~~~~~~~~

1

, / ó / \ ñ

• ~ •

%

• 1
! 1

!

~~~~

• •
ñ ~

~ %

~~~~

Experiments wit h polarized neut rons and nuclei
Spect rometer ~~ Ð Î ?ÕÀÌ À~~
St udy of y-spect ra of fi ssion fragment s (" D EL R EN E" )

Measurement s of neut ron elast i c scat t er ing
angular dist r ibut ions (" U G R A " )
Capture and fi ssion st udies (" R O M A SH K A " )

~~~



N e u t r o n Sp ec t r o m et er s a t I B R - 3 0 + L U E - 4 0 B o o st e r

Sp ect r om et er B eam N o . Flightp a t h , m E x p l o r a t o r y

r an g e

Sp ect r om et er s f or N u cl ear P hy si cs

1 — 10 eV

~

30- 85Study of (n,à )- and
(n,ð)-channels of decay

on st able and radioact ive
nuclear t arget s (" PA R K S" )

St u dy of t wo-qu ant a decay

of com poun d st at es
(" C A SC A D E " )

1À 2 0 0 .0 2 — 0 .2 eV

Measurement s of nuclear
physics const ant s

1 — 10 eV

~

120

Study of sub-barrier fi ssion
(" D R E N I S3) )

~

6 0 1 — 10 0 k eV

Experiments wit h polarized
neut rons and nuclei
()) P OLY A N A ))

~

6 0 0.1 — 10 å Ó

Study of y-spect ra of fi ssion
fragment s (~~ D E L R E N E ~~ )

~

6 0 0 . 1 — 10 0 eV

M easurem ent s of neut ron el ast i c
scat t er ing angular dist r ibut ions
(' U G R À " )

~

2 5 0 0.1 — 400 keV

Measurements of y-mult iplici ty in

the capt ure and fi ssion processes
(" R om ashka" )

~

5 0 0 0.1 — 100 keV

Sp ect r om et er s f or C on d en sed M at t er R esear ch

Ë= 0 .2 — 6 À

A d / d = 0 .008

at d = l A

~

fl ux on the sample
8 õ 10' n/ cm~/ s

" D N 3"

M edium resolu t ion di ff ract om et er .
St r uct ure of single cry st als and

pow ders in ex t rem e con di t ions
(pressure, t em p er at ure)

~





P A R C S

I NVEST I GAT I ON OF ÃÀÁÒ NEUTRON- I NDUCED REACT I ONS

FOL LOWED BY CHARGED PART I CL ES ENI SSI ON

Óè . Ì . Gl ed en ov , Ñ . Khuu k h enk huu , S . S . Par z h i t sk y ,

Óè . P . Popov , P . × . Sedy sh ev Ä Ì . × . Sedy sh ev a

L ab or a t or y of Neu t r on Phy s i c s , J I NR, Dubn a

Ba o Shang l i an , Ñà î Wen t i an , Tan g Gu oy ou

Pek i ng Un i v er s i t y , Pek i ng , Ch i na

Fan Gu oy i n g , Zh ou Hongy u

Nor ma l Un i v er s i t y , Pek i ng , Ch i na

Ch en Zemi n , Qi Hu i qua n

Ts i nhua Un i v er s i t y , Pek i n g , Ch i na

Ene r gy sp ec t r a o f emi t t ed c ha r g ed pa r t i c l e s f r om n eu t r on - i n du c ed r eac i on s

wer e ma i n l y mea su r ed e i t h e r a t l ow n eu t r on en e r g i es ( Å 100 k eV ) o r a t h i gh
ï

neu t r on ene r g i e s ( Å 10 Ì å× ) . À sy s t ema t i c s t udy of t he s e r ea c t i on s i n t h e
ï

i n t e r med i a t e ene r gy r an ge wa s p r a c t i c a l l y no t c a r r i ed ou t ap a r t f r om s ome da t a

ob t a i ned by mean s o f t h e ac t i v a t i on an a l y s i s me t h od . At t h e s ame t i me t h e u s e

of n eu t r on s wi t h en e r g i e s i n à f ew Ì å× r an ge a l l ows on e t o n o t on l y ob t a i n

av e r ag ed ov e r à wi d e ene r g y r ang e p a r ame t e r s o f t h e comp ound nu c l eu s bu t t o

t r ac e h ow d ec ay ch a r a c t e r i s t i c s ch an ge wi t h i n c r ea s i n g ex c i t a t i on en e r gy t o

t h e r eg i on of g i an t mu l t i p o l e r e s on an c es . At t h a t , t h e po s s i b i l i t y app ea r s t o

i nv e s t i g a t e t h e con t r i bu t i on and t he r o l e o f d i f f e r en t nu c l ea r r ea c t i on mec ha -

n i sms .

I n June 1990 measur ement s st ar t ed of char ged par t i c l es spect r a f r om t he
6 Li (n, à ) Í and B(n, a ) Li r eact i ons on D- D neut r ons wi t h t he pur pose t o ç ~î 7

st udy (ï , ð ) and (n , à ) r eact i ons i n t he ener gy r ange of à f ew Ì å×. The mea-

sur ement s wer e car r i ed out on beams of hi gh- i nt ens i t y neut r on gener at or s of

t he Chi nese Joi nt Cent r e of Nucl ear Resear ch (Pek i ng ) us i ng à f l at el ect r ode

and t wo- sect i on i oni zat i on chamber wi t h t wo gr i ds, whi ch made à good showi ng

i n our exper i ment s on s l ow neut r ons . The r esul t s of t he f i r st and subsequent

measur ement s have shown t hat t he t wo- gr i d i oni zat i on chamber can be used f or

t he char ged par t i c l e spect r omet r y f r om neut r on i nduced nucl ear r eact i ons i n

t he ener gy r ange of à f ew Ì å×.

I n t he Labor at or y of Neut r on Physi cs , J I NR, t her e i s bei ng manuf act ur ed

t he new hi gh- l umi nos i t y i oni zat i on chamber speci al l y dedi cat ed f or t he wor k on

à beam f r om à neut r on gener at or . At t he end of t he 1991 year we ar e pl anni ng

t o begi n measur ement s wi t h t hi s new chamber .
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STUDY OF P- PARI TY NONCONSERVATI ON

I N THE L i (n , à ) L i REACTI ON I NDUCED BY POLARI ZED NEUTRONS 6 . 4

J . Andr zej ewsk i , À. D. Ant onov , Yu . Ì . Gl edenov ,

M. P. Mi t r i k ov , Yu . P. Popov

Labor at or y of Neu t r on Phy s i cs , J I NR, Dubna

× . À. Vesna , I . S. Okunev , Â. G. Pesk ov , Å. × . Shu l g i na

Pet er sbur g Nuc l ear Phys i cs I ns t i t u t e , Gat ch i na , USSR

- ÔÐ- odd a sy mme t r y of t he t y p e W 1 + à (o' k ) wa s meas u r ed i n t h e g eo -
p N n

me t r y o' ++k ++k wh er e a' i s t h e neu t r on s p i n , k k t h e un i t y v ec t o r s of
ï

t r i t on emi s s i on and neu t r on i n c i den c e d i r ec t i on s . I n t h e l a s t y ea r s mu ch a t -

t en t i on wa s b e i ng pa i d t o t h e ex p e r i men t s on and t h eo r e t i c a l i n t e r p r e t a t i on of

pa r i t y n on c on s e r v a t i on ef f e c t s i n f ew- n u c l eon sy s t ems o f t h e t y p e nd ~ t y , ð ð
1 8 ~ 1 8 / 1 - 4 /

~ ðð , np ~ dy , F ~ F + ó , e t c . The a i m wa s t o ex t r a c t con t r i bu t i on s

of ch a r g ed and neu t r a l weak cu r r en t s and t o ev a l ua t e we ak i n t e r a c t i on ñî ï -

Üòs t a n t s , f , h . Â ó m e a s u r i n g Ð - o d d a s y m m e t r y o f t h e p o l a r i z e d t h e r m a l n e u t -u ' ð , è '

6 ç
r on cap t u r e r e ac t i on L i ( n , a ) Í hav i ng à s t r ong cap t u r e c r o s s s ec t i on one may

a ch i ev e à h i ghe r ac c u r acy i n Ð- od d ef f ec t s d e t e r mi n a t i on . Th e ex p e r i men t a l v a -

l ue of t h e Ð- odd as y mme t r y c oef f i c i en t

was de t e r mi n ed by s ub t r a c t i on of t he r e su l t f o r t h e ma i n r ea c t i on . Th e ob - / 5 /

t a i ned v a l u e f o r t he Ð- odd a sy mme t r y c oe f f i c i en t i mp r ov es s i gn i f i c an t l y t he

/ 6 / - ÷
ac c u r ac y o f p r e c eed i ng mea su r emen t s , à = ( 0 . 7+8 . 0 ) x 10 , and i s es s en -

/ ÷/
t i a l l y s ma l l e r t h an t h e t h eo r e t i c a l es t i ma t e mad e by t ak i n g i n t o a c c oun t
t he we l l r e f i n ed c l u s t e r s t r u c t u r e of L i and L i . 6

~~~~

×. Ì . Dubov i k , ×. Zenk i n. Ann. Phys. , v . 172 ( 1986 ) 100.

E. G. Adel ber ger . Ann. Rev . Sci . , v . 35 (1985) 501.

Ì . Kai ser , G. Mei sser . NPA, 499 ( 1989) 699.

Â. Despl l anques et al . Ann . Phys. , v . 124 (1980) 449.

×. À. Vesna et al . JETP Let t . , v . 52 (1990 ) 660 ( i n Russi an )

×. À. Vesna et al . JETP Let t . , ÷. 38 ( 1983) 26 ( i n Russi an ) .

Ì . Ì . Nest er ov , I . S. Okunev . JETP Let t . , ÷. 48 ( 1988 ) 573

( i n Russi an ) .
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ON THE STUDY OF (n , ð ) AND ( n , a ) REACTI ONS

ON STABLE AND RADI OACTI VE NUCLEI

J . Andr zej ewsk i , Yu . Ì . Gl edenov , Yu . P. Popov , × . I . Sa l at sky ,

P. × . Sedy shev

Labor at or y of Neu t r on Phy s i cs , J I NR, Dubna

G. × . Zamys l ov , À. I . Ki s l i t sky , G. × . Lj ubansky ,

× . À. Psheni chny i , N. P. Fedoseev

I ns t i t u t e f or Nuc l ear Resear ch , Ki ev , Ukr a i ne

Wi t h i n t he f r amewor k of t he pr ogr am f or t he s t udy of nuc l ear r eac t i ons

f o l l owed by emi ss i on of char ged par t i c l es t her ma l neut r on cr oss- sec t i ons f or

3 6 çç 5 0 5 0t he Ar ( n , a ) S and V (n , ð ) Ti r eac t i ons and à c r oss - sec t i on f or t he

7 7Be (n , ð ) L i r eac t i on at an ener gy of 24 . 5 k eV wer e measur ed . The exper i ment s

wer e car r i ed out at t he r eac t or of t he I ns t i t u t e f or Nuc l ear Resear ch of t he

Uk r an i an Academy of Sc i ences us i ng t he i on i zat i on chamber f i l l ed wi t h à na t u-

çîr a l ar gon mi x t ur e cont a i n i ng Î . 337% Ar , and t he sy s t em f or t he r eg i s t r a t i on

of t wo- d i mens i ona l spec t r a capab l e of measur i ng amp l i t ude spec t r a f r om t he

chamber ' s co l l ec t or i n à g i ven amp l i t ude wi ndow of s i gna l s f r om t he t ar get .

These spec t r a f or t he vanad i um t ar get ar e shown i n t he F i gur e . The peak a t 2

Ì å× r esu l t s f r om t he r eg i s t r a t i on of t he sum ener gy of an a l pha- par t i c l e and

çç 3 6 ççt he r eco i l nuc l eus S f r om t he Ar (n , à ) S r eac t i on , à s t ep a t 1. 8 Ì å× cor -

r esponds t o t he r eg i s t r a t i on of on l y a l pha- par t i c l es f r om t h i s r eac t i on and

5 0 5 0
t he peak a t 2 . 9 MeV i s due t o pr o t ons f r om t he V(n , ð ) Ti r eac t i on .

The va l ue we have ob t a i ned f or t he c r oss - sec t i on of t he (n , à ) r eac t i on

3 6on Àã i nduced by t her ma l neu t r ons was equa l t o (6 . 3+0 . 6 ) mb , wh i ch i s ÿî âå-

what h i gher t han t he va l ue of (5 . 5+0 . 1) mb r epor t ed ear l i er i n r ef . . The
5 0va l ue of t he c r oss- sec t i on of t he (n , ð ) r eac t i on on × i nduced by t her mal

neut r ons was obt a i ned i n our measur ement s t o be equa l t o (277+42 ) pb , t hat i s ,
not i ceab l y d i f f er ent f r om t he va l ue of (400+20 ) ðÜ g i ven i n . Th i s d i f f e- / 2 /

r ence i s poss i b l y due t o t he d i f f i cu l t y of i den t i f i ca t i on i n wor k of t he / 2 /

pr o t on peak f r om t he r eac t i on under measur ement i n t he r eg i on of an ov er l ap

wi t h t he r i gh t hand edge of t he l ar ge t r i t on peak f r om t he r eac t i on on l i t h i um

admi x t ur e . Th i s d i f f i cu l t y was e l i mi nat ed i n our measur emen t s by us i ng t he se-

l ec t i on mode .
7T h e B e ( n , ð ) L i r e a c t i o n a t t h e n e u t r o n e n e r g y Å = 2 4 . 5 k e V w a s i n v e s t i -

n
gat ed on t he f i l t er ed neu t r on beam f r om t he r eac t or . The c r oss- sec t i on of t h i s
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r eact i on was det er mi ned by t wo met hods. The f i r st met hod used t he compar i son
6 çwi t h t he cr oss- sect i on of t he Li (n, à ) Í r eact i on measur ed under t he same

condi t i ons . The second met hod empl oyed as à r ef er ence t he cr oss- sect i on of t he
7 7 ãçãBe(n, ð ) Li r eact i on on t her mal neut r ons f r om . The wei ghed aver age of t wo

7met hods gi ves f or t he cr oss- sect i on of t he Be (n, ð ) Li r eact i on at 24. 5 keV à

val ue of ( 18+4) Ü. The cr oss- sect i on est i mat e f or t he st udi ed r eact i on we
ãçãhave obt ai ned by ex t r apol at i on of t he dat a of wor k t o neut r on ener gi es be-

l ow 13 keV t o be equal t o 18 bar ns . The cr oss- sect i on val ue deduced f r om t he
7 ãç~dat a on t he Li (n, ð ) Âå r eact i on i n r ef . f or t he ÿàêå neut r on ener gi es by

usi ng t he det ai l ed bal ance pr i nc i pl e was equal t o 20 bar ns . Thus t he cr oss-
7sect i on val ues we have obt ai ned f or t he Be (n, ð ) Li r eact i on at t he ener gy Åï

= 24. 5 keV ar e i n agr eement wi t h eval uat i ons by di f f er ent met hods.
At t he pr esent t i me we cont i nue i nvest i gat i on of (n, ð ) and (n, à ) r eac-

3 6 4 9 5 6 5 8t i ons on r adi oact i ve nucl ei ( Cl , ×, Ñî and Ñî ) i n t he neut r on ener gy
r ange up t o 10 keV on 30 m and 85 m f l i ght pat hs of t he I BR- 30 boost er .

Mughabghab S. F. et al . Neut r on Cr oss Sect i ons, Academi c
Pr ess, È. Y. (1981) , v . 1, par t À, ð . 18- 1.

D' hondt P. et al . Nucl ear Dat a f or Sc i ence and Technol ogy ,

Pr oc . I nt . Conf . , Ant wer p. , 1982, ð. 147.

Koehl er P. Å. et al . Phys . Rev . Ñ (1988) v . 37, ð. 917.
> )
Ô Ý
Á :Å

~~~~~~~

18

4 2 0

~

5 0 0 60 0 Ì „
3 0 0

18 0

6 0

Ê ,3 0 0 4 0 0 5 00 6 0 0
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EFFI CI ENCY CAL I BRATI ON OF THE L I THI UM GLASS NEUTRON DETECTOR

Óè . M. Gl edenov , P. V. Sedyshev

Labor at or y of Neu t r on Phys i cs , J I NR, Dubna

Bao Shang l i an , Ñàî Went i an

Pek i ng Un i v er s i t y , Pek i ng , Chi na

On neut r on beams of t he I BR- 30 boost er t her e was measur ed t he ef f i c i ency
6of t he neut r on det ect or NE912 ( l i t h i um gl ass wi t h à Li i sot ope cont ent of

99. 63 per cent , t hi ckness 9. 55 mm and di amet er 45. 5 mm) i n t he neut r on ener gy
r ange f r om 100 å× t o 150 keV. I n or der t o est i mat e t he cont r i but i on of gamma-

÷r adi at i on backgr ound t her e was used t he det ect or NE913 ( Li enr i chment t o

99. 99 per cent ) hav i ng t he same di mensi ons as t he sc i nt i l l at i on det ect or under

st udy . Ti me- of - f l i ght spect r a measur ed wi t h l i t h i um gl asses wer e compar ed wi t h

anal ogous spect r a f r om t he t wo- sect i on i oni zat i on chamber wher e t he t ar get was
á 2à t hi n i n compar i son wi t h sc i nt i l l at or s l ayer of Li F (260x2 pg/ cm ) .

The measur ement s í åãå per f or med on à 85- met er f l i ght pat h . The anal ysi s

of obt ai ned r esul t s shows t hat ef f i ci ency cal i br at i on of t he det ect or NE912 i s
poss i bl e i n t he neut r on ener gy r ange f r om 100 å× t o 150 keV on t he 500- met er

f l i ght pat h wi t h à st at i st i cal accur acy l ess t han 2% f or 20 days of I BR- 30

r unni ng t i me. By mov i ng t o à 250- m f l i ght pat h one r educes t he measur i ng t i me

t o 3 days. However , i n t h i s ñàÿå t he ener gy uncer t ai nt y i ncr eases consi der abl y

(f or exampl e at Å = 100 keV i t i s above 10%) .
ï
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C A S C A D E

CASCADE ÑÀÈÌ À- DECAY OF COMPOUND STATES OF HEAVY NUCLEI

V. A. Khi t r ov , Yu . P. Popov , À. È. Sukhov oj

Labor at or y of Neut r on Phy s i cs , J I NR, Dubna

/ 1 /The pr ocedur e t o i nv es t i gat e t wo s t ep y - cascades i s under deve l opment

/ 2 /I n t her e i s sugges t ed t he new met hod f or cons t r uc t i ng comp l ex (above 300

t r ans i t i ons and 100 l eve l s ) decay - schemes of compound- s t at es of heavy nuc l e i .

The met hod ava i l s of bot h spec t r oscop i c i nf or mat i on on s i ng l e y - t r ans i t i ons

(ener gy , i n t ens i t y ) and t he dat a on cascades of t r ans i t i ons (pr esence of t wo

success i ve or der t r ans i t i ons , cascade i n t ens i t y ) . Th i s met hod a l l ows one t o

es t ab l i sh h i gh l y r e l i ab l e decay schemes of comp l ex nuc l e i up t o t he ex c i t a t i on

ener gy of 3+4 Ì å× . At t hat t r ans i t i on and l eve l mu l t i p l e t s ar e unamb i gous l y

i den t i f i ed and t r ans i t i ons p l aced by acc i den t ar e r emoved ef f ec t i v e l y f r om t he
1 8 1

decay scheme . An i ncr eas i ng number of obser ved s t at es i n Hf (F i g . 1 ) and
1 8 7 W (Fi g . 2 ) ar e compar ed wi t h pr ed i c t i ons of d i f f er ent l eve l dens i t y mode l s .

/ ç/Âó means of an a l gor i t hm f or t he decompos i t i on of cascade i n t ens i t y

d i s t r i bu t i ons i n t o componen t s connec t ed wi t h t he r eg i s t r a t i on of pr i mar y and

secondar y t r ans i t i ons t her e i s ob t a i ned à l ower (but near t o r ea l ) es t i mat e of

t he r ad i at i v e s t r eng t h f unc t i on (RSF ) of pr i mar y t r ans i t i ons wi t h ener g i es
~ç7 1 8 1abov e Å = 0 . 5 Ì å× bot h f or Âà (po i n t s i n F i g . 3 ) and f or Hf

( F 1 . 4 ) / 4 + 6 /

The mai n conc l us i ons :
à ) t he RSF' s ar e descr i bed mor e pr ec i se l y by t he mode l of t he g i an t e l ec-

t r i ca l d i po l e r esonance wi t h t he wi d t h , Ã , depend i ng on t he nuc l eus t emper a-

t ur e and y - quan t a ener gy ( l ower cur ves ) t han by t he ana l ogous dependence at

Ã =cons t (upper cur ves ) ;
ñ

Ü) t o descr i be t he r esu l t i ng dependence of RSF' s one mus t t ake i n t o ac-

coun t s i ng l e- par t i c l e t r ans i t i ons be t ween 4S and ÇÐ neu t r on she l l s wh i ch con-

t r i bu t i on i s l ar ge enough .

1. S. Ò. Boneva et al . Par t i c l es and Nuc l eus, v . 22 ( 1991) ,
ð. 479- 511.

2. S. Ò. Boneva et al . I zv . Akad. Nar k SSSR, ser . f i z . , v . 55
(1991) , ð. 841- 849.
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3. S. Ò. Boneva et al . Z. Phys. À — Hadr ons and Nucl ei , À338

(1991) , ð. 319- 323.

4. À. Ì . Sukhovoj . I n: Nucl ear Spect r oscopy and St r uct ur e

of At omi c Nucl ei . Abst r act s of 41st Meet i ng, Leni ngr ad,
"Nauka" , 1991, ð. 78.

5. ×. À. Bondar enko et al . I b i d. , ð . 77.

6. ×. À. Bondar enko et al . I b i d . , ð. 112.

Fi g. 1. An i ncr easi ng num-

ber , N, of l evel s wi t h I =

1/ 2 and 3/ 2 obser ved expe-

r i ment al l y and pr edi ct ed

by di f f er ent model s f or
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P 0 L Y A N A

RESULTS OF NEUTRON L I FETI ME MEASUREMENT

WI TH GRAVI TATI ONAL UCN TRAP

Y. P. Al f i menkov , × . I . Lusch i kov , × . N. Shv et sov , À. × . St r e l kov

Labor at or ó of Neu t r on Phys i cs , J I NR, Dubna

× . P. Gudk ov , À. G. Khar i t onov , × . × . Nesv i zhev sky , À. P. Ser ebr ov ,

S. O. Sumbaev , Â. R. Ta l daev , V. Å. Var l amov , À. × . Vas i l y ev

Pet er sbur g Nuc l ear Phys i cs I ns t i t u t e , Gat ch i na , USSR

Pr eci se measur ement s of t he neut r on l i f et i me and p- decay asymmet r y pr o-

v i de addi t i onal i nf or mat i on f or t he check of t he St andar d Model of el ect r oweak

i nt er act i ons and à sear ch f or possi bl e dev i at i ons .

I n t he r epor t ed exper i ment t he neut r on l i f et i me has been measur ed wi t h
ul t r a- col d neut r ons (UCN) , conf i ned i n à gr av i t at i onal t r ap .

The r epor t ed exper i ment had t he ai m t o decr ease UCN st or age l osses and

measur e di r ect l y t he decay exponent . For t hat subst ances wi t h à smal l capt ur e

cr oss sect i on (Âå, 0 ) wer e used t o cover t r ap wal l s and t he measur ement s wer e
2

per f or med at l ow t emper at ur es (15 Ê) . Òî est i mat e neut r on l osses cor r ect l y

spect r al measur ement s of st or ed neut r ons wer e made. The measur ed pr obabi l i t y
of UCN l osses account ed f or 3% neut r on p- decay pr obabi l i t y .

The UCN st or age t i me i n à t r ap (ò ) i s det er mi ned by t he f r ee neut r on
s t

l i f et i me (ò ) and t he t i me of neut r on l osses due t o t hei r i nt er act i ons wi t h
ï

wal l s (ò )

- 1
+ ' C

1 o s
( 1 )

The pr obabi l i t y of UCN l osses i s pr opor t i onal t o t he l oss f act or ~1 and i s

t he f unct i on of t he UCN ener gy (Å) , t he shape and di mensi ons of t he t r ap (Â)

and t he cr i t i cal ener gy of t he t r ap wal l s mat er i al (Å )
1 1 m

- 1 - 1
ò

s t n

~

(2 )+ q+y (E, Â, Å,

I n eq. (2 ) ò i s t he l i near f unct i on of t he ar gument ó, whi ch i s cal cul a-
s t

t ed f or t he gi ven Å, R, Å . The neut r on l i f et i me ò can be obt ai ned by ex-
1 1m ï

t r apol at i on t o zer o ar gument y .

The r esul t s of measur ement s ar e shown i n t he Fi gur e as t he l i near f unc-

t i on õ (ó) . Besi des t he measur ement s wi t h oxygen t r aps , t he measur ement s wi t h
s t

129



ber y l l i um t r aps wer e per f or med t o demonst r at e t he condi t i ons f or UCN st or age

bef or e oxygen f r eez i ng.

The r esul t s on t he neut r on l i f et i me, obt ai ned i n our exper i ment ar e:
ï

885. 0+7. 7 s f or t he t r aps wi t h ber y l l i um coat i ng, t = 889. 0+3. 1 s f or t he
ï

t r aps wi t h oxygen coat i ng. The val i d i t y of ex t r apol at i on i s conf i r med by t he
2 val ue of 0. 81, cal cul at ed f r om t he oxygen dat a. The f i nal r esul t , obt ai ned

f or t he neut r on l i f et i me i s ò = 888. 4+2. 9 s , t he cor r espondi ng val ue of Ë (G
ï À

t o G r at i o of weak i nt er act i on const ant s ) i s Ë = - 1. 2677+0. 0025.

~

Ñ ~( ü

~~

9 0 0

~

1 1 . 0

10 . 0
1 0 .0 1 5 .0

~

5 .0

- 1
R e s u l t s o f t h e U C N s t o r a g e t i m e m e a s u r e m e n t s ( ÷ ) a s t h e f u n c t i o n o f t h e

s t

par amet er ó . 1 (Âå ) , t he ex t r apo l at i on f r om ber y l l i um t r aps dat a . 2 (0 ) t he ex -

t r apo l a t i on f r om t he oxygen t r aps dat a . — r esu l t s of measur emen t s wi t h

spher i ca l t r aps ; — + r esu l t s of measur ement s wi t h cy l i ndr i ca l t r aps .
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I NVESTI GATI ON Î Ã PARI TY VI OLATI ON I N NEUTRON RESONANCES

OF Rb AND Cd

V. P. Al f i menk ov , Yu . D. Mar eev , L . Â. Pi kel ner , V. R. Sk oó , V. N. Shv et sov

Labor at or y of Neu t r on Phy s i cs , J I NR, Dubna

The spect r omet er POLYANA f or exper i ment s wi t h pol ar i zed r esonance neut r ons

and nucl ei has been r ecent l y moder ni zed t o obt ai n à hi gher neut r on f l ux . I t
has been r emoved t o à mor e i nt ense neut r on beam of t he I BR- 30 boost er and c l o-

ser t o t he moder at or . As t he r esul t , t he neut r on f l ux t hr ough t he pol ar i zed
pr ot on t ar get i ncr eased by appr ox i mat el y 20 t i mes. Now t he i nt ens i t y of neut -

5 0. 9
ã î ï ÿ l e a v i n g t h e t a r g e t w i t h p o l a r i z a t i o n f = 0 . 6 i s 3 1 0 / Å n / s e c å × . T h e

ï 3new hi gh ef f i c i ent mul t i sect i on pr opor t i onal neut r on count er wi t h Í å was ma-

nuf act ur ed f or measur ement s of t he t r ansmi ssi on t hr ough à t ar get of neut r ons

wi t h opposi t e hel i c i t i es . Thi s count er can be i nst al l ed at t hr ee f l i ght
pat hs 17, 30 and 52 m. The mul t i sect i on desi gn al l ows accumul at i on of t i me- of -

f l i ght spect r a f r om any combi nat i on of t he count er ' s sect i ons and of t he i n-

t egr al spect r um. The new I BM ÐÑ ÀÒ/ 286 based syst em was or gani zed f or t he

spect r a acqui s i t i on and pr ocessi ng.

On t hi s moder ni zed spect r omet er t her e wer e made exper i ment s on t he sear ch f or
par i t y v i ol at i on ef f ect s i n pol ar i zed neut r on t r ansmi sson i n p- r esonances of
Rb nat ur al i sot ope mi x t ur e at Å =9. 6 å× and Cd Å =7. 0 and 21. 9 å×. The ef - 113

î î
f eet r eveal s i t sel f as t he di f f er ence bet ween t he t r ansmi ss i ons of neut r ons

wi t h opposi t e hel i c i t i es . The st at i st i cal l y s i gni f i cant val ue of
- 3 113

Ð = ( - 9 . 8 +3 . 0 ) 10 wa s o b t a i n e d o n l y f o r t h e Cd p - r e s o n a n c e Å = 7 . 0 e V . Co m-
P î

par i son of t h i s r esul t wi t h t he r esul t s of ot her exper i ment s al l owed t he cal -

cul at i on of à mat r i x el ement f or di f f er ent par i t y compound st at es mi x i ng. For
113

t h e o t h e r r e s o n a n c e s o f Cd a n d R b t h e p a r a me t e r s Ã a n d g l ( a g I f o r R b )
n n

wer e obt ai ned.
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MEASUREMENTS OF PARI TY V I OLAT I ON

I N RESONANCE NEUTRON- CAPTURE RFJLCT I ONS

E. I . Shar ap ov , Óè . P . Pop ov

Lab or a t or y of Neu t r on Ph y s i c s , J I NR, Dubna

S. À . Wen dåã „ ß . J . Sees t r om, Ñ. D. Âoû ààï

L os Al amos Na t i ona l Lab or a t or y , L os Al amos , USA

Í . Pos t ma

Un i v er s i t y o f Techn o l ogy , De l f t , Th e Ne t h er l an ds

Ñ. Â . Gou l d

Nor t h Car o l i na St a t e Un i v er s i t y , Ra l e i gh , USA

À . Was s on

Nat i ona l I ns t i t u t e of Sc i ence and Technol ogy , Mash i ngt on ,

Exper i ment s on t he s t udy of par i t y v i o l at i on i n t ot a l (n , ó ) c r oss sec-

t i ons wer e per f or med on La and Sn t ar get s a t t he LANSCE pu l sed neu t r on 1 3 9 1 1 7

sour ce us i ng l ong i t ud i na l l y po l ar i zed neu t r ons and à BaF det ec t or . The ef f ec t
2

1 3 9of par i t y nonconser va t i on i n t he La (n , ó ) r eac t i on f or t he r esonance at Å
ï

0 . 73 å× was conf i r med . New r esu l t s wer e ob t a i ned f or p- wav e r esonances i n t he

117Sn (n , ó ) r eac t i on . Capt ur e and t r ansmi ss i on t echn i ques f or measur i ng par i t y

v i o l at i on ef f ec t s ar e compar ed .

Tab l e

Pa r i t y - Vi o l a t i ng As y mme t r i es Mea su r ed i n Neu t r on Cap t u r e

Samp l e

~

' Ó

( %)

Å
ï

(å×)( 10 a t om/ cm ) 2 2 2

6 . 8

2 . 9

2 . 9

î . ÷ç 8 . 6+Î . 5

5 . 8+Î . 4

1. 1+î . ã
- 1. 3+1. á

Î . 45+0 . 49

1. çç

26 . 4

34 . 0

La

La

Sn

Sn
1ê÷

Sn



ON SOME PECULI ARI TI ES OF I NDEPENDENT FRAGMENT YI ELDS

I N THE FI SSI ON OF Pu I NDUCED BY RESONANCE NEUTRONS

À. À. Bogdzel , N. À. Gundor i n , U. Gohs , À. Duka- Zol y omi ,

J . Kl i man , × . Pol gor sk i , À. Â. Popov , Dao Anh Mi nh

Labor at or y of Neu t r on Phys i cs , J I NR, Dubna

I nt er est i n pecul i ar i t i es of r esonance neut r on i nduced f i ss i on i s connec-

t ed wi t h t he possi bi l i t y of devel opi ng à mul t i - mode- f i ssi on model on t he

gr ound of new exper i ment al dat a.

Necessi t y t o i nvest i gat e pecul i ar i t i es of r esonance neut r on i nduced f i s-
s i on ar i ses f r om t he À. Bohr ' s t heor y of f i ssi on channel s . Avai l abl e exper i -

ment al dat a on f r agment s ' k i net i c ener gy , gamma and neut r on mul t i p l i c i t i es,

2 3 5 / 2 /âàÿÿ and char ge di st r i but i ons ñî âå mai nl y f r om t he f i ss i on of U . Howe-
/ 3/ / 4 /ver , t he Ri gi er ' s R. Â. and Cowan' s Ñ. À. r esul t s have demonst r at ed mor e

dr amat i cal l y changes i n Ð/ × par amet er of t he f r agment s âàÿÿ di s t r i but i on f r om
2 3 9t he f i ssi on of Pu i nduced by r esonance neut r ons wi t h ener gi es f r om Î . 3 å×

t o 15 å×.

We have emp l oy ed t he d i sc r e t e pr ompt gamma- r ay spec t r oscopy met hod t o

2 3 6measur e i ndependen t y i e l ds of f i ss i on f r agment s of U on t he beam of t he ãå-
/ 5 / 2 4 0ac t or I BR- 30 i n Dubna . Si mi l ar i nves t i ga t i ons con t i nue wi t h Pu .

I n 1990- 199 1 t he a i m of our wor k was t o measur e i ndependent y i e l ds of

2 3 9f r agment s f r om t he neut r on r esonance f i ss i on of Pu by means of t he gamma-

ãàó spec t r oscopy met hod .

EXPERI MENT

The f i ss i on gamma- r ay spec t r um f r om 100 keV t o 1. 6 MeV con t a i ns over 100

phot o- peak s .

These phot o- peak s ar e used f or t he i den t i f i ca t i on of f i ss i on f r agmen t s .

The y i e l ds det er mi nat i on cons i s t s i n t he ca l cu l a t i on of t he r a t i o :

å Ã Ã - 1

f or each r esonance, wher e t he r esonance ar eas (Z N ) , and (Z N ) í åãå t aken
k f i k ñ î 1

e f ff r om f i ssi on and coi nci dence TOF spect r a, r espect i vel y , Ê i s t he absol ut e

ef f i c i ency of FI GARA whi ch was det er mi ned us i ng t he st andar d cal i br at i on set .

133



Rel at i v e changes i n y i e l ds of i nd i v i dua l r esonances wer e ca l cu l at ed by

t he a l gor i t hm:

n eu t r on - i ndu c edy i e l ds f o r t h e r ma lr ecommended i nd ep enden tY — t he
ñ

/ 6 /f i ssi on

RESUL TS
I ndependen t y i e l ds of some f r agment s f r om t he f i ss i on of Pu by r e- 2 3 9

neu t r ons wi t h t he ener gy f r om 0 . 2 å× t o 230 eV wer e measur edsonance

(Tabl e
2. The exper i ment al dat a obt ai ned f or t her mal (Y ) and r esonance (Y )

r e s
neut r ons wer e compar ed wi t h r ecommended i ndependent y i el ds f r om t her mal neut -

/ á /r on f i ss i on . Resonance neut r on f i ss i on has r eveal ed t he pecul i ar ut y : t he
y i el d decr eases wi t h mass number near st andar d 1 and i ncr eases — near st andar d

I I as demonst r at ed i n Fi g. The i nver se pecul i ar i t y was f ound f or t he r eso-
2 3 5 / ã/nance neut r on- i nduced f i ssi on of U by F. - J . Humbsch et al .

3. Rel at i ve changes i n âî âå i ndependent y i el ds t o 11- t h r esonances wi t h
+ +spi n 1 and 4- t h r esonances wi t h spi n 0 wer e demonst r at ed. Wei ghed mean ÷à-

l ues f or t wo gr oups of l i ght and heavy f r agment s wer e cal cul at ed f r om t hese

dat a as à f unct i on of 1/ Ã .
4. Usi ng t he wel l - known wei ghi ng met hod , we have obt ai ned aver age par a-

met er s of gamma- r ays spect r um: mul t i pl i ci t y N = 7. 26+0. 19, t he t ot al ener gy
Ó

Å = 6. 68+0. 12 Ì å× and t he mean ener gy ñ = Å / È =0. 92+0. Î ÇÌ å×.

5. I n addi t i on t o mul t i p l i ci t y , t ot al and mean ener gy of f i ssi on gamma-

ãàóç , i ndependent y i el ds of çî âå f r agment s f r om t he r esonance neut r on- i nduced

2 3 9f i ss i on of Pu can be measur ed wi t hi n t he er r or of 5- 25 per cent by means of

t he gamma- spect r oscopy met hod.

6. The exper i ment al dat a on i ndi v i dual r esonances do not deny t he possi -

bi l i t y of t he cor r el at i on bet ween f i ss i on f r agment y i el ds and f i ss i on wi dt hs,

poss i bl y connect ed wi t h t he (n, yf ) pr ocess, but can suppl y no ev i dence i n
f avor due t o consi der abl e exper i ment al er r or s . So hi gher pr ec i s i on measur e-

ment s of i ndependent y i el ds of i ndi v i dual r esonances ar e necessar y .

1. À. Bohr . Pr oc . I nt . Conf . on Peacef ul Uses of At omi c Ener gy ,

1956, vol . 2, ð. 151.
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2 . F. - J . Hambsch . et a l . Nuc l . Phy s . , À491 ( 1989 ) 56 .

3 . Â. Â. Ri g i er e t a l . Phy s . Rev . , 119 ( 1960 ) No . á .

4 . G. À. Cowan et a l . Phy s . Rev . , 144 ( 1966 ) No . 3 .

5 . À. À. Bogdze l e t a l . Ñî âà . J I NR, Ð15- 88- 385 , Dubna , 1988

6 . Ar t hur Ñ. Wah l . At omi c Dat a and Nuc l ear Dat a Tab l es ,

39 ( 1988 ) 118- 12 1.

Tab l e

I ndependent y i el ds of Fi ss i on Fr agment s
2 3 9f r om r esonance neut r on- i nduced f i ss i on of Pu

Ma s s Tr an-

s i t i -

Tr an-

s i t i -
Fr agment

Z- FR

Exper i -

men t a l

i ndependent

y i e l d

( r esonance

neu t r ons )

ò (r )

on on

Âåñî â-

mended

i nde-

penden t

y i e l d

t her -

ma l

sp i n
è

ener -

ßÓ

E ( k eV )

Exper i -

ment a l

i nde-

penden t

y i e l d

t her ma l

neu t r ons

Y (%)
r e s

neut r ons )

Y (%)

~~~~

Î . 80+0 . 2 1

1. 10+0 . 19

2 . 92+0 . 32

2 . 75+0 . 28

4 . 50+0 . 23

1. 19+0 . 15

3 . 99+0 . 20

1. 80+0 . 20

2 . 32+0 . 28

3 . 42+0 . 35

2 . 86+0 . 30

3 . 89+0 . 27

3 . 09+0 . 25

2 . 39+0 . 14

Î . 79+0 . 13

1. 29+0 . 12

Î . 77+0 . 23

1. 58+0 . 27

2 . 65+0 . 33

2 . 78+0 . 29

3 . 95+0 . 20

Î . 99+0 . 14

4 . 02+0 . 20

1. 48+0 . 21

1. 79+0 . 23

2 . 70+0 . 28

1. 83+0 . 17

3 . 56+0 . 28

3 . 49+0 . 32

2 . 51+0 . 15

1. 13+0 . 18

1. 70+0 . 16

88

90

94

98

100

102

104

106

132

134

136

138

142

144

146

148

775

707

837

~ããç

2 12

152

192

17 1

975

1279

1ç 1ç

589

359

199

259

159

2 - 0

2 - 0
+ +ã -î
+ +2 - 0
+ +2 - 0
+ +2 - 0
+ +2 - 0
+ +ã -î
+ +2 - 0
+ +ã -î

ã' -î
+ +2 - 0
+ +ã -î
+ +2 - 0
+ +2 — 0
+ +2 - 0

Î . 79+0 . 03

1. 18+0 . 05

3 . 14+0 . 16

2 . 85+0 . 14

4 . 76+0 . 24

1. 19+0 . 12

4 . 12+0 . 21

2 . 06+0 . 10

2 . 36+0 . 07

4 . 70+0 . 5 1

3 . 02+0 . 36

4 . 08+0 . 33

3 . 27+0 . 26

2 . 05+0 . 23

Î . 95+0 . 01

1. 09+0 . 12

3 6 - KR

38- SR

40- ZR

42- Ì Î

52- ÒÅ

54- ÕÅ

56- ÂÀ

58- ÑÅ
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EVALUATI ON OF TOTAL FI SSI ON CHARACTERI STI CS

FOR U AND Pu I N THE LOW ENERGY REGI ON

U. Gohs

Labor at or y of Neut r on Phys i cs , J I NR, Dubna

Ener gy conser vat i on consi st ent eval uat i ons of t ot al f i ss i on char act er i s-
u 2 3 5 / 1 / è +t i ce Õ wer e per f or med f or J = 4 neut r on r esonances of U and J = 1

Ë
2 3 9 / 2 /neut r on r esonances of Pu on t he bas i s of à phenomenol ogi cal mul t i mode

model . I f one consi der s t he cont r i but i on of t he (n , yf ) pr ocess wi t h an ave-

r age wi dt h Ã (wi t hout account f or channel ef f ect s ) t he aver age val ues of t he

t ot al k i net i c ener gy TKE, t he aver age number of pr ompt l y emi t t ed neut r ons

è , t he mul t i p l i c i t y of y- r ays N , and t he t ot al ener gy of y- r ays . Å can beï Ó' 3
expr essed by

x = (r . ( s — (ã

~

~~ ð :~ ~~
ãË à 4Ë à

~

wher e Ð ~ r epr esen t s t he r e l a t i ve con t r i but i on of t he f i ss i on channe l k t o à

k
g i v e n r e s o n a n c e Ë w i t h a n a v e r a g e f i s s i o n w i d t h Ã . W i s t h e r e l a t i v e p o p u -å Ë ' à

l a t i o n o f t h e m o d e d f o r t h e c h a n n e l k , W i s t h e r e l a t i v e p o p u l a t i o n o f t h e
à Ë

2 3 9mode d f or t he r esonance Ë. I n t he ñàâå of Pu t he channe l ef f ec t s do not
è +ex i s t s i nce t he J = 1 s t r eng t h i s r epr esen t ed by one f i ss i on channe l .

Accor d i ng t o t he pr esent eva l ua t i ons , t he (n , y f ) pr ocess i s char ac t er i zed

by t he f o l l owi ng aver ages
è 2 3 5= 4 r esonances of U

~

— (0 . 42+0 . 10 ) meV,È'f Ã 'f f

~

(4 10+120 ) å×Å
f f f f

m + 239J = 1 r esonances of Pu

Ã È = ( 1. 5+0. 5 ) meV,f f 'f Å

Ã Å
g f f f

(2 150+650 ) å×
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I t has been shown t hat t he obser ved exper i ment a l f l uc t uat i ons i n t ot a l f i s-

u 2 3 5s i on char ac t er i s t i cs f or J = 4 r esonances of U can be exp l a i ned wi t h i n à

mu l t i mode f i ss i on model wi t h accoun t f or t he (n , y f ) pr ocess (F i g . 1) . Âó i n-

el ud i ng t he i nf l uence of f i ss i on modes we can get i nf or mat i on about t he (n ,

yf ) pr ocess (Ã and Å ) f r om measur ement s of v , Å , and N . Then one mayf f ï Ó'
f a i r l y conc l ude t hat t he neut r on number as t he f unc t i on of f r agmen t âàÿÿ de-

pends on t he cont r i bu t i on of f i ss i on modes , wh i ch i nf l uences t he ca l cu l at i on

of t he pr eneu t r on emi ss i on âàÿÿ d i s t r i bu t i on f r om measur ed f r agmen t k i net i c

ener g i es .
I n t he case of è

t uat i ons i n v , Å , andï '

ac t i on and t he (n , yf )

but i on of f i ss i on mode + 2 3 9 1 r esonances of Pu t he obser ved exper i ment a l f l uc-

È r esu l t f r om t h e c omp e t i t i on b e t ween t h e ( n , f ) r e -

3pr ocess (F i g . 2 ) . Our r esu l t s i nd i cat e à l ar ger con t r i -

u +s t andar d I f or J = 1 r esonances i n compar i son wi t h

t her mal neut r on i nduced f i ss i on .

1 . U . G o h s . I n : P r o c . o f I n t . C o n f . o n Nu c l . D a t a f o r S c i e n c e

a n d T e c h n o l o g y . J u l i c h , Ì à ó , 1 9 9 1 ( i n p r e s s ) .

2 . U . Go h s . I n : P r o c . o f I n t . Wo r k s h o p o n Dy n a m i c a l A s p e c t s

o f N u c l e a r F i s s i o n . S mo l e n i c e , J u n e , 1 9 9 1 ( i n p r e s s ) .

Ô Í î ì å e t a l .

Ô c a l c u l a t i o n

~~

g 1,0 1

4

~ 1.î î

4 0 .99
~' ~ (

Ý
0 . 9 8 '

F i g . 1 . R e l a t i v e Ô ë ' Ô Ô Ô < Î Ô Î Ô Î ë ( Î Ô Ë Î Ü È È ñÎ ë i é Ô Þ Ð Ô Ô Î ~ ÑÎ ÷ ë Å „ / å '× a s t h e f u n c t i o n o fï Ô Î Ð . Ô Î Î

ñ Î Ë Î Ô Ô . Ë

ô ~ > ~ ë ß ~ ñ á

ë ë È È È CQ

r e s o n a n c e e n e r g y Å

~
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Re l a t i v e Å as t he f unc t i on of r esonance ener gy Ån 'F i g . 2 ,

~
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UGRA DES I GN

Óè . À . Al ex andr ov , L . × . Mi t s y na , Ñ . S . Samosv a t , Ê . × . Kha r i u z ov

ÅàÜî ãà 1î ãó of Neu t r on Phy s i c s , J I NR, Dubn a

Wor k i s goi ng on t he cr eat i on of t he new i nst r ument UGRA f or t he det er mi -

n a t i o n o f t h e n e u t r o n p o l a r i z a b i l i t y c o e f f i c i e n t , à , b y p r e c i s e me a s u r e me n t s
n

of angul ar di st r i but i ons of neut r ons scat t er ed on heavy nucl ei . I n or der t o
- 4 2 3have à measur i ng accur acy ba = 0. 3x 10 cm t he er r or i n measur ed r el at i ve

- 4asymmet r y of f or war d- backwar d scat t er i ng must not exceed (2- 3)õ10

The i nst r ument set - up i ncl udes à vacuum cy l i ndr i cal al umi ni um chamber

measur i ng 3 m (di amet er ) by 3 m (hei ght ) and hav i ng wal l s 12- 15 mm t hi ck . At

à di st ance of 250 m f r om t he I BR- 30 boost er t hi s chamber i s cut i nt o à neut r on

gui de t ube t o f or m wi t h i t à common vacuum vol ume. À pr el i mi nar i l y col l i mat ed

neut r on beam t r avel s al ong t he di amet er of t he chamber at about hal f i t s

hei ght and i s par t l y scat t er ed on à sampl e posi t i oned i n t he cent r e. Scat t er ed

neut r ons ar e count ed by det ect or s mount ed on à r ot at i ng pl at f or m par al l el t o

t he chamber bot t om.

Two modes of scat t er ed neut r ons det ect i on ar e pl anned t o be used, i oni za-

t i on and sci nt i l l at i on. I n t he f i r st mode si x t een det ect or s wi l l be scanni ng
çt he sampl e. Each of t hem i s à set of pr opor t i onal count er s f i l l ed wi t h Í å gas

at 10 at m wi t h à t ot al vol ume of about 88. Ever y det ect or i s t o be posi t i oned

at à l evel of 70 cm bel ow t he neut r on beam i ns i de t he shi el di ng hav i ng an i n-
put channel made so t hat i t " sees" onl y t he sampl e and par t of t he chamber wal l

behi nd i t . At à boost er power of 10 kW, t he sampl e ar ea of 200 cm and à 30% ç

pr obabi l i t y of neut r on scat t er i ng on t he sampl e, t he above i ndi cat ed measur i ng

accur acy can. be achi eved i n about 20 days of t he i nst r ument r unni ng t i me. At
6t hat , ever y det ect or wi l l r egi st er about 2x 10 scat t er ed neut r ons i n t he ener -

gy i nt er val of 28- 30 keV. I n t he sc i nt i l l at i on mode, i n or der t o have t he same

count i ng r at e i t suf f i ces t o have t wo l i qui d (cont ai ni ng about 10% of Â) 1 î

sci nt i l l at i on det ect or s. The det ect i ng l ayer i s 12. 5 cm i n di amet er and 3 cm

t hi ck . Bot h det ect or s ar e encl osed i n shi el ds wi t h i nput channel s and posi t i o-

ned near t he cent r al hor i zont al pl ane of t he chamber âî t hat one of t hem does
not " see" t he shi el di ng det ai l s of t he ot her .

Besi des t he neut r on pol ar i zabi l i t y measur ement s t he UGRA can be used f or :
— sear ch f or l i ght scal ar par t i c l es t r ansf er r i ng i nt er act i on;

— sear ch f or and i nvest i gat i on of mi xed (s+d ) wave r esonances;
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— det er mi nat i on of sp i n channe l s mi x t ur es i n p- wave r esonances ;

measur ement of t he s t r engt h f unc t i ons f or Ð wave neut r ons and
1ãã

of scat t er i ng r ad i i of Ð- wave neu t r ons ;

— app l i ed r esear ch ; nondes t r uc t i v e quan t i t a t i v e ana l y s i s of samp l es f or

hy d r og en .
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ON THE CORRECTNESS OF ESTI MATES OF THE ( n , å ) - AMPL I TUDE

AND THE NEUTRON POLARI ZABI L I TY

FROM TOTAL CROSS SECTI ONS OF Bi AND Pb

× . G. Ni kol enk o , À. Â. Popov

Labor at or y of Neut r on Phys i cs , J I NR, Dubna

A t p r e s e n t t h e r e e x i s t t wo e s s e n t i a l l y d i f f e r e n t r e s u l t s f o r t h e ( n , å ) -

s c a t t e r i n g a mp l i t u d e ( à ) o b t a i n e d f r o m t h e e n e r g y d e p e n d e n c e o f t o t a l c r o s s
ï å

s e c t i o n s a n d t h e d a t a o n c o h e r e n t s c a t t e r i n g l e n g t h s f o r l e a d a n d b i s mu t h :

( 1 . 3 2 + 0 . 0 4 ) x 10 f m ( B i , Pb ) a n d ( 1 . 5 9 +0 . 0 4 ) x 10 f m ( B i ) , wh i c h l e a d t o

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

0 . 12 ( 2 ) f m a n d - 0 . 1 1 ( 2 ) f m, r e s p e c t i v e l y .

/ 1 / / 2 /
Ou r a n a l y s i s o f u s e d i n a n d me t h o d s

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

we r e o b t a i n e d f r o m t h e ÿ à ê å e x p e r i me n t a l d a t a )

ma t h e ma t i c a l d e s c r i p t i o n s o f t h e s e d a t a . I n t h e o f à e x t r a c t i o n h a s s h o wn ï å à v a l u e s ( wh i c h , i n f a c t , ï å a r e c o n d i t i o n e d b y d i f f e r e n t / 2 / . / 1 /

f o r mu l a e i n r e f . u n l i k e

t h e r e we r e l o s t i n t e r r e s o n a n c e i n t e r f e r e n c e t e r ms . We c o n f i r m t h e mo r e g r o u n -

d e d v a l u e o f à = - 1 . 3 2 mf m o f t h e a u t h o r s a n d p a y a t t e n t i o n t o t h e f a c t
ï å

t h a t i n r e f . t h e e x p r e s s i o n f o r t h e c o h e r e n t s c a t t e r i n g l e n g t h d o e s n o t

c o n t a i n t h e t e r m t a k i n g i n t o a c c o u n t t h e c o n t r i b u t i o n o f t h e i ma g i n a r y p a r t ,

wh i c h b e c o me s e s s e n t i a l a t h i g h e r n e u t r o n e n e r g i e s . On e mi g h t t h i n k t h a t t h e

i ma g i n a r y p a r t c o r r e c t i o n s l e a d t o à v e r y s ma l l c h a n g e i n à v a l u e s , b u t t h e y
ï å

e s s e n t i a l l y i n f l u e n c e t h e e s t i ma t e s o f t h e n e u t r o n c h a r g e me a n s q u a r e r a d i u s

2
me

1 / 2
(à<ã >

~~~

ï å

( w h e r e t h e F o l d y ' s t e r m à = - 1 . 4 6 8 m f m ) , a n d p u s h i t s v a l u e f r o m 0 . 1 2 f m t o

ã

0 . 04 f m (Bi ) and 0 . 09 f m (Pb ) .

Cor r ec t i ons f or t he i mag i nar y par t of t he scat t er i ng l eng t h ar e espec i a l -

l y essent i a l when t he neut r on po l ar i zab i l i t y coef f i c i ent , à , i s es t i mat ed
ï

f r om t he exper i ment a l dat a under d i scuss i on . Wi t h i n t he f or ma l l y ach i eved s t a-
- ç ç

t i s t i ca l er r or Üà = 3 ( i n un i t s 10 f m ) t he obt a i ned es t i mat es of à change
ï ï

f r om - 8 t o +36 i n dependence on t he way t he i mag i nar y par t of t he scat t er i ng

l eng t h , t he r esonance cont r i but i on and t he accep t ed nuc l ear scat t er i ng r ad i us

ar e ac c oun t ed f o r .
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SCATTERI NG OF NEUTRONS WI TH ENERGI ES FRON 1 ÒÎ 300 k eV

ON KRYPTON AND ÕÅÌ Î Ì

À. È. Gov or ov , L . × . Mi t syna , G. S. Samosvat

Labor at or y of Neu t r on Phys i cs , J I NR, Dubna

Di f f er en t i a l cr oss sec t i ons f or t he e l as t i c scat t er i ng of neu t r ons wi t h

ener g i es up t o abou t 300 k eV on gaseous k r ypt on and x enon ar e measur ed . Oxygen

i s used as à s t andar d .

Gases at abou t 40 a t m f i l l ed t hr ee s t a i n l ess- s t ee l con t a i ner s , each

1. 98 i n vo l ume . These t hr ee gas- f i l l ed con t a i ner s and one gas- f r ee con t a i ner

wer e p l aced i n t ur n i n t he neu t r on beam. The exper i ment a l set up and t he measu-
/ 1 /r i ng met hod used ar e descr i bed i n

Neut r on s t r eng t h f unc t i ons S S S and d i s t an t l eve l s con t r i bu- o
1 / 2 3 / 2

CO Î Î
t i o n s Â , R a r e e x t r a c t e d f r o m t h e c r o s s s e c t i o n s d a t a b y t h e l e a s t s q u a r e s

î '

/ 2 /met hod (see , f or examp l e , ) .

Ob t a i ned va l ues mak e comp l e t e t he ear l i er dat a f or 34 nuc l e i i n t he a t o-

mi c mass r eg i on 48<À<144 . The mos t i n t er es t i ng ar e t he dat a on p- wave scat t e-
1/ ç ÑÎr i ng r ad i i R' =1. 35 À ( 1 — ÇÂ ) f m i l l us t r a t ed i n t he Fi gur e . I n k r ypt on

measur emen t s we have r ef i ned t he À- dependen t behav i or of p- wav e scat t er i ng ãà-

d i i i n t he r eg i on of À = 70- 90 , wher e t he neut r on p - wave phase sh i f t has an
I

anomal ous pos i t i ve s i gn . I nv es t i gat i ons wi t h xenon po i n t t o t he anoma l y of Â

(À- " 128 ) .

1. × . À. Vagov et a l . J I NR Ñî âà . , Ð3- 82- 770 , Dubna , 1982 ( i n

Russ i an ) .

G. S. Samosvat .

( i n Russ i an ) .
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R O M A S H K A

ON THE STUDY OF NEUTRON RESONANCES I N ~4~~

G. P. Geor g i ev , Yu . S. Zamyat n i n , × . I . I v anov ,

L . Â. Pi k el ner , I . À. Si r ak ov

LNP, J I NR, Dubna

Óè . × . Gr i gor i ev

Phy s i cs - Power Engi neer i ng I ns t i t u t e , Obn i nsk , USSR

G. × . Mur ad l an

I ns t i t u t e of At omi c Ener gy , Moscow, USSR

N. Â. Yaneva

I ns t i t u t e of Nuc l ear Resear ch and Nuc l ear Power , Sof i a

Bu l gar i a

The pul sed boost er I BR- 30 (J I NR, Dubna ) was used as t he neut r on sour ce i n

exper i ment s on t he st udy of mul t i p l i ci t i es of y- r ays f ol l owi ng r adi at i ve neut -
1 4 7r on capt ur e i n Sm i n t he ener gy r ange f r om 15 å× t o 900 å×. These exper i -

ment s wer e per f or med by t he t i me- of - f l i ght met hod us i ng à mul t i sect i onal 4- m

det ect or of ó- r ays, whi ch al l ows one t o measur e mul t i p l i c i t y spect r a i n i ndi -

v i dual r esonances . Cor r el at i on bet ween t he mul t i p l i c i t y spect r um and spi n of

t he r esonance was i nvest i gat ed. Spi ns í åãå assi gned t o about 90 r esonances and

r adi at i ve wi dt hs of about 30 r esonances wer e measur ed.

Thi s ar t i cl e descr i bes t he mul t i p l i c i t y spect r omet er bui l t on t he basi s
of t he hi gh i nt ens i t y pul sed neut r on sour ce at t he Labor at or y of Neut r on Phy-

s i cs, J I NR, and r epor t s on t he f i r st r esul t s obt ai ned wi t h t h i s met hod i n t he
1 4 7 Sm exper i ment .

I n t he exper i ment t he mul t i sect i onal sc i nt i l l at i on ó- det ect or , Romashka —

t he gi ven ï àâå , was i nst al l ed on t he 500 m f l i ght pat h of t he pul sed neut -

r on boost er I BR- 30. Mean boost er power i s 10 kW and t he mul t i p l i cat i on coef f i -

c i ent — 200. At t hat t he neut r on pul se gener at ed has t he dur at i on of about 4

psec and à r esol ut i on of 8 ns/ â . The pul se r epet i t i on r at e i s 100 ð. ð . s .

The det ect or consi st s of 16 i ndependent sect i ons , cr yst al s of NaI (T1) ,
çmeasur i ng 122x122x152 mm , each v i ewed wi t h à phot omul t i p l i er . The det ect or

has à t hr ough vacuum channel f or t he col l i mat ed beam t o pass t hr ough and à

sampl e be posi t i oned i ns i de t he det ect or (Fi g . 1) .
1 4 7Sampl es wer e made f r om Sm ox i de enr i ched t o 96. 4%. They wer e pr epar ed

ei t her 3. 58x 10 at om/ bar n or 8. 94x 10 at om/ Üàr ï t h i ck and put i nt o t hi n- wal l

al umi ni um cont ai ner s 100 mm i n di amet er .

145



The neu t r on t i me- of - f l i gh t and y - quan t a co i nc i dence mu l t i p l i c i t y wer e

measur ed f or ev er y neu t r on capt ur e even t . The even t s wi l l be s t or ed i n t he me-

mor y of t he measur i ng modu l e , i f t he sum ener gy of r eg i s t er ed y - quan t a l i es i n

t he i n t er va l f r om 2 MeV t o 8 MeV. The pu l se det ec t i on t hr esho l d of each sec-

t i on i s 100 k eV.
Th i s r eg i s t r at i on scheme a l l ows us t o s i mu l t aneous l y measur e 16 t i me- of -

f l i gh t spec t r a cor r espond i ng t o co i nc i dences of d i f f er ent mu l t i p l i c i t i es and

t o ob t a i n y - mu l t i p l i c i t y d i s t r i bu t i ons f or ev er y r esonance .

I n add i t i on , t he bor on n- ó conver t er , pos i t i oned i ns i de t he de t ec t or ,

gav e t he oppor t un i t y t o det ec t neut r on scat t er i ng ev en t s by measur i ng mono-

1 îener gy y - quant a f r om t he B(n , à ) r eac t i on . Mor eov er , i t ser v ed t o decr ease

t he det ec t or sens i t i v i t y t o scat t er ed neu t r ons .

I n r esu l t of t he det er mi nat i on of ar eas under r esonance peak s i n spec t r a of

d i f f er en t mu l t i p l i c i t i es , Ê, at Ê var y i ng f r om 1 t o 7 we hav e f ound t he mu l t i -

p l i c i t y d i s t r i bu t i on and aver age mu l t i p l i c i t y va l ue , <Ê>, f or ev er y r esonance ,

(Fi g . 2 ) . As i s seen i n t he f i gur e t he r esonances f or m t wo c l ear l y d i s t i ngu i -

shab l e gr oups wi t h r espec t t o t he <Ê> v a l ue . These gr oups cor r espond t o 3 and

4 sp i n va l ues f or t he r esonances wi t h ear l i er known sp i ns (a t ener g i es up t o

400 eV)
1 4 7Th i s made i t poss i b l e t o ass i gn sp i ns t o about 90 r esonances i n Sm i n

t he ener gy i n t er va l f r om 15 å× t o 900 å× and conf i r m most of t he ear l i er made

spi n ass i gnment s . I t i s sugges t ed t o r ev i se sp i n ass i gnmen t s f or f i ve r esonan-

ces ( 161. 0 ; 16 1. 8 ; 359 . 2 ; 362 . 3 and 412 . 0 å× ) . Áî âå of t he r esonances (61. 5

and 257 . 0 å× ) appear ed t o have i n t er med i at e <Ê> va l ues . À per - channe l ex ami na-

t i on of <Ê> v a l ues has shown t hat t hese r esonances ar e t he ear l i er unr eso l ved

doub l e r esonances wi t h var i ous sp i ns (F i g . 3 ) . Add i t i ona l measur emen t s conduc-

1 4 8t ed wi t h t he Sm i so t ope have pr ooved t he r esonance at 94 . 8 å× t o be l ong t o

1 4 7
t h i s i so t ope and no t t o Sm.

Si mu l t aneous measur ement of t he t i me- of - f l i gh t spec t r a of neu t r on capt ur e

and neut r on scat t er i ng has a l l owed us t o make es t i mat es on r ad i a t i ve neu t r on

wi dt hs f or à cons i der ab l e number of r esonances . These es t i mat es í åãå der i ved

f r om t he compar i son of under - peak ar eas i n neut r on cap t ur e , S , and neu t r onÓ'
scat t er i ng , S , spec t r a wi t h accoun t f or t he r e l a t i ve ef f ec t i v eness of det ec-

n

t i on of t hese t wo pr ocesses .
I n t h i s w a y w e h a v e o b t a i n e d t h e p r e l i m i n a r y Ã v a l u e s f o r s o m e 3 0 r e s o -

Ó

nances a t ener g i es f r om 15 eV t o 900 eV.
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Fi g. 1. 1.ongi t udi nal and t r ans-

ver sal sect i on v i ew of t he

mul t i sect i onal sci nt i l l at i on
ó- det ect or "Romashka" (not i n

scal e) : 1 — col l i mat or ; 2

f i l t er ; 3 — NaI (T1) cr yst al s ;

4 — phot omul t i p l i er s FEU- 110;

5 — sampl e; 6 — conver t er ; 7 —

vacuum t ube f or sampl e posi -

t i oni ng ; 8 — l ead shi el di ng; 9
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t owar ds t hat cor r espondi ng t o spi n 3 ev i dences t he

pr esence of t wo unr esol ved r esonances wi t h di f f er ent

spi ns .
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A SEARCH FOR 180 ñî âàí .ë òêâ PAI RS OF ñ óì ì à - QUANTA

I N à- DECAY OF Pu- 239

S. Â. Bor zakov , Yu . N. Pokot i l ov sk i j , I . Ì . Sa l amat i n

Labor at or y of Neut r on Phys i cs , J I NR, Dubna ñ ~ ñ

I n co l l i s i ons of v er y heavy nuc l e i (2 > 82 ) a t ener g i es c l ose t o t he Ñî è-
+

l omb bar r i er i n exper i men t s at UNI LAC (GSI ) t wo gr oups have obser ved e and

cor r e l a t ed å å peak s wi t h i nvar i an t masses 1630 , 1780 and 1830 k eV and
wi dt hs 24- 40 keV ' . Ener g i es of t he peak s (s l i gh t l y d i f f er en t i n d i f f er ent / 1 , 2 /

pub l i cat i ons ) and t he i r wi d t hs ar e i ndependent of t he t o t a l char ge of co l l i -

d i ng nuc l e i , wh i l e t he i r cr oss- sec t i ons depend not i ceab l y on char ges of nuc-

l e i . As t hese peak s ar e seen a l so a t Z < Z = 173 , t her e appear s ï î d i r ec t
ñ

connect i on of t hese phenomena wi t h t he spont aneous pos i t r on cr ea t i on i n à su-

per cr i t i ca l Cou l omb pot ent i a l .
+ / ç~

Bes i des å å peak s t her e was obser ved i n t he exper i ment

+ Th à 180 - cor r e l at ed óó- peak a t à t o t a l ener gy of 1062 keV
/ 4 /

2 . 5 keV. However , à mor e r ecent pub l i cat i on of t h i s gr oup i n co l l i s i ons U wi t h t he wi d t h r epor t s on t he

f ac t t hat t h i s peak may be a t t r i but ed t o r ad i at i on f r om h i gh sp i n s t a t es of

scat t er ed nuc l e i U- 238 .

Ther e i s ï î doub t i n t he exper i ment a l r e l i ab i l i t y of t he abov e - ment i oned

phenomena, but t hei r r i gor ous i nt er pr et at i on i s st i l l absent . Ther e have been

made sever al at t empt s t o i nt er pr et e t hese exper i ment al r esul t s . The ear l i est
i nt er pr et at i on , as t he decay of à new l i ght neut r al par t i cl e — scal ar or pseu-

doscal ar — ax i on, i s har dl y pr obabl e, f i r st , because of sever al peaks pr esent ,

and second, because of nul l r esul t s of sear ches f or such par t i c l es i n nuc l ear
/ 5 /r eact i ons and "beam- dump" exper i ment s

/ 6 , 7 /The hypot hesi s based on t he pur e el ect r omagnet i c i nt er act i on ' expl ai ns

obser ved peaks as i nt er f er ence bet ween di f f er ent pr ocesses of pos i t r on cr ea-

t i on. However , exact cal cul at i ons ar e ver y compl i cat e her e and al l est i mat es

ar e øàáå i n t he si mpl est model s .
/ 8 /I t i s appr opr i at e t o not e al so t he pr edi ct i on of à ver y r i ch spect r um of

quasi st at i onar y l evel s , obt ai ned i n t he sol ut i on of à r el at i v i st i c Coul omb

pr obl em of t wo bodi es on t he gr ound of t he quasi pot ent i al met hod i n t he model

of scal ar par t i c l e i nt er act i on.

The most bol d pr opos i t i on was made by sever al gr oups about t he f or mat i on of
/ 9 — 1 2 /

t he new phase of QED i n st r ong el ect r omagnet i c f i el ds Accor di ng t o t hi s
hypot hesi s cor r el at ed å å peaks and yy- pai r s ar e caused by t he decay of à Üî -
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+und å å st at e anal ogous t o posi t r oni um, whi ch i s f or med i n t hi s new phase

wi t h à coupl i ng const ant 1. Per haps t her e ar e ï î har d t heor et i cal gr ounds f or
t hi s hypot hesi s at pr esent , but t he pr obl em i s expl or ed i nt ens i vel y . I t i s as-

sumed, t hat t he new phase i s met ast abl e: t he bubbl e of t h i s phase, pr oduced as
à r esul t of hi gh el ect r omagnet i c f i el ds of col l i di ng nucl ei , l i ves af t er cr ea-

t i on f or à l ong t i me as compar ed t o t he char act er i st i c col l i s i on t i me

(10 s ) .
Ther e i s anot her suggest i on , t hat à nuc l eus of t he new phase may ex i s t near

/ 1 3 , 14 /t he nuc l ear sur f ace bef or e co l l i s i on ' , t he l at t er ser ves as t he t r i gger

+mechan i sm f or t he decay of t he b l ob i n t o å å or ann i h i l at i on t o à óó- pa i r .

Under assumpt i on of t h i s phenomenon occur ence t he decay of t he new phase may

be t r i gger ed not on l y by à heavy nuc l e i co l l i s i on , bu t a l so by t he decay of à

nuc l eus wi t h à change of t he char ge .
/ 14 /For examp l e , i n pub l i cat i on t he pr ocess l i k e p- decay of heavy nuc l e i i s

/ 1 5 / îcons i der ed . I n exper i ment à sear ch has been under t aken f or 180 - cor r e l a t ed

óó- pa i r s i n t he f i ss i on pr ocess of Cf - 252 . The es t ab l i shed l i mi t f or t he pr o-

bab i l i t y of c r eat i on of à par t i c l e wi t h à mass i n t he r ange 1. 4+2 Ì å× wh i ch
- ò

decay s i n t o yy - pa i r s i s l ess t han 8õ 10
Bes i des i t i s i n t er es t i ng , wi t h t he hypot hes i s l ef t as i de , t o v er i f y expe-

r i ment a l l y , i f çî âå phenomena s i mi l ar t o t hose i n heavy nuc l e i co l l i s i ons t ake

p l ace i n ot her pr ocesses wi t h à shar p change of an e l ec t r omagnet i c f i e l d near

t he nuc l eus .
I n t hi s wor k we sought f or 180 - cor r el at ed óó- coi nc i dences i n à- decay of

Ðè- 239. À sampl e of met al l i c Pu- 239 à47õ3 mm i n à 2 mm t hi ck l ead j acket f or

absor pt i on of sof t y- r adi at i on and à l ead col l i mat or 15 mm i n d i amet er wer e

pl aced bet ween t wo Ge (Li ) det ect or s at à di st ance of 7 cm f r om each det ect or .

The ener gy and t ot al absor pt i on peak ef f i c i ency cal i br at i on was made wi t h
st andar d y- sour ces. Absor pt i on of y- r ays i n Pu and i n t he l ead j acket was t a-

ken i nt o account by cal cul at i on. The t wo- di mensi onal spect r um [Å1, E2] of coi n-

c i di ng pul ses (r esol ut i on t i me of coi nci dences i s 0. 1ps ) was i nvest i gat ed, and

t he ener gy r esol ut i on of t he spect r omet er t aken i nt o account . I n t he Fi gur e à
di agonal s l i ce i s pr esent ed i n accor dance wi t h t he condi t i ons (Å1- E2)< 10 keV,

Å1+Å2 = Å. I n t he spect r um à smear ed peak at 1022 keV due t o pos i t r on anni hi -

l at i on i s seen and t her e ar e ï î ot her s i ngul ar i t i es over t he whol e ener gy i n-

t er val of 1 Ì å× < Å < 2 Ì å×. Pr ocessi ng of t he spect r um wi t h account f or t he
sour ce i nt ens i t y , t he ef f i c i ency of t he appar at us and t he t i me of t he exper i -
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ment ( 120 hour s ) g i ves t he upper l i mi t f or t he pr obab i l i t y of c r eat i on of an

obj ec t decay i ng i n t o yy - pa i r s equa l t o 1. 2x 10 f or Å = 1. 06 Ì å× wi t h à mono-

t onous dec r ease t o 0 . 3x 10 f or E = 2 Ì å× (a t à 95% conf i dence l ev e l ) .

Ò. Cowan et a l . Phy s . Rev . Let t . , 56 ( 1986 ) 444 ;

Í . Bokemeyer . Repor t GSI - 88- 1, ð . 173.

P. Ki en l e . Ann . Rev . Nuc l . Par t . Sc i . , 36 ( 1986 ) 605 ;

Â. Koen i g et a l . Phy s . 1.et t . , Â2 18 ( 1989 ) 12 .

Ê. Danzmann et a l . Phy s . Rev . Let t . , 59 ( 1987 ) 1885 .

Ê. Danzmann et a l . Phys . Rev . Let t . , 62 ( 1989 ) 2353 .

À. Chocos . Comm. Nuc l . Par t . Sc i . , 17 ( 1987 ) 211.

W. L i cht en , À. Robat i n i . Phy s . Rev . Le t t . 54 ( 1985 ) 78 1;

I b i d . , 55 ( 1985 ) 135 ; Ò. De Reus et a l . J . Phy s . , Ñ12

( 1986 ) L303 ; J . Í . Bang et a l . Z . Phy s . , À330 ( 1988 ) 431.

S. Schr amm et a l . 2 . Phys . , À323 ( 1986 ) 275 ; Yu . N. Demkov . ,

S. Yu . Ov ch i nn i cov . JETPh Let t . , 46 ( 1987 ) 14 ( i n Russ i an ) ;

D. Car r i er , L . Ì . Kr aus . Phy s . Rev . , Ñ38 ( 1988 ) 1225 ;

À. Å. 1.obanov . JETPh Let t . , 50 ( 1989 ) 161 ( i n Russ i an ) .

Â. À. Ar busov e t a l . Pr epr i n t of Moscow Un i v . Nuc l . Phy s .

I ns t . , 89- 1/ 76 ( i n Russ i an ) .

1. . S. Cel enza e t a l . Phy s . Rev . Let t . , 57 ( 1986 ) 55;

Phy s . Rev . , D36 ( 1987 ) 2144 .

10 .

12 .

13 .

14 .

15 . Â. Mu l l er et a l . J . Phy s . , Ñ12 ( 1986 ) 1 109 .

D. G. Ca l d i , À. Chodos . Phy s . Rev . , D36 ( 1987 ) 2876 .

Y. J . Ng , Y. Ki kuch i . Phy s . Rev . , D36 ( 1987 ) 2880 .

D. G. Ca l d i et a l . Phy s . Rev . , D39 ( 1989 ) 1432 .

Ì . I noue et a l . Pr epr i n t of Hi r osh i ma Un i v . HUPD- 8809 ( 1988 ) .

Â. J . ×à11åó å1 à 1. Z . Phy s . , À333 ( 1989 ) 313 .

ãî

~î

~ b. I .. i • ,ü , .
î ~

E> + E> I k eV 1

The spect r um obt ai ned f r om t he
t wo- di mensi onal di st r i but i on of

coi nci di ng pul ses under t he condi -

t i on (Å1- Å2)< 10 keV, Å1+Å2 = Å.

150

1300 1400 1500~~()~ 120o



ÅÂÐÅÈ ?Ì ÅÍ ÒÀÌ EST I NATE ON ÒÍ Å PROBABI L I TY OF y - RADI AT I ON

MI TH ÒÍ Å ENERGY Å > 20 Ì å×

FOLLOMI NG ÒÍ Å SPONTANEOUS F I SSI ON OF ÑÅ

Yu . N . Pok o t i l ov s k i i

Lab or a t or y of Neu t r on Phy s i c s , J I NR, Dubna

Aut hor s of r ef . r epor t ed on t he obser va t i on of ó- r ad i at i on , f o l l owi ng

2 5 2t he spon t aneous f i ss i on of Cf , wi t h ener g i es up t o Å 160 Ì å× and t he i n-
- 1 3'

t ens i t y behav i ng as Å a t Å > 20 Ì å× . They hav e i n t er pr e t ed t he r esu l t as
Ó Ó

be i ng due t o br emsst r ah l ung ar i s i ng at t he f l y i ng apar t of t wo f i ss i on f r ag-

2 5 2ment s . Our wor k had t he a i m t o check t h i s r esu l t . Ñàââà- ãàëÿ f r om t he Cf

òsour ce pr oduc i ng 0 . 7x 10 even t s/ sec wer e measur ed by à s i ng l e- c r y s t a l NaJ (T1)

spec t r omet er hav i ng t he s i ze of 150x 150 mm. For cosmi c muon backgr ound sup-

pr ess i on we have used à set of ant i co i nc i d i ng p l as t i c coun t er s ar ound t he NJ

cr y s t a l . No ef f ec t has been obser ved at Å > 20 Ì å× . So our conc l us i on was
Ó

t hat t he upper l i mi t t o be i mposed on t he pr obab i l i t y of y - r ad i a t i on i n t he

r ange of 20- 160 MeV must be over an or der of magn i t ude be l ow t he r esu l t r epor -

t ed i n r ef .

1. J . Kasag i e t a l . Pr oc . × Conf . Cl us t er i ng Aspec t s i n

Nuc l ear and Subnuc l ear Sy s t ems , Kyot o , 1988 ; J . Phy s . Soc .

J a p . , 58 ( 1989 ) 620 .

Â
MeV

~î

)o >

~þ ~

The spect r um of
ó- r adi at i on f ol l owi ng t he

spont aneous f i ss i on of
252Cf . Exper i ment al poi nt s

/ 1/f r om r ef Cur ves: 1

cal cul at ed i n t he sudden

accel er at i on model , 2

t he same i n t he Coul omb

accel er at i on model , bot h
/ 1/f r om , 3 — t he upper es-

t i mat e of t he pr obabi l i t y

of y- r adi at i on obt ai ned at

LNP (one st andar d dev i a-

t i on ) .
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POSSI BLE CHOPPER- MONOCHROMATOR FOR COLD NEUTRONS

Yu . N. Pok ot i l ov sk i j

Lab or a t or y of Neu t r on Ph y s i c s , J I NR, Dub na

À met hod i s pr oposed f or t he chopp i ng and monochr omat i zat i on of à beam of

co l d neu t r ons by a l t er na t i ng magnet i zat i on/ demagnet i zat i on of f er r omagnet i c
/ 1 /f o i l s i nser t ed i n t he beam. As i s known , s l ow neu t r ons , on t r av er s i ng à

f er r omagnet i c , exper i ence smal l ang l e scat t er i ng on magnet i c i nhomogenei t i es .

For co l d neut r ons t he mai n mechan i sm of t h i s scat t er i ng i s t he r ef r ac t i on of

neu t r ons on f er r omagnet i c domai n i n t er f aces . As i t f o l l ows , f or ex amp l e ,

f r om t he t ot a l wi d t h at ha l f max i mum of t he angu l ar d i s t r i bu t i on of t r ans-

mi t t ed neut r ons l ook s as f o l l ows :

( (4 . 7ðÂ)/ Å) (ò/ 26 ) ( 1 )ã

w h e r e p i s t h e m a g n e t i c m o m e n t o f t h e n e u t r o n ; Â . t h e v a l u e o f t h e m a g n e t i c

i n d u c t i o n o f t h e f e r r o m a g n e t i c ; Å ; t h e e n e r g y o f t h e n e u t r o n ; s , t h e t h i c k -

n e s s o f t h e s a m p l e ; 6 , t h e s i z e o f à d o m a i n . A t Ë = 2 0 À , ò = 5 . 1 0 c m ,

5 = 5 . 1 0 c m , ð Â = 1 . 2 õ 1 0 å × e q . ( 1 ) y i e l d s Ã 2 . 1 0 . I n v a r i o u s e x p e r i m e n t s

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

t h e t r a n s m i t t e d n e u t r o n b e a m d i s t r i b u t i o n u n d e r t h e a c t i o n o f a n e x t e r n a l s a -

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

f a c t a n d t h e m e t h o d o f p u l s e d m a g n e t i z a t i o n a n d d e m a g n e t i z a t i o n o f t h i n p l a t e s

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

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

e n j o y s e s p e c i a l c o n v e n i e n c e , i f p e r f o r m e d i n à p u l s e d s o u r c e o f c o l d n e u t r o n s .

À c h o p p e r m o n o c h r o m a t o r b a s e d o n t h i s p r i n c i p l e c a n b e a r r a n g e d a s f o l -

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

s i v e l y i n t h e c o l d n e u t r o n b e a m a t t h e d i s t a n c e 8 f r o m t h e n e u t r o n s o u r c e

w h i c h s a t i s f i e s t h e c o n d i t i o n :

Þ = v t

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

p u l s e , a t w h i c h a n i - t h f e r r o m a g n e t i c ( 2 ) . t h e t i m e , w i t h r e s p e c t t o t h e n e u t r o n f o i l g e t s m a g n e t i z e d f o r à s h o r t p e r i -

od . I n b e t ween t h e f o i l s t he r e a r e t o b e po s i t i oned s o l l e r n eu t r on c o l l i ma t o r s

w i t h t h e s m a l l e s t p o s s i b l e a n g l e s o f
t i o n 1 0 a n d t h e b e a m b r o a d e n i n g c o l l i m a t i o n . W i t h t h e a n g l e o f c o l l i m a -

o n t r a n s m i s s i o n t h r o u g h à d e m a g n e t i z e d
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sampl e of 2. 10 , t he out goi ng i nt ens i t y f r om t he col l i mat or wi l l be 20 t i mes

smal l er , t han i n t he ñàÿå of à magnet i zed f er r omagnet i c sampl e. When à set of

chopper s i s used, t he degr ees of i nt ensi t y modul at i on ar e mul t i p l i ed. I t i s

shown t hat i t i s possi bl e, i n pr i nc i pl e, t o r each à ver y hi gh degr ee of mono-

chr omat i zat i on of col d neut r ons: 10 å× f or Ë 20 Õ.

À. J . Al l en , D. Ê . Ros s . J . Phy s . D. — App l . Ph y s . , 17 ( 1984 ) 99 ,

1 5 3





M U R N

S MA L L - A NG L E N E UT R ON S CA T T E R I N G I N V E S T I GA T I ON

OF INVERTED ì ?ñêï .ëÿ çàòêí ÿ
À Î Ò + Õ ( Í , D ) 0 + Ñ D A N D A OT + Õ ( Í , D ) 0 + Ñ Í

B Y I N T E RN A L CON T RA S T V A R I A T I ON

È . G o r s k i , Y u . M . O s t a n e v i c h , L N P , J I NR , D u b n a

As we r epor t ed p r ev i ous l y , t he i nv er t ed mi ce l l es of t ype " sur f ac t an t +

wat er i n o i l " i n à sma l l mo l ecu l ar we i gh t so l v en t — benzene — wer e r es t r i c -

t ed i n t he wat er con t en t by va l ue of Õ = [ Í Î ] / [AOT ] = Th i s r es t r i c t i on
2

i s somewher e a t Õ = 100 i f t he decane i s used as à so l v en t . I f t he r emar -

kab l e f r i ab i l i t y of t he i nver t ed mi ce l l es , obser ved by us i n benzene at t he

smal l es t wat er concen t r a t i ons , r ea l i zes i n decane a l so , we wou l d get à pos-

s i b i l i t y t o f o l l ow t he cease of t h i s i n t er es t i ng pr oper t y as t he wat er con-

t ent i s i nc r eased . Bes i des of t h i s pr ob l em, i t seems wor t h t o t r y i nv es t i -

gat e t he poss i b i l i t i es of t he var i a t i on of " i n t er na l cont r as t " by change of

t he i sot ope compos i t i on of t he wat er nuc l eus on l y .

Al l exper i men t s í åãå car r i ed out at t he t i me- of - f l i gh t sma l l - ang l e scat -

t er i ng spec t r omet er "MURN" a t t he pu l sed r eac t or I BR- 2 , as i t was desc r i bed

i n . The f o l l owi ng ma i n exper i ment a l r esu l t s cou l d be men t i oned at t he âî -

ment :
t he met hod of var i at i on of t he " i nt er nal cont r ast " i s el abor at ed i n t he

ñàÿå of i nver se mi cel l es;

t hi s met hod was appl i ed t o t he syst em ÀÎ Ò + Õ (Í , D) 0 + Ñ D at Õ = 20,
2 1 0 2 2

40, 60 at t emper at ur es 17, 24, 27, 32, and 37 Ñ, and t o ÀÎ Ò +

Õ (Í , D) Î +Ñ Í at Õ = 4, 8, 70, at t emper at ur es 23, 27, 31, 34, and 41 Ñ;
2 1 0 2 2

— at t hese condi t i ons we have det er mi ned t he f or war d scat t er i ng di f f er ent i al

cr oss- sect i ons i n absol ut e scal e, t he r adi i of gyr at i on R , t he mat ch- poi nt s
ß

Â , t he aggr egat i on number s N, t he number concent r at i ons of t he mi cel l es n,
a q

t he r adi i of t he spher i cal wat er nuc l ei r t he sur f ace of t he wat er nuc-
í î

2

l eus ðåã à s i ngl e pol ar gr oup of t he sur f act ant , t he vol ume of s i ngl e mi cel -

l es and t he vol ume, occupi ed by à s i ngl e wat er mol ecul e i n t he mi cel l e ví î '
2

at most of t he above- ment i oned condi t i ons and composi t i ons (wi t h t he ex-

cept i on of smal l est wat er cont ent s Õ= 4 and Õ = 8 ) wel l devel oped r eg i ons of
val i di t y of t he Por od l aw (dZ/ dQ = 1/ ß ) wer e obser ved , whi ch al l owed us t o 4

f i nd t he t ot al sur f ace of cont r ast i ng par t s of t he mi cel l es ;
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t h i s sur f ace i s i dent i f i ed as t he t ot a l sur f ace of t he wat er nuc l e i of t he

mi ce l l es ;

— when pur e D 0 used as à wat er nuc l eus , i t was poss i b l e t o obser ve t he
2

f i r s t subs i d i ar y max i mum of t he mi ce l l ar f or m- f ac t or .

Ber . Bunsenges . Phy s . Chem. , 94Óè . Ì . Os t anev i ch ,1. È. Gor sk i ,

( 1990 ) 737 .

~

6 0

~

20

~

Fi g. 1. The vol ume, occupi ed by à s i ngl e wat er mol ecul e i n t he mi cel l e

× ( ) and t he ar ea of t he wat er cor e sur f ace per s i ngl e AOT head gr oup
í î

ã

i n t he ÀÎ Ò+Õ (Í , D)20+C>0 (H, 0 ~22à ( ï ) v e r s u s t h e mo l a r r a t i o Õ= [ Í Î ] / [ À Î Ò ]
S 2

s y s t e ms . T h e s o l i d l i n e s a r e e y e g u i d e s o n l y ,

1 58



ßÌ ÀÌ.1. - ANGLE NEUTRON SCATTERI NG STUDY

OF POLY ( OXYETHYLENE — OXYPROPYLENE — OXYETHYLENE )

BLOCK COPOLYMER MI CELLES I N AQUEOUS SOLUT I ON

J . Pl es t i l , I n s t i t u t e of Mac r omo l e cu l ar Ch emi s t r y ,

Pr agu e , Cz e ch os l ov ak i a

Í . Pos p i s i l , J I NR, Dubna

Bl ock copol ymer s i n sel ect i ve sol vent s (à good sol vent f or one t ype and à

pr eci pi t ant f or t he ot her t ype of t he bl ock ) f or m t he mi cel l es consi st i ng
of à dense cor e, whi ch cont ai ns mai nl y t he i nsol ubl e component of t he copo-

l ymer , and à shel l composed of t he swol l en sol ubl e component . For t he oxy-

et hy l ene- oxypr opy l ene bl ock copol ymer s i n wat er sol ut i ons , t he qual i t y of

t he sol vent can be easi l y modi f i ed by changi ng i t s t emper at ur e. At l ow t em-

per at ur es, t he copol ymer i s mol ecul ar l y di sper sed (uni mer ) , whi l e at hi gher

t emper at ur es , bot h t he pol ymol ecul ar aggr egat es (mi cel l es ) and t he uni mer s
ar e pr esent . I n Ref . 2, t he r esul t s of bot h st at i c and dynami c l i ght / 2 /

scat t er i ng i nvest i gat i ons of t he commer c i al pol y (oxyet hy l ene- oxypr opy l ene-

oxyet hy l ene ) bl ock copol ymer , Pl ur oni c L64, wer e r epor t ed. Smal l - angl e Õ- r ay

scat t er i ng has pr oved t o be ver y usef ul i n char act er i z i ng t he mi cel l ar sys-
t em . I n t hi s cont r i but i on, t he smal l - angl e neut r on scat t er i ng (SANS) st u- / ç~

dy of Pl ur oni c L64 i s r epor t ed. The r eason f or t he use of neut r on scat t er i ng

was à much hi gher cont r ast f or neut r ons i n compar i son wi t h t hat f or Õ- r ays .

The SANS cur ves f or Pl ur oni c L64 i n heavy wat er (copol ymer concent r at i on
î0. 001- 0. 30 g/ ml , t emper at ur e r ange 20- 50 Ñ) wer e measur ed wi t h à t i me- of -

f l i ght SANS spect r omet er MURN at t he I BR- 2 r eact or . The sol ut i on was pl aced

i n à 1 mm quar t z cel l . The i ncoher ent cont r i but i on t o t he scat t er i ng was es-

t i mat ed by measur i ng t he scat t er i ng f r om D Î / Í Î mi x t ur es cont ai ni ng t he
2 2

same number of pr ot ons as t he sol ut i ons. The exampl e of t he SANS cur ves i s

shown i n Fi g . 1.

The f ol l owi ng char act er i st i cs have been det er mi ned f r om t he scat t er i ng dat a:

cr i t i cal mi cel l e concent r at i on (Fi g . 2) ; r adi us of gyr at i on (Fi g . Çà) , âàÿÿ

and second v i r i al coef f i ci ent (Fi g. ÇÜ) of t he uni mer ; t he wei ght f r act i on of

uni mer s (Fi g. 4 ) ; mi cel l ar âàÿÿ and second v i r i al coef f i c i ent (Fi g. 5à) and

r adi us of gyr at i on (Fi g . 5Ü) . The degr ee of swel l i ng of t he mi cel l ar cor e

(Fi g. 6) was eval uat ed f r om t he mean- squar e f l uct uat i on of t he scat t er i ng

densi t y (det er mi ned f r om t he i nt egr at ed scat t er i ng i nt ens i t y ) ' . St r uc- / 4 , 5 /

t ur e par amet er s based on à cor e- shel l model have been cal cul at ed f or mi cel -

l es at 45 Ñ.
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1. Z. Tuzar , P. Kr a t ochv i l . Adv . Col l o i d I n t er f ace Sc i . ,

6 ( 1976 ) 201.

2 . Y. Zhou , Â. Chu . Macr omo l ecu l es , 21 ( 1988 ) 2548 .

Ç. J . Pl es t i l , J . Ba l dr i an . Mak r omol . Chem. , 176 ( 1975 ) 1009 ,

4 . J . Pl es t i l . Mak r omol . Chem. , Macr omol . Symp . , 15 ,

( 1988 ) 185 .

5 . J . Pl es t i l , D. Hl avat a . Po l ymer , 29 ( 1988 ) 2216 .

Fi g . 1. Log- Log p l o t of t he d i f -

f er en t i a l scat t er i ng cr oss -

sec t i on ðåã un i t samp l e vo l ume ,

I (q ) , f or Pl ur on i c L64 i n D 0 (c

0 . 045 öáø1) a t d i f f er ent t em-

per at ur es .

s a ~ a c 2 31î ' ~î '
Lengt h of scat t er ing vect or q, À
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Fi g . 2 . Cr i t i ca l mi ce l l e concen-

t r at i on as à f unc t i on of t empe-

r a t ur e .

Ì
1
Þ

î

é

î
ê
î
î

ãî ~
U N IM ER Ò= 2 0 ' Ñ

ß» (ñ Î ) ( 15 9 • 0 .3 ) I

~

16
• ñ

~

16
ß

å
î

~ã

~

þ
6 -

î

~

~î 4 6 1 2 3 4 5 ü )CONCENTRATION. 10 ~ E.cm CONCENTRATION ,10 ~ E.cm ~

Fi g . Ç. à ) Ex t r apo l a t i on of t he r ad i us of gy r a t i on of un i mer s t o i nf i n i t e d i -

l u t i on . Ü) Det er mi nat i on of t he wei ght - av er age mol ar mass of t he un i mer and

îsecond v i r i a l coef f i c i ent a t 20 Ñ.

i n ~ã

~

Fi g . 4. Temper at ur e dependence of

t he wei ght f r act i on of uni mer s

f or var i ous copol ymer concent r a-

t i ons .
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Fi g . 5 . à ) Ex t r apo l at i on of t he mi ce l l ar r ad i us of gy r at i on t o i nf i n i t e d i l u-

t i on . Ü) Det er mi nat i on of t he we i gh t - aver age mol ar mass of t he mi ce l l e and

î
second v i r i a l coef f i c i ent at 45 Ñ.

Fi g . 6 . Det er mi nat i on of t he

s w e l l i n g f a c t o r s : Q = 1 . 2 4 ;
c o r e

Q 1~ 1 1 = 2 0 . 7 ; r a d i u s o f c o r e Â
s h e l l

47 À and mi ce l l ar

Â=1î ç R.
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SMALL ANGLE NEUTRON SCATTERI NG

I N DI LUTED MATER SOLUT I ONS OF TETK QK THYLUREA

À . 1 . Kuk l i n , Yu . M. Os t an ev i ch , L ab or a t or y of Neu t r on Ph y s i c s , J I NR, Dubna

L . Cs er , Ò. Gr os z , G. J an c s o , Cen t r a l Res ear c h I n s t i t u t e

f or Phy s i c s , Bu dap es t , Hunga r y

ããïóI n our pr ev i ous publ i cat i on we have r epor t ed on t he possi bi l i t i es of i n-

vest i gat i ng t he pr oper t i es of wat er sol ut i ons of t he r at her smal l , mai nl y
hydr ophobi c mol ecul e, t et r amet hy l ur ea (TMU) (Ì . W. = 116. 16 ) , by smal l - angl e

neut r on scat t er i ng (SANS) Thi s t echni que appear s t o be r at her sens i t i ve t o

sol ut e- sol ut e as wel l as t o sol ut e- sol vent i nt er act i ons i n t he sol ut i on , i f

t he sol ut e mol ecul es ar e smal l enough. The ñàÿå of à nonel ect r ol y t e sol ut e

seems t o be especi al l y i nt er est i ng , i n t hat one can hope t o l ear n somet hi ng

about so- cal l ed hydr ophobi c i nt er act i ons. I n t hi s f i el d r emar kab l e ef f or t s
wer e under t aken r ecent l y by Y.Koga. Hi s i nvest i gat i on of excess par t i al âî -

l ar ent hal pi es of t er t - but anol i n wat er - t er t - but anol mi xt ur es l ed t o à ñî ï -

el us i on about t he ex i st ence of l ong- r ange r epul s i ve sol ut e- sol ut e i nt er act i -

ããïóon i n hi ghl y di l ut e sol ut i ons of t er t - but anol . So, i t seems wor t hwhi l e t o

i nvest i gat e t he concent r at i on dependence of t he SANS par amet er s i n t he r e-

gi on of hi gh di l ut i ons , down t o mol e f r act i on of t he sol ut e Õ = Î . 001.

Scat t er i ng exper i ment s wer e done at t he t i me- of - f l i ght SANS spect r omet er

"MURN" at pul sed r eact or I BR- 2. Sampl e Í - TMU- D 0 sol ut i ons cover ed t he con-
2

cent r at i on r ange of 0. 05- 1. 0 aquamol ar i t y , and al l pr ecaut i ons descr i bed

i n wer e t aken i nt o account . Mai n r esul t s — t he appar ent f or war d scat t e-

r i ng di f f er ent i al cr oss- sect i on per s i ngl e mol ecul e of TMU and t he appar ent

r adi us of gyr at i on ver sus concent r at i on — ar e shown i n f i g . 1 and f i g . 2. The

f i gur es al so show t he r esul t s expect ed i n à s i mpl i f i ed model of sol ut i on, i n

whi ch t he i nt er par t i c l e i nt er act i on i s not t aken i nt o account .
At t he moment i t i s di f f i cul t t o ñî âå t o cer t ai n conc l us i ons about t he ex i s-

t ence of t he l ong r ange i nt er act i ons bet ween sol ut e mol ecul es assumed i n ããïó

Though t he smal l d i f f er ence bet ween t he cal cul at ed and obser ved cr oss-

sect i ons at t he zer o concent r at i on eas i l y can be expl ai ned by consi der at i on

of such à r epul s i ve i nt er act i on, t he cal cul at ed val ues s t r ongl y depend on

t he par t i al vol ume of TMU whi ch i s not known at t he l owest concent r at i ons.
Besi des , t he qui t e unexpect ed gr owt h of t he r adi us of gyr at i on wi t h concen-

t r at i on needs some ot her expl anat i on. As à f i r st al t er nat i ve one can assume
some degr ee of di mer i zat i on of TMU mol ecul es . À det ai l ed quant i t at i ve anal y-

si s and mor e exact measur ement s of t he par t i al vol ume of t he hi gh di l ut i on
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r eg i on of TMU so l u t i ons i n D 0 ar e needed bef or e any f i r m conc l us i ons
2

be dr awn .

L . Cs e r , G. J an c s o . Pr ep r i n t1. ×. Yu. Bezzabot nov , Ò. Gr osz , Yu. Ì . Ost anev i ch,
J I NR, Ð14- 90- 419, Dubna, 1990 ( i n Russi an ) .

2. Y. Koga. Can. Jour n. Chem. , 66 (1988) 1187.

Fi g . 1. The appar en t f or war d

scat t er i ng c r oss - sec t i on per

s i ng l e mol ecu l e of t e t r amet hy l -

ur ea (TMU) i n D 0 ver sus t o t a l

concent r a t i on of TMU. The upper

l i ne shows t he mode l ca l cu l a t i on

wi t hou t t ak i ng i n t o account any

k i nd of i n t er par t i c l e i n t er ac-

t i ons (as shown i n equat i on i n

t he f i g . ) , t he l ower one i s an

åóå gu i de t hr ough t he exper i men-

t a l va l ues .

Aq ua motes

Rg , À

òî Fi g. 2. The squar ed appar ent r a-

di us of gyr at i on of t et r amet hy l -

ur ea (TMU) i n D 0 ver sus t ot al
concent r at i on of TMU i n t he so-

l ut i on. The dashed l i ne i s à

cal cul at ed one accor di ng t o t he
st r uct ur e of à s i ngl e TMU mol e-

cul e, wi t hout t ak i ng i nt o ac-

gp count any i nt er par t i c l e i nt er ac-

t i ons.

~

0 .5 ~.î

Aqua moles
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SMALL - ANGL E NEUTRON SCATTERI NG ON CL I NKER MI NERAL S

AND HARDENED CEMENT PASTE

F . Haup l er , Lab or a t or y of Neu t r on Ph y s i c s , J I NR, Dub na

Í . Baumba ch , L e i pz i g Un i v er s i t y o f Tec hn o l ogy , FRG

F . Ei ch h or n , I n s t i t u t e f or Nu c l ea r Res ea r ch , Ros s end or f , FRG

Por t l and cement past e cont ai ns ï àï ó cr yst al l i ne and non- cr yst al l i ne phases

i n var i ous r anges of s i zes. The cr yst al l i ne phases (å. g. Por t l andi t e, Cal -

ci t e ) ar e embedded i n t he amor phous phases of hydr at i on pr oduct s . The ker nel

of t he hydr at i ng gr ai n consi st s of unr eact ed Por t l and cement .
I n SANS- exper i ment s, car r i ed out at t he spect r omet er MURN- ÒÅÕÒ i n Dubna

(USSR) , sampl es of har dened cement past e, dr y c l i nker , or dr y Por t l and ce-

ment powder wer e i nvest i gat ed. The phase composi t i on and gr anul omet r i c dat a

of t he used cement powder ar e descr i bed i n . Because of t he gener al l y ac-

cept ed f act , t hat t he pr oper t i es of concr et e ar e det er mi ned l ar gel y by t he
/ 2 /cement st one , t he i nvest i gat i ons us i ng SANS ar e r est r i ct ed t o har dened

cement past e sampl es. For à bet t er i nt er pr et at i on of t he scat t er i ng dat a t he

sampl es wer e pr oduced f r om gr ai ns of cl i nker mi ner al s and or di nar y Por t l and

cement hav i ng di amet er s i n à ver y smal l r ange.

À det ai l ed descr i pt i on of t he used SANS- spect r omet er MURN- ÒÅÕÒ i s gi ven
/ 3 - 5 /

i n . Sever al exper i ment al r esul t s show t he absence of à Gui ni er r egi on.

At l ar ge scat t er i ng angl es ( l ar ge Q) t he Por od appr ox i mat i on i s appl i cabl e.
4Fr om t he scat t er i ng cur ves r epr esent ed i n t he Por od pl ot ( [dZ/ dÉ. Q ] ver sus

Q) t he Por od const ant i s obt ai nabl e by à st r ai ght f or war d pr ocedur e.

À wi de col l ect i on of SANS- cur ves of bot h dr y powder (c l i nker mi ner al s and

or di nar y Por t l and cement ) and har deni ng cement past e ar e measur ed. The har -

dened cement past e was of t he SCC- t ype wi t h à wat er - cement r at i o of 0. 38. À

mi xt ur e of 62 vol % Í 0 and 38 vol % D 0 was pr oduced. Al l sampl es wer e put
2 2

i nt o à cont ai ner whi ch consi st ed of t wo c i r cul ar s l i ces of opt i cal quar t z
gl ass. The obt ai ned SANS- dat a f or al l t he sampl es st udi ed have been pl ot t ed
on gr aphs of [ (Q ' dZ/ dé )/ Ã cm st er ad ] ver sus I n [Q/ Õ ] . Thus , t he per -

f ect Por od scat t er i ng (pot ent i al l aw oc Q ) i s à st r ai ght hor i zont al l i ne.

Anot her pot ent i al behav i or i s al so r epr esent ed by st r ai ght l i nes.
The Por od' s pot ent i al l aw hol ds f or t he sampl es of t he c l i nker mi ner al s Ñ À

ç
and Ñ AF (see f i gs . 1 and 2 ) . I n t he measur ed Q- r egi on t he mai n c l i nker phase

4

Ñ S, or di nar y Por t l and cement , and har deni ng cement past e do not show à Po-
r od- l i ke behav i or of t he SANS- cur ves (see f i g . 3 and Tabl e 2 ) . Âó means of

/ á /t he pr ogr am I NYAR t he Por od const ant s ar e cal cul at ed. I n Tabl e 1, Ê

~~



s t an d s f o r t h e po r od c on s t an t ,' S , t he su r f ac e à ãåà ; Ó , t h e v o l ume ; an d â , t h e
ß 9

mas s of t he s amp l e .

Th e p o t en t i a l behav i o r g i v en i n Tab l e 2 i s c ompa r ab l e wi t h t he d a t a meas u r ed
ãòðê

by Kr i echbaum e t a l . . Obv i ou s l y t he s i z e s o f t h e o r d i n a r y Po r t l an d c emen t

g r a i n s do no t e s s en t i a l l y i n f l uen c e t he f o r ma t i on of t h e hy d r a t i on p r odu c t s

d e t ec t ab l e by t h e SANS meas u r emen t s .

1. F. Haup l er e t a l . Cement and Concr et e Resear ch , 20 ( 1990 )

644 .

2 . S. Roh l i ng , Ì . Ni e t ner . Pr oc . ×ÒÒ Symp . , ×ÒÒ- 115 , 1990 , ð . 5 .

3 . Óè . Ì . Os t anev i ch . Macr omol . Chem. , Macr omol . Symp . , 15 ( 1988 )

9 1.
4 . Yu . M. Os t anev i ch . Pr epr i n t J I NR, Ð13- 87- 407 , Dubna , 1987 .

5 . × . Yu . Bezzabot nov , Yu . Ì . Os t anev i ch . Phys i ca Â 1568 157

( 1989 ) 595 .

6 . J . Pl es t i l . Pr i va t e commun i cat i on , Dubna , 1987 .

7 . Ì . Kr i echbaum et a l . Pr ogr ess i n Co l l o i d L Po l ymer

Sc i ence 79 ( 1989 ) 1.

Tab l e 1

Spec i f i c sur f ace measur ement s of powder f r ac t i ons

Û × / 10 â

~

2 - 1
S/ m ! ò gCha r a c t e r i s t i c s Ê / 10 m s r

~~

ñ ëãî
Î . 95+/ - Î . 17

Î . 55+/ - Î . 03

Î . 53+/ - Î . 15

Î . 59+/ - Î . 11

Î . 45+/ - Î . 04

Î . 12+/ - Î . 0 1

Î . 39+/ - Î . 08

Î . 20+/ - Î . 02

Î . 17+/ - Î . 05

Î . 19+/ - Î . 04

Î . 41+/ - Î . 04

Î . 10+/ - Î . 0 1

Î . 58+/ - Î . 09

Î . 34+/ - Î . 02

Î . 32+/ - Î . 09

Î . 36+/ - Î . 07

Î . 49+/ - Î . 04

Î . 13+/ - Î . 01
Ñ À

ç

<27

27 - 4

4 5 - 6

>6 3

<27

>6 3
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Tab l e 2

Th e ex pon en t i a l b eh av i o r o f t he SANS- cu r v es

Åâð î ï .Åâ ð î ï . Q / Î
mi n ma xCh a r a c t e r i s t i c s 0 10

â 1ï ma x

~~

n m

Î . 27/ Î . 4

Î . 27/ Î . 4

- ã . 1

- 2 . 1
Î . 15/ Î . 27

Î . 15/ Î . 27

Î . 16/ Î . 5

Î . 16/ 05

Î . 18/ Î . 5

- 2 . 9

- 2 . 8

- 3. 1

- 3 . 3

- 3 . 4

8- 14 ðâ/ 3 day s

27- 45 ðâ/ 3 day s

8- 14 ðâ/ 241 day s

14- 20 ðâ/ 241 day s

27- 45 ðø/ 241 day s

~~

C L I N K E R M I N E R A L C 3A

~

, ,~~ - â-

~ <~

Ñ ~

~4 — 13-

DIAMETER 1
• • • • • DIAMETER g,

— 27 ~èÕï
t h . 63 ~è ï

a s ~~ < ' e • i ~~ q~qe ì åì î . á Ô
Ô

~

0
î à ò ~ ~ ð ð ä ~~ ä ~~ ~ @~ ~ ~~

Por od p l o t o f f r ac t i on ed d r y c l i nk e r mi n e r a l s Ñ À . ~Fi g . 1

16 7

— 4 .7



- 1 1

CLI N KER MIN ERAL C4AF ( DRY )

~

cg
~÷
Ô

È
þ 4 • • • • • d i am et er 1 — 27 p m

di am et er 27 — 4 5 p m
di am et er 45 — 63 p m

+ + + + + di am et er g. t h . 63 p m

~+ •
1

~ - ~ý-
Ñ

~Ð — 1 4 .

Por od p l ot of f r ac t i oned dr y c l i nker mi ner a l s Ñ AF ,Fi g . 2 ,

~~

HARDENED CEMENT PASTE (SCC)
Var i at i on of t h e ñåï i åï 1 p ow d er

• 8
ê õ õ õ õ 2 7

+++++ 8
* * * * * 14-

@ î î î î 2 7 - 1 4 ð å ï 4 5 ð ë ï 1 4 óè ï 2 0 ð ï ü

45 óçàï

3 d
3 d
24 1 d
24 1 d
24 1 d

' 2

~

1 (

0
~ — 12 -

' Î

CY
• x

x Ô • Ô • å x x • ~ „ x • ~ õ õ • ~ x È á Õ x

- 1 6 - « « « , « , <

- 4 . Â — 3 . Â - 2 . 8

1n Q/ A '}
F i g . 3 . P o r o d p l o t o f h a r d e n e d c e m e n t p a s t e o f t y p e S C C .

~
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D N - 2

S T U D Y O F Ò Í Å S U P E R S T R U C T U R E O F Y B a 2 ( C u 1 - F e 3 0 6 + ~
1 - õ õ 3 6 + 6

I N THE RANGE 80- 680 Ê

À. Ì . Ba l agur ov , G. Ë. Bonch- Osmol ov sky

Labor at or y of Neu t r on Phys i cs , J I NR, Dubna

I n t he ñàÿå of t he compound Y123- Cu/ Fe sever al exper i ment al met hods , i ncl u-

di ng neut r on di f f r act i on and Mossbauer spect r oscopy , ar e used t o st udy t he
/ 1 /

a t o m i c a n d m a g n e t i c o r d e r i n g o f d o p a n t c a t i o n s . R e c e n t l y i t w a s f o u n d

t hat f or hi gh i r on concent r at i ons (x ~ 0. 20) t he di f f r act i on pat t er ns i nc-

l ude many addi t i onal peaks i f compar ed wi t h t he i n i t i al (õ = 0 ) pat t er n . On
/ 2 /t he anal ogy of t he Y123- Cu/ Co syst em one may expect t he l ong- r ange magne-

t i c or der i ng t o ar i se i n Y123- Cu/ Fe, as r eveal ed by t he Mossbauer
/ ç/st udi es . As ÿî âå of t he addi t i onal peaks coul d be due t o âî âå ot her r ea-

sons, i . å. f or ei gn mat er i al s and excess oxygen or der i ng, onl y t he t emper a-

t ur e dependence of t he peak i nt ens i t y coul d hel p dec i s i on about t hei r magne-

t i c nat ur e.
Neut r on di f f r act i on pat t er ns wer e measur ed at t he DN- 2 TOF di f f r act omet er at

sever al scat t er i ng angl es s i mul t aneousl y i n t he d- spaci ng r ange f r om 1 up t o

20 À. We used t he f ol l owi ng sampl es and condi t i ons:

— cool i ng down t o 8 Ê of (0. 15, 1) , (0. 23, 1) and (Î . 27, 1) sampl es ;

heat i ng up t o 680 Ê of (0. 23, 1) , (0. 27, 1) (0. 30, 1) and (Î . 30, 0. 50 )

sampl es. The f i r st f i gur e i n par ent hesi s i s t he i r on concent r at i on (x ) , t he
second one i s t he f or mal val ue f or î . The sampl es wer e cool ed i n t he He-

r ef r i ger at or and heat ed i n à f ur nace wi t h à l ar ge i nner vol ume and l ar ge i n-

comi ng and out goi ng wi ndows.

As an exampl e of t he exper i ment al pat t er n Fi g. 1 shows spect r a f r om t he

(Î . 30, 0. 5 ) sampl e measur ed at var i ous t emper at ur es. One may see t hat at Ò
200 Ê à new peak ar i ses at d = 4. 73 À and t he peak at d = 5. 16 À get s es-

sent i al l y hi gher . Some peak i nt ens i t i es as t he f unct i on of t he t emper a-

t ur e ar e shown i n Fi g. 2.

We can enunci at e t he nex t r esul t s .

I n t he di f f r act i on pat t er ns of al l t he sampl es wi t h h i gh oxygen cont ent (6

1) t he l i nes of t he Y123 phase ar e nucl ear i n or i g i n. I t means t hat i n
Y123- Cu/ Fe, di f f er ent l y f r om Y123- Ñè/ Ñî , t he l ong- r ange magnet i c or der i s

absent .

Af t er oxygen r emoval (î 0. 5 ) , ant i f er r omagnet i c peaks ar i se, f or exampl e,

(1/ 2, 1/ 2, 1) and ( 1/ 2, 1/ 2, 3/ 2 ) , whi ch cor r espond t o t he doubl i ng of al l
l at t i ce par amet er s . Thi s pi ct ur e r esembl es t he s i t uat i on wi t h Y123- Cu/ Co / 4 /
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and can be expl ai ned by t he or der i ng of magnet i c moment s bot h i n pl anes and

i n chai ns . The Neel e t emper at ur e of t h i s phase i s about 470 Ê.

The di f f r act i on l i nes at d = 5. 16 À as wel l as at d = 4. 73 À, whi ch have

exhi bi t ed t he t emper at ur e dependence, cannot be at t r i but ed t o t he Y123

phase. I t i s qui t e cl ear now t hat t he 5. 16 À peak bel ongs t o à new phase as

wel l as t he ï àï ó ot her peaks. Thi s t et r agonal phase has à = Ü = 3. 88 À and
f f

ñ = 7. 70 À (or 15. 4 À) , i . å. à = à , ñ = 2à (or ñ =4à ) , unl i ke t he Y123
1 2 3 f f

phase, wher e ñ = Çà. Thus, t he 5. 16 À peak i s t he magnet i c peak (Î 0 3/ 2) or

(Î 0 3 ) of t h i s new phase, whi ch has t he same Neel e t emper at ur e as Y123 f or

l ow à.
The nat ur e of t he 4. 73 À peak i s st i l l unc l ear . The best way t o under st and

i t , as wel l as t o r ef i ne t he st r uct ur e of t he new phase i s t o use t he

hi gher r esol ut i on di f f r act omet er wi t h Ì / d Î . 002.

1. À. Ì . Bal agur ov et al . Super conduct i v i t y , 3 (1990) 557.

2. P. F. Mi cel l i et al . Phys . Rev . , Â39 (1989) 12375.

3. I . S. Lyubut i n et al . Phys . Let t . À137 (1989) 144.

4. Â. Sonnt ag et al . Physi ca Ñ, 159 (1989 ) 141.

Y123- Cu/ Fe, x=O.3, y=O.5
Fi g. 1. Di f f r act i on pat t er ns of

ÓÂà Ñû Ðå 0 measur ed i n t he r ange

10- 293 Ê. The super st r uct ur e peaks at d

> 4. 2 À ar e cl ear l y seen. I f t he sampl e

i s cool ed, t he new 4. 73 peak ar i ses and
t he i nt ens i t y of t he 5. 16 À peak i ncr ea-

þ ê

3 4
|î î Ê

3 4 . À ò

293 Ê

2.0 3.0 4.0 á.Î
d ,À

ï ~

~Ë /~
ses .

~

Fi g. 2. The i nt ens i t y of some di f f r act i on
(nucl ear and magnet i c ) peaks as à f unc-

t i on of t emper at ur e dur i ng t he heat i ng

of t he sampl e.
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OXYGEN DI FFUSI ON PROCESS I N ÓÂà Ñè 0 - CERAMI CS

À. È. Ba l agur ov , Ì . × . Vuong , L . Ñ. Quy , Ò. À. Quan ,

V. i . Lusch i k ov , × . Í . Tuong , P. Q. Tr i eu

Labor a t or y of Neu t r on Phys i cs , J I NR, Dubna

À comb i ned ( t heor et i ca l and exper i men t a l ) s t udy has been under t aken of oxy -

gen d i f f us i on i n Y123- cer ami cs , wh i ch p l ay s t he c r uc i a l ãî Ðå i n t he f or ma-

t i on of t he super conduc t i ng phase of t h i s compound . The one- d i mens i ona l d i f -

f us i on equat i on. was used t o descr i be t he d i f f us i on pr ocess , wh i ch occur s at

t he anneal i ng of samp l es at cons t an t t emper a t ur e as we l l as a t l i near hea-

t i ng or coo l i ng .

The model app l i cab i l i t y seems qu i t e sat i sf ac t or y as i l l us t r a t ed i n Fi g . 1,

wh i ch shows t he exper i ment a l dat a on oxygen con t en t var i at i on dur i ng t he he-

at i ng of t he samp l e a t t he oxygen p r essur e of P = 1 a t m and t he heat i ng
î

r at e of 1 deg/ mi n (TGA dat a ) , and t he ca l cu l a t ed cur ve . I n t he ca l cu l a t i on

t he f o l l owi ng par amet er s of t he model wer e used : t he d i f f us i on l eng t h L

0 . 003 cm, t he d i f f us i on coef f i c i ent i n t he f or m D = D ~åõð ( - Å/ kT ) wi t h D
î î

2 . 1õ 10 cm / âåñ , Å=Î . 6 å× .

The i nves t i gat ed samp l es wer e pr epar ed f r om Y Î , ÂàÑÎ and CuO by t he s t an-
2 3 3

dar d pr ocedur e . They wer e annea l ed i n a i r or i n oxygen f l ow hav i ng t he r at e

of 100 ml / mi n . The Õ- ãàó ana l y s i s was per f or med on t he d i f f r ac t omet er

DRON- 3 . The det er mi nat i on of oxygen cont en t and t he s t r uc t ur e par amet er s ãå-

f i nemen t ÷åãå made by us i ng t he neut r on d i f f r ac t i on dat a (d i f f r ac t omet er DN-

2 ) . I n add i t i on , t he samp l es qua l i t y was checked by measur i ng t he t emper a-

t ur e dependence of r es i s t i v i t y and magnet i c suscep t i b i l i t y .

The ana l y s i s of t he obt a i ned r esu l t s a l l ows one t o make t he f o l l owi ng conc-

l us i ons:

1. I nt ense di f f usi on of oxygen f r om ambi ent at mospher e i nt o sampl es occur s

dur i ng t he anneal i ng of Y123 at t he compar at i vel y l ow t emper at ur e of 350 Ñ.

Fur t her mor e, t her e al so t akes pl ace t he r est or at i on of t he Y123 phase, whi ch

was par t i al l y decomposed at t he cool i ng of t he sampl es i n ai r f r om t he syn-

t hesi s t emper at ur e down t o r oom one.

2. 0xygen di f f usi on at 350 Ñ i s accompani ed by t he oxygen or der i ng i n Cu- 0

chai ns al ong t he Ü- ax i s of t he l at t i ce, whi l e at t he l i near cool i ng or hea-

t i ng (especi al l y at l ar ge r at es , × ? 1 deg/ mi n ) t he chai n occupat i on wi t h

oxygen al ong t he à and Ü àõåÿ i s di f f er ent f r om i t s equi l i br i um st at e.

3. I n t he oxygen di f f usi on pr ocess t he st at e of t he st ar t i ng sampl e, hav i ng

à near zer o val ue of 6, under goes t hr ee st ages:

f or mat i on of i t s sol i d sol ut i on wi t h oxygen. The st r uct ur e of t h i s st age

1 7 1



i s t et r agonal and t he di f f usi on coef f i ci ent i n t he i nt er val s 200- 700 Ñ of

t emper at ur e and 1. 4- 1. 7 at m of oxygen pr essur e can be expr essed as:

( 2 . 3 — 4 . 6 ) x 1 0 õ ( Ð — 0 . 7 ) õ å õ ð ( - 0 . 1 4 / k T ) ,

î

~

wher e D i s i n cm l ÿåñ, Ð i n at m, kT i n å×; 2

î
f ur t her devel opment of t he syst em r et ai ni ng t he t et r agonal phase di sor -

der ed over Cu- 0 chai ns . I n t hi s phase t he di f f us i on coef f i c i ent i s est i mat ed

as

— (Î . 84 — 3 . 4 ) õ 10 õ åõð ( - 0 . 611Ò) ;

~~

t r ans i t i on t o t he or t hor hombi c phase, i n whi ch t he di f f us i on coef f i ci ent

decr eases gr adual l y t o zer o as t he î - val ue near s uni t y .
4. Thi s pr oposed and t est ed var i ant of "hot gr i ndi ng" f or t he pr epar at i on of

Y123, r educes essent i al l y t he i nf l uence of gr anul ar sur f aces on t he est ab-

l i shment of oxygen cont ent i n t he vol ume of t he sampl e. At t hat , d i f f usi on
pr oceeds much f ast er and t he t r ansi t i on t emper at ur e Ò of 91- 94 Ê i s est ab-

c

l i shed i n t he sampl e i n about an hour .

The i nvest i gat i ons per f or med ar e r epor t ed i n:
1. N. ×. Vuong. Descr i pt i on of t he Oxygen Di f f us i on Pr ocess i n Y123- Cer ami cs

J I NR, Ð17- 91- 341, Dubna, 1991.

2. À. Ì . Bal agur ov et al . Oxygen Di f f us i on i n Y123- Cer ami cs. J I NR, Ð17- 91- 340

Dubna, 1991.

3. À. M. Bal agur ov et al .

Òî be publ i shed.

4. N. ×. Vuong e t a l
Y123- Cer ami cs.

Oxygen Di f f us i on i n Y123- Cer ami cs Dur i ng t he Heat i ng ,

I nf l uence of t he Gr anul ar Sur f ace on t he Oxygen Upt ake i n

J I NR, Ð17- 91- 342, Dubna, 1991.

Fi g. 1. The dependence of t he oxygen cont ent ,
i n r ef er ence t o t he wei ght change of t he st a-

r t i ng sampl e ~~à~~û30~ 18, on t he heat i ng

t emper at ur e, changi ng at t he r at e of 1

áåä/ â1ï at oxygen pr essur e of 1 at m. I t shows
t he exper i ment al poi nt s (TGA- dat a ) and t he

cal cul at ed cur ve i n t he one- di mensi onal di f -

f usi on model .
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2 - 3 7- î
À. N. Bal agur ov , Labor at or y of Neut r on Physi cs , J I NR, Dubna

J . Pi echot a , À. Pa3aczkowska, I F PAS, War saw, Pol and

Numer ous st udi es of à ser i es of compounds YBa (Cu í ) 0 Â, wher e Ì = Fe
2 1- õ õ 3 7 - Â

or Ñî , have shown t hat :
— t he cr yst al l at t i ce symmet r y changes f r om or t hor hombi c (Pmmm) t o t et r ago-

nal (Ð4/ mmm) at õ = 0. 03,

appr ox i mat el y one ext r a oxygen i s i ncor por at ed i n t he Cu ( 1)- 0 pl ane f or

ever y 1÷î Fe or Ñî at oms whi ch subst i t ut ed Cu i n Y123,
— Fe and, åçðåñ1à1l y , Ñî at oms occupy pr ef er ent i al l y t he Cu ( 1) si t e.

The pr obl em of subst i t ut i on of di val ent i mpur i t i es, Ni or Zn, f or Cu i n Y123

i s al so ver y i nt er est i ng . These dopant s , cont r ar y t o Ñî or Fe, have val ence
+

2 , t he most l i kel y val ence of Cu i n Y123. Unf or t unat el y , i n t he ñàçå of Ni ,

t he avai l abl e st udi es y i el d l i mi t ed and cont r adi ct or y dat a. For exampl e,
/ 1 /i n i t was f ound t hat t he Ni dopant s occupy onl y t he Cu ( 1) si t e f or x

0. 066, but i n and i t was demonst r at ed t hat Ni i mpur i t i es ar e di st r i - / 2 / / 3 /

/ 4 /but ed about equal l y over t he Cu si t es . Mor eover , i n i t was shown t hat Ni

may get di ssol ved i n t he Y123 mat r i x up t o x = Î . 04, and pr ec i pi t at es as Ni O

at hi gher x . We under t ook à neut r on powder di f f r act i on st udy of t he sampl es
of YBa (Cu Ni ) 0 cont ai ni ng Ni (x = 0. 05, 0. 09 ) or à nat ur al mi x t ur e 5 8

ã 1- õ õ 3 7- Â
of Ni i sot opes (x = 0. 06, 0. 15) . The r esul t s obt ai ned al l ow t he sugges- / 5 /

t i on t hat ni ckel subst i t ut es copper at l east up t o t he concent r at i on of x =

0. 07, and f or al l x st udi ed t he st r uct ur e r esembl es t hat of an undoped

YBa Cu 0 compound. The st r uct ur e r et ai ns i t s or t hor hombi c symmet r y
2 3 7 Â

wi t hout any s i gni f i cant change i n r el at i ve coor di nat es of at oms . The di st r i -

but i on of Ni over t he Cu (1) or Cu (2 ) s i t es i s about equal l y pr obabl e. The

pr eci pi t at i on of par t of ni ckel i nt o t he Ni O phase al r eady at concent r at i ons

x ? 0. 05 (Fi g. 1) suppor t s t he i dea of l i mi t ed sol ubi l i t y of Ni i n t he Y123

phase, di f f er ent l y f r om Fe and Ñî .

1. Ò. Kaj i t ani et al . Jap. J . Appl . Phys. 27 ( 1988 ) 1 354

2. J . F. Br i ngl ey et al . Phys. Rev . Â38 ( 1988 ) 2432.

3. Â. S. Howl and et al . Phys . Rev . Â39 ( 1989) 9017.

4. Ì . Qui an et al . Phys. Rev . Â37 ( 1988) 5932.

5. À. Ì . Bal agur ov et al . Sol . St . Ñî âà. 78 ( 1991)
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N i, + Yi i Q

õ = 0 .0 9

~

Fi g. 1. Obser ved (st ar s ) and cal cul at ed

i nt ensi t i es f or Y123- Cuf Ni wi t h õ = 0. 09.

second phase, Ni O, ar e cl ear l y seen.

(sol i d l i ne ) neut r on pr of i l e

The di f f r act i on peaks of t he
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NEUTRON DI FFRACTI ON STUDY OF PHASE TRANSI TI ONS

I N NETASTABLE I CE OF HI GH PRESSURE

À. Ì . Ba l agur ov , G. Ì . Mi r onov a , Labor a t or y of Neu t r on Phy s i cs , J I NR,

Dubna

Î . I . Bar ka l ov , À. I . Kol esn i k ov , E. G. Ponyat ov sky , × . G. Si n i t syn , × . Ê. Fedot ov

I ns t i t u t e of So l i d St at e Phy s i cs , Cher nogol ov ka , USSR

/ 1/I n i ce, as i t was shown r ecent l y , i n addi t i on t o some cr yst al phases , t wo

amor phous phases of di f f er ent densi t y , l da and hda, do al so occur . These

amor phous phases can be ex t r act ed f r om hexagonal i ce of hi gh pr essur e. Áî âå

ot her poss i bi l i t y t o obt ai n 1da and hda f r om t he quenched hi gh pr essur e t et -
/ 2/r agonal phase VI I I was r epor t ed i n , wher e à ser i es of t r ansi t i ons was î Ü-

ser ved: VI I I - > 1da - > I c - > I h , her e I c i s t he cubi c phase, I h i s t he hexa-

gonal phase. I t was suggest ed t hat t he l ow dens i t y phase, 1da, was f or med

f r om t he hi gh densi t y phase, hda, but at t empt s t o obser ve t hi s pr ocess have

f ai l ed.
/ 3Me st udi ed phase t r ansi t i ons of heavy i ce f r om t he quenched phase VI I I ,

when heat ed f r om 94 t o 240 Ê, by t he r eal t i me neut r on di f f r act i on met hod

wi t h t he t empor al r esol ut i on of 5 mi n t o f i nd t he t r ans i t i on VI I I - >hda. The

sampl e (99% D Î , wei ght 0. 3 g ) was pr essed at ãñî â t emper at ur e t o t he pr es-

sur e of 2. 6 GPa, hel d f or 1 hour t o at t ai n equi l i br i um, cool ed down t o 100

Ê and t hen shut of f pr essur e. Neut r on di f f r act i on pat t er ns wer e measur ed on
t he DN- 2 t i me- of - f l i ght di f f r act omet er at t he I BR- 2 pul sed r eact or .

The st ar t i ng phase VI I I was obser ved up t o 130 Ê. I n t he i nt er val bet ween

130 and 135 Ê dur i ng 5 mi n t he di f f r act i on l i nes of t h i s phase di mi ni shed
- 1 - 1

and t wo br oad peaks at Q=1. 72 À and 2. 09 À t oget her wi t h à ver y l ow-
- 1

i nt ensi t y peak at Q=1. 63 À appear ed. These moment um t r ansf er s ar e t he same
- 1 - 1 - 1

as obser ved pr ev i ous l y , namel y , 1. 63 À , 2, 10 À and 1. 72 À , whi ch cor -

r espond t o t wo amor phous phases hda and 1da and t he di f f r act i on l i ne

( 111) f or t he cubi c phase I c . The phase mi x t ur e kept unchanged up t o 150-

160Ê, t hen t he t r ans i t i on t o t he cubi c phase I c t ook pl ace and, l at er , t o

t he hexagonal one, I h (f i g. 1) . The t r ans i t i on I c- - >I h has t he compl i cat ed

nat ur e: i n t he begi nni ng t he or der i ng of D 0 i n t he basi c pl ane of I h oc-

cur s, t hen t hese pl anes ar e or der ed wi t h r espect t o each ot her .

Thus, i n t hi s exper i ment t he t r ans i t i on of i ce VI I I t o amor phous i ce, hda,

was f i r st obser ved. I t was f ound t hat t wo amor phous phases, hi gh and l ow de-
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nsi t y , may coex i st and t he compl i cat ed nat ur e of t he t r ans i t i on bet ween cu-

bi c and hexagonal phases was est abl i shed.

1. Î . Mi shi ma, L. D. Cal ver t , E. Whal l ey , Nat ur e, 314 ( 1985) 76

2. D. D. Ê1èä å1 à1, J . Chem. Phys. , 90 ( 1989) 2390

3. À. Ì . Bal agur ov et al , JETP Let t er s , 53 (1991) 30

~~~~

Al

~

1.5 2 .5 3 .5 4 .5

~

Fi g. 1. Neut r on di f f r act i on pat t er ns measur ed dur i ng t he heat i ng of i ce f r om
94 up t o 240 Ê: 1 — hi gh pr essur e i ce VI I I (Ò=94- 130 Ê) , t he peak (200 ) at

d=2. 41 À i s c l ear l y seen, 2 — amor phous st at e (Ò=130- 150 Ê) , t he peaks f r om

Al wal l s of t he cr yost at ar e mar ked, 3 — cubi c i ce I c (Ò=160- 170 Ê) t oget her

wi t h t he i nt er medi at e phase, 4 — t he i nt er medi at e st at e I c- - ) i h, 5

hexagonal i ce I h (Ò à 230 Ê) .
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À. Ì . Ba l agur ov , G. Ì . Ni r onova , Labor at or y of Neu t r on Phy s i cs , J I NR, Dubna

I . Î . Bashk i n , À. I . Kol esn i k ov , × . Yu . Nal y shev , Å. G. Ponya t ov sky , × . Ê. Fedot ov

I ns t i t u t e of Sol i d St at e Phy s i cs , Cher nogol ovka , USSR

The compl ex , yet unc l ear , nat ur e of t he ñ — >á phase t r ansi t i on i n Ti H has
/ 1/been demonst r at ed i n numer ous exper i ment s (see, f or exampl e, ) . I n par t i -

cul ar , t he st r uct ur e of t he i nt er medi at e super conduct i ng á' - phase and t he

r eason of i nt ense smal l angl e neut r on scat t er i ng dur i ng t he t r ans i t i on t o à

f i nal st at e wer e unknown.
To c l ar i f y t hese quest i ons we have st udi ed t r ans i t i ons i n hi gh pr essur e qu-

enched ñ- Ò10 74 dur i ng t he heat i ng f r om 80 Ê t o 293 Ê usi ng t he r eal t i me

met hod f or s i mul t aneous col l ect i on of di f f r act i on and smal l angl e scat t er i ng
/ 2/pat t er ns . The exper i ment was car r i ed out on t he DN- 2 di f f r act omet er wi t h

t he t empor al r esol ut i on of 30 s . The i n i t i al e- phase was pr epar ed by squee-

z i ng t he sampl e up t o 60 kbar , heat i ng i t up t o 620 Ê, hol di ng i n t hese con-

di t i ons f or 10 mi n, quenchi ng down t o l i qui d ni t r ogen t emper at ur e dur i ng

20 mi n, t hen t he sampl e was shut of f pr essur e.
Dur i ng t he heat i ng of t he sampl e f r om 80 Ê up t o 137 Ê t he di f f r act i on pat -

t er n was i n agr eement wi t h t hat of t he c- phase of Ti D, wher e deut er i um at oms

occupy t he oct ahedr al s i t es i n t he st r uct ur e. I n t he i nt er val bet ween 142
and 205 Ê t he t r ansi t i on i nt o î ' - phase t ook pl ace, namel y , deut er i um passed

sl owl y t o occupy t he t et r ahedr al s i t es and was or der ed i n ( 110 ) pl anes. Si -

mul t aneousl y t he vol ume of t he el ement ar y cel l i ncr eased. At Ò=205- 220 Ê t he

d- spac i ng d 11 changed abr upt l y . I t was t he ev i dence of t he î ' t o î phase

t r ansi t i on. Fi r st i ndi cat i on of à smal l angl e neut r on scat t er i ng (SANS)
r i se was det ect ed at Ò=180- 200 Ê i n t he r ange of moment um t r ansf er of Q =

- 1=0. 02- 0. 05 À . At 200 Ê SANS i ncr eased t o à mar ked degr ee, t hen t he ÁÀÌ È

i nt ensi t y got s t abi l i zed at 215 Ê. As i t was est abl i shed i n t he st r uct ur e
anal ys i s , at t hat moment t he st oi chi omet r i c î - phase of Ti D was cr eat ed and

met al l i c à- Ti was separ at ed. Fi g. 1 shows t he r esul t of Ri et vel d r ef i nement

of t he f i nal phase at r oom t emper at ur e. Thi s di f f r act i on spect r um cor r es-

ponds t o à mi x t ur e of 81% î - phase (sp. gr . Cccm, à=4. 168, b=4. 234, c=4. 577

À) , wi t h 96% occupancy of t he Ò- si t es f or deut er i um, and 19% à- Ti (sp . gr .

Ðá / mmc, à=2. 952, c=4. 688 À) .

Thus, t he c- - á phase t r ans i t i on i n Ò10 was i nvest i gat ed and t he r egi on

of occur r ence of t he î ' - phase est abl i shed. I t was shown t hat dur i ng t he hea-
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t i ng t he deut er i um cont en t i n t he 6 ' - phase gr ew s l owl y , a t t he á ' - - á phase

t r ans i t i on , t he c - per i od of t he ce l l changed abr upt l y , and af t er t hat , t he

separ at i on of à - Ti was i n i t i a t ed . The con t ent of t he f i na l s t a t e was ver y

c l ose t o t hat of t he s t o i ch i omet r i c one .

1987 ,1. À. San- Mar t i n, F. D. Manchest er , Bul l et i n of Al l oy Phase Di agr ams ,

÷. 8, ð. 30 and ð. 81.

2. À. Ì . Bal agur ov et al , FTT, 1991, t o be publ i shed

Fi g. 1. Ri et vel d r ef i nement of t wo phase di f f r act i on pat t er ns : á- Ti D and

à- Ti . Exper i ment al poi nt s , t he cal cul at ed l i ne and t he di f f er ence cur ve ar e

sh own .
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REAL TI ME NEUTRON DI FFRACTI ON STUDY

OF THE PHASE TRANSI TI ON I N Cu ( L i , × 4 )Fe 60

À. M. Ba l agur ov , Å. P. Koz l ova , G. M. Mi r onov a , Labor at or y of Neu t r on Phy s i cs ,

J I NR, Dubna

I . Jacyna- Ony szk i ewi cz , I F PAN, Poznan , Pol and

At hi gh t emper at ur es (Ò ~ 760 Ñ) t he compound CuFe 0 cr yst al l i zes i nt o à
2 4

3 +space gr oup Fd3m and has t he i nver se spi nel st r uct ur e. The i ons Fe occupy
t he t et r ahedr al s i t es and, what i s mor e, t he t et r ahedr a FeO ar e undi st or -

t ed. Accor di ngl y , à cer t ai n par t of Cu and Fe cat i ons occupy t he oCt ahedr al

si t es. At ãñî â t emper at ur e t he Cu (Fe)0 oct ahedr a ar e s l i ght l y di st or t ed and
á

t he symmet r y of t he st r uct ur e r educes t o I 4 'adm. The par amet er of t et r ago-

nal di st or t i on c/ a, i s hi gher t han uni t y (c/ à = 1. 06) . I f i r on i s f u l l y sub-

st i t ut ed by Ñã, t he symmet r y of t he st r uct ur e wi l l r emai n t et r agonal , but

ñ/ à = 0. 91 < 1.
Syst emat i c st udi es of i r on subst i t ut i on by ot her cat i ons wi t h di f f er ent va-

l ences ar e bei ng car r i ed out at t he I nst i t ut e of Physi cs , PAN i n Poznan. The
maj or ai m of t hese st udi es i s t he cl ar i f i cat i on of t he r easons why di st or -

t i on of t he cubi c symmet r y occur s i n t hese compounds and t he est i mat i on of

t he cr yst al f i el d ef f ect s .

À r eal t i me neut r on di f f r act i on exper i ment wi t h t he t empor al r esol ut i on of
80 s was per f or med on t he TOF di f f r act omet er DN- 2 t o exami ne t he t et r agonal -

cubi c phase t r ansi t i on i n Cu (Li , × )Fe 0 dur i ng t he heat i ng , t o det er -
0 4 1 . 6 4

mi ne t he or der of t he t r ans i t i on and t o st udy hyst er es i s phenomena. The

sampl e was pr epar ed at t he I F PAN.
Fi gur e 1 shows t her modi f f r act ogr ams (near d = 2. 5 À) measur ed at t emper a-

li k1
t ur es f r om Ò = 120 Ñ ( t he begi nni ng of à t i me scal e ) up t o 510 Ñ and down

back t o 120 Ñ. One may c l ear l y see t et r agonal spl i t t i ng of t he di f f r act i on

peak at à l ower t emper at ur e and i t s i nt ens i t y i ncr eas i ng at t he t r ansi t i on

t o à cubi c phase. To bet t er i l l ust r at e t he f ac t , t he t i me dependence of t he

t et r agonal peak ( 103) i nt egr al i nt ens i t y i s shown i n Fi g . 2. I n t he i ni t i al

st at e t he par amet er of t et r agonal di st or t i on i s equal t o 1. 04, i . å. s l i ght l y
l ower t han i n à pur e CuFe 0 compound. The di f f er ence ó = ñ/ à- 1 can Úå t aken

2 4

as t he or der par amet er and i t s val ue decr eases gr adual l y t o zer o .

Two unexpec t ed ef f ec t s í åãå obser v ed . Fi r s t l y , t he t r ans i t i on i s accompan i ed

wi t h ver y l ar ge t emper at ur e hy s t er es i s : a t t he hea t i ng t he t r ans i t i on i s

comp l e t ed a t Ò = soo Ñ, wh i l e a t t he coo l i ng t he s t ar t i ng t emper at u r e of t he
ñ

17 9



r ever se t r ans i t i on i s about 400 Ñ. Secondl y , t he wi dt h of di f f r act i on

peaks i n t he cubi c phase i s al most t wi ce as smal l as i n t he t et r agonal phase

(Fi g. 3 ) . I t can be expl ai ned, i f one assumes some addi t i onal or t hor hombi c

di st or t i on of t he st r uct ur e at à l ower t emper at ur e. To j ust i f y t he above as-

sumpt i on à measur ement wi t h à much bet t er r esol ut i on i s needed.

Fi g . 1. Neut r on di f f r act i on pat -

t er ns i n t he v i c i ni t y of t he cu-

bi c (311) peak of t he compound

CuLi 2×0 2Fe1 604 measur ed du-

r i ng t he heat i ng of t he sampl e
f r om 120 Ñ ( t he begi nni ng of à î

ît i me scal e ) up t o 510 Ñ and t he

cool i ng down t o t he i ni t i al t em-

per at ur e. The t empor al r esol ut i -

on was equal t o 80 s .

Cu (Li , V) Fe , Î ~
2 50 0

(103)2 00 0 -

~

. 1500 -

1000-
é

4~ î
Ô

4
î ~ ®

î î

169 16 1 203 225
Òè ï å , s e c / 8 0

á00-

î -
1 ~

Fi g. 2. I nt egr al i nt ens i t y of t he

t et r agonal ( 103) di f f r act i on

peak ( t he smal l peak i n t he
r i ght - hand si de of Fi g . 1) vs.

t i me. The t r ans i t i on t o t he cu-

bi c phase and t he r ever se t r an-

si t i on ar e i l l ust r at ed.

~

Fi g. 3. The change of t he di f -

f r act i on peaks wi dt h dur i ng t he

phase t r ans i t i on. The wi deni ng

of t he peaks can be r el at ed t o

addi t i onal or t hor hombi c di st or -

t i on of t he l at t i ce at à l ower

t emper at ur e.
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HI GH TEMPERATURE PHASE STRUCTURE OF CESI UM DI HYDROGEN PHOSPHATE

À. I . Beskr ovny i , Labor at or y of Neu t r on Phys i cs , J I NR, Dubna

À. I . Bar anov , L . A. Shuv a l ov , I ns t i t u t e of Cr y s t a l l ogr aphy , Moscow, USSR

I . D. Dat t , Mendel eev Chemi co- Technol og i ca l I ns t i t u t e , Moscow, USSR

Fer r oel ect r i c CsH ÐÎ was i nvest i gat ed i n det ai l by sever al aut hor s i n t he
2 4

t emper at ur e i nt er val 4 t o 560 Ê t o st udy i t s phys i cal pr oper t i es and
ã| , ããf er r o (par a) phase cr yst al st r uct ur e (Ò 150Ê) ' . The t emper at ur e depen-

ñ 1
dence cur ve of t he di el ect r i c const ant and t he DTA- cur ves poi nt t o t he ex i s-

t ence of t wo mor e hi gh t emper at ur e phase t r ansi t i ons (Ò ~503 Ê, Ò ~ 540 Ê) .
ñ 2 c 3

The Õ- r ay quant i t at i ve anal ys i s of t hem appear ed i mpossi bl e because of t he ce-

si um met aphosphat e f or mat i on on t he sampl e sur f ace. However , i t al l ows t he
ãçãconcl us i on t hat t hei r symmet r y i s not hi gher t han monoc l i n i c

Neut r on di f f r act i on measur ement s wer e car r i ed out on s i ngl e cr yst al sampl es
of CsH ÐÎ on t he DN- 2 di f f r act omet er at t he I BR- 2 r eact or . The ãî î â

2 4

t emper at ur e dat a wer e obt ai ned i n agr eement wi t h l i t er at ur e ( t he monocl i ni c

symmet r y , P2 / m) . At Ò 510 Ê t he number of di f f r act i on l i nes di mi ni shed and

kept const ant wi t h t he f ur t her i ncr ease of t emper at ur e up t o 550 Ê. Then t he

concl us i on f ol l ows t hat onl y one hi gh t emper at ur e phase t akes pl ace i n t hi s

case. The whol e host of monocr yst al and powder dat a ev i dence i n f avour of t he

cubi c symmet r y of t he hi gh t emper at ur e phase. Tak i ng i nt o account t hat onl y

smal l di st or t i ons i n ÐÎ t et r ahedr on geomet r y and r eal hydr ogen bonds
4

conf i gur at i ons can occur , t he i ni t i al cr yst al st r uct ur e model i s suggest ed.

Tr eat ment of t he neut r on powder dat a wi t h t he Ri et vel d pr of i l e met hod has

al l owed us t o get t he cr yst al space gr oup (Pm3m, à = 4. 966 (3 )R, 2 = 1) . I t

t ur ned out t hat t he cr yst al st r uct ur e i s hi ghl y di sor der ed bot h wi t h r espect
t o oxygen and hydr ogen at oms 0- 12 (h ) , Í - 24 (8) wi t h t he occupat i on par amet er

1/ 6. À di f f er ent f r om uni t y g- par amet er poi nt s t o t he poss i b i l i t y of

ÐÎ - conf i gur at i on r ot at i ons and as à consequence t o t he dynami cal di sor der i n
4

t he hydr ogen bonds syst em.

The ex i st ence of unoccupi ed pr ot on posi t i ons i n t he bound syst em al l ows t he

assumpt i on about t he hi gh pr ot on conduct i v i t y of t he hi gh t emper at ur e phase i n

CsH ÐÎ . I t i s poss i bl e al so t hat conduct i v i t y ani sot r opy i s absent i n t h i s
2 4

ñàÿå because of t he hi gh cr yst al st r uct ur e symmet r y of t he phase.

~

Ma t sun ag a Í . , I t oh Ê . , Nak amu r a Å , J . Phy s . Soc . J ap . , ÷ . 4 8 ( 1980 ) 20 11
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2. I t oh Ê. , Hagi war a Ò. , Nakamur a Å. J . Phys. Soc. Jap. , 52 ( 1983)

3. Rashkov i ch ) . N. , Met eva Ê. Â. Kr i st al l ogr aphi ya, 24, 4 ( 1978 )

( i n Russi an ) .

Fi g. 1. The st r uct ur e of t he hi gh

t emper at ur e phase of CsH PO . Apexes
2 4

of t he cube ar e occupi ed by Cs- at oms.

One of t he s i x possi bl e or i ent at i ons

of t he PO t et r ahedr on i s shown.
4

Dot t ed l i nes — possi bl e hydr ogen

bonds f or à gi ven t et r ahedr on

or i ent at i on. The pr ot on occupi es onl y

one posi t i on (open c i r c l es ) i n ever y

pai r of t he near est t o oxygen

posi t i ons.
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NEUTRON DI FFRACTI ON STUDY OF THE LOW TEMPERATURE DOMAI N

STRUCTURE I N L i KSO

Â. N. Sav enk o , D. Sangaa , LNP, J I NR, Dubna

D. À. Êååï , Ñ. Ñ. Wi l son , RAL , Chi l t on , Di dcot , Î . Ê.

Â. Mr oz , I ns t . of Phy s . , UAM, Poznan , Po l and

I n t he l ast f ew year s gr eat at t ent i on has been pai d t o t he l ow- t emper at ur e

phase t r ansi t i ons i n Li KS0 (LPS) . The i nvest i gat i ons made by di f f er ent me-
4

t hods (see, f or exampl e, ) i n t he r ange f r om ãî î â t emper at ur e t o 5 Ê have
est abl i shed sever al phase t r ansi t i on poi nt s . The di f f er ent phases and cor -

r espondi ng t r ans i t i on poi nt s f r om mel t i ng poi nt t o l i qui d hel i um t emper at ur e

can be number ed as f ol l ows:

9 4 0 Ê 7 0 0 Ê 2 4 0 Ê 1 8 0 Ê 3 8 Ê
r — — — r t — — — t ran — — — r v — — — v — — — è

I t i s known t hat LPS i s hexagonal ' at ãñî â t emper at ur e wi t h à space gr oup

Ð á . F o r t h e r e s t p h a s e s , e v e n t h e q u e s t i o n o f t h e p o i n t g r o u p i s s t i l lç '

open. The symmet r i es of phases I V ar e up t o now cont r over sy .
We have t r i ed t o sol ve some open quest i ons concer ni ng t he ex i st ence of t r an-

si t i ons and symmet r i es of phases i n LPS. The domai n st r uct ur e i n f er r oel as-

t i c phase × shoul d r ef l ect t he symmet r y i n phases I V and ×. The domai n f or -

mat i on i s accompani ed by t he spl i t t i ng of t he r ec i pr ocal l at t i ce nodes. The

number and di st r i but i on of t he spl i t t i ng component s i n t hi s new compos i t e
/ ã/cel l ar e r el at ed wi t h t he symmet r i es i n t he f er r o- and par aphase. À de-

/ ç/t ai l ed symmet r y anal ys i s f or LPS has been per f or med i n paper f or t he

t r ansi t i ons f r om gr oup ámm or á i nt o mm2, 2 or 1.

The measur ement s wer e per f or med on si ngl e cr yst al sampl es hav i ng t he shape

of à r ect angul ar pr i sm over t he t emper at ur e r ange f r om 5 t o 293 Ê. The

sampl es wer e gr own i n t he I nst i t ut e of Physi cs , UAM, Poznan, Pol and. The
maj or i t y of t he exper i ment s wer e per f or med wi t h t he hel p of t he t i me- of -

/ 4 /f l i ght si ngl e cr yst al d i f f r act omet er SXD at I SI S . Áî âå pr ev i ous åõðåã1-

ment s wer e per f or med at t he di f f r act omet er i nst al l ed at t he pul sed r eact or
I BR- 2

On cool i ng t he LPS cr yst al f r om ãñî â t emper at ur e t o 189 Ê ( t he t r ans i t i on

poi nt i nt o phase × ) t he posi t i on and pr of i l e of t he di f f r act i on peaks r emai n

unchanged. When t he cr yst al ðàçâåÿ t o phase ×, t he spl i t t i ng of t he nodes i n

t he r ec i pr ocal l at t i ce i s pr oduced accompani ed by t he i nt ens i t y i ncr ease.
Exampl es of t he measur ed cr oss- sect i on of t he ( 120 ) node i n (Ë, 20 ) space
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ar e g i ven i n Fi g . 1 f or t hr ee d i f f er ent t emper at ur es . The sp l i t t i ng i s i n-

cr eas i ng wi t h t he t emper at ur e decr eas i ng . Bu t ï î change was obser ved f or t he

nodes (001) .
ãçã

As i t f o l l ows f r om , t hr ee po i n t gr oups ar e poss i b l e f or phase × , namel y ,

mm2 , 2 or 1. The t r i c l i n i c symmet r y f or phase × was r ej ec t ed f r om t he beg i n-

n i ng , obser v i ng t hat t he peak s ( Î 0 2n+1) wh i ch wer e ex t i ngu i shed i n phase

I I I , r ema i ned ex t i ngu i shed i n phase × , t oo . For choos i ng bet ween t he gr oups
ãçã

mm2 and 2 , we hav e used t he symmet r y ana l y s i s . We may conc l ude t hat t he

t r ans i t i on I V — × i s of t he t ype 6mm — mm2 .

Appear i ng a t 189 Ê t he sp l i t t i ng d i f f r ac t i on pat t er n r ema i ned unchanged at

coo l i ng down t o 15 Ê and t he 38 Ê phase t r ans i t i on , obser ved by t he opt i ca l

met hod , was not r evea l ed i n our exper i ment s .
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Fi g. 1. Cr oss- sect i on of t he node ( 120 ) i n (Ë, 20 ) coor di nat es: à ) f or Ò

=190 Ê (phase I V) , Ü) f or Ò = 180 Ê, ñ) f or Ò = 99 Ê (bot h phase ×) .

Fi g. 2. Pi ct ur e of t he spl i t t i ng of

t he ( 120 ) node at t he t r ansi t i on

i nt o phase × i n coor di nat es (Ë, 28 ) .
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HI GH PRESSURE RESEARCH OF L i KSO PHASE TRANSI TI ONS

D. Sangaa , Â. N. Sav enk o , LNP, J I NR, Dubna

À. N. I v anov , I ns t . of Hi gh Pr essur e Phys . , Tr oi t sk , USSR

Â. Mr oz , I ns t . of Phy s . , UAM, Poznan , Pol and

L . S. Smi r nov , I TEP, Noscow, USSR

Si nce t her e ÷åãî r epor t ed t wo st r uct ur al phase t r ans i t i ons of l i t hi um-
pot assi um sul phat e Li KSO (LPS) occur i ng bet ween 100 and 293 Ê ' , and es- / 1 , 2 /

4
peci al l y , t he f er r oel ast i c phase t r ansi t i on at 189 Ê f ound on cool i ng at at -

/ ç/mospher i c pr essur e , much at t ent i on has been gi ven t o t he l ow t emper a-

t ur e phases of LPS. LPS has at l east t hr ee pol ymor phi c modi f i cat i ons i n t he

t emper at ur e r egi on f r om 100 t o 293 Ê at at mospher i c pr essur e; t hese phases

ar e denot ed as phase 1 (r oom t emper at ur e phase ) , I I ( i nt er medi at e phase) and

I I I ( l ow t emper at ur e phase) i n t he or der of t he t emper at ur e decr ease. LPS has
/ 4 /

h e x a g o n a l s y m m e t r y w i t h t h e s p a c e g r o u p Ð 6 a t ã î î â t e m p e r a t u r e . T h e
ç

s p a c e g r o u p s i n p h a s e s I I a n d I I I a r e p r o b a b l y t h e h e x a g o n a l Ð á m c a n d t h e
ç

/ 5 /or t hor hombi c Cmc2 one, r espect i vel y . The I I - I I I phase t r ans i t i on i s of
/ 5 /t he f i r st î " der because of à shar p anomal y i n l at t i ce par amet er s and

/ á /t her mal hyst er esi s at I I - I I I phase t r ansi t i on t emper at ur e. I n phase I I I
/ ç~f er r oeI ast i c domal n st r uct ur e appear s and t he spl i t t i ng of di f f r act i on

~ò/ / 8 /peaks i s ooser ved . I n wor k t he pr essur e- t emper at ur e phase di agr am of

LPS (Fi g. 1) was i nvest i gat ed i n wi de t emper at ur e and pr essur e r egi ons. I t i s
seen i n Fi g. 1, t hat t he r ange of st abi l i t y of t he i nt er medi at e phase I I de-

cr eases wi t h i ncr easi ng pr essur e and t he phase I I vani shes at t he I - I I - I I I

phase t r i pl et poi nt (4. 3 kbar , 287 Ê) . Thus t he phase t r ans i t i on changes
f r om t he I I - I I I i nt o t he new pr essur e- i nduced I - I I I one at 4. 3 kbar wi t h i n-

cr eas i ng pr essur e .

The measur ement s wer e per f or med on s i ng l e c r y s t a l samp l es hav i ng t he shape
çof à r ec t angu l ar p r i sm. The samp l e d i mens i ons wer e 4x4x 5 mm . Al l exper i -

/ 9 /men t s wer e per f or med on t he d i f f r ac t omet er DN- 2 . The h i gh pr essur e cy l i n-

der - p i s t on chamber was used wi t h f r eon- 11 as t he pr essur e- t r ansmi t t i ng f l u -

/ 10/
i d
I n Fi gs . 2, 3 t her e ar e shown t he cr oss- sect i ons of t he di f f r act i on peak (120 )

at at mospher i c pr essur e and at 6 kbar , r espect i vel y . Wi t h pr essur e i ncr ea-

si ng t o 3. 5 kbar t he posi t i on and pr of i l e of t he di f f r act i on peaks r emai n

unchanged (Fi g. 2 ) . At f ur t her i ncr easi ng pr essur e t o 8 kbar t he peak ( 120)

get s spl i t , pr ov i ng t hus t he ex i st ence of t he f er r oel ast i c domai n st r uct ur e

i n t hi s phase (Fi g. 3 ) I n wor k i t was r epor t ed t hat t he t r ansi t i on t o

~



t he f er r oel ast i c phase I I I i s accompani ed by t he spl i t t i ng of t he di f f r ac-

t i on peak ( 120) i nt o si x component s. The l ack of t hr ee component s i n Fi g. 3
can be expl ai ned by i nsuf f i c i ent DN- 2 r esol ut i on, l ar ge absor pt i on of neut -

ãî ï è i n t he hi gh- pr essur e chamber wal l s and, poss i bl y , by à r el at i vel y smal l

number of domai ns of t hi s k i nd.
Thus à new pr essur e- i nduced t r ans i t i on i nt o phase I I I was obser ved at r oom

t emper at ur e.
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Fi g.2. Cr oss- sect i on of t he

node ( 120) i n (Ë, 28 ) coor di -

nat es at at mospher i c pr essur e.

Fi g. 3. Cr oss- sect i on of t he

node ( 120) i n (Ë, 28 ) coor di -

nat es at 8 kbar pr essur e.
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NEUTRON SCATTERI NG I N DI SORDERED PEROVSKI TE- L I KE CRYSTALS

S. Â. Vakhr ushev , À. À. Naber ezhnov , N. N. Okunev a

Leni ngr ad Phys . - Tech . I ns t i t u t e , USSR

Â. N. Sav enk o , D. Sangaa , LNP, J I NR, Dubna

Recent year s have demonst r at ed t he i ncr easi ng i nt er est i n t he i nvest i gat i on

of st r uct ur e phase t r ansi t i ons i n di sor der ed cr yst al s such as
RbH PO - NH Í PO (RDP- ADP) Ê Li TaO and some ot her s . The so - cal l ed

2 4 4 2 4 1 - õ õ 3

f er roel ect r i cs wi t h di f f use phase t r ansi t i ons (DPT) const i t ut e one of t he
/ 2 /most i nt er est i ng gr oups of t hese compounds . The PbMg Nb 0 (PMN)

1 / 3 2 / 3 3
cr yst al coul d be consi der ed as à model obj ect t o st udy DPT. I n spi t e of t he

t r emendous number of paper s devot ed t o i nvest i gat i on of t he PMN t he mi cr os-

copi c mechani sm of t he phase t r ansi t i on i s not c l ear yet . The mai n r eason

f or t he obser ved pecul i ar pr oper t i es of t he f er r oel ect r i cs wi t h DPT i s à
+ 2 + 5r andom di st r i but i on of noni soval ent i ons (Mg and Nb i n t he ñàÿå of PMN)

over t he symmet r y equi val ent posi t i ons . Thi s r andom di st r i but i on of i ons r e-

sul t s i n r andom, at l east i n val ues, coupl i ng of nei ghbour i ng di pol e moment s

and i n t he appear ance of f r ozen el ect r i c f i el ds , r andom bot h i n di r ect i ons

and val ues . The pr oper t i es of such syst ems ar e s i mi l ar t o some ex t ent t o
/ 3~ / 4 /t hose of spi n gl asses . Our pr ev i ous neut r on st udi es have r eveal ed à

gl ass l i ke behav i our of t he l ow t emper at ur e phase of t he PMN, but ÿî âå i m-

por t ant quest i ons r emai ned uncl ear .

We have under t aken addi t i onal neut r on scat t er i ng measur ement s of t he PMN

si ngl e cr yst al on t he DN- 2 TOP di f f r act omet er wi t h à posi t i onal sensi t i ve

det ect or . Thi s i nst r ument enabl es us t o st udy t wo- di mensi onal di st r i but i ons

of t he i nt ensi t y of bot h Br agg and di f f use scat t er i ng i n t he v i ci ni t y of se-

ver al r eci pr ocal l at t i ce poi nt s s i mul t aneousl y . Our measur ement s have shown,

t hat , when t he PMN i s cool ed wi t hout any ext er nal el ect r i c f i el d , t her e i s

ï î subst ant i al wi deni ng of Br agg peaks and t he l ongi t udi nal component of

di f f use scat t er i ng does not appear al so. Thi s exper i ment al r esul t al l ows us

t o r ej ect t he hypot hesi s about t he mi cr odomai n char act er of t he l ow t emper a-

t ur e phase.

I n our , ear l i er exper i ment s per f or med on t he t r i pl e- ax i s spect r omet er i t was

shown, t hat t he cool i ng of t he PMN cr yst al i n t he ex t er nal el ect r i c f i el d

r esul t s i n st r ong enhancement of t he i nt ens i t i es of Br agg peaks. The l i mi t ed

amount of dat a have not enabl ed us t o gi ve an unambi guous answer t o t he

quest i on, i f t hi s enhancement i s connect ed wi t h t he decr ease of an anomal o-

us l y l ar ge Debye- Wai l er f act or due t o t he or der i ng of pol ar i on shi f t s , or



i t i s due t o ex t i nct i on changes. Our measur ement s have shown, t hat t he most

st r ongl y i ncr easi ng peaks ar e t hose of t he (2h+1, 2k , 21) and (2h+1, 2k+1,

21) t ypes wi t h l ar ge h , k , l ; t hat i s , t he peaks f or whi ch t he ext i nct i on i s

mi ni mum. So we coul d make t he conc l us i on, t hat t he cool i ng of à PMN cr yst al

i n el ect r i c f i el d r esul t s i n t he or der i ng of i on shi f t s , and , mor eover , t he
r emoval of t he f i el d f r om t he f i el d cool ed cr yst al pr oduces ï î change of i n-

t ensi t i es, and so t he obt ai ned st at e i s st abl e at l ow t emper at ur es. Me ar e

al so doi ng r eal t i me exper i ment s t o st udy t he st r uct ur e r el axat i on i n PMN.
For t hi s pur pose t o à zer o- f i el d cool ed cr yst al an el ect r i c f i el d i s i n-

st ant l y appl i ed and t he t i me dependence of t he i nt ens i t y of bot h Br agg and
di f f use scat t er i ng st udi ed. Me have f ound out , t hat i n addi t i on t o t he pr e-

v i ousl y obser ved r el axat i on of Br agg i nt ensi t y , t he r el axat i on of t he di f -

f use scat t er i ng di d al so ex i st . At pr esent t he quant i t at i ve r esul t s of t hese

r eal t i me exper i ment s ar e under eval uat i on.

1. U. Ò. Hochl i , Ê. Knor r , À. Loi d. Adv . i n Phys . , 39 ( 1990 ) 405.
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NEUTRON DI FFRACT I ON EXPERI MENTS

MI TH PULSED MAGNET I C F I ELDS AT I BR- 2

D. Geor g i ev , × . × . Ni e t z , Ñ. Pa s az h ev , Ë . Ë . Yak ov l ev

La bor a t or y of Neu t r on Phy s i c s , J I NR, Dubna

1. THE COHERENT SPI N- FLOP TRANSI T I ON

I N AN ANTI FERROMAGNET WI TH ÓÛ1ÀÕ?À1 ANI SOTROPY

The k i ne t i cs of t he sp i n- f l op t r ans i t i on i n t he s i ng l e c r y s t a l s of Cr O
ç

and à- Fe 0 i s be i ng i nves t i gat ed on t he spec t r omet er SNI H- 2 . The phase t r an-
a ç

s i t i on i s i nduced by magnet i c f i e l d s i nuso i da l pu l ses hav i ng t he dur at i on of 1

ms and t he amp l i t ude of up t o 150 kOe . Changes i n magnet i zat i on vec t or or i en-

t at i on wer e de t er mi ned by means of neu t r on d i f f r ac t i on measur emen t s . The t yp i -

ca l d i f f er ent i a l neu t r on d i f f r ac t i on pat t er n i s shown i n F i g . 1 t oget her wi t h

t he magne t i c f i e l d ver sus t i me pat t er n ( t i me channel s ar e number ed a l ong t he

Õ- ax i s ) .

The mai n pecu l i ar i t i es of t he phase t r ans i t i on r evea l ed i n Cr 0 exper i -
ã ç

ment s ar e:

1. Coher ence, i . å. synchr oni sm of magnet i c r eor i ent at i on over t he whol e
çsampl e vol ume (about 1 cm ) . No f or mat i on st age of t he phase domai ns .

2. Sl ow- down of t he pr ocess of magnet i zat i on or i ent at i on r ot at i on i n

exper i ment s wi t h pul sed magnet i c f i el ds.

3. I ndependence of t he magnet i zat i on r ot at i on angl e at à gi ven f i el d

st r engt h of t he magnet i c f i el d change r at e i n t he l i mi t s of t he exper i ment .

4. I ncr ease i n magnet i c f i el d st r engt h cor r espondi ng t o à g i ven angl e of

magnet i zat i on r ot at i on wi t h i ncr easi ng t emper at ur e.

Obser ved coher ence of phase r eor i ent at i on i s i n deep cont r adi ct i on wi t h

t he t r adi t i onal i dea of t he k i net i cs of t he f i r st or der phase t r ans i t i on.

Theor et i cal anal ysi s has shown t hat pecul i ar i t i es 2, 3, 4 di sagr ee compl et el y
wi t h t he r epr esent at i on of t he spi n- f l op t r ans i t i on as t he i sot her mal pr ocess

i n t he pr esence of à pul sed magnet i c f i el d.

À t heor et i cal bas i s f or t he expl anat i on of ef f ect s obser ved l i es i n t he

i dea of an adi abat i c behav i or of an ant i f er r omagnet i n an ex t er nal magnet i c
f i el d and i n t he assumpt i on of t he ex i st ence of some i nt er medi at e, quasi equi -

l i br i um st at e i n t he spi n- f l op t r ans i t i on. À cor r espondi ng model has been de-

vel oped . However , numer i cal cal cul at i ons have t o be made t o compar e i t s pr e-

di c t i ons wi t h t he r esul t s of t he exper i ment .
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The . spi n- f l op t r ans i t i on was measur ed i n t he ot her cr yst al , à- Fe 0 ,
2 3

whi ch has t he same cr yst al l i ne and anal ogous magnet i c st r uct ur e. The phase
t r ansi t i on i n à- Fe 0 has exhi bi t ed si mi l ar t o Ñã 0 mai n pecul i ar i t i es of be-

2 3 2 3

hav i or . I t s t emper at ur e behav i or was di f f er ent i n cor r espondence wi t h ÿî âå
di f f er ence i n magnet i c phase di agr ams. An at t empt was made t o der i ve à qual i -

t at i ve r el at i onshi p bet ween t he ant i f er r omagnet i sm vect or r ot at i on angl e and
t he magnet i c f i el d st r engt h i n t he adi abat i c spi n- f l op t r ans i t i on , whi ch f ai -

l ed i n t he ñàÿå of Cr 0 . I n t hi s at t empt we used à wel l st udi ed phase t r ans i -
2 3

t i on i n à- Fe 0 , i nduced by à f i el d per pendi cul ar t o t he r hombohedr oni c ax i s ,
2 3

t o have cal i br at ed t he i nt ensi t y as t he f unct i on of t he r ot at i on angl e f or t he
f ur t her use i n t he spi n- f l op t r ansi t i on anal ysi s . I t i s hoped t hat f i nal l y we

shal l have t he qual i t at i ve char act er i st i cs of t he t r ans i t i on conveni ent f or

compar i son wi t h t heor y .

2 . I NVEST I GAT I ON OF MAGNET I C F I EL D

I NDUCED STATES I N HoFeO
ç

D i f f r a c t i o n e x p e r i m e n t s t o i n v e s t i g a t e à s i n g l e c r y s t a l o f H o F e O h a v e
ç

been made i n t h e t emp er a t u r e r ange f r om 26 t o 17 0 Ê i n t he p r es en c e of à pu l -

s ed magne t i c f i e l d o f abou t 175 k Oe .

I t wa s an a t t emp t t o r eg i s t e r an t i f er r omagne t i c o r d e r i ng i n sub l a t t i ce s

of ãàãå ea r t h s , wh i ch , i n p r i n c i p l e , mi gh t b e i nd u c ed by an ex t e r n a l mag ne t i c

f i e l d ( ho l mi um i on s a r e i n à pa r amagn e t i c s t a t e i n t he g i v en t emp er a t u r e

r ange ) . Di f f r a c t i on pe ak s ( 102 ) , ( 104 ) and ( 302 ) , wh i ch a r e ab s en t i n ze r o

magne t i c f i e l d a t t empe r a t u r es Ò > 60 Ê we r e su c c e s s f u l l y mea su r ed . Tempe r a-

t u r e and magne t i c f i e l d d ependen ce s o f i ndu c ed an t i f e r r omagn e t i sm we r e ob t a i -

ned . Typ i c a l r e f l ec t i on f r om à f i e l d i n t en s i t y d epend en c es ( 102 ) a r e sh own i n

F i g . 2 . I n r e l a t i v e l y weak f i e l d s t he d ep end en ce i s à quad r a t i c f u n c t i on , wh i ch

f ac t p o i n t s t o t he p r op o r t i ona l i t y b e t ween t he f i e l d s t r eng t h an d t he v a l u e of

t he i ndu ced an t i f e r r omagne t i sm v e c t o r . At l ower t emp e r a t u r es t h e behav i o r o f

Ho FeO b e comes mor e c omp l ex . F i g u r e 3 s hows t he d epend enc e s o f t h e ( 302 ) r e f -
ç

l ec t i on s on t h e f i e l d s t r eng t h . Th ough s ome c omp l i c a t i on s s hou l d hav e been ex -

p ec t ed bef o r ehand i n conn ec t i on wi t h t h e k n own pha se t r an s i t i on a t 60 Ê , t h e

wh o l e p i c t u r e r ema i n s un c l ea r . I t i s p os s i b l e t h a t à c omp l e t e da t a t r ea t men t

wi l l he l p t o c l ea r u p t he r eas ons of s ome i n con s i s t en c y o f t h e ex p e r i men t a l

r es u l t s wi t h t h e ex i s t i n g mode l r ep r es en t a t i on s o f o r t ho f e r r i t es .
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I n t he t heor et i cal aspect i t i s not an unexpect ed f act t hat ant i f er r omag=

net i zm can be i nduced by an ex t er nal f i el d. I t f ol l ows di r ect l y f r om t he t heo-

r y of weak f er r omagnet i sm i n ant i f er r omagnet i c compounds . However , i t i s i m-

por t ant t o have t he possi bi l i t y t o det ect and i nvest i gat e t hi s ef f ect i n pr ac-

t i ce. I n t he ñàÿå of ãàãå ear t h or t hof er r i t es and or t hochr omi t es t hi s wi l l al -

l ow one t o di r ect l y obt ai n exchange i nt egr al s val ues, whi ch ar e t he char act e-

r i st i cs of t he i nt er act i on bet ween t he i ons of ãàãå ear t hs and t r ans i t i on me-

t al s , t he poss i bi l i t y much hi nder ed i n ot her met hods .

Anot her pr ob l em connec t ed wi t h HoFeO i s t he or i en t a t i on phase t r ans i t i on
ç

of t he f i r s t or der , Ã ~ Ã , i nduced by an ex t er na l magnet i c f i e l d a t Ò < 40
2 4

Ê. Th i s t r ans i t i on i s connec t ed wi t h à d i s t i ngu i shab l e sh i f t of ãàãå ear t h i on

l eve l s under t he ac t i on of an ex t er na l magnet i c f i e l d . Th i s t r ans i t i on i s we l l

enough ar gumen t ed i n t heor y and desc r i bed i n sc i ent i f i c l i t er a t ur e . Áî âå pub-

l i ca t i ons ar e known r epor t i ng i nves t i gat i ons of some s i t uat i on i n HoFeO ,ç '
wh i ch t hey i n t er pr et e ( t o our op i n i on wi t hou t suf f i c i en t gr ounds f or ) as t he

obser vat i on of t h i s t r ans i t i on .

Our SNI H- 2 exper i men t s gave t he nega t i v e answer t o t he ques t i on about t he

f i r s t or der phase t r ans i t i on , a t l eas t i n t he way f or mu l a t ed i n l i t er a t ur e . I t

i s ear l y t o mak e def i n i t e conc l us i ons as t he exper i men t a l dat a ar e not s t i l l

pr ocessed and under s t ood comp l et e l y . However , ob t a i ned r esu l t s ar e pr obab l y

t he consequence of à mor e comp l ex behav i or of or t hof er r i t es a t l ow t emper a-

Ñèãåÿ and t hey po i n t t o t he necess i t y of r ev i s i ng t he HoFeO phase d i agr am
ç

(and d i agr ams of r e l a t ed subs t ances ) i n à magnet i c f i e l d .
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ÒÍ Å ME A S U R E ME N T OF P OL E F I GUR E S OF GE OL OG I CA L S A MP L E S

~ï òí L OW CR Y S T A L. ÿæ ì êòâò

Ê . H e l m i n g , M . V o i t u s , Ê . Ma l t h e r , L N P , J I N R , D u b n a

The t i me- of - f l i ght di f f r act omet er NSWR i s s i t uat ed on à l ong f l i ght pat h of

beam l i ne 7À of t he pul sed r eact or I BR- 2 and i s ma.i nl y used f or t he measur e-

ment of pol e f i gur es. The l ayout i s shown i n Fi g. 1. Af t er escapi ng t he cor e

( 1) t he f ast neut r ons ar e sl owed down i n t he moder at or (2 ) . An addi t i onal
di sk- chopper (4 ) synchr oni zed wi t h t he r eact or r educes t he backgr ound bet -

ween t he pul ses . The neut r ons ar e gui ded by à Ni - coat ed st r ai ght neut r on gu-
i de (7, 8 ) whi ch has à cr oss sect i on of 50x170 mm . The f i r st par t of t he 2

neut r on gui de (=18 m) i s f i l l ed wi t h ar gon gas, t he ot her par t i s evacuat ed.
/ 2 /The t ot al f l i ght pat h i s 104. 66 m . The t her mal neut r on f l ux on t he sampl e

6 - 2 - 1
i s gr eat er t han 1x10 n cm s

Òî measur e t he pol e f i gur es of geol ogi cal sampl es one had t o over come âî âå

di f f i cul t i es

most geol ogi cal sampl es ar e coar se gr ai ned and i nhomogeneous and r equi r e
t he use of neut r ons i nst ead of Õ- ãàëÿ;

— because of t he l ow cr yst al symmet r y ( t r i c l i ne. . . t r i gonal ) t he di f f r act i on

pat t er ns show à l ot of peaks whi ch ar e of t en over l apped. À di f f r act omet er

wi t h à hi gh r esol ut i on l i ke NSWR i s t her ef or e necessar y .

The spect r omet er i s equi pped wi t h à cent r al sampl e desk , car r y i ng t he t ex-

t ur e goni omet er . À pl at f or m (à sect or of à c i r c l e, angl e of t he sect or :

120 ) can be t ur ned ar ound t he sampl e desk . On t he pl at f or m 7 det ect or s i n

shi el di ng t anks ar e gui ded by r ai l s concent r i cal l y i n r ef er ence t o t he

sampl e. The mi ni mal angul ar di st ance ( i n 2á- scal e ) bet ween t wo det ect or s i s

about 14 and t he max i mal one i s about 20

The exper i ment i s r emot e cont r ol l ed by à ÐÑ/ ÀÒ v i a an i nser t ed modul e l i nked
wi t h à ÑÀÌ Àß- cont r ol l er .

St ep mot or s ser ve f or à hi gh pr eci si on i n angl e set t i ng . The t ex t ur e goni o-

met er al l ows one t o measur e l ar ge sampl es (pl at es up t o 25 cm è, 1 cm

t hi ck ) , but sampl es hav i ng spher i c or cubi c shape (à or s i de l engt h about 3

cm) ar e pr ef er ed. I n t hi s case t he sampl es ar e compl et el y embedded i n t he

i ncomi ng neut r on beam (al ways t he çàâå i r r adi at ed sampl e vol ume ) . Fur t her -
mor e, t he sampl e causes ï î " shadow" r egi on and al l t he seven det ec t or s can

be used si mul t aneousl y : t he f i r st det ect or i s set at 26 = 160 , t he second

at 26 = 145. 6 and t he sevent h at 2ä = 73. 6 . The nor mal t o t he sampl e i s

al so t he ax i s of r ot at i on (angl e y ) i n st eps of 7. 2 and i s at an angl e of
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3. 6 wi t h t he scat t er i ng vect or k (whi ch bel ongs t o t he scat t er i ng angl e

2Þ = 160 ) . Thi s r esul t s i n pol e f i gur es , wher e at 3. 6 f r om t he equat or

ar e l ocat ed t he measur ed poi nt s of t he sevent h det ect or (pol e angl e 8

86. 4 ) and at 7. 2 - i nt er val s f ol l ow on concent r i c ci r cl es — t he measur i ng

net of t he ot her det ect or s (wi t h t he pol e angl e 8 = 43. 2 f or t he f i r st de-

t ect or ) . The i nner par t s of t he pol e f i gur es ar e not measur ed. I n Fi g . 2 à

pol e f i gur e i s shown wher e t he poi nt s of t he sampl i ng mesh ar e r epr esent ed.

Fi gur e 3 shows à t i me- of - f l i ght spect r um of à sampl e t aken f r om t he super -

deep dr i l l i ng (ÊÒÂ) at Wi ndi scheschenbach. Thi s sampl e cont ai ns near l y 60%

quar t z , and 15% ol i gok l ase and 15% bi ot i t e. The ot her accompl i shi ng mat e-

r i al s ar e l ess t han 1% and ar e not v i si bl e i n t he di f f r act i on pat t er n. The

i nt ensi t y of t he Br agg- peaks has t o be cor r ect ed f or t he sensi t i v i t y of t he

det ect or s, r ef l ect i v i t y and i nt ensi t y due t o t he r eact or spect r um.

Tabl e 1 shows à compi l at i on of sampl es whi ch wer e measur ed i n t he per i od of

Oct ober 1990 t o June 1991. Í åãå i t must Úå poi nt ed out t hat up t o now i n

quar t z cont ai ni ng sampl es t her e was obt ai ned onl y t he t ex t ur e of t he quar t z

f r act i on. Fr om t he sampl es f r om t he bor e hol e of t he super deep dr i l l i ng at

Wi ndi scheschenbach (FRG) t her e wer e i nvest i gat ed al so t he t ex t ur es of t he

mi ca and f el dspar f r act i on. The quar t z and mi ca f r act i ons ar e t ex t ur i zed,

t he f el dspar f r act i on i s wi t hout t ext ur e.

1. ×. Damm et al . Tex t ur e and Mi cr ost r uct ur es, 12 ( 1990) 15.

2. Ì . Bet z l et al . I nt . Conf . Adv . Met h. i n Õ- Ray and Neut r on

St r uct ur e Anal ysi s of Mat er i al s . Pr ague, Aug. 20- 24,

1990 (post er ) .

Ç. À. N. Ni k i t i n et al . Abst r act s : VI Al l - Uni on Conf .
"Text ur es and Recr yst al l i zat i on" , Sver dl ovsk , 1991.

4. Ò. 1. I vank i na et al . Symp. Def or mat i on Pr ocess and

t he St r uct ur e of Li t hospher e. Pot sdam, Ì àó 3- 10, 1990.
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Tab l e 1

Samp l e Ph as e s Sy mme t r y Ñî - ope r a t i on

ol i v i ne ~ç/

/ 4 /quar t z

gnei ss

or t hor hombi c

t r i gonal

t r i gonal

t r i cl i n i c

t r i gonal

t r i gonal

t r i cl i n i c

t r i gonal

monocl i n i c

t r i c l i n i c

t r i gonal

t r i gonal

t r i c l i n i c

t r i cl i n i c

cubi c

I PE, Moscow

I PE, Moscow

CI PE, Pot sdam

do l omi t e Un i v . , Go t t i ng en

Uni v . , Got t i ngen

Uni v . , Got t i ngen

cal ci t e

amphi bol i t e

CI PE, Pot sdam

Vni v . , Got t i ngen

êòâ
(super - deep

dr i l l i ng

met eor i t

ol i v i ne

quar t z

quar t z

ol i gocl ase

dol omi t e

cal c i t e

bi ot i t e

cal c i t e

hor nbl ende

ol i goc l ase

quar t z

quar t z

ol i goc l ase

bi ot i t e

kamenci t e I PE , Mo s c ow

~~~~~

Ú

~

I dl
• / / -

~

Ô

~

Fi g. 1. The l ayout of t he di f f r act omet er NSWR on beam 7À of t he r eact or I BR-
2. 1 — cor e of r eact or ; 2 — moder at or ; 3 — i nner cor r i dor ; 4 — beam l ock ; S

— di sk chopper ; á — bi ol ogi cal shi el d; 7 — f i r st par t of neut r on gui de, Ar -

f i l l ed; 8 — second par t of neut r on gui de, vacuum; 9 — det ect or shi el d ; 10 —

t ext ur e goni omet er ; 11 — pl at f or m, t ur nabl e; 12 — base of spect r omet er ; 13 —

beam st op.

1 9 7



Fi g. 2. The sampl i ng mesh of t he pol e
f i gur es. The pol e angl es of t he con-

cent r i c c i r c l es i n t he pol e f i gur e

di f f er by 7. 2 degr ees . The i nner par t

of t he pol e f i gur e may not be measur ed
because t he same i nf or mat i on i s i nc l u-

ded i n t he out er par t of t he pol e f i -

gur e (mi ni mal pol e dens i t y set ) .

Fi g. 3. Ti me- of - f l i ght pat t er n of à sampl e f r om t he bor e- hol e of t he super -

deep dr i l l i ng at Wi ndi scheschenbach (FRG) . Fl i ght - pat h: 104. 66 m, channel
îwi dt h: 64 ms, scat t er i ng angl e: 102. 4 . Domi nant r ef l exes ar e i ndi cat ed f or :

Q — quar t z , Â — bi ot i t e, 0 — ol i goc l ase. The uni ndexed st r ong peak i s Q

( 101)+(011) and Â (600) .
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D I N - 2

THE DYNAMI CS OF MATER ABSORBED I N SI L I CA

À. À. Tumanov , I ns t i t u t e of Phys i cs and Power Eng i neer i ng ,

Obni nsk , USSR

On t he t i me- of - f l i ght spect r omet er DI N- 2PI we have i nvest i gat ed spect r a of

neut r ons scat t er ed f r om hi ghl y di sper sed pyr ogeni c aer osi l As (mean par t i cl e
2di amet er 100 A, speci f i c ar eas 300 m áä ) and f r om por ous s i l i ca Sp (mean

2ðî ãå si ze 90 À and speci f i c ar eas 450 m / g ) . The r esul t s wer e obt ai ned f or

hydr at ed and dehydr at ed sampl es of s i l i ca.

Exper i ment al condi t i ons : i nc i dent neut r on ener gy E = 4. 2 meV; scat t er i ng
î

angl es f r om 11 t o 134 ; t emper at ur e 290 Ê.

The spect r um of t he absor bed wat er shel l was det er mi ned as t he di f f er ence

of hydr at ed and dehydr at ed si l i ca spect r a.

The r esul t s of quasi el ast i c neut r on scat t er i ng:

1. The quasi el ast i c neut r on scat t er i ng spect r um of hydr at ed s i l i ca con-

si st s of t he el ast i c scat t er i ng peak f r om t he si l i ca mat r i x and t he di f f usi on

br oadeni ng peak f r om t he absor bed wat er shel l . The shape and di sper s i on

(or wi dt h ÜÅ) of t he neut r on scat t er i ng di st r i but i on f or t he SO - mat r i x ar e
2

equi val ent t o t he r esol ut i on f unct i on wi dt h bE = 150 ðå×.

2. The di f f er ent i al scat t er i ng l aw cor r esponds t o convol ut i on of t he

exper i ment al r esol ut i on f unct i on (det er mi ned by scat t er i ng f r om vanadi um) wi t h

t he Lor ent z i an f unct i on (Fi g . 1) . Anal ys i s of scat t er i ng di sper s i on cal cul at ed
wi t hi n t he l i mi t s of t he ener gy i nt er val +«c wi t h Q < 1 À- make i t possi bl e

î
t o det er mi ne t he wat er sel f - di f f us i on coef f i c i ent , D. I t s val ue decr eases wi t h

- 5 2decr easi ng wat er concent r at i on and D = 1. 2x10 cm l ÿ at t he humi di t y of

0. 15 gH Î / @510 ; D = áõ10 cm l â at 0. 06 gH Î / @310
2 2 2 2

3. The angul ar dependence of quasi el ast i c neut r on scat t er i ng i nt ensi t y ,

J , f or s i l i ca wi t nesses i n f avour of t he smal l angl e scat t er i ng and coher ent
q e

scat t er i ng i n t he r egi on ar ound Q ~ 1. 5 À due t o t he f i r st max i mum of t he

r adi al di st r i but i on f unct i on SO (Fi g. 2 ) . The s l ope of t he f unct i on l nJ (Q )
2 q e

f or wat er absor bed i n As and Sp poi nt s t o à consi der abl y smal l er val ue of t he

pr ot on mean squar e di spl acement i n compar i son wi t h bul k wat er . The quasi el as-

t i c scat t er i ng i nt ensi t y J (Q) behav i or does not obey t he s i mpl e Debye- Wai l er
q e

scat t er i ng l aw.

The i nel ast i c neut r on scat t er i ng f r om si l i ca and absor bed wat er was

i nvest i gat ed ear l i er i n
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E. F. Sheka et al . Jour nal . of El ect r on Spect r oscopy and Rel at ed Phenomena,

54/ 55 (1990 ) , 855- 876.

~

4 , 5 4 ,Î Å , M e V/

Fi g. 1. Spect r a of quasi el ast i c neut r on scat t er i ng f r om wat er absor bed i n
s i l i ca (aer os i l ) . The scat t er i ng angl es: 1- 11 , 2- 21 , 3- 28 , 4- 43 , 5- 47

6- 71 , 7- 86 , 8- 114 and 9- 134 . The amount of absor bed wat er const i t ut es 4. 9

âàÿÿ %.
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Fi g. 2. Quasi el ast i c peak i nt ens i t i es f or si l i ca (À) and absor bed wat er (Â) at
290 Ê. À: 1 and 2 — dehydr at ed aer os i l (As ) and por ous si l i ca; 3 and 5 — hyd-

r at ed Sp at t he humi di t y of 0. 149 and 0. 082 g Í Î / ä Sp; 4 and á — hydr at ed As
2

at 0. 059 and 0. 037 g Í Î / g As . Â: 1 and 4 — wat er absor bed i n Sp at t he humi -
2

di t y of Î . 082 and 0. 149 g Í Î áä Sp; 2 and 3 — at Î . 037 and 0. 059 g Í Î / ä As;
2 2

5- at t he humi di t y of about 0. 2 g Í Î / ä As ; 6 — hydr o- j el l y aer os i l . The
2

amount of s i l i ca i s about 10 mass %.

201



THE DYNAMI CS OF L I QU I D METAL S WI TH I MPUR I T I ES

Í . × . Z a e z h ev , Ì . N . I v a n ov s k i , × . Ë . Mo r o z ov , À . G . No v i k ov ,

V . V . Sa v o s t i n , N . Ê . F omi c h ev , À . L . Sh i mk e v i c h

I n s t i t u t e o f Ph y s i c s a n d P owe r En g i n e e r i n g , Ob n i n s k , USSR

Pr e l i mi nar y r esu l t s of t he s t udy of à l i qu i d Ê- 0 sy s t em i nc l ude t hose of

i ne l as t i c neut r on scat t er i ng measur emen t s on à pot ass i um — oxygen me l t at Ò =

550 Ê f or t hr ee oxygen concen t r at i ons : Ñ = 1. 8 ; Ñ = 5 . 1; Ñ = 8 . 5% at , and
1 2 3

on à pur e pot ass i um samp l e at t hr ee t emper at ur es : 340 Ê, 440 Ê, 550 Ê.

The exper i ment s wer e car r i ed ou t on t he DI N- 2PI doub l e t i me- of - f l i gh t

ãã ï ón e u t r o n s p e c t r o m e t e r o n n e u t r o n b e a m N o . 2 o f t h e I B R - 2 p u l s e d r e a c t o r . I n -

c i d e n t n e u t r o n e n e r g i e s í å ã å Å = 7 . 5 m e V a n d 4 m e V a t e l a s t i c p e a k r e s o l u t i o n s
î

o f Å = 0 . 3 5 me V a n d 0 . 1 6 me V , r e s p e c t i v e l y . N i n e d e t e c t o r s o f s c a t t e r e d n e u t -
o î î

r ons wer e scann i ng t he ang l e r ange f r om 7 t o 134 . The samp l e was à l oop wi t h

l i qu i d met a l cur cu l at i ng i n i t (Fi g . 1) . À t h i n wa l l (0 . 2 mm) s t a i n l ess s t ee l

cy l i nder measur i ng D = 100 mm by Í = 160 mm was i ns t a l l ed i n t o t he neu t r on be-

am. The met a l c i r cu l a t i on was ma i n t a i ned by t he DC pump . I n or der t o have à

des i r ab l e oxygen concent r a t i on i n l i qu i d pot ass i um à d i f f us i on- t ype co l d t r ap

f i l l ed wi t h Ê 0 was used . The oxygen concent r a t i on i n l i qu i d pot ass i um was de-
2

t er mi ned by measur i ng t he met a l t emper at ur e on t he Ê — Ê 0 i n t er f ace i n accor -
2

dance wi t h t he equat i on :

1g Ñ = 2. 37 — 799/ Ò, at . %.
î

Fi gur e 2 shows exper i ment al doubl e- di f f er ent i al scat t er i ng cr oss- sect i ons

f or pur e l i qui d pot assi um at 550 Ê and t he cor r espondi ng val ues cal cul at ed i n
/ 2 /t he i ncoher ent appr ox i mat i on . The f r equency di st r i but i on spect r um of l i qui d

pot ass i um at oms ex t r act ed f r om t he exper i ment al cr oss- sect i ons dat a i n t he

f r ame of t hi s appr ox i mat i on i s pr esent ed i n Fi g. 3. The anal ys i s of t he exper i -

ment al r esul t s obt ai ned at l ower t emper at ur es r equi r es coher ent ef f ect s t o be

t aken i nt o account .
The doubl e- di f f er ent i al scat t er i ng cr oss- sect i ons dat a on t he Ê — 0 mel t

ar e i l l ust r at ed i n Fi g. 4. One can see t hat t he ef f ect of oxygen scat t er i ng r e-

veal s i t sel f bot h i n t he i nel ast i c and quasi el ast i c par t of t he cr oss- sect i on

cur ve and i ncr eases wi t h gr owi ng oxygen concent r at i on. Qual i t at i ve i nf or mat i on

about t he i mpur i t i es behav i or can be obt ai ned by subt r act i on of exper i ment al
cur ves cor r espondi ng t o di f f er ent oxygen concent r at i ons. The r esol ut i on cor -

r ect ed hal f - wi dt h of t he quesi el ast i c scat t er i ng peak obser ved f or t hese di f -
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ãf er en t i a l cur ves ver sus squar ed momen t um t r ansf er , k , i s pr esent ed i n F i g . 5 .
The oxygen d i f f us i on coef f i c i en t , det er mi ned f r om t he s l ope of bE(k ) a t smal - 2

ã - 5 2l es t k , i s D= ( 10- 15 ) . 10 cm áÿ and appr ox i mat e l y equal s t he se l f - d i f f us i on

coef f i c i en t of pot ass i um at t h i s t emper at ur e . The r educ t i on of t he ÜÅ(1 ) 2

ãs l ope wi t h gr owi ng k can Úå qual i t a t i ve l y i n t er pr e t ed e i t her as t he ev i dence
f or t he " so l i d s t at e" nat ur e of oxygen d i f f us i on or as t he gr owt h of t he ef -

f ec t i v e âàÿÿ of d i f f us i ng oxygen caused by chemi ca l b i nd i ng . À mor e det a i l ed

anal y s i s i s under way now.

1. À. ×. Abr amov et al . At omnaya Ener gi ya v . 66, No. 5. ( 1989 )
ð . 316- 321 ( i n Russ i an ) .

Óè. ×. Li s i chk i n et al . Jader nye Konst ant y , No. 33 ( 1979)
ð. 12- 24 ( i n Russi an ) .

3. Â. Cowl ey , À. Woods, G. Dol l i ng. Phys . Rev . , ÷. 150 ( 1966 )

No. 2, ð. 487.

4. J . Mi r anda.

~

of Phy s . v . 16F , No . 1 ( 1986 ) ð . 1 .

Fi g. 1. Technol ogi cal scheme of

sampl e: 1 — cont ai ner ; 2 — al u-

mi ni um shel l ; 3 — DC pump; 4

expansi on t ank ; 5, 7, 13, 14

val ves ; 6, 11 — vacuum seal s ; 8 —

di f f us i on- t ype col d t r ap ; 9

wat er r ef r i ger at or ; 10 — f l ow

met er ; 12 — manomet er .
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Fi g . 2 . Doub l e- d i f f er ent i a l scat t er i ng cr oss- sec t i ons f or ðèãå pot ass i um, Å

4 mey , Ò = 550 Ê. î — exper i ment ; 1 — model ca l cu l a t i on ; 2 — s i ng l e- phonon

scat t er i ng ; 3 — mu l t i phonon sca t t er i ng ; 4 — quas i e l as t i c scat t er i ng ; 5 — mu l -

t i p l e scat t er i ng .

3

Fi g. 3. The f r equency di st r i but i on

spect r um of l i qui d pot assi um, Ò =

550 Ê. î — exper i ment ; 1 — i ni -

t i al model (sol i d pot assi um, Ò
/ 3/9 Ê, cal cul at i on ) ; 2 — super -

posi t i on of t wo Lor ent z i ans ; 3

mol ecul ar dynami cal cal cul at i on,

Ò = 340Ê

0ý

Þ

~
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Fi g . 4 . Sl ow neu t r on scat t er i ng doub l e- d i f f er en t i a l c r oss- sec t i ons of Ê- 0 sy s-

otern f or 3 oxygen concen t r a t i ons and t he scat t er i ng ang l e 8 = 28

~

Ô

î .ý

Fi g. 5. The wi dt h at hal f max i mum of

quasi - el ast i c spect r um of scat t er i ng

neut r ons f or di f f er ent i al cur ves.
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I NELASTI C SCATTERI NG STUDY OF ThO~, " ~ã AND Zr H ~î ã
õ 0 . 32

Zh . À. Koz l ov , ÅàÜî ãà1î ãó of Neu t r on Phy s i cs , J I NR, Dubna

I . Padur eanu , S. N. Rapeanu , Gh . Rot ar escu , Cent r a l I ns t i t u t e of Phy s i cs ,

Buchar es t , Romani a

× . À. Semenov , I ns t i t u t e of Phy s i cs and Power Engi neer i ng , Obn i nsk , USSR

I nel ast i c neut r on scat t er i ng spect r a of pol ycr yst al l i ne sampl es of ThO , UO
2 2

and Zr H U (x = 1. 6 and 1. 84) have been measur ed at di f f er ent t emper at ur es
õ 0 . 3 2

on t he TOF- spect r omet er DI N- 2PI at t he I BR- 2 r eact or . The measur ement s wer e
î îcar r i ed out i n t he r egi on of scat t er i ng angl es of 4 t o 134 at t he i nc i dent

neut r on ener gy Å = 7. 4 meV and 10. 34 meV f or ThO and Å = 10. 34 meV f or UO
î ã î 2

and Zr H U . The ener gy r esol ut i on of t he spect r omet er ÜÅ/ E was l ess t han 4%
x 0 . 3 2

i n t he whol e r egi on of ener gy t r ansf er s.
Usi ng t he Br eadow- Oskot sky met hod and t he one- phot on appr ox i mat i on f r equency

spect r a g (u ) wer e det er mi ned (Fi gs. 1, 2 ) .

Fi gur e 1 shows t he f r equency spect r um of Zr H U at ãî î â t emper at ur e. I t
1 . 8 4 0 . 3 2

i s l i ke t hat f or z i r coni um hydr i de. Acoust i c modes and opt i c modes ar e wel l
separ at ed. The acoust i c modes (î < 40 meV) ar e connect ed mai nl y wi t h t he os-

ci l l at i ons of z i r coni um and ur ani um at oms, whi l e t he opt i c modes wi t h hydr ogen
osci l l at i ons . The addi t i on of ur ani um l eads t o some t r ansf or mat i on of t he aco-

ust i c spect r um and t o t he i ncr ease of t he opt i c spect r um wi dt h.

Fi gur e 2 shows f r equency spect r a of ThO at ãî î â t emper at ur e and at 1278 Ê.
2

The spect r um st r uct ur e at ãî î â t emper at ur e consi st s of max i ma l ocat ed at t he

ener gy t r ansf er of 12, 20, 34, 53 and 72 meV. The max i ma at 12, 20 and 34 meV
ar e at t r i but ed t o t hor i um osci l l at i ons and t he max i ma at 53 and 72 meV t o oxy-

gen osc i l l at i ons . Exper i ment al spect r a of ThO and UO (not shown ) ar e compa-
2 2

r ed wi t h t he f r equency di st r i but i on f or UO cal cul at ed by J . À. Young t o show
2

good coi nci dence i n t he posi t i ons of max i ma.

At 1278 Ê (Fi g. 2 ) t he f unct i on ä (þ ) ThO changes ser i ous l y bot h t he acoust i c
2

and opt i c spect r um. An i ncr easi ng number of oxygen osc i l l at or s shoul d be men-

t i oned as wel l as Áî âå modi f i cat i on of t he v i br at i onal spect r um of t hor i um

at oms at smal l ener gi es.

2 0 é



Fi g. 1. The f r equency spect r um of g (v ) of Zr U Í
Î . 3 2 1 . 8 4

phonon cont r i but i ons ar e shown by à sol i d l i ne.

F i r s t and s e c on d o r de r

T tl Oq

~

12 7 S Ê

~~~~

~î l

80 100 ~ãî
>ra, å÷

F i g . 2 . The spe c t r a l f un c t i on g ( u ) f o r ThO at 293 and 1278 Ê.
2
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I MI ERSI l r w . è ë.î òî

S . À . Dan i l k i n , × . P . Mi n aev , I n s t i t u t e of Ph y s i c s an d Power Eng i n eer i n g ,

Obn i n sk , USSR

× . × . Sumi n , I n s t i t u t e of Phy s i c a l Ch emi s t r y , Mos c ow, USSR

I NS st udy of t he l at t i ce dynami cs of i nt er st i t i al al l oys pr ov i des

i nf or mat i on on f r equency di st r i but i ons of met al at oms and l ocal v i br at i ons of
i nt er st i t i al s . Met al - met al and met al - i nt er st i t i al i nt er act i on par amet er s (or

pot ent i al s ) can be der i ved f r om t hese dat a.

Dur i ng t he l ast year s under i nvest i gat i on wer e t he bi nar y sol i d sol ut i ons
×- Î , ×- N, à t er nar y sys t em

ã1- 3ã
st eel s Òà× È and car bon and ni t r ogen aust eni t i c

õ ó

The exper i ment s have shown t hat wi t h i ncr easi ng i nt er st i t i al at om cont ent

phonon spect r a of met al at oms became har der i n ×Î , VN , NbO , TaN sol i d so-
x x x x

l ut i ons as i l l ust r at ed i n Fi g. 1 on t he exampl e of VO al l oys. I n ni t r ogen Fe-
x

Mn aust eni t i c st eel s t he concent r at i on dependence of t he second moment of t he
2f r equency di st r i but i on <c > has max i mum at 1. 2% at N. (Thi s par t of wor k was

øàáå i n col l abor at i on wi t h ×. G. Gavr i l uk , S. P. Ef i menko, Yu. N. Yagodz i nsk i , I ns-

t i t ut e of Met al Physi cs , Ki ev ) . These r esul t s show t hat t he ef f ect of i nt er -

st i t i al s on t he host l at t i ce consi st s of t wo component s wi t h oppos i t e si gns,

one r esul t s i n t he har deni ng and t he second i n t he di l at at i on and sof t eni ng of
t he met al - met al i nt er act i on. Lat t i ce di l at at i on caused by an i nt er st i t i al i s

compl et el y compensat ed i n ×, Nb and Ta sol i d sol ut i ons by oxygen and ni t r ogen.

Par t i al compensat i on (at l owest concent r at i ons ) was obser ved i n ni t r ogen aus-

t eni t i c st eel s . Pr obabl y , t he har deni ng of t he spect r um i s connect ed wi t h va-
/ 2 > 3 /r i at i on of el ect r on pr oper t i es of met al s caused by i nt er st i t i al s

Local v i br at i ons of oxygen and ni t r ogen i nt er st i t i al s i n ÂÑÑ t r ansi t i on

met al s and of ni t r ogen and car bon i n aust eni t i c st eel s have f r equenci es above
~1- ç/

t he boundar y of t he met al spect r um . As t he exampl e, t he f r equency

spect r um of oxygen at oms i n VO i s shown i n Fi g. 2 . The spect r um cont ai ns
Î . 0 6

t wo peaks cor r espondi ng t o i nt er st i t i al at oms v i br at i ons (c = 57 and 86 meV) .

Comput er si mul at i on of t he V- N sol i d sol ut i on l at t i ce dynami cs was

per f or med. I t was f ound t hat af t er some modi f i cat i on t he ×- N i nt er at omi c
/ 4 /pot ent i al of Johnson et al . g i ves good descr i pt i on of ni t r ogen at oms

f r equenci es. Cal cul at i ons of t he ×- 0 sol i d sol ut i on f r equency spect r um show

t hat à weak peak at 45 meV (Fi g. 2 ) cor r esponds t o t he v i br at i ons of vanadi um

2 0 ß



at oms t hat ar e nei ghbour s t o i nt er st i t i al at oms . Wi t h t hi s pot ent i al l at t i ce
di st or t i ons ar ound t he i nt er st i t i al at om and t he ener gy of st r ess- i nduced

i nt er act i on of pai r s of i nt er st i t i al s wer e cal cul at ed .

1. Dan i l k i n S. À. , Mi naev × . P. , Sumi n × . × . Pr oc . of t he I n t . Conf . on Neu t r on

Scat t er i ng , 2 1- 25 Januar y , 199 1, Bombay ; Phy s i ca Â, 199 1, t o be pub l i shed .

2 . Dan i l k i n S. À. e t a l . F i z . Tv er d . Te l a , 31 ( 1989 ) 8 .

3 . Sumi n × . × . et a l . Met a l l ophy s i ca , 12 ( 1990 ) 100 .

4 . Johnson R. À. e t a l . Ac t a Met a l l . , 12 ( 1964 ) 12 15 .

p ~),.å×

F i g . 1 . Van ad i u m a t om f r equ en cy

s pe c t r a i n VO s o l i d s o l u t i on s :
õ

v a n a d i u m ; õ — V O î
î . î ç '

×Î ; Ü — VO
î . 0 6

6 0

4

î . ~~

×Î

~

2 0

~~~

2 0

~

Ñ,âå×

4 0

~

2 0

10

~

Fi g. 2. Fr equency spect r um of oxy-
!20 á,~~~~ gen at oms i n yp

0 . 0 6

~

6 0

~

10 0
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ï àë.'ÿòòñÀòòî û OF ð~ëì òàè ãâî è æòòêÿ OF LIQUID í êû èÈ

N. È. Bl agov eschensk i i , À. V. Puchkov

I ns t i t u t e of Phys i cs and Power Eng i neer i ng , Obn i nsk , USSR

I . V. Bogoyav l ensk i i , L . V. Kar nat sev i ch , V. G. Kol obr odov

I ns t i t u t e of Phy s i cs and Technol ogy , Khar k ov , Uk r a i ne

J . À. Koz l ov

Labor at or y of Neu t r on Phys i cs , J I NR, Dubna

I t i s f or 20 year s al r eady t hat mi cr oscopi c pr oper t i es of super f l ui d and
nor mal hel i um ar e bei ng i nvest i gat ed on t he spect r omet er s DI N . Thi s i nves-

/ 2 /t i gat i on goes i n t wo di r ect i ons — st udy of t he Bose condensat e phenomenon
/ ç/and st udy of t he el ement ar y exc i t at i ons spect r um of l i qui d hel i um . The neu-

t r on scat t er i ng i s à power f ul t ool her e and i n some cases even à uni que one.

The neut r on exper i ment par amet er s t o ser ve t he ment i oned above di r ect i ons of

r esear ch ar e of r i ch var i et y .

The f i r st d i r ect i on pr obl ems ar e sol ved us i ng t he i mpul se
/ 4 /appr ox i mat i on , whi ch r ecei ved f ur t her devel opment i n t he l ast year s. I t i s

bel i eved t hat at moment um t r ansf er s much hi gher t han t he el ement ar y exci t a-

t i ons ener gy t he scat t er i ng l aw cont ai ns di r ect i nf or mat i on about t he Bose

condensat e densi t y . To appl y t he i mpul se appr ox i mat i on hi gh moment um t r ansf er s
and hi gh r esol ut i on ar e r equi r ed. We have at t empt ed t o have t hem on t he DI N-

2PR- spect r omet er . The mai n chal l enge of t he exper i ment i s t o measur e t he l i qu-

i d hel i um dynami c st r uct ur e f act or at t emper at ur es bel ow t he Ë- poi nt i n t he

condi t i on when t he moment um t r ansf er , t he i nst r ument r esol ut i on, and t he "he-

l i um peak " wi dt h ar e opt i mi zed. We choose t he i nc i dent ener gy Å0 = 200 meV,

when t he r esol ut i on br oadeni ng i s one f or t h of t he "hel i um peak" wi dt h and i t

i s smal l er t han t he br oadeni ng due t o f i nal st at e i nt er act i on ef f ect s (accor -

di ng t o moder n t heor y est i mat es ) .
The measur ement s wer e per f or med i n t he r ange of scat t er i ng angl es 90- 160

(det ect or ' s ar ea i s 400x465mm , t he sampl e — det ect or di st ance i s 10 â ) .

The sampl e t emper at ur e was 4. 2 Ê and 1. 4 Ê and t he r esol ut i on at "hel i um peak "

max i mum 6- 9 meV f or t he 160- 90 angl es, r espect i vel y .

72 hour s of sampl e exposi t i on t i me at each t emper at ur e í åãå r equi r ed t o
obt ai n adequat e st at i st i cs and 42 hour s wi t h an empt y cr yost at . Typi cal spec-
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t r a at t wo scat t er i ng angl es ar e shown i n Fi g. 1. The t ot al count at "hel i um

peak " i s appr ox i mat el y 350000.

On t he DI N- 2PR t her e i s t he possi bi l i t y t o measur e neut r on spect r a at se-

ver al i nc i dent ener gi es si mul t aneousl y . Then t he " second" i nc i dent ener gy i s

53 meV. An exampl e of t he neut r on scat t er i ng spect r um of t he çàâå sampl e i s

shown i n Fi g. 2.

I t i s pl anned t o anal yze neut r on scat t er i ng spect r a by means of f i t t i ng

model s , as usual ( t he speci al pr ogr am COMPI L ) and by means of t he t r eat ment
/ 5 /pr oposed i n

I n t he second di r ect i on of hel i um i nvest i gat i ons à pr el i mi nar y exper i ment
on t he spect r omet er DI N- 2PI at an i nc i dent neut r on ener gy of 2 meV was per f or -

med. À t ypi cal neut r on spect r um i s shown i n Fi g . 3. The sampl e i s powder l i ke
Zr H (3% scat t er er ) . The backgr ound- chopper r ot at es at 300 r pm, t he DI N- 2PI -

1 . 8

chopper (vel oc i t y sel ect or ) at 1500 r pm ( t he r adi us of cur vat ur e i s 2. 5 â , t he
sl i t - wi dt h 4 mm) . The el ast i c peak FWHM (210 channel ) — 250 psec . I t i s r emar -

kabl e t hat t her e i s à ver y l ow backgr ound i n t he r ange of ener gy t r ansf er s 0-

1. 9 meV. I t i s ver y i mpor t ant f or t he el ement ar y exc i t at i ons i nvest i gat i ons.

Weak peaks i n channel s 200 and 800 ar i se due t o f ast neut r ons of t he f i r st and
second I BR- sat el l i t es . The smoot h r i se of backgr ound i n t he spect r um t ai l i s

caused by t he backgr ound- chopper .

1. À. ×. Abr amov et al . At omnaya Ener gi ya, 66 (1989 ) 1316

( i n Russi an ) .

2. I . ×. Bogoyav l ensk i i et al .

137.

3. N. È. Bl agoveshchensk i i et al . Sov . Phys. JETP Let t . , 31

(1980) 14.

4. P. Ñ. Hohenber g, P. Ì . Pl at zman. Phys .Rev . , 152 ( 1966 ) 198.

5. Ò. R. Sosni ck et al . Eur ophys. Let t . , 99 ( 1989 ) 1707.

Sov . J . Low Temp . Phy s . , 16 ( 1990 )
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î so 1ñî
e ne r gy t r an s f e r , meV

Fi g . 1. Typ i ca l neu t r on spec t r a of l i qu i d he l i um a t Ò = 1. 4 Ê. The scat t er i ng

î îang l es ar e 100 and 160 , t he i nc i dent neu t r on ener gy Å = 200 meV. The i n t er -

va l f r om 380 t o 410 channe l shows t he e l as t i c and i ne l as t i c scat t er i ng on t he

cr yos t at mat er i a l (Al ) , 425- 600 channel — t he scat t er i ng on l i qu i d he l i um
( " he l i um peak " ) . I ns t r ument a l r eso l u t i on i n t he r ange of t he " he l i um peak " i s

6- 9 meV. The samp l e expos i t i on t i me i s 72 hour s . The t i me- ana l y zer channe l i s

8 psec wi de .

Ol
ñ
Ý

ñ
×

~

! !
î 1î ; î çî

ener gy t r ans f er , meV

Fi g . 2 . An ex amp l e of t he neut r on spec t r um of l i qu i d he l i um a t 1. 4 Ê. The scat -

ot e r i n g a n g l e i s 1 0 0 . T h e i n c i d e n t e n e r g y i s Å = 5 3 m e V . T h e s p e c t r u m i s m e a -

0

s u r e d s i m u l t a n e o u s l y w i t h t h e Å = 2 0 0 m e V m e a s u r e m e n t s ( F i g . 1 ) . T h e i n s t r u -

0
ment a l r eso l u t i on i n t he r ange of t he " he l i um peak " i s 1. 5 meV. The t i me-

ana l y zer channe l i s 32 psec wi de .
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r ,î I , 5 r ,å 1,9
ener gy t r ans f e r , meV

Fi g . 3 . Neu t r on e l as t i c scat t er i ng at Å = 2 meV on t he 3% scat t er er (Zr H ) .

I t shows t he poss i b i l i t i es of t he spec t r omet er DI N- 2PI t o ser ve t he neu t r on

scat t er i ng s t udy at smal l negat i ve ener gy t r ansf er s down t o 1. 9 meV. The

i ns t r ument a l r eso l u t i on i s much dependent on t he samp l e geomet r y and may be

es t i mat ed as 30- 40 ðå× i n t he ener gy t r ansf er r eg i on 1- 1. 5 meV. The measur i ng
1

t i me i s 1. 5 hour , t he t i me- anal y zer channe l i s 64 psec wi de .
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N E R A

NEUTRON SCATTERI NG STUDY OF COPPER AND OXYGEN ÀÒÎ Ì VI BRATI ONS

I N YTTRI UM HTSC CERAMI CS

I . Nat kan i ec , J . May er , J . Kr awczyk

Labor at or y of Neut r on Phys i cs , J I NR, Dubna

× . Ê. Fedot ov , À. I . Kol esn i kov , Å. G. Ponyat ov sk i i

I ns t i t u t e of Sol i d St at e Phys i cs , Cher nogol ovka , USSR

Áî âå pecu l i ar i t i es of t he dynami cs of copper and oxygen at oms i n " 1- 2- 3"

cer ami cs wer e i nv es t i ga t ed by t he neut r on i ne l as t i c scat t er i ng met hod us i ng

i sot op i c cont r as t var i a t i on of coher en t scat t er i ng c r oss sec t i ons (3 : 1) of
6 5 6 3Cu and Cu . Exper i ment s wer e conduc t ed on t he new mu l t i pur pose neu t r on spe-

c t r omet er NERA at t he I BR- 2 pu l sed r eac t or . Ti me- of - f l i gh t I NS spec t r a (Fi g . 1 )

6 5 6 3f r om t wo i so t op i c samp l es of YBa 0 and YBa Cu 0 wer e measur ed at
2 6 . 9 5 2 3 6 . 9 5

t emper at ur es Ò = 80 , 290 Ê on à 109 m i nc i den t neu t r on f l i gh t pat h wi t h t he

Âå- f i l t er f or ener gy ana l y s i s of scat t er ed neut r ons . The d i f f er ent i a l spec t r um

r epr esent s t he v i br a t i ona l spec t r um of copper a t oms i n t he super conduc t i ng ce-

r ami cs . The gener a l i zed phonon dens i t y of s t a t es f unc t i on , 6 (è ) , f or t he 1- 2- 3

super conduc t i ng cer ami cs (Fi g . 2à ) and par t i a l con t r i bu t i ons f r om oxygen

(Fi g . 2Ü) and copper a t oms (F i g . 2c ) show à weak dependence on t emper at ur e t ha t

can be exp l a i ned by t he d i f f er ence i n Debye- Wai l er f ac t or s a t Ò = 80 Ê and 390

Ê. The phonon dens i t y of s t a t es of Cu at oms occup i es ma i n l y t he ener gy i n t er -

va l f r om 0 t o 40 meV i n agr eement wi t h r ef . . The ex cess spec t r a l dens i t y a t

40 t o 75 meV can be at t r i bu t ed t o t he mu l t i phonon scat t er i ng of neut r ons . How-

ever , t he pr e l i mi nar i l y ca l cu l a t ed mu l t i phonon cont r i bu t i on ( t he dashed l i ne

i n Fi g . 3 ) does not descr i be comp l et e l y t he behav i our of t he spec t r um i n t h i s
r eg i on . Ther e i s obser ved an ana l ogous s i t uat i on i n phonon spec t r a of " 1- 2- 3"

oxygen def i c i en t copper (Fi g . 4 ) . À decr ease i n oxygen con t en t l eads t o t he

sof t en i ng of t he copper spec t r um i n t he acous t i c r eg i on , t o sp l i t t i ng of t he

pecu l i ar i t y a t è = 19 meV (Fi g . 3 ) and l i t t l e enhancemen t i n à har der spec t r a l

r eg i on .

Ð. Ð. Par sh i n et a l JETP 1e t t . 51 1990 ) ð . 380
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Fi g. 1. TOF I NS spect r a f or t wo copper
6 5 6 3i sot opi c composi t i ons ( Cu and Cu ) of

t he cer ami cs YBa Cu 0
2 3 6 9 5
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Fi g. 2. Gener al i zed phonon densi t y of st a-

t es f unct i ons, Ñå (è ) : à — t he spect r um of

t he YBa Cu 0 cer ami cs ; Ü, c — par t i al
2 3 6 9 5

cont r i but i ons f r om copper and oxygen

at oms .
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I NVESTI GATI ON OF THE REORI ENTATI ON
OF 4- N- ÐÅÍ ÒÍ ÓÞ.ÐÍ ÅÌ Ó1.- 4 ' - N- HEPTYLOXYTHI OBENZOATE (7SS)

MOLECULES I N ÒÍ Å NEMATI C PHASE

J . Chr usc i el , J . Kr awczyk , J . May er , LNP, J I NR, Dubna

The quas i e l as t i c neut r on scat t er i ng (QNS) i s à good met hod of i nv es t i ga t i on

of f as t s t ochas t i c mot i ons , bot h t r ans l a t i ona l (d i f f us i on ) and r ot a t i ona l ,

of mo l ecu l es i n condensed phases ( l i qu i ds , l i qu i d and p l as t i c c r y s t a l s , su-

per i on i c conduct or s ) . Th i s met hod was used t o i nves t i ga t e t he r eor i ent at i on

of 7S5 mol ecu l es i n t he nemat i c phase . The QNS spec t r a wer e measur ed on t he

t i me- of - f l i gh t (TOF ) , i nver t ed geomet r y spec t r omet er Í ÅÂÀ- PR. The ener gy of

t he neu t r ons scat t er ed f r om t he samp l e was f i xed by t he Br agg scat t er i ng

f r om t he ( 111) p l ane of t he Cu monoc r y s t a l s i n t he a l mos t backwar d d i r ec t i -

on . Due t o back scat t er i ng t he r eso l u t i on (wi d t h of e l as t i c peak a t ha l f ma-

x i mum) was r educed t o 48 ðå× .

Spec t r a wer e measur ed s i mu l t aneous l y at t hr ee scat t er i ng ang l es of 30 , 50

and 80 , t hat cor r espond t o t he momen t um t r ansf er s ê = 0 . 86 , 2 . 01 and 3 . 06
î

À . TOF spec t r a obt a i ned at t wo t emper at ur es of t he samp l e i n t he nemat i c

phase ar e shown i n t he f i gur e . One may see à s t r ong decr ease i n e l as t i c con-

t r i bu t i on t o t he spec t r a wi t h t he i ncr ease of ê . On t he o t her hand , t he

br oaden i ng of t he quas i e l as t i c par t a l most does not change . I t means t hat

t he cor r e l a t i on t i me ò , descr i b i ng t he speed of r eor i en t a t i on , i s cons t ant .

The es t i mat ed va l ue of ò i s of t he or der of 10 s . Car ef u l mode l f i t t i ng

pr ocess i ng of t he spec t r a shou l d g i ve an answer t o t he ques t i on i f t he QNS

spec t r a r esu l t f r om t he r eor i ent a t i on of t he who l e mol ecu l e or of t wo ben-

zene r i ngs ar ound t he i r par a- àõåÿ . Add i t i ona l l y , t he t emper a t ur e dependence

of ò shou l d make i t poss i b l e t o assess t he ac t i v at i on ener gy of t he p r ocess .
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PRESSURE DEPENDENCE OF VI BRATI ONAL SPECTRA OF I CE

Î . I . Bar ka l ov , À. I . Ko l esn i k ov , × . × . Si n i t syn , I ns t i t u t e of So l i d St at e

Phy s i cs , Cher nogol ovka , USSR

À. N. I v anov , I ns t i t u t e of Hi gh Pr essur e Phys i cs , Tr o i t sk , USSR

D. F. L i t v i n , I ns t i t u t e of t he Phys i cs of Met a l s , Moscow, USSR

L . S. Smi r nov , I ns t i t u t e of Theor et i ca l and ExPer i ment a l Phy s i cs , Moscow, USSR

I . Nat kan i ec , Labor at or y of Neut r on Phys i cs , J I NR, Dubna

The P- T phase di agr am of i ce at t emper at ur es up t o 350 Ê and pr essur es up

t o 350 ÊÜàã has 9 phase r egi ons cor r espondi ng t o di f f er ent cr yst al st r uct ur es

(Fi g . 1) . I t shoul d be not ed t hat i n some phases hydr ogen at oms ar e di sor der ed,

whi l e i n ot her s t hey ar e ei t her par t l y or f u l l y or der ed. The smal l val ue of

t he moment of i ner t i a of à wat er mol ecul e l eads t o l ar gel y separ at ed i n ener gy

t r ansl at i onal and l i br at i onal modes i n t he v i br at i onal spect r um of i ce. The
phonon densi t y of st at es of i ce i s st udi ed exper i ment al l y by i ncoher ent i n-

/ 1 , 2 /el ast i c neut r on scat t er i ng ( I I NS)

I I NS spect r a of some i ce modi f i cat i ons wer e i nvest i gat ed at l i qui d ni t r ogen

t emper at ur e i n t he r ange of pr essur es up t o 20 Kbar . I ce modi f i cat i ons at t he
/ ç /

p r e s s u r e u p t o 1 0 Ê Ü à ã w e r e m e a s u r e d u s i n g à f i x e d h i g h p r e s s u r e c e l l . T h e

i ce phase at 20 Kbar was obt ai ned by quenchi ng. I I NS spect r a of i ce at t he
pr essur e up t o 10 Kbar wer e measur ed on t he Í ÅÂÀ- PR spect r omet er and of t he

quenched sampl e of i ce VI on t he KDSOG spect r omet er at t he I BR- 2 r eact or .

Fi gur es 2 and 3 show measur ed spect r a of i ce I h, I I and VI .

I n t he t r ans l at i onal par t of t he spect r um of i ce phase I h f our bands at 7,

17. 7, 26. 6 and 34. 7 meV can be i dent i f i ed . The l i br at i onal mode zone l i es f ar
apar t f r om t he t r ans l at i onal one and i t s l ef t - hand edge i s at t he ener gy of

about 65 meV. I I NS spect r a of i ce phase I I wer e measur ed us i ng à Âå- f i l t er on

t he Í ÅÂÀ- PR spect r omet er and cor r esponded t o pr essur es near t he l ef t - hand s i de

and r i ght - hand s i de boundar i es of ex i st ence of t h i s phase. Pr essur e af f ect s

consi der abl y t he v i br at i onal spect r a: t r ans l at i onal bands shi f t t owar ds hi gher

ener gi es wi t h i ncr easi ng pr essur e and i n t he l i br at i onal zone t her e appear s à

l ow ener gy band (about 60 meV) whi ch ener gy i s bel ow t he l i br at i onal zone of

phase I h. Thi s obser vat i on i s i n agr eement wi t h t he r esul t s of I I NS
exper i ment s made i n RAL t o st udy i ce phases / 1 , 2 /

I t i s char act er i st i c of t he v i br at i onal spect r um of phase VI t hat i n t he

t r ansl at i onal zone one can see t hr ee bands at 10. 3, 23. 4 and 36. 9 meV. The l ow
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ener gy boundar y of t he l i br a t i ona l subzone i s a t 53 . 5 meV. The sp l i t t i ng of

t he l i br a t i ona l zone of i ce phase VI i nc r eases i n compar i son wi t h t he ñàÿå of

i ce phase I I . Measur ement s conduct ed show t hat v i br at i ona l spec t r a of i ce pha-

ses I h , I I and VI ar e mod i f i ed as f o l l ows : t he t r ans l a t i ona l par t becomes har -

der , wh i l e t he l i b r at i ona l one sof t er ( t hese zones ar e mov i ng t owar ds each

ot her ) Wi t h i n one i ce phase I I t he who l e spec t r um, i nc l ud i ng t he v i br at i ona l

and t r ans l a t i ona l par t s , sh i f t s t owar ds h i gher ener g i es . Th i s r esu l t was ob-

t a i ned f or t he f i r s t t i me .

1. J . Ñ. Li et al . Physi ca Â, 156- 157 ( 1989 ) ð. 376.

2. J . Ñ. 1.1 et al . , t o be publ i shed.
3. À. N. I vanov et al . Repor t I TEP, No. 40- 91, Moscow, 1991

The Ð- Ò phase d i agr amFi g . 1.

of i ce
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STUDY OF INCOHERENT òàêò.Àçò1ñ ÿñÀòòêû ì ñ î ã ûêî òâî í û

ON À NH4Cl COMPOUND ÀÒ HYDROSTAT I C PRESSURES UP ÒÎ 10 ÊÜàã

Ë. I . I v an ov , I n s t i t u t e of Hi gh Pr es su r e Phy s i c s , Tr o i t s k , USSR

D. F . L i t v i n , I ns t i t u t e of Met a l Phy s i c s , Mos c ow, USSR

J . Ì àó åã , I . Na t k an i ec , Labor a t or y of Neu t r on Phy s i c s , J I NR, Dubn a

L . S . Smi r n ov , I n s t i t u t e of Th eor e t i c a l an d Ex p er i men t a l Phy s i c s , Mos c ow, USSR

The cr yst al st r uct ur e and t he phonon spect r um of NH Cl pr esent i nt er est f or
4

t est measur ement s on à neut r on chamber made of à " zer o- mat r i x " Ti - Zr al l oy

/ 1/oper at i ng at hi gh pr essur es . NH Cl compounds under at mospher i c pr essur e ex-
4per i ence à phase t r ans i t i on of t he or der - di sor der t ype at Ò = 242. 7 Ê f ol -

I ñ
l owed by à change of space gr oup f r om 0 (Pm3m) i n t he hi gh t emper at ur e phase

I ü
t o Ò (P43m) i n t he l ow t emper at ur e one. Wi t h i ncr easi ng pr essur e t he t r ans i t i -

o n t e mp e r a t u r e i n c r e a s e s ( d T / d P > Î ) a n d a t ã î î â t e mp e r a t u r e t h e t r a n s i t i o n
ñ

/ 2 > 3 /occur s above 5 Kbar ' . I n t he NH Cl spect r um one di st i ngui shes easi l y t he
4

modes cor r espondi ng t o l i br at i onal v i br at i ons of NH gr oups. I ncoher ent i n-
4

el ast i c neut r on scat t er i ng ( I I NS) al l ows one t o f ol l ow t he ef f ect of hi gh
pr essur es on bot h l i br at i onal and t r ansl at i onal modes i n an or der ed and di s-

or der ed st at e of NH Cl .
I I NS spect r a wer e measur ed on t he Í ÅÂÀ spect r omet er pos i t i oned on t he 109 m

f l i ght pat h at t he I BR- 2 r eact or . À 1. 3 g NH Cl sampl e pr el i mi nar i l y pr essed
4

i nt o à 7 mm di amet er cy l i nder 18 mm hi gh was pl aced i nt o à f i xed pr essur e cel l

of t he cy l i nder - pi st on t ype. The hydr ost at i c .pr essur e up t o 10 ÊÜàã at r oom

t emper at ur e was achi eved wi t h t he hel p of f r eon- 11 used as t he hi gh pr essur e

t r ansmi ssi on medi um. The HP- cel l was connect ed v i a à copper heat l i nepi pe t o à

cr yogeni c vessel of t he cr yost at . Wi t h t he l ower i ng t emper at ur e down t o 80 Ê

t he pr essur e i n t he cel l decr eased down t o about 7 Kbar . I I NS spect r a measur ed

at Ò = 290 Ê and 80 Ê ar e shown i n Fi g. 1. The I I NS spect r a char act er i st i c of
NH Cl can be c l ear l y seen agai nst t he backgr ound f r om t he f r eon- f i l l ed cham-

4ber . Thi s f act al l ows t he concl us i on t hat t he t est ed HP- cel l i s qui t e appl i -

cabl e f or i nvest i gat i ng I I NS spect r a at hi gh pr essur es.

I t i s shown i n Fi g. 2 how t emper at ur e and pr essur e af f ect t he gener al i zed

v i br at i onal densi t y of st at es i n NH Cl . Tabl e 1 i l l ust r at es t he i nf l uence of
4

t hese f act or s on t he ener gy and l i br at i onal bandwi dt hs of NH gr oups . Det ai l ed
4

/ 4 /dat a anal ys i s can be f ound i n r ef . . The exper i ment s have demonst r at ed t he

possi bi l i t y t o i nvest i gat e wi t h t he Í ÅÂÀ- PR t he gener al i zed phonon densi t y of
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st at es of hydr ogen cont ai ni ng mat er i al s i n t he l ow t emper at ur e r ange at pr es-

sur es up t o 10 ÊÜàã.

1. À. È. I vanov et al . I TEP Pr epr i nt No. 40- 91, Moscow, 1991 ( i n Russi an )

2. I . J . Fr i t z , Í . 2 . Cummi ns . Phys. Rev . Let t . , v . 28 (1972 ) ð . 96.

3. Y. Ehi suzak i , Ì . Ni ol . Chem. Phys . Let t . , v . 3, No. 7 ( 1969) ð . 480.
4. À. N. I vanov et al . I TEP Pr epr i nt No. 80- 91, Moscow, 1991 ( i n Russi an )

Tab l e 1

I nf l uence of t emper at ur e and pr essur e on t he l i br at i on mode ener gy E ,
R

on ' t he f ul l wi dt h at hal f max i mum, FTHM, of t he peak i n G(E)

and t he cor r ect ed f or spect r omet er r esol ut i on D- val ue

Ð, ÊÜà ã E , meV
R

F THM, me V Î , meVPha se Ò, Ê

290

~î

42 . 3

45. 3

10 . 2

8 . 2

9 . 8

7 . 8

I I

I I I

5 . 5

4 . 9

I I I

I I I

80

~

46 . 8

47 . 9

4 . 8

4 . 1
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Fi g. 1. Ti me- of - f l i ght I I NS spect r a

of t he Ti - Zr hi gh pr essur e cel l

f i l l ed wi t h f r eon- 11 (cr osses ) and

of NH Cl ( t r i angl es ) at 290 and
4

80 Ê.

~

Ò= 2 9 0 Ê
2 0

p = 10 kba r

20 '

1î

50

4 0

ð = 1 Üî ã

~

Î

ñ
Ë

1
î

(~
î
0

Ô

( ~Ú

Ô

Ý
î

Ñ3

-p = 7kbarÒ= 8 Î Ê

~~
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STUDY OF Âà Ê Bi O LATT I CE DYNAMI CS

BY NEUTRON SCATTERI NG AND COMPUTER SI MULAT I ON

À . × . Be l u s pk i n , À . × . Vag ov , Lab or a t or y of Neu t r on Phy s i c s , J I NR, Dubn a

P . P . Par s h i n , Ì . G. Zeml y an ov , Ku r c ha t ov I AE , Mos c ow, USSR

The di scover y of t he super conduct i ve st at e of Âà Ê Bi O (ÂÊÂÎ ) has at t r ac-
t - x x ç

t ed bot h t he t heor et i c and exper i ment al phys i ci st s ' at t ent i on t o t hese sys-

t ems despi t e t hei r r el at i vel y l ow cr i t i cal t emper at ur e (Ò = ÇÎ Ê) i n compa-
c

r i son wi t h cupr at es . Unl i ke t hat of cupr at e copper ox i des, t he super conduc-

t i ve phase of ÂÊÂÎ i s à s i mpl e cubi c per ovsk i t e and does not possess met al -

ox i de pl anes whi ch pl ay an i mpor t ant r ol e i n t he f or mat i on of t he super con-

duct i ve st at e i n HTc mat er i al s . Recent exper i ment al and t heor et i cal i nvest i -

gat i ons poi nt t o t he si gni f i cant r ol e of phonons i n st r uct ur al phase t r ansi -—

t i ons and i n est abl i shi ng super conduct i ve pr oper t i es of ÂÊÂÎ .

The goal of t he wor k under t aken was t o i nvest i gat e t he BaBi O and
ç

Âà Ê Bi O l at t i ce dynami cs wi t h t he ai d of comput er s i mul at i ons based on
0 6 0 . 4 3

à s i mpl e model f or i nt er at omi c pot ent i al and i nel ast i c neut r on scat t er i ng .

1. On t he basi s of à si mpl e model f or i nt er at omi c pot ent i al we managed t o

expl ai n st r uct ur al i nst abi l i t i es of t he s i mpl e cubi c BaBi O phase wi t h r es-
ç

pect t o phase t r ans i t i ons t o l ower symmet r y phases connect ed wi t h Bi O oct a-
á

hedr a r ot at i ons.

2. I t i s pr edi ct ed t hat t he R3c symmet r y phase i s l i kel y t o ex i st i n BaBi Oç'
3. Comput er di sper s i on cur ves al l ow us t o suppose t hat t he peak at about

40 meV i n t he opt i cal scat t er i ng spect r a i s due t o t he densi t y of st at es pe-

cul i ar i t y r at her t han t o osc i l l at i ons i n t he cent er of t he Br i l l oui n zone.

4. The r esul t s of t he neut r on scat t er i ng exper i ment s conf i r m t he concl usi on

about st r ong i nt er act i on bet ween ox i de oct ahedr a br eat hi ng modes and el ect -

r ons . Thi s i nt er act i on must pl ay à ver y s i gni f i cant r ol e i n est abl i shi ng su-

per conduct i ng pr oper t i es and i n t he mechani sm of phase t r ans i t i ons v i a

char ge densi t y waves.

5. The densi t y of st at es comput ed wi t h t hi s model descr i bes wel l t he mai n

si ngul ar i t i es of t he exper i ment al f unct i ons of t he gener al i zed densi t y of

st at es and i s i n agr eement wi t h r ecent mol ecul ar dynami cs comput er s i mul a-

t i on dat a.
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On l y acous t i c and Bi O v i br at i on cur v es ar e shown f or c l ar i t y . One can see

t hat wh i l e i n (q , 0 , 0 ) d i r ec t i on l a t t i ce dynami cs i s s t ab l e f or bot h sy s t ems ,

i n (q , q , q ) d i r ec t i ons t he cub i c phase i s uns t ab l e wi t h r espec t t o Bi O v i b-
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CRYSTAL ELECTRI C FI ELD OF THE Nd CuO COMPOUND

À. Yu . Muzy chka , E. À. Gor emychk i n , I . Nat kan i ec , I . L . Sash i n

Labor at or y of Neu t r on Phy s i cs , J I NR, Dubna

Ì . Di v i s

Char l es Uni v er s i t y , Pr ague , CSFR

× . Nekvas i l

I ns t i t u t e of Phys i cs , Pr ague , CSFR

We use t he i nver t ed geomet r y spect r omet er KDSOG- Ì t o i nvest i gat e t he cr ys-

t al el ect r i c f i el d of t he compound Nd CuO by i nel ast i c magnet i c scat t er i ng of
2 4

neut r ons ( IMSN) .
~1- ç~Si mi l ar i nvest i gat i ons have been under t aken by ot her gr oups t o pr oduce

t he r esul t s whi ch i nt er pr et at i on di d not al l ow à compr ehensi ve descr i pt i on of

t he bul k pr oper t i es of t he compound. The ai m of t h i s wor k i s t he CEF par ame-

t er s r ef i nement .

I t i s an essent i al i mpr ovement of t he I MSN dat a t hat t wo peaks (5. 3 meV,

11. 9 meV) i n t he spect r um at Ò = 80 Ê wer e i dent i f i ed i n t hi s wor k as connec-

t ed wi t h t r ansi t i ons f r om CEF exc i t ed l evel s . The I MSN dat a i nt er pr et at i on

wi t h account f or t he mi x i ng of t he mai n and f i r st exc i t ed mul t i p l et has y i el -

ded à good descr i pt i on of t he dat a (Fi g . 1) t oget her wi t h t he quant i t at i ve des-

cr i pt i on of exper i ment al l y measur ed magnet i c suscept i bi l i t i es (Fi g . 2) .

The CEF Hami l t oni an i n t hi s case has t he f or m:

~

c e f

9/ 2 ,
2 mwher e 0 ar e t he equi val ent St evens oper at or s act i ng i n t he space
2 ï

/ 4 /J >, (3 = 11/ 2, J > ( t he mat r i x el ement s shape i s r epor t ed i n
2 2

2 ï

/ 4 / 2 øar e t he St evens f act or s ( t hei r val ues see i n ) , × ar e t he CEF par amet er s
2 ï

under det er mi nat i on i n t hi s wor k .

The best agr eement bet ween t he cal cul at ed and exper i ment al dat a has t he set

(V ) :
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× = (203 . 2+0 . 6 ) meV,V = ( 1. 67+0 . 04 ) meV,
á

V = ( 135 . 1+0 . 3 ) meV
6

me V ,Â = ( 13+0 . 6 ) 10 meV,
2

me V ,

~~

P . À . Al ek se ev e t a l . Sov . J ou r n . Sup e r c ondu c t i v i t y :

Phy s i c s , Ch emi s t r y , Tech no l ogy ( 1989 ) , v . 2 , No . 10 , ð . 163

( i n Ru s s i an ) .

À . Ò. Boo t h r oy d e t a l . Phy s i c a Ñ ( 1990 ) 17 - 24 .

U. St aub e t a l . So l . St . Comm. ( 1990 ) , ÷ . 75 , No . 5 , 43 1- 433 .

S . À . Al t shu l e r , Â . Ì . Ko zy r ev . El ec t r i c Pa r amag ne t i c

Re son an c e i n I n t e r med i a t e Compound s . " Nauk a " Mo s c ow,

( i n Ru s s i an ) .

J . - Ì . Ta r ak s on e t a l . Phy s . Rev . Â ( 1989 ) , v . 40 , No . 7 ,

4494 - 4502 .
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Fi g. 1. The magnet i c r esponse of t he Èá Ñè0Ë at Ò = 80 Ê as obt ai ned by t he

I MSN met hod. Addi t i onal , not cal cul at ed peci l i ar i t i es of t he spect r um ar e con-

nect ed wi t h t he use of t he La CuO spect r um as phonon subst r at e. The t emper a-

t ur e dependent behav i our of t hese pecul i ar i t i es has à nonmagnet i c char act er

( t he i nt ensi t y i s i ncr easi ng wi t h i ncr easi ng t emper at ur e ) .
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/ 5ll i t y and t he r esul t s of t he cal cul at i on based on t he CEF par amet er s set de-

t er mi ned i n t hi s wor k .
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CRYSTAL ELECTRI C FI ELD I N Re Y Ni COMPOUNDS

I . L . Sash i n , Å. À. Gor emychk i n

Labor at or y of Neut r on Phy s i cs , J I NR, Dubna

At pr esen t i t appear s i mposs i b l e t o ca l cu l at e r e l i ab l y t he par amet er s of

t he cr y s t a l e l ec t r i c f i e l d i n ãàãå ear t h met a l l i c compounds on t he bas i s of à

model . Th i s i mposs i b i l i t y i s connec t ed , i n t he f i r s t t ur n , wi t h our not exac t

knowl edge of wha t par t i cu l ar cont r i but i on t o t he ef f ec t i ve CEF pot en t i a l p l ay s

t he mos t i mpor t an t r o l e .

St ud i es of t he f ami l i es of i sos t r uc t ur a l REM compounds , RNi RNi and
2 5

/ 1 , 2 /RA1 ' , have demonst r a t ed ï î r egu l ar i t y i n t he behav i our of CEF Hami l t on i an
2

mpar amet er s , À~, i ns i de g i ven f ami l i es .

I n t h i s connec t i on i t i s i n t er es t i ng t o cont i nue i nv es t i gat i ng CEF i n

i sos t r uc t ur a l RE met a l l i c compounds s t r ong l y d i l u t ed wi t h nonmagnet i c ones , as

t her e we have à " c l ean " i n t er ac t i on of t he 4f - she l l wi t h CEF .

Spec t r a of à ser i es of i sos t r uc t ur a l Laves phase compounds R Y Ni
0 . 0 5 0 . 9 5 2

(Â = Nd , Pr , ÒÜ, Tm, Åã, Dy , Í î ) wer e measur ed on t he spec t r omet er KDSOG- Ì by

t her mal neu t r on i ne l as t i c scat t er i ng . For t h i s ñàÿå t he CEF Hami l t on i an has

t he f or m:

~

c e f

wher e B~ ar e t he CEF par amet er s and 0~ ar e t he St evens oper at or s .

Fi gur e 1 shows exper i ment al and cal cul at ed I NS spect r a of t he compound
Nd Y Ni . Two magnet i c peaks cor r espond t o t he t r ans i t i ons: Ã - Ã (6. 59

0 . 0 5 Î . 9 5 2 á 8
meV) and Ã - Ã (4. 58 meV) . Most consi st ent dat a wer e obt ai ned f or t he CEF Í à- 1 2

8 8

mi l t oni an par amet er s:

me V .

The da t a on t h e o t he r pa r ame t e r s a r e i n t he p r o ce s s o f p r oc es s i ng .

1. Å. À. Gor emy chk i n , Å. Muh l e . I n : V I n t . Schoo l on Neu t r on

Phy s i cs . Dubna , 1987 , ð . 467 .

2 . Â. Fuck , Ì . Loewenhaupt . 2 . Phy s . Â ( 1986 ) , v . 63 , ð . 2 13 .



c h a n n e l n u mb e r ~ 1 2 8 ð , â

Fi g . 1. The I NS spec t r um of t he Èá Ó È1 compound at 80Ê (+ ) . The so l i d

l i ne r epr esent s t he spec t r um ca l cu l at ed wi t h accoun t f or t he phonon spec t r um.

Two Gauss i an- l i k e l i nes cor r espond t o t r ans i t i ons bet ween CEF l ev e l s of t he
3+

mai n mu l t i p l e t of t he i on Nd
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CRYSTAL FI ELD EXCI TATI ONS I N CeCu Si

Å. À. Gor emychk i n , Labor at or y of Neu t r on Phy s i cs , J I NR, Dubna

Â. Î çÜî ãï , RAL , Chi l t on , Di dcot , U. Ê.

CeCu Si was t he f i r st heavy f er mi on compound, wi t h an el ect r oni c speci f i c
2 2

ãheat cont r i but i on y of 1. 1 J/ mol e/ Ê , di scover ed t o have à super conduct i ng

gr ound st at e bel ow Ò = 0. 5 Ê . I t has si nce been t he subj ect of numer ous
/ 2 /i nvest i gat i ons of bot h i t s bul k and mi cr oscopi c pr oper t i es . I n common

wi t h al l f - el ect r on syst ems, t he cr yst al f i el d (CF) pot ent i al of heavy f er -

mi on compounds i s an essent i al component i n det er mi ni ng t he gr ound- st at e

pr oper t i es (speci f i c heat , magnet i c suscept i bi l i t y , t r anspor t pr oper t i es,

et c . ) . I n addi t i on, i t has been suggest ed t hat t he CF pot ent i al i t sel f i s

due t o t he hybr i di zat i on i nt er act i on bet ween t he l ocal i zed f - el ect r on

st at es and band st at es t hat i s r esponsi bl e f or t he heavy f er mi on
/ ç~behav i our

The onl y di r ect exper i ment al met hod f or det er mi ni ng t he CF i n à met al l i c

compound i s i nel ast i c neut r on scat t er i ng ( I NS) ,wi t h t he cr oss sect i on bei ng

pr opor t i onal t o t he dynami c magnet i c suscept i bi l i t y , and t her e have been
/ 4 - 7 /

f our pr ev i ous st udi es of CeCu Si al t hough t wo of t hem wer e pol ar i zed
2 2

neut r on st udi es wi t h ver y poor ener gy r esol ut i on. The r esul t s have been

cont r over si al because t he CF l evel scheme pr oposed by t he f i r st I NS i nvest i -
/ 4 / / 8 /gat i on i s i nconsi st ent wi t h speci f i c heat and s i ngl e cr yst al magnet i c

/ ÿ/suscept i bi l i t y measur ement s.

The mai n chal l enge i n i nt er pr et i ng measur ed neut r on spect r a i s t o der i ve

cor r ect l y t he phonon cont r i but i on ei t her by à car ef ul anal ys i s of t he angu-

l ar dependence of t he scat t er i ng or by usi ng an i sost r uct ur al non- magnet i c

compound (å. g. cont ai ni ng La i nst ead of Ñå) . Thi s i s à par t i cul ar l y ser i ous

pr obl em i n t he case of CeCu Si s i nce t he nucl ear ( i . å. phonon ) cr oss sec-
2 2

t i on i s ver y st r ong, especi al l y bel ow 20 meV i n t he ener gy r ange of t he pr o-

posed l ower doubl et . I n t he l i ght of t he above- ment i oned di scr epanci es bet -

ween I NS and ot her st udi es, i t i s ver y i mpor t ant , t o assess t he r el i abi l i t y

of t he ear l i er conc l us i ons based on I NS dat a.

We have t her ef or e per f or med new measur ement s on st oi chi omet r i c sampl es of

CeCu Si and LaCu Si on t he neut r on t i me- of - f l i ght spect r omet er s Í ÅÒ, at
2 2 2 2

t he pul sed spal l at i on neut r on sour ce I SI S (Rut her f or d Appl et on Labor at or y ,

U. Ê. ) , and KDSOG at t he pul sed r eact or I BR- 2 (J I NR, USSR) . Í ÅÒ i s à chopper

spect r omet er whi ch combi nes ver y hi gh ener gy r esol ut i on wi t h à wi de r ange of

ener gy t r ansf er û and wavevect or t r ansf er Q. These char act er i st i cs al l ow us
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t o es t i mat e t he magnet i c con t r i bu t i on by à sca l i ng pr ocedur e descr i bed by
. / i o/

Mur an i us i ng t he l ow and h i gh Q dat a of t he La compound t o det er mi ne t he

Q- dependence of t he Ce phonon cont r i bu t i on . The l ev e l of mu l t i p l e phonon

sca t t er i ng , wh i ch domi nat es ov er t he nuc l ear cont r i bu t i on a t l ower scat t e-

r i ng ang l es , has been assessed by Mont e Car l o s i mu l a t i on . Measur emen t s of Ce

and La samp l es on KDSOG, an i nver se geomet r y spec t r omet er wi t h h i gh i n t ens i -

t y and moder at e r eso l u t i on , have a l l owed t he use of d i r ec t sub t r ac t i ons

because mu l t i p l e sca t t er i ng i s much l ess s i gn i f i can t i n t h i s scat t er i ng geo-

met r y . The comp l emen t ar y use of t hese t wo spec t r omet er s wi t h d i f f er en t

met hods of es t i mat i on of t he magnet i c scat t er i ng pr ov i des some j us t i f i ca t i on

f or our ma i n conc l us i ons .

Our ma i n r esu l t i s t hat , con t r ar y t o t he conc l us i ons of pr ev i ous I NS i nv es-

t i gat i ons but i n accor d wi t h t he spec i f i c heat r esu l t s , t her e i s on l y one CF

t r ans i t i on a t 30 meV, wh i ch i s ver y br oad . I t has à Lor ent z i an l i neshape

wi t h à wi d t h of Ã = 8 . 4 meV at 2 Ê. Ther e i s a l so ev i dence f or magnet i c

quas i - e l as t i c scat t er i ng (Ã = 1. 9 meV a t 10 Ê ) i n good agr eemen t wi t h pr e-

/ 4 /v i ous l ow ener gy i nves t i ga t i ons . The comb i ned t a i l s of t he quas i - e l as t i c

scat t er i ng and t he br oad i ne l as t i c scat t er i ng pr oduce s i gn i f i can t magnet i c

i n t ens i t y i n t he r ange 10 t o 20 meV bu t t h i s i s not enough , i n our v i ew, t o

suppor t t he sugges t i on of à second CF t r ans i t i on i n t h i s r eg i on .

1. F. St egl i ch et al . Phys . Rev . Let t . 43 ( 1979) 1892.

2. G. R. St ewar t . Rev . Mod. Phys. 56 (1984) 755.

3. P. Ì . Levy , S. Zhang. Phys .Rev . Let t . 62 (1989 ) 78.

4. S. Hor n et al . Phys. Rev . Â23 ( 1981) 3171.

5. Å. Hol l and- Mor i t z et al . Phys . Rev . Â39 ( 1989) 6409,

6. Ñ. St ass i s et al . Phys. Rev . Â33 ( 1986 ) 1680.

7. Y. J . Uemur a et al . Phys. Rev . Â33 (1986 ) 6508.

8. Ñ. D. Br edi et al . J . Mag. Mat . 47848 ( 1985) 30.

9. Â. Âà11î ää å1 à1. J . Appl . Phys. 55 ( 1984) 2001.

10. À. P.Mur ani . Phys. Rev . Â28 ( 1983) 2308.



Fi g . 1. The magnet i c scat t er i ng (po i n t s )

f r om CeCu Si measur ed on KDSOG at 300

Ê (Ü) , 77 K (c ) and 10 Ê (d ) . The dashed

(dot dashed ) l i ne i s t he es t i mat ed

quas i - e l as t i c ( i ne l as t i c ) scat t er i ng .

Fi g . 1 (à ) i s t he i nc i den t f l ux d i s t r i bu-

t i on . The t emper at ur e dependence of t he

CF t r ans i t i on i n t ens i t y pr ed i c t ed by

our CF model i s shown as t he so l i d

l i ne i n t he i nser t t o F i g . 1 (d ) wher e

i t i s compar ed t o t he exper i men t a l

po i n t s . The dashed l i ne shows t he i n-

t ens i t y var i a t i on of t he CF model
/ 4/

f r om
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NEUTRON SPECTROSCOPY OF CeCu Al ( õ = 1, 2 )

AND CeCu Ga HEAVY FERMI ON SYSTEMS

Å. À. Gor emychk i n , À. Yu . Muzychka , I . Nat kan i ec , I . L . Sash i n

Labor at or y of Neu t r on Phy s i cs , J I NR, Dubna

D. D. Ch i s t yak ov , N. Â. Kol chugi na

Bai k ov I ns t i t u t e of Met a l l ur gy , Moscow, USSR

Ear l i er i nves t i gat i ons of subs t i t u t i on of Cu by Al or Ga i n t he hexagonal

compound CeCu (P6/ mmm) i nd i ca t ed à cr oss - ov er f r om à magnet i ca l l y or der ed
5

Kondo compound CeCu t o à non- magnet i c heavy f er mi on s t a t e i n CeCu Al and
5 3 2

/ 1 > 2 /CeCu Ga ' . They have shown t hat CeCu Al and CeCu Ga i n t h i s ser i es behave
3 2 4 4

ex cept i ona l l y and demonst r a t e à huge e l ec t r on i c cont r i bu t i on t o spec i f i c heat .

We i nves t i gat ed t he evo l u t i on of magnet i c r esponses of t hese compounds by

i ne l as t i c neu t r on scat t er i ng ( I NS) . Magnet i c par t s of I NS spec t r a wer e ob t a i -

ned by sub t r ac t i on of phonon scat t er i ng spec t r a measur ed f or compounds t hat

con t a i ned La i ns t ead of Ce a t oms . I NS exper i ment s í åãå per f or med at 10 and 80

Ê on t he t i me- of - f l i gh t i nv er t ed geomet r y spec t r omet er KDSOG- Ì i ns t a l l ed at

/ 3/t he I BR- 2 h i gh f l ux pu l sed r eac t or . The exper i ment a l I NS spec t r a ar e shown

i n F i g . 1, wh i l e t he magnet i c par t s f r om cer i um compounds ar e pr esen t ed i n

Fi g . 2 .

I n t he I NS spect r a of CeCu à wel l def i ned peak at an ener gy t r ansf er of
5

17. 5 meV caused by t r ans i t i ons bet ween cr yst al f i el d (CF) l evel s was obser ved
/ 4 /i n agr eement wi t h r ef . . Addi t i onal l y , à weak quasi el ast i c cont r i but i on was

al so seen. The subst i t ut i on of Cu f or Al or Ga i n CeCu l eads t o dr ast i c
5

changes i n magnet i c neut r on scat t er i ng: t he CF t r ansi t i on shi f t s t o much l ower
ener gi es of about 5- 4 meV and becomes s i gni f i cant l y br oader , à st r ong, br oad

quasi el ast i c cont r i but i on i s c l ear l y obser ved. The magnet i c I NS spect r a of

t hese compounds at 80 Ê ar e wel l f i t t ed by one Lor ent z i an r ef l ect i ng à br oad

quasi el ast i c scat t er i ng di st r i but i on onl y . The s i mi l ar behav i or shows t he

magnet i c scat t er i ng on CeCu Al at 80 and 10 Ê. The t r ans i t i on ener gi es (c )
3 2

and t he cor r espondi ng l i ne wi dt hs (Ã/ 2 ) ar e l i st ed i n Tabl e 1. Appar ent l y ,

t hese changes i n magnet i c neut r on scat t er i ng on CeCu under subst i t ut i on of Cu
5

f or Al or Ga ar e due t o subst ant i al enhancement of s- f hybr i di zat i on

associ at ed wi t h t he f i l l i ng of t he conduct i on band wi t h ex t r a el ect r ons

suppl i ed by Al and Ga at oms

2 ÇÁ
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Tab l e 1

c (meV)

4. 7+Î . 3

CeCu A l

Ã/ 2 (meV )

2 . 3 +0 . 4

3 . 3+0 . 4

5 . Î +Î . 5

I n t e n s i t y ( à . è . )

3 2 + 3

4 . 9 + 0 . 5

16 +2

~î ê

Ò = 80 Ê

CeCu Ga

4 . 5+Î . 3

2 . 6+Î . 3

4 . 1+Î . 4

ò = ~î ê ç1+ç

á . 5+0 . 5
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Fi g. 2. Magnet i c par t s of I NS spect r a of CeCu Al and CeCu Ga compar ed wi t h cal -
4 4

cul at ed spect r a t ak i ng i nt o account t he r esol ut i on f unct i on of t he spect r ome-

t er , posi t i ons of t he t r ansf er r ed ener gy l i nes, t hei r wi dt hs and i nt ensi t i es

ar e gi ven i n Tabl e 1. The exper i ment al I NS spect r a of CeCu ar e al so shown f or
5

compar i son.
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VI BRATI ONAL SPECTRA OF DI SPERSED ANORPHOUS SI L I CAS: AEROGEL

E. F. Sheka , I . × . Nar k i chev , P. Â. Nech i t ay l ov
Pat r i ce Lumumba Peopl es ' Fr i endsh i p 0ï 1÷þãç 11ó , Ì î çñî ÷ , USSR

I . Nat kan i ec , À. Yu . Nuzychka

Labor at or y of Í åØ Ãî ï Ðï óà1ñà , J I NR, Dubna

V. Î . Khavr yut chenk o, × . N. Ogenk o

I ns t i t u t e of Sur f ace Chemi s t r y , Ki ev , Ukr a i ne

J . Fr i cke , G. Rei cheauer

Phy s i ka l i sches I ns t i t u t der Uni v er s i t ht Wur zbur g , Ger many

Aer oge l i s t he pr oduc t of base- or ac i d- cat a l y sed hydr o l y s i s of

t e t r aet hoxy s i l ane i n a l cohol so l u t i ons a t 300- 350 Ê. Af t er t he so l - ge l pr ocess

and subsequen t hyper cr i t i ca l dr y i ng , aer oge l was heat ed t o 600 Ñ f or abou t 24

hour s t o r emove or gan i c r es i des f r om t he i nner ÿø Ãàñå .

The I NS spec t r a of t he as- pr epar ed samp l e of 27 . 8 g wer e r ecor ded at 10 (20

h), 80 (14.2 h) and 290 Ê (11 h). Obt a i ned TOF (à) and AWDS (b) spec t r a ar e

shown i n Fi g . 1. The spec t r a l i n t ens i t i es ar e nor ma l i zed per 100 g of mass and

1 hour of measur i ng t i me.

Fi gur e 2 shows t he TOF (à ) and AWDS (Ü) spec t r a of t he deu t er a t ed a i r - dr i ed

samp l e at 10 Ê (21 h ) . The deut er at i on cy c l e cons i s t ed of samp l e hea t i ng a t
100 Ñ f or 12 hour s f o l l owed by samp l e expos i t i on f or 24 hour s i n heavy 'wat er

vapour s wi t h à r e l at i ve humi d i t y of 100%. The cy c l e was r epeat ed t wi ce .

The TOF (à ) and AWDS (Ü) nor ma l i zed spec t r a of t he a i r - dr i ed samp l e kep t a t

100 Ñ f or 20 hour s wer e r ecor ded a t 10 (31 h ) and 80 Ê ( 11. 5 h ) and ar e shown

i n Fi g . 3 . The mass l oss caused by desor pt i on i s 0 . 5 g . Di f f er ent i a l spec t r a

cor r espond i ng t o t he d i f f er ence bet ween nor ma l i zed spec t r a of a i r - dr y and a i r -

dr i ed samp l es r e l a t ed t o adsor bed wat er spec t r a ar e pr esen t ed 1ï F i g . 4 f or t wo

t emper at ur es .
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VI BRATI ONAL SPECTRA OF DI SPERSED ÀÌ Î ÂÐÍ Î Óß SI L I CAS:

SI L I CA GEL

Å. F . Sheka , I . × . Mar k i chev , P. Â. Nech i t ay l ov
Pat r i ce Lumumba Peop l es ' Fr i endsh i p Uni v er s i t y , Moscow, USSR

I . Nat kan i ec , À. Yu . Muzy chka , J . Kr awczyk

Labor at or y of Neu t r on Phy s i cs , J I NR, Dubna

× . Ï . Khav r yut chenk o , × . Ì . Ogenk o

I ns t i t u t e of Sur f ace Chemi s t r y , Ki ev , Ukr a i ne

À compar at i ve I NS st udy of v i br at i onal spect r a of à set of di sper sed

amor phous si l i cas , di f f er ent by or i gi n, has been i ni t i at ed à year ago.
So- cal l ed " as- pr epar ed" or ai r - dr y commer c i al pr oduct s f or m t he f i r st gr oup.

The ot her gr oup f or m ai r - dr i ed sampl es t r eat ed i n ambi ent at mospher e under

speci f i c f or ever y sampl e condi t i ons. The st udy i s ai med at advanci ng t he

mi cr oscopi c concept i on t o t he at omi c st r uct ur e of sampl es on t he bas i s of

exper i ment al and cal cul at ed spect r a of adsor bed wat er .

Âó now t he I NS spect r a have been measur ed f or t wo massi ve sampl es of quar t z
gl ass and of gl ass si nt er ed f r om aer os i l — À380 and f or t hr ee di sper sed

pr oduct s : aer osi l s À175 and À380 and s i l i ca gel SG20

Si l i ca gel SG100, t he obj ect of t he cur r ent i nvest i gat i on , has been

pr oduced at about 300 Ê by pol ycondensat i on of à si l i con ac i d i n wat er
sol ut i ons . The mean ðî ãå si ze i s 100 Å. The spect r a of t he as- pr epar ed pr oduct

îwer e r epor t ed ear l i er i n . The sampl e of 60. 5 g was dr i ed at 120 Ñ f or 72

hour s. The âàÿÿ l oss i s 1. 6 g.
Fi gur e 1 r epr esent s t he t i me- of - f l i ght (TOF) spect r a (à ) al ong wi t h t he

ampl i t ude wei ghed densi t y of st at es (AWDS) spect r a (Ü) of ai r - dr i ed SG100 at

10 ( 13. 7 h ) , 80 (21 h ) and 290 Ê ( 12. 7 h ) . The mass l oss i s assumed t o be

r el at ed t o r et ai ned àï á/ î ã adsor bed wat er r el eased on dr y i ng. The di f f er ent i al
spect r a of t he as- pr epar ed sampl e and t he ai r - dr i ed one ar e r el at ed t o t hi s

wat er . The spect r a of r et ai ned and/ or adsor bed wat er i n SG100 ar e shown i n

Fi g. 2 f or t hr ee t emper at ur es .

Deut er at ed sampl es have been st udi ed t o r eveal t he cont r i but i on f r om t hei r

s i l oxane cor es .

The sampl es of SG20 and SG100 wer e dr i ed at 100 Ñ f or 24 hour s and t hen

pl aced i nt o heavy wat er vapour s f or 24 hour s at t he r el at i ve humi di t y of 100%.

Thi s pr ocedur e has been r epeat ed 3 t i mes f or SG100 and 5 t i mes f or SG20.
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The I NS spec t r a of t hus pr epar ed deut er a t ed a i r - dr i ed samp l es have been

measur ed on t he KDSOG- 1Ì at 10 (20 h ) and 80 Ê ( 13 h ) f or SG20 and at 10 ( 19 . 5

h ) , 80 ( 12 . 5 ) and 290 Ê ( 11. 5 h ) f or SG100 . The samp l e masses wer e 77 . 5 and

43 g , r espec t i ve l y .

The I NS spec t r a nor ma l i zed per 100 g of mass and 1 hour of measur i ng t i me

ar e shown i n Fi gs . 3 and 4 .

1 . Å . F . Shek a e t a l . J . El e c t r . Spe c t r . Re l . Ph enom. , 54/ 55 ( 1990 ) ð . 855 .
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Fi g . 1. Vi b r at i ona l spec t r a of dr i ed s i l i ca ge l SG100 : à — TOF, Ü — AWDS, 1

10 , 2 — 80 , 3 — 290 Ê. The spec t r a ar e nor ma l i zed ðåã 100 g of âàÿÿ and ðåã 1

hour of measur i ng t i me .
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à — TOF , Ü — AWDS , 1 — 10 ,Fi g. 2. Vi br at i onal spect r a of wat er hol d i n SG100:

2 — 80, 3 — 290 Ê.
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VI BRATI ONAL SPECTRA OF DI SPERSED AMORPHOUS SI L I CAS: SI LOCHROM

Å. F . Sheka , 1. V. Mar k i chev , P. Â. Nech i t ay l ov

Pat r i ce Lumumba Peop l es ' Fr i endsh i p Un i v er s i t y , Moscow, USSR

I . Nat k an i ec , À. Yu . Muzychka

Labor at or y of Neu t r on Phys i cs , J I NR, Dubna

× . Î . Khav r yu t chenk o , × . Ì . Ogenk o

I ns t i t u t e of Sur f ace Chemi s t r y , Ki ev , Uk r a i ne

Si l ochr om i s à spec i al t ype amor phous di sper sed s i l i ca. I t i s pr oduced by

mi x i ng aer os i l wi t h wat er t o gel f or mat i on. Gel i s kept i n an aut oc l ave at

150- 170 Ñ f or some hour s and t hen i t i s ai r - dr i ed at 100- 120 Ñ f or t he same

The v i br a t i ona l spec t r a of t he as- pr epar ed samp l e of 70 g i n we i gh t wer e

r ecor ded at 10 (22 h ) , 80 ( 12 . 5 h ) and 290 Ê ( 13 . 5 h ) on t he KDSOG- Ì spec t r o-

met er . F i gur e 1 r epr esen t s ob t a i ned TOF (à ) and AWDS (Ü) spec t r a , nor ma l i zed

ðåã 100 g of âàÿÿ and 1 hour of measur i ng t i me . The i r i n t ens i t i es ar e s i mi l ar
/ 1 /t o t hose of t he as- pr epar ed aer os i l spec t r a . Th i s means t hat t he amoun t of

adsor bed wat er i s about t he ÿàâå i n t hese samp l es . Ob t a i ned spec t r a d i f f er

cons i der ab l y f r om t he spec t r a of t he ot her d i sper sed s i l i cas

J . E l ec t r . Sp ec t r . Re l . Phen om. , 54/ 55 ( 199 0 ) ð . 85 5 .Å . F . Shek a e t a l

~

i so ãî î
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1 5 0 0

à — TOF , Ü — AWDS , 1Fi g . 1. Vi br a t i ona l spec t r a of

10 , 2 — 80 , 3 — 290 Ê.

as- pr epar ed ' s i l ochr om,
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Ì ÅÀß ÆÅÌ ÅÈÒ OF THE LOSS COEFF I CI ENT

OF ULTRACOLD NEUTRONS I N BERYLL I UM POMDER

× . × . Go l i k ov , × . Ê . I gna t ov i ch , Å . N. Ku l ag i n

Lab or a t or y of Neu t r on Ph y s i c s , J I NR, Dub na

I n t he pr ev i ous y ear s t he new met hod f or measur i ng t he l oss coef f i c i ent p

per s i ng l e r ef l ec t i on of u l t r aco l d neut r ons (UCN) f r om à so l i d sur f ace was

pr oposed and check ed i n t he Neut r on Phy s i cs Labor at or y . I n t h i s met hod t he
r ef l ec t i on of UCN' s f r om powder samp l es of d i f f er en t t h i ckness i s measur ed .

To get t he p f r om t he r ef l ec t i on coef f i c i ent , R , measur ed f or à powder samp l e

of i nf i n i t e t h i ckness , t he gener a l l y accept ed not i ons f or neu t r on d i f f us i on

wer e used , f r om wh i ch i t comes out t hat

ð = 0 . 75 ( ( 1- R ) / ( 1+R ) )
CO Î Ý

I n accor dance wi t h t h i s expr ess i on i t was ob t a i ned , t hat af t er h i gh t emper a-

t ur e out gas i ng t he l oss coef f i c i ent s f or gr aph i t e and ber y l l i um wer e i n agr ee-

men t wi t h t heor y , t he known cap t ur e and i ne l as t i c scat t er i ng c r oss- sec t i ons of

nuc l e i i n t hese subs t ances be i ng t aken i n t o accoun t . The r esu l t was i n con t r a-

d i c t i on wi t h t he dat a of UCN s t or age exper i ment s i n sea l ed v esse l s . So an ad-

d i t i ona l ana l y s i s of t he app l i cab i l i t y of t he gener a l l y accep t ed neut r on d i f -

f u s i on t heor y t o t he UCN t r anspor t i n powder i s r equ i r ed .

Dur i ng t he r epor t ed per i od t he new t heor et i ca l and exper i men t a l i nves t i -

gat i on of UCN d i f f us i on i n d i sper sed med i a was under t aken . I t was under s t ood

t hat f or t he descr i p t i on of t he UCN t r anspor t i n t he ñàÿå of t o t a l r ef l ec t i on

f r om powder gr a i ns of s i zes (sever a l pm) cons i der ab l y l ar ger t han t he neu t r on

wavel eng t h , t he pack i ng dens i t y and t he connec t ed wi t h i t r ef l ec t i on p f r om

t he powder mono l ayer wer e i mpor t ant t o be t aken i n t o accoun t . Wi t h t he he l p of

t he new t heor y t he expr ess i on ( 1) was gener a l i zed :

ð = 0 . 75 ( ( 1- R )/ ( 1+R ) ) ( 1- ð )
ÑÎ Î )

New measur ement s of UCN r ef l ec t i on f r om à powder at d i f f er en t t h i ckness of

l ayer s and a t d i f f er ent pack i ng dens i t i es wer e per f or med . The va l ues of p and

ð wer e ex t r ac t ed . The new t heor y dat a and t he dat a of pr eced i ng exper i ment s

he l ped t o ob t a i n à r educed l oss coef f i c i en t q f or ber y l l i um at ãî î â t emper a-

t ur e af t er h i gh t emper at ur e ou t gas i ng . I t s va l ue , (6 . 4+2 . 5 ) . 10 , i s near l y an

or der of magn i t ude h i gher t han t he t heor e t i ca l one and i t i s i n agr eement wi t h

t he r esu l t s of UCN s t or age exper i ment s .
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S P N

STUDY OF I NHOMOGENEOUS MAGNETI C FLUXES I N

À SUPERCONDUCTI NG CERAMI CS ÓÂà>Ñè>0< 9

× . L . Ak senov , Å. Â. Dokuk i n , Yu . × . Ni k i t enk o ,

À. × . Pet r enk o and S. À. Ser geenk ov

Labor at or y of Neu t r on Phys i cs , J I NR, Dubna

I t i s known [ 1] t hat super conduct or s show à number of magnet i c pr oper t i es : t he

Mei ssner ef f ect , magnet i c r el axat i on, sur f ace magnet i sm, et c . The r ecent l y
di scover ed [2] hi gh- t emper at ur e super conduct or s (HTS) exhi bi t , due t o smal l er

coher ence l engt hs, even à mor e compl i cat ed magnet i c behav i or [3 ] . Thus, i t
seems r at her i mpor t ant t o use pol ar i zed neut r ons as à t ool t o di r ect l y i nves-

t i gat e t he magnet i c f l ux i nsi de à bul k mat er i al . These exper i ment s ar e f ew,

however , due t o t he di f f i cul t y of t hei r r eal i zat i on [4, 5, 6] .

Í åãå we di scuss t he i nvest i gat i on of t he magnet i c f l ux di st r i but i on i n t he
super conduct i ng cer ami cs ÓÂà Ñè 06 9 v i a pol ar i zed t her mal neut r on t r ansmi ss i -

on t echni que. Si mi l ar s t udi es but of l ow t emper at ur e I I - t ype super conduct or s

have been under t aken by Weber [4 ] . Í å has shown t hat t he dependence of pol ar i -

zat i on Ð(Í ) on magnet i c f i el d showed à r egi on conf i ned wi t hi n t he char act er i s-
+ Ô

t i c f i el ds, Í and Í , wher e pol ar i zat i on r eached mi ni mum at Í . At Í >Íñ1 c1'
t he f i el d st ar t s t o i nhomogeneousl y penet r at e i nt o t he super conduct or , and ðî -

+
l a r i z a t i o n d e c r e a s e s . F o r h i g h e n o u g h f i e l d s , w h e n Í < H S H 2 , t h e p i n n i n gc 2 '

f or ces ar e over come and pol ar i zat i on t ends t o i t s i ni t i al behav i or . At l ast i n

t he i nt er medi at e poi nt Í , t hese t endenci es compensat e each ot her and pol ar i -

zat i on achi eves i t s mi ni mum.

The r esul t s of paper [4] have been conf i r med i n [5] , wher e t he cer ami cs

ÓÂà Ñè 06 9 has been t r eat ed i n t he t emper at ur e r ange f r om 4. 2t t o 44. 5Ê up t o

à max i mum magnet i c f i el d of 16. 5ÊÎ å. We st udi ed t he super conduct i ng cer ami cs

ÓÂà Ñè 06 9 i n t he r ange f r om 78. 6Ê t o 88. 9Ê. The speci f i c r es i st i v i t y of our

sampl e has vani shed at Ò=89Ê. I n t he dependence Ð(Í ) , we f ound , i n addi t i on

t o t he f i r st mi ni mum at Í =Í 1 due t o f i el d penet r at i on i nt o gr ai ns , t he second

mi ni mum at H=H2. The f i gur e shows t he t emper at ur e dependences Í 1(Ò) and Í (Ò) .
2

B o t h m i n i m a s h i f t t o s m a l l e r f i e l d s w i t h i n c r e a s i n g t e m p e r a t u r e . B u t , i f Í = 0
1

a t Ò = Ò = 9 0 . 5 Ê , t h e n Í = 0 a t Ò = Ò = 8 9 . 2 Ê . I t i s s e e n a l s o t h a t t h e d e p e n d e n c e

1 2 2

of t he second mi ni mum posi t i on on t emper at ur e i s st r onger t han t hat of t he

f i r st one. Bot h mi ni ma, as i t was est abl i shed, have s i mi l ar dependences of de-

pol ar i zat i on Ï (Ë)=1- Ð(Ë) v i a neut r on wavel engt h Ë, namel y : Ï (Ë)=1- exp( - ôË ) .

Thi s dependence was pr edi ct ed by Hal per n and Hol s t ei n [7 ] i n 1941. The val ue

of t he par amet er p i s connect ed wi t h i nduct i on f l uct uat i ons per pendi cul ar t o



mean magnet i zat i on BB>, t he si ze of t he magnet i c domai n d, and t he concent r a-
t i on n of t hese f l uct uat i ons, v i a t he r el at i on p 5B> d n . 2 2

I t i s qui t e poss i bl e t hat t he second mi ni mum cor r esponds t o t he f i el d pene-

t r at i on i nt o à subgr ai n r egi on. Thi s hypot hesi s seems qui t e r easonabl e. For
i nst ance, paper s [8, 9 ] gi ve ev i dence i n f avor of t he ex i st ence of t hese sub-

gr anul ar r egi ons i n t he cer ami cs YBa Cu 0 i n connect i on wi t h t he r egi st r a-

t i on of t he second max i mum of t he f i el d dependence of t he cr i t i cal cur r ent .

The aut hor s ar e i ndebt ed t o Å. Fi sher f or t est i ng t he sampl e.
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MEASUREMENT OF MAGNET I C F I ELD PENETRAT I ON DEPTH

I N NI OBI UM POL YCRYSTALL I NE F I LMS

BY POLARI ZED NEUTRON REFL ECT I ON METHOD

L . P . Ch er n enk o , D. À . Kor n eev , À . V . Pe t r en k o ,

È . I . Ba l a l y k i n , À . V . Sk r i p n i k

Lab or a t or y of Neu t r on Phy s i c s , J I NR, Dubn a

As shown i n t he l i t er at ur e , t he specul ar pol ar i zed neut r on r ef l ect i on may / 1/

be used as à di r ect met hod of measur i ng t he absol ut e val ue of t he magnet i c

f i el d penet r at i on dept h of à super conduct or (s . ð. d. ) . However , t he s . ð. d . as

det er mi ned by measur i ng t he di r ect cur r ent i n Josephson Junct i ons i n à weak
magnet i c f i el d has gi ven à val ue i n ni obi um f i l ms (91 nm, Ò = 4. 6 Ê) / 2 /

whi ch i s wel l over t han t hat obt ai ned by pol ar i zed neut r on r ef l ect i on
(43 nm, Ò = 4. 6 Ê) . The pr esent exper i ment was st ar t ed t o t hr ow l i ght on ca-

uses of t hi s di f f er ence.
We car r i ed out exper i ment s on t wo ni obi um f i l ms of var i ous t hi ckness and r o-

ughness pr epar ed wi t h t he í àøå sput t er i ng t echni que. The exper i ment s have
been conduct ed on t he spect r omet er of pol ar i zed neut r ons (SPN) i n à r ef l ec-

~ç/t omet r y mode at t he I BR- 2 r eact or . Two measur ement s have been car r i ed out

sequent i al l y . At ãî î â t emper at ur e t he specul ar r ef l ect i on spect r a wer e mea-

sur ed t o obt ai n neut r on- opt i cal par amet er s ( t hi ckness , r oughness ) of f i l ms.

Then ì é car r i ed out t he measur ement s once mor e at Ò = 4. 9 Ê i n t he f i el d of

500 Î å. Bef or e t he measur ement s wer e per f or med, t he r ef l ect omet er was t ur ned

t o t he gr az i ng angl e 8 = 4. 0 mr ad wi t h ÜÎ / e = 0. 025. For dat a handl i ng we
/ 4 /used t he new met hod of cal cul at i on of t he r ef l ect i on f act or descr i bed i n

The met hod consi st s of r epl aci ng t he cont i nuous one- di mensi onal neut r on-

opt i cal pot ent i al of t he f i l m wi t h t he di scr et e ser i es of Fer mi quasi -

pot ent i al s t o model t he r ef l ect i on of pl ane waves f r om i nhomogeneous medi a.
Unl i ke t he t r adi t i onal appr oach we t ook r oughness i nt o account by i nt r o-

duci ng i n t he cal cul at i on of t he r ef l ect i v i t y i ncr easi ng ampl i t udes of Fer mi

pot ent i al s . These wer e di st r i but ed accor di ng t o t he Gaussi an er r or cur ve

wi t h di sper s i on equal t o t he r oughness par amet er (r ) squar e. Act ual l y t he

r esul t s of t he t wo t echni ques ar e i n excel l ent agr eement f or pur e nucl ear

pot ent i al s . The t wo met hods t o eval uat e r oughness become di f f er ent onl y when
/ 4 /bot h nuc l ear and magnet i c pot ent i al s ar e pr esent

I n v i ew of t he geomet r i c ar r angement of t he sput t er i ng appar at us, t he " t hi n"

ãf i l m of 28x50 mm (sput t er ed on à s i l i con pl at e ) had à gr aded t hi ckness wi t h
an aver age val ue of 255 (+/ - 15) nm, r = 0. 5 nm. The " t hi ck " f i l m — 700 nm i n
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t hi ckness - was obt ai ned by sl ant ed sput t er i ng on t he cer ami c subst r at e (95%

Al 0 ) , e' = 8 nm. The cr i t i cal t emper at ur e f or bot h f i l ms was 8. 95 Ê. Si nce
2 3

à decr ease of t he cr i t i cal t emper at ur e of ni obi um f i l ms i s expect ed at à

f i l m t hi ckness l ower t han 200 nm t he sampl es seemed sat i sf act or y . Thi s was

conf i r med Üó t he anal ysi s of t he composi t i on of i ni t i al mat er i al f or ni obi um

sput t er i ng, and t he f i l ms t hemsel ves, us i ng t he neut r on act i vat i on anal ys i s .

The anal ysi s di d not r eveal ï î Ñ1ñåàÛ å amount s of i mpur i t i es i n t he f i l ms .
Òî àï à1óàå t he exper i ment al dat a we used t he di amagnet i c pr of i l e of à super -

ñî ï áöñÛ ï ä f i l m accor di ng t o London' s l ocal el ect r odynami cs of super conduc-

t or s . An ext r a i ngr edi ent of t he model was t he assumpt i on of t he ex i st ence
of çî âå "dead" l ayer i n ni obi um c l ose t o à subst r at e, whi ch at Ò = 4. 9 Ê

does not pass t o à super conduct i ng st at e.
The f i gur e shows t he r el at i on of r ef l ect i on f act or s of neut r ons wi t h oppo-

si t e pol ar i zat i on (f l i ppi ng r at i o ) dependi ng on à nor mal component of à neu-

t r on wave l engt h. I f t he model does not consi der t he "dead" l ayer on t he Üî -

undar y wi t h à ÿöÛ àóåã, t he exper i ment al spect r a ar e descr i bed by t heor et i -

ñà1 cur ves (see f i g. ) at t he val ue of s . p . d. equal t o 145(+/ - 15 ) nm f or à
" t hi n" f i l m, and 90 (+/ - 10) nm f or à " t hi ck " one, r espect i vel y . The val ue of

ã1ãà s. ð. d. equal t o 43 nm descr i bes our dat a adequat el y onl y f or à " t hi n"

f i l m i n à model wi t h à "dead" l ayer 100 nm i n t hi ckness.

The anal ys i s of syst emat i c f act or s l eadi ng t o à poss i bl e shi f t of s . p. d . has

shown t hat t he obt ai ned val ues at Ò = = 4. 9 Ê of 145 nm and 90 nm ar e t he

l ow val ues of s . p. d . f or t he t hi n f i l ms i nvest i gat ed . We bel i eve t hat t he
hypot hesi s of à "dead" l ayer 100 nm i n t hi ckness, br i ngi ng t he val ue of

s . ð. d. t o t hat of 43 nm (Ò = 4. 9 Ê) i s not wel l based f or t wo r easons . Fi r -

st l y , t he anal ysi s of t he dept h composi t i on of à f i l m by backwar d scat t er i ng

of accel er at ed i ons of hel i um wi t h an ener gy f r om 3. 0 Ì å× t o 3. 2 Ì å× has

shown t hat t her e i s nei t her oxygen nor ot her i mpur i t i es acr oss t he whol e

wi dt h of t he t hi n f i l m. Secondl y , t he f i l ms 100 nm i n t hi ckness at Ò = 4. 9Ê

ar e super conduct i ng.

We concl ude t hat our measur ement of s . ð. d. by neut r on r ef l ect omet r y met hod

on t he ni obi um pol ycr yst al l i ne f i l ms gave t he s . ð. d. t hat i s di f f er ent f r om
t he s . p. d . i n bul k ni obi um. At T = 4. 9 Ê t he s . p. d. f or t he " t hi n" f i l m and

t hat f or t he " t hi ck " f i l m ar e 145 nm and 90 nm, r espect i vel y .

The st udi es of t he f i l m cont ent s by neut r on act i vat i on anal ys i s and backwar d
scat t er i ng of Í å i ons di d not conf i r m hypot hesi s of t he ex i st ence of "dead"

l ayer i n t he " t hi n" f i l m, whi ch was i nt r oduced t o expl ai n t he exper i ment al

dat a wi t h s . ð. d. of bul k ï 1î Û èà.
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NEUTRON REFLECTI VI TY I NVESTI GATI ONS of MAGNETI C FeCo and

ABSORBI NG BTi THI N FI LMS Ô.î I MPROVE t he POLARI ZI NG

ÀÂÏ . I TY of MAGNETI C MI RRORS

× . × . Pasyuk , D. À. Kor neev , À. × . Pet r enk o , Í . Jank ov sk i

Labor at or y of Neu t r on Phys i cs , J I NR, Dubna
Ô

I ns t i t u t e of El ec t r on i cs , ÀÌ Ì , Cr acow, Pol and

To i mpr ove t he po l ar i z i ng ab i l i t y of t he magnet i c mi r r or s used i n t he po l ar i -

z i ng neu t r on gu i des t he magnet i c f i l m and t he absor b i ng sub l ay er ÷åãî s t ud i ed

separ at e l y . The measur emen t s of t he r ef l ec t i v i t y f r om Fe50Co50 t h i n f i l ms wi t h

t he t h i ckness of 150 nm and 110 nm spu t t er ed on t he f l oat - g l ass subs t r at e wer e

car r i ed ou t f or t he va l ues of t he ex t er na l magnet i c f i e l d equal t o 300 Î å and

400 Î å . Fi gur e 1 (à ) shows t he r ef l ec t i v i t y pr of i l es R+ and R- f or t he 150 nm

FeCo t h i n f i l m i n an ex t er na l magnet i c f i e l d of 300 Î å . Neut r on scat t er i ng

l eng t h dens i t y dep t h pr of i l es got af t er t he dat a f i t t i ng ar e shown i n Fi gur e

1 (Ü) . To ob t a i n à h i gh l y ef f ec t i ve po l ar i z i ng t h i n f i l m mi r r or i t i s necessar y

t o ex c l ude t he r ef l ec t i on of neut r ons wi t h an unwan t ed sp i n s t a t e , i . e . t o î Ü-

t a i n Â- =Î . The i nves t i gat ed magnet i c f i l m has not been compensat ed i n t he

sense t hat t he neu t r on scat t er i ng l eng t h dens i t y Nb f or t he unwant ed sp i n

s t at e i s not zer o . The f i l m was not homogeneous i n dep t h and we assumed t hat

t he near sur f ace l ayer was enr i ched wi t h coba l t . So t he pr ob l em s t i l l r emai ns

of f ur t her se l ec t i ng t he compos i t i on and spu t t er i ng cond i t i ons f or t he I r on-

Coba l t a l l oy .
I t i s wor t h t o emphas i ze t hat f or t he FeCo f i l m t he " - " sp i n r ef l ec t i v i t y ( i f

compar ed t o t he " +" sp i n one ) i s ver y i nf or mat i ve , and a l l ows one t o f i nd mor e

det a i l s of t he i n t er f ac i a l neut r on scat t er i ng l eng t h dens i t y pr of i l e .

The second r equ i r ement f or t he i dea l t h i n f i l m po l ar i z i ng mi r r or i s t hat t he

absor b i ng sub l ayer shou l d be non- r ef l ec t i ng f or t he unwan t ed sp i n s t at e . To

e l uc i dat e t he cause of t he men t i oned above po l ar i za t i on dec r ease i n t he l ar ge

wavel eng t h par t of t he neut r on spec t r um (Ë>0 . 4nm) t he r ef l ec t i v i t i es f r om Gd

and GdTi t h i n f i l ms wer e measur ed [ 2 ] . I t was shown t hat à f undamen t a l bar r i er

t o ob t a i n i ng à weak l y r ef l ec t i ng a l l oy i n à wi de r eg i on of neu t r on wave l eng t hs

on t he base of Gd i s t he pr esence of t he l ow- l y i ng r esonances i n t he sca t t e-

r i ng c r oss- sec t i on wh i ch r esu l t i n à s t r ong dependence of t he Gd scat t er i ng

l engt h on t he neut r on wave l eng t h . Th i s i nconven i ence i s absen t f or Bor on . So

one can expec t t ha t t he bor on- based a l l oy s wi l l dec r ease t he r ef l ec t i v i t y of

t he absor b i ng sub l ay er and wi l l i mpr ove t he po l ar i z i ng ab i l i t y of magnet i c po-

l ar i zer s . Ca l cu l at ed r ef l ec t i v i t y pr of i l es op t i mi zed f or t he mi n i mum of

r ef l ec t i on f or BTi and Â× t h i n f i l ms ar e shown i n F i gur e 2 . The ver y f i r s t ex -
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per i ment al dat a we have got f or à BTi t hi n f i l m ar e shown i n t he i nser t t o

Fi gur e 2. Now we ar e on t he way t o t he sput t er i ng opt i mi zat i on of t he BTi and

Â× t hi n f i l ms.

ÐÇ- 8 1- 5461. D. À. Kor neev , V. V. Pasyuk , Í . Rzany , À. F. Schebet ov : J I NR Rep .

( 198 1) and P3- 81- 547 ( 198 1)

2 . D. À. Kor neev , V. V. Pasyuk , À. V. Pet r enk o , Í . Jankov sk i : i n pr i n t

a t Nuc l . I ns t r . Met h .

~

, 1

ü 1

10

Fi g. 1. (à ) Spi n r ef l ect i v i t i es f or à 150 nm FeCo f i l m on à f l oat - gl ass sub-

st r at e i n an appl i ed magnet i c f i el d of 300 Î å. The sol i d l i ne i s à t heor et i cal

f i t t o t he dat a. (Ü) The neut r on scat t er i ng l engt h densi t y pr of i l es obt ai ned
f r om t he l east - squar es f i t t o t he exper i ment al dat a ar e shown i n f i gur e 1(à) .

Fi g. 2. The r ef l ect i v i t y dat a

f or BTi (cur ve 1) and Â×
(cur ve 2 ) t h i n f i l ms opt i mi -

zed f or t he t hi ckness and

concent r at i on f or t he mi ni mum

of r ef l ect i on . The f i r st ex-

per i ment al r ef l ect i v i t y pr o-

f i l e f or à BTi t hi n f i l m mea-

sur ed at t he gl anc i ng angl e

ó=5. 0 mr ad i s shown i n t he

i nser t .
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À NEUTRON REFLECTI VI TY STUDY OF TI TANI UM THI N FI LM AGI NG

V. × . Pasyuk , D. À. Kor neev , À. × . Pet r enk o

Labor at or y of Neut r on Phy s i cs , J I NR, Dubna

Í . Jank ov sk i

I ns t i t u t e of El ec t r on i cs , Academy of Mi n i ng and Met a l l ur gy

Cr acow, Pol and

The appl i cat i on of t he neut r on specul ar r ef l ect i on t o i nvest i gat e t he sur -

f ace and i nt er f ace of à 1630 R Ti f i l m i s descr i bed. The t hi ckness of t he
sur f ace ox i di zed l ayer , i nt er di f f usi on at t he f i l m- subst r at e boundar y and

i t s al t er at i on wi t hi n t wo year s wer e det er mi ned. The measur ement s wer e car -

r i ed out on t he spect r omet er SPN- 1 at t he pul sed. r eact or I BR- 2.

Thi n f i l ms and mul t i l ayer st r uct ur es exci t e keen i nt er est now because of
t hei r bei ng used ex t ensi vel y i n el ect r oni c and opt i cal dev i ces. The pr o-

cesses of f i l m agi ng, i n par t i cul ar sur f ace ox i dat i on, t he l ayer s i nt er -

di f f usi on, adsor pt i on of l i ght el ement s on t he sur f ace, r esul t i n f i l m dept h

composi t i on changes and, as à r ul e, i n t hei r physi cal pr oper t i es al t er at i on.

The neut r on r ef l ect i v i t y i s à nondest r uct i ve met hod f or i nvest i gat i ng bot h

sur f ace and i nt er f aci al boundar i es, and i s à t echni que whi ch hel ps t o assess
t he i nt er f ace densi t y pr of i l es and det er mi ne t he l ayer densi t y and t hi ck-

ness. The neut r on specul ar r ef l ect i on gi ves i nf or mat i on on t he neut r on- op-

t i cal pot ent i al pr of i l e nor mal t o t he r ef l ect i ng sur f ace, whi ch i s pr opor -

t i onal t o t he spat i al densi t y of neut r on- nucl eus scat t er i ng l engt hs of t he

el ement s of t he f i l m.

I n t hi s wor k t he neut r on specul ar r ef l ect i on was used t o st udy t hi n Ti f i l m

agi ng. Hi gh sensi t i v i t y of t he neut r on r ef l ect i on t o oxygen pr esence i n t hi s
f i l m i s due t o à st r ong cont r ast of t he negat i ve neut r on- opt i cal pot ent i al

of t i t ani um and t he posi t i ve one of oxygen.
Usi ng t he t i me- of - f l i ght met hod at à f i xed neut r on i nci dence angl e Î , we

have measur ed t he r ef l ect i v i t y spect r al dependences wi t hi n t he wavel engt h
î î

r ange f r om 0. 7 t o 11 À wi t h t he angl e di sper s i on of 3%. The 1630 À Ti f i l m
was sput t er ed on t he f l oat gl ass subst r at e [ 1] . The f i r st r ef l ect i v i t y mea-

sur ement s wer e made t wo weeks af t er t he f i l m pr epar at i on, t he second measu-

r ement s wer e made i n t wo year s. The r ef l ect i v i t y spect r al dependences ar e

shown i n f i gur e 1. Obser ved r ef l ect i v i t y changes ar e connect ed wi t h t he
neut r on- opt i cal pot ent i al (or t he neut r on scat t er i ng l engt h densi t y Nb ) pr o-

f i l e al t er at i on. The sampl e consi st ed of à si ngl e l ayer on à subst r at e, how-
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ever , i n or der t o exami ne any sur f ace and i nt er f ac i al pr of i l es t he model of

à ser i es of di scr et e l ayer s was used t o have à good f i t t o t he exper i ment al

dat a. The neut r on scat t er i ng l engt h densi t y pr of i l es ar e pl ot t ed i n Fi g. 2. We

have r eveal ed, t hat t her e i s à l ayer wi t h t he posi t i ve scat t er i ng l engt h

densi t y near t he sur f ace. We suppose t hat af t er t he f i l m pr epar at i on t he
î

ox i di zed l ayer wi t h à t hi ckness of about 90 À was f or med. Af t e r b e i ng k ep t

i n a i r f or t wo year s , t h i s l ayer t h i ckness became equal t o 120 À. Our sug-

ges t i on i s i n accor d wi t h t he conc l us i ons of R. Pr e t or i us et . a l . [ 2 ] , and

Ì . À. Taubenb l at t and Ñ. Â. Hel ms [ 3 ] who have shown t hat a t ãî î â t emper at ur e à

t h i n Ti O l ayer i s f or med on t he Ti sur f ace . The neu t r on scat t er i ng l eng t h
2

î- 6 - 2
dens i t y of t he Ti f i l m we have got i s b/ v = - 1. 25x 10 À . I t i s l ower t han

î- 6 - 2
t he t ab l e v a l ue f or bu l k Ti Û ~=- 1. 945x 10 À . So we may conc l ude t hat an

admi x t ur e wi t h à pos i t i ve scat t er i ng l eng t h dens i t y i s un i f or ml y d i s t r i bu t ed

i n t he T i f i l m. Mos t l i k e l y i t i s oxygen . À r e l a t i ve l y br oad t i t an i um- g l ass

i n t er f ace i s caused by t he i nhomogeneous s t r uc t ur e of t he g l ass , as i t has

been shown i n [ 1 ] . Sma l l bu t r emar kab l e changes of t he neu t r on scat t er i ng

l eng t h dens i t y pr of i l e wi t h ag i ng ar e connec t ed wi t h t he i n t er d i f f us i on of

Ti and Si O

~~

of

~

ã ~

~

Kor neev D. À. , Pasyuk ×. ×. , Pet r enko À. ×. , Jankovsky Í . Pr oceedi ngs
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met hods" , 1990, Si ngapor e

Â. Pr et or i us, J . Ì . Har r i s and Ì . À. Ni col et , Sol i d- St at e El ect r on,

1978, ð. 667
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Fi g . 1. Ref l ec t i v i t y pr of i l es f or à Ti

f i l m on à f l oat g l ass subs t r at e

measur ed i n t wo week s af t er t he f i l m

pr epar at i on (po i n t s ) and i n t wo y ear s

af t er t he f i l m pr epar at i on ( l i ne ) .
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Fi g. 2. Neut r on scat t er i ng l engt h

densi t y pr of i l es f or à Ti f i l m

sput t er ed on à f l oat gl ass subst r at e,

as obt ai ned f r om t he l east squar es f i t

t o t he exper i ment al dat a f r om f i g. 1.
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W ithin the scope of the fi eld scient ist s of the Laborat ory of Neut ron Physi cs cont inued t o
st udy fundament al propert ies of t he neut ron, pari ty violat ion eff ect s ari sing in t he interact ion
of slow neut rons with nuclei , various decay channels of neut ron resonances, the mechanism
for the neut ron nucleus interact ion. Experiment s were performed bot h on the high effi cient
t ime-of-fl ight spect romet er at t he IBR-30 booster , JI NR, and on neut ron sources of t he ot her

research cent ers (PNPI , Gat china, USSR; Los A lamos Laboratory, USA ).
In the per iod repor ted in t he Laborat ory there have been accompl ished measurement s of

the l ifet ime of ul t racold neut rons in à gravi t at ional t rap . À team of LNP (Dubna) and PNPI
(Gat china) scient ist s has succeeded in suppressing signifi cant ly UCN losses during thei r storage
in à t rap and came up to the direct observat ion of t he neut ron decay exponent . The original
procedure Üàÿ al lowed t hem t o obt ain the most precise for the present value for t he neut ron
lifet ime ò„ = 888.4 sec and t he corresponding to i t value of t he axial t o vect or component rat io
of 1.2677=Å0.0025.

Modern est imates of the scat tering amplit ude of neut rons on elect rons and of t he polariz-
abil it y of the neut ron on i t s interact ion wi t h heavy nuclei (lead, bismuth) were analysed. I t
was concluded t hat t he é éåãåï ñå in t hese est imates made by Dubna and Julich groups and
in derived from t hem neut ron mean square charge radius values: (+ 0.12(2) fm and — 0.11(2)
fm), is due to diff erent mathemat ical approaches used to interprete the dat a. In part i cular ,
correct ions for t he imaginary part of t he scat ter ing length appear to be of signifi cance in t he
ext ract ion of the neut ron polarizabil i ty coeffi cient from the neut ron scat ter ing cross sect ion
dat a.

T he POLYA NA inst rument for resonance neut ron polarizat ion has been reconst ruct ed t o
give à tenfold increase of effi ciency. T he search or pari ty violat ion eff ect s in p-wave resonances
cont inued. T he resonances Å, = 9.6 eV (Rb) and Å, = 7.0 eV , Å, = 21.9 eV (~~~Cd) were
invest igated. Par ity violat ion has been detected only in the resonance Å, = 7 eV r~sCd: ð =
( — 9.8:ÅÇ.Î ) x 10 s. T he sign of t he eff ect is of interest . I t confi rms the regular i ty of t he effect

behavior in various nuclei . T his fact speaks in favour of the validity of t he modern point of
vieiv on the mechanism for par ity violat ion.

LNP-PNPI j oint experiments cont inued on the observat ion of pari t y violat ion eff ects for
feiv-nucleon systems in (n, ð) and (n, à ) react ions. T hese exper iments have the aim t o ident ify

cont ribut ions of charged and neut ral weak currents and to have est imated weak int eract ion
const ant s. A n upper est imate of ( — 6.4~ 5.5) õ 10 obt ained for t he Li (n , à ) Í react ion is

essent ially lower in compar ison with earl ier est imates and wi th t he theoret i cal est imat e derived
in t he framework of t he cluster model of Li .

LNP scient ist s part icipated in t he preparat ion of inst rument at ion for and in carry ing out
experiments on t he LANSCE spect rometer (Los A lamos, USA ) t o study par i ty violat ion in
radiat ive capt ure of polarized resonance neut rons. T he latest value for pari ty violat ion eff ect in
lanthanum Üàç been confi rmed and t he new value of (1.1:Å0.2) õ 10 ~ obt ained for t he resonance
" ~ßï (ï , à ) Å, = 1.33 å× . For resonances Å, = 26.4 eV , 34.0 eV there have been obtained only

upper est imates of t he effect .
Accomplishment s in t he measur ing procedure development have permit t ed signifi cant back-
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ground suppression in experiment s on the st udy of populat ion of states at energies larger t han
1 Ì å× in t he gamma-decay of compound states of heavy nuclei . T he new method has been

developed for t he const ruct ion of complex level schemes of heavy compound nuclei decay on
the basis of the (n , à ) and (n, 2à ) dat a. T his met hod allows one Ñî const ruct decay schemes of
complex nuclei up t o excit at ion energies of 3 — 4 Ì å× at t he nowadays best level of confi dence.

At that unambiguous i dent ifi cat ion of t ransit ion and level mul t iplet s t akes place.
Lower (but near t o real ) est imat es on the t ot al radiat ive st rengt h funct ion (RSF) were

obt ained for pr imary (E l + M l ) gamma-t ransit ions wit h energies above 0.5 M eV t o show t hat :
- RSF 's are bet ter described in t he framework of the model for the giant elect r ic dipole

resonance wi th the widt h Ãä dependent on the temperat ure of t he final st ate of nucleus and
the energy of y-quant a (as suggested by LNP and Voronezh Stat e Universi ty t heor ist s) , than

in t he framework of t he generally accept ed model assuming the width Ãä to be const ant .
- Òî describe t he RSF energy dependence one has to t ake into account enhanced y -t ransi t ions

between single part icle 4S-3P neut ron shel ls, whose cont ribut ion is very large. Gamma-mul t ipl i-
ci ty fl uctuat ions in some resonances of ~~~Áò in t he energy range from 15 to 900 eV were

measured using the NaJ(T1) based 4ò-detector of y-quant a. Dist inct correlat ion between the

resonance mult ipl icity spect rum and resonance spin was observed t o help spin assignment s to
90 resonances.

Invest igat ions of the scat t er ing of 1 — 300 keV neut rons from gaseous samples of krypton and
xenon have provided dat a on the neut ron st rength funct ions ß' ~ and ß~~ and cont ribut ions of

far-lying levels R and Ri . In krypt on experiments there has been refi ned the behaviour of
the Ê ã(À ) curve at À = 70 — 90 showing an anomalous sign of the neut ron p-wave phase shift .

Exper iment s cont inued on the study of (n,ð) and (n,à ) react ions on st able and radioact ive
nuclei . LNP scient ist s in cooperat ion wi th à group from t he Inst i t ut e for Nuclear Research
of t he Ukranian A cademy of Sciences have measured thermal neut ron cross sect ions on ãàãå
isotopes,~~Ar (n ,ä )~~ß and s~V (n,ð) ~~T i .

'The col laborat ion wit h Peking Universi ty scient ist s has yielded t he experiment al procedure

and t est measurement s of charged part icle spect ra from react ions wi th àst neut rons result ing
in t he improvement of t he mul t isect ion ionizat ion chamber capable of energy and range of
part icles analysis.

Fission scient ist s invest igated yields of cer tain fragments in certain ~~~Ðè resonances from

0.2 eV to 230 eV Úó measuring characterist ic y-t ransi t ions of fi ssion fragment s. À pecul iarity

in the mass dependence of relat ive fi ssion fragment s yields in resonances has been observed to
be in ant iphase with the analogous dependence from ~~% experiments by Hambsch et al .

Average parameters of fi ssion Ó-quant a mult iplicit ies were calculat ed by weighing t o be
ï .„= 7.26~:0.19, Å~,~ — — 6.683:0.12 Ì å× and the average energy Å.„= 0.98~: 0.03 M eV .

Model est imat es of fi ssion characterist ics of ~~% and ~~~C in the low energy range were

analysed. For t he average charact erist i cs of the (n, y , f ) process there have been obt ained the
fol lowing values: ~~% resonances with Ã = 4

Ã„,óË „,ó = (0 .42 2 0 .10 )m eV ,

l ÄyE Äy — — (410 2 120)eV ~
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~~~Ðè r eson an ces w i t h Ã = 1+ :

Ã .„óÔ „,ó = ( 1.5 9 0 .5) m eV ,

7 .,~Å .,~ = (2 150 ~= 650) eV

I t is shown that experiment al ly observed fl uct uat ions of characterist ics of t ot al fi ssion in 4
resonances of ~~~Ðè can be explained in t he framework of t he mul t imode fi ssion model t aking

into account the (n, ó1) process.
At the Laboratory t here are going const ruct ion works on the UGRA inst rument for the

determinat ion of the neut ron polarizabil i ty coeffi cient , (à„ ) by high precision measurement s
of angular dist ribut ions of neut rons scat t ered on heavy nuclei . An error in measured relat ive
asymmet ry of forward-backward scat ter ing must not exceed the value of (2 — 3) x 10 4 t o reduce
the error in oÄ down t o Çx 10 ~~cm~. T his inst rument can be also used for :

— the search of l ight scalar part i cles, t he int eract ion carriers;
- the search for and invest igat ion of mixed (s+ d) resonances;
- t he determinat ion of spin channels mixt ures in p-wave resonances;
- t he nondest ruct ive quant it at ive analysis of samples for hydrogen present in them.
The new chopper-monochromat or for cold neut rons based on small angle neut ron scat ter-

ing al t erat ion by means of magnet ized/ demagnet ized foi ls has been proposed. An " inelast ic"

adiabat ic spin-fl ipper version has been developed for the ñàçå of cold neut rons.
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In t he season of 1990-1991 experiment s were mainly conduct ed on eight spect rometers posi -
t ioned on 6 beam-lines of the IBR-2 react or . W it h respect t o t he met hod used the exper iment s

can be classifi ed as fol lows:
- diff ract ion st udies on t he spect romet ers DN-2, NSV R and SNI M -2;
- SANS st udies on the M URN spect romet er ;
- polarized neut ron refl ect ion st udies on the SPN spect romet er ;
- neut ron spect roscopy measurement s on the DI N, K DSOG-Ì and NERA-PR spect romet ers

to study inelast ic scat t er ing of neut rons.
Invest igat ions of cryst al st ructures wi t h neut ron diff ract ion methods at t he I BR-2 reactor

are carried out in the direct ions:
- st ructure st udy experiment s on single- and polycryst als;
— phase t ransit ions in superconductors, ferroelast i cs and superionic samples;
- phase t ransi t ions in t he presence of st rong external magnet ic fi elds;
- st ruct ure of l ipid membranes;
- t ransi t ion phenomena invest igated by difFract ion t echniques.

T hey, for the most part , are t he t radi t ional di rect ions of research î ã LNP, where i t enj oys
well est ablished cooperat ion wit h numerous scient ifi c inst i t ut ions act ive in the fi el d.

Of st ructure works à not iceable role belongs t o HT SC studies. In exper iment s on à single
cryst al À Ë.Beskrovnyi and colleagues invest igated modulat ed st ructure in Â1~(Ñà, Áã)çÑè~Î ç+.„.
Though with à very small single cryst al (1.5 x 10 x 0.03 mms) they have succeeded in measuring

(in à wide t emperat ure range) satel l i te peaks in number suffi cient Ñî develope à model . In spit e
of expectat ions the st ructure modulat ion does not change observably in t he t emperat ure range
8 Ê to 920 Ê .

W ith Y BaqCusOq à det ailed study of st ructure eff ects connect ed wi t h the subst i t ut ion of
copper by i ron or nickel was undertaken. In order t o enhance the subst i t ut ion efFect and thus
increase t he diff ract ion dat a rel iabi l i ty the cont rast variat ion technique was applied wi t h t he use
of ~"Ðå and ~~Ni isotopes (À .Ì .Balagurov et à1.) . T he resul t s have confi rmed an earl ier guess

that copper subst i tut ion by ot her 3-d met als, which leads Ñî fast degradat ion of superconduct ive

propert ies, refl ect s preferent ial subst i tut ion in the CuOq plane. I t has been shown that both
nickel and iron (at concent rat ions > 10%) penet rat e act ively into the CuqO plane. At t hat ,
however , t he decrease in Ò is not so sharp as in t he ñàçå of Cu by Ñî subst i t ut ion , t hat occurs
only in CuO chains. T hen t he conclusion fol lows t hat i t is not only t he subst i tut ion si te t hat
is of signifi cance, but also some purely st ructural characterist i cs play the import ant role here,
the bond lengt h value, in part icular .

W ith Y 123 ceramics à ser ies of experiments were conduct ed Ñî study oxygen diff usion in
samples t hat were cooled at difFerent cool ing rates, annealed at const ant t emperat ure or heat ed
slowly. T he one-dimensional model of diff usion appeared to Úå suffi cient t o describe oxygen

diff usion. Est imates of diff usion coeffi cient s were made for each of t he above-òï åï 6 î ï åé regimes
î Ã çàòï ð1å 1ãåàÔãï åãé .

À comparat ively new branch of research at t he IBR-2 reactor are the real t ime exper iment s.
Quite à number of interest ing dat a have been obt ained in t hem . Of recent ones t he emphasis
should be laid on t he study of phase t ransit ions in di ff erent compounds, å.g. t i t anium hydrat e,
Cu(Li ,V )ö 4Ðå~ çÎ ù spinel , high pressure heavy ice DqO. T he met hod developed by LNP scien-
t ists allows t hem t o carry out t hese invest igat ions in t he second resolut ion range not achieved
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yet at other neut ron sources. T he measurement s were performed on t he diff ract omet er DN-2,
current ly the most high luminosi ty and powerful diff ractomet er in t he IBR-2 suit .

T he NSV R difFract ometer dedicated for t exture studies is posi t ioned on t he 100 m fl ight
path of the react or . I t has à lower luminosi ty but à t hree t imes higher resolving power t hat
makes i t very efFect ive in invest igat ing t extures of complex low-symmet ry mater ials. Text ures

of various geological samples were invest igat ed on t his diff ract omet er (Ê .Helming, W .Voi t us,
Ê .Wal ther et à1.).

On the diff ract ometer equipped wi th à pulsed magnet , SNI M-2, there was invest igat ed t he
kinet i cs of spin-ßî ð t ransi t ions in single cryst als of CrqO and à -FeqOs induced by à pulsed

magnet ic fi eld of 1 msec durat ion and 150 Ê Î å ampl i tude (D .Georgiev , × .× .Niet z et à1.) .
Works publ ished in the past year refl ect also eff or t s made by the Laborat ory staff t o upgrade

now exist ing and build new neut ron diff ract ometers. In part icular × .Ü.Aksenov , À .Ì .Balagurov
et al . report on the work being done t o put into operat ion the new Four ier diff ractometer wit h
à resolving power at à level of 0.05%.

T he Small A ngle Neut ron Scat tering (SA NS) spect romet er M URN is à high luminosi ty
inst rument buil t for t he invest igat ion of SA NS in isot ropic systems. I t al lows one Ñî measure
small scat t ering cross-sect ions in absolute unit s in rather à wide range (0.05 — 0.7 reciprocal

Angst roms) of scat t er ing vector lengths. M ain act ivit ies in the season 90/ 91 were aimed at à
search for new appl icat ions of i t s advant ages.

In the ternary system À Î Ò — Water — Benzene an al t ernat ive approach to the well -known
cont rast variat ion technique was approved. I t is found, that variat ion of à so-cal led internal

cont rast (i sotopic composi t ion of t he water nucleus in inverse micelles) do lead Ñî t he same
result s as external cont rast variat ion, i f measurement s are done well inside the micelle st abil i ty
gap on the phase diagram . However , near t he gap's borders isotopic subst i t ut ion afFects st rongly

the st ructural propert ies of solut ions and difFerent ways of cont rast variat ion reveal largely
difFerent st ruct ures. T his observat ion seems to be very impor tant for t he safe interpret at ion of
SANS dat a. Besides of this, invest igat ion of t he inverse micelle fr iabi l ity phenomenon, observed
previously at lowest water cont ent s, was cont inued wi th other solvents and in à widened range
of water content s.

Propert ies of water solut ions of smal l organic molecules is another new fi eld of SA NS appli-

cat ion. T his year we have t r ied to fi nd SANS evidence of t he existence of à long range repulsive
interact ion between solute molecules at very high dilut ions (mole fract ion as smal l as 0.001),
recent ly proposed on the basis of calorimet ric exper iments. T hough t he SANS exper iment s
were rather accurat e, ï î important signs of t he assumed repulsion were observed.

The third micellar system invest igated recent ly was t he (oxyethylene-oxypropylene-oxyethy-

lene) block copolymer in water . ×åãî det ailed experiment s in à wide range of t emperatures and
concent rat ions al lowed one t o determine exper iment al ly à number of characterist ics of this
system, wit h the degree of swel l ing of à hydrophobic micellar nucleus among them.

À rat her unexpected field of SANS appl icat ion is connected wi th an at tempt t o invest igate
the Porod region of the scat ter ing cross-sect ion from component s of cement (t he cl inker miner-
als) and from cement pastes at different steps of t hei r aging. Resul t s, obt ained to-date, show,

that in chemical t ransformat ions which are t he essence of cement pastes hardening, t here occur
very import ant changes in spat ial arrangement of phase boundar ies, responsible for small angle
scat tering observed. Import ant changes are also detected in scat t er ing curves dur ing t he aging
of à cement paste t o the age of up Ñî 241 days.

T he whole host of resul ts obt ained are in many relat ions new and thei r int erpret at ion in
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terms of t he physical chemist ry of solut ions and sol ids requires some eff or t s t o be made.
The t ime-of-fl ight spect rometer of polar ized neut rons SPN was found to be à very eff ect ive

inst rument for the invest igat ion of magnet i c propert ies of surfaces of t hin fi lms in t he refl ec-
tometry mode. Among t he resul t s obt ained during the season 90/ 91, t he most interest ing,
perhaps, is t he observat ion of the dependence of the magnet i c fi eld penet rat ion depth in su-
perconduct ing niobium on the thickness of t he niobium fi lm . T he dependence was discovered
to be rather st rong (the penet rat ion dept hs of 43 nm, 90 nm and 145 nm in à massive sample
and in fi lms 700 nm and 255 nm thick , respect ively, are quoted). However , up-to-dat e there is
ï î sat isfact ory t heoret ical explanat ion of t his phenomenon.

An interest ing and.important step was done t owards the realizat ion of the " non-ãåéåñé ï ä
mirror" , an import ant component of ideal neut ron mirror-polar izer . T he refl ect ion of unwanted

spin from known const ruct ions of polarizing mirrors is t he import ant factor t hat set s l imit on
the applicat ion of these otherwise nice devices. Fi rst experiment s wi t h absorbing sub-layers
made of t hin fi lms of t i t anium and vanadium borides have shown t hat in this way the propert ies
of polar izing mirrors can be improved drast ical ly.

Another int erest ing possibil i ty opens wi th the ãåéåñÔî ãï åÔï ñ observat ion of aging of à t hin
(163 nm) t i t anium fi lm . I t was found that on t he surface of met all i c t i t anium at normal
condi t ions during fi rst two weeks the t i t anium oxide layer 9 nm thick appeared, while during
the fol lowing two years t his oxide layer Üàç t hickened to 12 nm .

T wo direct geometry spect romet ers, DI N-2PI and DI N-2PR for double analysis of neut ron
energy by t ime-of-fl ight act in paral lel on one neut ron beam-l ine at à dist ance of 20 m and 95

m from t he reactor core, respect ively. On the higher luminosity one, DIN-2PI , exper iment s on
inelast ic and quasielast ic scat t er ing of neut rons on samples of l i quid hel ium, l i quid met als and
adsorbed wat er cont inued. Measurement s of phonon spect ra of V -Î , × -N , TaV NÄ cont inue t he
invest igat ion of ni t rogen and oxygen solid solut ions in met als. For ÒÅÎ ð, × Î ð and ÅãÍ Ñö ~~
(õ= 16 and 1.84) dependences of t he phonon density of st at es on room t emperat ures up t o
about 1300 Ê were measured. On t he DI N-2PR à fi rst series of exper iment s on t he scat t er ing
of neut rons wit h an incident energy of 200 meV from liquid helium at Ò= 4.2 Ê and 1.4 Ê has
been conduct ed in cont inuat ion of the study of Bose condensate and element ary exci t at ions in
l iquid helium at large momentum t ransfers and good energy resolut ion .

T he new spect romet er , NERA-PR, that exploi t s t he inverted geomet ry pr inciple for inelast ic
and quasielast ic neut ron scat tering studies was posi t ioned at à dist ance of 109 m from the
reactor core and began operat ions. Energy analysis of scat tered neut rons by thei r ãåéåñÔþ ï to
an angle of 175' from à single cryst al of Cu(111) al lows one t o invest igate neut ron quasielast ic

scat tering wi th à resolut ion of Ü Å = 0.05 meV in rather à wide moment um t ransfer range
from 0.5 to 5À . Exper iment s were ini t i ated to invest igate stochast ic reor ient at ions of molecules
in l iquid cryst als. T he beryl l ium fi l ter used in the spect rometer for energy analysis provides
for high lum inosi ty and good resolut ion at large momentum t ransfers (50< Ë Å< 500) meV .
Part ial vibrat ional densi t ies of copper and oxygen atoms in Y BaqCusOs~ (õ = 0.95, 0.25)
were determined by measuring neut ron inelast ic scat tering spect ra wi t h copper isot opes (~~Cu
and ~~Ñè) having diff erent cross sect ions for neut ron scat tering. Measurement s of phonon

spect ra of NH4C1 and H~O at Ò = 290 Ê and 80 Ê at pressures up t o 10 K bar have proved the
beryl l ium fi l t er method on the NERA-PR spect rometer to have high enough luminosi ty and
resolut ion for invest igat ing phonon spect ra on pressure dependences.

On the K DSOG-Ì spect romet er , that also exploit s the invert ed geometry pr inciple, t he

energy analysis of scat tered neut rons is performed with t he help of pyrolyt ic graphi te plat es
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inst al led behind the beryl l ium fi l ter . High luminosi ty and à relat ively good resolut ion in t he
energy t ransfer range up t o 200 meV allows eff ect ive st udy of inelast ic scat t er ing from hydrogen-

free samples or samples wi th low hydrogen cont ent t hat are t he usual ñàçå in t he spect roscopy
of adsorbed molecules. À comparat ive study has been undert aken of vibrat ional spect ra of
à number of dispersed si l icas (si l icagel , aerogel , aerosil , si lochrom). T he dat a analysis has
allowed ident ifi cat ion of adsorbed or ret ained water in invest igat ed samples. T hese spect ra are
much diff erent and thus point t o diff erent confi gurat ions of adsorbing centers in invest igated
sil ica samples. Experiment al dat a are compared wi th quant um mechanical calculat ions in the
framework of à selfconsist ent clust er approach to allow the conclusion about the polymorphism
of dispersed si l i cas being in dependence on the sample manufact uring technology (see works by

Å.F .Sheka, V .K havryut chenko, I .Natkaniec et à1.).
In t he past years t he chief obj ect of research on the K DSOG-Ì spect rometer were t he crys-

t al fi eld excit at ions in ãàãå-earths cont aining compounds and alloys. In t he report ed period
there cont inued invest igat ions of magnet ic exci t at ions in heavy fermion syst ems like CeCuqA1,
CeCu4Ga and CeCuqSiq. In t hem it was import ant t o careful ly t ake into account t he phonon
spect ra that affect essent ial ly t he neut ron inelast i c scat t er ing spect ra. For t hat t here were
measured simul t aneously spect ra from stoichiomet ric lant hanum samples of LaCu4A1, LaCu4Siq
showing ï î magnet i c scat t ering. T he characterist ic feature of the magnet i c scat ter ing spect ra
of cerium cont aining heavy fermion compounds is the only one Lorent zian-l ike cryst al fi eld t ran-

sit ion having à rat her broad energy dist r ibut ion and an intense cont r ibut ion from quasielast ic
neut ron scat tering also wi th à broad energy dist r ibut ion of the Lorent zian type (see works by

Å.À .Goremychkin et à1.) .
St udy of the cryst al elect ric fi eld parameters cont inued wit h the met al l ic ãàãå-ear th com-

pounds of the isost ructural family ReQ.p5Y Q95Niq (where R = Nd, Pr , T b, T m , Er , Dy, Í î ) .
ï .àãå-earth met als in t his family are di luted st rongly with nonmagnet i c y t t r ium atoms and the
4-f shell int eract ion with cryst al elect ric fi eld can be studied in à most pure form .

' Âó invest igat ing cryst al elect ric fi eld t ransi t ions in NdqCu0 4 in dependence on temperat ure
(from 10 to 300 Ê ) i t appeared possible Ñî ident ify t ransi t ions from exci ted st ates. Dat a
interpret at ion wi t h account for t he mix ing between the ground and fi rst excit ed st at e Üàç for
the fi rst t ime yielded à sat isfact ory descr ipt ion of neut ron inelast ic scat tering dat a as well as
the quali t at ive descript ion of the magnet ic suscept ibi l i ty measurement data.

In 1990-1991 t he LNP scient ist s took part in j oint experiment s at t he I SIS of RA L , UK .
On the inelast ic scat ter ing spect rometers Í ÅÒ and M ARI the temperature dependence of t he
widths of the cryst al fi eld t ransit ions in Y p ðÒãï ~äÂà~ÑèçÎ ç+ (õ = 0.1 and 0.9) was measured.
Result s point t o t he format ion of à gap in à spin excit at ion spect rum at t emperatures about

20 Ê above Ò, .
The Í ÅÒ record resolut ion at high energy t ransfer al lowed invest igat ion of intermult iplet

t ransit ions in à heavy fermion system CeAls. Spli t t ing of t he fi rst exci t ed CF mul t iplet was
found to be three t imes st ronger than that of t he' main one, in ev idence of à considerable

cont ribut ion of conduct ivity elect rons into t he CF pot ent ial .
On the quasielast ic scat t ering spect romet er IRI S there was invest igat ed t he dynamics of NH<

groups reorient at ions in t he process of dipole glass format ion in t he system Ê ~ (NH4) HqPOq
(õ = 0 4 and 0 9).

Domain st ruct ure format ion following phase t ransi t ions in à ferroelect r ic cryst al of LiK SO4
was invest igated on t he SX D diff ractometer .
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L ow T em p er at u r e R esear ch
HT SC SQUI D 's and low t emperat ure SQUI D 'â

In t he report ed per iod at the Low Temperature Depar tment the main obj ect s of research
were HT SC-SQUI Ds and SQUI D-based measurement systems. T he work based on t he study
of the characterist ic vol t age of br idges from HT SC ceramics. Resul t s obt ained have shown that
this charact erist i c vol t age, i .e. t he product of the crit ical current through br idge by i t s normal
resistance, is const ant and amount s t o about 20 mV . In the framework of à simple model i t
appeared possible to explain this efFect by the exist ence in HT SC ceramics of intergrain cont act s
(l inks) having the charact erist ic size of t he order of the coherence lengt h in HT SC mat erials .

The coherence length in HT SC's is of t he order of t en angst roms and i t i s à hard t ask

to build an ar t i fi cial cont act of à size. So it was only natural that we had Ñî overcome many
diffi cul t ies in creat ing t hin fi lm HT SC-SQUIDs. T he exist ence in ceramics of intergrain cont act s
of the coherence length size à11î Üÿ one Ñî give pr iori t y Ñî creat ing SQUI Ds operat ing at ni t rogen
boiling t emperature as the applicat ion of t hese cont act s .

W ithin the scope of t his fi rst priori ty concept t he Low Temperat ure Depar tment scient ist s
have created HT SC SQUIDs operat ing at l i quid ni t rogen temperatures. T hese SQUI Ds formed
à convenient basis for building measurement syst ems like magnet ic cardiometer-gradient ometer ,

sensi t ive galvanometer and geophysical magnetometer , that are det ai led below .
The int ense use of convent ional low-t emperature SQUI Ds has led Ñî the creat ion of the

magnet ic suscept ibi l ity detector with à magnet ic moment resolut ion of 10 ~~ A mÐ and of t he

superconduct ing quantum detector of weak magnet i c moment s. T he l at t er provides import ant
informat ion on HT SCs and on the ot her weak magnet ic materials. I t s main parameters are

given in t he appendix .

L ow t em p er at u r e ex p er i m ent s

In t his fi eld t he main act ivi ty was concent rated on invest igat ion of HT SC propert ies. By using
very high sensit ivity device t o measure small magnet ic moments the met hod was developed for
measuring magnet i c moment long-t ime relaxat ion and cr i t ical Josephson current s in Y BaCuO

ceramics. Measurement s performed have yielded the dependence J, (Í ,Ò) and the t emperature
dependence of t he fi rst cr i t ical Josephson fi eld.

Ãî ã the HT SC SQUI Ds applicat ions i t was found that t he use of high quali t y magnet i c
screens is crucial for t he SQUID operat ion. T he invest igat ion of hollow cyl indr ical screens at
liquid ni t rogen temperat ures using à fl uxgat e teslameter has been undert aken . T he cr it ical
paramet ers of t he screens were measured and t heir behaviour in fi elds above t he cri t i cal one
examined t o show the possibi l i ty of using t hese screens at l iquid ni t rogen temperat ures. À test
screen has been made from Y BaqCusOq ceramics doped wi th Ag t o have à break-down fi eld of
12 Oe. On the basis of t hese invest igat ions was buil t à high sensi t ive SQUI D-based galvanometer
operat ing at l iquid ni t rogen temperatures for measuring di rect and low-frequency al ternat ing
current s. T he galvanometer 's direct current sensi t ivity is about 0.5 nA at t he int ernal resist ance
of about 20 é . I t has the energy resolut ion in t he whi te noise region of 2õ 10 ~× / Hz. À gain
in energy resolut ion in comparison wi th inst rument s operat ing at " warm" temperat ures is over

4 orders of magnit ude.
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I t was found t hat HT SC SQUIDs are rat her sensi t ive to at mospheric condi t ions. To avoid
this ser ious problem à HT SC SQUID from BSCCO ceramics was created with Pb addit ion
operat ing at l iquid nit rogen temperatures. T he whi te noise spect ral densi ty is 4 x 10 4Ô, / Hz~~~.

The 1/ f noise prevails at frequencies lower t han few t ens of Hz. The advant age of this SQUI D
is the st able operat ion in atmospher ic condit ions.

A ct ivat ion A nalysis

This met hod on pulsed neut ron sources has unique possibil i t ies t o invest igat e the t races
of diff erent elements, in part icular ãàãå earths in samples. T his year à cycle of works were
accomplished on the invest igat ion of dist r ibut ions of basic and t race element s, including ãàãå
earths (REE 's) in geologi cal st ruct ures of some oi l ex t ract ion areas in Cuba. T he resul t s
have indicat ed à signifi cant increase in REE's cont ent s at the level of 500-700 m before the
oil st ratum in à well . The fact that some REE's have st rong neut ron capt ure cross sect ions

(hundreds, t housands of barns) al lows t he use of prompt neut rons, fol lowing thermal neut ron
capt ure in REE's, for the analysis of neut ron logging dat a.

The Laboratory cont inued to widen the applicat ion of neut ron act ivat ion analysis methods
to t he solut ion of environment protect ion problems. T his work included;

- invest igat ion of the role of mineral fer t i l izers (t heir toxic and REE components) in envi-

ronment polut ion , including human beings;
- invest igat ion of dist r ibut ions of basic and t race element s, including toxic ones (Cu, Zn,

As, Cd, Hg, et c.) and rare earths, in corn crops being raised in the main agricult ural areas of
this count ry.

The second invest igat ion has in the main served the purpose of the product ion of ecologically
ðèãå food for chi ldren. M et hods have been developed for the determinat ion of t he macro- and
micro-element content of wheat , ray, rice, pot at oes (st arch) and buckwheat in natural samples

and in ash residuals.
T he resul t s of both invest igat ions have been reported at the Int ernat ional Conference on

Modern Trends in A ct ivat ion Analysis, Ì ÒÀ À-8, V ienna, Aust r ia, September 1991 and wil l be

published in the Conference Proceedings.
In 1991 design work on A ZOT -1 and A ZOT-2 inst rument s for express analysis of nit rogen

content in protein of grains and animal feed has been accomplished and thei r large scale pro-
duct ion st ar ted. Elect ronic equipment of the inst ruments has been t ransformed from IBM- PC

based ÑÀÌ Àß t o ÑÀ Ì À ß free computer variant .

R a d i a t i o n R e s e a r c h

I n 1 9 9 1 t h e L N P g r o u p i n c o o p e r a t i o n w i t h à g r o u p f r o m t h e L a b o r a t o r y o f S u p e r H i g h

E n e r g i e s , J I N R , s t a g e d e x p e r i m e n t s o n I B R - 2 n e u t r o n b e a m s t o i n v e s t i g a t e :

- r e s i s t i v i t y o f so l i d s t a t e d e t e c t o r s ( S i ) t o fi ss i o n n e u t r o n r a d i a t i o n ;

- U a n d T h c o n t e n t s i n c o n s t r u c t i o n m a t e r i a l s o f t h e n e u t r i n o d e t e c t o r .

I n 1 9 9 1 m e t h o d s o f f a s t b e a m f o r m a t i o n w i t h à n e g l i g i b l e Õ - r a y c o n t r i b u t i o n h a v e b e e n

d e v e l o p e d a n d à fi r s t s e t o f S i - d e t e c t o r s a n d s i l i c o n s a m p l e s i r r a d i a t e d . T h e p r o c e d u r e f o r

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

t e st e d o n t h e R E G A T A i n s t r u m e n t a t t h e I B R - 2 r e a c t o r .

70



Analysis of U and T h cont ent s in some mat erials and in const ruct ion mat er ials of the
neut rino detector Üàç shown that al l t hey cont ain signifi cant amount s of U at T h (uni t s, t ens
of ppm ). A t t he same t ime for à low background det ector t hese content s must be 1000 — 10000
t imes less.

Experiment al procedures developed for measurements at × àï de Graaf EG-5 were used
to invest igat e near-surface layers in met al l ic glasses, superlat t ices, microelect ronic element s,
implanted samples, âåëè-conductors, et c. under cont racts between inst i tutes of JI NR member-

st ates.
In t his year à syst emat ic st udy of ceramics and HT SC fi lms on var ious subst rates was

undert aken. HT SC samples manufactured in à number of USSR inst i t utes and t he ot her JINR
member-st at es inst i t ut es were invest igated using experiment al procedures developed on the
EG-5 generat or basis. In PIX E exper iments t here was made à quali t at ive element analysis

of invest igated samples including t he analysis for t race elements. In RBS exper iment s there
were invest igat ed depth penet rat ion profi les of Y , Âà, Cu and 0 in fi lms and of const it uent
element s of subst rate materials. As the resul t , conclusions were made about stoichiomet ry of
invest igated samples, t he t hickness of superconduct ing layers and the extent of thei r difFusion
into subst rate mat er ials. T he FRD method was used t o invest igat e the hydrogen content in
near-surface layers.

In the reported year the method for measuring channel l ing RBS spect ra was in t he process of
test ing. During the test angular yield curves were measured for cryst als of si l icon and st ront ium
t i t anate. Typical spect ra and angular yield curves character ist ic of channel ling were obtained.
Experiment s wi t h HT SC fi lms have shown the imperfectness of their cryst al st ructure t hat is
nowadays interpreted as the essent ial disorientat ion of cryst al l i tes.

O t h e r A c t i v i t i e s

The process of the t et ra-or tho t ransi t ion in y t t rium HT SC ceramics under processing in
halogen vapours (Br , I ) was invest igat ed. Õ-ray and neut ron difFract ion exper iments have
demonst rated t hat in paral lel wi th superconduct ing or thost ructure recovery there occurs de-
composi t ion and amorphisat ion of à considerable sample volume and the orthophase is formed
due to the sorbt ion of released oxygen and not due t o halogen int ercalat ion int o the cryst al
lat t ice. These experiments have also confi rmed the high capabi li ty of t he or t hophase to re-
cryst al ize that was observed at irradiat ion of yt t r ium ceramics wi th charged part icles at low
. t emperatures.

The infl uence was invest igat ed of heavy |î ï ç ir radiat ion on t he charact er ist ics of HT SC-
based microbolomet ers. Besides t he fact t hat t he answer was obt ained Ñî t he quest ion about
the radiat ion resist ance of t hese fi rst inst ruments on the HT SC basis, i t appeared possible to
j udge about low-temperat ure st ructural fl uctuat ions in fi lms materials from t he behaviour of

their noise charact er ist ics.
T he t ime-of-fl ight method was developed for measuring photoelect ron spect ra of HT SC's

on their ir radiat ion wi th laser pulses-in à nanosecond range. T he energy resolut ion of 50 meV
was achieved and the photoemission t hreshold in polycryst al samples of Y BaqCusOq HT SC
ceramics was measured to be (5.5~ 0.5) å× .
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Cha rcx t e rist ic f e a t ure s

- use of liquid nitrogen as cooling medium
- automated entering into operat ing ò î áå w ith the characterist ics tuning display
- possibility of operation under f ield conditions with à 1.À ÐÒÎ Ð computer
- Fourier-analysis of à signal with the spectrum show n in the display
- coordinated signal filtration and synchronous reject ion of periodic noise

Inst rume nt De t a ils

7 7

10

1. Device operating temperature, Ê

2. Measurement dynamic ãàï êå, not less, ô î

1.2 ' 10

3 10

3. Resolving power, not worse:

on field, Tl/ Hz

5 ' 10

1000

0 - 150

4. Energy sensitivity, not worse, 3/ Hz

5. Digitizing error, not mor e, ô î

6. Signal increment rate, not less, ô , / S

7. Bandwidth, Hz

8. Noise suppression with industrial frequency and its harmonics,

6 0 (5 0 H z ~no t le s s , d B

Example of à real geomagnetic
field and SQUID noise ( Ò=77Ê )
measured w ith à HTSC magne-
tometer

~

Am bient noise

~

Squid noise

þ *
~î 1î

Frequency (Hz)

Provisional users, please, apply to :

ÂË/ .Vasiliev, Laboratory of Neutron Physics, JINR
141980 , Dubna, Moscow distric t , USSR.
Phone: 926-22-96 ( from Moscow ), 62-789

Å-mail number: Üà÷56å !ï ð.j inr.dubna.su
f ro m Du b na
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JO IN T IN S T ITU T E FO R N U CLEA R RES EA RCH

Pu rp o se

is de s igned fo r small magne t ic moment mea surement o f the w eak ly magnet ic

samples in à w ide t emperature and f ie ld range .
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1. C r y o g e n ic e q u ip m e n t c o m p o n e n t s :

- h e liu m c r y o s t a t w it h à le v e l g a u g e ;

- a n t i- c r y o s t a t w it h à t e m p e r a t u re c o n t ro lle r .

2 . M a g n e t ic s y s t e m c o m p o n e n t s :

- s u p e r c o n d u c t in g s o le n o id ;

- m a g n e t ic f lu x s t a b i l iz e r .

3 . S a m p le t ra n s p o r t a t io n s y s t e m .

4 . M e a s u r e m e n t a n d c o n t ro l e q u ip m e n t c o m p o n e n t s :

- S Q U ID w it h à m a g n e t ic f lu x t ra n s f o r m e r ;

- C A M A C c r a t e w it h à s e t o f f u n c t io n a l u n it s a n d p o w e r s u p p ly .

5 . C o n t ro l lin g c o m p u t e r , IB M P C / À Ò .

6 . S o f t w a re p a c k a g e f o r s ig n a l a n d s y s t e m c o n t ro l .

3

4

S p e c i f ic a t i o n s

1. Magnetic moment dynamic range not less than ,
2. Magnetic moment resolution , À m / Hz 1/ ã

3. Magnetic field range , Î å

4. Magnetic field stability not ò î ãå than , hour

5. Òèï å of entering to the regime of stable time

not ò î ãå than , min
6. Temperature range , Ê

7. Temperature stability not worse than , mK

8. Maximum sample diameter , mm

9. Total sampl e path, mm

10. Sample position accuracy not worse than

11. Maximum sample travel velocity , mm/ s

12. Liquid helium capacity , 1

13. Liquid helium consumption , 1/ day

d B 16 0

~

3 '

10

10

10
4 . . . 3 0 0

~5 ( at 5 Ê )

3

60

2.5 10

2

30

41/ day

Provisional users, please, àðð1ó to :

Â.V. Vasiliev , Laboratory of Neutron Physics , JINR ,

141980 , Dubna , Moscow district , USSR .
Phone : 926-22-96 ( from Moscow ) , 62-789 (from Dubna

Å - mail number : bav56olnp . jinr . dubna . su
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During the year , possibi l i t ies were considered of using indust rial elect roni c unit s and SU-
produced opt i c cables in t he network ET HERNET , t he product of t he DEC fi rm . In resul t ,
t hree elect ronic uni t s and t hree types of opt ic cables were select ed. T hey were t ested by
including them into the local network for à mont h. T heir paramet ers have turned out t o be ï î
worse than analogous west ern unit s have.

Work cont inued on t he development of t he SONET L AN network :
- t he " Ñ" l anguage procedures library was organized to enable remote access to fi les (t his

library is t he basis for the realizat ion of computer-aided dist r ibut ion syst ems on t he SONET -2

network hardware base).

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

The Cent ral Processor formed of t he PDP-11/ 70 complex and two pVA X -I I comput ers
worked sat isfactorily dur ing t he ent ire period of LNP react ors' scheduled operat ion t ime in t he

reported year . Our main concern was the lack of âðàãå disks packs for 300 M byte dr ivers, as
they might cause instabil i ty in Processer 's performance. As the PDP-11/ 70 is aging fast bot h

physical ly and moral ly, an urgent need is fel t t o subst it ute t he aged for new, more perfect
and reliable media of physical dat a àãñÛ ÷ÿ àé î ï t o be included int o t he ET HERNET or into
the pVA X- complex . To pursue t he ann we cont inued developing t erminal network of the
PDP-11/ 70 and the pVAX -I I . 1991 works on t he organizat ion of elect ronic mail have brought

new l ife to t he JINET network of the JI NR.

P h y s i c a l I n s t r u m e n t a t i o n

In 1990-1991, works were going on to convert LNP physical inst rument s to ÐÑ/ ÕÒ, ÀÒ-aided

î ï åÿ and t o develope fur ther t he software for some physical inst rument s al ready operated wi th
ÐÑ's. T he fi rst phase of t he T EK ST proj ect st art ed work for the experiment . T he DI FRA N

and SPN-1 were swi t ched on t o t he PC/ ÀÒ-268. T he inst ruments NERA-PR, SNI M -2, DN-2,

DPP, NSV R, K DSOG have been modified. Works have been accomplished on arranging t he
lay-out for experiments ÷÷é Û ÓÑÕ. Preparat ory work is going for t he assembly of the HRFD
on beam line 5 of the I BR-2.

Òî improve I BR-2 neut ron beams addit ional systems for choppers phasing were mounted

on beam line 5 (for t he HRFD) and on beam line 7 (for the NERA-PR).
On IBR-30 beam-lines t here were:
- accomplished works on t he swit ching on to ÐÑ's and modifi cat ion of the POLYA NA and

POI SK lay-outs;
- put into operat ion the DN-3;
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- put int o operat ion the ÐÑ/ ÀÒ-386 + ÑÀÌ À ß complex for t he invest igat ion of (n , 2ó

react ions.

Hardware and software for t hermost at s cont rol were developed, including:

— t he ÑÀÌ Àß microprocessor cont rol ler ;
- the programmable temperature regulat or with keyboard cont rol ;
— the commut at or for l inking the terminal wi th aut omat ed microprocessor syst ems;
- t o serve exper iment s on the DN-2 and DPP and t o manufacture HT SC samples.
À fast elect ronics complex was creat ed for t he mul t isect ion plutonium chamber for experi-

ment s on the st udy of (n, ì , f ) react ions.
À set of new ÑÀÌ À ß uni t s have been developed, including:
- the 16-input unit for t ime spect ra coding wi th ext ra funct ional capabil i t ies;

- t he on-off autom ated unit for the measur ing module;
- the det ector number coding unit ;
- spect rometr i c A DC's for 1Ê and 8Ê channels wi th à frequency of 200 M Hz.

S o f t w a r e

Work cont inued on t he development of S0 NET -2 software for interact ive access of à PC

subscriber t o directories and service fi les.
À programme has been developed for t he analysis and processing of one-dimensional spect ra

on PC in à graphic mode. T he programme is mainly dedicated to processing (per channel , per
group) of t he data from fi ssion and t ransmission experiment s. T he programme performs addi-

t ion, subt ract ion, mul t ipl icat ion , et c. , of one-dimensional spect ra and background generat ion

according t o diff erent models specifi c for à given experiment .
In 1991 work has been accomplished on the development and upgrading of PC-aided mea-

surement syst ems:
- for t he spect romet ers SNIM-2, DIFRAN, POISK , POLYANA ;
- for t he spect rometers T EK ST and SPN-1 (software fi rst phase);
- for the spect romet ers DN-2 and DN-3 (for mechanical devices cont rol ) ;
- for t he spect rometers ÕÅÊ À-PR and K DSOG-Ì (init ial phase).
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S E M I N A R S

"The Rutherford computer network and ISIS data "The pressure of light " .
acquisit ion system" . Ì .À.OLSHANYJ, ISAN, USSR.
W.Ñ.À.PULFORD, Rutherford Appleton ÜàÜî -
ratory, U.Ê .

" St ructural invest igat ions of high-Ò, materials at
t he Laboratory of Neut ron Physi cs" .

À .Ì .B AL AGUROV , JI NR , USSR."The development status of the new high resolu-
t ion neutron source at JINR" .
Ü.Â.PIKELNER, E.À .PERELSTEIN, × .L.I 0 -
MIDZE, JINR, USSR. " Structure and dynamics of quantum fi lms on

graphite" .

Í .LAUTER, ILL, France.
"Neutron scat tering in single crystals" .

S.Sh.SHILSTEIN, KIAE, USSR.
" About one possibil i ty of improvement of t her-
mal neut ron ext ract ion from moderat ors" .

Î .N .GONCHARENK O, I NI , USSR."The prospects for the Laboratory computing
center development " .

G.Ð.ZHUKOV, JINR, USSR.
" Excit at ion of atomic elect ron shells by neut rons" .

I .N.MIKHAILOV , JINR, USSR.
" Precise experiments on neut ron l ifet ime wi th
ult ra cold neut rons" .

À.P.SEREBROV, LNPI , USSR. " Daresbury synhrot ron radiat ion faci l i ty " ,

J.Ð.DUK E, Daresbury Laboratory, U .Ê .

"The electronic mail at Ë Ì È." .

V.Ð.SHIRIKOV, JINR, USSR. " W hat is Ñ — 60 ?" .

À .× .ELET SK IJ, Â .Ì .SM IRNOV , K I A E, USSR.

" Magnet ic inelast ic neut ron scat tering at ISI S" .

R.OSBORN, RAL , U .Ê . "Los Alamos neutron facilit ies" .

Óè.Ð.POPOV , Yu.Ì .GLEDENOV, ÅË.SHARA-
ÐÎ × , JINR, USSR.
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V I I nt er n at i onal Sch ool
on N eu t r on P hy si cs

neut ron induced react ions on unst able t arget nu-

clei were al so repor ted. T hey are import ant in

ast rophysics.
T he part i cipant s called for support for advan-

ced st udies in nuclear physics wi th neut rons and
suggest ed that t his Workshop should become t ra-

di t ional and of internat ional st at us.
8-18 Oct ober 1990, A lusht a,

t he Cr im eaÄ Ó Á Í À

T he Workshop aimed at considering t he ðî çÿ -
bil it ies of upgrading now operat ing and of creat -
ing new powerful sources of neut rons. T he scien-

t ifi c leaders of al l high intensi ty neut ron sources
took part in t he Workshop. Among them were
9 scient i st s from t he JI NR Non-M ember St ates
and 50 from the JI NR and t he USSR. In à num-

Üåã of report s qui te new ideas were advanced. I t
is acknowledged t hat fi nancial support from the
Inst i t ute of Nuclear Research in Troi t sk has con-
t ribut ed much to t he success of t he Workshop or-

ganizat ion.

This School dedi cat ed t o t he memory of Pro-
fessor I .Ì .Frank (23.10.1908 — 22.06.1990) , the No-

bel Prize W inner , was organized by t he JI NR
with support f rom the Minist ry of At omic Power
and Indust ry of the USSR. Special ist s in neut ron
physics discussed modern t rends of development
of neut ron sources, present st atus of exper imen-
t al and theoret ical research in the fi eld of con-

densed mat t er and nuclear physics wit h neut rons
as well as their great potent ial t o be real ized.
General survey of scient ifi c act iv it ies at already
operat ing sources of neut rons and at those under
const ruct ion in dif erent count ries has been pre-

sent ed. 251 scient ist s from 18 count r ies took part

in t his School .
The School Proceedings were published by the

Publ ishing Department of JINR in 1991.

I nv est i gat ion of N u cl ei w it h N eu-

t r ons U SA - U SSR W or k sh op on C on d en-

sed M at t er P hy sics12- 14 M ar ch 199 1 , D u b n a

The I I Workshop was at tended Úó 80 scien-

t ists, including 15 from the JI NR Member St at es,
1 from the USA and 50 from the USSR. T here was
discussed the present st ate, perspect ives and the
program for physical invest igat ions in t he frame
of the proj ect of t he new high resolut ion neut ron
source (HRNS). T he resul t s of j oint exper iment s
of LNP (JINR) and LNPI (Gat china) on the de-

terminat ion wi th à record precision of t he neut ron
lifet ime by t he UCN st orage method were fi rst
reported. T here were present ed recent result s in
the physics of fi ssion that permit ted one t o look
É éåãåï 11ó at the descent of à fi ssioning nucleus
from the saddle point . T he cross sect ion dat a for

~

18-21 J u ne 1991, U pt on , U SA

T he Workshop was organized by leading neu-

t ron cent ers of t he USA and the USSR wi t h the
support of t he Department of Energy of the USA
Government . T he Workshop was held at the Brook-

haven Nat ional Laboratory, and i t was at tended
by 10 scient ist s from the USA and 10 from the
USSR. T he USSR delegat ion consist ed of 4 sci-
ent ist s from JINR, 3 from t he K urchat ov Inst i-

tut e of At omi c Energy and 3 from t he Petersburg
Inst it ute of Nuclear Physics. T he USA neut ron
scient ist s were from Brookhaven, Oak Ridge, Los
A lamos, A rgonne Nat ional Laborat ory and from



the Nat ional Inst i t ut e of St andards and Technol-
ogy. Discussions concent rated on most interest -

ing resul t s in t he fi eld of t he physics of condensed
mat ters obt ained by neut ron scat tering methods
in the USA and USSR, as well as on perspec-

t ives of cooperat ion in invest igat ions at neut ron
sources. T he emphasis was put on the study
of high temperat ure superconduct iv ity and de-

velopment of the small angle neut ron scat tering
method.

T r a i n i n g C e n t e r

The 1991 year marks the beginning of act ivi ty
of the Dubna Training Cent re of Moscow St ate
University and M oscow Engineer ing and Physical
Inst i t ut e at t he Joint Inst i t ut e for Nuclear Re-

search.
The Cent re has the fol lowing direct ions of t rain-

ing:
- nuclear physics;
- part icle physics;
- nuclear methods in condensed mat ter

physics and in à high temperat ure
superconduct ivi ty ;

- radiobiology.

The t raining cent re admit s student s in t heir
senior years after fi nishing t he general physics
courses and l istening to the primary special courses
in the corresponding fields.

Student s in t he Cent re l isten to lectures that
are given by leading scient ist s of t he Joint In-
st it ut e for Nuclear Research (JINR), t he Mos-

cow St ate University, t he M oscow Engineering
and Physical Inst i tute and have à scient ifi c prac-
t ice at t he laborat ories of JI NR. Dur ing this prac-
t ice they get an experience of working at exper-

iment al facil it ies such as proton and heavy þ ï
accelerators, à neut ron pulsed reactor and à com-

puter cent re.
À normal durat ion of full program t raining at

the Dubna cent re is two years. I t is qui te possible

~

t o admit st udent s for short er per iods t oo, includ-

ing one or two mont hs of int ense courses on some
selected t opics. T he working language for foreign
student s is Engl ish.

I t is possible t o admit post -graduated st udent s

also who could l ist en t o lectures on some chosen
subj ect s and t ake part in scient ifi c researches at
JINR laborat ories.

Of JI NR l aboratories t he Laborat ory of Neu-
t ron Physics is the basic one in the fields of nu-

clear methods in condensed mat t er and in high
temperat ure superconduct ivi ty. T he Laborat ory 's

scient ist s give courses of lectures in
- methods of invest igat ing condensed mat ter

at nuclear reactors and accelerat ors;
- fundament al neut ron physics and t he phy-

sics of neut ron sources;
- low temperat ure physics;
- t heoret ical aspect s of t he physics of condensed

mat ter ;
- t he physics of high temperat ure supercon-

duct ivity ;
- methods and inst rument at ion of experiment s

wi th neut rons, et c.
Besides t hat t he student s acquire exper ience

in experimental dat a processing, work on modern
personal computers and knowledge of t he elec-
t ronic equipment that serves t he inst rument at ion
sui t of t he Laboratory.



D at es o f v i si t
15 .01- 19 .0 1

19 .04 — 19 .05

20 .09- 30 .09

11.02- 14 .03

14 .02 — 06 .03

25 .02 — 08 .03

16 .11- 08 .12

25 .02 — 08 .03

16 .11- 08 .12

2 7.02 — 09 .03

11.03- 14 .03

26 .05 — 29 .05

11.03- 15 .03

08 .04- 13 .04

09 .11- 20 .11

22 .04- 26 .04

02 .05- 15 .06

25 .05- 08 .06

03 .06- 14 .06

10 .11- 25 .11

13 .06 — 14 .06

18 .06 — 28 .06

20 .06- 30 .06

20 .06- 30 .06

20 .06- 30 .06

20 .06- 30 .06

20 .06 — 30 .06

20 .06- 30 .06

24 .06 — 28 .07

24 .06- 27 .06

24 .06 — 27 .06

24 .06- 27 .06

24 .06 — 27 .06

24 .06- 27 .06

24 .06 — 27 .06

24 .06- 27 .06

2 7.06
26 .06 — 14 .07

26 .06- 14 .07

0 1.07- 3 1.07

14 .0 7 — 28 .07

14 .0 7 — 28 .07

07.09- 08 .09

02 .10- 05 .10

L i st o f v i s i t o r s f r o m n o n - m e m b e r st a t e s o f t h e J I N R i n 1 9 9 1

N a m eD r F W ei dh ase O r g a n i z a t i o nT U , D r esden C o u n t r y F R G

E SP O O , H el sin k i

T U , K i em n i t z

I F K , R ossen d or f

Finland
FRG
FRG

Dr 0 Ant son
Dr Í Hartmut
Dr W Boede

D r Ð R ei ch el I F K , R ossen dor f F RG

United Kingdom
Finland

RAL, Chil ton
ESPOO, Helsinki

Dr R Osborn
Prof P Hi ismaki

Prof S Raman
Dr Í Lauter

ORNL , Oak Ridge
I LL , Grenoble

USA
"ãàëñå

P r of L i u Z igzi

D r Â K oen i g

D r R B en zi n g

D r W B i r k h ol z

A cademia Sinica, Bej ing
Inst i t ute of Physics, Leipzig
Imperial College, London
High Technical School , Leipzig

China
FRG

United K ingdom
FRG

Dr P D uke

Dr Â L ippold
Prof J i an-Gao Zhao

Prof Zhan W en Shan

Prof L iu X i ang L in
Prof W u-yan L ai

Prof Sun Shen Tai
Dr Y ang L iny uan
Dr G B auer
Dr Ò B room e
Dr J Carpent er

D r Ê N oak

Dr G Russel

D r Ê Sum i t a
D r I T horson

Prof N W at an abe

D r R Long

D r Â K uenst ler
D r Í Í åóæå
Prof Zhong W enguang
Prof N M acM ahon
Dr Ì H awe

Dr G St r iele
Dr Ñ W i l son

Daresbury Laboratory, Daresbury
Inst it ute of Physics, Leipzig
Academia Sinica, Bej ing
Inst i tute of Physics, Bej ing
Inst i t ut e of M et al lurgy, Shanghai
Inst i t ut e of Physics, Bej ing
Inst i tut e of Met al lurgy, Shanghai
Inst i tute of Physics, Bej ing
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RA L , Chil t on
I PNS, Argonne
I FK , Rossendorf
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Osaka University, Osaka
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I FK , Rossendorf
I FK , Rossendorf
T singhua Universi ty
Imperial College, London
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F R G

C h i n a

C h i n a

C h i n a

C h i n a
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U n i t ed K i n gdom

U SA

F R G

U SA

J ap an

C an ad a

J ap an

U SA

F R G

F R G

C h i n a

U n i t ed K i n gd om

U n i t ed K i n gdom

F R G

U n i t ed K i n gd om
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P e r s o n n e l

The Laboratory st aff consists of permanent and non-permanent contract employees. Most employees
from the USSR have permanent posit ions. À tot al of 580 st aff posts were occupied in 1991. St aff
details ðåã department s are given in the Table. Under non-permanent cont racts specialist s from
member st ates of the JINR and non-member st ates are working. Among them there are cadres from

Bulgaria, Germany, Cuba, Czechoslovakia, Hungary, Korea, Mongolia, Poland, Romania and Vietnam.

S t a ff S i t u a t i o n i n 1 9 9 1

Scientists
(per m' ,nent )

Engi neers
(permanent )

T echni ci ansD ep ar t m ent s Scientist s
(non-permanent )

Engineers
(non-permanent )

Neutron Sources
and Reactor Safety

Sector

~~

6 0

~

17

Con densed M at t er 21 16 2 0

~~

N u clear Phy si cs 2 9 13 13 1 1

Applied Research,
Low Temp. Sector ,

Radiation Res. Sector
1 1 13 12

~~

Com pu t ing 1 7

~

3 0

~

15

Technical and Admi-
nist rat ion Services 8 0 166

T O T A L 85 50 215 10 220

F i n a n c e

The Laboratory 's expenditure for the f i na-

nci a year 1991 was 11.27 million roubles, the cor-
responding fi gure for 1990 was 9.02 million rou-
bles (see Table 1). This was supported cent rally
by the budget of the Joint Insti tute for Nuclear
Research, à constituent of which is the ÜàÜî ãà-
tory of Neutron Physics, and, externally, by na-
tional programs funds and fi nancial contributions
on contracts. Part of the Laboratory 's budget is

assigned to the JINR for the Administ ration Divi-
sion and common services. The other part covers
the Laboratory's staff expenditure, research and
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development , neut ron sources maintenance, build-
ings, et c.(see Table 2).

Posit ive balance between funds received (Ta-
ble 1) and paid out (Table 2) formed thanks to
nat ional programs fi nancing and cont racts. I t was
at the disposal of the leaders of corresponding
proj ects for them Ñî be able to employ extra st aff
members on the short -term cont ract basis and to
purchase necessary materials and equipment .

The materials, research and equipment devel-
opment expenditure was reduced essent ially this
year in connection with the increased expendi ture



r eceiv ed addi t ion al l y (not i n di cat ed in T abl es) for :

3 352 t h .

3 660.6 t h ,

the upgrading of the
3BR-2 reactor
the construct ion of the
High Resolution
Fourier Diff ractometer
the development of the
texture É|éãàñÔî ò å1åã

on the other items of the budget caused by infl a-
t ion. The Laboratory 's Directorate made great ef-

forts to fi nd ext ra sources of fi nancing as the Lab-
î ãà1î ãó'â resources were insuffi cient even to main-

tain and run sat isfactorily the existing research a-
cilit ies, to say nothing of the development of new
instruments.

In 1991 the LNP Directorate applied to the
JINK Directorate for the fi nancial support of some
proj ects of advanced neut ron inst rument s and had

$ 99.2 t h

T a b l e 1 . C o m p a r i so n o f 19 9 0 a n d 19 9 1 B u d g e t s ( I n c o m e )

I ncom e
1991

I n com e
1990 C h a n g eI ncom e

t h . r oub les % t h . r oub les %

~

750 0 .25 34 8 .8 59 6 7 + 40

20 0 0 .02 00 0 .0 2 2 18

Laboratory budget from JINR
National program on
solid state physics
National program on
high temperature superconduct ivity
Other programs

1435.0

235.4

16

3

1389.0
381.5

12

3

— 3

+ 6 2

f Î ÒÀ Í 11270 .79019 .2 àî î 100 + 25

L a b o r at o r y ' s f u n d d i st r i b u t io n i n 199 1

External income fees
to JINR., 6%

Budget fees
t 0 JI NR, 9%

Ex t e r na l
- ~ >c mme . 2 7 'À

Laborat ory
budget from
JINR, 58%

9 0



T a b l e 2 .

Exp end it ur e
1991

Ex p en d i t u r e
1990 C h a n g eE x p e n d i t u r e

% % %t h . r o u b l es t h . r o u b l e s

N eu t r on so u r ces

I B R - 2

~

701.1
310.1

~

+ 68
+ 26

417.5
246.0

Staff cost s
0 ther expenditures

ÕÂ Â - 3 0 + 1Ë 3Å - 4 0

447.4
102.9

~

+ 65
+ 86

270.6

55.4

~

Staff costs
Ot her expendi tures

O t h er D ep ar t m en t s
2909.6
449.4

36

6

+ 6 3

— 72
1788.3
1578.0

28

24

213.4
179.3

~

342.7
197.6

~

155.0

~

310.2

~

+ 100

142.3
59.8

205.0

~

71.3
202.2
316.5

~

— 5 0

+ 2 3 8

+ 5 4

StafF cost s
M aterials and equipment
Elect ric power , heat
and wat er supply
Bui ldings
Long term suppl ies
and services
Short term suppl ies
àï é çåã÷~ñåÿ
Travel
Other investment s

Fees p a i d t o J I N R

795.7

353.8

12

6

959.5

720.9

12

9

+ 21
+ 104

On laborat ory budget
On external income

T O T A L 6 4 6 0 . 1 1 0 0 8 0 4 1 .4 1 0 0 + 2 4
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B u n a t i a n G . G . T h e N u c l e o n S i z e i n N u c l e a r M a t t e r . N u c l .P h y s . À , 1 9 9 0 , v .5 0 9 , ð . 7 3 6 - 7 5 6 .

2. Bunat ian G.G. On t he Calculat ion of t he M ean Square Charge Radius of t he Nucleon in
Nuclear M at t er . Yad.Fiz., 1990, 51, ÷.4, ð.995-1000 (in Russian) .

3. Bunat ian G.G. Descript ion of the Nucleon in Nuclear M at t er in t he Frame of t he Chiral
Bag M odel . Yad.Fiz., 51, 1990, v .5, ð .2343-1257 (in Russian).

4 . F u r m an W I . , Ê 1è ï à ï J . T h e R el a t i o n b e t w een F i ssi o n C h a n n el s a n d F i ssi o n M o d es .

I n : P r o c . o f t h e I n t . W o r k sh o p o n D y n am i c a l A sp e c t s o f N u c l e a r F i ssi o n . Sm o l en i ce ,

C ze ch o sl ov ak i a , 1 7- 2 1 J u n e , 19 9 1 .

~

I gn at ov i ch V .Ê . P h y si cs of U l t r acol d N eu t r on s. O x f or d ,C l ar en d on P r ess, 1990 .

6 . I g n a t ov i ch V .Ê . Ò î t h e Q u est i o n o f t h e I n 8 u en ce o f G r av i t y o n t h e D e t er m i n a t i o n o f

t h e N eu t r o n L i f et i m e i n E x p er i m en t s o n U C N St o r a g e . Y a d .F i z . , 19 9 1 , ÷ .5 3 , i ssu e 5 ,

ð . 12 9 7- 2 0 0 1 ( i n R u ssi an ) .

7. Ignatovich V .Ê . On Linear Transport Problems,
?991, v .318, issue 2, ð.332 (in Russian).

U SSR A cad em y of Sci en ces R ep or t s,

8. Ignat ovich V .K . An A lgebraic Approach t o t he Propagat ion of Waves and Part icles in
Layered Ì å÷ à. In: Proc. of the Conf .: Analogies in Opt i cs and M icro-Elect ronics.
Eindhoven, t he Net herlands, 1-4 Ì àó, 1991.

C o n d en sed M a t t e r P h y s i cs

~

Aksenov V .L . Glassy St ates in High-Temperature Superconduct ors. In: Order ing Phe-
nomena in Condensed M at ter Physics. (Eds. Z.Ì .Galasiewicz and À .Pekalski ). World
Scient ifi c, 1991, ð.2-23.

2. A ksenov V .Ü. Glassy B eh av iour of H igh-Tem p er at ure Sup er conduct or s in Ex t ernal M ag-

net i c F iel d . I n : I nt . Sy m p . on N at ure of H igh-Ò, Super condu ct or s. W or l d Scient i fi c,

1991.

~

Bogolubov N .N ., A ksenov × .Ü., Plakida N.Ì . On the T heory of High-Temperat ure Super-
conduct ivi ty. In : Selected Topics in Stat ist ical M echanics (Eds. À .À .Logunov , N .N .Âî gî -
lubov , Jr ., V .G.K adyshevsky, À .S.Shumovsky ); World Scient ifi c, 1990, ð .21-35.

~

Flach S., Plakida N.Ì ., A ksenov V .L . À T heoret ic St udy of Lat t ice Inst abi l i t ies in ÅàÑèÎ
Int .J. of M odern Phys. Â , 1990, v .4, ð.1955-1973.

5. Golub À .À ., K abanov × .Ó., M ashtakov Î .Óè. M agnet ic Exci t at ions in High-Ò, Super.
conductors. Fiz.T verd.Tå1à, 1991, ÷.33, No.6 (in Russian).
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6. Golub À.À., Kabanov VÕ ., Mashtakov Î .Óö.
conductors. Phil .Mag., 1991 (in press).
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7. K abanov V .V ., K ornilovich P.E ., M asht akov Î .Óè. Mot ion of Single Hole in the Frame-
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ð.559-566.

8. Ê àÜàï î ÷ × .V ., M asht akov Î .Óè. Coherent Hole M ot ion in High-Ò, Superconduct ors.

Fiz.Niz. Temp., 1991 (in press) (in Russian).
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