
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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