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INTRODUCTION .. ~ 

... " 
As is known the isotope 186W has ,a small negative'nuclear co

.( 

herent scattering length / 11 in the thermal neutíon energy ran
.."\ i) ge. Due to this one can study some hyperfine effects of neut

."iJt
;, 

llO.-i.lI} 

" rron-substance interaction which are uspally concelled by strong 
/1'1 nuclear scattering. So the interaction between free neutrúns 

'i' 
n~ and electrons of tun~sten atoms (the sp-called ne-inte~action) 

" 
:-

was studied in refs. 2,3/. The reported there experiments we~e~Ijl fJo 

~~á~ 
/' 

l>;,'tÜ i 

.~ 
I carried out by the method of diffraction of slow neutrons on'>J 

'" ,J di. single crystals prepared from two isotopic mixt:ures having the 
6 10"1 '" 
1-" 'h "d 'Scattering amplitudes considerable with those of ne-interaction,f)

st, b~t ópposit~ in signo Since the tungsten i5 a paramagnetic it 
.. 

;,.~'b.lir.,.\ was expected that int~gral diffraction intensities of reflections 
of monochramatic neutrons on a set of planes (hkl) s~ould be/if'

"'''t. ,.11 1 

t f ,,~., ~l~' 
~
 

"l~ \ >
 I =K{(a+Zf a )'2B (J ,na +(hkt) , (hkr.).. 
~: ~~~" ' (I) 

exp (-W (hki ) 
2 2 20 IA ti " 

:a 
~'Ih~ 

+ (1 - f (hkf» y ctg (hkf) (hkr. ) sin20 (hkf) 

where K is the coefficient constant for alI the measured reflec
r~'1J q 

tions,a is thenuclear scattering length, Z is the number of 
A electro~s in an atam, f (hkt) i5 the atomic form-factor for tun

gsten, ano is'the scatter1n& length due to ne-interaction, 
A(hkt:) 'i s the ab so rpt i.on f ac t or , O(hkf) is the Bragg angle,,.p 

',' 
-, exp(-2W (hkf») s the Debye-Waller factor, À ás the heutron wave-í 

1 Z 2length, y'2 etg 12 O, :where .t he term y = -P.n-;., takes into account,
2 Me 

the Schwinger scatte~ing. /#, 
From eq. (1), it follows that 

:" 
\ 

( I(bkt)' sín 20 exp (2W ) 
----'---,--- - r2 etg 2 0(l - f),2] 

Ih 
- = a + Zfa ne (2} 

kA(hkf) 

should linearly depend on Zf (various consequent reflections 
lo, (hkl») and that the slope of the cur~e is due to a • Rowever~ne 

the measurement s of I(hkf) have shown that the sIopes of the 
curves for two differ~~t;.e'Pi.".~ .. f f e r by more than... -mi.x.t..Unas, d í 

(hr1tt:ahiJt·,üi.~tt KhCj ; ;'yr t. . ( .1 
"l~t~ UefjllWI eG !l~~!1,r HP;aü ,i.... ,I J " fZ!-M~ /f'''.. ... ..."'''~.~. 
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b) Measuremen~s at Li'quid Nitrogen Temperature 
ried out using var~ous ínstruments with different parameters
 

In order' to clear up the effect of temperature ~n the inten


à factor of 2. This' resu'lt was confirmed, 'in t he experiments c.ar

(geometr:y, lJlonochromators, etc.) but dperátipg i? ahollt thé 
I\J.'ity 'o f diffraction r efil ec t i ons of jieut r ons on the s ampLe.s unde r same neut r on wavelength range (À =1. 14-1 . 16 A). No .s í.mp Le reason 

-"investigation the integral intensities' of -di f f r ac t i on p eaksfor the d i.sc repancy of- exper i.ment a l, resul ts from the éxpec t e d 
dependence (1) was ''found (see ,ref's. 13,41 ) and therefore, a' hy (110), '(220), (330), (440), (550), and (660) were measured a t , 

room temperature (293 K) and at temperature of liquid nitrogenpoihesis of additional scattering,makihg~à contriputron int~
 
(about aó K). The measurements were c ar r i.ed out a t the IBR.... 30/
diffractiQn peaks was drawn in ref. 15/. Taking it into account
 
reactor by the time-of-flight method withouf ç~anging the
eq. (I) can be transfol;'med ínto 

/ geometry 9f the arrangem~nt allowing us to ~etermine s\multaneous
\ 

) 2 2 2() 2l Iy the integral intensities of six orders of reflectio~s. It 
I(hkf) = Kf(a + Zf (hkf) ane l +,(1- f(hke) Y ctg (hkf) + P l x 

was obtained that w:j.thin experimentéil er.rors below'3% the tempo
(3) ral depen~ence,of diffraction reflect~ons can be explained by• exp (-2W(hkf») 

the temperature depende~ce of the Debye-Waller faét0r in ihex A(hkl) ---- 
sin 2() (hkf) ftame of the Debye appfoximation. 

. sin () .""whe.~e p2 Ls some exponential func t í.on of --o Eq , (3) allowed. 
, À SMALL ANGLE SCATTERING OF POLARIZED NEUTRONS 'te 

'one to describe alI the experimental data and obtain the same I 
I, Small angle neutron scattering occurs due to diffraction or 

reflection of neutron wave s 011 i.nhomogene i t i es in the sample 
s Lope of t he curves for two isotopic mixtures 13/. In' re'fs./2.,51 

t.her e wa,s a l so' m~de an assumption of the magne,ti'c na ture of t'he 
hypothetical additional scattering. (e.g." domains in ferromagneti~s). The small angle s~~~tering 

on the inhomoreneities in grain~ of.tungsten powdp.r was men~id
ned~in re~. 15 . The ~~thors of the pre~ent paper have under- ' 
taken a search for small angle, scat~ering on the ttlngsten singleEXPERlMENTS WITH UNPOLARIZED NEUTRONS
 
crystal using the multiçhannel apparatu8 for sm&ll angle scat~
 

,a) ~easurem~nts Using the \Neutrons with Different Wavelength t~ring of polariz~d neutrons constructed in the Lepingrad In~ti
tute of Nuc-Lear Physics (Oa t ch í na near Leningrad, USSR~. The . 

Integral Lntens í t e s of diffractio,p reflections of neu t r on s principal parameters of the ~ppar~tus were: mean neutron ~ave


on t he' tung'sten s i ng-Le c rysta l were measured with the SPN-IOO/ 6 1 ,
 

í 

'" length <>.> = 8.8 A wi th a half width 6.>../<>.> :: 30% j the number 
Lt "'.. _ f Iof counters with the analysis of the ;cattered neutronpolariza~spectrometer (Institute ot Nuclear Physics, Rez, CSSR). ~ has 

a 2n single crystal (reflection (0002)) instead of the neutron tiQn was 20. The installation was equiped with a system ~rovi~
 

po Lar í.z í ng. Co-Fe single crystal. 'Í'he construction o f the spec

I 

ding t he polarization analysis of scattered neu t r ons in t he 
; three in t er'perpend í cul.ar d í rec t i ons :'Z "- in t he direction or' thetrometer allows one to change the wave1ength of monochroma~ic 

neutrons in the range from 0.7 to 1.6 A by, rotating the beam, X - .perpcnd í cu l a r ~o the sc a t t e r i ng plane, ,Y - in ~he
 

crystal and the, spectrometer shoulder. The integral intens1ties
 scattering plane and pe~pendiculàr to Z. The shape of neutrún 
beams wí t h oppos i t e spins directed_ in the (10+) di:rection andJ(~kl) of the three reflections (110), (220), (330) were mea

in the opposite 0 0 _ ) directiop along ~he X -axi's is 'shown in
sured. The target's wére the same samples froro: tungesten as in 

r,fs. 12,31. AlI the measurements were pe r f orrne d by the" ()-2() Fig. 1. In the d í.rec t í.ons of y, and X axes the picture is the 
;:>ame. . Imethod. The d~tector apperture artd the size of the collirnation
 

'The distributiop of the degree of neutrqn polarization defi sys t em w~re chosen to meet the conditions 0'[ measuring the to-tal
 
integral'intensity of alI the reflection~ (see, for example, , I' -I'
77 I ' ,
ref. ). 

.,~ 

ned by t he . r e La t í.on PO = 0+ O-- i s shown in the same figure.
 
10++10-- .1 ' '
Evary r e f Lec tion .í ntens i ty 1 (110) ,I (220) , and 1(330) ~as 

The s'a,Inples were prepareà both from natural tunesten ahd fromm~asured for the following neutron wavelengths 0.7; 1.1; 1.3; 
1.6 Â. W1th acco~nt for absorption and angular dependence on t ha t enriched with 9,0.7% 186 W isoto'pe. Data on t he characteris " tics L-, 1_, P of thé 'beam transmi t teci t hrough t-6ngst:;~n sampl e s ()íhkf) ,the ::esults ~were' in COihC'iden?e with those of', refs/2 ,3 )
 

are presented in Figs. 2,3. From the compa r i.s on j o f the curves i t
'W1. t h í n exper ímenta L errors not exceedj.ng 1%. \ f 
"~ ,3 

j 

I 
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d O.01~ 0,02' 411Sin91J\~-1	 Fig~l. a) The shape or the neut
ron beam leaving the installation 
for the tioo opposite epiri di
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'rections: in the direction of the 
X -axis (10 + ) and backwards 
(I 0-)' There is indicated al.onq 
the X- axis the number of tihe 
counter and the momentum trans
fer." The die tanoe betiaeen the 
countere is\ 4.1xl0 -3 rad, 
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Fig.2. Characteristics 1+ and 1 
of the beam· transmitted through 
the enricrzed tungs1<en sa.rrtple 
(. - 1.+. O - 1_) and through the 
sample Nó. 2 from natural tungs3 

een (Ll.'- 1+ • o -I_).The radiue 
of the inhomogeneities evaluated '~ ..9·..9 9:t:t-L
from the GUINIER pl.ot: of iihe o 

scattering c~e is abàutl40 A. 3 5 7 9 11 13 15 17 No 
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I' LI o	 r • oh I ' 7.I:,1.-g,3. Irie tari ut.ion of· t te 
degree of polarization of the 
bearn bransmitted through the 
sample from enriched tungsten 

0.6 

• ,throughjthe eampl.ee No.l ..... Ll0.2 
and No. 2 - O from natural tung
sten. Solid curve ,is the dis
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Table 

El.emeni: Na Ca Mg / Cu Al Fe Ni Cr Si Mo ~' ;' 

.\1	 I 

Content
 
in the
 
sample


r. " in %	 <0.01 <0.01 0.01 0.01 0.07.- 0.02 0.01 <0.01 0.06 < O~ 03 
'---

r I 

,I

~.. is seen that neutron scatter ng on ·the enriched with 186W sarnr 
i""i 

pIe occurs up to _2-3 0 and s followed by the depolàrization 
of the beam. Analogous results were .aiso obtained' tn the y' 
and Z directions. No 'Clifference in X. Y. and Z directions is 
observed within experiment~l errors. The scattering and depola
rization of the neutrQn beam is also observed for neutron,.." 
transmission through one of the samples from natural tungsten 
'(No. I). But no scattering and depolarization occured durLng 
the neutron beam transmission through another sample from na

\ t ura l. tungsten (No. 2) . 
\ A possible reason for the observed phenomenon'may be the 
interaction of neutrons w~th magnetic clusters arising due to 
magnetic impurities in the sample. Therefo~e, there was made 
an analysis of other elements Lmptrri t i.e s corrterrt in tungsten 
sam.ples. The earlier available data tr?m sQch an analysis car
ried out'by the "GOSFOND" of isotopes for the enriched tungsten 
are summar i zed in the Table. 'Since in t.he TabLe there are no 
'da~a on the content of a ferromagnetic - Co - a search for its 
microimpurities was undertaken with a REGATA/9 / apparatus in

J 

stalled at the IBR-2 reactor, JINR.' 
I < The cobalto content in tupgsten samples was determined using 

the conventional ,neutron activation technique. The investigated 
tungsten samples together with a Co standard sample were irra
diated for an hour in the active ' core of IBR-2. The Co content 
in tungsten samples was measured by measuring the radioactivity

-j
'I'	 of 60 Co isotope - a product from the 59 Co(n, y) 60 Co reaction. 

The activation of ao·Co in the tiungs t en sample and in the s t.an-' 
dard Co sample was determined with the GeLi' detector-..The . 

. areas under photopeáks of y -ray energy of the radionuclide 
,j1\ 60 Co wer e cal cu La t ed (E h 1173 keV and E = 1332" keV). As a re

.". sult we obtained: 
a) The content of Co in t he sample from tungsten enriched wí.th ' 

<1'(	 186W isotope was (0.6+0.2)%. 
b) The content of Co -in the san~le No.1 from natural tungsten 
was (0.3+0.1)% .~\1 c)NoCo was found in the tungsten sampl~ No.2.
 

I
I, So there exists a correlation between the small angle
 
I 

scattering of neutrons on tungsten followed by the neutron \ 

"	 5 
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o o.01a 0.02" 411Sln9/A,l-1 ,Fig. 4. SmaLL ang Le neutiron 

i 

scattering on Çd (a foiL 
-Igl 7' 0.05 mm tihick), • ~ 10+ , O 

1 0-' ~ - 10+ ' o - ~ o
, »: " 

\. 

beam, depolari~-'~tion and 'the
5 

conteqt of Co in tungsten samp
leso As is already mentioned 
above 'this may occur due to the 

4, 

6 Lo 

formation of magnetic clusters 
around to Co atoms , Knowí.ng 
the geometry of the experi~ent 

and the number of lncident and 
deteGted neútrons one may esti-' 
mate, the equivalent scat t er i ng 

amplitude (per an atom of: tung-

Q 11 13 '5 11 19 No s t en I i aM~ 3 .10 -14 em which co i.nc i-i 

des with the earlier e~timates made in.the analysis of neutron 
diffr~ction on tungsten ~ingle' crys~~ls /3/~ \ 

In conclusion let'~ note that small angle neutron scattering 
was alsb"Qbserved àn other nonmagnetic metaIs containing magnetic 
impurities. Fig.4 illustrates our data on smail angle scattering 

/of neutrons on a thin cadmium f o i I (- :0.5 mm) cont.a í n i.ng 'abou t 
0.5% of Fe atoms. 

'I 
ON THE 'LENGTH OF (ne) -SCATl'ERING 

lf the additional ~ifiraction scattering of neqtrons on tting~ 
sten has a magnetic nàt~re, t~en in order to find'~ne in the dif
fraetion experimepts wíth tungsten s'ingle c rys t a l s -one should 
measure t he dependence on momentum transfer of t?e magnetic s ca t 

tering formfactor connected with p2 as foll,pws ,P:== ~ r~a~. One 

may	 try to det~rmine this de~endence from the data ava~lable in
 
/3/ SinO .


feio: . Let us assume that at À-=0"663 (reflec t on (400))í 

'p2 _ O, .s í.nce the magnetic form-factor is a sharply decreasing 
function of SinO/À. Data procession under t h'i s assumption allows 

one to obtain both p2( S~O) '(see Fig.5) and a n e .:= ('-1.60~0.05)x 
xl0 -~6 em (at X 2= 1.25 * ). The ~inimal vaLúe of la I = 1,55xne
 
xl0-16 cm is found under cond í t i on that p2 ~ O (within er

* An aeeumpt.ion of "p2 = O at athev Si~ 0·/ Leade to a i-iee of X 2. 

6 

N 
I	 e 
~... Fig. 5." Dependence 'of p 2 on moI u 

ti)

.meritum branefer, ri i.e the N~ 
N-curve	 for the squareq atomic.- " . ~. 

Q. 1.5forrnfacto'Y'- of -tu;ngsten., :t~~~1 
"'fIS"	 . 

')!l~" " 
" r"'"f,1 ~i .~. rors) in the interval cónside 1 1.0
 

;' I,{, } red, and th~ maximal value i~'
 
• \ J

:\,.	 determined under the condition 
~ . 

that not Le s s than two of six1'1'~"~ ~ t
i.I' ~teen points are coming out for ,0,5 

\1 

.: ,\1 '1.:'	 " <,~ two	 errors off the function' (3) 
, ~ .. (at lah'e I = 1.65'.10-16 cm) .
 
"
 Thus the most probable value
 
"( 

of a ne obtained in ,the diffrac
'!, tion on a single crystal of
 
','
I tungsten appeared to be in con

'
 fI' '" t rad i.c t i on with the analog~us -0.5 .1
 

, value f r om neutron sc.a t t e r'í.ng on 2.5 5.0 7.5 10.0 12.5 4T1Slnen.,l
 
" t !l'I ~ I~ I nob l e gase's/10/ (-1.33+0.03) .10 -16 em) and about the same as 

I
:1	 the value obtained in fieutron.sdattering on liqàid lead and 

bis;nuth/ ll / (-1.56~0.95.10""16 dn). The value of ane is connec t ed:1 ' 
with the mean squared radius - of charge distribution in~the 

2 ' 1i2 \
neutron <r > = 3--a and with the derivative over squared t rans-:l , ,Me 2 ne	 aO(O) t2 ' I 

,·1 ferred momentum of electrical formfactor: ---- = --a .At 
,.1 \ ' ' aq 2 2Me2 ne 
,.:. a ,= -.; 1.60.10-16 we have <r 2> = -0.14 .10-26 cm 2 and ~ 

,J 

ne	 . I' I a 2q
= - 0.0231 fm 2 which coincide with the results of the analysis 

, of data on eladtic ed-scattering in the high e~ergy rang~ repor
, I • /12/ '	 .

\. t ed In r e f., . , 

..
I, CONCLUSIONS,I ~ .~ 

\' 
It is known that there appears a se~ence of states (Kondo
 , effect, sp í n -gl a s ses "~o microm~gnetic s ta t e ) in dependence on 'the
 

concent r at í.on -of marme't í.c irnouri tiés in nonmagne t i c mate r i a s s .
 
, . , ;' 3 '1 / '{) .: (e v g , , see r e f s .. 1,' 4 )~ Most' studied are at present 'the di-o1'1'1, 

~,' sordered magne t i c s *' Pd l:'-x' Fe·x \ and Pd l-x CPx' where xis. the 
:~I ,\ concent r a t í.on Fe and Co impuri ty arems , In the f a I I of 60 \ s
 fI it was e~tablished with~ihe help'of ditfuse scattering of neut
"1,
 

'v 
rons that in Pd there exí.s t s a cloud of polarized d -eleçtrons
 

11,. 'I i. of the matrix a r ound an .at çm o f, magnetic impur.i ty /15/. Ln recent 
1",,. 

* 5ystems where magnetic atoms do not form a re~Lar lattice. 

.7I \'
 
'I ,,1..
 



.. 
yearslll/ the data are obtained revealing that the magnetic 
clusters of iron atoms exist in paramagnetic phase. Their size 
is about 15 1 for the PdFe alloy. Besides these data establish 

· the existence of the quasidomain structure near the cri-

t~cal point (at To-T = 10-2 ) • The discovered 12 •3•61 in the 
. Tc . 

end of 60's additional scattering of neutrons on tungsten which 
contributed to Bragg peaks was confirmed by the observed nowa
days small angle scattering·. It seems to give evidence for the 
fact that at least some nonmagnetic metals with magnetic impuri
ties have in the paramagnetic phase a tendency of arising a 
large range ordering leading to the formation of comparatively 
large magnetic clusters (of the order of dozens of angstrem 
and more).. 

The authors wish to express their gratitude to ~.L.Aksenov, 
A.M.Balagurov, S.V.Maleev, R.P.Ozerov, N.M.Plakida, and 
B.P.Toperverg for fruitful discussions and to Jose Manrike for 
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Anexc~8 m.A. H AP• E3-85-87 
PacceRHHe MewteiiHIIIX HeATpoHo8 Ha 80JI~paMe, o6or~eHHOM 
HSOTODOM l&8 W 

fiPHBeAeKW pesyn&TaTW 3KCDepHMeHT08 C HeDOnRpH3088HHWMH 
H DOnRPH308aHIDIMH HeJhpOHaMH, BWDOJJHeHHHX Alia 811UlCHeHHa npapo
AW AODOJJHHTen~HOrO ~aK~OHHOro pacceftHHft MeAneHHHX HeftT
poH08 Ha 80~&Me, o6Hapy.aeHHoro paHee. ~enaeTca BWBOA, qTo 
8epoftTHOA npaqKHoA TaKoro pacceftRHR ftBnSPTCft MarHHTHWe Knac
Tepw, o6pas~eca 8 80~paMe 80Kpyr MHKponpHMecP.A K06an&Ta. 
[{3 HMeiOIQHXCft 9KCnepHMeHT8JJJoHIIIX AAHHWX ODpeAeneHa 8e.JIIf'IHIUl 

HaKnOHa KPHBOA sneKTpaqecKOrO ~p~aKTOpa 

--0.0231:.!: 0.0009 ~2• 

CIG . 
HeATpOHa (--.-) 2 O • 

()q.C q -

Pa6oTa 8WDOnHeHa 8 na6opaTOPHH HeATPOHHOA ~H3HXH OHXH. 

0peJIPII•'I' C)tlt.e.QN•e•HOro H•C'1'11'1'7'1'& Qep- HCc:D~.-A • .IIYCJ•a 1985 

Alexandrov Yu.A. et al. EJ-85-87 
fif.ttering of Slow Neutrons on Tungsten Enriched with 

W Isotope 

The results are reported of the experiments with polarized 
and unpolarized neutrons carried out in order to understand 
the nature of the earlier discovered additional diffraction 
scattering of slow neutrons on tungsten. The conclusion is 
arrived at that the most probable reason for it is the for
mation of magnetic clusters ·around ~ microimpurities present 

in tungsten. The value of the slope(~ of the electric 

formfactor of ~be neut~on is found on the basis of the ex

perimental data to be~- -0.0231+0.0009 fm 2• 
()q2 

The investigation bas been performed at the Laboratory 
of Neutron Physics, JINR. 
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