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INTRODUCTION

”
-

As is known the isotope !88W has a small negative nuclear co-
herent scattering length/!/ in the thermal neutron energy ran-—
ge. Due to this one can study some hyperfine effects of neut-
.ron-substance interaction which are uspally concelled by strong
nuclear scattering. So the interaction between free neutrons
and electrons of tungsten atoms (the so—called ne-interaction)
was studied in refs. The reported there experiments were
carried out by the method of diffraction of slow neutrons on
single crystals prepared from two isotopic mixtures having the
'scattering amplitudes considerable with those of ne-interactionm,
but Opposite }n sign. Since the tungsten is a paramagnetic it
was expected that integral diffraction intensities of reflections
of monochromatic neutrons on a set of planes (hkl) should be
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where K is the coefficient constant for all the measured reflec-
tions,a 1is the nuclear scatterlng 1ength Z is the number of
electrogs in an atom, f hk is the atomic form=factor for tun-
gsten, ap, is’'the scattering length due to ne-interaction,

Ankty is the absorption factor, e(hkb is the Bragg angle,
exp@%W(hkg)) is the  Debye-Waller factor, A is the heutron wave-
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length, yZctg 20, where the term y-= ; 3 5 takes into account,
the Schwinger scattering. . /
From eq. (1), it follows that
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should linearly depend on Zf (various consequent reflections
(hkl)) and that the slope of the curve is due to a__. However:
the measurements of Iakt) have shown that the slopes of the

curves for two differ topiec-mixtures differ by more than
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a factor of 2. This'result was confirmed '/in thé experiments car- o b) Measurements at Liquid Nitrogen Temperature
ried out using various instruments with different parameters 3 - _
(geometry, monochromators, etc.) but operdtipg in ahout the ‘ In order to clear up the effect of temperature on the inten-
same neutron wavelength range (A =1.14-1.16 A). Mo .simplé reason T \slty ‘of diffraction reflections of neutrons on the samples under
~ for the dlscrepancy of experimental results from the éxpected ~investigation the 1ntegra1 intensities of diffraction peaks

’ dependence (1) was found (See refs.’/3.4/ ) and therefore, a:hy- e (110), (220), (330), (440), (550), and (660) were measured at,
pothesis of additional scattering makifig*a contribution intg } room temperature (293 K) and at temperature of liquid nitrogen
diffraction peaks was drawn in ref.’®/. Taking it into account . (about 80 K). The measurements were carried out at the IBR-3Q,
eq. €1) can be transformed into reactor by the time-of-flight method without changing the

! ; geometry of the arrangement allowing us to determine simultaneous-—
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1 -Kf(a + 2t a Y-t )2y Zetg?0 + p2ix ly the integral intensities of six orders of reflectiops. It i
(nkf) (hkl) “ne (hkf) (hkf) was obtained that wjthin experimentdl errors below 3% the tempo-—
. exp (=W yyp)) (3) ral dependence, of diffraction reflections can be explained by '
Auml) ’ , - " - the temperature dependeyce of the Debye-Waller fadtor in the
sin 20 ypye) ‘ frame of the Debye approximation. :
where p2 is some exponential function of —lgﬁn Eq. (3) allowed . -
’ A SMALL ANGLE SCATTERING OF POLARIZED NEUTRONS ’

‘ v
one to describe all the experimental data and obtain the same

slope of the curves for two isotopic mixtures’3/. In refs:/2:5/
there was also made an assumption of the magnetic nature of the
hypothetical additional scattering. ~ /

Small angle neutron scattering occurs due to diffraction or
reflection of neutron waves on inhomogeneities in the sample
(e.g., domains in fefromagnetics). The small angle scattering
on the inhomogeneities in grains of. tungsten powder was mentio-—
ned ~in ref. /%7 The aythors of the present paper have under-'
taken a search for small angle. scatterlng on the tungsten single
crystal using the multighannel apparatus for small angle scat-
tering of polarlzed neutrons constructed in the Leningrad Insti-
tute of Nuclear Physics (Gatchina near Leningrad, USSR). The
principal parameters of the apparatus were: mean neutron wave-
length <A>=8.8 & with a half width AA/<A> = 30%; the number
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EXPERIMENTS WITH UNPOLARIZED NEUTRONS

ra) Measurements Using the ‘Neutrons with Different Wavelength

Integral intengities of diffractiop reflections of neutrons
on the tungsten single crystal were measured _with_the SPN-100 6/

spectrometer (Institute of Nuclear Physics, Rez, CSSR). It has / ‘of counters with the analysis of theé scattered neutronpolarizaﬁ
a Zn single crystal (reflection (0002)) instead of the neutron : tion was 20. The installation was equiped w1th a system provi~-
polarizing. Co-Fe single crystal. The construction of the spec- ' . ding the polarization ana1y31s of scattered neutrons’ in the
trometer allows one to change the wavelength of monochromatic ¢ three interperpendicular directions:Z-- in the direction of the
neutrons in the rangé from 0.7 to 1.6 A by rotating the - :g beam, X - perpendicular to the scattering plane,.Y = in the
crystal and the. spectrometer shoulder. The integral intensities v scattering plane and perpéndlcular to Z. The shape of neutron |
Iamg) of the three reflections (110), (220), (330) were mea- ﬂi beams with opposite spins directed in the (Ip, ) direction and
sured. The targets weére the same samples from tungesten as in in the opposite (I, ) directiop along the X -axis is 'shown in
. refs./23/, All the measurements were performed by the 6-20 ; Fig.l. In the d1rect10ns of ¥ and X axes the picture is the
method. The detector apperture and the size of the collimation & pame. ' - ’
( system were chosen to meet the conditioms of measuring the total ‘The distribution of the degree of neutron polarization defi-
1ntegral‘1nten51ty of all the reflections (see for example, T . L Igy =T . . ‘
ref. ). ned by the.relation P = ~—————— 1s shown in the same figure.
' Every reflection 'intensity I“JO) s 1220) , and 1330) was I o I0+ +IO— )
measured for the following neutron’ wavelengths 0.7; 1.1 1.3; ; ~ The samples were prepareﬁsgoth from natural tungsten and from
1.6 ﬁ' With account for absorptlon and angular dependence on that enriched with 90 7% W isotope. Data on the characteris-
: Orugy » the Tesults were in coincidence with those of refs/23) 1 ties 1, 1_,P of tbe beam transmitted through tangsten samples
within experimental errors not exaeedlng 17. " ) are presented in Figs. 2,3. From the comparison, of the curves it
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d 0012 002 Lngnaqx1 Fig.1. a) The shape oOf the neut-
' ron beam leaving the installation
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Fig.2. Characteristics 1, and I_ 4}
of the beam transmitted through
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the enriched tungsten saniple

for the two opposite spivi di—
“rections: in the divection of the
X —axis (,,) and backwards

Ay ) There is indicated along
the ZX-axis the number of the
counter and the momentum trans-
fér. The distance between the
counters is\4. Ix10 8 rad.
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a6} Fzg,3. Distribution of the

degree of polarization of the
04t beam transmitted through the
sample from enriched tungsten -

ozt e , through,the samples No.1 —A

' and No.2 - 0 from natural tung-

ol s . L sten. Solid curve is the dis-
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Element Na Ca Mg/ Cu . Al Fe N2 Cr Si Mo’

Content

in the

sample : '

in % <0.01 <0.01 0.01 0.01 0.07 0.02 0.01 <0.01 0.06 <0.03

P

is seen that neutron scattering on the enriched with!8W sam-
ple occurs up to ~2-3° and is followed by the depolarization
of the beam. Analogous reésults were also obtained in the Y

and Z directions. No difference in X,Y, and Z directions is
observed within experimental errors. The scattering and depola-
rization of the neutraon beam 1is also observed for neutron
transmission through one of the samples from natural tungsten
‘(No.1). But no scattering and depolarization occured during

the neutron beam transmission through another sample from na-

\tural tungsten (No.2).

A possible reason for the observed phenomenon’ may be the
interaction of neutrons with magnetic clusters arising due to
magnetic impurities in the sample. Therefore, there was made
an analysis of other elements impurities content in tungsten
samples. The earlier availablé data from such an analysis car-
ried out by the "GOSFOND" of isotopes for the eariched tungsten
are summarized in the Table. 'Since in the Table there are no
‘data on the content of a ferromagnetic - Co - a search for its,
mlcr01mpur1t1es was undertaken with a REGATA’?/ apparatus in-
stalled at the IBR-2 reactor, JINR."

The cobalt. content in tungsten 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
of 80Co isotope - a product from the 590001y)6000 reaction.
The activation of 8%Co in the tungsten sample and in the stan--
dard Co sample was determined with the QGeLi detector. The °
-areas under photopeaks of y —ray energy of the radionuclide .
80Co were calculated (E = 1173 keV and E = 1332"keV). As a re-
sult we obtained: ’

a) The content of Co in the sample from tungsten enriched with’
188w jisotope was (0.6+0.2)7.

b) The content of Co in the sample No.! from natural tungsten
was (0.3+0.1)7. :
c)NoCo was found in the tungsten sample No.2.

So there exists a correlation between the small angle

scattering of neutrons on tungsten followed by the neutron'
t
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' ' ' scattering on Cd (a foil - Frg.s. l?ep endence ‘Sf L ovzhmo 'g" \
1ot | 1. / » 0.05 mm thick). 8=1, , O - . -mentum transfer. fy 18 the o \
I A =1 o~ + ‘ curve for the squared atomic o~ \
. sb | 0:’ AN . formfactor of ‘tungsten. ST ‘\ .
‘ » \
- \
51 . beam depoiaélz:iltutm an? the _ rors) in the interval conside- 10 \ T
;ontezt ° ‘; 1nd ungsten ngp red, and thé maximal value is, . \
e es. As is already mentione determined under the condition AN
‘ ) ?bove this rgay occur dui tz the that not less than two of six— \\/f: A
in ormaslon(oj mignetlli clus ers .teen points are coming out for 0S5 o -
- . ~,
rrovmd ro o atoms Kowwing 1 eue'efvon o the fynction 3 |
g y, <P A (at |ag,| = 1.65-10 cm).
i and the number of incident and : Thus the most probable value J
i detected neutrons one may esti-- "o of a obtained in the diffrac- 0 —
mate the equivalent scattering o tionneon a single crystal of , \
- amplitude (per an atom of, tung- ;“ tungsten appeared to be in con-
T N S B T A B I | < , - Y . . . . . .
7 8 1 13 15 &7 19 N, sten): aM_.3.]o 14 om which coineci-: TN tradiction with the analogous .05 ) . i )
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des with the earlier estimates made in.the analysis of neutron . value from neutron scattering on 25 50 75 100 125 ,gsinesa,k
diffre}ction on tungsten ‘single’ crystals 8/ ol ¥ noble gases/10/ (-1, 33+0.03) . 10\'16 cm) and about the same as

In conclusion let'd note that small angle neutron scattering gy . the value obtained in heutron scattering on liquid lead and

’ \ . . o o »
was alsb ‘observed on other nonmagnetic metals containing magnetic

bismuth/1/ (-1.56+0. 05. 10-18 c¢hy. The value of a,e 1S connected ’
impurities. Fig.4 illustrates our data on small angle scattering

with the mean squared radius - of charge distribution in the

B
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of neutrons on a thin cadmium foil ( ~ 0.5 mm) containing about neutron <r2> = 3—La and with the derivative over, squared trans-
0.57 of Fe atoms. . . g2 ne 3G(0)_ ’52 !
. 4 - ferred momentum of electrical formfactor: -— B AL
- - ') : 16 2 266q2 2 , 2Me? “3 0
P B ' a == ‘ - = - . = =
ON THE LENGTH OF (ne) ~SCATTERING ‘ o .. Pne==1.60:107 we have <r® = =0.14 .10 cm” and =5
. P = - 0.0231 fm? /Wthl’L coincide with the results of the analySLS
If the additional diffraction scattering of neutrons on tung- Lo of data on elastic ed scattering in the high energy range repor-—
sten has a magnetic nature, then in order to find 3ge in the dif- ! . ted in ref, .y
fraction experiments with tungsten single crystals -one should .o . A
measure the dependence on momentum transfer of the magnetic scat- ”~ ; ‘ ) .
1 -
tering formfactor connected with p? as follows P _%—f}i 5 One - ‘v, MCONCLUSIONS - ot
' Y
may try to determine this dependence from the ddta available in \, It is known that there appears a sequence of states (Kondo
. /8/ sind . . ' effect, spin glassesx micromagnetic state) in dependence on the
}ef. - Let us assume that at A =0:663 (reflection (400)) A ¢ .concentration 'of magnetic impurities in nonmagnetic materials.
p? = 0, since the magnetic form-factor is a sharply decreasing b (e.g., see refs../13 14/ )} Most' studied are at present the di-
function of sind/A. Data procession under this assumption allows &'V sordered magnetics * Pd, x> Fe; ' and Pdy_, Co,, where x is the -
. in9 . A HEEN concentration Fe and Co 1mpurity atoms. In the fall of 60's
to obtain both p2 SN0y .(see Fig.5) and a__ = (~1.60+0.05)x ‘ . . . ) . o
one _i6 i p™ A ¥ ( 'g . ) ne ( - ) ) ‘,,h' it was established with,the help of diffuse scattering of neut-
x10 cm (at x 2= 1.25*). The minimal value of lae I = 1,55x ., rons that in Pd there exists a cloud of polarized d-electrons
x1071® cm is found under condition that p2? » O (within er- AN ‘ of the matrix around an atgm of magnetic impurity’/!%/. In recent

P -

* an assumption of p'2 =0 at other 51)’%-0.1 leads to a rise of x2.

6 ' ' \

. * Systems where magnetic atoms do not form a regular lattice.
foe - ) ! .i L - . ) . - . : i
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