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O HexoTOpHIX DCOGEHHOCTHAX paccesHHs MeaNIeHHbIX HeHTpOHOB Ha
BonbdpaMe

AHanuINPYOTCA SKCHEPUMEHTH N0 OANPPAKUMH HEATPOHOB HA MOHOKPHC= .
ranne Bonbdpama-188 um paccesHHIO HEeTPDOHOB HA ManLle Yrab Ha NOPOMKE
TOroD X€& H30ToIna.

CymecTBoBaHHe HeGONBWOrO ADIOAHUTEBHOI'D KOT'EPEeHTHOTD pacCesHns
HeATPOHOB Ha BonbdpaMe MOTIO Gbl OGBACHATBE STH SKCNEPHMEHTEHL.

Cooﬁmeﬂue OGneyHeHHOr0 MHCTHTYTa SMEpPHBRIX HMCCJefoBaHui
Jybua, 1972

‘Alexandrov Yu.A., Ignatovich V.K. E3-6294

‘On ‘Some Peculiarities of Scattering of Slow
Neutron by Tungsten

Experiments on the diffraction of neutrons by a
single '8W crystal and the small-angle scattering of .-
neutrons by powder of '8 W. are analysed.

The occurence of a small additional coherent scatter-
ing of neutrons by tungsten could explain these experi- '

ments.

Communications of the Joint Institute for Nuclear Research.
Dubna, 1972

1. In ref. 71/ a single crystal made of a mixture en-*
riched with the '%%w ¥/ was used in studying n-e interaction
by the neutron diffraction method. , _

Integral intensity of the (hkf{) Bragg reflection per
a single cfystal plane:

Apr exp (-2 Wil )
Npg = CH (o ovzfyga, )2eyieta?0,,0(0-f, 0)% (1)
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where € is a constant, 6,y the Bragg angle, q,,. the cohe-
rent nuclear scattering amplitude, f,,¢ the atomic structure
factor, «,, the neutron-electron scattering amplitude,

A, the absorption factor, exp(-2w,,) the Debye-Weller
factor, y2etg20,,, the term taking into account the Schwinger

scattering /27,

x/For a mixture containing approximately 91% of 18w v

coherent scattering amplitude bcoh =~0.05 x 10-12 cm,while
for a natural tungsten isotope mixture b, =+0.477x10~12¢cm,



The quantity

N Sin 20 exp 2w ) .
i hkl ©*P ke )
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A ©

must linearly depend on zf .

. - 8
The measurements performed with a 31ngle1 w crystal

-for eight reflections (100), (200), (220), (310), (400),
- (330), (420) ,and (510) with neutrons, the wave length of
which A = 1.45A , show that such a linear dependence

does not hold /1/ (Fig.l) . Let us assume that the viola-
tion of the linearity is due to the additional scattering,
which makes a contribution to the Bragg peaks. We shall

write the expression (1) as follows:

V A exp(—2w ' )
P o2} hkf hkl . (3)
Sin2 6,0

2 2 2
Nhkﬂ= ¢ { (anuc+z{hkg ane)‘+.y cta ahkz,(1_fhkﬂ

where p is the additional Scattering amplitude. Taking for

@,. the value o _=-1.46.10"16 cm, corresponding to the
zero.value of the mean square electric radius of the neut-
ron /37, it'is'possible to determine the quantity p? which
is presented in Fig. 2 x/ as a function of j%}ﬁ__ . For
the employed mixture the ratio p?/b%~7-10%, therefore the

coherent additional.scattering effect is not practically
revealed by the natural isotope mixture measurements.

x/

Measurements performed with a mixture of another
.isotopic composition (b“h>'o)/l/ confirm this dependence.
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" 2. Another experiment which confirms the existence of
the amplitude p is the small-angle scéttéring which makes
it possible not only to determine the quantity p but also
to find the dimensions of the correlation domains which
account for the additional scattering. In méasuring the
8y amplitude by the method of the Crisiansen-filters /4/
one has never succeeded in obtaining the total disappear-
ance of the small-~angle scattering. This means that the
tungsten powder investigated was not homogeneous from the
point of view of the neutron scattering X/, The inhomoge-
neity can be estimated from the aperture angle Of the re-
sidual small-angle scattering. The size ot the domain ¢
which scatters the waves with the wave vector k within the
angle 0 is o ~ —%—. The experiment /4/ gives for the value
9 ~10-3 rad. and at A = 15 4 the size of the domain is

15.10-% 10° . . -

a ~ ——3;———_~02&mu The scatterlngylntegslty fqr a separate
graih of the>§bwder is defined‘by the magnitude of the dif~-

ferential cross section:

do N s> 2 . 53y 2
= (X p exp (igr; })° ~N ( [dvexp (iqr) p(Ff)) =
19 o1 P v 0 "

= NZp?v [ Q(p) exp (igp)d%

where v 1is the volume of the grain, N, ~the number of the
nuclei per unit volume of the grain, &= K-k, —-scattering
vector, p? Q (5) =p(7) p(r’ +p’) -~ the amplitude correlation func-

x/ It is interesting to note that the small-angle
scattering disappeared completely or almost completely in
the scattering by diamagnetics of Sb , Si ., Te and ap-
peared for paramagnetics of Al , Nb , Ta /57,

tion. The line means the averaging over the grain volume.
If we assume that Q(p) = exp(-p?/4a)then

do =Nopzv(20)3rr3/2exp(—t.'2/dz)- | (5)
dQ e

In ref. /4/ a beamhstriking.the pattern comes from a gap
located at a distance L=1800 mm from the detector, the
width of the beam being d = 0,75 mm. The pattern of thick-
ness.f (along-the beam direction) was placed near the gap.
The relative number of .the neutrons obtained from the di-
rect beam as a result of a small-angle scattering is-

8 =27 n,vEa M NZp?[1- 0 (ka )] (s

where n; 1is the-number of grains per unit voluﬁe of the

x 2
. pattern, ¢(x)==—£ fe’ dy -~ the error function.

7 0 :
Knowing & , from (6) it is possible to get p®. Using
the data of ref. /4/ we obtained from (6) p? = 10-28 cm?

which’corresponds in the order of”ﬁagnitude with thé value
of p? obtained from diffractibn measurements. We can also
find the angular distribution:
106) ‘
1o ‘
This expression makes it possible to determine the values

2

2 2 2
=4nn; v (Nop) a" L X exp(~k"a” 67). (7)

of ¢ and p more accurately. Unfortunately special experi-

-ments aimed at the measurement of the angular distributions

of the small-angle scattering have not been performed in
ref. /4/. ' ~

3. It may be assumed that the observed additional scat-
tering is dﬁe to, for example, concentration inhomOgenei—

ties. Putting the amplitude of the mixture to be

b, =Cb ., +(1=C7 ) by +, where €’ ~0G.1 ,

bq’and b, - @re the scattering amplitudes for the na-



tural tungsten and the %W isotope, we find' the amplitude

fluctuations

’ -12
Ab =p =AC (b, ~b5) =~AC 05107,

where A.C is the concentration fluctuatlons. Since p° ~
~10"28 cm? we find that
4 , (AcC)2- 410"

The tﬁermodynamic fluctuations cannot account for such a
large,value since for them (AC)? ~C’/ N , where N is the
number of particles in the fluctuation region. Since the
dimension of the region is ~ 0.25.10"4 cm then N- 4.108.
It is also unlikely that the concentration fluctuations
are due to the technology of preparation of the pattern.
Moreover, the hypothesis about concentration inhomogeneity
cannot explain the angular dependence of p? . It may very
likely occur that p has the magnetic nature, however to
draw definite conclusions about the nature of p , further
experiments should be set up. _

The authors are grateful to I.M. Frank and F.L.Sha-

piro for discussions.
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