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1. INTRODUCTION

The neutron depolarization analysis represents a common
tool for the investigation of magnetization processes to de-
rive information about domain structures or large-scale magne-
tic inhomogeneities in the bulk of ordered and disordered mag-
netic materials’1-%

Detailed information about the magnetization distribution
in ferromagnetic samples was so far obtained from three-di-
mensional neutron depolarization experiments =%/, Further
experimental progress was achieved by use of the TOF-method
at pulsed neutron sources which exploited the dependence of
depolarization on neutron wavelength 8.7/,

The aim of this work was to demonstrate that the analysis
of neutron depolarization with respect to the wavelength de-
pendence gives the possibility of obtaining simultaneously
the value of the mean -magnetic induction, its orientation
relative to the external field direction and the magnetiza-
tion fiuciuacions caused by magnetic innomogenelities.

The study of the approach to magnetic saturation of poly-
crystalline soft magnetic materials using this neutron depola-
rization technique allows one to get 1information about the
stress or defect induced magnetic inhomogeneities.

2. EXPERIMENTAL METHOD

Neutron depolarization measurements were carried out using
the TOF-spectrometer SPN-1 at the pulsed reactor IBR-2 /7/,
The polarization of the beam has been produced and analysed
by polarizing neutron guides in the wavelength range from
1,5 to B6A. During the transmission of the beam polarized
perpendicular to the propagation direction of the neutrons,
the polycrystalline rectangular sample was placed between the
pole-pieces of an electromagnet. In order to realizeg a non-
collinear orientation of the incident polarization Py and
the mean magnetic induction of the sample <B> (see fig. 1)
it has been adjusted a fixed angle a between the sample sur-
face and the external field direction. In the case of a soft
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& Fig. 1. Scheme of measuring
method.
Hext.% magnetic thin plate-like samp-

le the magnetization directi-
on was, therefore, mainly in-
dented by the form anisotro-
py described by demagnetiza-

tion tensor.

One has to keep in mind,
however, that the magnetiza-
tion behaviour of the sample
changed also due to demagneti-
zation effects. It can be shown, that the measured neutron
polarization P(A)/P (M) contains in this arrangement simulta-
neously at least two components of depolarization D, and DH s
perpendicular and parallel to the magnetlc induction:
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P(A) /P, (,\)=D”cos2a+ D, sin®a co8 (@, A) (1
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where a is the angle between Py and <B> . The perpendicular
component of the polarization performs Larmor precessions
in the mean internal field <B> resulting in oscillations of

nnlarizatinn Aan the noutran wavelenoth arale with the freanen-—
nalarizatian o Fh ALbh ofal ] [ en
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=¢ <B>d=0.04633< B >d ,where @y in[A3], <B> in [ T] ,d in{um],
(2)
This gives the possibility of deriving <B> knowing the effec-
tive sample thickness d. The depolarization quantities D
and D, depend on the domain structure parameters and the mean
square induction fluctuations <B?:>, <B¢> parallel and per-
pendicular to <B>, respectively, and the mean size of inho-
mogeneities R.

A recently developed scattering theory of neutron depola-
rization for arbitrary orientations of P0 and <B> and small
depolarization effects’8/ gives expressions for the D, and D”
but a different wavelength dependence, as it has been experi-
mentally obtained by us. In connection with the experimental-
ly obtained wavelength dependence and according to the
simple classical model assumptions of Halpern and Holstein/9%/
the depolarization coefficients D, , D, are approximated by
exponentials:

“x

P()\)| o (A) = exp(- BA%)icos?a + exp(~AA2) sinZg cos(wy-A). 3)

.ﬁ

This suggested dependence corresponds, on the other hand, to
a Gaussian distribution of induction fluctuations in the
sample.

The experlments were performed on (Fe50N150)96Cr4 (195x60x
x0.180 mm ), Mng a54Zn¢_ geeFes 08404 (30x14x0.455 mm 2y, FeggDys
(50x50x0.030 mm3) at room temperature (T = 290K). A Cd-dia-
phragm confined the neutron beam to the central part of the
sample (10x2.5 mm?).

3. MEASUREMENT AND DISCUSSION

First, the integrated depolarization (A= 2 &) ~ was mea-
sured as a function of applied field (fig. 2) with a= 0. It
clearly indicates in a qualitative manner the different ap-
proach to saturation for the three considered materials. In
the region of domain wall motion the depolarization change
is considerable. As expected also from the magnetization cur-
ve in the region of "technical" saturation, smaller changes
in the mean polarization value due to magnetization fluctua-
tions were observed. This mean depolarization effect does not

N0
/__.,‘__7_,(__,,_,‘—-«-*-“
an®
o 0 deg T
~ -
o0 1
— 003 004
<10 .
N | / |
E C
fﬁ — -
o oc =0 deg B
a
0 i |
0 01 02 03
FhHext‘T)

Fig. 2. Integrated polarization (A = 2R ) P/P as a' fune—
tion of applied wad a — (FegoNigy)ggCry, b — Mng gpx
XZng,0820F€2.084304, ¢ — FeggDy,.
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Fig. 3. Polarization P/P
versus neutron wavelengt?'z
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(Feso Ni 50)96 Cr4 and the
FeggDy, sample are summarized in the Table. The derived field
dependence of depolarization parameters using a least square
fit procedure according to eq. (3) for the MnZn-ferrit is
shown in Fig. 4. The obtained <B> curve with a small slope
shows the typical approach to saturation under the action of
an external field, and its value for the MnZn-ferrit sample
is 67 higher than that resulting from the macroscopic measu-
rement. An essential advantage of the TOF-depolarization mea-
surements is the determination of the mean saturation induc-
tion with a high accuracy of about 10-3 and without calibra-
tion procedures.

The field dependence of the angle a characterizes in the
considered case the shape induced anisotropy. Especially at
low external fields the demagnetizing field gives a remarkab-
le contribution to the resulting guide field outside the sam-
ple. Further, at saturation the direction of magnetization is
aligned in the sample plane. In this field range the magneti-
zation fluctuations are not canceled down. It can be seen that
in this case the fluctuations which are contained in the per-

4

ternal field, a= 45 deg.,

::0_5 T L T ds
907 3 —® -~
o ~05|- o Bls
[ [24]
380' g . h s e
v | 204t MnZn-ferrit | .
601 S o o
203} e S
— S ~
404 e
02}
204 d2
ot}
L
0 1 1 1 0
0 0.01 Q02 003 0.04

Fig. 4. Dependence of neutron depolarization
parameters from applied external field, <B> -
mean magnetic induction, a — angle between
field divection and mean induction, (R/d)1/2-

. (<AB®>)1/2 /B> - depolarization parameter
for parallel (|l ) and perpendicular (L) com—-
ponent (R - size of inhomogeneity, d — samp=
le thickness, <AB®> - mean square induction
fluctuation).

Table
1/2 2. 1/2
u H B> a (r7d) V2 caB%>) 2 ¢m>
o ext
(aT) (T) (deg.) n (1)
i c
(Fe oNigo) 96T ,

-1 7.11 1072
0.21 0.928 54.0 1.02 10", 1107,
0.71 1.040 44.9 2.83 107, 2.06 02
1.42 < 1.055 43.5 9.00 107} 1.04 10_%
4.24 1.070 42.6 1.67 10 9.05 10

FeogD7;

-2 -1
6.34 0.631 31.0 9.7 10, 1.0 107,
8.45 . 0.764 31.8 5.1 10 7.6 10




pendicular depolarization component D, are greater than those
in the parallel one. As we get from oscillation frequency the
mean induction < B> comparable with the macroscopic measured
one, a domain structure with opposite magnetization directions
can be excluded. It means, that mainly magnetization fluctua-
tions due to orientation distribution of crystallites or lo-
cal imperfections determine the depolarization. This is not
the case for sputtered FeggDyy with a perpendicular anisotro-
py resulting from the preparation progess (c.f. Table and
fig. 3c). The observed angle between Hext and <B> and the
value of <B> indicates in the considered field region, that
still exists a domain structure with mean magnetization out
of plane. Detailed information about the domain structure
could be obtained by changing systematically the beam direc-
tion relative to the sample surface /5’

In conclusion, the TOF neutron depolarization technique is
suitable for the study of the magnetization state of bulk
ferromagnetic materials. The neutron depolarization in the
region of saturation of high permeability polycrystalline ma-
terials is caused by imperfections which are responsible for
induction fluctuations. Analysing the wavelength dependence
one gets simultaneously information on the mean induction and
the disorder,

We are grateful to J.Weniger for frultful discussions. The
ZnMn - sample was kindly provided by KWH Hermsdorf, GDR.
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JDoxykun E.B. u gp. E3-88-459
HcenmepgoBaHHe CTaTHUECKHX GnykTyauuid HaMarHa-—
YEeHHOCTH B (GeppoOMarHeTHKax MeTOAOM
OEenoJisApu3alHH HEeHTPOHOB

HcenepoBaHue OenojiipH3alud HeHTPOHOB B deppoMarHeTHKax
C HCHOJIL30BaHHEM MeTOIHMKH BpEeMeHH IIpoJjieTa Ha HUMIIYJIbCHOM
HCTOYHHKE HEeHTPOHOB [aeT BOSMOKHOCTH ITONyYaThk HHOOpMALHK
O cpepHell HaMArHHYeHHOCTH, .CTAaTHUYECKHX. O¢nykryauuax
HaMarHH4eHHOCTH M MATHHUTHOH aHU3O0TPONMHH B TOHKuHX ¢deppo-
MarsHeTHkax. HccrnepmoBanachs 3aBHCHMOCTH l1apaMeTpOB [OEeNONIA—
PH3alM¥ OT BHEMHEero MAarHHTHOTO MOJA AJIA MOJHMKPHCTAaIIH4YeCc—
kux o6pasnoB (FeggNigg )gq Cry, MnZn—deppur u Fegg Dyp
B 061aCTH MarHHTHOI'O HAaChINeHHd.

Pa6oTa BmmomHeHa B JlaBopaTopuu HeHTpPOHHOM &uU3HKH
OUsH.

Ipenpunt O6®enMHEHHOr0 MHCTHTYTA AREPHBIX ncclefopaHuil. Jlybua 1988

Dokukin E.B. et al. E3-88-459
Neutron Depolarization Study of Static
Magnetization Fluctuations in Ferromagnets

Neutron depolarization studies using pulsed polarized
neutrons have been performed to get information on mean
magnetization, static magnetization fluctuations and
magnetic anisotropy in plate-like ferromagnetic samples.
The approach to magnetic saturation of polycrystalline
ferromagnets ((Fe Ni o) Cr MnZn-ferrit,and FeggD 42 )
was studied by an;iy31ng the f1e1d dependence of depo-—
1ar1zat10n pdrameters.

The investigation has been performed at the Labora-
tory of Neutron Physics, JINR.
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