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I. INTRODUCTION 

The neutron depolarization analysis represents a common 
tool for the investigation of magnetization processes to de­
rive information about domain stru~tures or large-scale magne­
tic inhomogeneities in the bulk of ordered and disordered mag­
netic materials 11-51. 

Detailed information about the magnetization distribution 
in ferromagnetic samples was so far obtained from three-di­
mensional neutron depolarization experiments 11 -51. Further 
experimental progress was achieved by use of the TOF-method 
at pulsed neutron sources which exploited the dependence of 
depolarization on neutron wavelength'6,71. 

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
Liun ~LUCLUaLlOnS CaUSeQ Oy magnetiC innomogeneltleS. 

The study of the approach to magnetic saturation of poly­
crystalline soft magnetic materials using this neutron depola­
rization technique allows one to get information 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-2 171. 
The polarization of the beam has been produced and analysed 
by polarizing neutron guides in the wavelength range from 
1,5 to 6R. 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 realiz~ a non­
collinear orientation of the incident polari~ation P0 and 
the mean magnetic induction of the sample <B> (see fig. I) 
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. 

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)/P0 (A) contains in this arrangement simulta­
neously at least two components of depolarization D~ and Dll , 
perpendicular and parallel to the ~agnetic induction: 

P(A)/P0 (A) "'DII cos2a+ D.1 sin2a cos(wA A), (1) 

.... .... 

where a is the angle between Po and <B> • The perpendicular 
component of the polarization performs Larmor precessions 
in the mean internal field <B >resulting in oscillations of 
nn1 !:lri 7!tt"i nn nn t--h~ T't,:.)1tf"'rnn T.T~.,r~1 ~not-h Ql"~1 P t.ri t-h t"hP frP011Pn-
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wA = c <B> d"" 0.04633< B >d.,where wA in(A-l] , <B> in ( T] ,d in(llm]. 
(2) 

This gives the possibility of deri·ving <B> knowing the effec­
tive sample thickness d. The depolarization quantities Dll 
and D~ depend on the domain structure p_arameters and the mean 
square inductio~ fluctuations <BTl> , <Bf > 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 18/ gives expressions for the D~ and Dll , 
but a different wavelength dependence, as it has been experi­
mentally obtained by us. In connection with the experimental­
ly obt~ined wavelength dependence and according to the 
simple classical model assumptions of Halpern and Holstein/9/ 
the depolarization coefficients 0 11 , D.1 are approximated by 
exponentials: 

P(A)I/P0 (A)= exp(-BA2)1cos2a + exp(-AA2) sin2a cos(wA· A). (3) 
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This suggested dependence corresponds, on the other hand, to 
a Gaussian distribution of induction fluctuations in the 
sample. 

The experiments were performed on (Fe5oNiso ) 96 cr 4 (195x60x 
x0.180 mm3), Mno.es4Zn0.2s2Fe2.084o4 (30xl4x0.455 mm2), Fe 98 Dy2 
(50x50x0.030 mmS) at room temperature (T = 290K). A Cd-dia­
phragm confined the neutron beam to the central part of the 
sample (10x2.5 mm2). 

3. MEASUP£MENT AND DISCUSSION 

First, the integrated depolarization (A= 2 R) 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 
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Fig. 2. Integrated polarization (A= 2 A) P/P0 as a· func-
tion of applied field, a - (Fe 50Ni60 ) 96 Cr4 , b - Mno.s6x 
xZno.2629Fe2.ousO•, c - Fe9sDY2· 
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Fig. 3. Polarization P/P0 
versus neutron wavelength 
for a certain applied ex­
ternal field, a= 45 deg., 
a - (FesoNi5o) 96Cr4, 
~oHext= 0.060 T, b-
Mno.66Zno.2629Fe 2.084304 • 
~ 0Hext = 0. 040 T, c -
Fe 98Dy2 , ~-toHext = 0.085 T. 

allow one to distinguish 
between the influences 
of different quantities. 

Additional details 
about the magnetization 
state of the sample fol­
low from the wavelength 
dependence of the pola­
rization. The measured 
polarization for cz=45 deg. 
is shown as an example 
for a certain field va­
lue fn fig. 3. The para­
meters obta1ned trom cne 
measurement for the 
(Fe50 Ni 50 ) 96 cr4 and the 

Fe 98 Dy 2 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 6% 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 -s 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 g'ives 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-
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Fig. 4. Dependence of neutron depolarization 
parameters from applied external field, <B> -
mean magnetic induction, a - angle between 
field direction and mean induction, (R/~112. 
• (<~82 >)11./ 2 I<B>- depolarization parameter 
for parallel (II ) and perpendicular {l..) com­
ponent (R - size of inhomogeneity, d - samp­
le thickness, < ~B2 > - mean square induction 
fluctuation) . 

Table 

i-JoHext <B> Cl 
(R/d)1/2(<~2>)1/2/<B> 

(•T) (T) (dea. l ( I ) I ( .l.) 

(Fe50Ni50)96Cr4 

0.21 1.02 10-1 -2 
0.928 54.0 7.11 10_2 

0.71 1.040 44.9 2.83 10-2 2.06 10_2 
1. 42 ' 1. 055 43.5 9.00 10=~ 1.04 10-3 
4.24 1.070 42.6 1.67 10 9.05 10 

--

Fe98Dy2 

I I I 9.7 !0-2 I -1 
6.34 0.631 31.0 1.0 10_2 
8.45 . 0.764 31.8 5.1 10-2 7.6 10 
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pendicular depolarization component D~ are greater t~an 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 Fe 98 Dy2 with a perpendicular anisotro­
PY resulting from the preparation pro~ess (c.f. !able and 
fig. 3c). The observed angle between H ext 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/51 . 

In conclusion, the TOF neutron depolarization technique 1s 
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 fruitful discussions. The 
ZnMn- sample was kindly provided by KWH Hermsdorf, GDR. 
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~OKYKHH E.B. H AP· E3-88-459 
HccnegoBaHHe CTaTHqecKHX $nYKTya~H HaMarHH-
qeHHOCTH B ~eppOMarHeTHKaX MeTOAOM 
genonHpH3a~HH HeHTpOHOB 

HccnegoBaHHe genonHpHsa~H HeHTpOHOB B ~eppoMarHeTHKax 
C HCDOnb30BaHHeM MeTOgHKH BpeMeHH nponeTa Ha HMnynbCHOM 
HCTOqHHKe HeHTpOHOB gaeT B03MO~HOCTh nonyqaTh HH~OpMa~HW 
0 cpegHeH HaMarHHqeHHOCTH, CTaTHqeCKHX ~nyKTya~HHX 

HaMarH~eHHOCTH H MarHHTHOH aHH30TpODHH B TOHKHX ~eppo­
MarHeTHKaX, HccnegoBanach saBHCHMOCTh napaMeTpOB genonH­
PH3a~HH OT BHemHero MarHHTHOro nonH gnH DOnHKPHCTannHqec­
KHX o6pas~oB (Fe 60Niso ) 96 cr4 , MnZn-~eppHT H Fe98 Dy2 
B o6naCTH MarHHTHOrO HaChliD,eHHH, 

Pa6oTa BbmonHeHa B Jla6opaTopHH HeHTpoHHOH ~H3HKH 
mum. 
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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 
ferromag~ets ( (FeG0Ni-0 ) 90 Crt' .:HnZn-ferrit ,and Fe 98 D4 !;! ) 
was stud1ed by analys1ng the f1eld dependence of depo­
larization pdrameters; 

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