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Polarized-neutron diffuse-scattering measurements were made on Ni-rich NiMn alloys to determine the
distribution of magnetic moments in this system. At 5-at. % Mn, the individual moments are
(3.SO + 0.13)p,~/Mn and (0.584 + 0.013)p,~/Ni assuming no conduction-electron polarization. Both
moments decrease with increasing Mn content and attain values of'(1.10+ 0.04)p.z/Mn and

(0.300+ 0.013)p,~/Ni at 20-at. % Mn. Near-neighbor magnetic-moment correlations appear in the
scattering functions simultaneously with the decrease in moments, and, since the cross sections are
dominated by the Mn contribution, this indicates that the ferromagnetically aligned Mn moment is

strongly dependent on near-neighbor environment. The actual moment dependence on environment was

not determined but this is not simply a matter of the number of Mn nearest neighbors as has been

assumed in previously proposed competing interaction models. The Mn and Ni moments exhibit
different relative magnetization behavior with a stronger temperature dependence for the Mn moment.
This behavior is consistent with the quasi-independent local-moment model with an impurity-host to
host-host coupling ratio of about 0.3.

I. INTRODUCTION

The magnetic behavior of NiMn alloys provides
a classical example of a system with competi'ng
interactions. The magnetization of the quenched
alloys increases linearly with Mn content to about
6 Pp Mn, reaches a maximum at 10'Pp Mn, and then
decreases rapidly above 10/0 Mn and approaches
zero near 25 jp Mn. ' Above 15/p Mn the magneti-
zation becomes order dependent with the most dra-
matic effects occurring in the 25k-Mn region.
(Here, and throughout this paper, the Mn content
is expressed in atomic percent. ) This anomalous
behavior has been interpreted in terms of a near-
est-neighbor molecular-field model with antifer-
romagnetic MnMn and ferromagnetic NiNi and
NiMn interactions. According to this model, the
magnetic moment at a given Mn site aligns parallel
or antiparallel to the Ni moments depending on the
net effective field exerted by the nearest-neighbor
environment of that atom. Alternatively, the com-
peting interactions might lead to a canting of the
Mn moments rather than to spin reversal. ' In
either case the composition and order dependence
of the magnetization can be reproduced with prop-
erly selected parameters. If such Mn-moment
fluctuations with near-neighbor environment ac-
tually occur, then the magnetic diffuse scattering
of neutrons from these alloys should exhibit a K
dependence characteristic of these spatial-moment
correlations. No such K dependence was observed
in previously reported neutron measurements, 0

but these were made with unpolarized neutrons for
which the magnetic diffuse cross sections are
quite small. We report here the results of mea-
surements carried out with polarized neutrons for
which an order-of-magnitude enhancement of the

cross section is obtained. Some of these results
were described earlier. "

II. EXPERIMENT

With incident neutrons polarized parallel and
antiparallel to the sample magnetization and per-
pendicular to the scattering vector, the magnetic
disorder scattering from a binary ferromagnetic
alloy is given by

Here, c is the fractional solute content, 4b and
Ap are the differences in nuclear and magnetic
scattering amplitudes of the constituents, and the
a sign refers to parallel and antiparallel polariza-
tion. The magnetic amplitude difference is related
to the moment difference by

&p=0. 2695 f (K) np, (2)

in which f (K) is an appropriate form factor. For
polycrystalline samples, the scattering function is

S(K) =1+Ps, o(ft, ) (3)

=c(1 —c) S{K)(4b +ap') (5)

in which z, is the number of neighbors in the ith
shell and the e's are short-range-order (SRO) pa-
rameters defined by

(4)

Here, P" (R, ) is the probability of finding an A
atom at distance A, from a I-' atom. The sum and
the difference of the two cross sections are
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etry with a vertical magnetizing field. The diffuse
intensity inside of the first Bragg reflection was
measured with incident neutrons polarized parallel
(spin-up) and antiparallel (spin-down) to the applied
field. The marked spin dependence of the scatter-
ing is illustrated in Fig. 1, which shows the scat-
tered intensity of spin-up and spin-down neutrons
from pure Ni and from a Ni-20/g Mn alloy at 4.2 'K
in a magnetizing field of 20 kOe. For pure Ni this
intensity contains contributions from incoherent,
thermal diffuse, and multiple Bragg scattering.
Of these, only the last is spin dependent, and the
different scattered intensities for the two spin
states merely reflect the more effective Bragg
scattering of spin-up neutrons. The scattered i~-
tensity from the alloy contains these three terms
plus the spin-dependent disorder scattering de-
scribed in Sec. II. Clearly, the disorder scatter-
ing is the dominant spin-dependent effect for this
system.

The observed intensities were corrected for in-
strumental background, incomplete incident polari-
zation (& 1%), and sample depolarization (-1%) and
converted to absolute cross sections by calibration
with a standard V scatterer. The resulting sum
and difference cross sections are shown in Figs.

FIG. 1. Diffuse scattering of polarized neutrons from
pure Ni and from a Ni-2Q-at. %-Mn alloy at 4. 2 K.

and

cfo

dA dQ dA

1.2

1.0

0.9

l

Ni 20'7a Mn

and these should have the same S(K) dependence if
the binary model applies to the system. However,
if there are moment variations with local environ-
ment, then the binary model is not appropriate and

g (do/dQ) and 4 (do/dQ) may have quite different
K dependences.

III. EXPERIMENTAL RESULTS

A. 4.2'K
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Polarized-neutron diffuse-scattering measure-
ments were made for Ni and for NiMn alloys con-
taining from 5 to 20 at. % Mn. The samples were
polycrystalline plates of 2-mm thickness which
had been machined from arc-melted drop-cast in-
gots, annealed for 24 h at 1000 'C and then quenched
to room temperature. Electron probe and x-ray
analyses showed them to be macroscopically homo-
geneous and single-phase fcc with lattice parame-
ters in good agreement with the literature values.
The samples were mounted in the polarized neutron
spectrometer in symmetrical transmission geom-
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FIQ. 2. Sum cross sections at 4. 2 K. Fitted curves
are for one (- ~ —~ ), two (- —-) and three ( ) SRO
parameters. Mn content shown for each data set is
atomic percent.
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FIG. 3. Difference cross sections at 4.2'K. Dashed
and solid curves are fitted with one and two order parame-
ters, respectively. Mn content shown for each data set
is atomic percent.

2 and 3.
The sum cross sections have been corrected for

the thermal diffuse scattering, which is small and
readily calculable, but still contain the incoherent
and multiple Bragg terms which we assume are
independent of K. Since 4b~ is typically an order
of magnitude larger than gapa for this system, we
neglect the hp term in Eq. (5) and fit, by the meth-
od of least squares, the observed sum cross sec-
tions to the equation

o(Rz) values are consistent with the Cu, Au type of
order that develops in this system near 25/p Mn.
%e note that these SRO parameters should be taken
with some caution since they are obtained from
polycrystalline data over a limited region of K
space. Nevertheless, they are adequate for our
purpose here, since we are primarily interested
in a comparison of the S(K) functions from g(do/dQ)
and 4(do/dA). As can be seen by reference to
Fig. 2, the shape of S(K) in the region where data
were obtained is largely determined by n (R,).

For the difference cross sections the instrumen-
tal background, incoherent and thermal diffuse
scattering cancel in taking the difference. Multiple-
Bragg-scattering corrections are required and
these were calculated by standard methods, "using
the observed spin-dependent transmissions. Al-
though these calculations are only approximate, a
measure of their reliability is provided by the ob-
served effect in pure Ni. Measurements were
made on four different samples of Ni which had
been heat treated in the same way as the alloy
samples. The observed multiple-Bragg-scattering
effect showed no K dependence for any of the sam-
ples and varied in magnitude from 30 to 52 mb
while the calculated effect was 46 mb. The calcu-
lated corrections for the alloys vary from about
50 mb at 5% Mn to 10 mb at 20% Mn. The correct-
ed n(do/dA) were fitted to Eq. (6) with parameters
e(R, } „and ap(0), the magnetic scattering ampli-
tude difference at K=O. This requires a form-
factor assumption and we have used f (K) = e "'r,2
which closely approximates the Mn' form factor
over the present region of K. The fitted curves
and the corresponding parameters are given in
Fig. 3 and Table II. Comparison of Tables I and
II shows two regions of magnetic behavior for
these alloys. Below 10'Fp Mn, Dp(0) is large and
a(R, }= e(R, ) ~. The binary model is valid in this

TABLE I. Positional SRO parameters of NiMn alloys.

Z —(K) =C+c„,cM, &b S(K),
do'

with fitting parameters C and o(R,). The fitted
curves are shown in Fig. 2 and the corresponding
SRO parameters are given in Table I as a function
of the number of SBO parameters included in the
fit. Here, the rms deviation of the fit is in milli-
barns/(data point) and this should be compared with
the statistical error of +4 mb/(data point}. The
SRD parameters are small and essentially indepen-
dent of the number of parameters included. Only
for the 201-Mn alloy does inclusion of a second-
neighbor parameter significantly improve the fit.
At this composition the negative n(R, ) and positive
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+ 0.01
+ 0.03
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TABLE II. Magnetic-cross-section parameters of
NiMn alloys at 4.2'K. )

sinKR,
ERi

(lo)

Q. 786
0.786
0.785

0.715
0.715
0.712

—0.04
—Q. 04
-O. 04

—Q. 10
—0.09
—0.08

At. % Mn ~(0) ~(R&)

—0.03 +0.01
0. QQ

+ 0.06 —0.01
+ 0.04

1.6
1.7
1.7
1.7
1.8
2.4

rms dev.
~(R2) G (R3) 1mb)

for the NiMn(n) pairs and a similar expression,
but with a(R&, n, n ), for the Mn(n)Mn(n ) pairs.
In this fcc system each atom has 12 nearest neigh-
bors, so the probability of finding a Ni atom at dis-
tance R, from a. Mn(n) atom is just —,'2n, i. e. ,

P N i Mn (n )(g ) (»)
so that

20

0.448
0.448
0.443

Q. 215
0.216
0.212

—0.17
—Q. 16
—0.14

—0.26
—0.25
—0.20

+ 0.14 —0.01
+0.12

+ 0.27 —0.02
+0.19

2.2
2.3
4.8

2.9
3.1
5.1

PN&Mn&n&(R )~(~„n) =1—
CNj

= 1 —n/12 c„, .

The sum cross section becomes

(12)

region. Above 10% Mn, 4p(0) decreases sharply
with Mn content and e(R&) c &r(R&) «. The large
values of &(8,) „indicate a breakdown of the bi-
nary model in this region and magnetic correlations
at nearest-neighbor distances. T he simultaneous
occurrence of these correlations with a decreasing
AP(0) suggests a moment reorientation as in the

competing-interaction models. We now consider
the cross sections to be expected for such models.

We consider a model in which the Mn moment is
a function of n, the number of Ni nearest neighbors
of that atom. The system is then a binary alloy
from the nuclear -scattering viewpoint, but, mag-
netically, is a multicomponent alloy with Ni and

Mn(n) magnetic atoms. The neutron cross section
will accordingly contain terms for all NiMn(n) and

Mn(n)Mn(n') atom pairs. We define the magnetic-
amplitude difference terms, hp(n) =p„,&„&

—p„,
and 4p(n, n') =p„,&„&

—p„„„,& and write the cross
sections as

~ der~—„„(K)=c„,c g P(n) [~b'+~P(n)']S(K, n}

do
dE —= 4 c„,c„,r b g P{n)AP(n) S(K, n),

n

(14)

and can be expanded to show that the fitted param-
eters of Table II are related to the model param-
eters by

~p(0) = p P(») ~p(n) = (~p}

+-,'cM, QQP(n) P(n')

x r P(n, n'}'S(K, n, n'),

and, to a first approximation, the magnetic terms
can be neglected because of the concentration fac-
tor in the double sum and since Ab~» hp(n)~. The
sum cross section then describes the positional
SRO, since $„P(n) S(K, n) =S(K}. The difference
cross section contains only N1Mn(&&) terms,

{K)=c„&cM,g P(n)[&b +Ap(n)] S(K, n)
n o(R ),=hp{0) 'g p(n) r&p(n) (Ro„n) .

+ —,'cM, Pn P n
n n

xap(», »)' (S,Kn, n'),

in which cM„&„&
= P(n) cM„and

P(&) =,{, ', ]ll - o(R,)]c„,j"
121

k M, + o (R&)cw& ]

is the probability that a Mn atom has n Ni nearest
neighbors. The scattering functions are now de-
fined for each of the atom pairs. These are

S(K, n) =1+12o(R„&&)

Although these parameters do not define the mo-
ment distribution ap(n), they can be used to test
the validity of possible nearest-neighbor models.

For this test we need the nearest-neighbor atorn-

ic distributions and the intrinsic Mn and Ni mo-
ment values. The atomic distributions are ob-
tained by insertion of the SRO parameters of Table
I into Eq. (9), while the Mn and Ni moment values
are obtained by combining the neutron data with

magnetization data. The neutron data yield

p(0) = (&p) = 0.2695 (p„, —
&& „,),

while the mangetization data give

CMn PMn CNi ~Ni '
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TABLE III. Magnetic moments of NiMn alloys at4. 2'K.

At. % Mn

5
10
15
20

ap(0)'

0.786+ 0. 037
0.715+ 0.020
0.448+ 0.014
0.215+ 0.011

0.73
0.79
0.71
0.46

~0.01

3.50+ 0.13
3.18+0.07
2.12+0.05
1.10+ 0.04

0.584
0.525
0.461
0.300

+ 0.013

Errors include a 10-mb uncertainty in the multiple-
Bragg-scattering correction.

Combined magnetization data of Hefs. 1-3.

The Ni and average Mn moments are then

)iNi = o cM,-[np(0)/0. 26951 (19)

and

)i, = o+ c„,[nP(0)/0. 2695] . (20)

Here, we neglect conduction-electron polarization

(CEP). Previous form-factor studies of ferromag-
netic transition metals and alloys generally show a
negative CEP with a magnitude of (10-15}%%uq of o on

an atomic volume basis. It is likely that this is
also true for NiMn alloys, in which event the p, „,
and p,„,reported here should be increased by that

amount. However, since the CEP has not been

measured for the NiMn system and, in any event,

is expected to be comparable to the experimental

error, we neglect it in this paper. The moment

values obtained at 4. 2 'K are given in Table III and

Fig. 4. These, along with the P(&i) values from

Eq. (9), allow the calculation of the cross-section
parameters for any nearest-neighbor model.

Consider the spin-reversal model, suggested by

Carr and subsequently used by other investiga-
tors, ' ' in which those Mn atoms with three or
more Mn nearest neighbors have their spins re-

versed. The P(n) and p,„,values for the 5/g-Mn

alloy give an intrinsic Mn moment of 3.5p, ~ for this
model. The corresponding cross- section parame-
ters are given in Table IV under the column headed
Model I. Comparison with the observed parame-
ters shows that this simple spin-reversal model
is not consistent with the neutron data and must be
discarded. This is contrary to our previous con-
clusion, "which was based on room-temperature
data on alloys containing up to 15% Mn and on the
assumption that p.„,(T) follows the same relative-
magnetization curve as the alloy.

The parameters in Table IV require more hp(0)
and less u(R, ) «dependence on Mn content than
that given by the spin-reversal model. One way to
approach these requirements is to have a net can-
cellation of the Mn moment produced by fewer Mn
first neighbors. Consider, for example, a model
in which the ferromagnetic component of the Mn
moment is zero for Mn atoms with two or more
Mn first neighbors. The P(n) and )iM, values for
the 5%-Mn alloy then yield an intrinsic Mn moment
of 3.54',~. The cross-section parameters for this
model appear in Table IV under Model II and are
in somewhat better, but still unsatisfactory, agree-
ment with the observed parameters.

From the concentration dependence of these ob-
served and calculated parameters, it appears that
the neutron requirements are highly restrictive
and that the simple model for which p.„,is a func-
tion of n only w:il not explain the data. We can
force a fit by allowing p.„,to be a function of both
n and concentration. One such fit, which is listed
as Model III in Table IV, uses the p„,&„,-vs-cM,
distribution sketched in Fig. 5. Such a concentra-
tion dependence is physically reasonable within the
molecular-field framework since the Ni moment,
and therefore the effective field at the Mn(n} sites,
decreases with increasing Mn content. However,

3
I

0.6
TABLE IV. Comparison of observed and calculated

cross-section parameters at 4.2'K.

np(0) =Z„p(n)~(n)

C Q 4
At. % Mn Obs. Model I Model II Model III

q 0.2

5
10
15
20

0.786 + 0.037
0.715+ 0.020
0.448+ 0.014
0.215 + 0.011

0.786
0.745
0.630
0.409

0.786
0.678
0.514
0.367

0.786
0.715
0.448
0.215

0
0 10

ot. '%%uo Mn

—0
20

FIG. 4. Concentration dependence of p, M and pN
at 4.2'K.

5
10
15
20

—0.04
—0.09
—0.16
—0.25

—0.04
—0.07
—0.17
—0.51

—0.04
—0.08
—0.15
—0.35

—0.04
—0.07
—0.14
—0.24

o(g, ) =np(o) 'X„s (n)zp(n) o(ai, n)

At. % Mn Obs. Model I Model II Model III
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FIG. 5. pM, ~„&-vs-cM, distribution of Model III.

we recognize that this additional functional depen-
dence introduces another level of ambiguity into
the model, and that there are probably other physi-
cally reasonable models which would also repro-
duce the neutron-cross-section parameters. %e
can really only conclude that the ferromagnetic
moment of the Mn atoms is strongly dependent on
near-neighbor environment, but not simply on the
number of nearest-Mn neighbors.

B. Elevated temperatures

In addition to the 4. 2 'K data of the previous
section we have taken some data at elevated tem-
peratures. The magnetic-cross-section parame-
ters obtained from these data are shown in Table
V as a function of the number of SBO parameters
included in the fit. Comparison of Tables II and

V shows that the o.(R, ) «parameters a,re indepen-
dent of temperature below 10'Po Mn, but tempera-
ture dependent above 10 jp Mn. This supports the

conclusions of the previous section that there are
two different regions of magnetic behavior. Below
10/o Mn, the binary model is valid and the ~(R, )
reflect only the positional SRO, while above 10%
Mn the binary model does not apply and the
n(R&) «contain additional contributions from mag-
netic correlations which are temperature depen-
dent.

The individual Mn and Ni moments determined
from these parameters are summarized in Table
VI, which also includes the relative magnetizations
obtained by comparison with the 4.2 K data.
These show a distinctly different thermal behavior
for the Mn and Ni moments. At 5/~ Mn, p,„,(T) fol-
lows the same relative-magnetization curve as
pure Ni while g„,(T) decreases more rapidly.
Collins and Low" also obtained a low Mn moment,
(2.4 + 0.1)ps, from their room-temperature cross-
section measurements on NiMn alloys containing
less than 3/~ Mn. They suggested a strong tem-
perature dependence of the Mn moment as a pos-
sible mechanism to explain the discrepancy be-
tween their result and that obtained from d p, /dc.
This now appears to be verified. This behavior
is also in complete agreement with a previous sug-
gestion by Pincze and Tarnoczi, '6 who based their
conclusions on bulk magnetization data.

C. Unpolarized neutrons

%e have seen that the polarized-neutron cross-
section data do not define the moment distribution
and that they are inconsistent with models that
attribute the Mn-moment disturbance only to the
number of Mn nearest neighbors. This i,s perhaps
not surprising in view of the simplicity of the mod-

TABLE V. Magnetic-cross-section parameters of NiMn alloys at elevated

temperatures.

At. % Mn

298

0.669
0.669
0.668

0.563
0.563
0. 564

—0.04
—0.04
—0.04

—0.05
—0.05
—0.05

—0.01
+0.01

+0.01
0.00

0.00

0. 00

rms dev.
(rnb)

1.6
1.6
1.6
2.4
2.4

10 298 0.468
0.468
0.468

0.286
0.286
0.285

0.186
0.186
Q. 185

—0.08
-0.08
—0.08

—0.15
—0.14
—0.13

—0.19
—0.19
—0.17

—0.07
0.00

+0.10
+0.05

+0.08
+ 0.08

0. 00

—0.02

0.00

2. 3
2. 3
2.3

2.4
2.5
2.8

3, 2
3.2

3.6
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TABLE VI. Magnetic moments and relative magnetizations at elevated temperatures.

At. /g Mn

5
5

10
15
2Q

188
298
298
298
96

p. 33
0.52
0.61
0.75
p. 32

Q. 69
0.64
Q. 61
0.44
0.43

+ 0.01

p Ih(h(T)

3.05 + 0.13
2.63+ 0.14
2.17+0.07
1.34+ 0.05
P. 98+ 0.04

p„&(T)

0.566
0.535
0.436
0.281
0.292

+ 0.013

vM. (T)

0.87+ 0.05
0.75~ 0.05
0.68+ Q. 03
0.63+ 0.03
0.89+ 0.05

I „,(T)

p „q(0)

Q. 97 + 0.03
0.92+ Q. 03
0.83+ 0.03
0.61+0.03
0.97 + 0.06

„~„=—', c(l —c)S(K) 4p (2l)

which, for the NiMn(n) system with nearest-neigh-
bor effects, becomes

n, —(K) = —', c„,c„,g P(n) &p(n} S(K, n)
dA unyol

el and the complexity of competing-interaction
systems. As an example of a potential complica-
tion, consider a Mn atom with three Mn nearest
neighbors. There are spatial configurations in
which zero, two, or all three of these neighbors
are also nearest neighbors of each other. Such
spatial configurations could well be important in
determining the Mn moment at the origin. There
are also magnetic configurations to consider.
According to the molecular-field model, a Mn
atom with three spin-up Mn neighbors (0 0 0) would
have its spin reversed. However, the same model
would not give spin reversal for the configurations
(0 0 4}, (0 44), and (44 0). In view of these possible
complications within the nearest-neighbor model
and the rapidly increasing complexity with more-
distant-neighbor models, we have not attempted
to extend our calculations to second-neighbor cor-
relations.

The simplest model that will reproduce the
cross-section parameters has a net cancellation
of the Mn moment with increasing numbers of Mn
nearest neighbors and a concentration dependence
to the number of neighbors required to produce
that cancellation. This cancellation of p,„„„,could
arise from averaging over magnetic configurations,
from antiferromagnetically coupled spatial config-
urations, or from a vanishing effective field at the
Mn site. Since the neutron parameters contain only
NiMn(n} terms and are linear in np(n), the polarized
neutron data cannot distinguish between these, or
other, possible cancellation mechanisms.

Additional information is available, in principle,
from magnetic disorder scattering of unpolarized
neutrons. In the unpolarized-neutron method, one
takes the difference between cross sections with
the sample unmagnetized and magnetized to satura-
tion parallel to the scattering vector. This differ-
ence cross section for the binary model is

~ —(K)
do f

dA

+ —,
' c„,gp P(n) P(n')6 p(n, n') S(K, n, n') .

n n'
(22)

The parameters obtained by fitting to the binary
model are related to those of the nearest-neighbor
model by

~p(0)' = g P(n) n.p(n)'

and

+ — "'P P P(n) P(n'} ~P(n, n')'
cwi n n'

(23)

o.(ff,).„=n,p(0)-' g P(n) o (ff» n}&p (n}'
1t

Mn

2 cN

x n(R„n, n')d, p(n, n')' . (24)

Since the magnetic-amplitude-difference terms
enter quadratically, the parameters will differ
for different moment cancellation mechanisms.

Ne therefore made unpolarized-neutron diffuse-
scattering measurements on a NiMn alloy contain-
ing 15% Mn. The sample was a polycrystalline
cylinder 8 mm in diameter and 3-cm long which
had been heat treated in the same way as the plate
samples used in the polarized-beam experiments.
The measurements were made at 77 'K with a
14-kOe magnetizing field and a neutron wavelength
of 1.086& Positional SRO parameters were
taken from the field-on cross section and were in
substantial agreement with those obtained in the
polarized beam experiment. The difference cross
section is shown in Fig. 6 along with a fitted
curve for the binary model. The corresponding
parameters are np(0} =0.58 and n(R, ) = —0.08.
These are considerably different from those ob-
tained by Loshmanov'o at the same composition
[np(0) =0. 23 and u(R, ) -0]. Although we have
no explanation for this large discrepancy, our
higher cross section was reproduced both by re-
peated measurements at 1.086 A and by data taken
in the small-K region with 4.43 A neutrons. The
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FIG. 6. Unpolarized-neutron magnetic-disorder cross
section for a Ni-15-at. /G-Mn alloy at 77 'K. Solid curve
is a bvo-parameter fit vrith parameters ~(0) = 0.56 and

a (g,} =-e.0S

IV. SUMMARY AND DISCUSSION

parameters calculated for Model III are 0.34 and
-0.08, if it is assumed that the ferromagnetic
component of the Mn moment vanishes by becom-
ing randomly oriented or by becoming antiferro-
magnetically coupled. If it is assumed that

pa, (g) cancels by averaging over np-spin and down-

spin magnetic configurations then the parameters
for Model III are 0.73 and —0.07. Since these
bracket the observed hp(0) we are left with the
rather unsatisfying conclusion that the magnetic
distribution is complicated and not specifically
defined by the neutron-cross-section measure-
ments.

pendence is not simply a matter of the number of
Mn nearest neighbors.

The neutron cross sections provide direct in-
formation about the concentration and tempera-
ture dependence of the Ni and average Mn mo-
ments. The thermally saturated, average Mn

moment of the 5$&-Mn alloy is about 3. 5p. ~ and,
because of the atomic distribution at this con-
centration level, this should correspond closely
to the moment on an isolated Mn atom dissolved
in Ni. This is somewhat larger than has generally
been assumed, but is in agreement with the more
recent magnetization data for dilute NiMn

alloys. Both the Ni and average Mn moments de-
crease with increasing Mn content. The p, ~, de-
crease is apparently associated with a cancella-
tion of the Mn ferromagnetic moment due to near-
neighbor environmental effects. Since p„, has
the same general concentration dependence as
p„, (see Fig. 4), one is tempted to correlate
the Ni-moment reduction with the Mn-moment
cancellation. However, p.„,for the 20/o-Mn dis-
ordered alloy is nearly the same (0.3ps) as that
observed' ' for the 25%Mn ordered alloy for
which there is no Mn-moment cancellation. The
Ni-moment reduction with increasing Mn content

may be a nonlocal or band effect. Interestingly
enough, recent coherent-potential-approximation
calculations of the electronic structure of NiMn

alloys give results in qualitative aggreement with

our conclusions. In those calculations, a moment
decrease occurs above 10' Mn, where the ma-
jority-spin band begins to intersect the Fermi
energy. However, as the authors pointed out,
this should be regarded as an averaged effect since

The magnetic behavior of NiMn alloys has
long been discussed in terms of a nearest-neigh-
bor mol. ecular-field model with competing inter-
actions. These polarized-neutron results support
that model in the sense that near-neighbor mag-
netic-moment correlations appear in the scatter-
ing functions simultaneously with a decrease in the
moment difference. However, the neutron cross-
sections do not define the moment distribution,
but rather provide scattering parameters against

which various models can be tested. Ne have

calculated these parameters for a variety of mod-
els for which the Mn moment is a function only
of the number of nearest-neighbor Mn atoms and

find no satisfactory agreement with the observa-
tions. %e conclude that the moment distribution
is more complicated than has previously been
assumed and that an additional functional depen-
dence, such as a concentration dependence, is
necessary to explain the data. Although the ferro-
magnetically aligned Mn moment is strongly de-
pendent on near-neighbor environment, that de-

0.6 '-
0

l

+ 0.4 i-

0.2

0
0 0.2 0.4 0.6 0.8 i.o

FIG. 7. Relative magnetizations of the Mn and Ni mo-

ment of the 5- and 10-at.%-Mn alloys.
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the calculations do not take account of local en-
vironmental effects which apparently dominate
the magnetic behavior of this system.

The Mn and Ni moments exhibit quite different
temperature dependences. This type of quasi-
independent local-moment behavior has been ob-
served by NMR methods in other alloy systems
such as NiCo, ' FeMn, and NiFe 3 and has been
explained 6 in terms of virtual spin-wave states.
In this model, a weakly coupled impurity will pro-
duce a high state density at low energies, so that
an increase in temperature leads to a build up of
spin disorder at and near the impurity sites.
Under these conditions, the magnetization of the
impurity is approximately given by the local-mo-
ment molecular-field model.

We have used this model to fit the observed rela-
tive magnetization of the Mn moments. We define
e = Z„,„gJ„,„,and assume S = 2 and —,

' for the Mn
and Ni atoms, respectively. The Mn magnetiza-
tion is then given by the I3rillouin function Bm(y),
with

y = 4eB„,(x)Tc/T,
where

x = 2 IPe H/ke T .

The solid curve in Fig. 7 gives a reasonable
representation of the data and corresponds to
B2(y), with c = 0.3. It is interesting that no indica-
tion of this behavior was found in the NMR mea-
surements on NiMn alloys for which the Mn

resonance frequency follows the same relative
magnetization as the average moment. Compari-
son with the present data shows that the Mn' hy-
perfine field is not simply proportional to the lo-
cal Mn moment.

Finally, we note that the polarized and unpolar-
ized beam methods may give different information.
One obtains ( b,P) with unpolarized neutrons and

( ap) with polarized neutrons. In those systems
with pronounced environmental effects, ( n p~)'~

I(hp), and the polarized method is then required to
obtain the average moments of the constituents.

~Research sponsored by the U. S. Atomic Energy Com-
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tion.
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