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Elastic and inelastic neutron-scattering studies of the planar antiferromagnet K2MnF4 have been carried
out. The magnetic ordering is confirmed to be of the K,NiF4 type with T„=42.14 K; no evidence is
found for the additional T~ =58 K phase reported by Ikeda and Hirakawa (IH). The sublattice
magnetization is found to follow a single power law over the range 6X10 g1—T/42. 14g3X10 ',
with P=0.15+0.01. This contrasts with the results of IH, who report P=0.188 up to
1 —T/TN =5X10 ' with a crossover to three-dimensional behavior beyond 1 —T/T~ =5 X 10 . The

effects of a distribution of Neel temperatures on neutron order-parameter determinations is discussed,
and it is shown that the apparent crossover behavior observed by IH can be accounted for on the basis
of a distribution of T„s with standard deviation 50 mK in their crystal. The spin-wave dispersion
relations in the (q„,O, q, ) plane have been measured at 4.5 K and at T„. The spin waves correspond
precisely to those expected for a simple quadratic anisotropic Heisenberg antiferromagnet with
J] =8.45+0 1 K g pIf' =0.32 K aild all other exchange interactions below our resolution limit.
These values are in excellent accord with those determined from the susceptibility by Breed and from
the sublattice magnetization and AFMR by de Wijn et al., and they thence confirm that simple
two-dimensional spin-wave theory gives a complete description of the low-temperature magnetic
properties of K,MnF4. Well-defined spin waves are observed up to T„; at T„ the (q~0, 0) dispersion
relation is a simple sine wave with slope renormalized by ~9/o from the 4.5-K value; this
renormalization is correctly predicted by the 1/S Oguchi correction terms.

I. INTRODUCTION

Over the past several years we have reported
extensive neutron scattering investigations of the
magnetic behavior of the quadratic-layer (QL) an-
tiferromagnets typified by Kz¹iF4.~ 4 These ex-
perimental studies have been most detailed for
K&NiF4 itself, but we have also qualitatively sur-
veyed the magnetic ordering and fluctuation spec-
tra of Rb&MnF4 and Rb&FeF4. The principal result
of these studies is that the K3¹iF4compounds have
a pronounced iwo-dimensional (3D) character and,
in particular, seem to exhibit what may be de-
scribed as essentially 29 second-order magnetic
phase transitions. By this we mean that the observ-
able critical scattering is 29 at all temperatures
both above and below T~. The actual phase tran-
sition, however, is to a three dimensionally or-
dered state so that ultimately the cxitical behavior
must have a three-dimensional (3D) character.
This assumption to date has been that the 3D criti-
cal region is too narrow to be observed experi-
mentally due to inhomogeneous broadening of T„
itself.

The ineffectiveness of the 3D coupling is most
clearly demonstrated in Rb~MnF~. In this com-

pound two magnetic phases with identical in-plane
order but a different stacking of the planes exist
simultaneously in the same crystal. In spite of the
different 39 magnetic structures, the normalized
3D order parameters, that is, Mr/Mo, where Mo
is the zero-degree sublattiee magnetization for
each phase, coincide at all temperatures. This
can only be explained by assuming that the critical
behavior is determined solely by the in-plane 29
properties. That is, the critical behavior de-
pends only on the in-plane Heisenberg exchange
together with the magnetic dipole interaction which
in this case has uniaxial-Ising symmetry thus mak-
ing a conventional 29 magnetic transition al-'.

lowed. '-'
In a recent paper, Ikeda and Hirakawa~ (IH) have

reported similar elastic and quasielastic neutron
scattering studies of the isomorphic compound
K~MnF4. Their results, in general, parallel
closely our observations in the other quadratic
layer antiferromagnets. However, there are two
intriguing and possibly quite important differences.
Firstly, they observe two different 3D Inagnetic
structures as in Hb~MnF4 but in their case the
Weel temperatures for the two phases differ by
more than 35%. This would necessitate that the
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3D coupling play an essential role for at least one
of the two phases. Secondly, in the KINiF4-type
magnetic phase of KzMnF4, IH apparently observe
a distinct changeover from 2D to 3D critical be-
havior in the order parameter at r = 1 —T/T»- &

x10 '. No such changeover was observed in
KB¹iF4itself although anomalous behaviox was
found in Hb&FeF4. ~ Both of these results have im-
portant consequences for our understanding of
these quadratic layer antiferromagnets. It seemed
worthwhile therefore to repeat the IH experiments
in our samples in order to elucidate their results.

There is also considerable interest in inezastic
neutron scattering studies of KIMnF4. Bather com-
plete information is now available on the magnetic
properties of KIMnF4 including the susceptibility, ~'8 '

specific heat, zero-point spin deviation, 'o and sub-
lattice magnetization. ~' The low-temperature sus-
ceptibilities have been analyzed in detail by Breeds
using spin-wave theory including Oguchi's correc-
tion terms. ~ The sublattice magnetization has
similarly been analyzed in an accompanying paper
by de mijn, Walker, and %'alstedt 3 with results
essentially identical to those of Breed for the in-
teraction constants. In order to complete the pic-
ture and to confirm unambiguously the accuracy of
spin-wave theory for the low-temperature thermo-
dynamic properties, it is essential to have a direct
measurement of the spin-wave dispersion relations
themselves. Finally, K&MnF4 supplies the possi-
bility of a test of theory for spin-wave interaction
effects in bvo dimensions. The calculations of
Breed and de Wijn et al using O.guchi's 1/8 expan-
sion'3 indicate that near T„ there should be approx-
imately a 9% renormalization of the magnon ener-
gies. This should be readily observable in the
neutron scattering spectra. As discussed by de
Wijn gt g/. , it has already been observed that re-
normalized spin-wave theory is only capable of de-
scribing the thermodynamic magnetic properties
up to - —,

' T». A corresponding test of Oguchi's the-
ory for the spin-wave energies themselves should
therefore be quite informative.

II. ELASTK NEUTRON SCATTERING

The elastic neutron scattering experiments were
performed on a two-axis spectrometer at the
Brookhaven high flux beam reactor (HFBR). Neu-
trons of wavelength 1.252 A were obtained by re-
flection from the (&11)plane of a germanium mono-
chromator. The K2MnF4 crystal was a flat plate
1&4X12 mm with the c axis perpendicular to the
plate face. The crystal was grown using the hori-
zontal-zone- melting method described previously.
The sample was mounted with its [110]crystallo-
graphic axis (which corresponded to the long axis
of the crystal), vertical on an aluminum pedestal
using a thin layer of Hysol Epoxy type 1C; both the
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FIG. 1. Chemical and magnetic structure of K2MnF4.
Inverting the central spin exchanges the @ and 5 axes.
The reciprocal lattice displays both the [010] and [100)
magnetic zones. Nuclear Bragg peaks are indicated by
douMe circles. mound r„=42.14 K, &*=1.068A-',
c =0.4741~ ~.

pedestal and glue were covered with cadmium.
The sample holder was then mounted in a Cryogen-
ics Associates temperature-control Dewar.
Around 40 K relative temperatures were found to
be reproducible to within 0.010 K.

The magnetic structure of K~MnF4 was first stud-
ied by Loopstra et al. ~4 using powder neutron-dif-
fraction techniques. They found that at 4. 2 K,
K3MnF4 has the K3NiF4-type magnetic structure 5

illustrated in Fig. 1. This structure is ortho-
rhombic with simple square antiferromagnetic lay-
ers stac&ed such that next-nearest-neighbor (nnn)
plane spins along the c axis are parallel. The
nearest-neighbor (nn) planes are uncorrelated so
Rat in a single crystal with the [110]chemical ax-
is vertical, separate [010] and [100] magnetic do-
mains appear as illustrated in the reciprocal-lat-
tice diagram of Fig. 1.

As discussed in the Introduction, single-crystal
magnetic structure studies of K~MnF4 were carried
out by Ikeda and Hirakawa. They found that in-
tense Bragg scattering appeared at the positions
(100), (011), (102), etc. at T=42. &7 K. This tem-
perature should be compared with the T~=45 K de-
duced by Breed~ from susceptibility measurements
and T~ = 42. 1 K found by Salamon and Ikeda from
the specific heat. However, EH also found addi-
tional magnetic Bragg scattering at the positions
(10-,'), (10-,') which appeared at && K. They identi-
fied these latter Bragg peaks with a second mag-
netic phase having the Ca~MnO4-type magnetic
structure with nnn plane c-axis spins antiparallel.
This second phase, ordering at 58 K, has not been
detected by other workers. Finally, IH found that
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when the (100) intensity, with background suitably
removed, was plotted on log-log paper versus v'= 1
—T/42. 3V, there were two distinct linear regions:
v-1 to Sx10 where p=0. 19, and r 5-xl0 to 3
x10 ~ where p&0. 3.

The results of our own study may be very briefly
stated. We observe magnetic Bragg scattering
only at the Kz¹F4-type positions. More precisely,
at T = 34 K any Bragg scattering at the (10-,') posi-
tion is at most 10 4 of that at (100). This may be
compared with the IH result of 10 '. We conclude
therefore that the T„=58.0 K phase is confined to
the IH crystal alone. We assume that it originates
in a second chemical phase; however, this problem
can only be elucidated by further chemical and
magnetic research on the part of IH.

We have also carried out a cursory study of the
magnetic Bragg and 2D magnetic critical scatter-
ing intensities as a function of temperature. Our
results are in general in good agreement with those
of IH but with some important differences. The
critical scattering, which has the form of a ridge
along the e axis, peaks at T~ = 42. 15+ 0.015 K com-
pared with the IH value of 42. 37 K. The ridge peak
is highly asymmetric in temperature dropping off
much more rapidly below than above; this same
behavior was observed in Kz¹F4(Ref. 3) and is
assumed to be characteristic of 2D phase transi-
tions. As discussed in the Appendix, for the 2D
Ising model this asymmetry factor is 37. '7

In the absence of extinction effects, etc. , the
~ (100) Bragg intensity is simply proportional to the

square of the sublattice magnetization so that in the
critical region one expects

I,/f, ~(M,/I, )'= a'(1 —T/T„)".
Unfortunately, our intensity data are somewhat
spaxse since the experiment was carried out orig-
inally as simply a check on IH. However, even
with our limited data there is a clear difference
from IH very close to 42. 15 K in that we see no
apparent crossover. This crossover effect is dis-
cussed extensively in the Appendix, where it is
shown that simple inhomogeneous broadening of T„
may cause an apparent changeover in P. For the
2D Ising model, the crossover point is 3.5o, where
cr is the standard deviation for a Gaussian spread
in T„and the apparent TN is located by the peak in
the staggered susceptibility. The IH crossover at
1—T/T»=0. 19 K, therefore, would imply o= 0. 05
K, a highly plausible number.

As discussed in the Appendix, if one assumes
that the true order parameter follows a single pow-
er up to at least o/T» in reduced temperature, then
the intrinsic p and T„may be obtained by simple
least-squares fits to the data up to - T„-2'. At-
tempts to fit data within the 20 region of smearing
produced a marked increase in the X3 of the fit.

then at @=0

E(0) = [8(Z~+J~)Sgp»H„]+I

and for g=(q, , O, q, ) away from q, =0

z(q. 0 qg) ~4risl s'nkq. &l (1 —~3/~i)

(3)

x[1+(J,'/8, ) cos-,'q,c] (4)

for gp»H„, J', , Z, «Z, . Here 8, and Z, are, re-
spectively, the nn and nnn in-plane exchange con-
stants and J~ is the nn between-plane exchange.
The anisotropy is predominantly dipolar in origin,
but for our purposes here it may be adequately rep-
resented by the anisotropy field H„. The disper-
sion relation for q=(0, q~, q, ) is obtained from Eg.
(4) by replacing q, by q„and omitting the J~/elf
tex m.

Following Keffer, 0 the higher-order 1/S correc-
tion terms as calculated by Oguchi may be simply
included in Eg. (4) for the in-plane magnons by
letting

Z, -Z, [l-f(T)],
where

Results of such fits to our data for 1 —T/T„c 10 '
are shown in Fig. 2. We obtain a good fit to a sin-
gle power law down to at least 1- T/T» c 6x 10-'
with p=0. 15~0.01 and T„=42.14 K. The fitted T„
lies satisfactorily close to the ridge-peak-inten-
sity temperature of 42. 15+ 0. 015 K indicating
that the spread in T„ in our sample is in fact not
a serious problem. This value of P may be com-
pared with the values 0. 138+0.004 and 0. 16+0.01
found in Km¹F& (Ref. 3) and Rb~MnF4, respective-
ly.

III. INELASTIC NEUTRON SCATTERING

The inelastic experiments were carried out on
the H7 triple-axis spectrometer at HFBR. All
measurements were carried out in the constant-Q
mode of operation with incoming neutrons of ener-
gy 13.5 meV. Pyrolytic graphite (002) planes were
used for both monochromator and analyzer with the
monochromator crystal bent about a horizontal ax-
is to provide focusing of the incident neutrons.
A large mosaic pyrolytic graphite crystal placed
before the sample acted as a tuned —,'A. filter xe

Horizontal collimation was typically 40 min
throughout except for the before-sample collima-
tor which was kept at 20 min. The vertical colli-
mation was determined by the height of the sample
and the collimators and was therefore quite loose.

Spin-wave theory for KIMnF4, including the Qgu-
chi 1/S corrections, "has been discussed in detail
by Breeds and more recently by de Wijn et al. ~3

Writing the Hamiltonian

X= Zgp»Hg Sf + ZcT)yS (
' Sy (2)
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FIG. 2. Reduced sublattice mag-
netization in K2Mnr4 as a function
of reduced temperature. The solid
line is the best fit to the data of a
single power law with TED=42. 14 K,
P =0.15.

8S Np ~
~ (l+ n)' cos-—,'q,acos' —,'q„a

and where a =gpaH„/4ST& is chosen empirically so
as to give the observed temperature dependence f

3$
o

the gap. All terms of the order of Zz/Zq, Jq/&q
have been omitted in EIl. (5). From the low-tem-
perature perpendicular susceptibility using Ogu-
chi-type spin-wave theory Breed has deduced 81
= 8.40+ 0. 10 K and from the spin-flop field gp Hg'Wa

t„=O:O 5EXCITATION

TN ~42.l4K

= 0.32 K. de Mijn et a/. in the previous payer have
found values in essential agreement with these.
Both groups assume that J2 and J~ are negligible.

Typical experimental results are shown in Figs.
3 and 4. Because of the small volume of the sam-
ple, rathex long counting times had to be used,
particularly for excitations at elevated tempera-
tures near the zone boundary. From Figs. 3 and
4 it may be seen that the spin waves remain well
defined right up to T~ although they do broaden
more rapidly than those in K2NiF4. '4 The conse-
quent dispersion relations in the directions (f~*,
0, 0) and (0.25a*, 0, i;,c*)[plus (q,™q„)]are shown
in Fig. 5.

%e consider fixstly the results at 4. 5 K. For
the 4. 5 K gap we find E~ = 0.65 + 0.05 meV = V. 5
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K& Mn F& MAGNONS
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neighbor planes which determines the 3D order.
de Wijn et al. , from their NMR measurements,
have put an upper limit of 4&&10 4' on this nnn

plane interaction. This is consistent with our
measurement of J', &4x10 'J, given the increased
number of ligands involved in any superexchange
path between nnn planes. Thus the actual 3D or-
dering pattern is determined by a balance between
the long-range magnetic dipole interaction and this
very weak nnn plane exchange.

The solid line in Fig. 5 represents a least-
squares fit of the full expression for the dispersion
relation to the measured in-plane dispersion curve
at 4. 5 K. The best-fit parameters are

4
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J', =8.72~0. 10 K,
J~]-0.00,

gp, ~H& = 0.317+0. 004 K,
(6)

where the superscript s implies that these are ob-
tained from fits to simple spin-wave theory with-
out the fourth-order Qguchi corrections. The cor-
relation between J; and J'z in the fit is 9&%, so we
can only say with absolute confidence that J', —J~
= 8. 72+ 0. 1 K and that J3 is too small to be deter-
mined from the (f„,0, f,) dispersion curves. This
situation was also encountered in the case of

K~NiF~ .
As discussed previously, the zero-point Oguchi

corrections may be simply included by letting J,
=Jf/[I - f(0)]. Thus we have finally

I I

(o.25,0,( )
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O.S

I
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I
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I

0.8
I

0.9 I.O

FIG. 5. Spin-wave dispersion relations in K2MnF4 at
4.5 K and at T~ in the directions (f„a*0, 0) and
(0.25a*, 0, g,~*).

w 0. 6 K in good agreement with the AFMR value of
7.40+ 0.05 K. We shall use this latter value in our
fits since it is considerably more accurate. It is
apparent that as in K~¹iF~there is no measurable
dispersion in the c direction to within experimental
error. This necessitates that [ J~/Z~) & I/250, thus
confirming the essential two-dimensionality of the
magnetism. It should be emphasized that J~ mea-
sures the strength between nearest-neighbor planes
whereas it is the coupling between next-nearest-

Ji = 8.45 + 0. 10 K,
Z2- 0.00,

g p,pe = 0.317+ 0. 004 K .
These should be compared with the values J,= 8.40
+Os 10, gp, ~H„=0.32 K deduced by Breed from the
low-temperature susceptibility and spin-flop field
and J,= 8.41 a 0.06 K, g p,~H„= 0. 32 K deduced by
de Wijn et al. from the sublattice magnetization
and the AFMR. The agreement is clearly excel-
lent. We conclude, therefore, that simple spin-
wave theory including the first I/S correction
terms successfully describes all of the low-tem-
perature magnetic properties of K,MnF, .

Using the Oguchi theory, we may also calculate
the renormalization of the spin-wave dispersion
curve as a function of temperature. Such a calcu-
lation has, in fact, already been carried out by
de Wijn using the parameters appropriate to
K~MnF4. He finds that at T„=42. 14 K the second
term in i(T) in Eq. (5) has the value + 0. 089. The
dispersion relation at TN, therefore, should be a
simple sine curve with zone boundary energy
E(0.5, 0, 0)= 4 x I x 8.45 (1+0. 0316- 0. 089) = 80 K
= 6.9 meV. The appropriate curve is shown as the
dotted line in Fig. 5. Again the agreement be-
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tween experiment and theoxy is excellent. Thus,
Qguchi's 1/8 expansion theory properly describes
the renormalization of the spin-wave energies
right up to T„in this quadratic layer antiferro-
magnet. Corresponding theory for the spin-wave
lifetimes would clearly be of considerable interest.

IV. CONCLUDING REMARKS

In summary, therefore, from our elastic scat-
tering measurements, we find that KBMnF» has the
K&¹iF»-magnetic structure with T„=42. 14 K. We
find no evidence in our sample for the second
phase with T~= 58 K observed by Ikeda and Him-
kama. The sublattice magnetization is found to
follow a simple power law for 1 —T/42. 14 & 10 '
with P=0. 15+ 0.01. We find no evidence for a
crossover effect to 3D critical behavior; instead
it has been shown that the ayyarent crossover ob-
sex'ved by IH could result simply from a distribu-
tion of Neel temperatures with standard deviation
0.05 K in their sample.

From the inelastic measuxements it is found
that simple spin-wave theory is remarkably suc-
cessful in describing the low-temperature magnet-
ic properties of KIMnF». The interaction param-
eters deduced by Breed from the spin-flop field '

and X are found to reproduce the measured spin-
wave dispersion curves both at 4. 5 K and at T~
itself, provided that Oguchi 1/8 renormalization
effects are included. As noted previously, spin-
wave theory for the sublattice magnetization
breaks down at -—,'T„. Our results show clearly,
therefore, this breakdown is not due to an intrin-
sic error in the spin-wave part but rather to the
neglect of other eontx ibutions, notably the longi-
tudinal critical fluctuations.

The spin waves in K2MnF» show clearly the ef-
fects of spin-wave renormalization by the energy
rather than the magnetization. ~ As discussed pre-
viously in the context of Ka¹iF», the characteris-
tic feature of these 2D near-Heisenbexg systems
is that the near-neighbor correlations remain
anomalously strong even above T~. This is ap-
parent in X(Q), 4'I in the specific heat, ' and in the
NMR linewidths. ~» These enhanced correlations
are directly related to the fact that T„is much
smaller than TM~, the molecular field ordering
temperature, and correspondingly k&T& is - 5/8
times smaller than the zone boundary magnon en-
ergy. Thus near T„only relatively long-wave-.
length magnons are appx'eciably populated and the
consequent spin-wave interaction effects are
small. This situation is even more dramaticaQy
illustrated in 1D systems such as (CD,)4N MnC1~

where sharp spin-wave excitations are observed
over a wide range of temperature in the complete
absence of long-range order. ~5

Finally, we should comment briefly on the na-

ture of the phase transition in KzMnF». As is well
known, Stanley and Kaplan~ showed that series ex
pansions indicate that a 2D Heisenberg antifexro-
magnet will have a divergent staggered suscepti-
bility at a temperature given to within a few per-
cent by

kgT~ =*8(Z- 1) [28(8+1)—1] .
The nature of the magnetic state below T'p has
been the subject of extensive discussion in the lit-
erature since there is an eXact proof for the Hei-
senberg model that there can be no long-range or-
der above T=0.3~ The subtle nuances involved in
this problem, however, are not relevant to
KBMnF» since, as we have seen, there is an Ising-
type anisotropy term which stabilizes a conven-
tional long-range ordered state. For KeMnF4 Z = 4,
S= —.', Z= 8.45 K giving~ T',"=41.8 K compared
with T„=42. 14 K. Thus, Eg. (8) does give an ac-
curate estimate of the temperature at which the
staggered susceptibility becomes sufficiently ls,rge
that the anisotroyy field, gp, ~II„=0.32 K, ean in-'

duce long-range order. The identical situation oc-
curs in KzNiF4 where 7"+=93.1 K and T„=97.1
K. 38 %'e should also emphasize thatsince the critical
scattering is always ridgelike, it seems to be the
anisotropy rather than any 3D coupling which
drives the phase transition. This is again consis-
tent with our measurements and those of de Wijn
et g/. which indicate that gp~H„ is much larger
than nnn plane coupling. The reader is referred to
the work on KgN1F4 for a more extensive discus-
sion of the ordering process in these matexials.

We should like to thank P. A. Lindgard for a
number of helpful convex sations on this work and
for a critical reading of the manuscript. %'e should
also like to thank H. %. deWijn, L. R. Walker,
and R. E. Vfalstedt for communicating their xesults
prior to publication and for stimulating discussions
on the properties of K'IMnF4.

APPENDIX: EFFECT OF INHOMOGENEITIES ON APPARENT
ORDER PARAMETER

Jn this payer and in our previous work on the
Q¹F4-type quadratic-layer antiferromagnets, it
has been emphasized that even though the phase
transition is 3D, the fluctuation behavior seems to
be entirely 2D in character. There must, how-
ever, be some finite range of temperature near the
phase transition where the critical behavior does
indeed change over and become 3D. This might be
particularly evident in the order parameter expo-
nent P, which should go from --,' to --,'. In Q¹iF4
itself, no such changeover is observed and instead,
it has been suggested that the 3D critical region is
too narrow to observe. However, both in Hb&FeF4
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and in the work of ]keda and Hirakawa in K&MnF,
bvo distinct regions neax and far from T~, charac-
terized by high and low P's, respectively, are ap-
parently observed. The concomitant kink occurs
at 1 —T/T» = 5x10 ~ and l. 5x 10 ~ in QMnF4 and

HbzFeF4, respectively. In the Rb&FeF4 paper,
however, it is suggested on a heuristic basis alone
that this changeover could "arise either from a fun-
damental change in the critical behavior or else
from an extraneous effect such as a distribution of
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FIG. 7. Solid lines are the intensity results of Fig. 6
plotted on log-log paper vs reduced temperature with
&*=&(X~~), the temperature at which g has its mini-
mum value, and T*=To, the mean of the Gaussian dis-
tribution for the inhomogeneous crystal. The dotted line
is the corresponding curve for the perfect crystal.

Neel temperatures. " The effect of a distribution
of critical temperatures has already been consi-
dered in some detail for the specific heat in liquid-
gas systems, 39 superfluid helium, 3~ and in certain
magnetic systems. We now consider the corre-
sponding effects on the apparent order parameter
in Lese pseudo-2D magnets.

For simplicity we assume that the buIk sample is
composed of a collection of microcrystals with a
Gaussian distribution of ordering temperatures,
that is

0.3—
f(r„l=». exp ——

(
" *') (Al)

with mean To and standard deviation o. For com-
putational purposes we assume

O
0.2—

I

—0

)('=37(1—r/r)'»~ for r& r»

for T& T», (A2)

O, I

I I I I I

.99 I.OO

T/To

I I I

FIG. 6. Effective inverse susceptibility Q and ef-
fective magnetic Bragg scattering for a perfect crystal
and for an inhomogeneous crystal with a Gaussian distri-
bution of Weel temperatures with standard deviation
0' = o/Tg = 0.002.

=(r/T»-1)'~ for r) r„, (A3)

so that P= 0. 125, y= y'= l. 75, and the asymmetry
in the susceptibility is a factor of 37 as in the 2D Is-
ing model. ~ We have chosen to consider g rather
than y since this is rather easier to handle compu-
tationaQy. The experimentally observed quantities
for a system described by Eqs. (A2) and (A3). may
be readily obtained by numerical convolution v, ith
the distribution function Eq. (Al). Typical numeri-
cal results for o =0.002To are shown in Fig. 6.
As expected, there is considerable rounding in Ir/
Io ~ Mox'e importantly howevex' the minimum 1n

X
~ is drastically shifted to higher temperatures,

by about 1.5a, owing to the factor 37 in Eq. (A3)
fol T& Tg
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The difficulty involved in analyzing data of the
form shown in Fig. 6 is immediately apparent.
The conventional approach in neutron diffraction
experiments, and in fact that taken for Rb2FeF4 by
us and for IfeMnF4 by IH is to identify T(~~) as
T„and then to plot the intensity versus 1 —T/T„
on log-log paper. In a real experiment, of course,
one actually measures g(Q) convoluted with the in-
strumental resolution function and finds the maxi-
mum in this quantity at some Q. For illustrative
purposes here, however, this process can be ap-
proximated by taking T» = T (g ~„).

The consequences of this technique are clearly
illustrated in Fig. 7. The apparent order param-
eter has two distinct regions with low and high P's
simulating precisely a changeover from two- to
three-dimensional critical behavior l This appar-
ent changeover sets in at about 3.5o. In the IH

IfeMnF& crystal this would imply o- 50 mk, an en-
tirely reasonable number, given that their T„and
ours differ by about 300 mk. It is clear, there-
fore, that true 3D behavior for the order param-
eter in these KeNiF4-type compounds can only be
observed in relatively perfect crystals; in all
probability to date only the effects of inhomoge-
neities have been observed.

Nevertheless, it is still possible to obtain an ac-
curate value for P provided that the true order pa-
rameter obeys a single power law over at least
one decade outside of the region I —T/T„& o. As
an illustration, we give in Table I results of least-
squares fits to the intensity data of Fig. 6 as a

TABLE I. Results of least-squares fits of convoluted
intensity data with 0 =0.002Tp to the power law I~/Ip
=D(1 —T/T/) ~.

T~g on/'To

0.994
0.996
0. 998
1.000

0.125
0.124
0.121
0.14

TN/'To

0. 9997
0. 9993
0. 9988
1.0001

0.07
0.36
0.69
7.0

function of the cut-off temperature. From the ta-
ble it is apparent that both p and T„are given ac-
curately for reduced temperature values down to
2cr and the breakdown of the power-law description
beyond this point owing to the spread in TN mani-
fests itself clearly in the chi square. The con-
verse situation, however, is much more difficult to
treat, particularly if one relies on neutron scatter-
ing measurements alone. In order to demonstrate
convincingly that an intrinsic changeover in criti-
cal behavior has occurred, one would have to prove
that the o characterizing the sample is at least an
order of magnitude less than the reduced crossover
temperature. This might be effected by observing
the xounding of the specific heat, but it is clearly a
nontrivial task. Finally, we should note that simi-
lar "crossover" effects may also be observed if
there is a temperature gradient across the sample.
However, this can easily be checked experimental-
ly by observing the temperature dependence of the
order parameter in different parts of the sample
via suitable masking.

*Work at Brookhaven performed under the auspices of the U.S.
Atomic Energy Commission.
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