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K:NiF, is a well-characterized planar antiferromagnet that represents a good approximation to
the idealized two-dimensional (2D) S=1 Heisenberg antiferromagnet. In 1970, Birgeneau,
Skalyo, and Shirane measured the 2D antiferromagnetic structure factor in K,;NiFs over a wide
range of temperatures. In this Report we compare their experimental results with the predictions
of a recent theory for the 2D quantum Heisenberg antiferromagnet by Chakravarty, Halperin,
and Nelson. The theory describes the temperature dependence of both the absolute value of the
correlation length and the relative structure factor peak intensity quantitatively. The crossover

temperature to 2D Ising critical behavior is also properly predicted.

Before the advent of high-temperature superconductivi-
ty, K,NiF4 was considered to be the model example of a
two-dimensional (2D) Heisenberg antiferromagnet.! Ac-
cordingly, in the late 1960s and early 1970s this material
was studied quite thoroughly. In particular, the author,
together with Skalyo and Shirane (BSS) carried out an
extensive set of neutron scattering measurements of the
static structure factor S(Q) over a wide range of tempera-
tures.2 However, only a qualitative interpretation of the
data was possible at that time since there was no adequate
theory for the 2D quantum Heisenberg antiferromagnet.
Furthermore, the data were complicated by a crossover
from 2D Heisenberg to 2D Ising behavior which occurs
somewhere above the 3D Néel transition at 97.23 K.

Stimulated by the experiments in La,CuQys,? Chakra-
varty, Halperin, and Nelson* (CHN) among others* have
developed a quantitative theory for the instantaneous
correlations in the 2D quantum Heisenberg antiferromag-
net. Yamada et al.® have shown that the CHN theory de-
scribes the structure factor in the S =1 system La;CuQO4
quite well. The theory contains as a parameter the spin
quantum number S explicitly. It is therefore important to
compare theory and experiment in 2D Heisenberg antifer-
romagnets with S taking on varied values. In this Brief
Report we reanalyze the measurements of BSS in K;NiF,
utilizing the CHN theory for S =1.

The crystal and magnetic structure of K;NiF, are dis-
cussed in the BSS paper.? For the purposes of this adden-
dum it is sufficient to note that there are isolated sheets of
NiF; which exhibit pure 2D magnetic fluctuation behavior
above the Néel temperature Tn =97.23 K. The Ni?*
(S=1) ions form a simple square lattice. The spin Ham-
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iltonian for a single NiF, sheet may be written’

H= (Z) JNNSi-Sj+Zg,-u3Hf’Sf, (1)
ij i

i,j nearest
neighbors

with S=1, JN\n=104 = 1 K, and the reduced anisotropy
h,'A =ngH,'A/Zj-NNJNNSj =(0.002.

The CHN theory* predicts for the spin-spin correlation
length and structure factor, respectively,

2xp,/kgT

g/a-C§'_‘———'1+k8T/2”p: (2)
and
(kgT/2mps) e 4ap,/ksT
S(0) =C; , 3)
) (14 (kgT/27ps)1* (

where p; is the spin stiffness constant and C; and C; are
constants. For general S the spin stiffness constant may
be written as*

27ps =27 NNS 2(140.158/28) 2(1 —0.552/28) . (4)

Hence, for K;NiFs, 27zp;, =552+ 5 K. For S=7%, CHN
estimate C;==0.5 to an accuracy of about 30%. C; de-
pends on S as 1/[S(1 —0.552/25)(14+0.158/25)] so that
for S=1 one expects C;==0.17, again to an accuracy of
30%.

We now compare the predictions of Egs. (2) and (3)
with the data of BSS. The experiments were carried out
using neutrons with energy 77 meV and with the scatter-
ing geometry chosen such that a proper energy integration
was performed.? To a very good approximation the mea-
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FIG. 1. Instantaneous spin-spin correlation length vs temper-
ature in K;NiF4. The data are from Ref. 2. The solid line is Eq.
(2) with 2np; fixed at 552 K; the amplitude, 0.123, was fitted
from the data between 110 and 150 K.

surement yielded
1Q)~S"(Q+5+(Q), (%)

where Il and L are, respectively, parallel and perpendicu-
lar to the Ising anisotropy axis. We expect that 7(Q) will
provide a reasonable measure of the Heisenberg structure
factor (1/N){(S(—Q)-S(Q)) provided that one is on the
Heisenberg side of the 2D Heisenberg to 2D Ising cross-
over; this crossover in turn should occur for A4(£/a)?~1.
BSS fit their profiles to the simple Lorentzian form
A
£+ [Q—Qarl’
The BSS results for £/a and I(Qafr) [=S(0)] are shown
in Figs. 1 and 2, respectively, together with the CHN pre-
dictions, Eqgs. (2) and (3) with 2zp, given by Eq. (4). For
both &/a and 1(Qafr) the amplitudes were fixed by fits to
the data between 110 and 150 K. There are no additional
adjustable parameters. It is evident that the CHN theory
describes the BSS data for K;NiF4; extremely well.
Indeed, for the correlation length, &/a, even the prefactor
0.123£0.02 agrees with the CHN value 0.17 £ 0.05 to
within the combined experimental and theoretical uncer-
tainties. Manifestly, this is a notable success for the CHN
theory especially given that the experiments were done
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FIG. 2. Structure factor peak intensity, S(0) vs temperature
in K;NiFs. The data are from Ref. 2. The solid line is Eq. (3)
with 2xp; fixed at 552 K; the amplitude was fitted from the data
between 110 and 150 K.
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twenty years ago.

According to our heuristic argument, the crossover
from 2D Heisenberg to 2D Ising behavior should occur
when h4(&/a)?~1; for h1=0.002 this implies (£/a)c
~23. From Fig. 1 it may be seen that (£/a) =23 for
T~102 K and indeed the data depart from the predicted
Heisenberg behavior at that temperature. It is shown in
Ref. 8 that for | T/Tn—1| <0.05, K;NiF, exhibits 2D
Ising critical behavior as one expects on general symmetry
grounds. The crossover to 3D behavior occurs immeasur-
ably close to T'n.

In summary, the CHN theory successfully predicts the
temperature dependences of both the absolute value of the
spin-spin correlation length and the relative static struc-
ture factor for the 2D S=1 Heisenberg antiferromagnet
K;NiF,. Indeed, these 1970 K;NiF4 experiments repre-
sent the most stringent test of the theory to date.

This analysis was stimulated by a conversation with A.
Aharony and T. R. Thurston; we are grateful to both of
these for the stimulus and for helpful conversations. We
also thank S. Chakravarty for his enthusiastic response
and for helpful conversations. This work was supported
by the National Science Foundation-Low Temperature
Physics Program under Contract No. DMR85-01856.
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