
Vol. 115 (2009) ACTA PHYSICA POLONICA A No. 1

Proceedings of the European Conference “Physics of Magnetism” (PM’08), Poznań 2008
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The excitations of the 2D Heisenberg antiferromagnet, Rb2MnF4, were studied using neutron scattering
techniques with the MAPS spectrometer at the ISIS facility of Rutherford Appleton Laboratory. Measurements
were made of the magnetic excitations over the whole 2D Brillouin zone at 6 temperatures below the ordering
temperature of 38 K and 6 temperatures above. It was found that the excitations were well defined if their wave
vectors were larger than the inverse correlation length and were overdamped if the wave vectors of the excitations
were smaller than the inverse correlation length. In more detail we have compared our experimental results
with the results of classical simulations and the results gave a very adequate description of the experimental
results except at the lowest temperature where the form of the dispersion relation was correct but the energies of
the excitations were in error. Nevertheless, classical simulations do provide an efficient and easily implemented
methodology for modelling the excitations in the Heisenberg magnets. The damping of the excitations was
experimentally found to follow a T 2 behaviour over all wave vector and energy scales. This is in agreement with
the classical simulations but inconsistent with analytic theories of the damping for the 2D Heisenberg model and
in particular does not agree with hydrodynamic behaviour or dynamic scaling. The result is similar to that found
in 3D Heisenberg systems and suggests that more analytic theory is needed to explain the experimental results for
both 2D and 3D Heisenberg magnets.

PACS numbers: 75.40.Gb, 75.50.Ee, 61.12.Ex

1. Introduction

The spin wave dynamics of both two- and three-
-dimensional antiferromagnets with spin S = 5/2 are dis-
cussed in this article by comparing the results of neutron
scattering measurements on Rb2MnF4 and RbMnF3 with
computer simulations and analytical theories. Surpris-
ingly in both materials the classical computer simulations
give a good account of the measurements whereas the an-
alytical calculations fail to give a satisfactory description
and we suggest they require further development. The
results for the 3D system RbMnF3 were published about
10 years ago [1, 2] whereas the results for the 2D sys-
tem, which are more dramatic, have been recently pub-
lished [3]. We shall therefore in this article concentrate on
describing the results for the 2D system and only briefly
review the 3D results.

2. Experimental measurements

The measurements of the spin excitations for the sin-
gle crystal of Rb2MnF4 were made using neutron scatter-
ing techniques with the MAPS spectrometer at the ISIS
facility of the Rutherford Appleton Laboratory whereas
the measurements on the single crystal of RbMnF3 were
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made using triple crystal spectrometers at Risø and at
the Institut Laue Langevin. One of the objectives was to
find out how successful the MAPS spectrometer would
be to perform this type of measurement.

The structure of Rb2MnF4 is shown in Fig. 1a and
is the same as that of the superconductor La2CuO4 with
Mn–F2 layers separated from one another by Rb–F layers
along the c-axis. The spin waves of Rb2MnF4 have been
measured [4, 5] and the exchange is dominated by near-
est neighbour interactions within the magnetic planes.
There is, however, a weak magnetic coupling between the
layers due to dipolar effects which results in long range
antiferromagnetic ordering below 38.4 K. If there was no
coupling between the planes, the Mermin–Wagner theo-
rem would prohibit long range order at any non-zero tem-
perature. The Curie–Weiss temperature is 87.5 K which
is very considerably above the ordering temperature so
there is a large range of temperature where fluctuations
dominate the ordering.

The MAPS spectrometer is a direct geometry time-of-
-flight instrument equipped with 16 m2 of position sensi-
tive detectors which can be divided into 40,000 different
spatial channels. The sample was placed into a variable
temperature cryostat and data collected for 12 tempera-
tures between 9 K and 100 K. The sample was oriented
so that the c-axis was in the horizontal scattering plane
and data was collected with an incident neutron energy of
24.94 meV and a chopper speed of 300 Hz. Since there is
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Fig. 1. Part (a) shows the structure of Rb2MnF4 while
part (b) shows the dispersion relation at low tempera-
ture as a function of Qh, Qk. The red colouring shows
the maximum intensity and the blue colouring lower in-
tensity.

little correlation between the planes the L component of
the wave vector can be projected out enabling the mea-
surements to give the scattering in (H, K,ω) space as
illustrated at low temperatures in Fig. 1b. The advan-
tage of the MAPS spectrometer is that all the data is
obtained over the whole Brillouin zone at the same time
so that data collection at a range of different tempera-
tures is efficient and not too time consuming. The dis-
advantage is that the experimental resolution improves
with the energy transfer so that high energy spin waves
are measured with better resolution than the low energy
ones. Ideally it would be preferable if low energy spin
waves were measured most accurately and this is readily
achieved with a triple axis spectrometer but the efficiency
of the data collection is then reduced. The data collected
with MAPS was analysed by extracting the results as at
constant wave vector and then fitting a Lorentzian pro-
file to the scattering convoluted with the experimental
resolution. The resulting energies and widths of the ex-
citations were then compared with the simulations and
the theoretical models.

3. Classical simulations

Numerical simulations were performed using a classi-
cal model with a procedure similar to that of Metropo-
lis [3, 6]. The energy is calculated classically for
each spin configuration which means that the spins
are assumed to have unit length and to be directed
in any direction. The configuration is up-dated by
allowing one or more spins to change their orien-
tation and then considering whether the energy has
increased or decreased. Unfortunately, this proce-
dure is slow and so the calculations used an over-
-relaxation algorithm which uses configurations that are
as far as possible from the previous configuration. This
enables the procedure to be speeded up by many orders
of magnitude.

One of the main difficulties is how to choose the param-
eters, Jc and Sc for the simulations so as to have a classi-

cal description of a quantum system. We have chosen to
fix the parameters at either high or low temperature. The
integral over all energies and the whole Brillouin zone is
proportional to S(S+1) for a quantum system and to S2

c

for a classical system at all temperatures. Furthermore,
the integral of the scattering for each individual wave
vector at high temperatures gives the same relation be-
tween S and Sc. The ground state energy of the quantum
system and the classical system neglecting the zero point
energy is the same if S2

c = S(S + 1). A difficulty how-
ever arises when we consider the expression for the spin
wave energy at zero temperature. The quantum system
gives an energy proportional to S with a possible correc-
tion from the non-linear interactions of (1+0.157/(2S)),
whereas for a classical system the energy of the excita-
tions is proportional at low temperatures to Sc. If there-
fore we use S2

c = S(S+1) there will be a deviation at low
temperatures for the spin wave energies. We have there-
fore done two simulations, model A has S2

c = S(S + 1)
with Jc = J = 0.63 meV which should work well at
high temperature but deviate from the quantum result
at low temperature and model B which has Sc = S and
Jc = 0.65 meV which agrees with the low temperature
energies but is expected to deviate from the high temper-
ature results. Our results will show that model A gives
a much better description overall except at low temper-
atures.

4. Results

It is convenient to begin our comparison of the experi-
mental results with the simulations at high temperature.
The neutron scattering measurements shown in Fig. 2
were obtained at 100.7 K when the scattering can be de-
scribed by quasi-elastic scattering. In Fig. 2 the results
are compared with both model A and model B of the sim-
ulations and it is clear that model A gives substantially
better agreement with the experimental results. This is
not surprising because model A had the parameters ad-
justed to agree exactly with the integrated intensity at
high temperature. The results show considerable scatter
at the elastic position. This is because of the relatively
large incoherent scattering that was subtracted from the
elastic position. Figure 3 shows similar experimental re-
sults at 62.8 K when the scattering has a more compli-
cated profile. The results of the simulations for models
A and B are both shown and it is again clear that model
A gives the best agreement with the experimental re-
sults. The results shown in Figs. 2 and 3 are restricted
to only a few wave vectors at the zone boundary. In or-
der to show the results for many different wave vectors
we must compress the data. This is done for the results
at 62.8 K throughout the Brillouin zone in Fig. 4, by
showing the energy and widths of the excitations and
comparing the results with a similar analysis for mo-
del A. Both the peak positions and the widths for the
simulations are slightly larger than for the experiments
but generally the results are in good agreement for all
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Fig. 2. The experiment data and predictions of models
A and B simulations at 100.7 K.

wave vectors. Similar results are shown in Fig. 5 for the
results of the experiments and simulations for 46.9 K.

Below the phase transition at 30.2 K the widths of
the excitations are smaller and the energies are becom-
ing larger as shown in Fig. 6. Model A still gives a bet-
ter description of the data than model B but in parts
of the Brillouin zone the errors on the damping are be-
coming significant. At lower temperatures the picture
does not change appreciably although the experimental
width is unreliable and the energy of the excitations is be-
coming larger than the experimental energy as discussed
above. Our conclusion is that the classical simulations
with model A provide an excellent description of the ex-
periments except at the lowest temperatures where the
omission of the zero point fluctuations in the classical
simulations results in them having a larger energy than
the experiment.

The results for the zone boundary excitations are sum-
marised in Fig. 7 for a range of temperatures and com-
pared with the simulations and the agreement is very
good. Figure 7 also compares our measurements with
the results from analytical calculations. The energy of
the excitations is well described up to a temperature of
30 K by the random phase approximation. The damp-
ing is, however, more complex and the theory of Tyc and
Halperin [7] is reasonably satisfactory for the zone bound-

Fig. 3. The experimental data and the predictions for
models A and B of the simulations at a temperature of
62.8 K.

Fig. 4. The energy and width of the excitations at
62.8 K (black points) compared with the results for
model A (red points).
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Fig. 5. The energy and width of the excitations at
46.9 K compared with the results of model A (red
points).

Fig. 6. The energies and widths of the excitations at
30.2 K compared with the simulations. The red points
show the predictions of model A, the blue the predic-
tions of model B and green is the transverse component
only of model A.

ary. In more detail the zone boundary damping is given
by the theory of Kopietz [8]. His theory suggests that
the damping is proportional to T 3 multiplied by factors
that are independent of temperature but vary with wave
vector. We have examined this prediction for our data
and find that our experimental results shown in Fig. 7

Fig. 7. A logarithmic plot showing that the tempera-
ture dependence of the zone boundary width divided by
the energy is proportional to T 2 whereas the theory of
Kopietz gives the width as proportional to T 3.

Fig. 8. The damping divided by the energy and T 2

showing that there is only a slight downward trend at
the zone centre. The predictions of this for the theories
of Tyc et al. are shown at a temperature of 21.3 K and
neither is satisfactory.

and the simulations behave as T 2. In Fig. 8 we show the
line width divided by the energy of the excitation and
T 2 as a function of the wave vector. The data within
error all lie on a common curve which has only a slight
downward trend. In contrast the theories for 21.3 K have
considerable dispersion not observed in the experimental
results.

5. RbMnF3

RbMnF3 is a cubic perovskite and so an ideal example
of a system with three components n = 3 and D = 3.
The critical scattering close to the phase transition was
measured in the early 1970’s and we repeated and im-
proved the measurements in the late 1990’s using triple
axis crystal spectrometers; TAS7 at Risø and IN14 at



Spin Wave Dynamics of 2D and 3D Heisenberg Antiferromagnets 23

Fig. 9. Scattering at TN for RbMnF3. The experimen-
tal profile shows a maximum at zero energy whereas the
renormalisation group theory and the mode coupling
theory show minima.

the ILL. Measurements were made of the scattering near
the (1/2,1/2,1/2) antiferromagnetic ordering wave vector
at temperatures between 0.77TN and 1.11TN where TN

was measured as 82.8 K. The purpose of our measure-
ments was to study the dynamics of RbMnF3 in detail
and in particular to determine if it could be understood
by renormalisation group theory. The main result of the

paper is shown in Fig. 9 which shows the scattering at
TN for 3 different wave vectors. For q = 0.04 the line
shape is consistent with being a single peak but at larger
wave vectors the scattering clearly consists of 3 distinct
peaks. Also shown in the figure are the predictions of
the line shape calculated from renormalisation group the-
ory [9] and from mode coupling theories [10]. For these
models we have fitted the data to the measurements at
large energy transfers when both these theories give in-
sufficient intensity at low energy transfers. We therefore
fitted the results to an inelastic component and a quasi-
-elastic component and found that the energy width of
both these components scaled as qz with z = 1.43± 0.04
which is consistent with the theoretical value of the ex-
ponent z = 1.5.

Most of the other properties of RbMnF3 behaved as
predicted by renormalisation group theory except for the
behaviour of the longitudinal susceptibility below TN.
The energy width of the longitudinal width is predicted
to behave as q2. The experiments were very difficult be-
cause the longitudinal scattering could only be measured
above 0.936TN and not close to q = 0 than 0.02 because
of the intense transverse scattering. Nevertheless, the
energy width was found to behave as q1.58±0.03 which is
clearly different from predictions.

Numerical simulations of these results were performed
by Tsai et al. [2]. The results shown in Fig. 10 are their
calculations of the scattering at TN and clearly there is
a quasi-elastic component as well as the inelastic compo-
nent. We consider that if experiments and simulations
agree with one another at least semi-quantitatively, then
the results are correct for real systems even though renor-
malisation group theory and mode coupling theory dis-
agree with the results.

Fig. 10. The computer simulations of Tsai et al. [2] compared with the experimental results. Both give maxima at
zero energy transfer.

6. Conclusions

The results for both RbMnF3 and Rb2MnF4 suggest
that the analytical results for the spin waves do not
agree with the experimental results from neutron scat-
tering and not with the results of simulations using a

classical model. We shall first discuss RbMnF3. For this
material there have been several measurements over the
last 50 years of the exponents and the universal ampli-
tude ratios. These largely gave results that within error
agree with the theoretical predictions. The discrepan-
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cies occurred with the shape of the scattering at TN for
which the experiments and computer simulations gave a
three peak structure while the shape calculated by renor-
malisation group theory has only two peaks. Secondly
there is possibly a discrepancy below TN for the quasi-
-elastic longitudinal scattering. We consider that both
of these may well be connected. The scattering profile is
continuous as the temperature is varied and our results
show a longitudinal peak below TN which evolves to the
quasi-elastic peak in the scattering above TN. This is the
peak that is missing from the analytic theories. Conse-
quently, we suggest that the theory should be reworked
so as to include the longitudinal-like contributions
above TN. Possibly this contribution is large in both
the experiments and the simulations because RbMnF3

is cubic and the analytic theories are evaluated for an
isotropic system.

In the case of Rb2MnF4 the discrepancies between the
analytic theories and the experiments and simulations
occur over a much wider temperature and wave vector
range. Nevertheless, static scattering measurements of
the correlation length [11] agree with the theoretical work
of Hasenfratz [12]. The dynamics at small wave vectors
and low energies were found to be consistent with scaling
but the temperature dependence of the scaled frequency
was found to be different from that expected [13]. These
measurements were made with an applied field so as to
reduce the anisotropy. The measurements we have made
are over a much wider range of temperatures and of wave
vectors. One of our main conclusions is that classical sim-
ulations, model A, provide an excellent description of the
measurements except for the very low temperature spin
waves. We suggest that the agreement with analytic the-
ories is less satisfactory. The damping of the excitations
scales as T 2 instead of the predicted T 3 and the damping
divided by the energy of the excitations is approximately
constant throughout the Brillouin zone. Further devel-

opment of the analytic theories is needed to explain these
results.
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