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Abstract

In order to study the spin dynamics associated with the field induced two-step phase transition, we have performed
an NMR experiment on 133Cs in CsFeBr3 under magnetic fields applied along the c-axis. The phase transition
temperatures TN1 and TN2 were determined from the anomalies in the temperature dependence of the nuclear spin-
lattice relaxation rate T−1

1 . The transition points TN1 and TN2 thus obtained are consistent with those determined
by the specific heat measurement.
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1. Introduction

A hexagonal magnetic substance CsFeBr3 is in the
family of ABX3–type crystal which is well known
as the frustrating spin system due to triangular lat-
tice antiferromagnet [1] [2]. Usually, the Fe2+ spin in
CsFeBr3 is treated as the fictitious spin S = 1. The
spin state is composed of the singlet ground and dou-
blet excited states due to a large easy plane type single
ion anisotropy D along the c–axis. At zero magnetic
field, this material does not have any long–range order
down to 0 K. On the other hand, under the magnetic
field applied along the c–axis, one of the levels in the
doublet excited state comes down to cross the ground
state. Around the level cross field, a two–step succes-
sive phase transition has been reported through the
specific heat measurement [3]. In general, the Ising–
type frustrated spin system has been known to exhibit
the successive phase transition, while that of the easy
plane type is expected to bring only a single step phase
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transition. Indeed, in the case of the isomorphic crystal
CsFeCl3 we have observed a single step transition [4].
It is peculiar that the two-step phase transition has
been observed in CsFeBr3. In order to study the spin
dynamics associated with these phase transitions, we
have performed an NMR experiment in CsFeBr3. The
nuclear spin–lattice relaxation time T1 of the 133Cs
has been measured under the magnetic field up to 15
T applied along the c–axis in the temperature range
T from 1.5 to 4.2 K. A preliminary result has been
already reported [5].

2. Experimental results of 133Cs nuclear
spin–lattice relaxation rate

A typical result of the spin lattice relaxation rate
T−1

1 is shown in Fig 1. The phase transition tempera-
tures TN1 and TN2 are determined from the anomalies
in the temperature dependence of the relaxation rate.
In the paramagnetic phase (T > TN1) the relaxation
rate was almost independent of the temperature. The
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slope of the temperature dependence of the relaxation
rate became steeper for TN2 < T < TN1. At TN2, a
small kink appeared in the slope of the relaxation rate.
The transition temperature TN1 and TN2 thus deter-
mined are consistent with those determined by the ex-
periment of the specific heat and the magnetization.
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Fig. 1. Typical temperature dependence of nuclear spin-lattice

relaxation rate T −1
1 of 133Cs in CsFeBr3 . Arrows in the figure

show anomalies in the relaxation rate from which the phase

transition temperatures TN1 and TN2 are determined.

In the usual magnetic materials, the spin-lattice re-
laxation rate T−1

1 diverges near the phase transition
temperature owing to the critical slowing down in the
spin fluctuation. In the present case, however, T−1

1 did
not diverge even at the transition temperatures, TN1

and TN2. The behavior of T−1
1 in CsFeBr3 is strange,

by considering the fact that in the isomorphous crys-
tal CsFeCl3 the diverging behavior in T−1

1 has been
reported at the temperature of the field induced phase
transition [6]. The behavior of the nuclear relaxation
rate shows that the spin fluctuation is large even in the
order phase.

3. Results and discussion

The phase transition temperatures TN1 and TN2 in
CsFeBr3 are determined from the anomaly in the tem-
perature dependence of the nuclear spin lattice relax-
ation rate of 133Cs. We have already reported a prelim-
inary experimental result under the magnetic field up
to 15 T [5]. Unfortunately, the transition temperatures
at the magnetic fields exceeding 10 T were suspicious
because the experimental crystal orientation was am-
biguous. This time the experiments were carried out
with careful crystal orientation. The transition points
for the field larger than 10 T did not reproduce those

already reported. Thus we believe that the newly ob-
tained TN1 and TN2 should be correct.

The temperature-field phase diagram is summarized
in Fig 2. The transition temperatures TN1, determined
by the experiments of NMR, the specific heat and the
magnetization, are all consistent each other. As for the
second transition temperature TN2, the results from
the experiments of NMR and the specific heat are con-
sistent, but the second transition is not observed in
the magnetization experiment. The mechanism of the
two-step phase transition is still an open question.
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Fig. 2. Temperature-field phase diagram of CsFeBr3 under

H//c-axis. Solid quadrangles are the transition point deter-

mined by T−1
1 . Other symbols are the phase boundaries de-

termined by the specific heat [3] and the magnetization [3]

measurements. Broken lines are the guides to the eye.
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