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Abstract

The triangular antiferromagnet CsFeBr3, which has the spin singlet ground state due to the large single ion
anisotropy of Fe2+ ions, shows the field-induced magnetic ordering for B//c. Submillimeter and millimeter wave ESR
measurements of CsFeBr3 have been performed at 2K. Several absorption lines were observed below the ordering
field 5T which is in the paramagnetic region. Temperature dependence of ESR absorption lines for paramagnetic
region shows the decrease of intensity as the temperature is increased. It suggests that the observed ESR absorption
lines come from the ground state. Changes of the ESR modes at 2K were observed at the field corresponding to
the antiferromagnetic gap of 2.89T. The results are discussed in connection with the theory of the gap system.
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The hexagonal ABX3 type antiferromagnets show
various quantum phenomena, for example the spin
frustration, quantum-fluctuation-induced transition
of CsCuCl3 and the field-induced antiferromagnetic
ordering. CsFeBr3 has hexagonal P63/mmc space
group and 1D antiferromagnetic chain along c-axis,
which forms triangular lattice coupled antiferromag-
netically in the c-plane. Low temperature magnetic
properties of CsFeBr3 can be described by the pseudo
spin S=1. The energy level of CsFeBr3 for B//c splits
into the spin singlet Sz = 0 ground state and doublet
Sz = ±1 states in zero magnetic field by a large uni-
axial anisotropy D which was estimated to be 21.4K
[1] or 29.8K [2]. B. Dorner et al. [1] and D. Visser
et al. [2] estimated the intra-chain exchange inter-

action J
‖
0 = 3.2K,4.9K and J⊥

0 = 3.2K, 4.4K, and

inter-chain exchange interaction J
‖
1 = 0.32K,0.48K

and J⊥
1 = 0.32K,4.3K, respectively. Y. Tanaka et al.

investigated the field dependence of the magnetic sus-
ceptibility, the specific heat and the temperature de-
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pendence of the magnetization in detail, and revealed
novel B-T phase diagram which has the field-induced
antiferromagnetic ordering above BAF = 5T [3]. The
gap field Bg, which corresponds to the excitation gap,
was estimated to be Bg = 2.89T at T=0K. There-
fore, we performed submillimeter and millimeter wave
ESR measurements of single crystal CsFeBr3 to reveal
electronic states at low temperature.

Single crystal synthesis of CsFeBr3 is described in
reference [3]. The ESR measurements are performed by
the transmission method using a bulk InSb detector [4].
The millimeter and the submillimeter wave ESR mea-
surements are performed using pulsed magnetic field
up to 16T. The observed temperature region is from
1.8K to 80K. Gunn oscillators are used in the frequency
region from 60GHz to 160GHz. BWO is also used in
the frequency region from 180GHz to 360GHz.

Fig. 1 shows the temperature dependence of ESR
spectra observed at 60GHz for B//c. A sharp absorp-
tion lines is DPPH signal which is the field marker
of g=2. Several absorption lines were observed below
10K. Intensity of these absorption lines decreases as
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Fig. 1. Temperature dependence of ESR spectra observed at

60GHz for B//c.

the temperature is increased. It suggests that the ob-
served ESR absorption lines come from the ground
state. The characteristic features of ESR spectra for
60GHz is two intensive absorption lines A and B and
other weak absorption lines. Fig. 2 shows the frequency
field diagram of B//c at 2K. From the B-T diagram,
the phase boundary of the antiferromagnetic ordering
at 2K is BAF = 5T , below which is paramagnetic.
Mode A changes at the gap field Bg = 2.89T . From
the linear fitting, the mode A below Bg has a slope of
g=2.9 and the gap at zero field is 90GHz, which cor-
responds approximately to the gap field Bg. A slope
of mode A changes to g=6.1 above Bg. It is about 2
times as larger than the slope below Bg. Recently the-
orists discussed about the ESR modes of S=1/2 and
S=1 gapped spin chains system in the high field criti-
cal phase [5–7]. They suggest that there exist two ESR
modes above and below Bc, where the gap becomes
zero. The slope of the modes above Bc becomes twice
as large of that below Bc. The behavior of the mode A
corresponds to the theoretical proposal. On the other
hand, the mode B has no anomaly at the critical fields
Bg and BAF . From the linear fitting, the mode B has a
slope of g=1.8 and the gap at the zero field is 50GHz.
It suggests the existence of the smaller gap than the
zero field gap of Bg. The existence of the mode B does
not agree with the theoretical proposal. The origin of
the mode B remains as a future problem.

Distinct ESR modes were observed below BAF . The
mode A can be interpreted by the theory of ESR mode

0

50

100

150

200

250

300

350

400

0 2 4 6 8 10 12

Fr
eq

ue
nc

y(
G

H
z)

B(T)
Bg BAF

A

B

Fig. 2. Frequency field diagram of B//c at 2K. Solid lines are

linear fitting lines.

in S=1 gapped spin system. However, the existence of
the mode B remains as a future problem. For the ob-
servation of the field induced ordering mode, higher
frequency and higher field ESR measurements are re-
quired.

Acknowledgements

This work was supported by Grant-in-Aid for Sci-
entific Research on Priority Areas (B) (No. 13130204
”Field-Induced New Quantum Phenomena in Mag-
netic Systems”) from the Ministry of Education,
Culture, Sports, Science and Technology of Japan.

References

[1] B. Dorner, D. Visser, U. Steigenberger, K. Kakurai and M.

Steiner, Z. Phys. B 72 (1988) 487.

[2] A. Harrison and D. Visser, J. Phys. Condens. Matt. 4 (1992)

6977.

[3] Y. Tanaka, H. Tanaka, T. Ono, A. Oosawa, K. Morishita,

K. Iio, T. Kato, H. Aruga Katori, M. I. Bartashevich and

T. Goto, J. Phys. Soc. Jpn. 70 (2001) 3068.

[4] M. Motokawa, H. Ohta and N. Maki, Int. J. Infrared

& MMW 12(2) (1991) 149, S. Kimura, H. Ohta, M.

Motokawa, S. Mitsudo, W.-J. Jang, M. Hasegawa and H.

Takei, Int. J. Infrared & MMW 17(5) (1996) 833.

[5] A. K. Kolezhuk and H.-J. Mikeska, Phys. Rev. B 65 (2002)

014413.

[6] A. K. Kolezhuk and H.-J. Mikeska, preprint cond-

mat/0202171.

[7] M. Matsumoto, B. Normand, T. M. Rice and M. Sigrist,

preprint cond-mat/0205052.

2


