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Rare-earth tetraborides RB4 have a tetrag-
onal crystal structure with a space group
P4/mbm which is characterized by the 2-
dimensional orthogonal dimers in the c-
plane. Such dimer systems are equivalent
to the Shastry-Sutherland lattice (SSL) [1]
where nearest-neighboring dimers geomet-
rically frustrated.

Our previous study of powder neu-
tron diffraction in TmB4 shows incom-
mensurate antiferromagnetic (IC AFM)
orderings at 11.7 K and 10.7K, 　 and
incommensurate-commensurate (IC-C)
transition at 10 K [2]. From the magnetic
phase diagram as shown in Fig.1, phase IV
shows a simple antiferromagnetic pattern
with a propagation vector of k4=(1, 0,
0). The Phase III has been assigned with
propagation vector k4 and an additional
long period modulation vector k3=(0.13,
0, 0). Furthermore, the phase II was also
indexed with the k4 and k2=(0.012, 0.012,
0) and k2’=(0.036, 0.012, 0). We have found
that TmB4 shows a multi-step magnetiza-
tion process. The magnetization for B//c
shows not only a 1/2 Ms plateau in phase
VI as in RB4 (R=Dy, Ho, Er, Tb) but also a
1/8 Ms plateau in phase V [3]. Here, Ms
means the saturation moment of Tm3+ ion.
In order to clarify these ordering vectors in
these magnetic phases, we have performed
neutron diffraction experiment on a single
crystal sample of Tm11B4.
High-quality single crystal sample of
TmB4 was grown by floating zone method
using a four-xenon lamps image furnace.
The neutron diffraction experiment in
fields up to 6 T was performed in the
triple axis spectrometer, TOPAN (6G).
The incident neutron energy Ei was tuned
to 30.5 meV (1.64 A). The sample was
placed with the (h k 0) plane in order to set

parallel to the neutron scattering plane in
field applied along [001] axis.

From the neutron diffraction in magnetic
fields, the incommensurate and commen-
surate magnetic structures based on the 8-
unit cell period were found in the Plateau
phase (V, VI). The magnetic structure or-
dered in the field accompanied by the mag-
netic plateau has a similar value as the pe-
riod determined in phase III with magnetic
fluctuation. Frustration on the SSL plays
an important role to form the magnetic
plateaus. The super-lattice reflections with-
out magnetic origin were found in the 4-
unit cell period for a-axis in the phase V.
This suggests that the periodic magnetic
structure with 8-unit cell period locks into
the period crystal lattice.
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Fig. 1. Fig. 1 Magnetic phase diagram of TmB4.
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