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Non-centrosymmetric materials are of
growing interest recently, because of the
possibility for a number of novel phe-
nomena, such as parity-mixed supercon-
ductivity in metallic systems, bulk Rashba
spin splitting of electron bands in polar
materials, and non-trivial spiral or helical
spin structures in magnetic materials origi-
nating from asymmetric spin-spin interac-
tions. Nonetheless, materials that realize
such intriguing phenomena are quite lim-
ited, and hence, new non-centrosymmetric
materials have been actively sought out re-
cently.

Pr5Ru3Al2 is one of such new non-
centrosymmetric materials, first synthe-
sized by Murashova et al. [1]. Their first re-
port includes magnetization measurements
down to T = 4.2 K; possible ferromagnetic
order was suggested at T ∼ 24 K. Re-
cently, we have succeeded in improving
sample quality of Pr5Ru3Al2 by employ-
ing several different heat treatments [2].
By using such high-quality single-phased
polycrystalline sample, we have revisited
magnetic properties, in particular, at fur-
ther lower temperatures below 4.2 K. We
found an antiferromagnetic ordering was
observed at T ∼ 4 K in the magnetic sus-
ceptibility for Pr5Ru3Al2. Interestingly, fur-
ther phase transition was observed above
the 1000 Oe magnetic field for Pr5Ru3Al2,
suggesting a formation of a complex mag-
netic phase diagram. On the other hand,
the ferromagnetic anomaly for Pr5Ru3Al2
at T ∼ 24 K in the earlier report was not
detected in our high-purity sample, and
hence is attributed to the impurity contam-
ination. Powder neutron diffraction exper-
iment in Pr5Ru3Al2 has been already per-
formed. The diffraction data measured be-
low the magnetic transition temperature
∼ 4 K shows additional satellite magnetic

reflections with long-period incommensu-
rately modulated structure as shown Fig. 1
(b). Magnetic structure for Pr5Ru3Al2 in the
zero magnetic field and in 1.5 K < T <4.2 K
is helical structure [2].

To investigate the magnetic structure of
the Pr5Ru3Al2, we performed SANS ex-
periment at QUOKKA (ANSTO). The sin-
gle crystal Pr5Ru3Al2 sample was grown
by long-time-anneal method. The inci-
dent neutron wave-length was selected us-
ing the velocity selector as λi = 5 Å. The
sample mount was attached to the sample
stick, and was installed in the horizontal-
field magnet with the magnetic field ap-
plied along [1 -1 0] parallel to the inci-
dent neutron beam. Figure 1 shows the
magnetic phase diagram determined by the
magnetization measurement and the ob-
tained SANS pattern. We found four mag-
netic phases. In phase II, we found four
hold reflections at (q q q), which is consis-
tent with the result of the neutron pow-
der diffraction data [2]. At phase III, the
two hold SANS pattern with the propaga-
tion vector (q q 0) was observed. 10 % in-
crease of the Q-length at the phase transi-
tion from Phase II to Phase III is observed.
From these results, it is also expected that
the magnetic structure is changed.

In summary, we performed SANS exper-
iment using Pr5Ru3Al2 single crystal. It is
clarified that the chiral magnetic Pr5Ru3Al2
exhibits the complicated magnetic-field-
induced phase transition. In phase II, the
helical magnetic structure with incommen-
surate modulation was concluded. In con-
trast, in phase III, the different-type antifer-
romagnetic orderings with long-period in-
commensurately modulation vector takes
place.
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