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Abstract:

Complex noncollinear and noncoplanar magnetic structures attract attention due to various emergent phenomena such as the skyrmion

lattice,  a  noncollinear  magnetic  structure  of  topologically  protected  spin  vortices.  The  different  noncollinear  magnetic  phases  of

polycrystalline  PtMnGa  have  been  recently  reported.  At  the  moment,  there  are  no  reported  studies  of  the  magnetic  properties  of  this

compound in thin single-crystalline films. We aim to refine the magnetic structure of a 100 nm thin film of PtMnGa at low temperatures

by  means  of  single-crystal  neutron  diffraction.  Preliminary  neutron  diffraction  measurements  on  our  thin-film  samples  confirmed  the

feasibility of magnetic structure determination. In this experiment we intend to extend the measurements beyond the first (001) magnetic

Bragg peak covered before. To unambiguously refine the noncollinear magnetic structure of the thin films of PtMnGa, we will measure

the  intensity  of  all  Bragg peaks  that  can  be  reached  at  the  D10 diffractometer  comparing  with  high  temperature  measurements  in  the

paramagnetic  state  to  identify  the  magnetic  Bragg peaks.
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Introduction

Magnetic systems exhibiting spin-canted states
have garnered much attention lately and promise
rich exotic properties driven by their real space
spin-textures and competing magnetic orders. In
this work, we study the magnetic ground state of
a hexagonal h-MnPtGa epitaxial thin �lms (60
nm thickness) grown by magnetron sputtering
on Al2O3(0001) single crystalline substrate. The
MnPtGa �lm crystalizes in the centrosymmetric
P63/mmc (No. 194) space group, showing perpen-
dicular magnetic anisotropy and a second order
phase transition at the Curie point (TC = 263 K).
In order to examine the temperature evolution
of the magnetic structure, we performed single-
crystal neutron di�raction at the D10 four-circle
di�ractometer in the Institut Laue-Langevin.

Performed Experiment

Thermal neutrons of incident wavelength 2.36 Å
were selected employing a vertically focusing py-
rolytic graphite (PG) (002) monochromator com-
bined with a focusing PG analyzer, and collected
in a 96 × 96 mm2 2D microstrip detector. The
measurements were performed in the temperature
range of 300 K to 2 K. The triple-axis con�gura-
tion in elastic mode was used in order to reduce the
background and increase the signal-to-background
ratio. No magnetic �eld was applied.

Data Analysis

The crystal structure of the 60 nm h-MnPtGa
in the paramagnetic (PM) state was analyzed
through the collection of 17 Bragg peaks at 300 K,

leading to 8 unique independent re�ections. The
re�nement of the nuclear and magnetic structures
were performed by the Rietveld method imple-
mented within the FullProf software [1]. The re-
�nement of the nuclear structure in the PM phase
is shown in Fig. 1(a).

We have collected the same set of Bragg re-
�ections below TC in the collinear FM state at
T = 200K. At this temperature an increase in the
intensity of the (100) Bragg re�ection is observed,
which signals the appearance of an additional fer-
romagnetic contribution to the scattering (see Fig.
1(b)). Accordingly, the nuclear and magnetic
structures were re�ned, including a FM compo-
nent that leads to a reliability factor RB = 8.5%,
as shown in Fig. 1(c). The magnetic moment
is found to be 2.8(7) µB per Mn atom along the
c-axis.

As we reduce the temperature to 2 K, well
below the spin reorientation temperature Tsr, we
observe that the intensity of the (100) Bragg re-
�ection has further increased, accompanied by the
onset of a sizeable (001) Bragg re�ection (see Fig.
1(d)). The observation of the structurally forbid-
den (001) Bragg re�ection for the P63/mmc space
group, of therefore purely magnetic origin, is a
signature of the existence of a component of the
magnetic moment in the basal plane. The mag-
netic order in the spin canted state (SC) is found
to be commensurate with the lattice, and charac-
terized by a propagation vector k = (0,0,0). This
type of magnetic ordering is also found in bulk
polycrystalline h-MnPtGa [2].

Accordingly, the re�nement of the nuclear and
magnetic structures at 2 K were performed includ-
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ing both a FM coupling in the basal plane, with
the moment along the c-axis, and an AFM in-plane
component (staggered in the out-of-plane direc-
tion). The comparison between the calculated and
observed squared structure factors at 2 K is shown
in Fig. 1(e), yielding a reliability factor RB = 9%.
The components of the magnetic moment of the
Mn atoms are obtained from the re�ned data at 2
K, with values µz = 4.2(4)µB and µx = 1.5(3)µB,
leading to a total magnetic moment per Mn atoms
of 4.5(5) µB at 2 K. From our analysis, we �nd a
canting angle of (20 ± 0.9)◦ away from the c-axis
at 2 K.

Conclusions

Hexagonal MnPtGa thin �lm undergoes a spin
reorientation transition at Tsr = 160K. We in-
vestigate the magnetic groundstate and �nd the
emergence of the (00l) purely magnetic Bragg re-
�ection below Tsr. This structurally forbidden re-
�ection evidences the emergence of a spin-canted
state, where the magnetic moments align ferro-
magnetically in the basal plane and a non-zero
in-plane component exhibits an antiferromagnetic
ordering along the c-axis.

Figure 1: Single-crystal neutron di�raction of h-MnPtGa epitaxial thin �lm. (a) Rietveld re�nement
of the nuclear structure in the paramagnetic phase at 300 K. (b,d) Temperature dependence of (b)
the (100) Bragg re�ection, and (d) the purely magnetic (001) Bragg re�ection, in the paramagnetic
(300 K), ferromagnetic (200 K) and spin-canted (2 K) states. (c) Rietveld re�nement of the nuclear
and magnetic structure in the ferromagnetic state at 200 K. (e) Rietveld re�nement of the nuclear
and magnetic structure in the spin-canted state at 2 K, where we include both the FM and in-plane
AFM staggered contributions along the c-axis. (f) Noncollinear magnetic groundstate structure at 2
K, where the Mn moments are depicted with a canting angle of 20◦ away from the c-axis.
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