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Element-specific electronic structure and magnetic properties of an epitaxial Ni51.6Mn32.9Sn15.5 thin
film at the austenite-martensite transition

B. Krumme,1 A. Auge,2 H. C. Herper,3 I. Opahle,4 D. Klar,1 N. Teichert,2 L. Joly,5 P. Ohresser,6 J. Landers,1 J. P. Kappler,5
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An austenite-martensite transition was observed in a 100-nm-thick Ni51.6Mn32.9Sn15.5 film by temperature-
dependent resistivity and magnetization measurements, revealing a martensite starting temperature of MS ≈
260 K. The influence of the structural phase transition on the electronic structure and the magnetic properties
was studied element specifically employing temperature-dependent x-ray-absorption spectroscopy and x-ray
magnetic circular dichroism. In addition, density functional theory calculations have been performed to study the
electronic and magnetic properties of both phases. It is shown that off-stoichiometric Ni-Mn-Sn alloys can exhibit
a substantial magnetocrystalline anisotropy energy in the martensite phase. For Mn a change of the electronic
structure and a strong increase of the ratio of orbital to spin magnetic moment ml/mS can be observed, whereas
for Ni nearly no changes occur. Applying an external magnetic field of B = 3 T reverses the change of the
electronic structure of Mn and reduces the ratio of ml/mS from 13.5 to ≈1 % indicating a field-induced reverse
martensitic transition.
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I. INTRODUCTION

Recently, ferromagnetic shape memory alloys, such as
Ni2MnGa [1,2], exhibit potential for applications as actuators,
since it is possible to induce large strain (up to 10%) by
applying an external magnetic field in the martensite phase
[3,4]. Such compounds exhibit a structural phase transition
from a high-temperature cubic austenite phase into a tetrago-
nally distorted (or modulated orthorhombic/monoclinic) phase
at low temperature. One group of materials that exhibit this
behavior is that of the Mn-rich Ni2Mn1+xSn1−x compounds
like Ni50Mn35Sn15 [5]. The structural phase transition is
accompanied by a strong change of the magnetization or the
resistivity [6].

Since the transition temperatures of the structural and
magnetic phase transition depend on the number of valence
electrons per atom in the unit cell, the Mn-rich compounds
provide the possibility to engineer the transition temperatures
by changing the content of Mn and Sn [5].

However, to get a complete understanding of the effects
causing the structural phase transition the microscopic origin
of the martensite-austenite transition needs to be studied.
Therefore, we present an element-specific investigation of the
temperature dependence of the electronic structure and the
magnetic properties of Ni and Mn in a Ni51.6Mn32.9Sn15.5

Heusler compound. Additionally, the influence of high
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magnetic fields applied in the martensite phase on the above-
mentioned properties will be discussed.

II. EXPERIMENTAL ASPECTS

A 100-nm-thick Ni2Mn1+xSn1−x film was grown on a
MgO(100) substrate using DC/RF magnetron sputtering in a
UHV system with a base pressure of p � 1 × 10−9 mbar. The
three elements were sputtered from elemental sources with a
total growth rate of 3.1 Å/s. During the deposition the substrate
temperature was kept at T = 880 K and the substrate was
rotated with approximately ten rounds per minute to obtain
a homogeneous film. Finally, the film was capped with a
2-nm-thick MgO layer to prevent the sample from oxidation.
E-beam evaporated MgO capping layers do not cause any
oxidation with underlying Heusler-like thin films as was
reported elsewhere [7]. The stoichiometry of the sample was
determined by x-ray fluorescence: Ni51.6Mn32.9Sn15.5. Bulk
structural and magnetic properties were studied using x-ray
diffraction (XRD) with Cu Kα radiation and superconducting
quantum interference device (SQUID) magnetometry; the
latter one was done field as well as temperature dependent.

In order to study the electronic structure as well as the
magnetic properties element specifically, x-ray-absorption
spectroscopy (XAS) and x-ray magnetic circular dichroism
(XMCD) measurements were performed in the surface-
sensitive total electron yield (TEY) mode at the DEIMOS
beamline at the French synchrotron radiation facility SOLEIL
in Paris, France. The dichroic signal was obtained by switching
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the circular polarization of the x-ray photons at a constant
applied magnetic field. A sum rule analysis following Thole
and Carra et al. was done to determine the spin and orbital
resolved magnetic moments of Ni and Mn [8,9]. To correct
the sum rule of the spin magnetic moment for Mn, a spin
correction factor (SCF) of 1.5 was used to account for the jj
mixing of the initial 2p3/2 and 2p1/2 states [10].

III. THEORETICAL DETAILS

The electronic and magnetic structure of the off-
stoichiometric Heusler alloy were calculated from density
functional theory (DFT) using the fully relativistic Green’s-
functions approach SPR-KKR [11] and the generalized gra-
dient approximation in the formulation of Perdew, Burke,
and Ernzerhof (PBE) [12]. Calculations were performed for
Ni51.6Mn32.9Sn15.5 with the excess Mn atoms located on the
Sn sublattice. The tiny amount of excess Ni has been placed on
the Mn sublattice. Disorder is described within the coherent
potential approximation whereby L21 order was assumed for
the austenite phase and a tetragonally distorted L10 structure
with ratio between in-plane and out-of-plane lattice constant
c/a = 1.2 has been used for the martensite phase. The cubic
lattice constant amounts to a = 5.98 Å. Both, the c/a ratio
and the a have been taken from supercell calculations for
Ni8Mn5Sn3 and Ni8Mn6Sn2 and are comparable to the results
of Sokolovskiy et al. within the local density approximation
[13]. The scattering path operator was used to determine the
XAS and XMCD spectra at the Ni and Mn L2,3 edges in the
martensite and the austenite phase [11].

For the calculation of the magnetocrystalline anisotropy
energy (MAE) as a function of the c/a ratio we used the
relativistic version of the full potential local orbital code
[14,15] (version 9.01-35). In this scheme the four-component
Kohn-Sham-Dirac equation, which includes spin-orbit
coupling up to all orders, is solved self-consistently. The
stoichiometry of the Ni51.6Mn32.9Sn15.5 film was approximated
with an ordered Ni8Mn5Sn3 (Ni50Mn31.3Sn18.8) supercell with
antiferromagnetic alignment of the additional Mn atom on the
Sn sublattice with respect to the remaining Mn atoms. For
the MAE calculation, the local spin-density approximation in
the parametrization of Perdew and Wang [16] was employed.
For the k-space integration 8000 points in the full Brillouin
zone were used. In the variation of the c/a ratio the volume
was kept fixed corresponding to a lattice parameter a = 6.01Å
in the cubic L21 phase.

IV. RESULTS

A. Characterization

The bulk crystal structure of the 100-nm-thick
Ni51.6Mn32.9Sn15.5 film was characterized by means of XRD.
A �-2� scan [see Fig. 1(a)] shows a (200) B2 superlattice
reflection (2� = 29.88◦) and a (400) fundamental reflection
(2� = 62.08◦) indicating B2 type ordering of the film with
a lattice constant of a = 5.980 ± 0.001Å. Also an additional
peak S (2� = 50.13◦) can be observed, possibly due to a small
segregation of NiMn. At 39 and 83◦ there are MgO(200) and
MgO(400) reflections from the remaining Cu Kβ radiation
visible. A pole figure scan reveals the (111) reflection of the
Ni-Mn-Sn compound [see Fig. 1(b)] at 54.7◦ indicating that

FIG. 1. (Color online) (a) θ -2θ scan of the 100-nm-thick
Ni51.6Mn32.9Sn15.5 film on MgO(100) measured in the cubic austenite
phase. (b) Pole figure scan of the (111) reflection (ϕ = 0 corresponds
to the [010] direction of the MgO substrate).

the film exhibits partial L21 ordering and epitaxial growth with
the relation MgO(100)[010]||NiMnSn(100)[011].

In order to study the structural phase transition, the
temperature-dependent magnetization was measured in an
applied magnetic field of B = 5 mT. Figure 2(a) yields a
Curie temperature of TC = (320 ± 5) K and a martensite
starting temperature of MS = (260 ± 5) K, being in good
agreement with the temperature-dependent magnetization of
bulk Ni2Mn1.4Sn0.6 from Krenke et al. [5]. Again, we observe
the typical thermal hysteresis upon cooling and heating the
sample.

Also shown in Fig. 2(b) are normalized magnetic hysteresis
curves of the austenite (red circles) and the martensite phase
(black squares). For the austenite phase we observe a very
narrow hysteresis curve with a small coercive field of HC,Aust =
2 mT, whereas the hysteresis of the martensite phase becomes
much broader yielding a coercive field of HC,Aust = 10 mT.
Such a change of the shape of the magnetic hysteresis as
well as the increase of the coercive field were also found in
literature for Ni2MnGa [17]. These changes can be explained
by the structural phase transition, since it is accompanied by a
substantial change of the magnetic anisotropy (see Sec.V).

B. X-ray-absorption experiments

In order to investigate the influence of the structural phase
transition on the element-specific electronic structure and
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FIG. 2. (Color online) (a) Zero-field cooled (ZFC), field cooled
(FC), and field heated (FH) magnetization curves. (b) Normalized
magnetic hysteresis curves of the austenite (red circles) and the
martensite (black squares) phase. For the magnetization measure-
ments the magnetic field was applied parallel to the film plane.

magnetic properties, temperature-dependent measurements of
the near-edge x-ray absorption fine-structure NEXAFS and
XMCD were done at the Ni (Fig. 3) and Mn (Fig. 4) L2,3

edges. Figure 3(a) shows the electronic structure of Ni in the
austenite (black curve) as well as the martensite phase (red
curve). For both structural phases we observe a well-defined
satellite peak A about 6.5 eV above the L3 maximum, which
was also reported for Ni in Ni2MnGa [18]. In this work
the satellite structure was found to vanish when the crystal
structure changes from cubic austenite to tetragonally distorted
martensite. However, almost no change of the electronic
structure of Ni at the structural phase transition has been
observed in our experiment. As expected from the temperature
dependence of the bulk magnetization from SQUID [Fig. 2(a)]
the XMCD signal of the induced Ni moments [Fig. 3(b)]
increases when decreasing the temperature from T = 310 to
260 K, and decreases at T = 160 K. All the Ni XMCD signals
exhibit fine structures at the L3 and the L2 edge, similar to the
ones observed for Ni in Ni2MnGa [18].

In contrast to Ni, the structural phase transition leads to a
small increase of the XAS signal at the Mn L2,3 edges in the
martensite phase [Fig. 4(a), inset]. Despite that, no changes
of the spectral shape can be observed. Both the XAS as well
as the XMCD signal are comparable with one obtained for
Mn in Co2MnSi [19]. The trend of the temperature-dependent
XMCD signal of Mn is the same as discussed above for Ni.

A sum rule analysis following Thole and Carra et al. [8,9]
was performed in order to study the temperature dependence
of the orbital and spin magnetic moments of Ni and Mn.
The number of unoccupied d states of Ni and Mn was taken
from DFT calculations using the SPR-KKR package, which
were performed within this work, taking into account a

FIG. 3. (Color online) (a) XAS of the austenite (black curve) and
martensite phase (red curve). (b) Temperature-dependent XMCD
signal measured at the Ni L2,3 edges.

stoichiometry of Ni51.6Mn32.9Sn15.5: nNi, Aust = 1.31,
nNi, Mart = 1.32, nMn, Aust = 4.52, and nMn, Mart = 4.49.

The results of a sum rule analysis for Ni and Mn are
shown in Figs. 5(a)–5(d). The temperature dependence of
the spin and orbital resolved magnetic moments (red squares)
are compared to scaled temperature-dependent magnetization
curves measured by SQUID (black curve). In the case of the
spin magnetic moment of Mn, a constant SCF of 1.5 for all
temperatures was assumed. Therefore, the determined spin
magnetic moment of Mn is an effective moment, since it is
difficult to estimate the influence of the structural phase on
the mixing of the initial 2p3/2 and 2p1/2 electronic states and,
therefore, on the spin correction factor.

The temperature dependence of the element-specific mag-
netic moments mS(Ni) [Fig. 5(a)], ml(Ni) [Fig. 5(b)], and
mS,eff(Mn) resembles the behavior of the bulk magnetization
quite well. However, the orbital magnetic moment of Mn
ml(Mn) shows a different behavior. Here, a strong increase
can be observed with decreasing temperature. This becomes
more obvious taking a closer look at the ratio of orbital to
spin magnetic moment ml/mS (Fig. 8, black squares) of Ni
and Mn. For Ni, ml/mS remains almost constant at a high
value of roughly 31%, whereas for Mn an increase of ml/mS

from ≈ 5% in the austenite phase to 13.5% in the martensite
phase is being observed. The increasing ratio ml/mS of Mn
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FIG. 4. (Color online) (a) XAS of the austenite (black curve) and
martensite phase (red curve). (b) Temperature-dependent XMCD
signal measured at the Mn L2,3 edges.

can be related to the structural phase transition from the
cubic L21 phase to a distorted martensite phase leading to
a diminished quenching of the orbital magnetic moment. A
similar effect was observed in FePt nanoparticles, where a
tetragonal distortion leads to an increase of the ratio of ml/mS

[20].
Summing up the spin and orbital magnetic moments from

the XMCD measurements, we obtain an overall magnetization
of mXMCD = (1.26 ± 0.19)μB per formula unit at T = 260 K.
This is in good agreement with SQUID measurements, which
have been performed in parallel, yielding a magnetization of
mSQUID = (1.05 ± 0.05)μB per formula unit at T = 265 K.

C. Influence of high magnetic fields

Since it is known from literature [3,4] that it is possible
to induce large strain by applying an external magnetic field
in the martensite phase, the influence of high magnetic fields
up to B = 3 T on the electronic structure of Mn was studied.
In Fig. 6(a) the comparison of the Mn XAS of the austenite
phase (black curve), the martensite phase (red curve), and the
martensite phase with an applied magnetic field of B = 3 T is
shown. As already discussed, the structural phase transition is
accompanied by an increase of the x-ray-absorption intensity
in the low-temperature martensite phase. But the application of
an external magnetic field of B = 3 T leads to a reduction of the

FIG. 5. (Color online) Temperature dependence of the spin and
orbital resolved magnetic moments of Ni (a, b) and Mn (c, d)
determined by a sum rule analysis. A scaled M(T) curve from SQUID
measurements (black curve) is plotted for a comparison with the bulk
M(T) behavior.

absorption intensity back to the value observed for the austenite
phase (Fig. 6, inset). The change of the electronic structure
can be an indication of a field-induced reverse martensitic
transition (FIRMT) [21], indicating that the magnetic field
pushed the system from the martensite back into the austenite
phase. The XMCD signal of Mn was measured for magnetic
fields of B = 1.5 and 3 T [Fig. 6(b)]. Here, we observe
small differences of the XMCD intensity at the L2,3 edges
and in between. Since the sample should be magnetically
saturated at an external field of B = 0.2 T for both phases
[see Fig. 2(b)], we assume the small differences of the XMCD
signal to be caused by the influence of the magnetic field on the
crystal structure and, therefore, on the electronic hybridization.
The changes of the XMCD can be related to two effects,
the first being the result of a spin-dependent reoccupation
of electronic states induced by a structural phase transition
from a distorted phase to a cubic one as it was theoretically
predicted for Ni2MnGa [22]. Secondly, the change of the
XMCD signal could be connected to a change of the ratio of
ml/mS . Additionally, larger changes of the electronic structure
are observed at the Ni L2,3 edges (Fig. 7). In this figure a
comparison of the electronic structure of the Ni L2,3 edges
is shown for the austenite as well as the martensite phase
with a small applied magnetic field of B = 5 mT and for the
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FIG. 6. (Color online) (a) XAS of the Mn L2,3 edges in the
austenite (black curve) and martensite phase (red curve) in an applied
magnetic field of B = 5 mT compared to the XAS of the martensite
phase with an applied magnetic field of B = 3 T (blue curve).
(b) XMCD signal of Mn in the martensite phase with an applied
magnetic field of B = 1.5 T (black curve) and B = 3 T (red curve).

martensitic phase with an applied magnetic field of B = 3 T.
As discussed before, almost no change can be observed for
the electronic structure of Ni at the structural phase transition.
But, after the application of a magnetic field of B = 3 T, the
intensity of the XAS signal slightly decreases, which again
is a hint to a FIRMT as stated before for the behavior of the
electronic structure of Mn.

The dependence of the ratio ml/mS on the magnetic field
is shown in Fig. 8 for T = 160 K (blue squares). For both Mn
and Ni, a decrease of ml/mS with increasing magnetic field
is observed. In case of Mn, the application of a magnetic
field of B = 1.5 T leads to a reduction of ml/mS from
13.5 to 4.4%, increasing the magnetic field to B = 3 T
yields a larger reduction of ml/mS resulting in ml/mS ≈ 1%.
Simultaneously, ml/mS of Ni decreases from initially 31 to
16%, when a magnetic field of B = 3 T is applied. The fact
that the ratio ml/mS can be reduced to a value smaller than
observed in the austenite phase in a small external magnetic
field leads to the conclusion that the film was already distorted
in the austenite phase. Since our measurements were done in
the surface sensitive TEY mode, this distortion could have
been induced by the MgO capping layer. A similar effect
was observed for MgO-capped Ni2MnGa, where the structural

FIG. 7. (Color online) XAS of the Ni L2,3 edges in the austenite
(black curve) and martensite phase (red curve) in an applied magnetic
field of B = 5 mT compared to the XAS of the martensite phase with
an applied magnetic field of B = 3 T (blue curve).

phase transition was completely suppressed by the capping
layer [23].

V. THEORETICAL CALCULATIONS

In order to distinguish between field and temperature driven
changes in the XAS we have calculated the spectra for the
L21 and L10 structure of Ni51.6Mn32.9Sn15.5. Regardless of
the structure the system prefers ferrimagnetic order, i.e.,
the Mn atoms on the Mn and Sn sublattice are aligned
antiparallel (see Fig. 9). The resulting spin moment is 1.47 μB

(1.46 μB) for the L21 (L10) structure (see Table I), which
agrees qualitatively with the experimentally observed trend.
However, the reduction of the Mn spin moment is much
smaller compared to the experiment and the m̄l/m̄s ratio is
quite small in both phases. On the one hand this may be related
to a typical underestimation of orbital moments and (slight)
overestimation of spin moments in GGA. On the other hand

FIG. 8. (Color online) Temperature-dependent (black squares)
and field-dependent (blue squares) ratio of orbital to spin magnetic
moment ml/mS of Ni and Mn.
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FIG. 9. (Color online) Sketch of the calculated spin structure
of Ni51.6Mn32.9Sn15.5 in the orthorhombic unit cell. The magnetic
moments of Mn on the Mn sublattice and excess Mn atoms on the Sn
sublattice are aligned antiparallel. Sn moments are not shown.

the net spin moments m̄s are by a factor of 1.5 larger than the
measured ones, which is an indication of a higher structural
order as in experiment.

The spin moments of Ni do not follow the experimental
trend. On the contrary the average spin moment of Ni in the
tetragonal phase amounts to 0.21 μB and is therefore slightly
larger than in the cubic phase (0.16 μB) (see Table I). Since
the Ni moments are induced moments they are always oriented
in direction of the net magnetization and changes in the local
coordination have strong impact on the result. Here, we have
assumed perfect L21 and L10 order, whereas in experiment
also partially B2 order is observed (see Fig. 1). However, the
ratio between the average orbital and spin moments m̄l/m̄s

of Ni is mainly unaffected by the structural transition, which
corresponds to the experimental observations (see Fig. 8).

The calculated XAS of the L21 and the L10 phase are
shown in Fig. 10 together with the corresponding XMCD
spectra. In agreement with the experimental findings without
magnetic field (see Fig. 4) the XMCD of the martensitic phase
is reduced compared to the XMCD of the austenite phase. The
XAS remains mostly unchanged, i.e., differences lie within the
line width. Only the shoulder at approximately 5 eV slightly
decreases when symmetry is reduced. The occurrence of the
shoulder which is experimentally observed [see Fig. 3(a)] is
related to hybridization effects of Sn d states with Ni and Mn

TABLE I. Calculated spin moment (ms) for Ni and Mn atoms
in Ni51.6Mn32.9Sn15.5. The value gives the magnetic moment of the
excess Ni atoms (Mn atoms) on the Mn sublattice (Sn sublattice). m̄

denotes the average spin moment of a species.

Structure Mn (μB) Ni (μB)

ms m̄ m̄l/m̄s ms m̄ m̄l/m̄s

L21 AF 3.70 (−4.02) 1.47 0.010 0.16 (0.25) 0.16 0.083
L10 AF 3.67 (−3.98) 1.46 0.012 0.21 (0.24) 0.20 0.094
L10 FM 3.68 (3.95) 3.76 0.005 0.43 (0.33) 0.43 0.115
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FIG. 10. (Color online) Calculated XAS of Mn (a) and Ni (c)
in Ni51.6Mn32.9Sn15.5 together with the corresponding XMCD (b, d,
respectively). Dashed lines denote the spectra of the cubic phase and
full lines mark the results for the L10 ordered phase.

d states as a result of our DFT calculations. These features
are reduced in the tetragonal phase (see Fig. 10). A similar
shoulder is observed for Ni, which seems to be more sensitive
to structural changes (see Fig. 10). However, no temperature
dependence of the shoulder feature is measured through the
austenite-martensite transition. This feature can be explained
by the MgO capping layer lattice constraints on the Heusler
film resulting in a residual austenite interface region near the
MgO-Heusler film interface. Similar observations are reported
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FIG. 11. (Color online) Calculated magnetic exchange parame-
ters Jij of Ni51.6Mn32.9Sn15.5 depending on the distance between atoms
in units of the lattice constant a.

for ferromagnetic shape memory Heusler alloy thin films
grown on MgO substrates [24].

In case of FM order the size of the individual Mn moments
remains mostly unchanged, but now moments on different
sublattices are aligned parallel to each other. The Ni moments
increase such that the average spin moments become larger by
a factor of 2.6 and the ml/mS ratio for Mn becomes smaller in
case of the L10 structure, which contradicts the experimental
findings (see Table I). In addition a broader XMCD signal is
expected from theoretical calculations (not shown here). This
is not observed if a magnetic field is applied to the martensitic
phase (see Fig. 6). Furthermore, a strong antiferromagnetic
exchange coupling exists between Mn atoms on the Mn and Sn
sublattice. The nearest-neighbor coupling exceeds −20 meV
(see Fig. 11). Hence, the experimentally applied field of 3 T is
not sufficient to overcome the AF coupling.

Figure 12 shows the calculated magnetocrystalline
anisotropy energy (MAE) of Ni8Mn5Sn3 as a function of the
c/a ratio. Similar to Ni2MnGa [25] a nearly linear dependence
of the MAE on the c/a ratio with a change of sign at c/a = 1
is found in the vicinity of the cubic L21 phase. For c/a > 1
the [001] direction is the hard axis while the [100] and [110]
directions have the lowest energy, resulting in an easy plane
anisotropy. The in-plane anisotropy between [100] and [110]
directions is in the range of a few μeV/f.u. or less, which is
below the accuracy of the present calculations. The [111] and
[011] directions (not shown) are intermediate. At c/a = 1.2 a
sizable absolute value of the MAE of 0.42 meV/f.u. is found.
Compared to Ni2MnGa [25] with an MAE of 0.7 meV/f.u. this
value is slightly reduced. The MAE in the cubic L21 phase is
more than two orders of magnitude smaller, in agreement with
the experimentally observed narrow hysteresis and the small
coercive field (Fig. 2).

FIG. 12. (Color online) MAE of Ni2Mn1.25Sn0.75 (Ni8Mn5Sn3) in
dependence of the c/a ratio. Shown is the energy difference between
the easy axes [100]/[110] and the hard axis [001].

VI. SUMMARY

In summary, we studied the temperature dependence
of the electronic structure and the magnetic properties of
Ni51.6Mn32.9Sn15.5 element specifically by XAS, XMCD, and
DFT calculations. For Mn we observe a small increase of
the x-ray-absorption intensity when the sample undergoes the
structural phase transition from austenite to martensite. From
DFT calculations it turned out that the magnetic structure
in both phases is ferrimagnetic, i.e., the spin moments of
Mn atoms on different sublattices are aligned antiparallel.
Hence, the net spin moment of Mn is much smaller than
in the stoichiometric Ni2MnSn compound [26]. Further, it is
shown that also off-stoichiometric Ni-Mn-Sn Heusler alloys
close to the film composition can exhibit a large MAE in
the martensite phase, while it is small in the cubic austenite
phase, in agreement with the experimentally observed changes
in the magnetic hysteresis. In experiment the change of the
electronic structure of Mn is accompanied by a rather large
increase of the ratio ml/mS from 5–6% in the austenite phase
to 13.5% in the orthorhombic martensite one. In contrast,
for Ni no changes are found within the sensitivity of our
measurements. By applying a large magnetic field of up to
B = 3 T, ml/mS strongly reduces for Mn and Ni, indicating
a FIRMT. Theoretical investigations of XAS and magnetic
exchange parameters contradict a transformation from AF to
FM in magnetic fields up to 3 T. At B = 3 T, ml/mS becomes
even smaller than initially observed in the austenite phase,
leading to the conclusion that the MgO capping layer caused a
distortion of the top NiMnSn layers, which could be reversed
by the application of a high magnetic field.
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