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The equilibrium structure and electronic properties of a ferromagnetic shape memory alloy Ni2MnGa have
been studied for both the martensitic and austenitic phases by the full potential linearized augmented plane
wave method. We report the stable martensitic phase at c /a=0.97 and the lattice constants are in good
agreement with the experimentally reported values. The Ni 3d eg related minority-spin peak in the density of
states �DOS� near the Fermi level �EF� in the austenitic phase splits into Ni 3dz2 and 3dx2−y2 states in the
martensitic phase. The minority spin DOS at EF varies with c /a, while the majority spin DOS at EF remains
almost unchanged.
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I. INTRODUCTION

Ni2MnGa has generated tremendous interest in recent
years because of its potential application as a magnetically
driven shape memory alloy that is more efficient than tem-
perature or stress driven shape memory devices. Ni2MnGa is
ferromagnetic at room temperature and martensitic transition
in this compound was first reported by Webster et al.1 Re-
cently, the highest known magnetic field induced strain up to
9.5%, giant magnetocaloric effect and large negative magne-
toresistance have been reported in this system.2–5 The crystal
structure of Ni2MnGa influences both its magnetic and mi-
cromechanical properties. In particular, the lattice constants
determine the magnetic-field induced strain.

For Ni2MnGa, the martensitic start temperature �TM� is
reported to be around 210 K, while the Curie temperature
�TC� is around 370 K.1 In the high temperature austenitic
phase, the structure of Ni2MnGa has been found to be cubic
L21 with a=5.825 Å from x-ray and neutron diffraction
studies.1,6 The structure can be visualized as a bcc lattice
with Ni atoms at the corner sites and Mn and Ga atoms
alternately in the center of it. From neutron powder
diffraction it has been reported that in the martensitic
phase, Ni2MnGa undergoes a tetragonal distortion with
a=5.92 Å, c=5.56 Å and c /a=0.936 �Fig. 1�a�� in the
Fmmm space group.1,6 Using x-ray diffraction, Martynov
et al.7 reported the lattice parameters to be a=b=5.9 Å and
c=5.54 Å �c /a=0.94� using the same space group. Extra
weak peaks with intensity �3% of the main peaks have
been assigned to an additional modulation in the struc-
ture with five or seven layer periodicity resulting from a

periodic shuffle of the �110� planes along the �11̄0�
direction.1,7 Recently, detailed analysis of high resolution
neutron powder diffraction pattern8 reveals that the
martensitic phase has a 7-layered orthorhombic struc-
ture with Pnnm space group, the lattice constants being
aPnnm=4.21 Å, bPnnm=29.3 Å, cPnnm=5.55 Å. These lattice
constants are related to the Fmmm space group unit cell
by aPnnm= �1/�2�aFmmm, bPnnm= �7/�2�aFmmm, and cPnnm

=aFmmm giving cFmmm /aFmmm or c /a to be 0.932. Thus, while
the periodicity of the modulation might depend on sample

composition and preparation history, it is fairly well estab-
lished from above XRD and neutron diffraction studies that
the Fmmm unit cell has c /a ratio of about 0.94.

While there is general agreement about the experimen-
tally determined structure of Ni2MnGa �especially the c /a
ratio� in the martensitic phase,1,6–8 the situation is not so
clear from theory.9–16 There is disparity between different
theoretical studies about the lattice constants of the marten-
sitic phase. Godlevsky and Rabe using local spin density
pseudopotential calculations, obtained the total energy �Etot�
minimum at c /a=1, with other shallow local minima at 1.08
and 1.2.9 On the other hand, Ayuela et al. optimized the
lattice constants using full potential linearized augmented
plane wave �FPLAPW� method and found c /a=1.16.12 In a
latter publication, Ayuela et al. performed more accurate
FPLAPW calculations and found the Etot minimum around
c /a=1.25, and claimed existence of a local minimum around
0.94.13 Recently, Zayak et al. using the pseudopotential
method, have considered a model structure with fivefold
modulation, and found minimum Etot at c /a=0.955.16 How-
ever, this is not the global minimum since the Etot minimum
for the nonmodulated structure at c /a=1.25 is reported by
them to be four times more stable than the modulated
structure.16 Thus, till date no theoretical calculation has re-
ported a global minimum in Etot at c /a�1 for the martensitic
phase. This is in gross disagreement with experiment, which
reports c /a=0.94. Structures with c /a�1 are obtained only

FIG. 1. The crystal structure of Ni2MnGa in austenitic �left
panel� and martensitic �right panel� phase. The tetragonal distortion
in the martensitic phase is magnified to highlight the structural dif-
ference between the two phases. The modulation in the martensitic
phase is not shown.
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for nonstoichiometric and stressed samples.1,6,7,17,18 This un-
satisfactory situation has not been resolved until this date.

Heusler alloys are considered to be ideal local moment
systems. In Mn based Heusler alloys �X2MnY�, the magnetic
moment is mainly localized on Mn. The localized character
of the magnetization results from the exclusion of minority-
spin electrons from the Mn 3d states. The occupied d states
of Mn are delocalized by their strong interaction with the
X-atom d states.19 Since, the Mn-Mn distance is �4 Å, there
is no significant direct interaction between the Mn atoms.
RKKY type indirect exchange interaction gives rise to mag-
netism in this material. When the interaction is mediated by
the X conduction electrons, the alloy is ferromagnetic and if
it is mediated by the Y conduction electrons, it can have
either sign, depending on the position of the Fermi level �EF�
in the Mn-Y p-d hybrid states. In Ni2MnGa, which is ferro-
magnetic, the Mn-Mn interaction is mediated by the Ni con-
duction electrons.19 Webster et al. reported the total magnetic
moment of Ni2MnGa to be �4.17 �B with �3.84 �B local-
ized on Mn and �0.33 �B on Ni from magnetization and
neutron diffraction studies. On the other hand, Brown et al.20

reported 2.74 �B magnetic moment for Mn and 0.24 �B for
Ni from polarized neutron measurements. Compton scatter-
ing supported by theoretical calculations using FPLAPW has
been employed to study the magnetic moments in Heusler
alloys like Co2FeGa and Ni2MnSn.21 For Ni2MnSn, the Mn
moment was found to be 4.39 �B while the Ni moment was
negligible.21 For Cu2MnAl, Compton scattering gave the Mn
moment to be 3.25 �B,22 which is in agreement with that
reported by Deb et al.21 X-ray magnetic circular dichroism
�XMCD� in different Mn based and related Heusler alloys
have been studied by different groups who found sizable
orbital angular momentum component to the magnetic
moment.23

In this paper, we report results of detailed FPLAPW cal-
culations for Ni2MnGa to obtain the equilibrium lattice con-
stants corresponding to minimum Etot. Until now in order to
explain the absence of a global minimum at c /a�1, differ-
ent theoretical studies have assigned the c /a�1 structure to
be due to either nonstoichiometry, modulation, shuffle or
distortion.9,16 However, there are shape memory alloys which
exhibit stable martensitic phase in the intrinsic structure,
without consideration of the above effects. For example,
NiTi and PdTi undergo martensitic transition from the B2 to
B19� and B19 structures, respectively, and FPLAPW calcu-
lations calculations clearly show that the martensitic phase is
stable .24 Hence, it is reasonable to expect that a tetragonal
distortion to the L21 structure of Ni2MnGa will be energeti-
cally stable and our work shows that this is indeed so with
c /a�1. Using a rigorous approach with sufficient accuracy,
we obtain the global Etot minimum around c /a=0.97 with
a=11.11±0.03 a.u. �5.88 Å� and c=10.78±0.03 a.u.
�5.70 Å�, which are in good agreement with the experimen-
tally determined lattice constants. Moreover, the cubic and
the tetragonal phases have similar volumes, as is expected
for a shape memory alloy. The equilibrium martensitic phase
is stable compared to the equilibrium austenitic phase by
3.6 meV/atom. We report the calculated magnetic moments
for the equilibrium structures of both phases. Interesting
changes in the density of states �DOS� are observed in the Ni
3d dominated DOS near EF.

II. METHOD

The ab initio, relativistic, and spin-polarized FPLAPW
calculations were performed with generalized gradient
approximation25 for the exchange correlation using the
WIEN97 code.26 Generalized gradient approximation �GGA�
was used because it accounts for the density gradients which
are neglected in the local density approximation. Moreover,
it has been shown that for Heusler alloys GGA provides a
better overall agreement with experiment compared to the
local density approximation �LDA�.27,28 An energy cut-off
for the plane wave expansion of 16 Ry is used �RMTKmax

=9�. The maximum l �lmax� for the radial expansion is 10,
and the maximum l for the nonspherical part �lmax,ns� is 6.
The cut-off for charge density was Gmax=14. The muffin tin
radii were taken to be Ni 2.2488 a.u., Mn 2.3999 a.u., and
Ga 2.2488 a.u. The number of k points for self-consistent
field cycles is taken in 8000, which resulted in 641 k points
in the irreducible part of the Brillouin zone. All the other
parameters were kept at the default values generated by the
WIEN97 code. The calculations were performed with the
convergence criterion for Etot to be 0.1 mRy, i.e., the accu-
racy of Etot is ±0.025 mRy/atom �±0.34 meV/atom�. This
number is an order of magnitude smaller than the Etot varia-
tion observed in Fig. 2; for example, the stabilization of the
c /a=0.97 minimum is about 3.8 meV/atom w.r.t. c /a=1 for
the equilibrium volume �Fig. 2�. Moreover, some calcula-
tions were performed with even higher accuracy of
0.01 mRy. The change in Etot between 0.1 and 0.01 mRy
convergence criterion was 0.001 mRy/atom or
0.0136 meV/atom, which is not significant. So, all the calcu-
lations were done with 0.1 mRy convergence criterion. The
Etot value for each calculation is fully converged starting
from initial crystalline charge density in each case. For the

austenitic phase, the Fm3̄m space group is used with atomic
positions 8c �Ni�, 4b �Mn� and 4a �Ga�.1,6 For the martensitic
phase, Fmmm space group is used with atomic positions: 8f
�Ni�, 4b �Mn�, and 4a �Ga�.1,6 The calculations are done over
a finer step �0.01� of c /a value between 0.9 and 1.0, where
the Etot minimum is expected.

FIG. 2. The total energy �Etot� of Ni2MnGa in the martensitic
phase as a function of c /a for different unit cell volumes. The
accuracy of Etot is shown as error bars on the equilibrium volume
curve �solid line�.

BARMAN, BANIK, AND CHAKRABARTI PHYSICAL REVIEW B 72, 184410 �2005�

184410-2



III. RESULTS AND DISCUSSION

In order to obtain the lattice constants of the martensitic
phase of Ni2MnGa, Etot is calculated as a function of c /a for
different unit cell volumes including the experimentally
reported1 volume 1315 a.u. �Fig. 2�. Considering different
volumes around the experimental volume, we find the Etot
global minimum at c /a=0.97. It is interesting to note that all
calculations for different volumes �1290 to 1400 a.u.� ex-
hibit the 0.97 minimum. We also obtain a local minimum at
c /a=0.94 �arrow in Fig. 2�, although not for all constant
volume curves. This local minimum is higher in energy than
the 0.97 minimum by 5.5 meV/atom. Two other shallow lo-
cal minima are obtained at c /a=1.05 and 1.25, but these are
at higher energy with respect to the 0.97 minimum by about
5 and 23.8 meV/atom, respectively. Similar local minima at
c /a=1.08 and 1.2,9 and at 0.94 �Ref. 13� have been reported
earlier. The overall shape of the Etot curves in Fig. 2 are in
agreement with Ref. 9, although they found the equilibrium
value of c /a to be 1. A possible reason why Ref. 9 did not
obtain the minimum at c /a�1 could be related to the use of
LDA by the authors. We have used GGA because it has been
shown that GGA gives better overall agreement with experi-
mental data for Heusler alloys compared to LDA.13,27,28 For
Co2MnX �X=Si,Ge,Sn�, Picozzi et al. find that GGA is es-
sential for an accurate description of the equilibrium vol-
umes and of the electronic and magnetic properties of these
systems.27 Moreover, Ayuela et al. found the metastable
minimum below c /a�1 to disappear using LDA.13 They
obtained the minimum only when GGA was used. However,
Ayuela et al. obtained a global minimum around c /a=1.25,
although the FPLAPW method has been used in Refs. 12 and
13. We have used the same parameters and GGA potential25

for the FPLAPW calculations as in Ref. 13. Since, the energy
differences between the global and local minima are small
�Fig. 2�, the disagreement between present results and that of
Ayuela et al.12,13 could arise due to the choice of parameters
of calculation that are not generally mentioned explicitly and
modifications of the WIEN97 code performed by them.29 In
our case, we have used the standard commercially available
WIEN97 code26 without any modifications.

Due to the above mentioned differences in literature about
equilibrium c /a, we have performed Etot minimization using
a different method. In this iterative method,30,31 in the first
step a and c �i.e., the unit cell volume� are varied keeping
c /a fixed at the experimental value of 0.94 �Fig. 3�a��. The
Etot data are fitted with a fourth order polynomial, and from
the minimum Etot, an intermediate a=aint is obtained
to be 11.23 a.u. Next, c /a is varied keeping a=aint fixed, and
we obtain equilibrium �c /a� to be 0.95 �Fig. 3�b��. At the
third step, we again vary a and c with c /a fixed at 0.95 �Fig.
3�c�� and obtain the final equilibrium a and c to be
11.182 a.u. �5.915 Å� and 10.645 a.u. �5.631 Å�, respec-
tively with c /a=0.95. The small reduction in total energy at
the different steps is clear from Figs. 3�a�–3�c�.

The equilibrium c /a obtained from the iterative method
�0.95� is somewhat smaller than that obtained from the con-
stant volume method �0.97�. However, the Etot minimum in
the iterative method is about 3.9 meV/atom higher than the

constant volume method. Besides, the shapes of the different
constant volume Etot curves obtained by us show some dif-
ferences. The dependence of Etot curves on unit cell volume
has also been reported earlier.13 Because of the above men-
tioned complexities in this system, we employ a most gen-
eral approach to obtain the Etot minimum combining the re-
sults of both the constant volume and the iterative method.
Besides, calculations have been done along a line joining the
experimental �a ,c� points of the austenitic and martensitic
phases. Using all these Etot data, we have constructed a two
dimensional contour plot for Etot, as functions of a and c
�Fig. 4�a��. More than 250 different calculations have been
performed to obtain the contour plot. The general behavior of
this system can be ascertained from Fig. 4�a�. We find that
along the c /a=constant direction �line B with c /a=0.952�,
Etot increases rapidly, as depicted by closely spaced contours
in that direction. Along the constant volume direction �for
example, line C corresponding to the theoretically obtained
equilibrium volume 1330.78 a.u.�, Etot variation is gradual
and the contours are elongated along that direction �Fig. 4�.

The minimum energy contour is shown by an arrow in
Fig. 4�b�, where the contour plot is shown in an expanded
scale with finer contour spacing. The corresponding lattice
constants and the equilibrium cell volume are determined at
the middle of the contour and the extent of the contour along
x and y give the error bars for a and c, respectively. Thus, we
find a=11.11±0.03 a.u. �5.88 Å� and c=10.78±0.025 a.u.
�5.70 Å�, with c /a=0.97. This point is denoted by M in Fig.
4�b�, representing the martensitic phase. a �5.88 Å� is within
0.7% of the experimental value of 5.92 Å and is thus in
excellent agreement.1,6,7 c �5.70 Å� is overestimated by 2.5%
in theory w.r.t. experiment �5.56 Å�.1,6 Considering the ex-
perimental uncertainties of sample composition, homogenity
and that the experiments are done at finite temperatures, this
agreement can be considered to be very good. The equlib-
rium volume is obtained to be 1330.78 a.u. and Etot as a
function of c /a at this volume is shown in Fig. 2. We also
obtain a local minimum around a=11.22 a.u. and c
=10.56 a.u. from the contour plot �dashed arrow in Fig.
4�b��, where c /a is 0.94 as in experiment.1,6,7 However, this
local minimum is higher in energy from the global minimum
by 5.5 meV/atom.

For the cubic austenitic phase, we have calculated Etot by
varying a. We obtain the equilibrium lattice constant to be
10.998 a.u. �5.820 Å� and is indicated by A in Fig. 4�b�. The

FIG. 3. Etot of Ni2MnGa in the martensitic phase using the it-
erative method �see text�.
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lattice constant for the austenitic phase is in good agreement
with our x-ray diffraction measurements �11.004 a.u.� and
previous studies.1,6,12,32 Comparing the minimum Etot of the
austenitic and the martensitic phases, we find that the latter is
stabilized by 3.6 meV/atom. This shows why Ni2MnGa un-
dergoes a structural transition from cubic austenitic to tetrag-
onal martensitic structure with decreasing temperature. The
calculated volume of the austenitic phase is 1330.35 a.u.,
while that of the martensitic phase is 1330.78 a.u. Thus, the
martensitic transition involves almost no change in volume,
and this is evident from the contour plot in Fig. 4�b� where
both the phases appear on the same constant volume curve
�line C�. This shows why Ni2MnGa is a shape memory alloy,
since volume conserving martensitic transition is a necessary
and sufficient condition for shape memory effect in systems
with cubic austentic phase.33

Ferromagnetism in Ni2MnGa arises due to the RKKY
type indirect exchange interaction between Mn atoms medi-
ated by the Ni atoms.19 From the FPLAPW calculation, we
find the total magnetic moment in the austenitic phase to be
4.13 �B / f.u. and the individual moments per site for Ni, Mn,

and Ga are 0.36, 3.44, and −0.04 �B, respectively. These
values are in agreement with previous theoretical
studies.9,10,12 For the equilibrium martensitic phase, the total
moment is 4.16 �B, and the local moments per site are 0.37,
3.45, and −0.04 �B, respectively. The relatively small change
in magnetic moment across the structural transition could be
related to the spin-projected DOS, which is discussed later.
The polarized neutron scattering results of Brown et al. nor-
malized to 0 K gives moments of 0.24 and 2.74 �B for Ni
and Mn, respectively in the austenitic phase, while moments
in the martensitic phase are 0.36 and 2.83 �B, respectively.20

The disagreement between experimentally determined mo-
ments and the zero temperature ideal moments calculated by
us could be related to the existence of domain and twin struc-
ture, antisite defects, modulation, nonstoichiometry effects
and orbital moments, which are not considered by theory. In
Fig. 5, we show the total magnetic moment map of Ni2MnGa
as functions of c and a; while in the inset shows the total, Ni
and Mn magnetic moment variation as a function of c /a for
equilibrium volume �line C�. Along line C, the total moment
exhibits a maxima at c /a=0.93 and 1.15. Along line B, the
total moment increases substantially up to about 4.7 �B for
higher a and c ��12 a.u.�. From the inset of Fig. 5, we find
that the peaks in total moment are related to the changes in
Ni moment, since Mn moment exhibits a smooth variation .
The maximum in total and Ni moment around c /a=0.93 is
more pronounced �4.25 �B� than that at 1.15 �4.17 �B�, un-
like in previous studies.9,13 The variation in Ni magnetic mo-
ment can be related to changes in Ni spin-projected DOS
close to EF, as discussed later.

In Fig. 6, we show the total DOS and Ni 3d and Mn 3d
partial density of states �PDOS� of Ni2MnGa in the equilib-
rium martensitic and austenitic phases. The DOS is domi-
nated by Ni and Mn 3d states in the bonding region below
EF. The shape and the total width ��6 eV� of the valence
band is same for both the phases. The majority spin Ni 3d
states extend from −4 eV to above EF, and from PDOS cal-
culations the t2g and eg states �not shown separately in Fig. 6�

FIG. 4. �Color online� �a� Etot of Ni2MnGa in the martensitic
phase as functions of a and c. In the gray scale �rainbow for color�,
the lightest �red� contour corresponds to minimum energy �0 mRy�
and darkest �violet� corresponds to maximum energy �52 mRy or
176.8 meV/atom�. The contour spacing is 1 mRy or 3.4 meV/atom.
Black dots indicate the �a ,c� points where calculations have been
performed. Significance of lines B and C are discussed in text. �b�
The contour plot around minimum Etot in an expanded scale with
finer contour spacing �0.1 mRy or 0.34 meV/atom�. A solid arrow
indicates the global minimum energy contour at c /a=0.97, while a
dashed arrow indicates a local minimum energy contour at c /a
=0.94. The equilibrium austenitic and martensitic phases are de-
noted by A and M, respectively.

FIG. 5. �Color online� Total magnetic moment of Ni2MnGa as
functions of a and c. In the gray scale �rainbow for color�, the
lighest �red� contour corresponds to minimum: 3.8 �B and the dark-
est �violet� contour to maximum: 4.7 �B. The contour spacing is
0.02 �B and black dots indicate the �a ,c� points where calculations
have been performed. Inset shows the total, Mn and Ni magnetic
moments as a function of c /a along line C.
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are almost uniformly distributed. The minority-spin Ni 3d t2g
states are centered around −1.5 eV with a width of 0.6 eV.
Ni 3d PDOS has a sizable contribution near EF, which is
primarily of eg character. The minority-spin Mn 3d states
dominate the antibonding region above EF with the peak
around 1.5 eV and has small contribution below EF. Both
Mn 3d t2g and eg states contribute equally to this peak. In
contrast, the majority spin Mn 3d states are almost fully
occupied and the t2g and eg states are clearly separated ap-
pearing at −3 and −1.3 eV, respectively.

An interesting difference between the two phases is ob-
served near EF �arrow, Fig. 6�, which is shown in an ex-
panded scale in Fig. 7. In the austenitic phase, the minority-
spin DOS has a sharp peak around −0.19 eV. This peak is
related to the Ni 3d eg states, and in absence of tetragonal
distortion both the 3dx2−y2 and 3dz2 states appear at similar
energies to contribute to this peak intensity. The Ga p PDOS,
although much less in intensity, also has a peak at −0.19 eV,
indicating a weak Ni d-Ga p hybridization. The peak cen-
tered at 0.45 eV above EF arises from Ni 3d-Mn 3d hybrid-
ized states. The majority spin states have a monotonically
decreasing DOS towards EF with no structure. Due to the
tetragonal distortion in the martensitic phase, the Ni
minority-spin 3d eg PDOS splits into two peaks �Fig. 7�b��.
The −0.27 eV peak is dominated by Ni 3dx2−y2 with a small
contribution from the 3dz2 states. On the other hand, the
−0.05 eV peak is almost entirely related to the 3dz2 states.
The Ga p PDOS also exhibits a similar splitting as the Ni eg
states. In contrast, Mn 3d PDOS does not exhibit any feature
at −0.27 or −0.05 eV. The martensitic phase has lower en-
ergy probably because the higher intensity Ni 3dx2−y2 domi-
nated peak appears at lower energy �−0.27 eV� compared to
the austenitic phase �−0.19 eV�.

Fujii et al. calculated the DOS of both martensitic and
austenitic phases using the Korringa-Kohn-Rostocker

method and suggested that the band Jahn-Teller effect stabi-
lizes the martensitic phase.10 A signature of the band Jahn-
Teller effect is splitting of a peak exactly at EF into two
peaks below and above EF resulting in a lowering of total
energy. However, our results clearly show that, although
splitting occurs, both the split peaks are below EF. So, the
stabilization of the martensitic phase is related to the lower-
ing of the total energy and cannot be described purely in
terms of the band Jahn-Teller effect. Magnetic moment is
determined by the difference between the integrated occu-
pied majority and minority-spin DOS. Since both Ni 3dz2 and
3dx2−y2 states are below EF in the martensitic phase, the oc-
cupancy of Ni spin-projected states does not change substan-
tially compared to the austenitic phase. This explains the
small change in Ni magnetic moment across the martensitic
transition. The small change in Mn moment can be explained
in a similar way �Fig. 6�.

In Fig. 8, we plot the total majority and minority-spin
DOS at EF as a function of c /a for equilibrium volume. We
find a large variation in the minority-spin DOS with two
peaks at 0.96 and 1.1. These peaks can be related to the
changes in the DOS with c /a: when c /a decreases below 1,
the Ni 3dz2 related peak shifts toward EF and at 0.96 it passes
through EF. On the other hand, when c /a increases, the Ni
3dx2−y2 peak shifts towards EF and passes through EF at 1.1.
In contrast, the majority spin states exhibit almost no change
over the whole range. The maxima in Ni magnetic moment
at c /a=0.93 and 1.15 �inset, Fig. 5� are related to the varia-
tion in the minority-spin DOS with c /a. We show that in
Ni2MnGa, the minority-spin DOS at EF is sensitive to
change in lattice constants, while the majority spin DOS is
not.

FIG. 6. �Color online� Majority and minority-spin total DOS
and Ni 3d and Mn 3d PDOS of Ni2MnGa in equilibrium austenitic
and martensitic phases. The near EF region �arrow� of the Ni 3d
related minority-spin DOS exhibit interesting differences and is
shown in an expanded scale in Fig. 7. The DOS curves are shifted
along the vertical axis.

FIG. 7. Majority and minority-spin total DOS and PDOS of
Ni2MnGa in the near EF region in equilibrium �a� austenitic and �b�
martensitic phases. The Ga p PDOS is multiplied by a factor of 10.
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IV. CONCLUSION

We have determined the optimized lattice constants and
the electronic structure of Ni2MnGa using the full potential
linearized augmented plane wave �FPLAPW� method. We
show that the equilibrium tetragonal martensitic phase with
c /a=0.97 has 3.6 meV/atom lower energy than the austen-
itic phase, which explains why the martensitic transition
occurs in Ni2MnGa by lowering the temperature. This re-
sult is important because until now no global minimum for
c /a�1 has been obtained for the martensitic phase of
Ni2MnGa. We find the martensitic phase lattice constants to
be a=11.11±0.03 a.u. �5.88 Å� and c=10.78±0.03 a.u.

�5.70 Å�, which are in good agreement with experiment. The
martensitic transition is volume conserving, as expected for a
shape memory alloy. The present results show that it is in-
deed possible to obtain the stable martensitic phase in
Ni2MnGa without considering extraneous effects like modu-
lation, nonstoichiometry, shuffle or distortion. By comparing
the DOS of the two phases, we find a splitting of the
minority-spin states below EF. These states are predomi-
nantly Ni 3d-like, weakly hyrbidized with Gap-like states.
The total, Ni and Mn magnetic moments in the martensitic
phase are reported as function of the lattice constants and
related to the spin-projected DOS. The minority-spin DOS at
EF varies with c /a, while the majority spin DOS is unaf-
fected. This could have important implication in spin polar-
ized transport where the tunability of the minority-spin DOS
can be used. This also shows that surface relaxation and
change in structure at the interfaces might change the effi-
ciency of spin polarized transport. A decrease in the
minority-spin DOS near EF for Ni excess Ni2.25Mn0.75Ga has
been recently reported.34
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