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Using optical spectroscopy to probe the impact of atomic disorder on the Heusler alloy Co2MnGa
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The exceptional electronic and spintronic properties of magnetic Heusler alloys, which include half-metals
and Weyl semimetals, are strongly sensitive to deviations from the ideal atomic structure. To ensure that these
materials have been produced with the desired properties, it is necessary to determine both the structural ordering
and the electronic structure, which can be challenging. Here, we present the results of a far-infrared-to-visible
optical spectroscopy study of films of room-temperature ferromagnetic Weyl semimetal Co2MnGa. Combined
with a determination of the level of ordering from x-ray diffraction, we have investigated near Fermi energy
valence and conduction band intra- and interband transitions and their dependence on the atomic order. Motivated
by band structure calculations, we have modeled our optical spectra with two Drude terms and two Lorentz
oscillators, where the latter are assigned to interband transitions. The scattering rate of the itinerant carriers,
determined from the width of the Drude term, increases threefold with increasing disorder, while the carrier
density to effective mass ratio is unchanged. Based on our band structure and the joint density of states
calculations, we have assigned the oscillator that dominates the interband spectral region near 1 eV to transitions
across the minority spin gap along the �-X direction. It is found that the energy of this transition is strongly
sensitive to the degree of order and decreases rapidly with increasing disorder as states fill a decreasing minority
spin gap. Our results demonstrate optical spectroscopy is a sensitive way to fingerprint structural order in the
technologically relevant near Fermi level electronic states in Heusler alloys.

DOI: 10.1103/PhysRevMaterials.7.094203

I. INTRODUCTION

Full Heusler alloys with the general formula, X2Y Z , where
X and Y are transition metals and Z is a main group element,
exhibit a wide range of electronic and magnetic properties.
Depending on their structure and composition they can be in-
sulating through to superconducting [1] or with topologically
nontrivial states [2–4]. Of special interest for applications
are compositions that form half-metals, where below a ferro-
magnetic Curie temperature Tc, the electronic states are spin
polarized with the majority spin bands crossing the Fermi
level while the minority spin bands are gapped across the
Fermi level [5–8]. Numerous examples are compounds with
X = Co and Y = Mn, which have been predicted to be half-
metals with a Tc above room temperature [9]. Of special
interest is Co2MnGa, which is a topological Weyl semimetal
with a Tc of 694 K [10,11] displaying at room temperature
a large intrinsic anomalous Hall effect (AHE) [8,12], anoma-
lous Nernst effect (ANE) [13,14], and spin Hall effect [15]
that arise from the presence of Weyl fermions which drive a
large Berry curvature near the Fermi energy [8,16]. It has been
shown, however, that the electronic band structure, and thus
the Berry curvature, is sensitive to changes in the film’s atomic
order [17,18] and thickness [19]. Being able to describe the
relationships between crystal structure, atomic ordering, and

the electronic properties of the Heusler alloys near the Fermi
energy is critical for a full understanding and thus for their
application.

Fully ordered Heusler alloys crystallize in the L21 struc-
ture, while random occupancy of the Y and Z sites is described
as having a B2 structure, and complete disorder across all, X,
Y, and Z sites as having an A2 structure [20]. While methods of
estimating the degree of atomic order using x-ray diffraction
(XRD) have been developed [21–23] it is in general very
challenging, requiring advanced synchrotron, neutron diffrac-
tion, or high-resolution electron microscopy studies [24,25].
Nonetheless, several authors have correlated changes in the
degree of atomic order to the electronic properties of some
Heusler alloys [6,16,18,20,26].

The near Fermi energy electronic structure of the Co2MnZ
compounds is largely determined by the presence of Co-Co-
Mn d-d hybridized bands [5,11,8]. When the Z atom is Si,
Ge, or Sn (IVB element) the minority gap is large, and the
Fermi energy lies within it, forming a half-metal. Where the
Z atom is Al or Ga (IIIB element) the gap is smaller and, in
the case where Z = Ga the Fermi level lies at the bottom of
the minority spin gap in a region of a small but finite density
of states [11,27,28]. Recently, attention has been drawn to the
role that atomic disorder plays in the Co2MnZ compounds,
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and notably the increase in electron states in the minority spin
gap with increasing atomic disorder which destroys their half-
metallicity [6,18,26].

For studying electronic states, one widely accessible exper-
imental tool is optical spectroscopy, a technique that directly
probes the bulk properties, the valence and conduction states
near the Fermi level, and, notably, changes in the intra- and
interband electronic behavior. However, only a few authors
have published the results of optical studies on full-Heusler
compositions including bulk [29–31] and films [32–34] and
on half-Heusler compositions [35]. Rai and co-workers [36]
have undertaken a computational study of the optical re-
sponse. Here we present the results of an optical spectroscopic
study of a series of Co2MnGa films with different degrees of
atomic order as determined by XRD. We have measured the
energy dependent reflectivity and transmission from which we
determine the energy dependent conductivity between 0.01
and 6 eV, identifying the behavior of both the itinerant carriers
and interband transitions, with reference to direct current (DC)
electrical transport measurements and calculations of the joint
density of electronic states.

II. EXPERIMENTAL METHODS

Thin films of Co2MnGa were deposited by DC magnetron
sputtering using a Kurt J. Lesker CMS-18 system. The films
were sputtered onto 10×10 mm double-side polished MgO
(001) substrates from a composite target of Co:Mn:Ga with
a relative atomic composition of 50:25:25. The MgO (001)
substrates were held in vacuum for 1 h at 400 °C before
deposition. All films were then grown at 400 °C followed by
in situ annealing in vacuum for times ranging from 0 (unan-
nealed) to 60 min and at several temperatures between 400 °C
and 550 °C. Film thicknesses were kept at 100 nm although
one 200 nm film was deposited for optical measurements.
Using the energy dispersive x-ray analysis (EDAX) capability
of a FEI Quanta scanning electron microscope (SEM) the
film compositions were determined to be close to stoichio-
metric Co2MnGa composition, at Co1.96Mn0.96Ga1.08. The
compositional analysis calculation employed CALCZAF [37]
and NIST DTSA-II [38] software and EDAX measurements
from elemental standards. XRD spectra were collected using
two instruments, a Bruker D8 Advance system and a Rigaku
SmartLab, both using Co Kα x-ray radiation at a wavelength
of 1.7889 Å. The experimental XRD spectra were compared
to the theoretical Co2MnGa XRD pattern calculated using the
software VESTA [39]. The temperature-dependent resistivity
and the anomalous Hall angle between 2 and 300 K were
measured using a Quantum Design physical property mea-
surement system (PPMS).

The reflectivity and transmission spectra were measured
at room temperature employing a Bruker Vertex 80v inter-
ferometer from 10 meV to 3 eV [34]. For some samples we
extended the spectral range to 6 eV by using a conventional
grating monochromator. The reflectivity and transmission are
measured relative to the incident beam. In the case of the
reflectivity the incident intensity was measured using an evap-
orated Al film and corrected employing literature values for
the aluminum reflectivity [40]. In the case of transmission,
the incident light is measured through an open aperture, so

FIG. 1. A diagram illustrating the atomic positions of Co2MnGa
in the ideal L21 crystal structure. This picture was generated using
the crystallographic simulation software VESTA [39].

no correction is required. We report room-temperature reflec-
tivity and transmission measurements. The uncertainty in the
magnitude of these quantities is ±2%. The error in the mag-
nitude was estimated from the reproducibility of the spectra
and the mismatch in the magnitude of spectra collected across
different spectral ranges.

As described elsewhere [19] we used density functional
theory (DFT), within the generalized gradient approximation
(GGA) [41], as implemented in the Vienna ab initio simula-
tion package (VASP) [42], to calculate the electronic structure
of Co2MnGa.

III. FILM GROWTH AND CHARACTERIZATION

As illustrated in Fig. 1, fully ordered Co2MnGa consists of
four face-centered cubic sublattices, two of Co and one each
of Mn and Ga, while crystallizing in the L21 crystal structure
with space group 225 (Fm3̄m). As illustrated in the XRD
spectra of Fig. 2, the (002) and (004) lines were observed in
all our films indicating (001) orientated growth, epitaxial with
the MgO substrate. Furthermore, the presence of the (002) line
indicates the B2 structure is present in all films. An optimized
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FIG. 2. (a) Out-of-plane θ -2θ x-ray diffractograms for a
Co2MnGa film for which the (111)/(004) ratio is a maximum of
0.144. This pattern was collected on the Bruker D8 Advance system.
The black inset is the (111) superlattice peak measured at an out-of-
plane tilt of 53.92 °. (b) Out-of-plane θ -2θ x-ray diffractogram for a
Co2MnGa film for which the (111)/(004) ratio is zero; i.e., there is no
observable (111) reflection. This pattern was collected on the Rigaku
SmartLab.
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TABLE I. A summary of the numbered films used in the optical study listing, respectively, their annealing conditions, predeposition
pressure, (111)/(004) intensity ratio (proxy for L21 ordering), lattice parameter, 300 K DC conductivity, and thickness. We note that the
uncertainty in the lattice parameter for film 5 is larger at ±0.001 nm due to the very low scattering intensity of the (004) line in this film
relative to that observed in other films.

Annealing Predeposition 300 K DC
temperature pressure (111)/(004) Lattice parameter conductivity Film thickness

Film (°C)/time (mins) (10−7 mbar) Intensity ratio ±0.001 (nm) (W cm)−1 (nm)

1 550/60 1.5 0.144 0.5750 8130 200
2 400/20 1.5 0.139 0.5752 11 000 100
3 550/60 1.5 0.065 0.5746 8621 100
4 550/60 30 0.013 0.5735 4310 100
5 550/60 15 0.000 0.576 3984 100

deposition process was developed, guided by the temperature
dependent resistivity, the anomalous Hall angle (AHA) [19],
and notably the use of the XRD reflection intensities. The op-
timization process involved producing films with the highest
ratio of the intensities of the superlattice (111) reflection to the
fundamental (004) reflection, which we use as a proxy for the
L21 structure [18]. By applying an out-of-plane tilt to the film
of 53.92 ° during XRD measurements, the (111) plane can be
accessed. We have used a proxy for the L21 order parameter
as its calculation is not straightforward using conventional
laboratory-based XRD equipment [20]. To achieve a reliable
value for L21 the integrated intensity over a full φ scan is
measured followed by the application of various corrections
[25]. In the case of Co-containing Heusler alloy thin films it
is also likely that two different wavelengths will be required
due to the very similar atomic scattering factors of Co and Mn
[25,43]. For these reasons values reported for L21 or B2 order
are generally not readily comparable. As shown in Table I,
our films showed a range of values for the (111)/(004) ratio,
including film 5 where the (111) line is absent. Nonetheless
we find calculated values of L21 for our films range from
0 (film 5) to 0.62 (film 1) (see also Fig. 7) which compare
favorably with values calculated by Wang et al. [17].

The out-of-plane lattice constants were calculated using
the (004) reflection and are also shown in Table I. All films
annealed at or above 400 °C for 60 min exhibited a lattice
constant close to the bulk lattice constant value of 0.5767 nm
[44]. As illustrated in Table I, within experimental uncertain-
ties the out-of-plane lattice constant was not observed to be
strongly sensitive to changes in the (111)/(004) ratio, i.e., the
L21 ordering, the exception being film 5, the most disordered
film with a significantly larger out-of-plane lattice constant,
although we note that the uncertainty was found to be also
larger at ±0.001. We also determined the in-plane lattice con-
stant, measured with an out-of-plane tilt so that the resultant
d spacing has contributions from both in- and out-of-plane
lattice spacings, e.g., using (111) and (333) lines, among
others. Assuming that there is only one value for the in-plane
lattice parameter, we found that the in-plane:out-of-plane ratio
did not vary systematically within the series and differed
from unity by less than 1% except for the most disordered
film (film 5) where the ratio is 0.988. Thus, the estimated
tetragonal distortion, within two decimal places, is less than
1%, which is consistent with previous reports on crystalline
Co2MnGa films [12,19].

During the optimization process, it was found that the de-
termining factor of the L21 ordering was the vacuum pressure
after the one hour pregrowth substrate heat treatment, imme-
diately before the Ar gas was introduced into the chamber
for the film sputtering. As illustratedin Table I, films with the
highest (111)/(004) ratios had starting pressures of 1.5×10−7

mbar, whereas film 5 with no visible (111) line had a starting
pressure ten times higher of ∼15×10−7 mbar.

The effect of the changing deposition conditions (deter-
mining the level of L21 ordering) on the electronic properties
is clearly shown in Fig. 3, which illustrates the temperature
dependent DC resistivity for several films produced during
the optimization process. It is observed that with increas-
ing annealing temperature, the magnitude of the resistivity
decreases, while the temperature coefficient of resistance in-
creases from near zero for the unannealed film, behavior
expected for a highly disordered metal. For an optimized
film (right panel; film 1) with a maximum L21 order the
resistivity is approximately linear in the temperature range
between 300 and ∼130 K indicating that the scattering is
dominated by phonons for this film. Between ∼25 and 130 K
the temperature dependence becomes greater than linear and
is often considered as indicating another contributing scat-
tering mechanism such as involving magnons [45,46]. Below
∼20 K we observe an upturn in the resistivity going as –T 1/2.
The slope of this upturn decreases with increasing anneal-
ing temperature which is consistent with suggestions that the
–T 1/2 behavior is due to electron-electron interactions in the
presence of disorder or weak localization [47], which are
minimized for the highest L21 ordered films. We find that
for less optimized films (left and middle panels in Fig. 3)
the low-temperature upturn is more prominent, and starts
at a higher temperature, and the high-temperature linear re-
gion is restricted to a smaller, higher-temperature region. As
will be discussed below, the 300 K DC conductivity values
are also employed in the optical modeling process. At 300
K, the anomalous Hall angle θH = σxy

σxx
, where σxy = ρxy/

(ρ2
xy + ρ2

xx ) and σxx = ρxx/(ρ2
xy + ρ2

xx ), was observed, with
an increasing (111)/(004) ratio, to rise from 6.35% for an
unannealed film to 9.84% for a fully optimized film (max-
imum L21 order), with the latter matching observed large
anomalous Hall values of Co2MnGa with Weyl nodal loops
in the electronic structure near the Fermi level [16,19,47].
Other than film 1 these unoptimized films are not discussed
further.
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FIG. 3. The longitudinal resistivity for selected Co2MnGa films all deposited at 400 °C followed by annealing for 60 min at different
temperatures from unannealed (left panel), 400 °C (middle panel), and 550 °C (film 1) (right panel). This data set was developed during the
optimization process so that only data from film 1 (right panel) are discussed further.

IV. OPTICAL SPECTROSCOPY RESULTS
AND DISCUSSION

The optical spectroscopy study was carried out on the
selection of films listed in Table I. In Fig. 4(a) we display
the measured reflectivity from 10 meV to 6 eV for a 200 nm
Co2MnGa film with the highest (111)/(004) ratio (film 1 in
Table I, the film with the largest L21 ordering). This film
exhibits a metallic-like high reflectivity at low energy falling
to small values at 6 eV after passing through a plateau near
1 eV. The film is observed to be nontransparent across the en-
tire spectral range consistent with a low-energy skin depth of
200 nm at 300 K, so the reflectivity only was modeled. For all
other films a measurable, although less than 5%, transmission
was observed so that the reflectivity and transmission were
modeled simultaneously in these films. Figure 4(b) displays
the reflectivity and transmission over a spectral range limited
to 3.5 eV, for the 100 nm thick film exhibiting no (111) line
(film 5, no L21 ordering). The reflectivity is significantly re-
duced although the energy dependent behavior is qualitatively
similar. Of note is a strong narrow feature at about 50 meV
that we assign to the MgO substrate’s optical phonon which,
on close inspection, can be seen in both films. The thinner film

100 1,000 10,000

0.0

0.2

0.4

0.6

0.8

1.0

R
ef
le
ct
iv
ity

(a)

Frequency (cm-1)

0.01 0.1 1

Energy (eV)

100 1,000 10,000

0.0

0.2

0.4

0.6

0.8

1.0

Frequency (cm-1)

R
ef
le
ct
iv
ity
&
Tr
an
sm
is
si
on

Energy (eV)

(b)

0.01 0.1 1

FIG. 4. (a) The measured (black dots) and modeled (red line)
reflectivity of a Co2MnGa 200 nm film with the highest L21 order
(film 1). (b) The measured (black dots) and modeled (red line)
reflectivity and transmission of a Co2MnGa 100 nm film with no L21

order (film 5). For this thinner film there is a measurable transmission
rising to about 5% at 0.3 eV which is included in the model. The
calculated reflectivity and transmission are based on the dielectric
function model discussed in the text. The feature at 50 meV is
assigned to phonons in the MgO substrate.

(film 5) has a maximum 5% transmission at energies above
the MgO phonon region. Clearly the optical probe samples
the whole film.

As reported in our earlier work [34], public domain
software package REFFIT [48] was used to model the re-
flectivity and transmission spectra simultaneously using a
Kramers-Kronig consistent sum of Drude-Lorentzian func-
tions to simulate an energy dependent dielectric function,
ε(ω) = ε1(ω) + iε2(ω), where

ε(ω) = ε∞ +
∑

k

S2
k

ω2
0k − ω2 − iγkω

.

Here ε∞ is the high-frequency dielectric constant, ω is the
frequency, ω0 is the oscillator frequency, S is the oscillator
strength (S is the plasma frequency, = ωp, for a Drude model
at ω0 = 0) and k denotes the oscillator in question, and γ is
the scattering rate when applied to a Drude term or damping
when applied to an electronic transition. The REFFIT software
package can be applied to multilayered systems, i.e., a thin
Heusler alloy film on a thick MgO substrate (0.5 mm). To
determine the optical behavior of the film, we first derived
an optical model for the MgO substrate by independently
measuring its reflectivity and transmission across the full
spectral range of interest and using REFFIT to simultaneously
model both the reflectivity and transmission to derive a model
dielectric function for a single 0.5 mm layer of MgO. Using
this model, and the measured reflectivity and transmission
of the film/substrate multilayer, the dielectric function of the
semitransparent film is then determined. Below we discuss our
results in terms of the energy dependent conductivity, which
is related to the dielectric function by σ (ω) = −iωε(ω)/4π ,
which contains information about the response from the free
carriers, phonons, and interband transitions to incident light.
We use the conductivity as it is an intensive material property
which does not depend on the dimensions of a sample; i.e., the
conductivity is independent of the film thickness so that the
conductivity of all our films can be directly compared [49]. An
additional advantage of this approach is that at the zero-energy
limit, the optical conductivity can be directly compared with,
and is equivalent to, the DC electrical conductivity.

In Fig. 5 we display the absorbing part of the conductiv-
ity, σ1(ω), derived from the model fitted to the data for the
two films representing the extreme range of L21 order in our
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FIG. 5. The real part of the total optical conductivity (black)
extracted from the dielectric function fits to the reflectivity spectra
in Fig. 4, for (a) film 1 with the highest L21 order and (b) film 5 with
no L21 order. Also shown is the decomposition of the models into
two Drude terms (blue) and two Lorentz functions (pink and brown).
The DC conductivities are shown by the red points at 0.01 eV, which
compare well with the low-energy optical conductivities.

samples, films 1 and 5 shown in Fig. 4. Figure 5 illustrates the
separate components of these models, consisting of two Drude
terms and two oscillators. The ε∞ term has been accounted
for by including an oscillator well above the measured re-
gion at about 9 eV. Consistent with the high reflectivity, all
films exhibit a strong itinerant-carrier (Drude) response. A
constraint we apply to the model is that the low-energy optical
conductivity, σ1(0), is consistent with the DC conductivity
as determined from electrical transport measurements and is
shown as red dots in Fig. 5. The relatively highly conducting
nature of all our films shields the Co2MnGa phonon contribu-
tion that is expected around 250 cm−1 [50] and so this is not
included in the model.

In selecting a two-Drude model, we have been guided
by our Co2MnGa band structure calculation displayed in
Fig. 6(a), which is consistent with calculations reported by
previous studies [2,3,5,11]. These calculations indicate that
Co2MnGa exhibits nested hole pockets in the minority spin
channel centered at � and multiple electron/hole pockets in
the majority spin channel at the zone boundaries near X, K,
and W, suggesting that the best approach would be a multi-
band Drude model. Such an approach has been used to model
spectra of other semimetals [51,52]. In practice, we find that
either a two-band carrier model, or a model composed of a
single-band carrier plus an extra oscillator at 0.12 eV, can
produce equally good fits to the data.

Of the two Drude terms illustrated in Fig. 5, one term is
narrow as it has a significantly lower scattering rate, while
the second term is significantly broader. We identify the
stronger and narrower Drude term, that contributes most to
the low-energy response, as due to majority spin carriers. This
is based on the calculation in Fig. 6 which shows a higher
density of states for this spin polarization. For film 1, with the
largest L21 order [Fig. 5(a)], the scattering rate of the narrow
Drude term is 0.05 eV (7×1013s−1). As the L21 ordering
decreases to zero the scattering rate increases by a factor of
nearly 3 to 0.13 eV (19×1013s−1). These optically determined
scattering rates are of a similar magnitude to estimates for
other Heusler compounds [29]. The plasma frequency con-
versely is relatively independent of order, varying by only
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FIG. 6. Calculated band structure of L21 ordered Co2MnGa for
(a) the majority spin band, (b) the minority spin band, and (c) the total
density of states for each spin polarization. The atom labels apply
to both panels in 6(c). Although gapped, note the finite density of
states at EF for the minority spin polarization and the higher density
of states at EF for the majority spin polarization. Arrows in panels
(b), (c) indicate the interband transition we argue is the major con-
tributor to the ∼1 eV peak observed in σ1 (see Fig. 5).

5% across the range of films studied, which we deem to be
within experimental uncertainties. The second, broader Drude
term exhibits a significantly higher scattering rate of 0.37 eV
(56×1013s−1) which is independent of the changing order.
This result indicates that with changing atomic order, changes
in the low-energy optical conductivity are largely driven by
a change in the scattering rate rather than the ratio of car-
rier density (n) to effective mass (me), as represented by the
plasma frequency (ω2

p = 4πe2n/me). This result is broadly
consistent with the DC resistivity exhibited in Fig. 3 which
tends toward being approximately temperature independent
for the film with no L21 order (film 5) to exhibiting a signifi-
cant temperature dependence for the film with the highest L21

order (film 1). That is, the closer the structure approaches full
L21 order, the lower the carrier scattering rate. Band structure
calculations for Co2MnGa indicate that with increasing Co
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film.

antisite and/or Mn/Ga disorder additional states appear within
the minority spin gap. This new population creates additional
states into which the carriers can scatter, thus allowing for
an increased scattering rate as the atomic order decreases.
Picozzi et al. [53] have noted that these new minority spin
states will be localized and, although rapidly screened, would
account for the observed threefold increase in the scattering
rate exhibited by the itinerant carriers as the density of states
in the minority gap grows.

Turning to the interband transitions we note that the two
oscillators displayed in Fig. 5 exhibit measurable strength at
relatively low energies, i.e., below 0.1 eV. Both these oscil-
lators also shift in energy in ways that depend on the degree
of the order although with a quite different dependence. As
illustrated in Fig. 7, with increasing L21 order, the narrower
oscillator that can be seen as a plateau in R(ω) near 1 eV
or a peak in our σ1(ω) data and the data of Rhee et al. [31]
moves rapidly to higher energies from ∼0.5 to ∼1.0 eV as
the L21 order increases. The estimated error in the energy
position of this oscillator, ±0.05 eV, is based on the range
of parameters producing reasonable fits. The errors in the
(111)/(004) ratio increase significantly as the relative noise
in the (111) line grows as it becomes smaller. The highly
damped oscillator conversely exhibits a large shift to lower
energy with increasing disorder, i.e., as the (111)/(004) ratio
decreases.

To better understand the origin of the interband transitions
we observe in our measurements, we turn to ab initio band
structure calculations. For the ideal L21 structure at zero tem-
perature, these indicate that the band structure near the Fermi
energy is dominated by Co-Co-Mn d-d hybridized bands; see,
for example, Refs. [2,3,5,11] and the resultant density of states
(DOS) plotted in Fig. 6(b). A more direct comparison with
the experimentally determined σ1(ω) can be made by inspect-
ing the joint density of states (jDOS) [54]; however, such
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FIG. 8. Comparing the calculated joint density of states (left
axis) and experimentally derived σ1(ω) reproduced from Fig. 5(a)
(right axis) for the sample with highest L21 order.

a comparison is still qualitative at best and more advanced
computational methods are required to attempt quantitative
calculation. This quantity is plotted in Fig. 8 for both the
minority and majority spin bands. Also shown in the figure
is the narrower interband mode determined from experiment
and reproduced from Fig. 5(a). We note the structure in the
jDOS around 0.7 eV, close in energy to the peak in our optical
data, originates from a peak in the minority spin band jDOS,
but also with a somewhat featureless contribution from the
majority bands. At higher energies, our σ1(ω) data do not
resemble the calculated jDOS.

As illustrated in Fig. 7, the shift to lower energy of the
peak in σ1(ω) follows the loss of L21 structure due to the
growth of atomic disorder. For a range of Co2MnZ composi-
tions (Z = Al, Si, Ge), Picozzi et al. [53] and Özdoğan and
Galanakis [55] have shown that an increase in Co antisite
disorder reduces the d-band hybridization, in turn reducing
the exchange splitting at the Co antisite, thus reducing the
minority spin band gap. These authors also show that this gap
is insensitive to Mn/X disorder. These arguments apply only
in part to Co2MnGa where, for the minority spin channel in
the ideal structure, the Fermi energy lies in a region of a small
but finite density of states near the bottom of the gap. The
decreasing atomic order, either Co antisites or atomic swaps,
will increase the density of states in the minority spin gap. We
then assign the order-sensitive peak in σ1(ω) (Figs. 5 and 8)
to a low-energy minority spin channel interband transition,
likely deriving from the transitions between the valence and
conduction bands running largely in parallel along the �-X
direction; see arrow annotations in Fig. 6. This absorption
softens quickly with decreasing L21 structure due to a reduced
d-band hybridization and minority spin gap, resulting from
increasing atomic disorder.

V. CONCLUSION

We have undertaken an optical spectroscopic study of epi-
taxial films of Co2MnGa to explore near Fermi energy valence
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and conduction band intra- and interband transitions. The
films are distinguished by their degree of L21 order, charac-
terized by the ratio of the intensities of the (111) and (004)
lines from XRD. Guided by our band structure calculations,
we have modeled our spectra with two Drude terms and two
Lorentz oscillators, although we find that the data can be fit
equally well with either one- or two-band Drude models. A
narrow Drude term common to both models indicates that
the scattering rate of the itinerant carriers increases threefold
with increasing atomic disorder, while the carrier density to
effective mass ratio is unchanged. We have assigned the os-
cillator that dominates the interband spectral region near 1 eV
to transitions across the minority spin gap along the �-X di-
rection. It is found that the energy of this transition decreases
rapidly with increasing disorder consistent with band structure
calculations predicting that the size and depth of the minority
spin gap in Co2MnGa is strongly sensitive to atomic ordering.
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