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• ASW scheme
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ASW
Augmented Spherical Waves

Williams, Kübler, PRB 19, 1979

• descendant of LMTO 

• using Hankel functions in the interstitial

• fully relativistic LSDA

• (GGA, LDA+U, and non-collinear magnetism)



p-MOKE
polar Magneto-Optical Kerr Effect

Oppeneer, Handbook of Magnetic Materials, vol. 13, 2001
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Optical conductivity
interband contribution

C.S. Wang and J. Callaway, PRB 9, 1974
Oppeneer et al.,  PRB 45, 1992
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Optical conductivity
intraband contribution

Oppeneer et al.,  PRB 45, 1992
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UNi2Si2
structure

Honda et al., PRB 64, 2001
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UNi2Si2
experimental results

Honda et al., PRB 64, 2001

of Re !xx: However, a marked shoulder in the plot of
energy loss function Im(e!1) near 3.3 eV (not shown
here) may indicate screened plasmons, which would
correspond to collective excitation of about 0.5 electrons
per formula unit.
The spectra of the polar Kerr effect are displayed in

Fig. 3. Measuring both the real and imaginary
components of the complex Kerr effect, enabled us to
calculate the MO spectra outside the experimental
region using the modified Kramers–Kronig relations
derived for polar Kerr effect. A prominent peak in the
Kerr rotation spectrum centered near 0.9 eV (which is
accompanied by corresponding peaks at 0.5 and 1.5 eV
in the ellipticity) dominate the MO spectrum at low
energies.
For correct interpretation of the spectra, the MO data

have to be discussed in terms of off-diagonal conductiv-
ity components, sxy. Using the Kerr rotation yK;
ellipticity !K; and optical constants, n and k, derived
from the reflectivity spectra, sxy can be calculated:

Resxy ¼ !0oðByK þ A!KÞ;

Imsxy ¼ !0oðAyK ! B!KÞ;

where

A ¼ n3 ! 3nk2 ! n; B ¼ !k3 þ 3n2k ! k:

The spectra of sxy are presented in Fig. 4. Pronounced
broad spectral bands centered below 2 eV dominate in
the near infrared range. Such prominent peaks observed
at low photon energies in the optical and MO spectra are
typical for most of uranium intermetallic compounds,
e.g. Refs. [5–7]. The MO spectral band centered near

0.4 eV exhibits a diamagnetic line shape with maximum
in Re sxx and zero crossing point in Im sxx. It was
suggested that these low-energy peaks originate from the
high density of 5f states near the Fermi energy, EF. As a
consequence, the optical transitions responsible for the
strong MO activity in the infrared region of UNi2Si2
involve mostly transitions from magnetic ground 5f
states to higher excited 6d states of uranium. This
tentative assignment takes into account the fact, that the
Fermi energy is situated close to the top of the 5f band,
which is highly populated. Nonetheless, the MO proper-
ties of UNi2Si2 strongly depend on the band structure
details near EF, where highly polarizable 5f states play
the dominant role. Thus, the correlation of experimental
data with the ab initio calculations of the optical and the
MO properties is necessary for better understanding of
electronic properties of UNi2Si2.

References

[1] H. Lin, L. Rebelski, M.F. Collins, et al., Phys. Rev. B 43
(1991) 13232.

[2] L. Chelmicki, J. Leciejewicz, A. Zygmunt, J. Phys. Chem.
Sol. 46 (1985) 529.
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Fig. 3. Polar Kerr rotation and ellipticity of UNi2Si2 measured
along the easy c-axis at T ¼ 10K and B ¼ 4T: Symbols—
experiment, solid lines—calculated spectra using the Kramers–
Kronig relations.
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Fig. 4. Off-diagonal component of optical conductivity, sxy.
Solid lines—calculated extrapolation to low energies.
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UNi2Si2
comparison
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UNi2Si2
computed MOKE

of Re !xx: However, a marked shoulder in the plot of
energy loss function Im(e!1) near 3.3 eV (not shown
here) may indicate screened plasmons, which would
correspond to collective excitation of about 0.5 electrons
per formula unit.
The spectra of the polar Kerr effect are displayed in

Fig. 3. Measuring both the real and imaginary
components of the complex Kerr effect, enabled us to
calculate the MO spectra outside the experimental
region using the modified Kramers–Kronig relations
derived for polar Kerr effect. A prominent peak in the
Kerr rotation spectrum centered near 0.9 eV (which is
accompanied by corresponding peaks at 0.5 and 1.5 eV
in the ellipticity) dominate the MO spectrum at low
energies.
For correct interpretation of the spectra, the MO data

have to be discussed in terms of off-diagonal conductiv-
ity components, sxy. Using the Kerr rotation yK;
ellipticity !K; and optical constants, n and k, derived
from the reflectivity spectra, sxy can be calculated:

Resxy ¼ !0oðByK þ A!KÞ;

Imsxy ¼ !0oðAyK ! B!KÞ;

where

A ¼ n3 ! 3nk2 ! n; B ¼ !k3 þ 3n2k ! k:

The spectra of sxy are presented in Fig. 4. Pronounced
broad spectral bands centered below 2 eV dominate in
the near infrared range. Such prominent peaks observed
at low photon energies in the optical and MO spectra are
typical for most of uranium intermetallic compounds,
e.g. Refs. [5–7]. The MO spectral band centered near

0.4 eV exhibits a diamagnetic line shape with maximum
in Re sxx and zero crossing point in Im sxx. It was
suggested that these low-energy peaks originate from the
high density of 5f states near the Fermi energy, EF. As a
consequence, the optical transitions responsible for the
strong MO activity in the infrared region of UNi2Si2
involve mostly transitions from magnetic ground 5f
states to higher excited 6d states of uranium. This
tentative assignment takes into account the fact, that the
Fermi energy is situated close to the top of the 5f band,
which is highly populated. Nonetheless, the MO proper-
ties of UNi2Si2 strongly depend on the band structure
details near EF, where highly polarizable 5f states play
the dominant role. Thus, the correlation of experimental
data with the ab initio calculations of the optical and the
MO properties is necessary for better understanding of
electronic properties of UNi2Si2.
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Compounds 271 (1998) 467.
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Fig. 3. Polar Kerr rotation and ellipticity of UNi2Si2 measured
along the easy c-axis at T ¼ 10K and B ¼ 4T: Symbols—
experiment, solid lines—calculated spectra using the Kramers–
Kronig relations.
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UNi2Si2
computed MOKE

of Re !xx: However, a marked shoulder in the plot of
energy loss function Im(e!1) near 3.3 eV (not shown
here) may indicate screened plasmons, which would
correspond to collective excitation of about 0.5 electrons
per formula unit.
The spectra of the polar Kerr effect are displayed in

Fig. 3. Measuring both the real and imaginary
components of the complex Kerr effect, enabled us to
calculate the MO spectra outside the experimental
region using the modified Kramers–Kronig relations
derived for polar Kerr effect. A prominent peak in the
Kerr rotation spectrum centered near 0.9 eV (which is
accompanied by corresponding peaks at 0.5 and 1.5 eV
in the ellipticity) dominate the MO spectrum at low
energies.
For correct interpretation of the spectra, the MO data

have to be discussed in terms of off-diagonal conductiv-
ity components, sxy. Using the Kerr rotation yK;
ellipticity !K; and optical constants, n and k, derived
from the reflectivity spectra, sxy can be calculated:

Resxy ¼ !0oðByK þ A!KÞ;

Imsxy ¼ !0oðAyK ! B!KÞ;

where

A ¼ n3 ! 3nk2 ! n; B ¼ !k3 þ 3n2k ! k:

The spectra of sxy are presented in Fig. 4. Pronounced
broad spectral bands centered below 2 eV dominate in
the near infrared range. Such prominent peaks observed
at low photon energies in the optical and MO spectra are
typical for most of uranium intermetallic compounds,
e.g. Refs. [5–7]. The MO spectral band centered near

0.4 eV exhibits a diamagnetic line shape with maximum
in Re sxx and zero crossing point in Im sxx. It was
suggested that these low-energy peaks originate from the
high density of 5f states near the Fermi energy, EF. As a
consequence, the optical transitions responsible for the
strong MO activity in the infrared region of UNi2Si2
involve mostly transitions from magnetic ground 5f
states to higher excited 6d states of uranium. This
tentative assignment takes into account the fact, that the
Fermi energy is situated close to the top of the 5f band,
which is highly populated. Nonetheless, the MO proper-
ties of UNi2Si2 strongly depend on the band structure
details near EF, where highly polarizable 5f states play
the dominant role. Thus, the correlation of experimental
data with the ab initio calculations of the optical and the
MO properties is necessary for better understanding of
electronic properties of UNi2Si2.
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Fig. 3. Polar Kerr rotation and ellipticity of UNi2Si2 measured
along the easy c-axis at T ¼ 10K and B ¼ 4T: Symbols—
experiment, solid lines—calculated spectra using the Kramers–
Kronig relations.
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AuMnSn
motivation

number of electrons at EF . This implies that impurities

!which are indirectly related to "P) may have a major effect

on the peak positions in experimental spectra. It should be

noted that a free-electron-like approach has been used to es-

timate the intraband contributions !at 0 K# and broadening to
account for temperature effects, and this may also cause dis-

tinctions between the theoretical and experimental spectra.

Moreover, the usual density-functional-theory approach does

not take into account correlation effects properly, and this

may also give rise to shifts in calculated peak positions.22

The Kerr rotation and ellipticity spectra of AuMnSb and

AuMnSn are given in Fig. 3. The shape of the Kerr rotation

spectrum for AuMnSb resembles that of PtMnSb with one

dominant peak, while the AuMnSn spectrum exhibits two,

but less prominent peaks. The predicted Kerr rotation is

around !1.2° at 0.6 eV for AuMnSb and around !0.7° and
!0.3° at 1.2 and 2.4 eV, respectively, for AuMnSn. The
calculated maximum Kerr rotation for AuMnSb is about

twice as large as for pure Co and Fe.23 Previous

measurements5 indicate that the Kerr rotation profile changes

continuously with composition within a solid-solution series,

implying that the Kerr rotation characteristics may be tai-

lored within series like AuMnSn1!xSbx
17 or

Pt1!xAuxMnSb.
24 The TC of AuMnSb !see Table I# is far too

low for thermomagnetic writing, but TC changes smoothly

with x in AuMnSn1!xSbx
17 !for AuMnSn above its upper

stability limit of 740 K# and should be optimal for such a
purpose at certain values of x . However, the lacking anisot-

ropy for these cubic phases still remains as a challenge. It

should be emphasized that the debate on as to what extent

the half-metallic behavior of PtMnSb directly or indirectly is

responsible for its unique MO properties is not yet

concluded.9 It would therefore be of considerable interest to

explore the MO properties of thin films of AuMnSn1!xSbx to

verify if the phase actually passes from a normal ferromag-

netic metal to an HMF and back to a normal ferromagnet

again as function of x .

In order to get insight into the origin of the peaks

in the Kerr rotation spectra the separate contributions

from the diagonal and off-diagonal parts of the optical

conductivity tensor has been derived as Re(!$xy) and

Re(D)!1 %D&$xx'1"(4(i/")$xx)
1/2*; see Eq. !1#. Diago-

nal as well as off-diagonal elements contribute to these peaks

for PtMnSb and AuMnSb. The large calculated +K for Pt-
MnSb at 1.17 eV appears because the maximum in the off-

diagonal tensor element coincides with a peak in Re(D)!1 at

this energy. The less prominent Kerr rotation peak for

AuMnSb is caused by a slight relative displacement of the

maxima in absolute values for Re(!$xy) and Re(D)
!1 around

+K . The relative contributions to +K for AuMnSn !with two,
less pronounced peaks; Fig. 3# is less obvious.

To summarize, the prediction of a maximum Kerr rota-

tion for AuMnSb and AuMnSn of some !1° makes these
phases and, in particular, the solid solution between them,

interesting for MO recording applications.

L.O. and P.R. appreciate the financial support from the

Research Council of Norway. Part of these calculations were

carried out on the Norwegian supercomputer facilities.
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Offernes et al., APS 82, 2003 effect, the near-normal incident linearly polarized light be-
comes elliptically polarized light after it is reflected. The
major axis of the reflected light is rotated from the polariza-
tion axis of the incident light. The angle of rotation is called
the Kerr rotation !K and the ratio of the minor to the major
axis of the ellipse of polarization is called the ellipticity "K.
These two magneto-optical parameters are measurable quan-
tities with a magneto-optical polar Kerr spectrometer.15

In this experiment, the angle of incidence was kept be-
low 4°. In the limit of small Kerr angles with the polar ge-
ometry, the complex magneto-optic Kerr angle is given by

# = !K + i"K = −
$̃xy

$̃xx!1 +
i4%

&
$̃xx

, "1#

where $̃xx and $̃xy are the complex diagonal and off-diagonal
optical conductivity, respectively. A Nd2Fe14B permanent
magnet was used to apply an external magnetic field of about
5 kOe perpendicular to the AuMnSn surface. As an applied
field H$2 kOe can saturate the magnetization of AuMnSn at
room temperature, this magnetic field is sufficient.

The calculated and measured Kerr rotations and elliptici-
ties for AuMnSn are plotted in Figs. 1 and 2, as a function of
incident photon energy. The solid lines in the figures are for
theoretical Kerr rotation and ellipticity, respectively.9 The
peaks of the theoretical Kerr rotation appeared at 1.2 eV and
2.4 eV with magnitude of about −0.7° and −0.3°, respec-
tively. In the case of the theoretical ellipticity, the peaks ap-
peared at 0.8 eV and 1.5 eV with magnitude of 0.6° and
−0.38°, respectively. The experimental Kerr rotation repre-
sented by solid circles has peaks at 1.8 eV and 2.9 eV with
magnitude of about −0.22° and −0.12°, respectively. In case
of the experimental ellipticities, the peaks are at 1.4 eV and
at 2.1 eV with magnitude of 0.15° and −0.12°, respectively.

To obtain optimal agreement with experiment, we scaled
down the theoretical magnitude of spectra by a factor of 3
and shifted by 0.6 eV to higher energy. The open circles in
Figs. 1 and 2 represent theoretical Kerr rotation and elliptic-
ity after correction, respectively. The arrows in Figs. 1 and 2
indicate corresponding peak positions in the experimental

spectra and the theoretical spectra after correction. After this
correction, the agreement between theory and experiment is
satisfactory, for photon energies up to 3.0 eV. For photon
energies higher than 3.0 eV, the agreement becomes less
satisfactory.

The theoretical calculation of the magneto-optical prop-
erties of magnetic materials requires accurate self-consistent
band structure calculations; otherwise, the wrong interband
transitions would predict incorrect peak positions and shape
of the MOKE spectra. This difference between theory and
experiment can arise because the theoretical MOKE spectra
are calculated from the local spin-density approximation
"LSDA# to density-functional theory. The LSDA works very
well for many itinerant electron systems, but it is known to
have difficulty with systems containing localized orbitals
such as 4d and 5d orbitals. Incorrect description of the many-
body interactions in localized states may lead to a shift in the
energies of the excited state quasi-particles, i.e., screened
electrons and holes.16 Because our measurements are carried
out on the surface of the as-grown crystal without any sur-
face treatment, we surmise that the magnitude of the theoret-
ical MOKE is overestimated, especially for photon energies
below 3 eV, possibly from an inadequate treatment of
magneto-optical effects in the local spin density
approximation.

The magneto-optical Kerr angle and the ellipticty are
sensitively related to both the diagonal and the off-diagonal
part of the conductivity tensor %Eq. "1#&. Thus, comparing
theoretical and experimental values of the diagonal and off-
diagonal component of the optical conductivity tensor, re-
spectively, may help in identifying the origin of the differ-
ence in magnitude between theory and experiment. Improved
values of the plasma frequency and relaxation time used in
derivation of the intraband part of the optical conductivity
may lead to better agreement between theory and
experiment.

The complex diagonal $̃xx and off-diagonal $̃xy compo-
nents of the optical conductivity tensor obtained from spec-
troscopic ellipsometry are plotted in Figs. 3"a# and 3"b#. The
real part of the diagonal optical conductivities $1xx and the
imaginary part of the off-diagonal optical conductivity $2xy

FIG. 1. Solid line: Theoretical Kerr rotation "from Ref. 9#. Solid circle:
Experimental Kerr rotation in this work. Open circles: Shifted Kerr rotation
of the theoretical values toward high energy by 0.6 eV with division by 3 to
fit experimental data. The arrows indicate corresponding peak positions in
the experimental Kerr spectrum and the shifted theoretical Kerr spectrum.

FIG. 2. Solid line: Theoretical ellipticity "from Ref. 9#. Solid circle: Experi-
mental ellipticity in this work. Open circles: Shifted ellipticity of the theo-
retical values toward high-energy by 0.6 eV with division by 3 to fit experi-
mental data. The arrows indicate corresponding peak positions in the
experimental ellipticity spectrum and the shifted theoretical Kerr spectrum.
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effect, the near-normal incident linearly polarized light be-
comes elliptically polarized light after it is reflected. The
major axis of the reflected light is rotated from the polariza-
tion axis of the incident light. The angle of rotation is called
the Kerr rotation !K and the ratio of the minor to the major
axis of the ellipse of polarization is called the ellipticity "K.
These two magneto-optical parameters are measurable quan-
tities with a magneto-optical polar Kerr spectrometer.15

In this experiment, the angle of incidence was kept be-
low 4°. In the limit of small Kerr angles with the polar ge-
ometry, the complex magneto-optic Kerr angle is given by
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where $̃xx and $̃xy are the complex diagonal and off-diagonal
optical conductivity, respectively. A Nd2Fe14B permanent
magnet was used to apply an external magnetic field of about
5 kOe perpendicular to the AuMnSn surface. As an applied
field H$2 kOe can saturate the magnetization of AuMnSn at
room temperature, this magnetic field is sufficient.

The calculated and measured Kerr rotations and elliptici-
ties for AuMnSn are plotted in Figs. 1 and 2, as a function of
incident photon energy. The solid lines in the figures are for
theoretical Kerr rotation and ellipticity, respectively.9 The
peaks of the theoretical Kerr rotation appeared at 1.2 eV and
2.4 eV with magnitude of about −0.7° and −0.3°, respec-
tively. In the case of the theoretical ellipticity, the peaks ap-
peared at 0.8 eV and 1.5 eV with magnitude of 0.6° and
−0.38°, respectively. The experimental Kerr rotation repre-
sented by solid circles has peaks at 1.8 eV and 2.9 eV with
magnitude of about −0.22° and −0.12°, respectively. In case
of the experimental ellipticities, the peaks are at 1.4 eV and
at 2.1 eV with magnitude of 0.15° and −0.12°, respectively.

To obtain optimal agreement with experiment, we scaled
down the theoretical magnitude of spectra by a factor of 3
and shifted by 0.6 eV to higher energy. The open circles in
Figs. 1 and 2 represent theoretical Kerr rotation and elliptic-
ity after correction, respectively. The arrows in Figs. 1 and 2
indicate corresponding peak positions in the experimental

spectra and the theoretical spectra after correction. After this
correction, the agreement between theory and experiment is
satisfactory, for photon energies up to 3.0 eV. For photon
energies higher than 3.0 eV, the agreement becomes less
satisfactory.

The theoretical calculation of the magneto-optical prop-
erties of magnetic materials requires accurate self-consistent
band structure calculations; otherwise, the wrong interband
transitions would predict incorrect peak positions and shape
of the MOKE spectra. This difference between theory and
experiment can arise because the theoretical MOKE spectra
are calculated from the local spin-density approximation
"LSDA# to density-functional theory. The LSDA works very
well for many itinerant electron systems, but it is known to
have difficulty with systems containing localized orbitals
such as 4d and 5d orbitals. Incorrect description of the many-
body interactions in localized states may lead to a shift in the
energies of the excited state quasi-particles, i.e., screened
electrons and holes.16 Because our measurements are carried
out on the surface of the as-grown crystal without any sur-
face treatment, we surmise that the magnitude of the theoret-
ical MOKE is overestimated, especially for photon energies
below 3 eV, possibly from an inadequate treatment of
magneto-optical effects in the local spin density
approximation.

The magneto-optical Kerr angle and the ellipticty are
sensitively related to both the diagonal and the off-diagonal
part of the conductivity tensor %Eq. "1#&. Thus, comparing
theoretical and experimental values of the diagonal and off-
diagonal component of the optical conductivity tensor, re-
spectively, may help in identifying the origin of the differ-
ence in magnitude between theory and experiment. Improved
values of the plasma frequency and relaxation time used in
derivation of the intraband part of the optical conductivity
may lead to better agreement between theory and
experiment.

The complex diagonal $̃xx and off-diagonal $̃xy compo-
nents of the optical conductivity tensor obtained from spec-
troscopic ellipsometry are plotted in Figs. 3"a# and 3"b#. The
real part of the diagonal optical conductivities $1xx and the
imaginary part of the off-diagonal optical conductivity $2xy

FIG. 1. Solid line: Theoretical Kerr rotation "from Ref. 9#. Solid circle:
Experimental Kerr rotation in this work. Open circles: Shifted Kerr rotation
of the theoretical values toward high energy by 0.6 eV with division by 3 to
fit experimental data. The arrows indicate corresponding peak positions in
the experimental Kerr spectrum and the shifted theoretical Kerr spectrum.

FIG. 2. Solid line: Theoretical ellipticity "from Ref. 9#. Solid circle: Experi-
mental ellipticity in this work. Open circles: Shifted ellipticity of the theo-
retical values toward high-energy by 0.6 eV with division by 3 to fit experi-
mental data. The arrows indicate corresponding peak positions in the
experimental ellipticity spectrum and the shifted theoretical Kerr spectrum.
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Figure 2: Kerr rotation and ellipticity of
AuMnSn vs. photon energy. Solid lines: calcu-
lated. Solid circles: measured values from Ref.
[7].

the related compound PtMnSb, cf. [1] and [2].
The deviations between the calculated and

measured spectra might be partially adressed
to the fact that the band structure calcula-
tion was performed at nominally 0K instead of
room temperature used in the experiment. As
it is well-known, the LSDA tends to give lat-
tice constants which are by 2 − 3% too small,
cf. [15]. By decreasing the lattice constant in
the calculations the MOKE spectra were basi-
cally shifted towards higher energies and vice
versa, i.e. the shifts between the spectra in
Fig. 2 are probably due to this effect.

An other effect of none-zero temperature,
which should be taken into account, is the re-
duction of the magnetic moments in the ma-
terial. In order to illustrate this effect for
AuMnSn the magnetic moments were artifi-
cially reduced in the ASW calculation and self-
consistancy was obtained with µMn

F = 3.65 µB.
This value is comparable to the magnetic mo-
ment of the Mn at room temperature, cf. [4].
The outcome of the subsequent MOKE calcu-
lation is shown in Fig. 3. It can be seen at
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Figure 3: Kerr rotation and ellipticity of
AuMnSn vs. photon energy. Solid lines: cal-
culated with artificially reduced magnetic mo-
ments (µMn

F = 3.65 µB). Solid circles: mea-
sured values from Ref. [7].

once that the quantitative agreement for θK

becomes better in the range 2−4 eV. Although
for smaller, respective higher energies the size
of the Kerr rotation is now even more overesti-
mated. In case of the Kerr ellipticity the agree-
ment between theory and experiment does not
improve but becomes rather worse, see lower
panel in Fig. 3. Hence a reduction of the mag-
netic moments can not be the only reason for
the differences in the MOKE spectra.

Notice that the comparison of Figs. 2 and
3 shows that the structures in the calculated
θK and εK between 2−4 eV are directly linked
to the size of the magnetic moment at the Mn
sites.

3.3 MOKE of AuMnSb and
AuMnIn

In addition to the already experimentally
investigated compound AuMnSn, the MOKE
spectra for the two closely related compounds
AuMnIn and AuMnSb were calculated. The
cause of action and the used input parameters
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measured spectra might be partially adressed
to the fact that the band structure calcula-
tion was performed at nominally 0K instead of
room temperature used in the experiment. As
it is well-known, the LSDA tends to give lat-
tice constants which are by 2 − 3% too small,
cf. [15]. By decreasing the lattice constant in
the calculations the MOKE spectra were basi-
cally shifted towards higher energies and vice
versa, i.e. the shifts between the spectra in
Fig. 2 are probably due to this effect.

An other effect of none-zero temperature,
which should be taken into account, is the re-
duction of the magnetic moments in the ma-
terial. In order to illustrate this effect for
AuMnSn the magnetic moments were artifi-
cially reduced in the ASW calculation and self-
consistancy was obtained with µMn

F = 3.65 µB.
This value is comparable to the magnetic mo-
ment of the Mn at room temperature, cf. [4].
The outcome of the subsequent MOKE calcu-
lation is shown in Fig. 3. It can be seen at

K
e
rr

 r
o
ta

tio
n
 !

K
 (

d
e
g
)

 Energy (eV)

K
e
rr

 e
lli

p
tic

ity
 "

K
 (

d
e
g
)

Figure 3: Kerr rotation and ellipticity of
AuMnSn vs. photon energy. Solid lines: cal-
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ments (µMn

F = 3.65 µB). Solid circles: mea-
sured values from Ref. [7].

once that the quantitative agreement for θK

becomes better in the range 2−4 eV. Although
for smaller, respective higher energies the size
of the Kerr rotation is now even more overesti-
mated. In case of the Kerr ellipticity the agree-
ment between theory and experiment does not
improve but becomes rather worse, see lower
panel in Fig. 3. Hence a reduction of the mag-
netic moments can not be the only reason for
the differences in the MOKE spectra.

Notice that the comparison of Figs. 2 and
3 shows that the structures in the calculated
θK and εK between 2−4 eV are directly linked
to the size of the magnetic moment at the Mn
sites.

3.3 MOKE of AuMnSb and
AuMnIn

In addition to the already experimentally
investigated compound AuMnSn, the MOKE
spectra for the two closely related compounds
AuMnIn and AuMnSb were calculated. The
cause of action and the used input parameters
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AuMnX
(X = In, Sn, Sb)

Table 1: Results of the ASW calculations for
AuMnX. The experimental values for AuMnSn
are taken from [3] and those for AuMnSb from
[9]. No experimental data were published for
AuMnIn yet.

X = In Sn Sb
Exp. a (Å) - 6.323 6.379
Exp. µMn

F (µB) - 3.8±0.1 4.2±0.1
Calc. a (Å) 6.191 6.197 6.297
Calc. µMn

F (µB) 3.79 4.01 4.24

In contrast, the two other compounds, i.e.
AuMnIn and AuMnSb, are ordinary metalls
due to the one electron less or more, respec-
tively, in the unit cell.

3.2 MOKE of AuMnSn

The calculated Kerr rotation θK and ellip-
ticity εK are compared with the experimental
outcomes of Ref. [7] in Fig. 2. It can be seen
that the basic features of the available experi-
mental data, i.e. number and positions of min-
ima and maxima, are reproduced fairly well.
However the overall quantitative agreement is
not so good. The most striking differences be-
tween the calculated and the measured Kerr
spectra are, first, the shift of the calculated
θK and εK by approximately 0.3 eV towards
smaller energies and, secondly, the clear over-
estimation of the calculated Kerr rotation for
photon energies below 2 eV and at 3.1 eV. The
largest calculated Kerr rotation of AuMnSn is
−0.47◦ at 0.83 eV. Since the measured θK does
not show distinct features above 3.5 eV, which
might be due to the used experimental setup,
it seems inappropriate to draw any conclusions
from the discepancy between theory and exper-
iment for this energy range.

Obviously the outcome for the Kerr ellip-

 D
O

S
 (

st
a

te
s 

f.
u

.-1
 e

V
 -

1
 )

 Energy (eV)

AuMnIn

AuMnSn

AuMnSb

Figure 1: Calculated spin-projected DOS ac-
cording to the ASW method. Solid lines:
spin-up, dashed lines: spin-down. The half-
metallicity of AuMnSn can be clearly seen,
whereas AuMnIn and AuMnSb are ordinary
metalls.

ticity is quite similar: all the measured fea-
tures can in principle be found in the calcu-
lated spectrum, but especially for photon en-
ergies less than 3.4 eV the size of εK is clearly
overestimated by theory. For the small mea-
sured peak at 1.5 eV even the sign of εK is not
reproduced. As for θK at higher energies, no
conclusions concerning the differences in the
εK spectra should be drawn for photon ener-
gies higher than 4.5 eV.

The reasons for the described quantitative
discrepancies between theory and experiment
in the case of AuMnSn are not completely
understood yet, since the agreement of the
MOKE spectra, calculated within the very
same framework, is very good in the case of
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AuMnX
(X = In, Sb)were the same as before. The calculated Kerr

rotation and ellipticity are shown in Fig. 4.

 K
e

rr
 r

o
ta

tio
n

  
!

K
 a

n
d

 e
lli

p
tic

ity
  
" K

 (
d

e
g

)

Energy (eV)

 AuMnIn

AuMnSb

Figure 4: Calculated Kerr rotation (solid line)
and ellipticity (dashed line) for AuMnIn (top)
and AuMnSb (bottom), respectivelly.

The overall structure of the MOKE spec-
tra of AuMnSb is quite similar to the one of
AuMnSn. There is the largest Kerr rotation in
the shown energy range of −0.84◦ at 0.92 eV
and another large rotation at 4 eV. But the
shape of the first one is more peak-like and the
latter one is broadened compared to AuMnSn.
Also in the spectra of the Kerr ellipticities sim-
ilarities can be recognized: the maximum at a
positive angle around 0.5 eV, followed by two
minima and another maximum with negative
angles. As in the case of the Kerr rotation
the spectra of AuMnSb are stretched towards
higher energies.

The trend of changes in the MOKE spec-
tra going from AuMnSb to AuMnSn contin-
ues by going further to AuMnIn. Compared
to AuMnSn the spectra of AuMnIn are shifted
towards higher energies. Both, θK and εK , are
shifted by approximately 1 eV towards higher
energies. The almost vanishing maximum
around 0.1 eV of θK of AuMnSn is in the
case of AuMnIn shifted towards 0.8 eV and

much more pronounced. The largest Kerr rota-
tion of AuMnIn, 0.64◦, can be found at 4.3 eV.
Though in experiments the calculated broad
minimum of −0.34◦ at 2.1 eV might be easier
to observe.

Similar trends of shifting and broadening of
peaks can be seen by comparing the Kerr el-
lipticity of AuMnIn and AuMnSn, as well.

4 Summary and Conclusions

The electronic band structures and the Kerr
rotations and ellipticities of the three half-
Heusler compounds AuMnX (X = In, Sn, Sb)
were calculated with high numerical accuracy.
In the case of AuMnSn it was possible to com-
pare our results to the recently published mea-
surements in [7]. Although the MOKE spectra
could not be reproduced quantitatively, they
agree in their overall structure and the over-
estimation of the MOKE is not as big as in
earlier calculations, cf. [6]. The reasons for
the discrepancies of the calculated Kerr spec-
tra of AuMnSn are not completely understood
yet but can be partially explained by temper-
ature effects, as shown.

The close structural relationship of the com-
pounds AuMnIn and AuMnSb to AuMnSn be-
comes also obvious in the calculated Kerr spec-
tra. Even if there are no MOKE measurements
of these compounds available at the moment do
we expect at least an agreement as good as in
the case of AuMnSn.
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Co2FeSi

• half metallic ferromagnet

• measured magnetic moment of         and 
Curie temperature of 

• not reproducible by LSDA (+ GGA + ...)

• reproduced magnetic moment with LDA+U 
with                            

Wurmehl et al., PRB 72,  2005
Kandpal et al., PRB 73, 2006

6 µB

1100 K

Ueff,Co = 4.8 eV Ueff,Fe = 4.5 eVand
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so far no experimental evidence for half-metallicity 

mtot/f.u. = 5.09 µB



Co2FeSi
MOKE (exp. lattice constant)
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Summary

• ASW and MOKE scheme

• Computed DOS and MOKE for UNi2Si2, 
AuMnX and Co2FeSi



Outline

• UNi2Si2:  AFM + external magnetic field 

• band structure and Fermi surface

• using LSDA + GGA + U

• using the optical conductivity to compute 
other quantities, like Hall resistivity, dynamical 
susceptibility, ...



Thank you for your attention!
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