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X-ray magnetic circular dichroism measurements with the photon helicity modulation technique at Ir L2,3

absorption edges and sum rule analysis show that Ir develops a composition-dependent induced spin and
orbital magnetic moments in hcp Co100−xIrx �x=5,17,25,32� alloys. The total moment per Ir is found to be in
the range of 0.39�B–0.1�B—i.e., decreasing with the increase of x. The spin and orbital moments of Ir in the
alloys are found to be aligned antiparallel, showing the violation of the third Hund’s rule at these compositions.
Electronic structure calculations of Co and Ir magnetic moments in Co100−xIrx at x=25 within the local spin
density approximation illustrate that significant 3d-5d hybridization results in the formation of an induced
moments at the Ir sites, with the spin moments on the order of 0.2�B–0.3�B that are antiparallel to the Ir
orbital moment concomitant with a reduced moment on the neighboring Co sites.
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I. INTRODUCTION

Ferromagnetism in ordered and disordered binary
transition-metal alloys is of high technological importance
due to extensive applications of ferromagnets such as par-
ticulate magnetic recording and data storage media.1 In this
context, investigations of the magnetic properties of alloys of
Fe and Co with 5d group elements such as Pt or Ir by a
variety of experimental techniques is the focus of present
research. In dilute alloys, 3d atoms such as Fe often induce a
magnetic moment on the 5d atom through interatomic ex-
change interactions.2–6 In dense alloys, apart from the inter-
atomic exchange interactions, lattice periodicity and cluster-
ing may also play an important role in 5d moment formation.
Investigations of the formation of induced magnetic moment
on 5d atoms in dense alloys would be valuable to further our
understanding of their magnetization properties. A direct in-
vestigation of the magnetic behavior of the 5d electronic
states at different alloy compositions is therefore desirable.

As a result of significant experimental and theoretical de-
velopments over the past decade, x-ray magnetic circular di-
chroism �XMCD� spectroscopy using synchrotron radiation
has emerged as a powerful technique for investigating
element-specific and shell-specific magnetism in magnetic
materials.7–17 With the availability of undulator beams at
high-brilliance third-generation synchrotron radiation
sources, it is now possible to obtain highly monochromated
and well-collimated x rays for polarization-dependent x-ray
absorption spectroscopy �XAS� using a diffractive phase re-
tarder for bistable modulation of the helicity of photons be-
tween left-circular and right-circular polarization in the hard
x-ray region.18 The advantage of XMCD measurements
when using the helicity modulation technique18 is that it has

a better signal-to-noise ratio compared to conventional
XMCD measurement methods. The higher sensitivity of this
modulation technique enables the detection of small mag-
netic moments on the order of �10−3�B of 5d states in mag-
netic solids with improved accuracy.20 This paper deals with
the application of this technique to determine the composi-
tion dependence of the element-specific magnetic moment of
a 5d ion in magnetic alloys using XMCD spectroscopy and
its sum rules.11,12

Using XMCD, Schütz and co-workers discovered that Ir
and several other 5d ions develop an induced magnetic mo-
ment in dilute alloys and multilayers with iron.21–25 Ebert
and Zeller calculated the electronic structure and XMCD of
5d impurities Os, Ir, Pt, and Au in Fe.26 Their calculation
showed that an agreement with the experimental XMCD
spectra can be achieved when the spin polarization and spin-
orbit coupling are treated simultaneously. XMCD at Ir L2,3
edges has also been reported in Ir-doped CrO2.27 Recently,
Wilhelm et al., using XMCD at L2,3 edges, discovered that
the signs of the spin and orbital moment of W in multilayers
with Fe violate Hund’s third rule.28 The aim of the present
work is to investigate the element-specific magnetism of Ir in
dense alloys with cobalt. Masumoto et al. have measured the
magnetization in ferromagnetic Co100−xIrx alloys of hcp
structure for x of 0–35.29 They reported that the magnetic
moment of the alloy decreases linearly with the increase of Ir
concentration x. They explained this feature by assuming that
the magnetic moments of Ir has a negative sign and that the
magnetic moment of Ir and Co are composition independent.
Co L2,3- and Rh L2,3-edge XMCD investigations of Co-Rh
alloys by Harp et al.30 showed that both Co and Rh have
composition-dependent magnetic moments. The magnetic
moment values are �1.34�B /Co and �0.64�B /Rh in
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Co77Rh23 alloy and �0.45�B /Co and �0.11�B /Rh in
Co49Rh51 alloy. Recent electronic structure calculations by
Ostanin, Popescu, and Ebert also show that the magnetic
moments of Co and Rh in CoRh alloys are composition
dependent.31 Because Rh and Ir are isoelectronic, Co and Ir
are also expected to have composition-dependent magnetic
moments in Co-Ir alloys. The large neutron absorption cross
section of 425±2 b for Ir does not favor the application of
neutron diffraction measurements for magnetic moment de-
termination in this alloy system. To improve our understand-
ing of the magnetism of Ir in Co-Ir alloys, it is therefore
highly desirable to determine the sign of the Ir magnetic
moment and its composition dependence using XMCD spec-
troscopy. Here, we report the magnetic behavior of Ir in dis-
ordered hcp Co-Ir alloys for the Ir composition x in the range
of 5–32 investigated by Ir L2,3 XMCD spectroscopy. We find
that Ir has a composition-dependent induced spin and orbital
magnetic moments in these alloys. Moreover, the net mo-
ment of Ir has a positive sign. Electronic structure calcula-
tions using the linearized augmented plane wave �LAPW�
method suggest that Ir moment formation is driven by the
hybridization between Ir and Co d states.

II. EXPERIMENT

Polycrystalline samples of Co100−xIrx �x=5, 17, 25, and
32� disordered alloys were prepared by arc melting. Powder
samples were prepared from the ingots. Particles with diam-
eter less than 20 �m were prepared by filtering the power
samples through a 20-�m mesh. These particles were then
coated on tape such that the particles are confined between
layers. XMCD measurements were carried out with these
tapes in the transmission mode in a field of 1.15 T at the
undulator beamline BL29XU which is equipped with a
liquid-N2-cooled Si �111� double-crystal monochromator at
the SPring8 synchrotron radiation facility. The Si �111�
monochromater was slightly detuned to avoid the contribu-
tion from higher-order harmonics in the 11–13-keV region.
Left-circularly polarized and right-circularly polarized x rays
were generated by a diamond diffractive phase retarder set to
make bistable oscillations around the Bragg angle �B. The
degree of circular polarization �PC� for the experimental set
up was over 90%. The XMCD spectra ��t were recorded by
switching the helicity of the x rays at a rate of 40 Hz while
keeping the direction of the magnetic field fixed.18 The data
were collected at room temperature.

III. RESULTS AND DISCUSSION

A. X-ray magnetic circular dichroism

We first normalized XAS such that the L3 XAS edge jump
is unity. The threshold energy Eth of the L2 and L3 XAS was
determined by the maximum derivative method using the
software package for extended x-ray absorption fine structure
�EXAFS� data extraction and modeling, SEDEM.19 In this
method, first the energy region around the edge jump is cho-
sen. Then the program performs a linear interpolation, com-
putes the best possible derivative of the spectrum, and sug-
gests the energy where a maximum appears in the derivative

as the threshold energy. The derived values of threshold en-
ergies are Eth�L3�=11 210 eV for the L3 edge and Eth�L2�
=12 821 eV for the L2 edge. Then, an arc tangent function
which smoothly connects the pre-edge and after-edge base
lines of the XAS is calculated using the respective Eth value
and was subtracted from the normalized XAS. The resulting
difference spectra consisted of a Lorentzian-shaped peak,
which is often referred to as the white line and a broad sat-
ellite. The XAS-integrated intensity �0 was obtained by in-
tegrating the diffence spectra of the L3 and L2 edges. The
normalized XMCD integrals—i.e., the areas under the
XMCD peaks—for L3 and L2 edges are obtained with the
integration range of ±30 eV around the peak position E0 of
the respective edge, where ���t� is maximum. We represent
the integrated XMCD intensities as �L2 and �L3 for the L2
and L3 edges of Ir, respectively.

Figure 1 shows the Ir L2,3-edge XAS and the XMCD
spectra in Co100−xIrx alloys with the Ir compositions x=5, 17,
25, and 32 �see also Fig. 2�. Significant white line intensities
with their peaks centered near the respective threshold en-
ergy of the edges are observed in the XAS. Magnetic circular
dichroism is observed at the L3 and L2 edges of Ir in all the
alloys, suggesting significant density of states and exchange
splitting in the 5d band of Ir. These features clearly demon-
strate that Ir has an ordered magnetic moment in Co-Ir al-
loys. The data show that the peak intensity of the XMCD

FIG. 1. �Color online� Ir L3-edge and L2-edge XAS and XMCD
���t=�+−�−� in �a� Co95Ir5, �b� Co83Ir17, �c� Co75Ir25, and �d�
Co68Ir32 alloys.
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spectra ���t�max is decreasing with the increasing Ir compo-
sition x of the alloy. The orbital magnetic moment �orb and
the spin magnetic moment �spin of Ir can be extracted from
the XAS and XMCD spectra using the magneto-optic sum
rules.11,15 Magneto-optic sum rules relate ground-state ex-
pectation values of the spin angular momentum �SZ� and the
orbital angular momentum �LZ� to the integrated intensities
�L2 and �L3 of XMCD at the respective L2 and L3 edges and
the sum of the integrated intensity of the XAS at the L2,3
edges, �0. Using these notations, the orbital angular momen-
tum sum rule and the spin angular momentum sum rule for
the Ir L2,3 edges can be written as11,15

�LZ� = �2/3���L3 + �L2��Nh/�0� �1�

and

�SZ� + �7/2��TZ� = �3/2���L3 − 2�L2��Nh/�0� , �2�

where Nh is the number of holes in the 5d orbital of Ir. �TZ�
is the magnetic-dipole operator of Ir. The threshold energy
Eth of the L2 and L3 XAS was determined by the maximum
derivative method. Based on the results of the electronic
structure calculations for Co-Ir alloys, we assumed a 5d7

ground-state electronic configuration, which means Nh=3,
for Ir in its valence d shell in Co-Ir alloys. The d7 configu-
ration is the atomic configuration for Ir. The values of the
threshold energies Eth for both the edges are found to be
independent of the alloy composition and support the as-
sumed electronic configuration of Ir in all alloys.

Applying the first sum rule, defined by Eq. �1�, the orbital
magnetic moment of Ir, �orb= �LZ�, could be extracted as
about −0.1�B, −0.08�B, −0.05�B, and −0.04�B at x=5, 17,
25, and 32, respectively. Note that the small error bars on the
moment values are a result of the improvised sensitivity of
the XMCD measurement using the photon helicity modula-
tion technique. To extract �spin from the experimental

XMCD spectra in noncubic compounds using the spin angu-
lar momentum sum rule, we need to use value of the
magnetic-dipole operator. Our previous Ir L2,3-edge XMCD
studies of noncubic alloys and compounds showed that the
expectation value of the magnetic-dipole operator, �TZ�, of Ir
can be approximated by the local Lorentz field �1/3�SZ.20,32

The value of Ir moment derived from our XMCD measure-
ment in the Fe97Ir3 alloy agrees with the theoretical
calculation2–4 and with the results from earlier Ir L2,3-edge
XMCD measurements in Fe97Ir3 alloy.8 We therefore have
used the above approximation in the second sum rule, de-
fined by Eq. �2�, to determine the spin angular momentum of
Ir, �SZ�, in Co-Ir alloys. The spin magnetic moment is calcu-
lated using �spin=2�SZ�. The results of �orb, �spin, �tot, and
the ratio �spin /�tot are listed in Table I, and are shown in Fig.
2. Both the orbital moment and spin moment of Ir decrease
systematically with the Ir composition. The spin moment of
Ir varies from about 0.49�B in Co95Ir5 alloy to about 0.14�B
in Co68Ir32 alloy. The reduction of the total moment �tot of Ir
with the Ir composition x in the alloys suggests that the spin
polarization of 5d electrons of Ir gradually shifts from Fermi
energy EF to higher energies.

Here we investigate the correlation between the total mo-
ment �tot of Ir with the total 3d moment per Co atom �Co in
the Co100−xIrx alloys. Taking the known value of total mo-
ment per Co, �Co=1.72�B in hcp Co metal,29 and scaling it
with the number of Co in the first-nearest-neighbor �1NN�
shell, we obtain the magnetic moment per Co in Co100−xIrx
alloys at different x. The values of �Co obtained from such an
estimate are listed along with the ratio of the magnetic mo-
ments of Ir and Co, �tot /�Co, in Table I. The total moment of
Ir in Co95Ir5 then comes out to be 0.39�B—i.e., about 1 /4 of
the total 3d moment per Co in the alloy. This ratio is similar
to the ratio reported for the 4d moment of Rh with the 3d
moment of Fe in Fe51Rh49 alloy.33 This ratio changes with
alloy composition. The ratio �tot /�Co is 1 /7 for x=17,1 /8
for x=25, and 1/11 for x=32 approximately.

The above results clearly show that the orbital moment
and the spin moment of Ir in disordered Co-Ir alloys are
aligned oppositely, contrary to the expectation from the third
Hund’s rule which states that the spin and orbital moments
should be parallel for more than half-filled shells and anti-
parallel for less than half-filled shells for atoms.34 This anti-

TABLE I. Orbital moment �orb, spin moment �spin, and the total
moment �tot of Ir in Co-Ir alloys extracted from the XMCD data.
�3d is the magnetic moment per Co atom in the alloy, and �tot /�3d

is the ratio of the magnetic moments of Ir with Co.

Alloy
�orb

��B / Ir�
�spin

��B / Ir�
�tot

��B / Ir�
�3d

a

��B /3d atom� �tot /�3d

Co95Ir5 −0.10�1� 0.49�2� 0.39�2� 1.63 0.24�1�
Co83Ir17 −0.08�1� 0.29�1� 0.21�2� 1.43 0.15�1�
Co75Ir25 −0.05�1� 0.21�1� 0.16�2� 1.29 0.12�1�
Co68Ir32 −0.04�1� 0.14�1� 0.10�2� 1.14 0.09�1�
aValues obtained by scaling the magnetic moment of the 3d atom
�Ref. 10� with the average number of 3d atoms in the first-nearest-
neighbor �1NN� shell in the respective alloy.

FIG. 2. �Color online� Ir composition, x dependence of the or-
bital magnetic moment �squares�, spin magnetic moment �circles�,
and total magnetic moment �triangles� of Ir in Co100−xIrx alloys for
x=5–32.
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parallel alignment is also seen in our first-principles elec-
tronic structure calculations �see below�. The third Hund’s
rule is considered to be valid in solids with some exceptions.
The XMCD integral of the L3 and L2 edges—i.e., above the
edges at �12.86 keV—has a positive sign, suggesting that
the the spin and orbital moments of Ir are antiparallel in
these alloys. L2,3-edge XMCD studies of Fe-Ir alloys, re-
ported by Schütz et al.35 and Krishnamurthy et al.,32 also
indicate opposite signs for the spin and orbital magnetic mo-
ments of Ir. However, it should be noted that the orbital
moment of Ir in this alloy series is not a spontaneous one;
rather, it is induced by the nearby 3d shell of Fe or Co. Our
present XMCD results show that the sign of Ir orbital mo-
ment is opposite to its spin moment for a range of Ir com-
positions x from 5 to 32, indicating that the relative align-
ment of Ir spin and orbital moments is not affected by a
change in the Co atom coordination numbers of Ir atoms.
Like in the case of spin moments, it might also be possible
that the induced orbital moment can be either parallel or
antiparallel to the orbital moment of the magnetic 3d atom
depending on the strength of the 3d-5d hybridization and the
strength of the applied magnetic field. Recent XMCD experi-
mental results for W in Fe/W multilayers and theoretical
results for uranium in an applied magnetic field also suggest
that there is a violation of Hund’s third rule in metallic
systems.28,36 The magnitudes of the Ir orbital moment ob-
served in Co-Ir alloys are much higher as compared to the
orbital moment of W in Fe/W multilayers,28 providing an-
other example with larger values of the 5d orbital moment
that violate the third Hund’s rule. The 3d atom near-neighbor
coordinations of 5d atoms are expected to be different in
bulk alloys and at the 3d /5d interfaces. This is likely to
affect the size of the induced magnetic moment. Some details
of the role of near-neighbor atom coordinations on the size of
orbital moments are pointed out below in Sec. III B. Based

on the results of electronic structure calculations, Tyer et al.
suggest that the relative alignment of spin and orbital mo-
ments in 5d metals is the same as in the single-impurity case,
with the exception of W and Ir, which tend to violate third
Hund’s rule.37 Violation of Hund’s third rule has also been
reported for 3d group magnetic ion—i.e., Cr in the CrPt3
from relativistic energy-band calculations.38 Therefore, our
results in Co-Ir alloys taken together with the other results
existing in the literature indicate that the hybridization be-
tween the 5d atom and the magnetic 3d atom plays an im-
portant role in the violation of Hund’s third rule.

B. Electronic structure calculations

The Ir L-edge XMCD experimental investigations are cor-
roborated by first-principles, local spin density approxima-
tion �LSDA� calculations. We used the general potential lin-
earized augmented-plane-wave �APW� method,39,40 with the
APW plus local orbital modification,41 as implemented in the
WIEN2K code.42 We did scalar relativistic calculations to ob-
tain relaxed crystal structures and for analysis of electronic
structure and hybridization, as well as self-consistent relativ-
istic calculations at the relaxed structures, including spin-
orbit, to obtain orbital moments. Two supercells with 25% Ir
were treated. The structures of these two supercells are
shown in Fig. 3. Both calculations used the experimental
lattice parameters for this composition �a=2.573 Å, c /a
=1.613�, but the ordering of the Ir and Co differed. The first
�denoted H� was a layered supercell along the hexagonal c
axis, with pure Ir layers separated by three layers of Co. We
denote the Co in the layers immediately above and below the
Ir layer as Co1 and the Co in between the Co1 layers as Co2.
The layering doubles the size of the unit cell along the c axis,
and the doubled cell is also hexagonal. Therefore the nota-
tion H is used for this cell. The second supercell �denoted O�
was constructed from alternating mixed �50% Co/50% Ir�
and pure Co layers along the c axis. The Co in the mixed
layer is denoted Co1, and the two inequivalent Co in the Co
layer are Co2 and Co3. This type of layering doubles the size
of the unit cell in the ab plane. The doubled cell can be
views as an orthorhombic cell with its b axis in the ab plane
of hexagonal base cell. For this reason, the notation O is used
for this supercell. While there is cubic ordered Co3Ir phase,
alloys such as studied here are hexagonal. Therefore, we se-

TABLE II. Ir and Co spin moments m, as defined by the polar-
ization in the LAPW spheres for the different sites in the H and O
supercells, along with the coordination �nCo and nIr� of the site.

Atom Supercell nCo nIr m ��B�

Ir H 6 6 0.19

Ir O 10 2 0.28

Co1 H 9 3 1.66

Co2 H 12 0 1.70

Co1 O 8 4 1.43

Co2 O 10 2 1.75

Co3 O 8 4 1.43

FIG. 3. �Color online� Structure of the H �left� and O �right�
supercells. Co is shown as small green spheres and Ir as larger blue
spheres. The layering in the H cell is clearly seen in the bottom
panel. The top panel shows a view along the c axis. The three
equivalent axes that are 120° apart are also displayed for the H
supercell. The top and bottom panels for the O cell show a view of
the Ir chains and a view perpendicular to them.
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lected these hexagonal base supercells, with the experimental
lattice parameters to mimic the materials in the XMCD stud-
ies. In the layered supercell H, each Ir has six Ir nearest
neighbors and six Co neighbors, while in supercell O, the Ir
are more evenly distributed in the lattice, so that each Ir has
only two Ir nearest neighbors. The atomic positions within
each cell were relaxed using the calculated forces. Consider-
ing the larger size of Ir relative to Co, clustering of Ir atoms
may be expected to be disfavored. Consistent with this, we
find that the energy of the more uniform O supercell is lower
than the H supercell by a large 0.22 eV/Ir. This is after al-
lowing structural relaxation, which consists of a large
�0.055 Å� outward displacement of the nearest-neighbor Co1
atoms in the H cell. Thus, because of the size difference
between Ir and Co, the O supercell is much more represen-
tative of the alloy than the H supercell, and we expect that
the local structure of the alloy is such that the number of Ir-Ir
nearest neighbors is kept small. In any case, the qualitative
magnetic behavior is the same in both supercells. The in-
duced Ir spin moments are parallel to the Co moments, while
the moments of Co atoms coordinated by Ir are reduced.

The moments associated with the various atoms in the
supercells are given in Table II. The total spin magnetization
of the supercells is slightly less than the sum of the atomic
moments because of a small interstitial back polarization that
is common in transition metals. As mentioned, the Ir mo-
ments are parallel to the Co moments. The values in the two
supercells are very nearly proportional to the number of Co
neighbors, consistent with a picture in which the Ir moments
are induced by nearest-neighbor interactions, as expected.
The Co moments also show a trend in that Co atoms with
large numbers of Ir neighbors have reduced moments.

For the more realistic O supercell, the total magnetization
is 4.76�B, of which 0.28�B comes from the Ir, leaving an
average 1.49�B per Co. This large positive Ir moment is
consistent with the experimental results. The calculated elec-
tronic density of states �DOS� and projections onto the
LAPW spheres �radius 2.3 bohrs� are shown in Fig. 4. As
may be seen, relative to the Co, the Ir contribution to the
DOS within 2 eV of the Fermi energy EF is generally similar
in shape, but smaller in magnitude, reflecting the broader d
bands of Ir. The exchange splitting of the Ir d states near EF
is substantial. This reflects Co-Ir hybridization. The mecha-
nism for the Ir moment formation is therefore hybridization
between Ir and Co d states. Aligned Ir and Co moments with
substantial Ir exchange splitting favors electron hopping be-
tween Co and Ir, which reduces the kinetic energy of the
system. Because of the broader Ir bands, which leads to both
a majority-spin Ir d character at EF and a reduced minority-
spin DOS relative to Co, the induced Ir moments are much
smaller than the Co moments. Nonetheless, due to of the
similar shape of the Ir and Co DOS and the parallel align-
ment of their moments, the Ir x-ray absorption is mostly
from the minority-spin channel. The calculated average spin-
decomposed Ir L3 absorption spectrum, shown in Fig. 5, has
a similar overall structure to the experimental spectra and is
in fact dominated by transitions to the minority-spin d states
up to 2 eV above the edge. The smaller near-edge peak in the
majority channel reflects the fact that unlike Co, there is
significant majority Ir d character at EF.

We also did calculations for both supercells, including
spin-orbit with the magnetization direction along various di-

FIG. 4. �Color online� Electronic density of states �DOS� for
supercell O �see text�. The top panel shows the total DOS of the
four-atom cell, while the bottom shows projections onto the various
LAPW spheres �radius 2.3 bohrs� on an expanded energy scale.
Majority spin is above the axis and minority below. The zero is at
the Fermi energy.

FIG. 5. �Color online� Calculated average L3 x-ray absorption
spectrum for transitions into majority �above axis� and minority
�below axis� spin states, shown with a 1-eV Lorentzian broadening.
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rections, specifically in the ab plane and along the c axis for
the H cell, which is the cell doubled along c, and for the Ir
chain direction, perpendicular to the Ir chain direction in the
ab plane, and along the c axis for the O cell, which is the cell
doubled in the ab plane. In all cases, we find Ir orbital mo-
ments opposite to the spin moment, in accordance with the
experimental results. The average orbital moment on Co is
+0.078�B. Although the calculated Ir and Co orbital mo-
ments may be underestimated due to the limitations of the
LSDA, the sign and relative magnitudes should be reliable.43

With M along the c-direction easy axis of bulk Co, the values
of the Ir orbital moment were −0.027�B and −0.29�B for the
H and O supercells, respectively. The Ir orbital moment val-
ues for the other orientations of the magnetization were
−0.024�B �H supercell, M in the ab plane�, −0.32�B �O cell,
M in the basal plane, perpendicular to Ir chains�, and notably
enhanced, −0.062�B �O supercell, M along Ir chains�. The
orbital moment magnetism of Ir can be understood by con-
sidering that the Ir atoms are arranged in chains and are
surrounded by Co atoms. The size of the orbital moment on
Ir depends on the Co coordination of Ir atoms and the orien-
tation of the magnetization vector with respect to the direc-
tion of the Ir crystal field. For these reasons, there is a strong
difference between the Ir orbital moment values in the two
cells. The larger enhancement found in the O cell reflects the
orbital ordering associated with compression of the Ir-Ir
bonds along this direction. While this is an artifact of this
supercell in relation to disordered alloys, it may be relevant
for constructing nanostructures with large orbital moments

and anisotropy. In any case, these results support the experi-
mental finding of antiparallel induced spin and orbital mo-
ments on the Ir sites.

IV. CONCLUSIONS

In conclusion, XMCD measurements using the helicity
modulation technique at Ir L2,3 absorption edges demonstrate
that Ir has composition-dependent induced spin and orbital
magnetic moments in disordered hcp Co-Ir alloys. The total
moment of Ir displays a scaling with the size of the 3d mo-
ment in the alloy. First-principles local spin density calcula-
tions show that the spin moment and the orbital moment of Ir
are aligned antiparallel, in agreement with our Ir L2,3-edge
XMCD experimental results. The hybridization between Co
3d and Ir 5d states plays a role in 5d moment formation in
the alloys. These results will have significant implications in
understanding the magnetic properties, such as magnetic an-
isotropy, of Ir and possibly some other 5d group atoms in
alloys.
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