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Orbital contribution to the 3 d magnetic moment in ferromagnetic Cu3Au-type
transition-metal-Pt alloys probed by soft-x-ray magnetic circular dichroism
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Magnetic circular dichroism in the soft-x-ray absorption spectrum in the 2p→3d excitation region of the
transition-metal element is measured for ferromagnetic Cu3Au-type alloys, MnPt3 , Fe3Pt and CoPt3 . The
electronic state, especially the contribution of the spin and orbital angular momenta to the magnetic moment,
is discussed by analyzing the results. The condition for the orbital angular momentum to make a large
contribution to the magnetic moment in a metallic system is discussed in terms of the degree of the localization
of the 3d orbital, the filling of it, and the symmetry around it.@S0163-1829~99!00213-1#
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I. INTRODUCTION

3d transition metals and Pt make binary alloys in a wi
range of concentration ratios and these alloys have var
magnetic properties. At stoichiometric compositions, th
often exist ordered phases. When the transition metal~repre-
sented byT) is one of the elements among Mn through N
orderedTPt has CuAuI-type~or L10) structure andTPt3 and
T3Pt have Cu3Au-type ~or L21) structure.1,2 Among the
Cu3Au-type ordered alloys withT5Mn–Ni, ferromagnetism
is found for MnPt3,3 Fe3Pt,4 CoPt3 ,5 and Ni3Pt. This series
is quite interesting in at least two points. The first point is t
contrast betweenTPt3 andT3Pt, namely that the 3d electron
of the transition metal is expected to be relatively localiz
in the former and itinerant in the latter. The second poin
the change of the filling of the 3d orbital fromT5Mn to Ni.
From a view point of application, magneto-optical effect a
magnetic anisotropy have been studied for films of Mn3
and CoPt3.6,7 On the other hand, Fe3Pt is known to show the
Invar effect.8

Magnetic circular dichroism~MCD! of core-level absorp-
tion spectrum~XAS!, namely the difference of the spect
between parallel and antiparallel geometries of the sam
magnetization and the photon spin of the incident circula
polarized light, has recently been used for the study of
romagnetic materials. XAS is not only an element-spec
method but it also yields information about a specific orbit
to which the core electron is strongly excited due to
selection rule and the transition probability. For the transit
metal, the 3d orbital, which is the main origin of the mag
netic moment, can be probed by 2p and 3p XAS.

The origin of the MCD in XAS can be summarized
follows.9 First, a circularly polarized photon selectively e
cites an electron with an orbital angular momentum para
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~antiparallel! to the photon spin when the azimuthal quantu
number l is increased~decreased! by the photoexcitation.
Second, the non-s core level has, in addition, spin-orbit in
teraction, which aligns the electron’s spin and orbital angu
momenta parallel or antiparallel to each other. Now, in
ferromagnetic material, a valence orbital has a magnetic
ment, which means that the occupation of the orbital is
larized in spin and/or orbital angular momenta. The pho
absorption transition can occur only when the state to wh
the electron is excited is empty. The unbalance of the oc
pation of the valence orbital in spin and orbital angular m
menta is reflected in the dependence of the absorption in
sity on whether the photon spin is parallel or antiparallel
the magnetization. XAS-MCD for a core level with a larg
spin-orbit splitting, for example, the 2p level of the
transition-metal elements, is particularly a good tool since
such a case, the circularly polarized photon select both
bital angular momentum and spin of the core electron.

The two sum rules known as thel z sum rule10 and thesz
sum rule11 make use of these features of MCD and yield^ l z&
and ^sz& of the valence orbital by integrating the XAS wit
each circular polarization. Thesz sum rule can only be use
when spin-orbit splitting of the core level is large.

In T-Pt alloys, magnetic moments are carried mainly
T 3d electrons but the contribution of the Pt 5d electrons is
not negligible. Spin and orbital angular momenta of the
5d orbital were studied using the MCD in Pt 2p→5d XAS
~Ref. 12! and Pt 4f→5d XAS.13

In this paper, we report MCD inT 2p→3d XAS of
MnPt3 , Fe3Pt, and CoPt3 . Our aim is to investigate the elec
tronic and magnetic state of theT 3d orbital. By using the
sum rules, contributions of the spin and orbital angular m
menta to the magnetic moment are estimated. We disc
what determines the degree to which the orbital angular m
8752 ©1999 The American Physical Society
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mentum contributes to the magnetic moment in a meta
system, and apply this argument to the present systems

II. EXPERIMENT

The MnPt3 , Fe3Pt, and CoPt3 samples were prepared b
the arc-melting method under an Ar atmosphere. The Cu3Au
ordered phase was realized by a suitable thermal treatm
and was verified by x-ray powder diffraction.

The measurements of the MCD in the 2p XAS were per-
formed at the beam-line NE-1B of the Accumulation Ring
the Photon Factory in the High Energy Accelerator Resea
Organization in Tsukuba, Japan. The clean surface of
sample was obtained by scrapingin situ in an ultrahigh
vacuum of about 5310210 Torr. The sample was cooled t
below 120 K using a liquid-nitrogen cryostat. The circular
polarized soft x-ray from the helical undulator was mon
chromatized and incident normally on the sample. The
gree of circular polarization was 9562% according to the
calculation. XAS was obtained using the total photoelect
yield method by measuring the sample current and norm
izing it by the photon current. The photon current was d
fined by the total photoelectron yield of the gold mesh j
before the measurement chamber. A magnetic field of 1.1
was applied to the sample during the measurement by a
manent magnet. The magnetic field on the sample was
versed by setting on the optical axis one of the two perm
nent dipole magnets whose magnetic field is opposite to e
other. The magnetic field was either parallel or antiparalle
the photon’sk vector ~Faraday geometry!. Magnetization
was reversed at each photon energy to cancel a possible
or fluctuation of the photon current and other factors.

III. RESULTS AND DISCUSSIONS

In Figs. 1~a!–1~c!, the observed 2p XAS for the magne-
tization parallel to the photon spin~defined as theI 1 spec-
trum! and that for magnetization antiparallel to the phot
spin (I 2), and their difference spectrum (I MCD5I 12I 2)
are shown for MnPt3 @Fig. 1~a!#, Fe3Pt @Fig. 1~b!#, and CoPt3
@Fig. 1~c!#. We note that, by taking the magnetization dire
tion as the quantization axis, the negative spin correspond
the majority spin in this paper. Each spectrum has a tw
peak structure due to the spin-orbit splitting of the 2p core
level into j 53/2(2p3/2) and j 51/2(2p1/2) sublevels. The
two main peaks mainly represent the 2p3/2→3d and 2p1/2
→3d excitations. The origin of the relative photon ener
was set at the boundary between the 2p3/2 and 2p1/2 regions
(2p1/2 onset!. The boundary was determined as the ene
where the energy derivative of the absorption (dI/d«) rises
abruptly. I 2 was multiplied by a constant 11a so thatI 1

and I 2 have the same intensity in the lowest photon ene
region where 2p absorption should be absent.uau was less
than 431023.

A. Line shape

The overall MCD features seen for the three compoun
namely positive MCD in the 2p3/2 region and negative MCD
in the 2p1/2 region, are the common features for the MCD
the T 2p core in ferromagnets as long as the magnetic m
ment of theT is in the same direction as the net magneti
c
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tion. The origin of these features is that the 3d orbitals with
negative spin is more occupied than the positive spin.
example, in the 2p3/2 region, the 2p electron with positive
~negative! spin is mainly excited to the 3d orbital in I 1(I 2)
due to the selection rule of the circularly polarized light a
the spin-orbit interaction of the 2p core level. Since transi-
tion to an occupied state is forbidden,I 2 is smaller thanI 1

in the 2p3/2 region.
Although multiplet structures are much less conspicuo

than in ionic compounds, we can still see some remain
structures due to the intra-atomic electron-electron inter
tion in the final state of the x-ray absorption. In MnPt3 , for
example, structures in both XAS and MCD around27.5 and
24.5 eV in the relative photon energy resemble the str
tures found in the calculation for Mn21(3d5) assuming a
moderate crystal-field splitting (10Dq<1 eV).14 It might
seem strange that multiplet structure is quite prominent o
in MnPt3 . For Fe3Pt and CoPt3 , however, MCD spectra ap
proach zero much more rapidly than the XAS spectra in
higher photon energy region of 2p3/2. This is not the case in
the 2p1/2 absorption region where both MCD and XA
equally have long tails on the higher photon energy si
These features are similar to those seen in the atomic ca
lation of MCD for high-spind6 andd7 initial state without
considering the 3d spin-orbit interaction (z50 andD51 in
Ref. 14!, where MCD changes sign from positive to negati
in the higher photon energy region of 2p3/2 while MCD is
monotonously negative for 2p1/2. From these investigations
we can infer that the long tails seen in the 2p absorption of
the metallic transition-metal compounds originate at le
partially from the multiplet splitting of the 2p53dn11 states
due to the electron-electron interaction.

B. Sum-rule analysis

In order to estimate quantitatively the contribution of t
spin and orbital angular momenta to the magnetic momen
the transition metal, we analyze the spectra by using the
rules.10,11

In the present case of 2p→3d XAS, the l z sum rule can
be written as

^ l z&522
*d«~ I 12I 2!

*d«~ I 11I 21I 0!
, ~1!

where^ l z& is the average of the magnetic quantum numbe
the orbital angular momentum per 3d hole. I 0 is the XAS
with the linearly polarized light whose polarization vector
parallel to the magnetization. The integration is taken o
the whole 2p absorption region. Thesz sum rule is written as

^sz&1
7

2
^tz&

52
3

2

* j 53/2d«~ I 12I 2!22* j 51/2d«~ I 12I 2!

*d«~ I 11I 21I 0!
, ~2!

wheretz is thez component of the magnetic dipole operat
t5s23r (r•s)/ur u2. The integration* j 53/2(* j 51/2) is taken
only over the 2p3/2(2p1/2) absorption region. By dividing
Eq. ~1! with Eq. ~2!, we obtain
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FIG. 1. ~a!–~c! Upper panels: 2p core-level absorption spectra of Cu3Au-type transition-metal-Pt ordered alloys for circularly polariz
light with photon spin parallel (I 1) and antiparallel (I 2) to the magnetization. The background used in the integration is given by the
solid line. Lower panels: MCD spectra defined byI MCD5I 12I 2 . ~d!–~f! * I 1d« and* I 2d«: Integration ofI 1 andI 2 after subtracting the
background.̂ l z& and^sz&: Dependence of the orbital and spin angular momenta per 3d hole estimated by the sum rules on the upper ene
limit of the integration of the 2p1/2 region. In the case of MnPt3 , ^ l z& and ^sz& are extrapolated by dashed smooth curves.
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^sz&17/2̂ tz&
5

4

3

*d«~ I 12I 2!

* j 53/2d«~ I 12I 2!22* j 51/2d«~ I 12I 2!
.

~3!

We should note that this equation is quite efficient. T
equation stands even if the circular polarization of the ligh
not perfect inI 1 andI 2 so long as the degree of polarizatio
s
s

is the same for bothI 1 and I 2 . This equation also stand
even if the magnetization of the sample is not saturated.
other advantage of this equation is that it is defined only
the difference spectrum of MCD. It is not affected by ho
the background of XAS is assumed, while Eqs.~1! and ~2!
do depend on the background.

In order to use Eqs.~1! and~2!, we should subtract back
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grounds fromI 1 and I 2 to obtain intensities of pure 2p
→3d photoabsorption. We assume an empirical backgro
that has a step at 2p3/2 and 2p1/2 absorption peaks and oth
erwise is a linear line as shown in Fig. 1. The increase of
absorption is due to the transition except for the 2p→3d
transition, e.g., the 2p→ continuum state is taken into ac
count by the step at the absorption peak. The height r
between the step for the 2p3/2 peak and that for 2p1/2 is
assumed to be 2 : 1,which is just the ratio of the degenerac
of the core hole state. For Fe3Pt and CoPt3 , the slope of the
background was determined so that the background ag
the absorption in the highest photon energy region.
MnPt3 , whose high-energy part could not be measured
to the lack of beam time, a comparable background was
sumed.

The boundary between the 2p3/2 and 2p1/2 regions was
determined and set to the origin of the photon energy
described in the beginning of Sec. III. We also have to
termine the point where 2p3/2 absorption starts. This poin
was defined as the point where the absorption coincides
the background, namely,212.9,214.3, and216.1 eV, for
MnPt3 , Fe3Pt, and CoPt3 , respectively.

In Figs. 1~d!–1~f! are shown the integrated values of t
absorption after subtraction of the background,* I 1d« and
* I 2d«, as functions of the upper energy limit to which th
energy integrations are performed.^sz& and ^ l z& calculated
by using these values, or in other words, obtained^sz& and
^ l z& values as functions of the upper energy limit of t
integration of the 2p1/2 region, are also shown. Here, w
omit ^tz& for simplicity. Although it has been shown that^tz&
is not negligible in solids,15 analysis includinĝ tz& needs
band-structure calculation and simulation of the MCD sp
trum, which is out of our scope. We will come back to th
point in Sec. III D. In the case of MnPt3 , the integration
region dependences of̂sz& and ^ l z& are extrapolated to
higher energies by the use of the smooth dashed curve
Fig. 1~d!. In Fig. 2~a!, we present the values of^ l z&/(^ l z&
12^sz&), namely the portion of the contribution of the orbit
angular momentum in the total magnetic moment of
transition-metal 3d electrons, as functions of the upper e
ergy limit of the integration of the 2p1/2 absorption region.
We note that this quantity has a profound physical mean
Being a function of̂ l z&/^sz& it is calculated using Eq.~3!
and depends only on the MCD spectrum,I 12I 2 , and does
not depend on how we assume the background of the X
We also note that this quantity is not affected by the deg
of the polarization of the light and the degree of saturation
the magnetization, both of which suppress^ l z& and ^sz&.
Hence, we concentrate our discussion on the compound
pendence of̂ l z&/(^ l z&12^sz&).

Teramuraet al.16 argued the effect of the overlap betwe
2p3/2 and 2p1/2 final states on thesz sum rule. According to
their results, thesz sum rule underestimates^sz& by a factor
which depends mainly upon the 3d electron number. The
factor of the underestimation is reported to be 0.68, 0.
0.92, and 0.92 for 3d electron numbers of 5, 6, 7, and
respectively. According to the band-structure calculations
Shirai,17 occupation of the 3d electronic state, i.e., the 3d
electron number divided by the number of the 3d states
within the muffin-tin sphere, is 55% for MnPt3 and 76% for
d
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CoPt3 . We therefore assume that the 3d electron number is
5.5 and 7.6 for MnPt3 and CoPt3 , respectively. We further-
more assume that it is 6.5 for Fe3Pt. By linearly interpolating
the values obtained by Teramuraet al.we consider the factor
of underestimation of̂sz& is 0.78, 0.90, and 0.92 for MnPt3 ,
Fe3Pt, and CoPt3 , respectively. Figure 2~b! shows the de-
pendence of the values of^ l z&/(^ l z&12^sz&) on the integra-
tion region after correcting thêsz& value by dividing it with
the factors above.

The integration region dependence of^sz& and ^ l z& in
Figs. 1~d!–1~f! indicates that convergence, especially of^ l z&,
is quite slow. The value of̂l z&/(^ l z&12^sz&), therefore, cru-
cially depends upon the integration region. If we take t
into account, it is desirable to take as wide an integrat
region as possible. However, doing so would integrate
possible errors in the normalization and the background.
though ^ l z&/(^ l z&12^sz&) is free from error in the back-
ground, it is not free from that in the before-mentioned n
malization betweenI 1 and I 2 . In order to estimate the
^ l z&/(^ l z&12^sz&) value, the integration should hence be c
at some appropriate point. If we set this point to 25 eV abo
the 2p1/2 onset and by using the corrected values in Fig. 2~b!,
^ l z&/(^ l z&12^sz&) is 0.044, 0.031, and 0.063 for th
transition-metal 3d holes in MnPt3 , Fe3Pt, and CoPt3 , re-
spectively. The values of̂l z&/(^ l z&12^sz&) obtained in this
way are not accurate in an absolute sense. Howeve
is quite meaningful to compare them between differe
systems.

FIG. 2. ~a! The contribution of the orbital angular momentum
the magnetic moment of the 3d electrons estimated by the sum ru
as a function of the upper energy limit of the integration of the 2p1/2

region.~b! As for ~a! but after the correction of the underestimatio
of ^sz& due to the overlap between 2p3/2 and 2p1/2 regions.^sz& is
assumed to be underestimated by a factor of 0.78, 0.90, and 0.
the case of MnPt3 , Fe3Pt, and CoPt3 .
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C. What determines the strength
of the orbital angular momentum

Now, we discuss what determines the degree to which
orbital angular momentum is induced in metallic system
We treat this issue from the following three points. One
the competition between itinerancy and localization of
3d electron. Another is the occupancy of the 3d partial den-
sity of states, and the other is the symmetry of the sys
around theT site.

First, we consider the case where the system can be
sumed to be spherically symmetric around theT atom. In this
case, all the 3d orbitals, for example theeg and t2g , are
equivalent to each other. The 3d partial density of states
~DOS! of such a ferromagnet may be represented by a mo
DOS in the upper panel of Fig. 3~a! in the absence of the
spin-orbit interaction. Since we are taking the direction
the magnetic fieldas the quantization axis in this paper,↓
corresponds to the majority spin and↑ to the minority spin.
When the spin-orbit interaction is switched on, ea
majority- and minority-spin partial DOS would split int
subbands with a different magnetic quantum number of
orbital angular momentum,l z . Here, we have assumed th
the spin is still a good quantum number in the presence
the spin-orbit interaction. In other words, we only consid
the l zsz term. This approximation can be justified when t
exchange interaction is large enough so that thel 1s2 and
l 2s1 terms that mix the different spin state are negligib
The energy shift of thel z subband would bez l zsz wherez is
the spin-orbit interaction constant of the 3d orbital which
takes a positive value. The resultant shift of the subband
illustrated in the lower panel of Fig. 3~a!, where the sub-
bands with positive~negative! l z are represented by th
thickest~thinnest! lines.

The consequence of the present shift would be as follo
When the 3d partial DOS is less than half-filled,l z subbands
with positive l z and negative~majority! spin are more occu
pied than the negativel z bands. Hence, orbital angular mo
mentum with antiparallel direction as the spin is induced
this case. When the 3d partial DOS is nearly half-filled, the
positive ^ l z& induced in the majority-spin band is cancelle
by the negative^ l z& induced in the minority-spin band
which leads to very small orbital angular momentum. Wh
the 3d partial DOS is more than half-filled, negative^ l z& is
induced and hence the orbital angular momentum is par
to the spin.

Now, what happens when the degree of itinerancy,
hence the bandwidth, is changed in the present case?
energy splitting due to the spin-orbit coupling is not likely
depend much upon the bandwidth. Therefore, the indu
orbital angular momentum would be larger for the narrow
band which has larger DOS. In other words, orbital angu
momentum is more induced in a system where 3d electrons
are more localized.

Next, we should consider the case where the symm
around theT atom is lower than the spherical symmetry. T
3d orbitals are no longer equivalent to each other. Here,
consider as an example that the system is octahedral or
rahedral around theT atom. The partial density of states o
t2g and that ofeg are then different from each other.
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In order to discuss the effect of the spin-orbit interacti
on such a system, we should recall how thet2g and eg 3d
states are expressed in terms of the eigenfunction of the m
netic quantum number l z , namely the spherica
harmonics Ydlz

. The three t2g states are expressed a

wyz}( i /A2)(Yd11Yd21), wzx}2(1/A2)(Yd12Yd21), and
wxy}2( i /A2)(Yd22Yd22). The twoeg states are expresse
asw3z22r 2}Yd0 andwx22y2}(1/A2)(Yd21Yd22).

Let us consider the mixing between the 3d and the sur-
rounding orbitals. Either of thet2g or eg states is mixed more
strongly with the surroundings and hence become more

FIG. 3. Model 3d partial density of states~DOS! for ~a! a
spherically symmetric case,~b! a case where the symmetry aroun
the transition-metal atom causes the bandwidth of the partial D
to depend uponu l zu, and ~c! a case where the symmetry causes
splitting of the partial DOS into subbands. In each case, the up
panel shows the partial DOS without the spin-orbit interaction. T
lower panel shows those with the spin-orbit interaction, where
thickest~thinnest! line corresponds to positive~negative! l z .
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erant, depending upon the crystal structure. If thet2g orbital
is more itinerant than theeg orbital, for example, thel z

561 states are the most itinerant since these states co
purely of t2g states.l z562, which are linear combination
of the t2g and eg states, are the next andl z50 is the most
localized. This is schematically shown in the upper pane
Fig. 3~b!. When the spin-orbit interaction is switched o
these bands split by energies proportional tou l zu as shown in
the lower panel of Fig. 3~b!. In this case, the contribution t
the orbital angular momentum comes mostly froml z562,
since the spin-orbit splitting of these states is stronger
the band width is narrower thanl z561.

When the ionicity of the system is stronger, the center
gravity of thet2g andeg partial DOS would be quite differ-
ent. The upper panel of Fig. 3~c! illustrates the partial DOS
for a case where the energy of theeg band is significantly
lower than that of thet2g band as when theT atom is tetra-
hedrally surrounded by negative ions. Linear combinatio
between two of thet2g orbitals,wyz andwzx , lead to states
with ^ l z&Þ0. Namely, the^ l z&561 state is realized a

Yd61}(1/A2)„ 1
i wyz7wzx…. Therefore, when the spin-orb

interaction is switched on, thet2g partial DOS split into sub-
bands, namely,Yd1 , Yd21 , andwxy partial DOS’s as shown
in the lower panel of Fig. 3~c!. On the other hand,^ l z& of any
linear combination ofeg states is always zero. Therefore, t
eg partial DOS would not be affected. In this situation, on
the t2g states contribute to the orbital angular momentu
Therefore,̂ l z& is zero if thet2g band is totally full or totally
empty. Discussion about these aspects based on an at
point of view was reviewed by Kanamori.18

D. Discussion about the present result

Now, we apply the model above to the present systems
the Cu3Au structure, Au is on the corner site of the fcc stru
ture and Cu is on the face-centered site. Therefore, in b
the Cu and Au sites, thet2g orbital hybridizes stronger with
the surrounding orbitals than theeg orbitals. Since the struc
ture is nearly close-packed and these systems are presum
quite metallic, the 3d partial DOS is considered to be lik
Fig. 3~b!. This is qualitatively well reproduced by the ban
structure calculation by Shirai.17 Hence the orbital angula
momentum should come mainly from thel z562 orbitals.
This is quite consistent with the argument onTPt3 by
Iwashitaet al.19 They discussed the orbital angular momen
of the T 3d and Pt 5d orbitals on the basis that thel z
562 give the largest contribution. This was deduced fro
their band-structure calculation based on the sca
relativistic full-potential linear-augmented plane-wa
method within the local-spin-density approximation~LSDA!
with the additional inclusion of the spin-orbit interaction as
perturbation.

In MnPt3 and CoPt3, all the nearest neighbors of th
transition-metal site are Pt sites. On the other hand, in Fe3Pt,
2/3 of the nearest neighbors are the Fe sites and the othe
are the Pt sites. Generally speaking, the Pt 5d partial DOS is
distributed in the energy region with a significantly larg
binding energy than theT 3d partial DOS. Therefore, the
3d electrons are relatively localized in MnPt3 and CoPt3
whereas they are quite itinerant in Fe3Pt.
ist
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In MnPt3 , although the 3d orbital is relatively localized,
it is nearly half-filled. Therefore, from our discussion in th
last section it follows that the orbital angular momentum
the 3d electrons is expected to be small. In Fe3Pt, although
the 3d orbital is more than half-filled, it is quite itinerant an
the orbital angular momentum is also small. In CoPt3 , the
3d orbital is more than half-filled and is relatively localize
and therefore the orbital angular momentum is expected
be larger than the other two systems. This argument w
explains our experimental results that the contribution of
orbital angular momentum to the magnetic moment of thed
orbital is larger in CoPt3 than in MnPt3 and Fe3Pt.

Finally, we quantitatively compare the contribution of th
orbital angular momentum,̂l z&/(^ l z&12^sz&), obtained in
Sec. III B with that obtained by Iwashitaet al.19 According
to their calculation,̂ l z&/(^ l z&12^sz&) values of the 3d elec-
trons are 0.005 and 0.025 for MnPt3 and CoPt3 , respectively.
These values are significantly smaller than our values, 0.
and 0.063, respectively. One of the origins of this discre
ancy is that̂ tz& is omitted in our analysis since Wuet al.
showed that̂ l z&/^sz& is overestimated by the sum-rule anal
sis without ^tz&.

15 Another origin, of course, might be tha
the band-structure calculation within LSDA underestima
^ l z& since it cannot treat̂l z& self-consistently.

IV. SUMMARY

We measured the MCD in the transition-metal 2p absorp-
tion of the ferromagnetic Cu3Au-type transition-metal-Pt or-
dered alloys, MnPt3 , Fe3Pt, and CoPt3 . By combining thel z
andsz sum rules, we derived̂l z&/(^ l z&12^sz&), the portion
of the orbital angular momentum’s contribution to the ma
netic moment of the transition-metal 3d orbital, for the three
compounds. This quantity is not only physically importa
but also experimentally more reliable in the sense that i
less affected by possible extrinsic errors such as the amb
ity in the background subtraction and imperfectness in m
netization and circular polarization than individual^ l z& and
^sz&. The estimated̂ l z&/(^ l z&12^sz&) values, 0.044, 0.031
and 0.063 for MnPt3 , Fe3Pt, and CoPt3 , respectively, are
still not very reliable in an absolute sense, but they are q
meaningful in a relative sense.

What determines the degree of the orbital contribution
the magnetic moment in metallic ferromagnets was d
cussed. The orbital contribution is enhanced when thed
electrons are localized and when the 3d filling is far from
either empty, half-filled, or fully filled. The fact that the or
bital contribution is the largest in CoPt3 is explained by that
the 3d electrons are relatively localized and the 3d orbital is
more than half-filled in it, whereas the 3d electron is quite
itinerant in Fe3Pt and the 3d orbital is nearly half-filled in
MnPt3 .
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