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Orbital contribution to the 3 d magnetic moment in ferromagnetic CyAu-type
transition-metal-Pt alloys probed by soft-x-ray magnetic circular dichroism

S. Imada, T. Muro, T. Shishidduand S. Suga
Division of Material Physics, Graduate School of Engineering Science, Osaka University, 1-3, Machikaneyama,
Toyonaka 560-8531, Japan

H. Maruyama, K. KobayasHiand H. Yamazaki
Faculty of Science, Okayama University, 3-1-1 Tsushimanaka, Okayama 700-8530, Japan

T. Kanomata
Faculty of Engineering, Tohoku Gakuin University, 1-13-1 Chuo, Tagajo 985-8537, Japan
(Received 14 October 1998

Magnetic circular dichroism in the soft-x-ray absorption spectrum in ghe-3d excitation region of the
transition-metal element is measured for ferromagnetigAQttype alloys, MnP§, Fe;Pt and CoRt. 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 3 orbital, the filling of it, and the symmetry around [50163-182@9)00213-1

[. INTRODUCTION (antiparalle] to the photon spin when the azimuthal quantum
" : . .. numberl is increased(decreasedby the photoexcitation.
3d transition metals and Pt make binary alloys in & W'_deSecond, the nos-core level has, in addition, spin-orbit in-

. . o i L Yeraction, which aligns the electron’s spin and orbital angular
magnetic properties. At stoichiometric compositions, therg,omenta parallel or antiparallel to each other. Now, in a

often exist ordered phases. When the transition metare-  foromagnetic material, a valence orbital has a magnetic mo-
sented byT) is one of the elements among Mn through Ni, ment, which means that the occupation of the orbital is po-
orderedT Pt has CuAul-typdor L1,) structure and Pk and  |arized in spin and/or orbital angular momenta. The photo-
T3Pt have CyAu-type (or L2;) structure®” Among the  absorption transition can occur only when the state to which
CuAu-type ordered alloys witii =Mn—Ni, ferromagnetism  the electron is excited is empty. The unbalance of the occu-
is found for MnP%,® Fe;Pt,* CoPt,® and NiPt. This series  pation of the valence orbital in spin and orbital angular mo-
is quite interesting in at least two points. The first point is thementa is reflected in the dependence of the absorption inten-
contrast betweefiPt; andT;Pt, namely that the@electron  sity on whether the photon spin is parallel or antiparallel to
of the transition metal is expected to be relatively localizedthe magnetization. XAS-MCD for a core level with a large
in the former and itinerant in the latter. The second point isspin-orbit splitting, for example, the @ level of the
the change of the filling of the®orbital fromT=Mn to Ni.  transition-metal elements, is particularly a good tool since, in
From a view point of application, magneto-optical effect andsuch a case, the circularly polarized photon select both or-
magnetic anisotropy have been studied for films of MnPt bital angular momentum and spin of the core electron.
and CoP4.57 On the other hand, Bt is known to show the ~ The two sum rules known as thgsum rulé® and thes,
Invar effect® sum rulé! make use of these features of MCD and yiglg
Magnetic circular dichroisndMCD) of core-level absorp- and(s,) of the valence orbital by integrating the XAS with
tion spectrum(XAS), namely the difference of the spectra each circular polarization. Thg sum rule can only be used
between parallel and antiparallel geometries of the samplehen spin-orbit splitting of the core level is large.
magnetization and the photon spin of the incident circularly In T-Pt alloys, magnetic moments are carried mainly by
polarized light, has recently been used for the study of ferT 3d electrons but the contribution of the Pd ®lectrons is
romagnetic materials. XAS is not only an element-specifichot negligible. Spin and orbital angular momenta of the Pt
method but it also yields information about a specific orbital,5d orbital were studied using the MCD in Pp2-5d XAS
to which the core electron is strongly excited due to the(Ref. 12 and Pt 4 —5d XAS.*3
selection rule and the transition probability. For the transition In this paper, we report MCD iT 2p—3d XAS of
metal, the & orbital, which is the main origin of the mag- MnPt;, Fe;Pt, and CoRt Our aim is to investigate the elec-
netic moment, can be probed by 2nd 3 XAS. tronic and magnetic state of thie3d orbital. By using the
The origin of the MCD in XAS can be summarized as sum rules, contributions of the spin and orbital angular mo-
follows 2 First, a circularly polarized photon selectively ex- menta to the magnetic moment are estimated. We discuss
cites an electron with an orbital angular momentum paralleivhat determines the degree to which the orbital angular mo-
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mentum contributes to the magnetic moment in a metallidion. The origin of these features is that the 8rbitals with
system, and apply this argument to the present systems. negative spin is more occupied than the positive spin. For
example, in the 5, region, the D electron with positive
Il. EXPERIMENT (negative spin is mainly excited to thed®orbital inl (I _)
due to the selection rule of the circularly polarized light and
The MnPt, Fe;Pt, and CoRtsamples were prepared by he spin-orbit interaction of the2core level. Since transi-
the arc-melting method under an Ar atmosphere. TheAQU  io, to an occupied state is forbidden, is smaller thar ,
ordered phase was realized by a suitable thermal treatmep {he 2p4), rEgion.

and was verified by x-ray powder diffraction. Although multiplet structures are much less conspicuous
The measurements of the MCD in the XAS were per-  han in jonic compounds, we can still see some remaining
formed at the beam-line NE-1B of the Accumulation Ring of ¢r,ctures due to the intra-atomic electron-electron interac-

the Photon Factory in the High Energy Accelerator Researcliop, in the final state of the x-ray absorption. In MgPfor

Organization in Tsukuba, Japan. The clean surface of th@xample structures in both XAS and MCD arourd.5 and

sample was obtainedﬁll%y scrapimg situ in an ultrahigh — _ 4 5" e\ in the relative photon energy resemble the struc-
vacuum of about %10™~* Torr. The sample was cooled t0 {,res found in the calculation for M#(3d°) assuming a

belovy 120 Kusing a quuid-nitrog_en cryostat. The circularly o qerate crystal-field spliting (Ig<1 eV). It might
polarized soft x-ray from the helical undulator was mono-geem strange that multiplet structure is quite prominent only
chromatized and incident normally on the sample. The dej, MnPt. For FaPt and CoRy, however, MCD spectra ap-
gree of circular polarization was 82% according 10 the 440k zero much more rapidly than the XAS spectra in the

cglculation. XAS was obFained using the total photoelectrorhigher photon energy region 0f2,. This is not the case in
yield method by measuring the sample current and normalfne 2p,,, absorption region where both MCD and XAS

izing it by the photon current. The photon current was de'equally have long tails on the higher photon energy side.

fined by the total photoelectron yield of the gold mesh justrpaqe”features are similar to those seen in the atomic calcu-
before the measurement chamber. A magnetic field of 1.1 Tation of MCD for high-spind® andd’ initial state without

was applied to the sample during the measurement by a Py igering the 8 spin-orbit interaction =0 andA=1 in

manent magnt_a't. The magnch f|el_d on the sample was 'Ref. 14, where MCD changes sign from positive to negative
versed by setting on the optical axis one of the two permay . o higher photon energy region opg, while MCD is
nent dipole magnets whose magnetic field is opposite to ea onotonously negative forf?,. From these investigations
other. The magnetic field was either parallel or antiparallel 1Que can infer that the long tails seen in the absorption of ’
the photon’sk vector (Faraday geometjy Magnetization Eﬂl

was reversed at each photon energy to cancel a possible dr e metallic transition-metal compounds originate at least
; rtially from the multiplet splitting of the @®>3d"*?! states
or fluctuation of the photon current and other factors. y P pirting 3

due to the electron-electron interaction.

Ill. RESULTS AND DISCUSSIONS .
B. Sum-rule analysis

In Figs. I@-1(c), the observed g XAS for the magne-
tization parallel to the photon spifefined as thé , spec-
trum) and that for magnetization antiparallel to the photon
spin (1_), and their difference spectrum \{cp=1,—1_)
are shown for MnRt[Fig. 1(a@)], Fe;Pt[Fig. 1(b)], and CoP¥
[Fig. 1(c)]. We note that, by taking the magnetization direc-
tion as the quantization axis, the negative spin corresponds to
the majority spin in this paper. Each spectrum has a two- fds(l,.—1.)
peak structure due to the spin-orbit splitting of the ore (I)y=-2 dell F1 110 (1)
level into j=3/2(2p3,) and j=1/2(2p4;) sublevels. The Jds(l+1-+10)

two main peaks mainly represent th@sy—3d and 201, \where(l,) is the average of the magnetic quantum number of
—3d excitations. The origin of the relative photon €nergy the orbital angular momentum pedaole. I, is the XAS
was set at the boundary between thgy2and 2, regions  yith the linearly polarized light whose polarization vector is
(2py/; onse}. The boundary was determined as the energyyarajiel to the magnetization. The integration is taken over

where the energy derivative of the absorptiaii/@e) rises  the whole 2) absorption region. The, sum rule is written as
abruptly.| _ was multiplied by a constantd« so thatl ,

In order to estimate quantitatively the contribution of the
spin and orbital angular momenta to the magnetic moment of
the transition metal, we analyze the spectra by using the sum
ruleso?

In the present case ofp2-3d XAS, thel, sum rule can

written as

andl_ have the same intensity in the lowest photon energy 7
region where p absorption should be abseh&| was less (S, + §<tz>
than 4x 10 3.

A. Line shape :_§fj:3/2d8(|+_|—)—ijzl/zds(hr—l_) @

2 Tde(l.+1_+1g) ’

The overall MCD features seen for the three compounds,
namely positive MCD in the @5, region and negative MCD wheret, is thez component of the magnetic dipole operator
in the 2p,/, region, are the common features for the MCD of t=s—3r(r-s)/|r|?. The integrationf;— (/=1 is taken
theT 2p core in ferromagnets as long as the magnetic moenly over the 23,(2p1,) absorption region. By dividing
ment of theT is in the same direction as the net magnetiza-Eq. (1) with Eq. (2), we obtain
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FIG. 1. (a)—(c) Upper panels: @ core-level absorption spectra of w-type transition-metal-Pt ordered alloys for circularly polarized
light with photon spin parallell(,) and antiparallel [_) to the magnetization. The background used in the integration is given by the thin
solid line. Lower panels: MCD spectra definedlgyep=1,—1_. (d)—(f) /1 ,de and [l _de: Integration ofl , andl _ after subtracting the
background(l,) and(s,): Dependence of the orbital and spin angular momenta gédrade estimated by the sum rules on the upper energy
limit of the integration of the B,,, region. In the case of MnRt{l,) and(s,) are extrapolated by dashed smooth curves.

(1) 4 fde(l,—1_) is the same for both, and|_. This equation also stands
=27 1 N _or. — - even if the magnetization of the sample is not saturated. An-
(S +7/AL) 3 Ji-gde(l ~1-) =2 j-ppde(l. ~1-) other advantage of this equation is that it is defined only by
the difference spectrum of MCD. It is not affected by how
We should note that this equation is quite efficient. Thisthe background of XAS is assumed, while E¢B. and (2)
equation stands even if the circular polarization of the light isdo depend on the background.
not perfect inl , andl _ so long as the degree of polarization  In order to use Eqq1) and(2), we should subtract back-
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grounds froml, and|_ to obtain intensities of pure @ rrrrrorrr T T T
without correction

—3d photoabsorption. We assume an empirical background F @

that has a step at,, and 2p,,, absorption peaks and oth- 0.4

erwise is a linear line as shown in Fig. 1. The increase of the ”;

absorption is due to the transition except for the—23d &

transition, e.g., the @— continuum state is taken into ac- EN

count by the step at the absorption peak. The height ratio %0.2

between the step for thep3, peak and that for gy, is v

assumed tod 2 : 1,which is just the ratio of the degeneracy

of the core hole state. For et and CoR, the slope of the A

background was determined so that the background agrees 0 f———————————————————
the absorption in the highest photon energy region. For L ()

MnPt, whose high-energy part could not be measured due with correction

to the lack of beam time, a comparable background was as-
sumed.

The boundary between thepg, and 2,,, regions was
determined and set to the origin of the photon energy as
described in the beginning of Sec. Ill. We also have to de-
termine the point where (&, absorption starts. This point
was defined as the point where the absorption coincides with
the background, namely; 12.9,—14.3, and—16.1 eV, for

MnPt;, FePt, and CoR}, respectively. % 10 2 20 o
In Figs. 1d)—1(f) are shown the integrated values of the photon energy from 2p, onset
absorption after subtraction of the backgrouritl, de and
f1_de, as functions of the upper energy limit to which the  FIG. 2. (a) The contribution of the orbital angular momentum to

the magnetic moment of thed3electrons estimated by the sum rule
as a function of the upper energy limit of the integration of tipg,;2
region.(b) As for (a) but after the correction of the underestimation
of (s,) due to the overlap betweerpg, and 24, regions.(s,) is
assumed to be underestimated by a factor of 0.78, 0.90, and 0.92 in
the case of MnRt FePt, and CoRt

energy integrations are performeg,) and(l,) calculated
by using these values, or in other words, obtaiged and
(l,) values as functions of the upper energy limit of the
integration of the p,,, region, are also shown. Here, we
omit (t,) for simplicity. Although it has been shown thit)
is not negligible in solid$? analysis including(t,) needs
band-structure calculation and simulation of the MCD spec-
trum, which is out of our scope. We will come back to this CoPt. We therefore assume that thd 8lectron number is
point in Sec. Il D. In the case of MnPt the integration 5.5 and 7.6 for MnBtand CoP¥, respectively. We further-
region dependences dfs,) and (l,) are extrapolated to more assume that it is 6.5 for ff&t. By linearly interpolating
higher energies by the use of the smooth dashed curves the values obtained by Teramwrtal. we consider the factor
Fig. 1(d). In Fig. 2a), we present the values ¢f,)/({l,)  of underestimation ofs,) is 0.78, 0.90, and 0.92 for MnPt
+2(s,)), namely the portion of the contribution of the orbital Fe;Pt, and CoRt, respectively. Figure (8) shows the de-
angular momentum in the total magnetic moment of thependence of the values 6f,)/({I,) +2(s,)) on the integra-
transition-metal 8 electrons, as functions of the upper en-tion region after correcting th¢s,) value by dividing it with
ergy limit of the integration of the |2, absorption region. the factors above.
We note that this quantity has a profound physical meaning. The integration region dependence (&) and (l,) in
Being a function of(l,)/(s,) it is calculated using Eq3)  Figs. 1d)—1(f) indicates that convergence, especiallyIgf,
and depends only on the MCD spectrum—1_, and does is quite slow. The value dfi ,)/({l,) +2(s,)), therefore, cru-
not depend on how we assume the background of the XA&ially depends upon the integration region. If we take this
We also note that this quantity is not affected by the degreénto account, it is desirable to take as wide an integration
of the polarization of the light and the degree of saturation ofegion as possible. However, doing so would integrate the
the magnetization, both of which suppreds) and (s,). possible errors in the normalization and the background. Al-
Hence, we concentrate our discussion on the compound déiough (1,)/({l,)+2(s,)) is free from error in the back-
pendence ofl )/ ({1} +2(s,)). ground, it is not free from that in the before-mentioned nor-
Teramuraet al.*® argued the effect of the overlap between malization betweeri, and |_. In order to estimate the
2psz and 2y, final states on the, sum rule. According to  {1,)/({l,)+2(s,)) value, the integration should hence be cut
their results, thes, sum rule underestimatés,) by a factor  at some appropriate point. If we set this point to 25 eV above
which depends mainly upon thed3electron number. The the 2p,,, onset and by using the corrected values in F{g),2
factor of the underestimation is reported to be 0.68, 0.88(l,)/({I,)+2(s;)) is 0.044, 0.031, and 0.063 for the
0.92, and 0.92 for 8 electron numbers of 5, 6, 7, and 8, transition-metal 8 holes in MnP§, FePt, and CoR}, re-
respectively. According to the band-structure calculations bypectively. The values df ,)/({l,)+2(s,)) obtained in this
Shirai!” occupation of the 8 electronic state, i.e., thed3 way are not accurate in an absolute sense. However, it
electron number divided by the number of thd 3tates is quite meaningful to compare them between different
within the muffin-tin sphere, is 55% for Mnfand 76% for  systems.
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C. What determines the strength
of the orbital angular momentum

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

First, we consider the case where the system can be as-
sumed to be spherically symmetric around Thetom. In this
case, all the @ orbitals, for example they andt,,, are
equivalent to each other. Thed3partial density of states
(DOY) of such a ferromagnet may be represented by a model
DOS in the upper panel of Fig.(® in the absence of the
spin-orbit interaction. Since we are taking the direction of
the magnetic fieldas the quantization axis in this paper,
corresponds to the majority spin afido the minority spin.
When the spin-orbit interaction is switched on, each
majority- and minority-spin partial DOS would split into
subbands with a different magnetic quantum number of the
orbital angular momentuni,. Here, we have assumed that
the spin is still a good quantum number in the presence of
the spin-orbit interaction. In other words, we only consider
thel,s, term. This approximation can be justified when the
exchange interaction is large enough so thatlthe and
| _s, terms that mix the different spin state are negligible.
The energy shift of thé, subband would bél s, where( is
the spin-orbit interaction constant of thel Drbital which
takes a positive value. The resultant shift of the subbands is
illustrated in the lower panel of Fig.(8, where the sub-
bands with positive(negative |, are represented by the
thickest(thinnesj lines.

The consequence of the present shift would be as follows.
When the 3 partial DOS is less than half-filledi, subbands
with positivel, and negativémajority) spin are more occu-
pied than the negativk, bands. Hence, orbital angular mo-
mentum with antiparallel direction as the spin is induced in
this case. When thed3partial DOS is nearly half-filled, the
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positive(l,) induced in the majority-spin band is cancelled  FiG. 3. Model 31 partial density of state$DOS) for (a) a
by the negative(l,) induced in the minority-spin band, spherically symmetric caséh) a case where the symmetry around
which leads to very small orbital angular momentum. Whenthe transition-metal atom causes the bandwidth of the partial DOS
the 3d partial DOS is more than half-filled, negatiyk,) is  to depend uporl,|, and(c) a case where the symmetry causes a
induced and hence the orbital angular momentum is paralledplitting of the partial DOS into subbands. In each case, the upper
to the spin. panel shows the partial DOS without the spin-orbit interaction. The
Now, what happens when the degree of itinerancy, andpwer panel shows those with the spin-orbit interaction, where the
hence the bandwidth, is changed in the present case? THeckest(thinnes} line corresponds to positiveegative |, .
Sgg;gn):jsmSﬂﬂgudplgent?htgebzﬂgv\%?g.C—?ﬁglrlgf%rlz,nfhtén?ﬁgufed In order to discuss the effect of the spin-orbit interaction
orbital angular momentum would be larger for the narrower®n Such @ system, we should recall how thgande, 3d
band which has larger DOS. In other words, orbital angularStates are expressed in terms of the eigenfunction of the mag-

momentum is more induced in a system whedee3ectrons  N€lic  guantum number|,, namely the spherical
are more localized. harmonics Yy . The threet,; states are expressed as
Next, we should consider the case where the symmetrxoyzoc(l/\/—)(YlerYd 1), @2 —(1N2) (Y41~ Yq4-1), and
around theT atom is lower than the spherical symmetry. The ¢, —(i1V2)(Yg— Yq_5). The twoe, states are expressed
3d orbitals are no longer equivalent to each other. Here, was ¢5,2_,2¢Y 4o and ¢,2_ y20<(1/\/—) (deJrYd 2).
consider as an example that the system is octahedral or tet- Let us consider the mixing between thd and the sur-
rahedral around th& atom. The partial density of states of rounding orbitals. Either of thi or e, states is mixed more
t,q and that ofey are then different from each other. strongly with the surroundings and hence become more itin-
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erant, depending upon the crystal structure. Ifttheorbital In MnPt;, although the @ orbital is relatively localized,

is more itinerant than the, orbital, for example, thd, it is nearly half-filled. Therefore, from our discussion in the
=*+1 states are the most itinerant since these states conslgst section it follows that the orbital angular momentum of
purely of ty, states.|,= *2, which are linear combinations the 3d electrons is expected to be small. In;Pg although

of the t,, ande, states, are the next ang=0 is the most the 3d orbital is more than half-filled, it is quite itinerant and
localized. This is schematically shown in the upper panel ofhe orbital angular momentum is also small. In GoRhe
Fig. 3(b). When the spin-orbit interaction is switched on, 3d orbital is more than half-filled and is relatively localized
these bands split by energies proportionallibas shown in and therefore the orbital angular momentum is expected to
the lower panel of Fig. ®). In this case, the contribution to € larger than the other two systems. This argument well
the orbital angular momentum comes mostly frops +2,  €xplains our experimental results that the contribution of the
since the spin-orbit splitting of these states is stronger an@'Pital angular momentum to the magnetic moment of tle 3
the band width is narrower thdp=+1. orbital is larger in CoRtthan in MnP§ and FePt.

When the ionicity of the system is stronger, the center of Finally, we quantitatively compare the contribution of the
gravity of thet,, ande, partial DOS would be quite differ- ©Orbital angular momentuml,)/((I;) +2(s,)), obtained in
ent. The upper panel of Fig(q illustrates the partial DOS Sec. Ill B with that obtained by Iwashitet al.™” According
for a case where the energy of teg band is significantly {0 their calculation(l,)/((I;) +2(s;) values of the & elec-
lower than that of the,, band as when th& atom is tetra-  trons are 0.005 and 0.025 for MaRind CoPy, respectively.
hedrally surrounded by negative ions. Linear combinationd N€se values are significantly smaller than our values, 0.044
between two of the, orbitals, ¢,, and ¢,,, lead to states and 0.063, respectively. One of the origins of this discrep-
with (1,)#0. Namely, the(l,)==*1 state is realized as ancy is that(t,) is omitted in our analysis since Wet al.

Yoo (INZ) (2 6,77 ©»,). Therefore, when the spin-orbit showed tha(lz>/gsz) is overestimated by the sum-rule analy-

: SN . ) - sis without(t,).> Another origin, of course, might be that
interaction is switched on, g, partlaI_DOS s?"t into sub- the band-structure calculation within LSDA underestimates
bands, namelyYq;, Yq-1, andeyy partial DOS’s as shown (I,) since it cannot treafl,) self-consistently.
in the lower panel of Fig. @). On the other hand],) of any
linear combination o states is always zero. Therefore, the
ey partial DOS would not be affected. In this situation, only IV. SUMMARY
the t,4 states contribute to the orbital angular momentum. _ -
Therefore(l,) is zero if thet,, band is totally full or totally We measured the MCD in the transition-metal @bsorp-
empty. Discussion about these aspects based on an atontien of the ferromagnetic Géu-type transition-metal-Pt or-
point of view was reviewed by Kanamdfl. dered alloys, MnRt, FePt, and CoRt. By combining thd,
ands, sum rules, we derived ,)/({l,) +2(s,)), the portion
of the orbital angular momentum’s contribution to the mag-
D. Discussion about the present result netic moment of the transition-metatlrbital, for the three
ompounds. This quantity is not only physically important
ut also experimentally more reliable in the sense that it is
l?ss affected by possible extrinsic errors such as the ambigu-
ity in the background subtraction and imperfectness in mag-
netization and circular polarization than individua}) and
6 Y. The estimatedl,)/({l,)+2(s,)) values, 0.044, 0.031,
and 0.063 for MnRt, FePt, and CoRY, respectively, are
still not very reliable in an absolute sense, but they are quite
meaningful in a relative sense.
What determines the degree of the orbital contribution to
the magnetic moment in metallic ferromagnets was dis-

This is quite consistent with the argument 4Pt by ; Lo
lwashitaet al.'® They discussed the orbital angular momentacusseol' The orbital contribution is enhanced when ttle 3

of the T 3d and Pt &l orbitals on the basis that the electrons are localized and when thd 8lling is far from

- . I . either empty, half-filled, or fully filled. The fact that the or-
=2 give the largest contribution. This was deduced frombital contribution is the largest in Cofis explained by that

their band-structure  calculation based on the scalart—he 3d electrons are relatively localized and the 8rbital is
relativistic  full-potential linear-augmented plane-wave ! clatively ) .
method within the local-spin-density approximatiuEDA) more thap half-filled in i, wher(_eas .thedselectron IS qufce
with the additional inclusion of the spin-orbit interaction as amnerant in FgPt and the 8 orbital is nearly half-filled in
perturbation. MnPt.
In MnPt; and CoP4, all the nearest neighbors of the
transition-metal site are Pt sites. On the other hand, iPte
2/3 of the nearest neighbors are the Fe sites and the other 1/3
are the Pt sites. Generally speaking, the @partial DOS is We would like to thank Professor T. Oguchi and Profes-
distributed in the energy region with a significantly larger sor M. Shirai for discussions and for providing the details of
binding energy than th& 3d partial DOS. Therefore, the their studies. We would also like to thank Professor T. Miya-
3d electrons are relatively localized in MnPand CoPf  hara and Dr. Y. Kagoshima for their support during the ex-
whereas they are quite itinerant injPe. periments in the Photon Factory.

Now, we apply the model above to the present systems. |
the CyAu structure, Au is on the corner site of the fcc struc-
ture and Cu is on the face-centered site. Therefore, in bot
the Cu and Au sites, thig, orbital hybridizes stronger with
the surrounding orbitals than tleg orbitals. Since the struc-
ture is nearly close-packed and these systems are presumal
quite metallic, the 8 partial DOS is considered to be like
Fig. 3(b). This is qualitatively well reproduced by the band-
structure calculation by Shiraf. Hence the orbital angular
momentum should come mainly from the= =2 orbitals.
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