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Magnetization of Pt in the Co/P#(110) system investigated with surface x-ray
magnetic diffraction: Evidence for in-plane magnetic anisotropy
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Ultrathin films of Co were depositeth situ on a well-prepared Pt10) single-crystal surface and the
induced magnetization of the Pt atoms at the interface was investigated with resonant magnetic surface x-ray-
diffraction measurements at theabsorption edges of Pt. The measurements indicate that the magnetization of
the Pt atoms extends to three atomic layers below the Co film and that a strong in-plane magnetic anisotropy
exists. The easy direction of magnetization in the surface plane is perpendicular to the close-packed atomic
rows in the Pt substrat¢S0163-18209)12129-5

. INTRODUCTION A1, A,, As, parallel to the[110], [001], and[110] direc-
tions, respectively, withh;=Az=a,/y2 andA,=a, (bulk
Cobalt/platinum multilayer systems have attracted a greajgtice constant of Bt The surface plane is spanned By
deal of attention in the last few years due to the pOSSibl%ndAz. The atoms along tha, direction form close-packed
practical applications in magnetic storage and also due to thg,,mic rows. Before Co deposition, the Pt surface has the
rlc_h phenomenology that t.hey exhibit. Normally, when theWeII known missing row reconstruction where one of every
thickness of the Co layers is smaliéss than 1 nij the easy Ctjwo compact atomic rows in the surface is missing. After

direction of magnetization is perpendicular to the surface an eposition of three Co lavers. a set of crvstallographic data
the saturation magnetization of the Co is larger than that og P 1ayers, y grap -
bulk Co due to contribution of the polarized Pt atoh?sThe were collected. Analysis of these data revealed that the origi-

; )pally missing rows in the Pt substrate were occupied with Co
of structural parameters including the existence of an inter2l0mMs and that a significant mixing of Co and Pt occurred
face, the crystallographic structure of the films, the strain inVithin the [110] rows. This Co/Pt intermixing was almost
the ferromagnetic layer, the interfacial roughness, the flatexclusively restricted to this plane since the layer below was
ness of the films resulting from different growth conditions, found to have 96% Pt, and the layer above 100% Co. Also, it
and the interface alloying and interdiffusion, to mentionwas found that the interlayer spacing in the Co overlayers
some of them. In order to try to get some additional insightwere contracted from 6 to 18 % compared to the interplanar
into this complex scenario we have investigated the structurdistance in bulk Pt. The imperfection in the growth caused an
of the Co/Pt110 system with x-ray diffraction and with incomplete filling of the Co layers. The Co concentrations on
resonant x-ray diffraction the magnetism of the Pt atoms irthe layers above the intermixed one were found to be 100%,
the interface region. Previously published wodn Co/Pt  48%, and 15%. Co grows in the Stranski-Krastanov mode
multilayers grown on a 110 substrate reports strong and it forms elongated prismatic clusters on the Pt substrate
uniaxial anisotropy in the film plane. We have confirmed thiswhen growth proceeds. The crystallites have triangular sec-
finding in Co ultrathin films grown on P110) by measuring  tions in theA,- A5 plane with the largest side in contact with
the induced magnetization of the Pt, which shows prothe Pt substrate. They have the fcc structure and their lateral
nounced in-plane anisotropy. A tentative explanation base¢hces arg111) planes forming an angle of 109.5°. For a Co
on the structure of the Co overlayer film is given. Also, from deposit of six atomic layers the approximate dimensions of
our measurements, we conclude that the induced magnetizghe crystallites in thed;, A,, andA; directions are, respec-
tion of the Pt atoms extends to three atomic layers below thevely, 216, 47, and 17 A.
Co overlayer. The present paper is organized as follows. Sec-
tion I A summarizes our previous results, Sec. Il treats some
basic.theoretical aspects of the resonan_t magnetip diffraction || MAGNETIC CRYSTAL TRUNCATION RODS
technique that are important for analyzing experimental re-
sults, Sec. Ill gives details of the experiments, Sec. IV shows The essential idea of the resonant magnetic scattering
the results and discussion of the Pt magnetization, and Seproces$ is that when the x-ray photon enerdyy, of the
V gives the conclusions. incoming beam coincides with an absorption energy of a
magnetic atom where intense dipolar transitions odéor
example, the_;, edge of Pt atoms an additional contribu-
tion to the atomic scattering amplitude appears which adds to
In a previous paper we reported a structural study of thehe nondispersive, dispersive, and absorptive atomic form
Co/P(110) systeni that we briefly summarize. The crystal factors. This additional term consists of three additive parts,
lattice was described with the commonly used basis in surbut one of them which is real at the resonance conditions is
face studied which consists of three orthogonal vectors, particularly important and it is the only one that we will

A. Previous work
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discuss in this paper. This part is nonzero in the vicinity of
the absorption edge energy. Its magnitude depends on the For= 2 (fort free)j @+ Foy,
difference of density of states between the majority and mi- !

nority spin bands in a magnetized atom in a solid. We willyyhere the indey refers to the magnetized Pt atonis, is

design it ay, referring to the number of unpaired or "mag- the nonresonant part of the scattering factbyrefers to the
netic” electrons in the atormy, is expressed in units of the phase factors of the magnetized Pt atonse.,

electron radiusro and it is a negative quantity for the gl27i(4H+yjK+2zL)]) andF, refers to the structure factor of

L -associated dipolar transitioisee Ref. 5 for details and the rest of the samplgPt substrate and Co overlayavhich

sign conventions The resonant term also depends on soMexhibits no resonant effect. The asymmetry ratio measured

geometrical selection rules &$ hv=absorption energy upon inverting the applied field will be proportional to the
odd terms of| F,,|? which are

fres=Nm(&rxe)-m, 1)
* *

wheree; and e are the unit vectors along the polarization EJ: (tnml|(ef><q)-m|)(q>j Fort®F5), (2
directions of the outgoing and incoming x-ray beams end
is a unit vector in the direction of the magnetization of thewhere = corresponds to both field directions ang; refers
sample. In Eq(1) we have omitted two terms that may be to the magnetism of Pt laygr Expression(2) is a sum of
ignored in the present discussion since they do not changé€rms, one for every magnetized Pt layer. It indicates that the
sign upon magnetization reversal. Suppose a horizontally pdasymmetry ratio corresponding to a stacking of magnetized
larized incoming beam witle=(0,0,1), as it is often the layers is equal to the sum of the asymmetries of the indi-
case in synchrotron beams. For an arbitrary scattering angleidual layers. The linearity oR is practical upon calculation
(erx8)=(ery,— €, 0). If the sample is magnetized &as of magnetic rods from aprioristic models since each mag-
=(0,0,1), the resonant term is zero. This is the situation thafetic layer may be calculated separately. Also, if we suppose
we found in our experiments when the surface of the sampl¢hat only one Pt atomic plane is magnetized, then the mag-
is magnetized in the perpendicular direction since our samplgitude ofRis directly proportional to the magnetization,()
is mounted with the surface in a vertical pla@@ec. Ill gives  Of that layer.
more details Thus, in our experimental setup we are only
sensitive to the in-plane magnetization. By applying a mag- B. Zeros of R
netic field that reverses the sign off .5 changes; therefore
the diffracted intensity, which is proportional to the square of
the magnitude of the total diffusion factor of an atom, will
have crossed terms which will change sign upon field rever
sal causing the asymmetry ratio

There are two cases that we want to discuss wikere
=0. The first one occurs when bulk Bragg conditions are
satisfied. In our example of the Co/Pt system, on the basis of
general physical arguments, only a few Pt atomic planes near
the interface are expected to be magnetized by the ferromag-
netic film. When a Bragg condition is fulfilled in the Pt crys-
1=l tal, the magnetically sensitive part of the diffracted intensity
IT+1] will be completely negligible compared to the total diffracted

intensity since in such a casé¢ —1| will be eight or nine
to be nonzerol(] andl | are the intensities measured in both orders of magnitude smaller tham or I |. The second case
field directions. The measured asymmetry ratio depends oris associated with discontinuities Rwhich occur wherl 1
the atomic coordinates, on the reciprocal spec®nK (in-  =1/=0.
plane andL (out-of-plang coordinates, om,,, and on other Let us concentrate on the (P10 surface that we will
parameters such as the intensity of the white line of the absuppose for simplicity of the discussion that is unrecon-
sorption edge and the magnitude of the dispersive and alstructed and terminated as the bulk. We consider the topmost
sorptive parts of the atomic scattering factor. four atomic planes at=0, 1/2, 1, and 3/2 in lattice units.

The ordinary crystal truncation rods, which are the inten-The (x,y) coordinates of the atoms in the surface cells are
sity distributions as a function of tHecoordinate for fixedd ~ (0,0) or (1/2,1/2 for zinteger or fractional, respectively. For
and K, provide crystallographic information on the atomic the H=0,K=1 rod, the structure factor of these planes is
coordinates in the directioz of the surface normal. In a proportional to +e('™) + e(127L) — e(37L) " \yhich has zeros
similar way, the magnetic crystal rod¥(L) contain addi- atL=0.5 andL=1.5. At these zeros, the real part of the
tional information such as the magnitudesngffor different  structure factor changes sign, causing the asymmetry factor
atomic planes along the surface normal. to change sign abruptly. In our example, the real part of the
structure factor has positive slopelat 0.5 and negative at
L=1.5, resulting in different signs of the asymmetry ratio.
The inset on Fig. 1 shows the amplitudes of the different

To fix the ideas, suppose a Pt crystal surface covered withlanes at. =0.5 and 1.5. As may be seen for1/2 and 3/2
a ferromagnetic Co overlayer which is magnetically satu-they differ in sign for both values df. To illustrate this idea
rated by means of an applied external magnetic field. The Ctet us suppose that only the topmost plang=af3/2 is mag-
overlayer induces magnetism into several Pt planes in thaetized and that the resonant part of the atomic structure
vicinity of the Co/Pt interface. The total structure factor of factor is 0.005we define here as 1 the atomic form factor of
the crystal may be written as the Pt atoms Then the asymmetry ratio resulting from the

A. Additivity of R for different magnetized layers
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FIG. 1. Calculated asymmetry ratio for four atomic(1Ai0) =

planes with the topmost plane magnetized. The inset shows the
diffracted amplitudes of each plane for=0.5 andL=1.5.

four Pt planes is displayed in the continuous line in Fig. 1.
The curve has inverted signs at the vicinitiesLof 0.5 and

1.5. Similar calculations, assuming that other Pt planes are 10
magnetic, result in the followindz(L) looks identical to the
curve in Fig. 1 if the magnetized plane is the one=a0, and
it is identical except for the sign which is opposite if the ok
magnetic planes are those &zt 0.5 and 1. Recalling the
linearity in R that we mentioned above, it turns out tiR{L) 20
is zero if the two topmost planes or all four planes are
equally magnetized. This example illustrates how interfer-
ence effects may complicate the shapes and magnitudes of -40

the R(L) curves. 0.4 06 08 10 1.2 14 15 1.8 2.0
L(r.lu.)

10°R

30+
3 Pt layers magnetised

C. Effect of Co deposition
FIG. 2. Calculated magnetic crystal truncation rods for a bulk

The example just mentioned is oversimplified; in realit . . )
. P yFrmlnated R1.10 crystal surface covered with Co atoms in bulk Pt

one has to add the substrate and the Co overlayer in order
have the overall structure factor of the sample. The effect o the one in contact with the GoThe curves correspond to different

ahddlng a n'g_nmfl_gnetlzed Pt substra;[je onFthﬁ_) cur;/er? ash thickness of the Co overlayer: zero atomic lay@mntinuou$, one

t 1€ ON€ In F1g. L 1S a VEry pronounce smoothing of the s ar?dasheai two (dotted, and three(dashed-dotted Panel(b) corre-
d|sco.nt|nU|tyI|.ke fgatures. The addltlc_)n of overlayer'Co al~shonds to an identical calculation as that of pa@lexcept that
oms in Pt lattice sites causes strong interferences with the ks equally magnetized Pt layers have been considered. Panel 3 is
which again modify substantially the magnetic rods. To il- o three equally magnetized Pt planes.

lustrate this, we have calculatd®(L) for an ideal Co/Pt

system. All the atoms have been pOSitiOHEd in bulk Pt pOSifor two Co |ayer5 show that having a greater number of

tions and the missing row reconstruction of the Pt has beemagnetized Pt layers causes the asymmetry ratio to be more
ignored. The atomic form factor of Pt used in the calcula-evenly distributed above and beldw=0.

tions includes the dispersive and absorptive parts. Also, the
actual detector geometry which enters in Ef). has been
included. The results for the (@) magnetic rod are dis-
played in Fig. 2. The experiments have been made at the surface diffrac-
Referring to Fig. 2a) which was evaluated by assuming tion beamline of the ESRF previously descrilefihe end
only one magnetic Pt layer at the interface, we may observstation consists of a high-precision diffractometer coupled to
that the positions of the zeros B{L) for one, two, or three a UHV chamber containing facilities for sample preparation
Co overlayers are dt=1.73, 1.40, and 1.26, respectively, and characterization, including several evaporator#feitu
i.e., they shift to lowel values for increasing Co thickness. film growth experiments. The @10 crystal surface was
Inspection of Figs. @) and(c) reveals the same trend. Let us prepared with standard treatments until a good reconstructed
consider next an overlayer of two Co planes: The zeros are aurface with terraces of linear dimensions of several tens of
L=1.40, 1.40, and 1.42 for one, two, and three magnetizedm were achieved.
Pt planes, respectively. The above results illustrate that the Resonant magnetic measurements were done with a pho-
zeros of R(L) do not depend on how many Pt layers areton energy coinciding with thé,,, absorption edge of Pt
magnetic, but mostly depend on the thickness of the Co over11.564 keV. In order to optimize the photon flux, the gaps
layer contributing to the diffracted intensity. Also, the curvesof the two undulators generating the x-ray beam were ad-

ttice positions. Pandl) corresponds to one magnetized Pt layer

IIl. EXPERIMENTAL
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justed so as to have the high-brilliance third harmonic of the
undulators tuned to the desired energy. Measurements of th
magnetic asymmetry ratio were performed by applying a
magnetic field of approximately 1.2 kG, created by a perma-
nent NdFe magnet located inside the UHV chamber that
could be rotated by means of a motorized rotary feedthrough
The sample surface was in a vertical plane and the field
direction was in the plane of the surface pointing either up-
wards or downwards. A typical measurement of the asym-2
metry ratio was performed by collecting the diffracted inten-
sity with the magnetic field pointing upwards during 15-30
s, then the same measurement was repeated with inverte
field sense. The above pair of measurements was repeated :
or 32 times in order to achieve a statistical error bar of less
than 0.001. The stability of the x-ray beam was crucial in

order to achieve reproducible results. Thus, the asymmetr 0.50 0.75 1.00 1.25 1.50 (.'75 0.50 0.75 1.00 1.25 1.50 1.75

ratio of the direct beam was also measured since it was ob L(ru) L(rlu.)

served that beam instabilities or drifts resulted in asymme-

tries comparable to the magnetic ones. Standard stable con- FIG. 3. Experimental results for the MCTR’s (OfLand (1Q.)
ditions gave asymmetries in the incoming beam of less thafor different Co deposited coverages in atomic layéas.3.0, (b)
10~ * which were considered acceptable for the magnetic ex4.3, (¢) 7.0 and(d) ~8. The continuous lines are calculatéeske
periments. As the measurements were done at the,Pt texd.

absorption energy, strorig fluorescence contamination was ) _ _

contained in the scattered beams. It was largely reduced dy© film approximately two atoms thick. It appears that the
inserting an analyzer crystégraphite in the detector arm of disorder in the Co film means that effectively only approxi-
the diffractometer. Cobalt was deposited on the Pt crystdl“ateW two atomic layers interfere significantly with the sub-
kept at room temperature by means of an electron-bearfirate. _ o _ _
evaporator. During deposition the pressure was in the low The crystallographic and_st0|c_h|ometr|c results des<_:r|bed
10"%° mbar range. The magnetic crystal truncation roddn Sec. I A were used as fixed input to a model to fit the
(MCTR) were measured at fixed incidence angle25° or magnetic CTR. We assumed_that thg induced magnetization
approximately 1f while varying the exit angle in order to In the Pt could be described with three parameters,
sweep a range of values of perpendicular momentum transféms, Nma, andnp,, for the magnetization in the intermixed
L. For low values ol (i.e., for small exit angles the reso- CO/Pt plane Kis) and the two atomic planes immediately
nant amplitude becomes small singeapproaches, in Eq.  Pelow (N, andnp,). The continuous curve in Fig(d is

(1). Therefore the best data in the MCTR are obtained apbtained withny; =nq,,=—0.1 andnp3=—0.15. The error
high L in the rods. bars on these values have been estimated to be around 20%.

Thus, the induced magnetization at the interface extends to
three atomic Pt planes in contrast with our previous results in
Co/P{111) (Ref. 7 where it was found that only the topmost
A. Magnetic crystal truncation rods: Pt plane in contact with the Co overlayer had nonnegligible
Induced magnetization of Pt magnetization. On the other hand, the magnitude ofnthe
values found in th€110) interface are smaller than that of
MCTR da‘? were collected _for the (DX and (1‘.“ Pt the (111 interface that was-0.5. The continuous curve Fig.
crystal truncation rods for a variety of Co coverages. 3). : . .
) . : Y 2(b) (4.3 atomic layersis the result of a calculation by as-
We will focus first on the (OLL) series. As shown in Fig. 3, . h | h btained for th
all the values oR are smaller than 1%. At=1 which is the -9 the samen, values as those obtained for three
only bulk Bragg reflection accessiblé,zo indicating that atomic layers and the same crystallographic structure and
the bulk of the Pt crystal is not magnetized, as expected. Thst0|ch|ometr|e$except for the Co coverages of the overlayer

nonzeroR values in the figure arise from Pt magnetism at the hich were increased to account for the additiona).ddie
) ; - 119 . g calculated curve has the correct shape and it reproduces well
interface with the Co film. For three atomic layers of Co, the

. : the positions of the maxima and minima but not their ampli-
MCTR shows .tWO maxima. At the highest valu_e loimea- tudes. The reason for that is probably related to the insuffi-
sured(1.5), R is positive although the data points show a

negative slope in that region. For thicker Co coverages Zero%jently precise structural determination of the interface likely
of R are measured &t—1.40, 1.38, and 1.38 for four, seven ue to the existence imperfections and disorder which were

: ) : ' largely ignored in the modeling. As may be observed in Fig.
and eight Co layers, respectively. The sh|ft. of the zeroR of 2(b), the discontinuitylike shape of the (0] MCTR is pre-
to lower values oL when the Co thickness increases results :

. served for higher coverages.

from an interference effect between the Co overlayer and the
Pt surface as discussed previously in Sec. Il. Also, the data in
panels(b), (c), and (d) show atL~1.40 the discontinuity
type of shape discussed above. The comparison of Figs. 2 Let us now discuss the (L rods in Fig. 3. The magni-
and 3 reveals that the experimental data resemble the curvedes ofR are lower in these rods and the singularitylike

obtained for one or two magnetized Pt layers covered with ahapes are absent. The continuous curve through the data

IV. RESULTS AND DISCUSSION

B. In-plane magnetic anisotropy
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points in curve(a) was obtained, as for the (D] rod, by 8 T T T T
freezing the structure and varyimg,;, N, andn.s which 6- L. _
were found to ben,,,;=n,,=0 andn,;=—0.07. The same L] L. iow E
values ofn,, were used to evaluate the continuous curve in 4] [ - [] 3 ]
panel (b). The differentR values for the (OL) and (1Q) 21 -

MCTR ha§ a magnetip origiq since crystallogrgphically the x 0§§5§- ___________ 2 ]
rods are virtually identical. This means that the induced mag- 2 s 5 §§ -

netization of Pt shows a strong in-plane anisotropy. A pos-
sible explanation for this almost-zero magnetization of Pt in -4- o

'
the (1Q.) rods compared to that in the (01 rods may be 6 ° % 1
found by inspecting the scattering geometry. It turns out that 6 . . . .
the sample positions for the measurements of thel )01 ' ' ' f '
MCTR are such that the close-packed atomic rows running 4
along theA; surface direction are roughly perpendicular to E! L) E
the direction of the external magnetic field whereas for the N 24 i E; E E
(10L) measurements these are roughly parallel. Getting § [ E% i E
more into the details, in the-axis diffractometer geometry A A E """""""" o E """""" 1
used in our experiments, the change inltheciprocal space %
coordinate is directly related to the varying exit angle of the 27
scattered beam. In order to keep the in-plane diffraction con- 4 . . . 1 .
dition satisfied, the sample has to be rotated along its surface 0.0 0.4 0.8 1.2 1.6
normal. For {H,K,L)=(1,0,1) which is the middle point of L(r.l.u.)
our measuring range, the angle tigt forms with the mag-
netic field is approximately 23° whereas 61, it is 114°. FIG. 4. Upper panel: (A1) MCTR measured at the Pt ab-

These angles vary approximatetyl2°® from the above val- sorption edgéfilled circles and at thel,, edge(empty circle$ for
~8 atomic layers of Co on Pt10. Lower panel: sum of the above

ues wherl reaches the extremes of our measuradterval.
) . two data sets.
Thus, the relatively small asymmetry values measured in the

(10L) rod compared to the (@) ones, are an indication that gy heriment, we deposited only two atomic Co layers and the

the A, surface direction(along the close-packed atomic regyit was that the asymmetry ratio was zero within our ex-
rows) is not an easy magnetization direction in the plane ofyerimental accuracy.

the surface, but that on the contrary the direction is the

easy one. This result is in contrast with the measurements in C. Dichroism

Ref. 5 for a bulk disordered CoPt alloy where the authors . _ _ ) )
found that the crystallographic closed-packed directions Circular magnetic dichroism with circularly polarized x

were the easy directions of magnetization. However, our refdys is a Very e gstablished tool in S“Fface magnetism
sult is in agreement with the recent report by Hcr:pe,aI8 research. It is based in the different absorption of left-handed

where it was found with magneto-optical measurements tha‘atlnd right-handed polarized beaifisvery often the exper-

. N . ments are done not by using the two helicities of the beam,
uItra_lthln (?0 dep05|t$_5|mllar thlgkness as ou)$)_n _CL(llo)_ but by using only one and inverting the sample magnetiza-
exhibited in-plane anisotropy with the easy axis in the direc

. X _ tion with an external field which produces identical results
tion perpendicular to the compact atomic rows. . on the basis of symmetry arguments. The dichroic signal is
As mentioned in Sec. | A, Co forms elongated prismaticihen ohtained by subtracting the absorption spectra for two
clusters with thg fcc struct_ure gnd lateral faces consisting iBpposite orientations of the magnetic field. On the basis of
(111 planes. Sinc¢111] directions are the bulk magneto- the above ideas, we have done similar measurements with
crystalline easy axes of fcc Copne may guess that in the our plane-polarized beams and diffraction conditions.
crystallites, that direction will also be the easy one. If the  Figure 4 shows in the upper panel the (IMCTR for a
magnetization vector is normal to any of the lateral faces oo film of about eight layers on AtL0) measured at the,,
the crystallites, its components alog and A3 directions  absorption edge at 11.564 kefilled symbols and at the.,
are nonzero but the component alohgis zero. Therefore it absorption edge at 13.273 ke¢émpty circles. As may be
seems natural on the basis of symmetry arguments that theeen, the data sets have opposite signs and they look rather
in-plane easy direction will bé, and notA; as we effec- symmetric aroundR=0. The situation resembles circular
tively found experimentally. Additionally, one may note that magnetic dichroism experiments which also show different
the shape anisotropy of the elongated Co clusters favors thgigns of the dichroic signals at both absorption edges. Also,
A, direction. the absolute values & in Fig. 4 are smaller for the data
Another interesting aspect is the following. As noticeablethan forL, . This is clearly seen in the lower panel of Fig. 4
in Fig. 3, deposition of three atomic layers of Co alreadywhich is a plot of the sum of the two upper data sets. There
results in a significant anisotropy since the two MCTR’s areare two main reasons for the larger asymmetriels;athan
clearly different. For this low coverage, the Co crystallitesat L. The first has to do with the different values of the
have to be very small but the coverage appears to be enougttomic amplitudes intervening in the diffracted intensities for
to establish the fcc structure for the Co. In fact, in a differentboth dipolar transitiongdifferentf's and edge jumpsi.e., it
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has to do with the different atomic details of both resonant V. CONCLUSIONS
processes. The second, more interesting for magnetism, i
related to the sum rules originally derived for circular mag-

netic dichroism experiments.The first of these rules states . o :
that the integral, extended to both absorption edges, of th%tomS at the Co/FL10) interface. The ful capabllltles of this .
method occur when the crystallography of the interface is

normalized dichroic signal is directly proportional to the ex- well determined since the magnetic information is coupled to
pectation value of the orbital angular momentum in the di- 9 P

rection of the magnetization. The translation of this rule tog;?s C{XStLﬂIO?ézgmcczggCgij;f,r;fr ;Tathaetci)rw;f:g:téirrz?gliézzs
our diffraction experiments is as follows. If the values of the ™ P ' b

atomic amplitudes for both transitions are precisely know the analysis of the magnetization. However, it has been es-

and also the atomic structure at the interface is well deterrlt-"]lbIIShecj that the magnetization of the Pt atoms extends to at

mine, hen by 1ing e MCTR o i andl absor: oo e, 297G Pes below e Co overiaye anc a3
tion edges, the values of,,; [see Eq.(1)] could be deter- gin-p by ' y mag

mined for both resonancéprefers to the different Pt atomic rection is perpendlpular to the qompact. atomic rows of the Pt
. substrate. A tentative explanation is given based on the fact
planes. In such a case the differences,j(L) —nm;(Ly)

are directly proportional to the expectation value of the an_that the Co crystallites on the surface have the fcc structure
Y Prop P : . and closed-packed 11) facets which are normal to the easy
gular momentum of the magnetized Pt atoms in lajyer

Therefore, one could determine the relative contribution otmagnetization directions for fcc Co. Also, it has been shown
S . . }hat comparison of magnetic crystal truncation rod data taken
the orbital magnetic moment to the total magnetic moment o

the Pt atoms at different atomic planes at the vicinity of the theLy andL edges might show how the orbital magnetic

; . . moment of the Pt atoms varies as a function of depth in the

ferromagnetic overlayer. Although the above discussion ma :
; . ; nterface region.

be considered somewhat speculative due to the stringent con-
ditions that need to be satisfi¢ih particular, a precise crys-
tgll_ographlc determmauon in re.alls'glc systems may be very ACKNOWLEDGMENTS
difficult), the quality of the data in Fig. 4 is sufficiently good
to have reasonable future expectations, at least in well de- We are grateful to E. Paiser and P. Bernard for technical

fined model systems. assistance.

S Resonant surface x-ray diffraction proves to be a useful
tool for detailed investigation of the magnetization of the Pt
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