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We investigate the magnetic properties of Mn adsorbates @t0Bein the regime up to a few monolayers.
Magnetic circular dichroism in absorption shows long-range ferromagnetic order for the Mn adsorbate, with
antiferromagnetic alignment with respect to the Fe substrate. Element-specific magnetic domain imaging and
hysteresis measurements show that the macroscopic magnetic behavior of the Mn adlayer is fully determined
by the Fe substrate. For coverages below 0.5 ML the Mn absorption spectra show rich structures that are
typical for localizedd states. From this the Mn ground state is identified as a mixture of atomitiileedd®
states, with a local spin moment of 4.5. However, the circular dichroism is 2.4 times smaller than expected
for this ground state, suggesting disorder within the Mn adsorbate with an ordered momentHat 120 K.

The magnetic signal vanishes near 1 ML coverage, consistent with the theoretically preditxed) anti-
ferromagnetic ground state of the monolay&0163-18207)04631-9

The electronic and magnetic structure of transition-metahre very close in their total energy. This means that in a real
adlayers on ferromagnetic substrates is currently of interesixperiment the magnetic structure may be modified by subtle
for several reasorfsNumerous electronic structure calcula- differences, e.g., of temperature, lattice spacing, number, and
tions as well as experimental investigations have indicatedature of defects, etc. Considering only ferromagnetic order
that the reduction of coordination and/or dimensionality inwithin the adsorbate lay¢p(1x1) structuré, a very sensi-
thin films may strongly affect the electronic structure of thetive dependence of the Mn magnetic order and moment on
adsorbate, including the magnetic behadidr.n the ex- the exchange interaction between the Mn atoms was féund,
treme case this may lead to magnetic order in a material thathanging from a low to a high spin configuration with in-
in its bulk form does not shown magneti§it® Of particular ~ creasing exchange interaction. For a large exchange interac-
interest are ultrathin Mn films and multilayers of Mn and thetion, both the parallel and antiparallel configurations have a
3d transition metals, because the half-filled 8hell of Mn  moment of about &g. A low spin configuration only was
may give rise to a large Mn moment, which does not occur irobtained for antiferromagnetic couplifiti® For an ideal in-
bulk Mn due to the antiferromagnetic ground stt¥ A  terface, parallel coupling between Fe and Mn moments is the
fascinating aspect of the physics of Mn adsorbates on trarmost stable on&'° For thicker bct Mn layers on Fe,
sition metals is the formation of two-dimensional orderedBouarabet all® find a tendency towards layered antiferro-
surface alloys at 1/2-ML coverage, which has been reportechagnetism with ferromagnetic coupling with the Fe sub-
for Mn on Cu and Ni(001) surfaces>? strate, in agreement with the experimental findings for

Previous experimental investigations of ultrathin Mn films thicker Mn layers on F&13 Recently, also nonferromagnetic
include x-ray photoemission studies of the Ms &re level spin arrangements within the adsorbate layer were
for Mn layers on FeRef. 6 and Ag® which were interpreted considered’*® For the monolayer &(2x 2) antiferromag-
as evidence for a large Mn moment, although the degree dfetic structure within the Mn layer with vanishing total Mn
magnetic order could not be established. From spin-resolveshoment was found as the ground state. EImousséira
electron-energy-loss spectroscopy on thicker deposits of Moonsidered als@(2x 2) ferrimagnetic structures with a net
on Fe layers antiferromagnetism for Mn deposits of severamoment of about 1&g either parallel or antiparallel to that
layers was inferred® By spin-resolved photoemission on the of Fe. The parallel configuration was found to be only 15
Mn 3p level, Rothet al* found antiferromagnetic coupling meV in energy above the(2X 2) ground state, so that it is
between the Mn and the Fe magnetic moments for Mn layerplausible that both configurations coexist in an experiment.
with thickness up to 1 ML, and a disappearance of the magRecently, calculations for surface impurities have been per-
netic signal above 1 ML. In contrast, for Mn on fcc Co andformed by Nonaset al,?! which are the most appropriate
Ni, ferromagnetic coupling was found by magnetic circularapproach for coverages of less than a monolayer.
dichroism*? This rich variety of possible magnetic structures moti-

Theoretical investigations have been performed for arvated us to study the magnetic behavior of Mn adsorbates on
ideal monolayer or bilayer on F00.2°~*°The influence of ~Fe&(100) by magnetic circular dichroism in x-ray absorption
defects was addressed, e.g., by investigation of a vicinas well as x-ray excited photoemission microscopy, in both
surface?® These calculations have shown that various differ-cases measured via total yield. We observe a large dichroism
ent magnetic configurations lead to stable solutions, whiclopposite to that of Fe, indicating that the Mn deposit has
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long-range ferromagnetic order aligned antiparallel to the —. 1.2 r~~—r—rr——rpr—Tr—rrrr———TT—rTT 7
magnetization in the Fe substrate. The experiments were car-.*‘é) 7]
ried out at the European Synchrotron Radiation Facility 3
(ESRB in Grenoble, France, on beamline 26, which is with
circularly polarized radiation by a helical undulatob 12
B).22 This type of undulator provides linear or right/left cir-
cular polarization by phasing the horizontal and vertical
magnetic fields in the devic&.The Dragon monochromator
delivers a monochromatized beam of about 12enoss sec-
tion to the sample, with-400-meV energy spread under our
operating conditions. The degree of circular polarization is
S;~0.75 at the Mn » threshold, and 0.85 at the F@ 2dge.
Photoabsorption was measured via total yield, while simul-
taneously monitoring the photon flux via the yield from an
800-nm Al foil in the beam behind the exit slit.

Fe surfaces were prepared by depositing 10 to 20 ML Fe 08 et L L L
onto a clean Ad100 single-crystal surface. Fe and Mn were -10 -5 0 S 10
deposited under UHV conditiong by electron beam heating magnetic field [Oe]
from a rOd_(Fe) or fr_om aW crumbl_e(Mn). The_ growth of FIG. 1. Hysteresis loops for a nominal coverage of 0.5 ML Mn
Mn on Fe is compllcated_ by th_e_dlfferences n Struc_ture a%n 15 ML/AgQ(100) prepared and measured at room temperature.
well as the tendency for intermixing. In order to avoid Se€g-pjeasurement by total yield at the Rl line) and Mn (dashed

regation of Ag to the top of the Fe film, as well as to mini- jine) 2p,, thresholds. The vertical scale represents the total yield at
mize interdiffusion of Mn and Fe deposition and subsequenghe peak normalized to the average peak yield.

measurements were carried out with the sample held at about
120 K. At this substrate temperature segregation of Ag to thantiparallel to that in the Fe filnfand to the external fiejd
top of the deposited Fe film is quench@dThe evaporation For a quantitative determination of magnetic moments it is
rates were determined by a quartz microbalance. The coveimportant to note that the dichroism for the Mn adlayer satu-
ages are given in terms of monolayer equivalent, determinerhtes at the same magnetic field as the Fe dichroism.
from the heights of the absorption edges. This led to small Photoemission microscopy of films prepared at room tem-
corrections of the coverages estimated from the depositioperature or at 120 K showed no magnetic contrast after they
time combined with the rate. We estimate the precision to béyad been exposed to saturation field, confirming that they
+10%. The substrate was mounted such that the light wagere single domain. In most cases, the films were a single
incident along a RE00) in-plane direction under 75° to the domain immediately after preparation even without applica-
surface normal. The magnetic domain structure was detetion of an external field. A multidomain state was generated
mined by photoemission microscopy, employing an electroby increasing the magnetic field until the total yield moni-
static instrument described by Enget al®* (Staib PEEM  tored simultaneously had changed to a value intermediate
150. The microscope images the total yield onto a channelbetween the yield for two fully magnetized states, i.e., a field
plate with fluorescent screen. The screen is viewed by &lose to the coercive field. Photoemission micrographs re-
video camera, and images are recorded digitally in aealing the magnetic domain structure for such a magnetiza-
microcomputer® tion state are shown in Fig. 2 for 0.3-ML Mn deposited on
For measuring hysteresis loops, a small field was applied5-ML Fe at 120 K. The field of view in these micrographs
using coils outside the vacuum chamber, while monitoringis 320 um. Usually, the magnetic contrast appears when one
the total yield at the Fe or Mn2thresholds. No change of subtracts images taken with right- and left circular polariza-
the total yield with applied field was detected using photontion. For our Fe surfaces the magnetic contrast is so large
energies away from the absorption thresholds. Figure that it is visible and even dominates modulations of bright-
shows a typical example for hysteresis loops obtained foness caused by topographical effects. The different grey
15-ML Fe covered by 0.5 ML of Mn, in this case preparedscales correspond to domains with different orientation of
and measured at room temperature. The Fe loop shows magnetization, the brightest and darkest corresponding to
nearly rectangular shape typical for magnetization along amagnetization parallel and antiparallel to the incident light.
easy axis, in our case(&00) direction in the plane of the Fe The intermediate grey level represents a magnetization direc-
epitaxial layer. For the thickness of our Fe film we do nottion perpendicular to the incident light. In principle, the mag-
expect an out-of-plane component of the magnetizéfion. netization direction in this region can be determined by ro-
The relatively small fields are sufficient to saturate the filmtating the sample about its azimuth, however, this was not
magnetically, and the remanent magnetization is equal to thpossible in our experiment. The micrograph shows 90° and
saturation magnetization. This is important for electron speci180° domain walls. From analysis of numerous micrographs
troscopic measurements performed on such films in the renwe can say that for films in this very low thickness range 90°
anent state. Monitoring the total yield excited at the Mm 2 walls were much more abundant than 180° walls. Usually,
threshold yields the hysteresis loop for the Mn adlayer. It hashese 90° domain boundaries run approximately but not ex-
the same shape as the loop for the substrate Fe film, hovactly along (110 directions in the surface. The deviation
ever, it is inverted with respect to the Fe loop. This showsfrom the (110 direction is possibly due to a small misorien-
that the net magnetic moment in the Mn adlayer is orientedation of the crystal surface. In some places these 90° domain
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FIG. 3. Experimenta(full line) and theoretical Mn g absorp-
tion spectra for 0.3 ML Mn on Fe, grown at 120 K. Spectra with
and o~ light have been added. Dots show calculation for a mixed
Mn d®-d® atomic ground state as described in the text.

deposition at 120 K on the Fe magnetic dichroism was neg-
ligible. For higher coverages, the Fe dichroism shows a de-
crease of the Fe spin moment by 5-10% up to 2 ML of Mn,

with an analogous decrease of the orbital moment. In con-
trast, Mn deposition with the substrate at room temperature
quenches the Fe moment rapidly, indicating strong interdif-
fusion.

The Mn 2p absorption spectrum is shown in Fig. 3. It
exhibits rich structure typical for localized systems. This
“isotropic” spectrum, i.e., the spectrum averaged over both
magnetizations, is similar to the calculation by van der Laan
and Tholé&® for an atomicd® configuration. To derive quan-
titative information on the magnetic moment, we analyze the
line shape in detail by comparing to a calculated spectrum.
This avoids possible ambiguities connected with the sum

—— 100pm rules, e.g.,.background subtractiqn, the numbed daflec- .
FIG. 2. Photoemission micrographs for 0.3 ML Mn/15 ML/ trons, matrix elemer_mts, and the |r_1fluence of the magnetic
A (100‘) ‘rown at 120 K in the multidomain s.tate \mages ShOWdlpolle term. Calculations were carried out on the basis of an
9 9 : S = 9es ShoW 4iomic modeP! The absorption spectrum was modeled by
subtraction of images taken with right- and left-circular radlatlon.the transitiond”—>2p53d”*1—>3d”’1+s The second step
Upper panel: magnetic contrast at the A&y2 edge,hv=706 eV. . . ) !
Lower: magnetic contrast at the Mrpg, edge,hv=638 eV. Light In th,'s prpces_s, the Auger decay of the core _hple, provides
incidence is indicated by the wavy arrow, which is close td.@0 the linewidth in the calculated spgctra. An additional Lorent-
direction in the surface. Arrows in the images indicate magnetizaZian broadening of 0.7 eV was included to account for all
tion directions. other broadening effects. To account for configuration-
interaction effects, the Hartree-Fock values of the Slater in-
walls are decorated with sawtoothlike extensions. The contegrals were reduced by 15%. When analyzing spectra of free
trast in the images is so large that a real-time measurement atoms, a reduction by 2010% is usually needed to repro-
the growth of a domain in a small magnetic field with a timeduce the observed peak positions; i.e., we are scaling the
resolution of 20 ms is possibfé. Slater integrals for the Mn adsorbate in a similar way as for

For circular dichroism measurements the films were exfree atoms. The quality of the fit indicates that the electronic
posed to saturation fields, so that they were single domairstructure of the Mn adsorbate on (E€0) is not strongly
The circular dichroism of the Fe film used as a substrate fomfluenced by interaction with the substrate, and justifies the
Mn adsorption was measured before and after Mn adsorpgreatment on the basis of an atomic model. Moreover, we
tion. The 2 absorption spectrum of the pristine Fe film found that the experimental spectrum is not satisfactorily de-
showed the well-known dichroism. The magnetic momentscribed by considering a pud® configuration as the initial
derived from application of the sum rdf#® was about state. A good agreement with the experimental spectrum is
2.1ug and 0.0&: for the spin and orbital moments, respec- found when the ground state is described as a linear combi-
tively, using ad occupancy for Fe ohy=7.4. This result nation ofd® andd® with weights 0.77 and 0.23, respectively.
shows that the films are similar to bulk B&For the lowest  For both configurations only the Hund's rule ground states
coverages considered heig to 0.3 ML), the effect of Mn  were considered. The spectrum calculated for this initial state
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The spectra represent the sum of the spectra obtaines'for

is shown in Fig. 3 together with the experimental spectrum. 0.3 ML Mn/Fe(100)
LA R AL AN N AL

ando~ light. The agreement between experiment and theory I A 1
a) exp.

is very good. The total spin moment for this mixed state is
4.55u5, which is smaller than the number of holes( :
=4.77) due to hybridization. This determination that is !
based purely on analyzing tlehapeof the absorption spec-
trum rather than applying the sum rules yields liteal mag-
netic moment of the Mn adsorbate atoms, since it does not ~
depend on the degree of magnetic order among these nearl
atomlike magnetic moments.

The Mn XAS spectrum is very similar to that found for a
dilute AgMn alloy3? for which also a large magnetic mo-
ment was derived from the spectrum. Theoretical calcula-
tions for Mn on the(100) surface of Ag, for a free-standing
monolayer, or for an impurity in AgRefs. 2 and byield a
moment of the order of Az, in agreement with experimen-
tal findings3? Furthermore, the model spectra shown in Ref.
32 for different ground-state configurations demonstrate the
sensitivity of the absorption spectrum to the local moment.
Finally, we conclude from the large Mn moment that inter-
diffusion of Mn and Fe is not important, because then we
would expect to find the moment characteristic for dilute Mn
in Fe, which is of the order of &g ,3*3*aligned ferromag-
netically with respect to Fe.

Figure 4 compares the experimental circular dichroism
obtained for the same coverage to the Mp &bsorption
spectra foro™ and o~ light calculated for the ground state
described above. The experimental line shapes are quite dif-
ferent from the calculated ones, which apparently show a
much larger dichroism. To compare the size of the dichro- ]
ism, we subtract a constant signal equal to the level below ot e o0 10920
threshold from the sum spectrum, and normalize the differ- 635 640 645 650 655
ence of the spectra far™ ando~ light to the maximum of photon energy (eV)
the sum spectrL_Jm. The dichroism Spe_Ctra Obtamec_l in this FIG. 4. Magnetic circular dichroism for 0.3 ML Mn on E€0):
way are shown in the lowest panel of Fig. 4. The heights Ofyperimental(a), as measured by total yield and calculatég
the dichroism curves were normalized at the maximum. Surgpectra foro* and o light. (c) experimentalfull line, left scale,
prisingly, there is very good agreement between experimenivided by 0.75 to correct for 100% circular polarizaticand cal-
tal and theoretical circular dichroism in terms of the Spectrabmated(dotted’ right scalemagnetic circular dichroism.
shape despite the discrepancy between the individual spec-
tra. However, thesizeof the dichroism in experiment is 24%  The discrepancy between local and ordered magnetic mo-
(taking the finite degree of circular polarization of 0.75 into ments may have different causes. The hysteresis measure-
account, while theory yields 58%; i.e., the experimental di- ment as well as our photoemission microscopy results rule
chroism is 2.4 times smaller than in theory. This can be seeout the presence of domains after applying magnetic fields
from the different scales for the experimental and theoreticahbove 10 Oe. Other possible reasons for the reduced mag-
spectra, as well as in the spectra calculated for right and leftietic signal are structural imperfections, spin canting, or
circular light shown in Fig. 4. The differences are strongestemperature effects. If the small ordered moment is due to
in the j=3region, where the experimental spectra show ahermal fluctuations, one should see a dramatic increase of
single peak at the same photon energy for both helicitieshe magnetic moment at lower temperature. Our data at room
while the calculation yields three peaks for one of the helici-temperature show a smaller Mn moment than at 120 K, how-
ties, and essentially one peak with a shoulder for the othesver, this can also be caused by a change of the structural
helicity. This shows that the experimental spectra for rightproperties. Furthermore, as the net magnetic moment in the
and left circular radiation are a linear combination of spectraMn adlayer is a result of the interaction with the Fe substrate,
as calculated for completely oriented Mn atoms in the mixecbne would expect the ordered Mn magnetic moment to track
d°-d® ground state. This obviously leaves the s(hright  the magnetization curve of Fe. If the spins are canted, i.e.,
and left circulay spectrum as shown in Fig. 3 unaffected. It not collinear with the Fe moments, one would observe a
also leaves the dichroism spectrum unaffected except for eeduced magnetic moment in circular dichroism. A reduction
constant factor. From this analysis we obtain for the ordereds we observe here would indicate an angle between the Fe
moment, i.e., the projection of the Mn magnetic moment orand Mn moments of 65°. This can be checked by using both
the Fe magnetization direction, a value of 459 helicities for each magnetization, so that one obtains an
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MCD curve for each magnetization. If the Mn spins were T

T
oriented intermediate between perpendicular and in plane, | 0.2ML
then the two MCD signals would not be the same for oblique —0.3ML
light incidence of 15°. However, our experiment yields the
same Mn MCD for both magnetizatiorjalso for Fe. This 0.40

rules out a canting of the spins out of the surface plane
the plane of Fe magnetization direction and the surface nor-
mal). A rotation of the Mn spins within the surface plane __
cannot be ruled out. If such an in-plane noncollinearity £
would be uniform on a macroscopic scale, such that the Mn § 0.35
moment would lie in the surface plane in a ferromagnetic @ ™
ordering, but at some angle to the Fe magnetic moment, ther ®,
one might expect to see this in the domain images. However,©
in all cases the Mn domain pattern was just the inversion of ~9->"
the Fe domain pattern. Finally, the hysteresis measurementsg
show that the Mn moments saturate at the same field as theg 0.30
Fe moment, ruling out such a model. =
For a submonolayer film, structural effects can arise from
adsorption of the Mn at sites with different coordination, i.e.,
steps or kinks, or from clustering. Although we have no di-
rect experimental evidence concerning the structural proper-
ties, the low temperature reduces the ability of the Mn atoms
to migrate to steps, so that the Mn adatoms remain largely at
the site of initial adsorption. The formation of monolayer
patches, which according to thed?!’ are antiferromag-
netic and would not contribute to the magnetic signal, ap-

0.25 |

pears also unlikely for the same reasons, particularly for this 648 649 650 651 652
low coverage. Also, for the full monolayer we observe a
change of the spin-orbit branching ratio and other changes of : photon energy [eV]

the line shape, which show that the magnetic moment in the FIG. 5. Detail of the Mn D,,, absorption spectra for different
monolayer film is significantly smaller than for films below coverages of Mn on k&00 deposited at 120 K.
0.5 ML. This is illustrated in Fig. 5, which shows a detail of
the Mn 2p spectrum in the region of thep2,, threshold for  netic and antiferromagnetic configurations lead to stable so-
a number of coverages. One can clearly recognize that fdutions. For a bcd100 surface, the number of nearest Fe
the lowest coverage®.15 and 0.3 M. the 2p,;, peak con- neighbors is the samiour) for the adatom and the surface
sists of two peaks separated by a minimum. As the coveragatom, which may be the reason for the magnetic moments
is increased above 0.5 ML, the minimum is filled up. being similar. For the dimer, the ferromagnetic and ferrimag-
The similarity of our Mn spectrum for the adsorbate on Fenetic solutions are found to be degenerate, with all the mag-
to that of dilute Mn in Ag(Ref. 32 suggests that the Mn netic moments about 3w . These results provide a plau-
atoms have very little interaction with other Mn atoms, orsible explanation for our experimental findings. The small
with the substrate. In principle, this is the situation in a diluteordered moment can be understood if we assume that the Mn
alloy, so that the electronic structure might show someatoms are residing on the surface as adatoms, as surface at-
analogies, keeping in mind that the reduced coordination odms, and as dimers. Since the moment is very similar in all
atoms adsorbed on the surface may affect the electronithese cases, the spectra of these differently coordinated Mn
structure due to reduced impurity host, or in our caseatoms will be very similar, and will be representative of a
adatom-substrate interaction. However, dilute Mn/Fe alloydarge magnetic moment. This corresponds to the large local
show quite different behavitt>* from the properties ob- moment observed in our experiment. However, the ordered
served here, i.e., a magnetic moment of abqug briented moment is determined by how the Mn atoms are distributed
parallel to the Fe moment. This is apparently due to thebetween these different adsorption sites. The observed anti-
higher Mn/Fe coordination compared to a surface impurityferromagnetic signal indicates that in our experiments the
Recently a calculation for surface impurity atoms and surfacenajority of atoms is incorporated in the Fe surface, since for
dimers has been performed by Noretsal,?! which is very this structure an antiferromagnetic coupling was found. Con-
illuminating for an understanding of our experimental resultssidering only these three structural configurations, between
for the low coverages. In the calculation a true adatom a40 (all remaining Mn atoms form dimersand 70%(all re-
well as an Mn atom incorporated in the Fe surface layemaining Mn atoms are in adatom sitexf the Mn atoms are
(replacing an Fe atojrwere considered. For both cases aestimated to be incorporated in the surface to give the anti-
magnetic moment of 34z was obtained. Interestingly, for ferromagnetic signal. A similar process of atom exchange
the adatom a parallelferromagnetit alignment with the has been observed for Cr adsorbed o158 by scanning
substrate Fe was found, whereas for the Mn in the surfactinneling microscopy®
layer an antiparallel alignment was found. Mn is unique The size of the local moment determined hereus.5is
among the 8 transition metals inasfar as both the ferromag-somewhat larger than the moment obtained typically in vari-
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ous calculations of Mn layers on Fe, or for surface impuri- Wr—7 77
ties, which is about 3. To further clarify the origin of
this discrepancy it is desirable to carry the electronic struc-
ture calculations further to obtain absorption spectra associ-
ated with a calculated electronic structure. Clearly, the spec-<
trum for the buckled antiferromagnetic monolayer derived by
Wu and Freemar shows much less structure than the spec- iﬂ 30 7
tra observed here, even though the Mn moments areg3.1
and — 3.26ug for the two different Mn sites.

The results presented here are in contrast to the results o Sl T R R R R
Andrieu et al® for adsorption of Mn on R&.00), which in-
dicated for the complete monolayer a ferromagnetic coupling a[T T T T T T T T
of the Mn moments to the Fe substrate. Using the sum rule,
a moment of g was determined for the monolayer. This I Mn spin
experimental finding is in contrast to theoretical calculations, L6 -
which consistently identify a(2X2) antiferromagnetic or
ferrimagnetic structure as the ground state of the monolayer,
with very small dichroism signat’'8 The discrepancy in
the sign of the coupling between the present results and those I 1
of Ref. 36 is not caused by the presence of Ag on our Fe 0.0 L W_
surface in the present experiment, since the low substrate e L L L L
temperature quenches the diffusion of Ag to the top of the 00 0 ro b3 0 3 0
deposited Fe film. Furthermore, we have observed antiferro- _ _Mn coverage (ML)
magnetic coupling for Mn/Fe/W110) (Ref. 37 and for Mn/ ) FIG. 8. Branching ratidtop) and spin momer_1(lower) as ob-
Fe/Cu(110 (Ref. 38 in the dilute(i.e., up to a monolayer talne_d by the sum rule for Mn 2 photoabsorption spectra as a

. function of Mn coverage on F200).
regime. Also, the spectra presented h&s well as those
from our experiments on other surfageshow much more ture than observed for bulk MH.The disappearance of the
structure than those in Ref. 36, which clearly suggests @ichroism with increasing coverage can be ascribed to anti-
larger moment in the present experiment. Possibly, differenterromagnetic order within the Mn adlayer.
signs of the coupling are connected with different magnetic In summary, we have shown by x-ray absorption spec-
moments. More experiments are needed to clarify this issudtoscopy that Mn adsorbates on(E@0 have a local mag-

We observe the same absorption spectrum and magnetietic moment of 455 . This result is derived from the line
dichroism for 0.3 and 0.15 ML Mn coverage. This showsshape of the Mn absorption spectrum, without use of sum
that within this coverage regime the structural and magnetigules. This procedure is possible because the spectrum shows
properties of the Mn adsorbate are essentially independeffonounced structure that is typical for systems with highly
from coverage. For higher coverages, e.g., 0.6 ML, the mrlocalizedd elgqtrons. Pho;oem|SS|on microscopy as well as
2p absorption spectra change: the branching ratio decreaséd@ment-specific hysteresis measurements demonstrate that
and the minimum between the twio=1/2 features fills up e magnetic behaviour is fully determined by the Fe sub-
(see Fig. 5. To illustrate the evolution of the shape of the Straté. Magnetic circular dichroism shows that a 40% frac-
specium fovards ha of bk i, e show 1 Fig.© heth S e Terert < laped antbarale o e drecton of
gLagggt?atagongnfa;hiégwy Tgcr?)zgtiz%biﬁgedde::rg:steh?)fMt e explained by the majority of Mn atoms being incorporated

. . . . I the surface layer, whereas the reduced ordered moment
branching ra}tlo, which s!gnals a decrgase Of. the magnenghows that Mn atoms are also adsorbed as genuine adatoms
moment. This decrease is also found in the circular dichrog, 4 dimers.
ism data. Since the spectra for higher coverages do not show
structures as sharp as those in the lowest coverage regime, We thank J. Goulon, S. Ferte, L. Leclerc, and C. Troxel of
we now apply the sum rules to derive a relative measure fothe ESRF EXAFS group and P. Elleaume and J. Chavanne of
the change of spin moment with Mn coverage. The decreastae ESRF Insertion Device Group for their invaluable con-
of the magnetic moment is accompanied by a washing out afibutions to beamline 26. This work was supported by
the fine structure of the atomic absorption spectrum. NeverBMBF under Grant No. 05 644 PFA and by Deutsche Fors-
theless, even the spectrum for 15 ML shows still more strucehungsgemeinschafbFG) within SFB 166/G7.
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