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Magnetism of small Fe clusters on A111) studied by x-ray magnetic circular dichroism
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Epitaxial growth of Fe on a reconstructed (Atil) surface leads to the formation of self-organized fcc Fe
dots and stripes with increasing coverage. Using the sensitivity of x-ray magnetic circular dictXo/&DD)
and sum rule analysis, the changes in the magnetic properties in the low thickness rangeOirfb¥h of a
monolayer(ML) to 4 ML, covering the unidimensiondllD) coalescence around 0.3 ML and the two-
dimensional percolation limit arounec1 ML have been determined. The evolution of the spin moment
(mspin) @s a function of the thickness is correlated to the morphological transition. In partitilarincreases
sharply at the 1D coalescence, what is attributed to a transition from a low-spin to a high-spin magnetic phase.
We also observe a flipping of the easy axis of magnetization at the 1D coalescence from in-plane to out-of-
plane. This unusual behavior is ascribed to the strong in-plane relaxation of the Fe films due to the particular
pseudomorphic growth of Fe on the reconstructedAl) surface.
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[. INTRODUCTION nonmagnetic high-temperature fcc Fe phasébove
~3 ML, the Fe film transits towards a bdd0

The constant demand for higher storage density in thetructure’%1213As known from theoretical calculations, the
magnetic device industry has resulted in an increasing intetmagnetism of the Fe fcc phase is strongly dependent on the
est in systems with reduced dimensionality, such as ultra-thigtomic volume, and therefore might give raise to unusual
magnetic films, and more recently, wires and door ap-  Magnetic phaseS™*?In this paper, the magnetic measure-
plication purposes, strong magnetization, and long-rang8'ents are concentrated on the fcc phase, bet@vML. We
magnetic order at room temperature are needed. Interestifg§low that below the 1D coalescence, surprisingly, the anisot-
metastable magnetic states with controllable anisotropy aréPy is in-plane. A “low-spin” phase with a spin moment of
sought by adjusting the structure and/or the morpholatiy about 1.4.g is found. After the 1D coalescence the anisot-
mensionality of the objects. Epitaxial fcc-type Fe structures 'opy is out-of-plane, as known from previous studiés:
grown on various Cu surfaces have shown a large variety ofhe spin moment increases to about/2z4 Above 3—4 ML,
new magnetic phases depending on their intimate structur&e spin and orbital moments show bulk bcc values. These
and morphology® results are discussed and compared to the ones obtained on

In this context we have studied by means of x-ray magicinal Cu111).°
netic circular dichroism{XMCD) the magnetic properties of
Fe_dots, organized on the A‘le) surface reco_nstruction. Il EXPERIMENT
Using the sum rulés’ the orbital (Myy) and spin Mgy
magnetic moments are determined for clusters of several The experiment was carried out at beamline ID12B of the
hundred atoms. The gold surface reconstrutialiows a  European Synchrotron Radiation Facility in Grenoble, using
very particular growth of a number of metdle.g., FE€~**  a 90% circularly polarized light from a helical undulat8r.
Co** Ni,'® Rh (Ref. 16]. In the case of Fe, small single- The magnetic characterization and the thin film growth were
layer high islands grow on the elbows of the herringboneperformedin situ by XMCD in an ultrahigh-vacuum cham-
surface reconstruction of Alill) at room temperature, and ber (5x10 ! mbar) containing the 7 T superconducting
form a regular array of islands, whose lateral size can benagnet and the Fe evaporation céhe calibration proce-
adjusted by varying the deposited amount of°F&.This  dure is described in Ref)5The technique is sensitive down
system is interesting from two points: First, it enables theto a fraction of a monolayer, as already demonstrated in the
control of the dimensionality; the Fe island3D) are well  case of Fe deposited on a stepped1@a) surface> For the
separated at low coverage, then coalesce to form parallédw coverages the Fe films show a superparamagnetic
rows (1D) and eventually a connected 2D fifhBecond, be- behavior?! similar to Co on A111).?2-?° The islands be-
low 2 or 3 monolayer{ML), the growth is thought to be have as giant fluctuating spin blocs, which can be frozen
pseudomorphi®*2and hence, the in-plane lattice spacing of below the blocking temperatuf®; . The magnetic moments
Fe is strongly expanded+(12% with respect to the normal have to be measured below tfig, on a saturated sample.
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The blocking temperatures vary from about 200 down to 20

K, going from ~0.8 ML to the lowest coverages, and the
saturation fieldgmeasured at-10 K) from about 0.2 to 2.5 :@
T. The blocking temperatures are estimated by recording€ 1.05-
XMCD magnetization cycles as a function of applied field.
Therefore, the measurement temperature range went from -2
to 300 K. The applied magnetic field is aligned with the & 2
photon propagation vector and spin direction. By rotating the 2  0.00

1.104

. u

sample by an angley, it can be magnetized from out-of- o 002
plane to in-plane geometry allowing angular-dependent mea@® ™ ]
surements. The sample preparation, consisting of #put- £ 004

tering and annealing €900 K) cycles was done in a ]
connected chamber. The presence of the Au surface recor 0067
struction was checked with low energy electron diffraction

(LEED), which exhibited the characteristic (22\/5) pat-

tern. Once clean, the sample was transferred, without break-

ing the vacuum, to the main chamber for Fe deposition and 5 1 Typical XMCD spectra for a coverage of 0.08 ML of

analysis. Fe/Au111) (total electron yield modew . andu_ correspond, re-
spectively, to the absorption coefficient of left- and right-circularly
Ill. RESULTS polarized light(taking the direction of the magnetic field as the

. guantization axis The spectra were recorded at normal incidence
The XMCD measurements are based on the circular mage, — gy, T=10 K andH=+5 T. The variablep and q on the

netic dichroism at the Fé, 3 absorption edges. When the jntegrate XMCD signal indicate the values used in the sum rules
photon energy is swept across the spin-orbit dpjitandL 5 (see text for details

edges P core electrons are excited into unoccupieti \aa-

Ie_nce states._The spin conservation in the absorption Process . o oy band.mg’“m is the effective magnetic spin moment.
aligns the spin of the 2 core hole with that of the emptyd3 itinclud di Ip d ibing th : fth
orbitals. Strong spin-orbit coupling in the core shell leads tot Includes a dipofar termmy describing the anisotropy of the
an x-ray absorption spectroscodAS) signal which de- Spin moment

pends on the relative alignment of photon spin and sample

Photon energy (eV)

magnetization. The XAS spectra were taken by measuring migm= Mgpin— 7Mr . ©)
both the total electron yield and the total fluorescence yield
(detected at 90° to the incident begralthough only the Since the coverage range studied here is below 3 ML,

former is generally directly proportional to the absorptionthere is no need to correct the data for saturation effécts.
cross sectior® The XMCD spectrum s the difference be- N, is in principle unknown although it can be estimated from
tween the two XAS spectra recorded with opposite orientahand structure calculations. In the case of bce Fe, a value
tion of the magnetic field and the hellClty of the ||ght, which close to 3.39 gives a good agreement between theory and
we will call p, and p_ for simplicity. x, (n-) corre-  experiment’ However, since very small fcc structures are
sponds to the absorption coefficient of lefight-) circularly  considered here, we will mostly consider magnetic moments
polarized light, taking the direction of the magnetic field asper nhole, i.e.,m,,/N;, and mggir/Nh, althoughN;, is not
the quantization axis. An example of a XMCD spectrum foreypected to vary a lot. For a given coverage, the incidence
0.08 ML measured at normal incidence is given in Fig. 1. angle 5, i.e., the angle between the incident light and the
Two important magneto-optical sum rules have been degrf5ce normal, was varied from 0° to 60° in 15° steps. For
rived to deduce the orbital and spin magnetic moment fromy5.p, geometry we apply the sum rules on the measured
the XMCD®" Using the same notation as Ref. 27 one has forg\icp spectra. The orbital magnetic moments measured
the L, 5 edges perpendicular ifr;,) and parallel (") to the easy axis of
4gN magnetization are deduced by fitting the angular dependence
h, (1) of the orbital magnetic moment measured at the angle
3r (mgy). It is assumed that there is no anisotropy within the
surface plane, what seems reasonable fo(1fth) oriented
e (6P—4Q)Np structures. Hence, using Bruno’s model one®has

M= - e 2

Morp= —

Y _ ol /I L :
wherep and q are, respectively, the integrals oveg and M= Mg (M= Mey,) SINPy. 4)

over (L3+L,) of the XMCD signal(given byu  —n ), ris
the integral of the “white line” intensity of the Similarly, to separate the dipolar and the spin contribution
magnetization-averaged absorption cross section+ u ) from migin given by the sum rule we follow the arguments of
(to separate the “white line” from the continuum a simple Stéhr and Kmig®® and suppose that the angular dependence
steplike function was subtract8¢Ny, is the number of holes  of mggm is entirely contained byny. One has
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FIG. 2. MAE as a function of coverage. The solid circles corre- ) _ o
sponds to the model developed by BrufRef. 29, and the open FIG_. 3. Ratiom/mg;;, as a function of coverage. The solid line
square to the model proposed by van der LéRef. 31) which take IS @ guide for the eyes. The arrows on the top scale at 0.3, 1, and 3

into account the dipolar interactidsee text for details The lines ML correspond respectively to the approximate coverage where the
are guides for the eyes. Fe starts to coalesce into 1D wire, reaches the 2D percolation and

undergoes the fcc to bce phase transformation.

mgp—i:ff:(mspin_7m+)+ 2—1m#sin2y. (5)  Obtained by applying respectively Bruno's mddend the
2 more recent Van der Laan ofe.
One can see that the overall shape of the MAE is the same
Fitting the angular dependence wy;, allows us to ex-  for both models. The magnetization is in-plane below a criti-
tract mgy;,. Bruno's model assumes a completely filled ma-cal thickness, and turns to out-of-plane above, in both mod-
jority band. This is, however, not the case for fcc Fe andels. In the Van der Laan model however, the critical thickness
therefore, Van der Laan extended Bruno’s model for partiallis shifted towards a lower coverage,0.3 ML, instead of
filled bands’ The magnetocrystalline anistropy energy ~1.2 ML for the Bruno model, because of the dipolar con-
(MAE) is then no longer proportional to the anisotropy of thetribution. Our experiments show that, if the effectrof can
orbital momentum ify;,—mj,) and one has to take sepa- be neglected above-2 ML, as is commonly assumed, it
rately into account the orbital moments of the spin up anchecomes sizeable and cannot be neglected anymore in the
down bands. However, it is not possible with XMCD to ob- low thickness range. Indeed, Fig. 3 shows timgtcan reach
tain the contribution of the orbital moments separated bygo, of Mgpin, FEPresenting one third of the contribution to
spin and for our purpose we only ex}end the commonly usenggm: Mgpin— 7My .
Bruno’s model with the dipolar contribution. Hence The variations ofmgy,/Nj, and mq,/Ny, are plotted in
5 Fig. 4 as a function of Fe coverage. For bcc Fe films, i.e., for
3 2—1§mL+a coverages above-3 ML, typical bulk values are obtained
AEq, T for mgyin/ Ny andmg,,/ Ny, (dashed lingswith a deduced spin
) ) . ) ) moment of aboummg,~2.1ug (assumingN,=3.39). One
where ¢ is the spin orbit couplingAE., the effective ex-  can notice a large increase of,,/N, when moving from
change between majority and minority bandsr Fe ¢  higher towards lower coverages, whereasrfgp,/Ny,, two
=0.05 eV andAE.~3 eV), anda is a term independent magnetic spin phases can be distinguished: Below the 1D
of the spin direction and gives only an energy shift. It iscoalescence 0.3 ML) one hasmgpin/ N~ 0.43ug/hole
expected to be small and will be neglectdience, only the  and once the 1D coalescence is completegh,/Ny, jumps
dipolar contribution is taken into account here. It has to bg apout 0.7@5/hole.
mentioned that XMCD, either in the usual geometry, or in
the transverse geomettwhich provides the orbital moment IV. DISCUSSION
anisotropy in a more direct way>9 tends to overestimate '
the MAE>® In Ni/Pt multilayers for example, the MAE is 20 To explain the magnetic behavior of Fe/ddl) in the
times smaller than the orbital momentum anisotropy as delow thickness rangébelow 3 ML), one has to examine care-
termined by XMCD? Here, the MAE is discussed only in fully the first stages of the growth mode of Fe at room tem-
terms of relative changes of the magnetization easy axis orperature on A(l11). The Fe atoms diffuse and nucleate pref-
entation. The MAE is therefore given in arbitrary units. We erentially at the point defects of the gold herringbone
also recall that XMCD is only sensitive to the magnetocrys-reconstruction, where they form monatomic islands, with tri-
talline anisotropy and does not take into account the shapangular and polygonal shape¥:*®They are arranged on a
anisotropy. The magnetocrystalline anisotropy energy demore or less regular array of 7.5 ni5 nm. The lateral
duced from the XMCD measurements is plotted in Fig. 2,size in the clusters, hence the number of atoms, is directly
using both models. The open squares and the full circles anelated to the amount deposited. Below about 0.3 ML, the

. (6

1 | i
MAE ~ — 2 &E(my,—mgp) +
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. ™1 1 ' films on CyY100) can be at the origin of spin reorientation
g.i:z:-l 1ID- L o L ot @ ] transitions’>* On another hand, when reducing the dimen-
3 2| coal percolati phase transition 2 sions of the clusters, the symmetry breaking induced at the
3— 0.07.] 1 borders of the clusters may lead to an enhanceéel-pe
o 1 surface or, in this case “border” anisotropy. Indeed, the in-
E 0-0‘5'_ plane anisotropy is observed below the 1D coalescence,
. 0.054 when the Fe clusters remain isolated. It is clear that below
g 0.04 ] 0.3 ML, there is a high proportion of edge atoms, resting in
£ . low-symmetry sites, which have high dipolam{) and or-
g 0034 bital (m,,,) contributions, as seen in Figs. 3 an@4 The
0.02 increase ofm,,, towards the lower coverages is also ob-
1 served for Fe “wires” grown on vicinal Gd11),° although it
—~ 071 is by a factor of 6 here, whereas it is only a factor 2 in
= 1 Fe/Cuy111)-vic, with respect to bcc Fe. Since the orbital mo-
; 0.6 mentum is quenched in bulkd3materials, one is tempted to
E 1 attribute the increase ah,,, to the reduced coordination.
~ 054 The cluster size and shape for a given coverage being known
e . from the STM data, one can estimate the proportion of edge
£ 044 atoms. Assuming two types of atoms, central atoms in a clus-
E"’ ; ter and edge atoms, leads to an orbital momentum of roughly
0.3 p—r—r—r—r— T 0.5ug for an Fe edge atom on Alll). Surprisingly, this
0 1 2 3 4 value is the same as the one found for F&Ald)-vic when
Coverage (ML) making the same estimation of the proportion of edge atoms.

The nucleation density is much higher in the case of Fe/Au.

FIG. 4. Orbital(a) and spin magnetic moments) per hole, as A More precise estimation shows that there are about three
a function of coverage. The solid lines are a guide for the eyes. Thmes more edge atoms for Fe clusters on(JAd) than on
dashed lines correspond to the values for the bulk bcc Fe magnetfeU(111)-vic at similar coverages, what may explain the fac-
moment. The arrows on the top scale at 0.3, 1, and 3 ML Corretor of three between the average values of the orbital mo-
spond, respectively, to the approximate coverage where the Fe stafidents for Fe clusters on Alill) and Cyl111)-vic.
to coalesce into 1D wire, reaches the 2D percolation and undergoes At the 1D coalescence, the proportion of edge atoms is
the fcc to bce phase transformation. All the measurements havdrastically reduced, and there might be a modification in the
been performed below the blocking temperature with a magnetistrain due to the coalescing clusters. We tentatively attribute
field sufficient to saturate the sample. the magnetization reorientation at 0.3 ML to one or both

effects. Due to the very complex structure of the recon-

clusters remain separated. At 0.3 to 0.4 ML, the clusterstructed gold surface, the Fe atoms are located in many dif-
reach a lateral size of 7.5 nm, so that adjacent clusters in &erent symmetry sites. Unfortunately, this makes first prin-
row (along a[112] direction come into contact, forming Cciples calculations of the magnetic properti@isotropy,
chainlike structure$1°38This growth stage is referred to as Phase and spin momeraf Fe on reconstructed Alil1) ex-
1D coalescence in the discussion. Upon further depositioriremely difficult. We can therefore only try to give some
additional clusters nucleate in-between the rows, intercont€asonably possible mechanisms of our findings through very
necting adjacent rows. Eventually, atl ML, a coalesced Simplified considerations. To illustrate the border effect, we
2D film is obtained and the second layer starts growing. Thé&alculated in a Nel pair interaction modét the anisotropy
Fe film has an fcc structure up to about 3 ML, the thicknes€nergy of epitaxial Fe clusters on the herringbone-
at which it undergoes a structural transition of the whole filmreconstructed AL11) surface as a function of coveragee.,
towards the stable bet10) phase*®*° It is known from  cluster size _ _ _
previous experiments that this structural phase transition in- In the framework of this model, the magnetic enewys
duces a magnetization reorientation from out-of plane tdVritten as a sum of elementary energy of magnetic interac-
in-plane3® However, the presence of an in-plane magnetizalion between pairs of nearest neighbor atoms
tion at very low thicknesses has never been mentioned. For 1
submonolayer coverages, there are no precise structural data W==2> w, (7)
but from STM measurements, Fe is expected to grow 27 Y
pseudomorphically, that means with an in-plane lattice eX{vith
pansion of about 12%° with respect to its high temperature
nonmagnetic fcc phase. +oo

The presence of a strong in-plane anisotropy for the low- wjj = > 92n(rij) Pon(cosdy)), (8)
est coverages is quite surprising. The switching from an in- n=1
plane to a perpendicular anisotropy is unusual since the sujyhere
face anisotropy generally tends to favor the perpendicular
geometry. However, strain effects, as observed for thicker Ni gn(r)=(l,+m,ér) 9
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and Reentrant elbow Salient elbow

Sr=r—ry. (10 @

¢i; is the angle between the magnetic moment on nearest

neighbor sites andj, and the interatomic distanch ;O IS
a function depending only on the distance between the two (b)
atomsi andj,andP,, is a Legendre polynomial describing the
angular dependence of the pair energy with respec;to
Terms of order higher than 2 are usually neglected. The mi-
croscopic coefficients, andm, are linked to the magneto-
elastic coefficient®, andB,:

3
IZZE

B4, (12)

FIG. 5. Fe/A|11)): (a) 0.02 ML, (b) 0.20 ML, and(c) 0.44 ML.
3 The gray atoms of the zone | and Il represent, respectively, the fcc
m2=?(3Bz—Bl). (12)  (r~2.85 A) and hcp (~2.82 A) coherent epitaxial areas, the
0 black atoms of the zones Il and IV represent, respectively, the
discommensuration lines £2.78 A) and the kinksi(~2.72 A).

; _ 1
For bulk bcc iron B,=-253ueVatom”, B, The iron clusters are represented by white atoms.

=556u eVatom ! (Ref. 43, and ry=2.48 A, sol,=
—379.5ueVatom 1 and m,r,=2881.%« eV atom . It is
interesting to note that in the case of bulk Feandm, are  Kinks (area IV on Fig. 5.** The lower lattice parameter at the
of opposite sign. It means that the functigp(r) vanishes surface comes from a densification 6f4% of the gold

for a critical interatomic distance of surface.
The STM pictures in the literature allow us to simulate the

B, position and an average shape of the clusters on the surface.
r=r.=ro| 1—- ==——=|=2.807 A. (13)  Two types of nucleation sites are activated for room tempera-
3B,—B; o )
ture deposition: the reentrant and salient elbows of the recon-
As a consequence, if the interatomic distaned ., g,(r) is struction. On the reentrant elbow sites, triangular clusters are

negative and then the easy magnetization axis is lined ug)rmed, while they are diamond-shaped on the salient el-
with the interatomic directiom;; , while if r>r (r) is ows. A perfect *local” pseudomorphy is supposed for the
UK ¢ 92 calculation, in agreement with STM dalta.

positive and then the easy mi':\gnetization axis is perpendicu- It is amazing that the nearest-neighbor distances are
lar to the interatomic direction;;. The Nesl model intrinsi- spread around 2.80 A, which corresponds exactly to the
cally assumes tha,(r) is independent of the local symme- cjical separation of . at which the pair interaction under-
try. However, there is no reason that on the border of ges a sign change. This roughly means that, when the clus-
clusterg,(r) has the same value as in its center or as in thggrs are smalli.e., the atoms are located in the vicinity of the
bulk. Therefore, we extended the model to allow d|ffe_rentkinks), their nearest-neighbor distance being below 2.80 A,
values for the border and the center of a cluster. We introg, in-plane anisotropy is favored. When the clusters grow
duce scaling factorsC, m in the pair interaction termay; . i sjze, they grow on the fcc or hcp parts, having nearest
n; andm; represent the number of nearest neighbors atomaeighbor distances above, which favors an out-of plane
located at site$ andj, respectively. Thus, the magnetic en- anisotropy.
ergy of the system is The full line in Fig. 6 shows the calculated magnetic an-
isotropy energy as a function of coverage together with the
experimental data, assuming a bulk valuelfpandm,, for
Chm2(rij) P2(COS@ij) 6n,n, Om,m- all sites. The only adjustable parameter is the scaling factor
(14) of the MAE, since XMCD does not give absolute valdsse
Sec. Ill). Allowing different values for edge and central pairs

improves the agreement with the data points but does not

. The gold sur_che and its reconstruction are represented Irhange the overall shape, which is already obtained taking
Fig. 5. The positions of the gold atoms for t_he reconstructe ulk values for all pairs Iéor the dashed and dotted curves
surface are obtained by molecular dynamics simulatténs. ) ’

%see captionwe assumed that

As mentioned above, there are strong inhomogeneities in th
nearest-neighbor distances on the gold surface: Whereas the
bulk nearest neighbor distance is 2.88 A, it drops to about

N| =

edge P
2.82-2.85 A on the fcc or hep partareas | and 1l on Fig. Cnm:{c '_f (n,m)e[1,9], (15)
5) of the surface, to 2.78 A in the discommensuration lines CeeMer if n=m=86.
(area lll on Fig. 5, down to~2.72 A in the vicinity of the Between 0 and 0.02 ML, there is a rapid increase of the
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T3 ' ' ' ' ' ' ' depending on the very structure of Fe. The phase above 0.3
ML can be related to the high-spin fcc phase, which is also
found on Fe/C(100) between 2 and 4 ML F&Refs. 48-50
(actually a tetragonalized fcc structurend on Fe/C(111)

for pulsed laser deposited EE32 One has, however, to be
careful, since the three systems are definitely not equivalent,
neither from the structure, nor from the morphology. Never-
theless, the high spin phase obtained for Fé1Al) must be
close to the one predicted for expanded fcc Fe, since the
value of mg,;,=2.4ug is in excellent agreement with the

, , calculations:’~*° Below 0.3 ML, however, there is a sharp

00 02 05 o8 10 12 15 18 20 transition towards a low-spin phase, which may be either a
Coverage (ML) true low spin phase, or a noncompensated antiferromagnetic

FIG. 6. Calculated and experimental MAE. The shape of thephase. The transition irom low to high spin must be related

to the structural or morphological changes at this growth
stage. It is possible that there is a modification of the strain in
MAE. Its origin lies in the fact that the nucleation begins atthe F? islands, following the conr)e(;tlon o-f Ay |_n_to

1D wires at the coalescence. A similar spin phase transition

the edge dislocatiofiFig. 5@)]. In these areas, the nearest : 5 . .
neighbors distances are about 2.75 A; thus in-plane eady observed on Ee/@ihll)—wc, when isolated |§Ignds start to
oalesce to chains along the steps of the vicinal surface. In

magnetization axis orientation is the most favorable situatiory ™. ) "
from an energetic point of view. this latter case, there is a transition frong,;;= 1.4ug below

From 0.02 to about 0.20 ML, the MAE decreases andih® coalescence tong;;=0.7ug above. Contrary to Fe/
changes sign, explaining the observed reorientation of th&U(111), the high spin phase is not observed, and the transi-
magnetization. From 0.20 te 0.4 ML, the out-of plane an- tion takes place between two low spin phases. Therefore, the
isotropy gets stronger. In this range, the clusters stretch ovétructures of the small clusters must be different on both
the coherent epitaxial area where the nearest neighbors disystems. At least the strain is different since the lattice mis-
tances are about 2.85 fFig. 5b)], thus favoring perpen- match is 12% in the case of Fe/Mil1), whereas it is 2.5%
dicular anisotropy. At 0.4 ML, the iron clusters located onfor Fe/Cy111). The larger the volume expansion, the larger
the reentrant elbows coalesce, and the growth continues dhe spin moment is. On this basis, we attribute the high spin
the discommensuration ling¢kig. 5(c)], which induces a de- phase between 0.3 and 2—3 ML to the strongly expanded fcc
crease of the MAE . structure. Because of the abruptness of the spin transition, we

We emphasize that although this model may describ@xclude alloying effects, which may also lead to modifica-
qualitatively the anisotropy of this system as a function oftions in the spin moment, although in the case of FeAu al-
coverage, one must be aware that, first, the hybridizatiofys, a large spin moment is expected Z.2ug).53
with the substrate is completely ignoréitlis known that this  ~ consequently the observed transition of the magnetic spin
latter may play an important rd%_’ and second, the magni- moment at the coalescence is ascribed to the high sensitivity
tude of the pair interactiofor equivalently the magnetoelas- o the Fe fcc phase to any structural changes. This is further

tic coefficients is assumed to be identical to the one in ayq\onstrated by recent XMCD studies on supported bcc-Fe
bulk environment although the value gf for the border rfé)

clusters is shown on Fig. 5.

usters® and Co clusters grown on 57 which show
atoms and for central atoms are probably not the same, a g Al

different from the bulk value. An “artificial” increase of effect on the spin moment at the coalescence.
Jedge With respect tagcenerimproves the fit begween our ex-
perimental data and the calculated ones in thelNeodel. A
more detailed theoretical analysis of this latter point will be V. CONCLUSION
published in a forthcoming paper.

Although it appears from these experiments that there is a Using XMCD, the quantitative magnetic properties of Fe
strong influence of the dimensionalityeduced symmetjyy —deposited on a reconstructed (Atl) surface were investi-
on the orbital moment, it does not appear clearly that thergated, from very small isolated and self-organized clusters,
might be any on the spin moment. The strain plays probablyo coalesced chains and films. The variation of the spin and
the major role on the spin moment. At the 1D coalescencethe orbital moment were analyzed as a function of coverage,
there is an abrupt spin phase transitidfig. 4(b)). Taking  which allowed us to control the size and dimensionality of
Nh=3.39, one hasng,,=(1.4+0.2)ug below the coales- the nanostructures. It seems that dimensionality effects play
cence andmg,r=(2.4=0.2)ug, above. The magnetism of animportant role on the orbital moment only. The most strik-
Fe is very sensitive to structural changes, and in particular ting result is the observation of a low-spin phase with in-
the atomic volume in the fcc phase. Slight variations of theplane anisotropy below the 1D coalescence at 0.3 ML. The
lattice parameter may produce different phases and spin meariations of the magnetic anisotropy are accompanied by a
ments. For instance, ferrimagnetic, nonmagnetic, antiferrostrong increase of both orbital and dipolar moments when
magnetic phases are predictéd® and observeti=#45-47  reducing the coverage, attributed to the edge atoms in the
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