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Until two decades ago, magnetic materlals wete only known to the public as permanent magnet and mag—f A
netic tape. Now, they are bemg used not only i in personal hard disks and mini-disks but also in memories in
_next-generation computers. Further development of the information technology will need further’ mcreasd

__inthe storage densny and densit
to be able to ‘see’ magnetic microstr
rized light. ,Rcycently, element-specifi
by the combination of photoelectron em:
soft x-ray photoabsorption. In our study in

study and future prospects.
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Figure 1. (a) A schematic view of circularly polarized soft x-
and an atom with a magnetic moment. Absorption intensity of
x-ray by the atom depends linearly upon the projection of the m
netic moment on the photon spin. (b) An example of the distril
tion of the photoabsorption due to a magnetic domain structur
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Figure 2. Methods for XAS-MCD microscopy. (a) In the zor
plate method, the x-ray transmits through a sample and is project
in an enlarged scale by a zone plate. (b) In the PEEM metho
secondary electrons are projected by electron lenses. !
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EFNIE XAS BB S xR TD J &8 TE S, PEEM i3,
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BXEASH L2 5, HEODNE LERORT AR
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Figure 3. The principle of XAS-MCD microscopy. (a) The circu-
larly polarized soft x-ray of photon spin =1 is incident on the
sample in a small grazing angle. The grazing angle is assumed to be
zero degree for simplicity, and that half of the sample is assumed to
be magnetized parallel to the photon spin (region 1) and the other
half, antiparallel (region IT). (b) The 2p;;—>3d XAS transition
probability by photon with spin #=+1 depends upon the electron
spin and the ration is 100: 60. Assuming that the filling of the up and
down spin 3d bands are 1/5 and 4/5 in regions I and II, the allowed
transition probabilities of up and down spin electrons become 80
and 12, the sum being 92. (c¢) In region II, the allowed transition
probabilities are 20 and 48, giving the sum of 68. (d) The difference
in the sum intensity of 2ps;,—3d transition, 92 for region I and 68
tor region II, gives makes the magnetic contrast. For 2p, jo—+3d tran-
sition, the sum intensities are 28:52 between region I and II, giving
an opposite contrast compared with the 2p; ;2—~3d transition.
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Yb) THB720ThHbB, Feir X0 3d &BOBE, kb
DI IABEIBEE— AV FOKRBGHHE, 2
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AV FDREEEE, 3d—4f XAS-MCD AFH W 5 h
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Figure 4. (a) The schematic view of the experimental setup of |
XAS-MCD microscopy using PEEM in SPring-8. One of the t
helical undulators giving photons with spinu=-+1and u=-—1v
used and the other was fully opened so that it does not generate pl
tons. The soft x-ray was monochromatized by the monochroma
and was lead to the sample mounted on the PEEM. (b) For magn
ic domain imaging, PEEM images were taken only at the 2p;/, a
2py;—>3d XAS peaks. (c) For XAS-MCD microspectroscoj
PEEM images were taken at many photon energies over the whi
2p—3d XAS region.
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Figure 5. As-made asymmetry image revealing domain structures
of rectangular microstructures. Numbers at the sides show the width
(L,) and length (L,) of the rectangles on corresponding columns
and rows. The circularly polarized soft X-ray was incident in the
direction shown by the arrow on the lower right-hand corner with a
grazing angle of 30° from the sample surface. White and dark gray
parts in the rectangles correspond to domains magnetized upward
and downward, as indicated by arrows. Light gray parts are magne-
tized to nearly horizontal directions, and whether they are right or
left can be deduced from the geometrical connection of the
domains.
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Figure 6. Magnetization processes of rectangular structures by
downward magnetic field pulses of L,x L,=2%8 (a), 4x8 (b),
8x8 (c), 4x4 (d), 8x4 (e) and 8x2 (f) um? patterns are dis-
played. Downward magnetization corresponds to dark gray. Rectan-
gles tend to be nearly saturated more easily by magnetic pulses along
their longer sides.
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Figure 7. Dependence of the coercive field H¢ and the saturat

field Hg on the width (L,) and the length (L,) of rectangles wl
the magnetic field is in the y-direction. For a fixed L,, H. decre:
as L, is increased. While Hg coincides with He, for smaller L,, it di
ates from He for larger L,.
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4, BigREMZEEO XAS-MCD BEHES
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Wiz, XAS-MCD MBS ¥] CAC VLU EAEHE
DERNLBRERD %, BEMEOSRE Thr DR EIRIIC
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Figure 8. (a) FeL, ; absorption spectra of a single 1.5 X 3 um? pix-
el at coordinates x=35 um, y=100 um. The dashed (solid) line
depicts absorption for positive (negative) helicity. (b) Difference be-
tween the two curves of (a).
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Figure 9. The lateral distribution of Fe spin moment u; obtained
by the pixel-by-pixel sum-rule analysis of the imaged area in Fe/6
ML Co/Cu(001). Different levels of gray correspond to different ‘
values of y,, as explained in the legend. Three different phases as
schematically shown are characterized by different moments.
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Figure 10. Sketch of the double-wedged sample. The wedge-
shaped Fe and Ni films were prepared by evaporation through aper-
tures of 2X 0.5 mm? placed ! mm in front of the sample, and rock-
ing the sample about the long axis of the aperture. The circle
highlights one of the four areas of crossed Ni—Fe double wedges in
which the measurements were carried out.
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Figure 11. (a) Result of the pixel-by-pixel sum-rule analysis
the Fe spin moment y,. The thickness of the Fe wedge increas
from right to left and the thickness of the Ni wedge from top to be
tom, as indicated at the top and right axes. Regions with differe
values of u, are marked by dashed vertical lines and labeled
through III, IIa, ITb. The white rectangles indicate the positions

which linescans are presented in panel (b). (b) Horizontal linesca
of 4 of the uncovered Fe/6 ML Co/Cu (001) layer (open symbol;
and of 2.1 ML Ni/Fe/6 ML Co/Cu(001) (solid symbols) at the p
sitions indicated in panel (a). (c) Ni 2p;;, absorption asymmetry in
age of the difference between peak and pre-edge intensities for opp
site helicities. Note that here, in contrast to pane] ( a), the graysca
is symmetric around zero. Around x coordinate 180 um the Ni ma;
netization is antiparallel to the Fe and Co magnetization,
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