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Fig. 1 Schematic diagram of magnetic field lines form the magnetic
dipole moment. The magnetization direction is indicated by
an arrow.
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Fig. 2 (Color online) Schematic illustration of the MgO (2 nm) /Fe
(1.5 and 20 nm) /MgO (001) structure used in this work with
a permanent magnet for sample magnetization. The mag-
netization direction is indicated by an arrow.
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Fig. 3 (Color online) Schematic illustration of the experimental ge-
ometry of MCD-HAXPES measurements at TOA =60° (a)
and 85° (b). The magnetic field at the sample surface is 1

kOe and is perpendicular to the sample surface in both the
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Fig. 4 (Color online) Fe 2p core-level MCD-HAXPES spectra for the MgO (2 nm) /Fe (1.5 nm) /MgO (001) structure

measured at TOA =60 and 85° are shown in (a) and (b), respectively. The excitation photon energy is set at 5.95
keV. The MCD-HAXPES spectra for the MgO (2 nm) /Fe (20 nm) /MgO (001) structure measured at TOA =60
and 85° are shown in (c) and (d), respectively. (¢) Comparison of the MCD spectra for the MgO (2 nm) /Fe (1.5
and 20 nm) /MgO (001) structures measured at TOA=60°.
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Fig. 5 (Color online) In-plane and out-of-plane hysteresis curves of MgO (2 nm) /Fe (1.5 and 20 nm) /MgO (001) struc-
tures are shown in (a) and (b), respectively. Thick solid lines in (a) are to guide the eye.
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(Color online) (a) Experimental valence band HAXPES spectra for the MgO (2 nm) /Fe (1.5 and 20 nm) /MgO

(001) structures and bulk polycrystalline Fe. (b) Simulated valence band HAXPES spectra for the MgO (2 nm) /
Fe(1.5 and 20 nm) /MgO (001) structures and bulk polycrystalline Fe.
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(Color online) (a) Schematic illustration of the MgO (7 ML) /Fe (15 ML) multilayer structure for the DFT calcu-

lations. The spacing of Fe-O and Fe-Fe for ¢=2.98 and 2.83 A is also shown in the figure. The calculated Fe
layer-resolved DOSs of the MgO (7 ML) /Fe(15 ML) multilayer structure with ¢=2.98 A for (b) the majority
and (c) minority spin states. The calculated Fe layer-resolved DOSs of the multilayer structure with a=2.83 A for
(d) the majority and (e) minority spin states. The calculated Fe layer-resolved DOSs are broadened by a Gaussi-
an function with FWHM of 0.1 eV for visibility. The calculated spin-resolved DOSs for bulk Fe are also shown in

the figure for comparison.
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Magnetic circular dichroism in photoemission
from magnetic materials measured with hard X-
ray photoelectron spectroscopy under an applied
magnetic field

Shigenori UEDA Synchrotron X-ray Group, National Institute for Materials Science (NIMS), 1-1-1
Kouto, Sayo, Hyogo 679-5148, Japan

Abstract It is well known in electron spectroscopies that the electron trajectory is affected by a Lorentz
force under a magnetic field. By reducing the Lorentz force for photoelectrons emitted from a sam-
ple with an applied magnetic field of 1 kOe (0.1 T), hard X-ray photoelectron spectroscopy (HAX-
PES) is now applicable to samples under a magnetic field. Magnetic circular dichroism in core-lev-
el HAXPES directly reveals the perpendicular magnetization due to the ferromagnet/insulator in-
terface-induced magnetic anisotropy. The interface-induced magnetic anisotropy is discussed
through the analysis of the valence band HAXPES spectra.
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