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Fig. 1 (Color online) (a) 5Fe-Méssbauer spectroscopy and Hyper-
fine splitting of the nuclear levels; J is the isomer shift, g is
the nuclear g-factor, u, is the nuclear Bohr magneton, H; is
the internal magnetic field, m; is the nuclear magnetic spin
quantum number, and AE, is the quadrupole splitting. (b)
and (c) show optics for grazing incidence studies using a
57Co source and a synchrotron Mdssbauer source, respective-
ly.
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Fig. 2 (Color online) Total reflection of Mdssbauer y-rays for iron
thin film (a) Assumed sample condition. (b) Fano effect bet-
ween electron scattering and nuclear resonance scattering.
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Table 1 Parameters used in theoretical calculation.

Energy of Fe nuclear resonance Ey=14.4125 keV

Wave length of corresponding to E, 210=0.8602 A
Unit cell volume of o-Fe Vo=23.6399 A3
Number of Fe atoms per unit cell N=2

Relative abundance of *’Fe nuclei n=0~1
Internal conversion coefficient a=8.21
Widths of resonant lines I'=0.1 mm/s
Clebsch-Gordan coefficients for Am=0 Cum=0=42/3
Lamb-Mossbauer factor Sfim=0.7

E=E, (1+v/c)
c=2.998x 108 m/s

Relation between energy and velocity
Velocity of light
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Fig. 3 (Color online) Calculated grazing incidence Mdssbauer
spectra for Am =0 transitions of the Fe thin film. The >Fe
isotope enrichment is 95%. Dashed lines are the nuclear
resonant energies for Am=0 transitions of bulk o-Fe at
300 K.
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Fig. 4 (Color online) Calculated grazing incidence Méssbauer
spectra for Am =0 transitions of the Fe thin film. The "Fe
isotope enrichment is 2%. Dashed lines are the nuclear

resonant energies for Am=0 transitions of bulk o-Fe at
300 K.
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Fig. 5 (Color online) (a) Experimental setup. (b) grazing inci-
dence Mossbauer spectra from a 100 nm thick 7Fe non-en-
riched thin film measured at different incidence angles: 6=
0.16°, #=0.20°, #=0.23°. Dashed lines are the nuclear
resonant energies for Am =0 transitions of bulk a-Fe. Solid
lines are the Lorentzian fit curves. Dotted lines are eye
guides.
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Fig. 6 (Color online) Band structures and surface states of a 30-
ML-thick Fe(001) film. (a) Local electron density of states
(LDOS) . Majority and minority spin LDOS are indicated by
up (1) and down (]) arrows, respectively. (b) Spin density
map in units of 10~# electrons/a3 on the (110) plane. Each
contour differs by a factor of 2. Dashed lines indicate a nega-
tive spin density, whose contours between the atoms exhibit a
Friedel type oscillation penetrating the surface.
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Fig. 7 (Color online) (a) Schematic diagram of in situ synchrotron
measurement system. (b) Experimental setup. H,,: Magnetic
field (300 Oe). (c) Mdssbauer spectra of the Nt probe layer
samples measured at 300 K. Black solid lines represent the
fitted curves. Red, blue, and green lines represent three
different magnetic components. M (i) represents the magnet-
ic component assigned to the 5’Fe atoms located in the ith
layer below the surface.
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Fig. 8 (Color online) Plots of the experimental and theoretical
layer-by- layer magnetic parameters. (a) Experimental layer-
by-layer H;, values (b) Theoretical Mg, and H,, values.
Solid lines connect data points. In (a), some uncertainties
are less than the size of the data points. (¢) Conceptual dia-
gram of magnetic Friedel oscillations at Fe(001) surface.
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Studies on local magnetism of iron-based thin
film by grazing incidence °’Fe synchrotron
Mossbauer spectroscopy
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Japan

Abstract An energy domain 5’Fe grazing incidence synchrotron Mdéssbauer spectroscopy has been deve-
loped to study the local magnetism of iron-based thin films. A high-brilliant 7Fe Mdssbauer y-rays,
filtered from synchrotron radiation, allows us perform the grazing incidence Mdéssbauer studies on
the 57Fe monoatomic layer embedded in thin film. This paper introduces the measurement princi-
ple, advantages and applications, which includes the study of a direct observation of the magnetic
Friedel oscillations at the Fe(001) clean surface. Undoubtedly, the outstanding potential of the
energy domain grazing incidence 5’Fe Mdssbauer spectroscopy facilitate the study of surface and
interface magnetism in advanced magnetic and spintronic materials and devices.
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