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High-resolution VUV and Soft X-ray Photoemission Spectroscopy of Solids at HiISOR

Kenya SHIMADA
Hiroshima Synchrotron Radiation Center, Hiroshima University

Abstract
High-resolution photoemission spectroscopy with synchrotron radiation provides us with wider opportunity to examine
electronic states of solids such as band dispersion around a certain Brillouin zone, contribution of each wave function that
constructs valence bands, and symmetry of initial states. A 700-MeV electron-storage ring (HiSOR) in Hiroshima Syn-
chrotron Radiation Center has two undulator beamlines, that are used for high-resolution photoemission spectroscopy of
solids. In this report, we describe present status of the beamlines (BL-1 and BL-9) and photoemission experimental sta-

tions. Some recent results from the beamlines are described.
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Figure 2. Layout of experimental hall of Hiroshima Synchrotron

Radiation Center.
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Figure 3. Spectra of light from bending magnets and undulators.

Table 1.

Parameters of linear undulator

Period length (1,)
Number of periods
Total length*
Gap distance

MAX. magnetic field

Magnet material

57 mm

41

2354.2 mm

30~200 mm

0.41T

Nd-Fe-B (NEOMAX-44H)

*including correction

magnets

Table 2. Parameters of multi-mode undulator

Period length (,)
Number of periods
Total length™®

Gap distance

MAX. magnetic field
MAX. magnetic field
Magnet material

100 mm

18

1828.6 mm
30~200 mm
0.347T
0.597 T

Nd-Fe-B
(NEOMAX-44H)

in helical mode
in linear mode

*including correction

magnets
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Figure 4. Photon flux at the sample position of BL-1. The en-

trance- and exit-slit openings are set at 50 um, and the photon flux is
normalized to the stored electron-beam current of 200 mA.
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Figure 5. Photoionization spectrum of the gas-phase He double
excitation spectrum. The inset shows expanded high-n region.
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Figure 6. Photon flux at the sample position of BL-9. The undula-

tor was operated in the helical mode. The entrance- and exit-slit
openings are set at 100 um, and the photon flux is normalized to the
stored electron-beam current of 200 mA.
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Figure 7. Photoabsorption spectrum of He Is np 'P; measured

around 24 eV with the entrance- and exit-slit widths of 10 um.
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Figure 8. (a) High resolution photoemission measurement system
at HiSOR BL-1. (b) High-resolution photoemission spectra of Au
near Ep taken at BL-1. The solid lines show the best fit. The total
energy resolution was estimated to be AE~7.5 meV and 16 meV at
hv=42 ¢V and 122 eV, respectively.
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Figure 9. (a) High resolution photoemission measurement system
at HiSOR BL-9. (b) High-resolution photoemission spectra of Au
near Ep taken at BL-9. The solid lines show the best fit. The total
energy resolution was estimated to be AE~4.5 meV and 7.5 meV at
hv=7.1eV and 22.6 eV, respectively.
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Figure 10. Experimentally evaluated mean-free path as a function
of kinetic energy of electron. Circles indicate data points listed in
Ref. 9. Dashed lines are guides for eyes.
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Figure 11. (a) Angle-resolved photoemission spectra of Cu (111).
(b) Intensity plot of Cu (111). (c) Intensity plot near Er showing
dispersion of surface state.
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Figure 12. (a) STM image of graphite. (b) Angle-resolved pho-
toemission spectra of graphite taken at BL-1 using hv=122¢V. (c)
Intensity plot of graphite. Red solid (dashed) lines indicate calculat-
ed band dispersion along I~M (A-L) [J.-C. Chatrlier, X. Gonze, J.-
P. Michenaud, Phys. Rev. B 43, 4579 (1991).]
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Figure 13. Resonance photoemission spectroscopy. Inset shows

photoemission intensity as a function of incident photon energy
(Fano profile).
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Figure 14. High-resolution photoemission spectroscopy of «-Ce
taken at hv=21.218 eV (Helw), 40.814 eV (Hellw), 122 V. Inset
(a) shows photoemission spectra of a-Ce taken by Weshcke et al.!9.
Inset (b) shows photoemission spectrum of a—Ce taken at HiSOR.
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Figure 16. (a) Hela (hv=21.218 ¢V) and Hella (hv=40.814¢V)
spectra obtained from CeRhAs and CeRhSb polycrystals on scraped
surfaces?®. (b) Hello—Helw difference spectra (black circles) of
CeRhSb and CeRhAs2®. Green (Red) line indicates the Ce 4f spec-
trum of CeRhSb (CeRhAs) taken at hyv=126 ¢V24. Resonant pho-
toemission spectra of CeRhAs, CeRhSb, CePtSn taken at hv=126
eV in the wide energy range (c) and near Ep (d).
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Figure 17. Photoemission spectra of CeRhSb single crystal ob-
tained from (a) fractured surface and (b) scraped surface. Since
energy resolution is different in (a) and (b), dashed line in (a)
shows broadened spectra (AE=35meV) for the comparison. Red
line in (b) shows photoemission spectrum of CeRhAs single crystal
obtained from scraped surface. Insets of (a) and (b) show scanning
electron microscope images of fractured surface and scraped sur-
face, respectively.
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Figure 18. Estimated spectral function of the Ce 4f states in
CeRhAs, CeRhSb, CePtSn. Black open circles show the magnetic
response of CePtSn obtained from the inelastic neutron scattering
measurements [ Ref. 30].
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Figure 19. The temperature-dependent high-resolution photoemis-
sion spectra of Y,,,Ca,TiO; (x=0.41) single crystal in the energy
region of the Ti 3d coherent part taken at hv=7.1 eV. Dashed lines
represent the spectra at 285 K for comparison.
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