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Fig. 1 Schematic of splitting band caused by Rashba effect in an
ideal two-dimensional electron gas. Parabolas colored with
dark blue and light blue are electronic bands possessing op-
posite spin. Spin points tangential direction at each k-points
of Fermi surfaces (or constant energy contours) and the spin
directions are opposite each other between inner and outer
Fermi surfaces (i.e. anti-helical spin texture).
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Fig. 2 Illustration of the crystal structure of Bi,Se;. Although the
overall crystal structure holds space inversion symmetry, the
symmetry is locally broken at the layers labeled « and f and
can cause local Rashba effect. Since the spin directions at the
o and B layers are opposite each other the net spin polariza-
tion of overall crystal will be zero.
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Fig. 3 Schematic crystal structure of LaOBIS,. The crystal consists
of two BiS, layers (« layer and S layer) and Ln,O, layer that
is like a buffer layer. Although the whole structure has space
inversion symmetry local structure of each BiS, layer has no
inversion symmetry.
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Fig. 4 (Color online) (a)Electronic band structure of LaOBiS, obtained by first-principles calculation by Zhang et al.
including spin-orbit interaction and (b)the Brillouin zone of LaOBiS,. The calculation indicates that the sample is
band insulator having the band gap of 0.5 eV at X point. Because of the spin orbit interaction and local space in-
version symmetry, the band at X point is splitting. Dresselhaus like spin texture and Rashba like spin texture are
predicted in the conduction band (¢) and in the valence band (d). (All the figures are from the paper of Zhang!)
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Fig. 5 (Color online) Schematic of spin-resolved photoelectron spectrometer utilizing very low energy electron diffrac-

tion (VLEED) spin detectors. One VLEED spin detector can measure spin polarization along two orthogonal spin
quantization axes. Thus, by using two spin detectors all the spin components along x-,y- and z-axes can be ob-
served. (b) Principles of spin polarization measurement using VLEED. The intensity of reflected electrons by a
ferromagnetic target is observed by channeltron. By observing the reflected electron intensity of positively and
negatively magnetized ferromagnet one can obtain the intensity asymmetry between two which is proportional to
the spin polarization of impinging electron. (c) The different electron transition probability into the unoccupied
states of ferromagnet whose energy are different between spin up and down states (majority and minority states)
by the exchange interaction is used for the spin detection.
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Fig. 6 (a) Fermi surface of LaO,_,F,BiS,(x=0.45) measured with p-polarized synchrotron radiation at /v=70¢€V. A

large Fermi surface surrounding I" point connecting small Fermi surfaces in a rectangular shape surrounding X
point are observed. (b)Electron band dispersion along I'-X direction taken with p-polarized synchrotron radia-
tion at Av=70eV. Brighter area indicates the higher photoelectron intensity. Although the metallic electronic
band centered at X point is faint in the measurement at 2v="70 eV, it is observed much more clearly in the meas-
urement at /v=18 eV as in (c). Because of the higher momentum resolution in the measurement at h~v=18 eV,
split of the band is also clearly observed.
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(a) Fermi surface around X point observed at hv=18 eV and band dispersion along (b) '-X-T line and (c) M-X-

M line. While the split of the band is clearly observed in (b) but it is not clearly resolved in (c). (d) the spin-
resolved spectra (left panel) and its polarization along Py direction (right panel) taken at the k-points 1,2,3 that
are indicated with black marks along cut 1 in (a). (e) the same as (d) but at the k-points 4,5,6 indicated with
white marks along cut 2 in (a). The observed spin component is Px direction indicated in (a). Spin polarization
reversal with respect to X point is observed both in (d) and (e) which is in good agreement with the spin polariza-
tion caused by the Rashba or Dresselhaus effect. The spin polarization at the X point is almost zero since the point

is time-reversal symmetry point.
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Fig. 8 Schematic of obtained spin texture of the electron like con-
duction band superimposed on the Fermi surface image
around X point taken at #v=18 eV. The arrows indicate the
spin directions of the bands, which show anti-helical spin
texture suggesting the Rashba origin of the states.
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Fig. 9 (a)Band dispersion taken along cut3 of the Fermi surface labeled § in Fig. 7(a). (b) Spin-resolved photoelectron
spectra and its spin-polarization taken at the k-points (1~8) indicated in (a). The observed spin polarization is
Py component. The spin polarization reversal from k-point 1 to k-points 2,3,4 is observed. At k-point 5 where is
near X point, the spin polarization is almost zero and up spin (black) and down spin (blue) states are almost
overlapping. At k-point 6 the spin polarization that is opposite to the one at k-points 2,3,4 is observed. Then at k-
points 7 and 8, the reversal of spin polarization from the one at k-point 6 is again observed.
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(a) region |
Rashba-like

(c) region lI

Dresselhaus-like

Fig. 10

(Color online) Summary of the spin texture obtained in this study. The experimental results suggest that the

crossing of the spin-split band along X-M line as in (b), which results in the switching of the spin texture from
Rashba-like in the region I (a) to Dresselhaus-like in the region II(c).
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Hidden spin-polarized electronic states on novel
superconductor LnO,_,F,BiS, studied by spin-
and angle-resolved photoelectron spectroscopy

Taichi OKUDA Hiroshima Synchrotron Radiation Center, Hiroshima University, 2-313 Kagamiyama,
Higashi-Hiroshima 739-0046, Japan

Shilong WU Graduate School of Science, Hiroshima University, 1-3-1 Kagamiyama, Higashi-
Hiroshima 739-8526, Japan

Koji MIYAMOTO Hiroshima Synchrotron Radiation Center, Hiroshima University, 2-313 Kagamiyama,
Higashi-Hiroshima 739-0046, Japan

Abstract Spin-polarized states, such as Rashba effect, caused by a strong spin-orbit interaction and a

breaking of space inversion symmetry have been attracted much attention because of the great
potential of application for the spintronics devices.
Although it has been considered that the breaking of global space inversion symmetry is necessa-
ry for the emergence of Rashba effect, the possibility of the spin-polarized electronic states
caused by a breaking of inversion symmetry at a local structure has been theoretically suggested
recently. In this paper, we report the experimental evidence of the hidden spin-polarized electronic
states caused by the local Rashba (or Dresselhaus) effect on the novel superconductor LnO, _,F,
BiS,(Ln=La, Ce, Pr, Nd) which is observed by spin- and angle-resolved photoelectron spec-
troscopy. The results not only expand the candidates of the materials for the spintronics device
applications but also suggest that the peculiarity of the novel superconductor in which spin-pola-
rized electronic states and the superconducting states are coexisting.
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