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Synchrotron radiation photoemission is a pow-
erful tool to directly clarify the electronic and spin
structures of solids that are directly related to the
physical properties. Angle-resolved photoemission
spectroscopy (ARPES) with very high energy- and
momentum-resolutions was successfully applied to
investigations of many body interactions in single
crystalline metals and unconventional superconduc-
tors. In addition, spin- and angle-resolved photoe-
mission spectroscopy (SARPES), which can directly
determine the spin-polarized band dispersions, was
intensively employed for investigations on peculiar
spin texture of surface states due to the spin-orbit
interaction, such as surface Rashba spin splitting
states or helical spin states of topological insulators.

In this talk, I will discuss electron-boson cou-
plings in ruthenate superconductor Sr2RuO4 inves-
tigated by ARPES [1], and spin-polarized Dirac-
cone like surface state with d character at W(110)
by SARPES [2]. I also report high performance
SARPES apparatus developed at Hiroshima Syn-
chrotron Radiation Center [3].

The Sr2RuO4 has attracted considerable atten-
tions for several reasons such as unconventional
superconductivity, a structural similarity to the
cuprates, and a two-dimensional Fermi liquid be-
havior in the normal states. Furthermore, the
multiband electronic structure is essential feature
of Sr2RuO4, which is contrast to the cuprates pos-
sessing a single band.

In order to resolve the complex electronic struc-
ture of Sr2RuO4, it is indispensable to utilize the
linear polarization of the synchrotron radiation. By
changing the polarization direction of the incident
light, it is possible not only to identify the wave
function parity of the initial states with respect to a
mirror plane of single crystals [4] but also to select
the observable electronic states. Namely, the even-
(odd-) symmetry initial states are only observable
with p- (s-) polarization because of the dipole selec-
tion rule.

We have observed the fine quasiparticle disper-
sions of Sr2RuO4 using the high-resolution ARPES
with tunable polarization. We found strong hy-
bridization between the in-plane and out-of-plane
quasiparticles via the Coulomb and spin-orbit in-
teractions [1]. This effect enhances the quasiparti-

cle mass due to the inflow of out-of-plane quasipar-
ticles into the two-dimensional Fermi surface sheet,
where the quasiparticles are further subjected to the
multiple electron-boson couplings. The result sug-
gests that the spin-triplet p-wave superconductivity
of Sr2RuO4 is phonon mediated.

Topological insulators and Rashba systems with
spin-split surface states induced by strong spin-orbit
interaction have attracted a great attention for the
dissipationless spin current transport [5]. Such spin
split surface states have been intensively studied
by ARPES mainly for the surface of sp-electrons
systems at heavy metals and topological insula-
tors [6,7].

A material with d -derived spin-splitting band re-
mains yet to be explored. Possible strong correla-
tion effects among d electrons in topological insula-
tors and Rashba systems could be important scien-
tific issue. We show the first experimental evidence
of nearly massless and strongly spin-polarized sur-
face states in a spin-orbit-induced symmetry gap of
W(110) [2]. Our SARPES study reveals that the
spin polarization is antisymmetric with respect to
zone center. The constant-energy cuts of this Dirac-
cone-like state are found to be strongly anisotropic,
which paves the way to the study of peculiar d-
electron based topological properties with anoma-
lous spin textures.

Finally, I report our newly developed highly effi-
cient SARPES apparatus developed at Hiroshima
Synchrotron Radiation Center [3]. By utilizing
high-efficient spin detector based on very low en-
ergy electron diffraction (VLEED) [8] by ferromag-
netic target (Fe(001)p1x1-O) as the spin detector
and combining it with high-resolution hemispheri-
cal analyzers (SCIENTA R4000), high-efficient and
high-resolution SARPES experiment has been real-
ized. Especially, the present machine was designed
to improve the performance of the first prototype
machine, and resolution of 7.5 meV in energy and
±0.18◦ in angle has been achieved with spin resolu-
tion [3]. One can observe both in-plane and out-of-
plane spin components by a 90◦ electron deflector.
In addition, the two-dimensional electron detector
for conventional spin-integrated ARPES measure-
ment can realize quick and precise observation of
the electronic band structure and Fermi surfaces.
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Therefore, one can find the specific electronic struc-
ture where is interested in to observe the spin struc-
ture quite efficiently and measure the spin structure
with high-resolution.

Acknowledgments: These works have been done in
collaboration with Dr. Iwasawa, Dr. Yoshida, Dr. Hase,
Dr. Koikegami, Mr. Hayashi, Dr. Jiang, Prof. Shi-
mada, Prof. Namatame, Dr. Aiura, Dr. Miyamoto,
Prof. Kimura, Mr. Kuroda, Prof. Okuda, Prof. Donath,
and Mr. Miyahara.

References

[1] H. Iwasawa, Y. Yoshida, I. Hase, S. Koikegami,
H. Hayashi, J. Jiang, K. Shimada, H. Namatame,
M. Taniguchi, and Y. Aiura, Phys. Rev. Lett. 105
(2010) 226406.

[2] K. Miyamoto, A. Kimura, K. Kuroda, T. Okuda,
K. Shimada, H. Namatame, M. Taniguchi, and
M. Donath, Phys. Rev. Lett. 108 (2012) 066808.

[3] T. Okuda, K. Miyamaoto, H. Miyahara, K. Kuroda,
A. Kimura, H. Namatame, and M. Taniguchi, Rev.
Sci. Instrum. 82 (2011) 103302.

[4] W. Eberhardt and F.J. Himpsel, Phys. Rev. B 21
(1980) 5572.

[5] Y.A. Bychkov et al., JETP Lett. 39 (1984) 78;
S. Datta et al., Appl. Phys. Lett. 56 (1990) 665.

[6] M. Hoesch et al., Phys. Rev. B 69 (2004) 241401(R);
T. Hirahara et al., New J. Phys. 10 (2008) 083038.

[7] K. Kuroda et al., Phys. Rev. Lett. 105 (2010)
146801; K. Kuroda et al., Phys. Rev. Lett. 105
(2010) 076802.

[8] D. Tillmann, R. Thiel, and E. Kisker, Z. Phys. B
77 (1989) 1.


