Publications

Division of New Materials Science

Takigawa group

We have been performing nuclear magnetic resonance experiments on various quantum spin systems and strongly correlated
electron systems to explore novel quantum phases with exotic ordering and fluctuation phenomena. The major achievements
in the year 2015 include: (1) Investigation by 'P-NMR of the quasi two dimensional antiferromagnet RbMoOPO,Cl with the
frustrating nearest neighbor and the next nearest neighbor interactions that lead to the identification of a stripe type antifer-
romagnetic order. (2) Combined studies of "Li-NMR and neutron scattering experiments on the breathing pyrochlore antifer-
romagnet Li(Ga,In)Cr4Og, in particular the observation of a second order phase transition in the In 5% doped sample. (3) Inves-
tigation of spin dynamics in the quantum spin ice compound Pr,Zr,O5 by 1Zr- NQR/NMR that revealed contrasting behavior
when a magnetic field is applied along <001> and <111>.

1. "Structural anomalies and short-range magnetic correlations in the orbitally degenerate system Sr,VOy: 1. Yamauchi, K.
Nawa, M. Hiraishi, M. Miyazaki, A. Koda, K. M. Kojima, R. Kadono, H. Nakao, R. Kumai, Y. Murakami, H. Ueda, K.
Yoshimura and M. Takigawa, Phys. Rev. B 92 (2015) 064408(1-7).

2. “One-Third Magnetization Plateau with a Preceding Novel Phase in Volborthite: H. Ishikawa, M. Yoshida, K. Nawa, M.
Jeong, S. Kramer, M. Horvatic, C. Berthier, M. Takigawa, M. Akaki, A. Miyake, M. Tokunaga, K. Kindo, J. Yamaura, Y.
Okamoto and Z. Hiroi, Phys. Rev. Lett. 114 (2015) 227202(1-5).

3. 'Real Space Imaging of Spin Polarons in Zn-Doped SrCu,(BOj3),: M. Yoshida, H. Kobayashi, I. Yamauchi, M
Takigawa, S. Capponi, D. Poilblanc, F. Mila, K. Kudo, Y. Koike and N. Kobayashi, Phys. Rev. Lett. 114 (2015) 056402
(1-5).

4. *Single crystal 27Al-NMR study of the cubic I'; ground doublet system PrTiyAlyy: T. Taniguchi, M. Yoshida, H. Takeda,
M. Takigawa, M. Tsujimoto, A. Sakai, Y. Matsumoto and S. Nakatsuji, J. Phys.: Conf. Ser. 683 (2016) 012016(1-9).

5. "Site-selective ''B NMR studies on YbAIBy,: S. Takano, M. S. Grbic, K. Kimura, M. Yoshida, M. Takigawa, E. C. T. O.
Farrell, K. Kuga, S. Nakatsuji and H. Harima, J. Phys.: Conf. Ser. 683 (2016) 012008(1-6).

Sakakibara group

We study magnetism and superconductivity of materials having low characteristic temperatures. These include heavy-electron
systems, quantum spin systems and frustrated spin systems. The followings are some selected achievements in the fiscal year
2015. (1) Field and temperature variations of the specific heat C(H,T) of the heavy fermion superconductor URu,Si, (7=
1.4 K) were examined at temperatures down to 200 mK. The occurrence of quasiparticle excitations due to the Doppler-shift
effect was detected regardless of the field direction in C(H), implying the presence of a line node. Furthermore, the polar-angle-
dependence of the specific heat C(6) under a rotating magnetic field within the ac plane exhibits a shoulder-like anomaly at 6 ~
45° and a sharp dip at 8 = 90° (H // a) in the moderate-field region. These features are supported by theoretical analyses based
on microscopic calculations assuming the gap symmetry of k. (k,+iky), whose gap structure is characterized by a combination
of a horizontal line node at the equator and point nodes at the poles. The present results have settled the previous controversy
over the gap structure of URu,Si, and have authenticated its chiral d-wave superconductivity. (2) We examined low-temperature
magnetic properties of a new verdazyl radical crystal a-2-Cl-4-F-V. Molecular orbital calculations predict that this material is
a spin-1/2 quasi-one-dimensional antiferromagnet. The magnetization curve at 0.1 K shows gapless behavior like conventional
one-dimensional quantum spin systems and saturates at about 5 T. A peak is observed in the temperature dependence of the
heat capacity at 0 T, indicating that a three-dimensional ordering occurs at about 0.2 K. On the other hand, the temperature
dependence of the magnetization at various magnetic fields shows an anomaly similar to that observed in many of gapped spin
systems. This behavior is attributed to the highly frustrated nature of the interchain interactions.

1. “Field Evolution of Quantum Critical and Heavy Fermi-Liquid Components in the Magnetization of the Mixed Valence
Compound B-YbAIB,: Y. Matsumoto, K. Kuga, Y. Karaki, Y. Shimura, T. Sakakibara, M. Tokunaga, K. Kindo and S.
Nakatsuji, J. Phys. Soc. Jpn. 84 (2015) 024710(1-7).
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TObservation of a New Ordered Phase in the Kondo Semiconductor CeOsySby,: T. Tayama, W. Ohmachi, M. Wansawa,
D. Yutani, T. Sakakibara, H. Sugawara and H. Sato, J. Phys. Soc. Jpn. 84 (2015) 104701(1-6).

"Pauli-limited superconductivity and antiferromagnetism in the heavy-fermion compound CeCo(In|_yZn,)s: M.
Yokoyama, H. Mashiko, R. Otaka, Y. Sakon, K. Fujimura, K. Tenya, A. Kondo, K. Kindo, Y. Ikeda, H. Yoshizawa, Y.
Shimizu, Y. Kono and T. Sakakibara, Phys. Rev. B 92 (2015) 184509(9).

+Quantum phase near the saturation field in the S = 1/2 frustrated spin ladder: H. Yamaguchi, H. Miyagai, Y. Kono, S.
Kittaka, T. Sakakibara, K. Iwase, T. Ono, T. Shimokawa and Y. Hosokoshi, Phys. Rev. B 91 (2015) 125104(1-5).

S =112 ferromagnetic-antiferromagnetic alternating Heisenberg chain in a zinc-verdazyl complex: H. Yamaguchi,
Y. Shinpuku, T. Shimokawa, K. Iwase, T. Ono, Y. Kono, S. Kittaka, T. Sakakibara and Y. Hosokoshi, Phys. Rev. B 91
(2015) 085117(1-6).

*Unstable spin-ice order in the stuffed metallic pyrochlore Pr,,,Ir, (O;_s: D. E. MacLaughlin, O. O. Bernal, L. Shu, J.
Ishikawa, Y. Matsumoto, J. -J. Wen, M. Mourigal, C. Stock, G. Ehlers, C. L. Broholm, Y. Machida, K. Kimura, S. Nakat-
suji, Y. Shimura and T. Sakakibara, Phys. Rev. B 92 (2015) 054432(1-12).

Field-Induced Quantum Criticality and Universal Temperature Dependence of the Magnetization of a Spin-1/2 Heisen-
berg Chain: Y. Kono, T. Sakakibara, C. P. Aoyama, C. Hotta, M. M. Turnbull, C. P. Landee and Y. Takano, Phys. Rev.
Lett. 114 (2015) 037202(1-5).

Field-Orientation Dependence of Low-Energy Quasiparticle Excitations in the Heavy-Electron Superconductor UBe;3:
Y. Shimizu, S. Kittaka, T. Sakakibara, Y. Haga, E. Yamamoto, H. Amitsuka, Y. Tsutsumi and K. Machida, Phys. Rev.
Lett. 114 (2015) 147002(1-5).

'i'*Antiferromagnetic Transition in a Novel Star-Shaped High-Spin Fe(Ill) Tetranuclear Cluster from a Mononuclear
Coordination Anion Featuring n-Extended Schiff Base Ligands: K. Takahashi, K. Kawamukai, T. Mochida, T. Sakurai,
H. Ohta, T. Yamamoto, Y. Einaga, H. Mori, Y. Shimura, T. Sakakibara, T. Fujisawa, A. Yamaguchi and A. Sumiyama,
Chem. Lett. 44 (2015) 840-842.

*Antiferromagnetic transition of the caged compound TmTiAl,y: N. Kase, Y. Shimura, S. Kittaka, T. Sakakibara, S.
Nakatsuji, T. Nakano, N. Takeda and J. Akimitsu, J. Phys.: Conf. Ser. 592 (2015) 012052(1-5).

%Experimental Realization of a Quantum Pentagonal Lattice: H. Yamaguchi, T. Okubo, S. Kittaka, T. Sakakibara, K.
Araki, K. Twase, N. Amaya, T. Ono and Y. Hosokoshi, Sci. Rep. 5 (2015) 15327(1-6).

"First-order ferromagnetic transition of quantum spin ice system Yb,Ti,O;: Y. Yasui, N. Hamachi, Y. Kono, S. Kittaka
and T. Sakakibara, SPIN 5 (2015) 154002(1-6).

Low temperature magnetic properties of a new quasi-one-dimensional organic magnet a-2-Cl-4-F-V: Y. Kono, S.
Kittaka, T. Sakakibara, H. Yamaguchi and Y. Hosokoshi, Phys. Procedia 75 (2015) 679-686.

Evidence for chiral d-wave superconductivity in URu,Si, from the field-angle variation of its specific heat: S. Kittaka,
Y. Shimizu, T. Sakakibara, Y. Haga, E. Yamamoto, Y. Onuki, Y. Tsutsumi, T. Nomoto, H. Tkeda and K. Machida, J. Phys.
Soc. Jpn. 85 (2016) 033704(1-4).

Field-induced phase transitions and magnetoferroelectricity in the perfect triangular lattice antiferromagnet
RbFe(MoQy,), in a vertical magnetic field: H. Mitamura, R. Watanuki, N. Onozaki, Y. Amou, Y. Kono, S. Kittaka, Y.
Shimura, I. Yamamoto, K. Suzuki and T. Sakakibara, J. Magn. Magn. Mater. 400 (2016) 70-72.

First-order superconducting transition of Sr,RuQy investigated by magnetization and magnetic torque: S. Kittaka, A.
Kasahara, T. Sakakibara, D. Shibata, S. Yonezawa, Y. Maeno, K. Tenya and K. Machida, J. Magn. Magn. Mater. 400
(2016) 81-83.

Heat capacity measurements on UBej3 in rotated magnetic fields: anisotropic response in the normal state and the
absence of nodal quasiparticles: Y. Shimizu, S. Kittaka, T. Sakakibara, Y. Haga, E. Yamamoto, H. Amitsuka, Y. Tsutsumi
and K. Machida, J. Magn. Magn. Mater. 400 (2016) 52-55.

"Unconventional S = 2 alternating chain realized by a metal-radical hybrid-spin approach: H. Yamaguchi, Y. Shinpuku,
Y. Kono, S. Kittaka, T. Sakakibara, M. Hagiwara, T. Kawakami, K. Iwase, T. Ono and Y. Hosokoshi, Phys. Rev. B 93
(2016) 115145(1-7).

?Quadrupole Order in the Frustrated Pyrochlore Tby,Ti> <O7,y: H. Takatsu, S. Onoda, S. Kittaka, A. Kasahara, Y. Kono,
T. Sakakibara, Y. Kato, B. Fak, J. Ollivier, J. W. Lynn, T. Taniguchi, M. Wakita and H. Kadowaki, Phys. Rev. Lett. 116
(2016) 217201(1-6).
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20. "Possible observation of highly itinerant quantum magnetic monopoles in the frustrated pyrochlore Yb,Ti,O7: Y.
Tokiwa, T. Yamashita, M. Udagawa, S. Kittaka, T. Sakakibara, D. Terazawa, Y. Shimoyama, T. Terashima, Y. Yasui, T.
Shibauchi and Y. Matsuda, Nat. Commun. 7 (2016) 10807(1-6).

21. TQuadrupole order in the frustrated pyrochlore magnet Tb,Ti,O;: H. Takatsu, T. Taniguchi, S. Kittaka, T. Sakakibara
and H. Kadowaki, J. Phys.: Conf. Series 683 (2016) 012022(1-6).

22. *Low—Energy Excitations and Ground State Selection in Quantum Breathing Pyrochlore Antiferromagnet
Ba3;Yb,Zn504;: T. Haku, K. Kimura, Y. Matsumoto, M. Soda, M. Sera, D. Yu, R. A. Mole, T. Takeuchi, S. Nakatsuji, Y.
Kono, T. Sakakibara, L. -J. Chang and T. Masuda, Phys. Rev. B (2016), in print.

Mori group

We have successfully developed and unvailed unprecedented functional properties for the molecular materials. The
major achievements in 2015 are (1) to discover the peculiar hydrogen-bond-dynamics-based switching of conductivity
and magnetism triggered by deuterium and charge transfers in the hydrogen-bond-unit for the purely organic conductor
k-D3(Cat-EDT-ST), , (2) to develop the novel donor-acceptor-type molecular dyad with small HOMO-LUMO gap, and (3)
to develop the chiral molecular conductors composed of chiral BEDT-TTF derivatives with hydrogen bonds, o'-[(R,R)-BEDT-
TTF(CH,0H),],Cl04(H,0). The introduction of a large variety of molecule degree of freedom to solid promises the develop-
ment of new trends in functional molecular materials.

1. Dynamics of Charge Ordering in the Nonlinear Regime of 8-(BEDT-TTF),CsZn(SCN),: M. Abdel-Jawad, I. Terasaki, T.
Mori and H. Mori, J. Phys. Soc. Jpn. 84 (2015) 033707(1-4).

2. TPhase-change memory function of correlated electrons in organic conductors: H. Oike, F. Kagawa, N. Ogawa, A. Ueda,
H. Mori, M. Kawasaki and Y. Tokura, Phys. Rev. B 91 (2015) 041101(R)(1-4).

3. T*Antiferromagnetic Transition in a Novel Star-Shaped High-Spin Fe(Ill) Tetranuclear Cluster from a Mononuclear
Coordination Anion Featuring n-Extended Schiff Base Ligands: K. Takahashi, K. Kawamukai, T. Mochida, T. Sakurai,
H. Ohta, T. Yamamoto, Y. Einaga, H. Mori, Y. Shimura, T. Sakakibara, T. Fujisawa, A. Yamaguchi and A. Sumiyama,
Chem. Lett. 44 (2015) 840-842.

4. Unexpected Formation of ortho-Benzoquinone-fused Tetraselenafulvalene (TSF): Synthesis, Structures, and Properties
of a Novel TSF-based Donor—Acceptor Dyad: A. Ueda, H. Kamo and H. Mori, Chem. Lett. 44 (2015) 1538-1540.

5. Modulation of a Molecular n-Electron System in a Purely Organic Conductor that Shows Hydrogen-Bond-Dynamics-
Based Switching of Conductivity and Magnetism: A. Ueda, A. Hatakeyama, M. Enomoto, R. Kumai, Y. Murakami and
H. Mori, Chem. - Eur. J. 21 (2015) 15020-15028.

6. Synthesis of racemic and chiral BEDT-TTF derivatives possessing hydroxy groups and their achiral and chiral charge
transfer complexes: S. J. Krivickas, C. Hashimoto, J. Yoshida, A. Ueda, K. Takahashi, J. D. Wallis and H. Mori,
Beilstein J. Org. Chem. 11 (2015) 1561-1569.

7. Novel electronic ferroelectricity in an organic charge-order insulator investigated with terahertz-pump optical-probe
spectroscopy: H. Yamakawa, T. Miyamoto, T. Morimoto, H. Yada, Y. Kinoshita, M. Sotome, N. Kida, K. Yamamoto, K.
Iwano, Y. Matsumoto, S. Watanabe, Y. Shimoi, M. Suda, H. M. Yamamoto, H. Mori and H. Okamoto, Sci. Rep. 6 (2016)
20571(1-10).

8. ARSI 2 HRREMIVEDHT —n FE 1 LKR DI — FR FI4L, Mol. Sci. 9 (2015) A0081.

Nakatsuji group

Our group explores novel quantum phases and phase transitions in rare-earth and transition metal based compounds. The
followings are some relevant results obtained in 2015. (1) We discovered the first example of an antiferromagnet that exhibits
the anomalous Hall effect at room temperature, the chiral antiferromagnet Mn;Sn (2) The quantum criticality at ambient
pressure in B-YbAIB, is found robust against pressure, and possibly forms a strange metal phase. In addition, this phase is
separated from a magnetic criticality by a Fermi liquid phase stabilized under pressure (3) A field induced quantum metal-
insulator transition was found in the pyrochlore iridate Nd,Ir,O, when the field is applied only along the narrow angle range
close to [100]. (4) A Fermi node at the quadratic band touching in Pr,Ir,O; was found and indicates that Pr,Ir,O; should be
viewed as a mother compound for various topological phases in the correlated electron system, such as Weyl semimetals, and
topological insulators.
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Conduction electron spin resonance in the a-Yb_4Fe,AlB4 (0 < x < 0.50) and a-LuAlB4 compounds: L. Holanda, G.
Lesseux, E. Magnavita, R. Ribeiro, S. Nakatsuji, K. Kuga, Z. Fisk, S. Oseroff, R. Urbano, C. Rettori and P. Pagliuso, J.
Phys.: Condens. Matter 27 (2015) 255601(1-5).

“Field Evolution of Quantum Critical and Heavy Fermi-Liquid Components in the Magnetization of the Mixed Valence
Compound B-YbAIB,: Y. Matsumoto, K. Kuga, Y. Karaki, Y. Shimura, T. Sakakibara, M. Tokunaga, K. Kindo and S.
Nakatsuji, J. Phys. Soc. Jpn. 84 (2015) 024710(1-7).

?*Magnetic Order in the Frustrated Ising Quasi-One Dimensional Compound NaCo(acac);-Benzene: Y. Karaki, K.
Kuga, K. Kimura, S. Nakatsuji, K. Matsubayashi and Y. Uwatoko, J. Phys. Soc. Jpn. 84 (2015) 084708(1-5).

Magnetization Anomaly due to the Non-Coplanar Spin Structure in NiS,: T. Higo and S. Nakatsuji, J. Phys. Soc. Jpn. 84
(2015) 053702(1-5).

*X—ray Absorption Spectroscopy in the Heavy Fermion Compound a-YbAIB, at High Magnetic Fields: T. T. Terashima,
Y. H. Matsuda, K. Kuga, S. Suzuki, Y. Matsumoto, S. Nakatsuji, A. Kondo, K. Kindo, N. Kawamura, M. Mizumaki and
T. Inami, J. Phys. Soc. Jpn. 84 (2015) 114715(1-4).

Field-induced quadrupolar quantum criticality in PrV,Al,g: Y. Shimura, M. Tsujimoto, B. Zeng, L. Balicas, A. Sakai and
S. Nakatsuji, Phys. Rev. B 91 (2015) 241102(1-5).

Large trigonal-field effect on spin-orbit coupled states in a pyrochlore iridate: D. Uematsu, H. Sagayama, T. Arima, J. J.
Ishikawa, S. Nakatsuji, H. Takagi, M. Yoshida, J. Mizuki and K. Ishii, Phys. Rev. B 92 (2015) 094405.

Optical evidence for a Weyl semimetal state in pyrochlore Eu,Ir,O7: A. B. Sushkov, J. B. Hofmann, G. S. Jenkins, J.
Ishikawa, S. Nakatsuji, S. Das Sarma and H. D. Drew, Phys. Rev. B 92 (2015) 241108(1-4).

*Unstable spin-ice order in the stuffed metallic pyrochlore Pry,,Ir, (O;_s: D. E. MacLaughlin, O. O. Bernal, L. Shu, J.
Ishikawa, Y. Matsumoto, J. -J. Wen, M. Mourigal, C. Stock, G. Ehlers, C. L. Broholm, Y. Machida, K. Kimura, S. Nakat-
suji, Y. Shimura and T. Sakakibara, Phys. Rev. B 92 (2015) 054432(1-12).

Spin Fluctuations from Hertz to Terahertz on a Triangular Lattice: Y. Nambu, J. S. Gardner, D. E. MacLaughlin, C.
Stock, H. Endo, S. Jonas, T. J. Sato, S. Nakatsuji and C. Broholm, Phys. Rev. Lett. 115 (2015) 127202(1-5).

High-Field Multi-Frequency ESR in the Rare-Earth Spinel Compound CdYb,S,4: D. Yoshizawa, T. Kida, S. Nakatsuji,
K. Iritani, M. Halim, T. Takeuchi and M. Hagiwara, Appl. Magn. Reson. 46 (2015) 0937-9347.

Large anomalous Hall effect in a non-collinear antiferromagnet at room temperature: S. Nakatsuji, N. Kiyohara and T.
Higo, Nature 527 (2015) 212-215.

BTHHEOERTWLXIEZH L OHBEE : WA A, 23T+ 30-7 (2015) 2-6.

Anisotropic transverse magnetoresistivity in a-YbAIB,4: Y. Matsumoto, J. Hong, K. Kuga and S. Nakatsuji, J. Phys.:
Conf. Ser. 592 (2015) 012086(1-6).

Anomalous Enhancement of Seebeck Coefficient in Pr-Based 1-2-20 System with Non-Kramers Doublet Ground States:
Y. Machida, T. Yoshida, T. Ikeura, K. Izawa, A. Nakama, R. Higashinaka, Y. Aoki, H. Sato, A. Sakai, S. Nakatsuji, N.
Nagasawa, K. Matsumoto, T. Onimaru and T. Takabatake, J. Phys.: Conf. Ser. 592 (2015) 012025(1-9).

Anomalous specific heat behaviour in the quadrupolar Kondo system PrV,Al,;: M. Tsujimoto, Y. Matsumoto and S.
Nakatsuji, J. Phys.: Conf. Ser. 5§92 (2015) 012023.

*Antiferromagnetic transition of the caged compound TmTi,Alyy: N. Kase, Y. Shimura, S. Kittaka, T. Sakakibara, S.
Nakatsuji, T. Nakano, N. Takeda and J. Akimitsu, J. Phys.: Conf. Ser. 5§92 (2015) 012052(1-5).

*High Pressure Measurements of the Resistivity of B-YbAIB4: T. Tomita, K. Kuga, Y. Uwatoko and S. Nakatsuji, J.
Phys.: Conf. Ser. 592 (2015) 012019(1-5).

Shubnikov-de Haas Oscillation in the cubic I';-based heavy fermion superconductor PrV,Al,y: Y. Shimura, M. Tsuji-
moto, A. Sakai, B. Zeng, L. Balicas and S. Nakatsuji, J. Phys.: Conf. Ser. 592 (2015) 012026(1-4).

*Synchrotron X-ray spectroscopy study on the valence state and magnetization in a-YbAl; ;Fe,B; (x = 0.115) at low
temperatures and high magnetic fields: T. Terashima, Y. H. Matsuda, K. Kuga, S. Suzuki, Y. Matsumoto, S. Nakatsuji, A.
Kondo, K. Kindo, N. Kawamura, M. Mizumaki and T. Inami, J. Phys.: Conf. Ser. 592 (2015) 012020 (6 pages).
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T*Quadratic Fermi Node in a 3D Strongly Correlated Semimetal: T. Kondo, M. Nakayama, R. Chen, J. J. Ishikawa, E.
-G. Moon, T. Yamamoto, Y. Ota, W. Malaeb, H. Kanai, Y. Nakashima, Y. Ishida, R. Yoshida, H. Yamamoto, M. Matsu-
nami, S. Kimura, N. Inami, K. Ono, H. Kumigashira, S. Nakatsuji, L. Balents and S. Shin, Nat. Commun. 6 (2015)
10042 (1-8).

Foreword: Y. j. Kao, S. Onoda and S. Nakatsuji, SPIN 5 (2015) 1502001 (2 pages).

Special Issue on Quantum Spin Ice and Liquid in Geometrically Frustrated Magnets: Y. Kao, S. Onoda and S. Nakatsuji,
SPIN 5 (2015) 1540001-1540006.

Unconventional Quantum Criticality in p-YbAIB,4 Detached from Its Magnetically Ordered Phase: T. Tomita, K. Kuga,
Y. Uwatoko, P. Coleman and S. Nakatsuji, Phys. Procedia 75 (2015) 482-487.

*Field-induced quantum metal-insulator transition in the pyrochlore iridate Nd,Ir,O7: Z. Tian, Y. Kohama, T. Tomita, H.
Ishizuka, T. H. Hsieh, J. J. Ishikawa, K. Kindo, L. Balents and S. Nakatsuji, Nature Phys. 12 (2015) 134-139.

Pressure-Induced Local Structural Changes in Heavy Fermion B-YbAIB 4: Y. Sakaguchi, S. Ikeda, K. Kuga, S. Suzuki,
S. Nakatsuji, N. Hirao, Y. Ohishi and H. Kobayashi, J. Phys. Soc. Jpn. 85 (2016) 023602(1-4).

Chemical and orbital fluctuations in BazCuSb,Og: Y. Wakabayashi, D. Nakajima, Y. Ishiguro, K. Kimura, T. Kimura,
S. Tsutsui, A. Q. R. Baron, K. Hayashi, N. Happo, S. Hosokawa, K. Ohwada and S. Nakatsuji, Phys. Rev. B 93 (2016)
245117(1-13).

Dimensional Reduction in Quantum Dipolar Antiferromagnets: P. Babkevich, M. Jeong, Y. Matsumoto, I. Kovacevic,
A. Finco, R. Toft-Petersen, C. Ritter, M. Mansson, S. Nakatsuji and H. M. Rgnnow, Phys. Rev. Lett. 116 (2016) 197202
(1-5).

*Experimental exploration of novel semimetal state in strong anisotropic Pyrochlore iridate Nd,lr,O; under high
magnetic field: Z. M. Tian, Y. Kohama, T. Tomita, J. Ishikawa, H. Mairo, K. Kindo and S. Nakatsuji, J. Phys.: Conf. Ser.
683 (2016) 012024(1-6).

“Frustrated magnetism in a Mott insulator based on a transition metal chalcogenide: S. Kawamoto, T. Higo, T. Tomita,
S. Suzuki, Z. M. Tian, K. Mochitzuki, A. Matsuo, K. Kindo and S. Nakatsuji, J. Phys.: Conf. Ser. 683 (2016) 012025
(1-4).

*Single crystal 2’Al-NMR study of the cubic I'; ground doublet system PrTiyAlyy: T. Taniguchi, M. Yoshida, H. Takeda,
M. Takigawa, M. Tsujimoto, A. Sakai, Y. Matsumoto and S. Nakatsuji, J. Phys.: Conf. Ser. 683 (2016) 012016(1-9).

“Site-selective ' 'B NMR studies on YbAIBy,: S. Takano, M. S. Grbic, K. Kimura, M. Yoshida, M. Takigawa, E. C. T. O.
Farrell, K. Kuga, S. Nakatsuji and H. Harima, J. Phys.: Conf. Ser. 683 (2016) 012008(1-6).

Absence of Jahn-Teller transition in the hexagonal Ba;CuSb,0y single crystal: N. Katayama, K. Kimura, Y. Han, J.
Nasu, N. Drichko, Y. Nakanishi, M. Halim, Y. Ishiguro, R. Satake, E. Nishibori, M. Yoshizawa, T. Nakano, Y. Nozue, Y.
Wakabayashi, S. Ishihara, M. Hagiwara, H. Sawa and S. Nakatsuji, Proc. Natl. Acad. Sci. U.S.A. 112 (2015) 9305-9309.

Spin dynamics of the triangular-lattice antiferromagnet NiGa,S4 over an extended timescale: Y. Nambu, J. S. Gardner,
D. E. MacLaughlin, C. Stock, H. Endo, S. Jonas, T. J. Sato, S. Nakatsuji and C. Broholm, Phys. Rev. Lett. 115 (2015)
127202(1-5).

*Low-Energy Excitations and Ground State Selection in Quantum Breathing Pyrochlore Antiferromagnet
Ba3;Yb,Zns0;;: T. Haku, K. Kimura, Y. Matsumoto, M. Soda, M. Sera, D. Yu, R. A. Mole, T. Takeuchi, S. Nakatsuji, Y.
Kono, T. Sakakibara, L. -J. Chang and T. Masudal, Phys. Rev. B (2016), in print.

Division of Condensed Matter Theory

Takada group

Employing several standard techniques including the Green's-function method, quantum Monte Carlo simulations, band-struc-
ture calculations, and various types of variational approaches, we are studying several aspects of quantum many-body problems
in condensed matter physics, based primarily on the first-principles Hamiltonian. This year we have studied the following
issues: (1) The failure of the conventional self-consistent GW approximation in the calculation of both normal and supercon-
ducting properties is made clear by comparing the results among the GoW (one-shot GW), GW, and GWT approximations. (2)
Diffusion Monte Carlo (DMC) simulations are performed on the system of an atom embedded in an electron gas with a view
of investigating Kondo physics from first principles. A detailed analysis of the Friedel oscillations around the impurity atom
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reveals that a proton-embedded electron gas can exhibit the Kondo temperature well beyond 1000 K. The obtained accurate
electron-density profile is used to improve on the GGA-PBE version of the exchange-correlation energy functional in the
density functional theory. In making this improvement, we have paid special attention to fulfilling the cusp theorem at the atom
site. The improved functional will be applied to a wide range of topics in the future, including the phase diagram of the solid
hydrogen under high pressures. (3) With proposing a better functional form for the vertex function I, always satisfying both
the Ward identity and the momentum conservation law, we study the low-density electron gas in the GWT scheme to find an
anomalous mass reduction as a result of avoiding the collapse of the normal state into a spontaneously excited electron-hole
pair condensed state. Concomitantly with this mass reduction, an anomalous behavior of the momentum distribution function is
found for the density parameter r, around 20.

1. Emergence of a Kondo singlet state with Kondo temperature well beyond 1000 K in a proton-embedded electron gas: Y.
Takada, R. Maezono and K. Yoshizawa, Phys. Rev. B 92 (2015) 155140(1-11).

2. Generic Features of an Electron Injected into the Luttinger Liquid: H. Maebashi and Y. Takada, J. Supercond. Nov.
Magn. 28 (2015) 1331-1335.

3. Role of the ward identity and relevance of the c'w? approximation in normal and superconducting states: Y. Takada,
Mol. Phys. 114 (2016) 1.

4. Theory for Reliable First-Principles Prediction of the Superconducting Transition Temperature: Y. Takada, in: Carbon-
based New Superconductors: Toward high-Tc superconductivity (ISBN 978-981-4303-30-9 (Hardcover), 978-981-4303-
31-6 (eBook)), Ch 8, edited by J. Haruyama, (Pan Stanford Publishing Pte. Ltd., 2015), pp. 193-230.

5. Reference Module in Materials Science and Materials Engineering: Y. Takada, in: Materials Science and Materials
Engineering, edited by S. Mahfoudh and M. Nicholls, (Elsevier, 2016), B9780128035818007748.

Oshikawa group

We studied a wide range of fundamental problems in condensed matter theory and statistical mechanics. In particular, we
discovered that even trivial phases, which are adiabatically connected to a product state without any entanglement, are not
unique in the presence of an appropriate symmetry. We discussed a simple example of S = 1 quantum spin chain with a
symmetry under a combined operation of the site-centered lattice inversion and the global n-rotation about z axis. In this model,
there are two trivial phases, adiabatically connected to the Néel state and the large-D state (product of S*=0 states), which are
always separated by a quantum phase transition in the presence of the above symmetry. We demonstrated this using field theory,
numerical calculation, and a general proof based on Matrix Product State representation. The present result brings about a new
perspective in classification of quantum phases, a central issue in current condensed matter physics.

1. Equilibrium surface current and role of U(1) symmetry: Sum rule and surface perturbations: Y. Tada, Phys. Rev. B 92
(2015) 104502(1-15).

2. TSelection of factorizable ground state in a frustrated spin tube: Order by disorder and hidden ferromagnetism: X. Plat,
Y. Fuji, S. Capponi and P. Pujol, Phys. Rev. B 91 (2015) 064411 (1-21).

3. ?Spin fluctuations and superconductivity in layered f-electron superlattices: Y. Tada and R. Peters, Phys. Rev. B 92
(2015) 035129(1-8).

4. TAbsence of Quantum Time Crystals: H. Watanabe and M. Oshikawa, Phys. Rev. Lett. 114 (2015) 251603(1-5).

5. 'Distinct Trivial Phases Protected by a Point-Group Symmetry in Quantum Spin Chains: Y. Fuji, F. Pollmann and M.
Oshikawa, Phys. Rev. Lett. 114 (2015) 177204.

6. Gravitational Casimir Effect: J. Q. Quach, Phys. Rev. Lett. 114 (2015) 081104(1-5).

7. TOrbital Angular Momentum and Spectral Flow in Two-Dimensional Chiral Superfluids: Y. Tada, W. Nie and M.
Oshikawa, Phys. Rev. Lett. 114 (2015) 195301.

8. TWEWpRis, ~YrEICECEE IS~ I IR, BELRY: 620 (2015) 40-45.

9. Foldy-Wouthuysen transformation of the generalised Dirac Hamiltonian in a gravitational-wave background: J. Q.
Quach, Physical Review D 92 (2015) 084047.

10. "Flux quench in a system of interacting spinless fermions in one dimension: Y. O. Nakagawa, G. Misguich and M.
Oshikawa, Phys. Rev. B 93 (2016) 174310.

11. ?Magnetism and superconductivity in ferromagnetic heavy-fermion system UCoGe under in-plane magnetic fields: Y.
Tada, S. Takayoshi and S. Fujimoto, Phys. Rev. B 93 (2016) 174512(1-7).
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12. TPlaquette order in the SU(6) Heisenberg model on the honeycomb lattice: P. Nataf, M. Lajko, P. Corboz, A. M. Liuchli,
K. Penc and F. Mila, Phys. Rev. B 93 (2016) 201113(R)(1-6).

13. Spin gravitational resonance and graviton detection: J. Q. Quach, Physical Review D 93 (2016) 104048(1-6).

14. T 250 ZMMEBEEIC B 2 S SVFHELT 2 ALY S EIEREE . Al &, IS B, g &, mo
I, LM B, A T, FE{EYEE 50 (2015) 123-132.

15. BET-RE LYY (KL MR, 2o 1 4) - (BRFYE): #)I1 IE$, ~V7+ 31 (2016) 43-45.
16. WYL 0B in  ~S5Om imSHA IS E~ « #1] IE3, BEERY 633 (2016) 41-46.

Tsunetsugu group

We have studied optical conductivity near an antiferromagnetic phase transition in the square-lattice Hubbard model at half
filling using the cluster dynamical-mean field approach. We investigated the effects of vertex corrections on optical conduc-
tivity and found that they have large contributions and change some important features of optical conductivity. The vertex
corrections enhance frequency dependence of conductivity in both metallic and insulating phaes. Another important discovery
is the presence of a temperature region above the transition temperature where dc conductivity shows non-increasing behavior
with lowering temperature. This is not due to a pseudogap behavior, but the electron spectral function does not show a dip
at Fermi energy. (Reference: arXiv:1605.00387) We have continued the study of quadrupole order in Pr 1-2-20 system. We
used a classical Monte Carlo calculation to investigate the effects of thermal fluctuations in temperature-magnetic field phase
diagram. We found that the same number of ordered phases appear as predicted by our previous mean-field analysis, but the
phase boundaries are strongly modified by thermal fluctuations and have a different topology. A new tetracritical point appears
when magnetic field is applied along (001) direction. Criticality of parasitic ferro quadrupole order is also investigated, and we
have found an unusual critical behavior in their temperature dependence. (Reference arXiv:1605.05175) We have also studied an
antiferromagnetic Heisenberg model on breathing pyrochlore lattice, and found that the ground state in the S = 3/2 case has an
interesting "dimerized" pattern that differs from the previously studied S = 1/2 case.

1. Fano resonance through Higgs bound states in tunneling of Nambu-Goldstone modes: T. Nakayama, I. Danshita, T.
Nikuni and S. Tsuchiya, Phys. Rev. A 92 (2015) 043610(1-19).

2. Dynamical Characteristics of the Mott Transition: Examination of Doublon Dynamics in a Triangular-lattice Hubbard
Model: T. Sato and H. Tsunetsugu, Physics Procedia 75 (2015) 376-382.

Sugino group

We have done first-principles study of the excited-states, ferroelectric interfaces, electrochemical interfaces, and the ground-
state wavefunctions. We have improved our GW+ BSE program of excited-state calculation so as to manipulate large number
of atoms (~200 atoms), which has significantly activated collaboration with experiments. We also advanced density functional
methods to compute the electrically biased interface, which are used to investigate the system of negative capacitance as well as
the electrochemical reactions. We further developed a variational approach to strongly correlated electron systems to investigate
the structure of the many-body wavefunction.

1. All-electron GW+Bethe-Salpeter calculations on small molecules: D. Hirose, Y. Noguchi and O. Sugino, Phys. Rev. B
91 (2015) 205111.

2. TFirst-principles calculation of charged capacitors under open-circuit conditions using the orbital-separation approach:
S. Kasamatsu, S. Watanabe and S. Han, Phys. Rev. B 92 (2015) 115124.

3. Symmetry breaking and excitonic effects on optical properties of defective nanographenes: Y. Noguchi and O. Sugino, J.
Chem. Phys. 142 (2015) 064313.

4. Configuration interaction with antisymmetrized geminal powers: W. Uemura, S. Kasamatsu and O. Sugino, Phys. Rev.
A 91 (2015) 062504.

5. "Vibronic Structures in Absorption and Fluorescence Spectra of Firefly Oxyluciferin in Aqueous Solutions: M. Hiyama,
Y. Noguchi, H. Akiyama, K. Yamada and N. Koga, Photochem. Photobiol. 91 (2015) 819.

6. *First-Principles Investigation of Strong Excitonic Effects in Oxygen 1s X-ray Absorption Spectra: Y. Noguchi, M.
Hiyama, H. Akiyama, Y. Harada and N. Koga, J. Chem. Theory Comput. 11 (2015) 1668-1673.

7. "TOMBO: All-electron mixed-basis approach to condensed matter physics: S. Ono, Y. Noguchi, R. Sahara, Y. Kawazoe
and K. Ohno, Comput. Phys. Commun. 189 (2015) 20.
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8. 'Pressure dependence of the magnetic ground states in MnP: M. Matsuda, F. Ye, S. E. Dissanayake, J. -G. Cheng, S.
Chi, J. Ma, H. D. Zhou, J. -Q. Yan, S. Kasamatsu, O. Sugino, T. Kato, K. Matsubayashi, T. Okada and Y. Uwatoko,
Phys. Rev. B 93 (2016) 100405(1-5).

9. ?Emergence of Negative Capacitance in Multidomain Ferroelectric-Paraelectric Nanocapacitors at Finite Bias: S.
Kasamatsu, S. Watanabe, C. S. Hwang and S. Han, Adv. Mater. 28 (2016) 335.

Kato group

The main research subject of our laboratory is theory of non-equilibrium properties in nanoscale devices. We have studied (1)
photon-assisted current noises under strong AC fields in quantum dot systems, (2) a multi-orbital Anderson impurity at high bias
voltages, and (3) non-equilibrium current noises of quantum dots in the Kondo regime. We have also studied form factors of the
Kondo model by the Bethe ansatz method.

1. Effects of Coulomb interaction on photon-assisted current noise through a quantum dot: T. J. Suzuki and T. Kato, Phys.
Rev. B 91 (2015) 165302(1-12).

2. Exact Green’s function for a multiorbital Anderson impurity at high bias voltages: A. Oguri and R. Sakano, Phys. Rev. B
91 (2015) 115429(1-14).

3. Universality of non-equilibrium fluctuations in strongly correlated quantum liquids: M. Ferrier, T. Arakawa, T. Hata, R.
Fujiwara, R. Delagrange, R. Weil, R. Deblock, R. Sakano, A. Oguri and K. Kobayashi, Nature Phys. 12 (2015) 230-235.

Division of Nanoscale Science

Iye group

Electronic transport in monolayer graphene grown on vicinal surface of 6H-SiC(0001) with a quasi-regular step-and-terrace
structure is studied. Conductivity under a magnetic field normal to the plane showed a high degree of anisotropy. The quantum
Hall effect (QHE) with zero resistance manifests itself for the current along the steps, whereas the QHE is obscured by
pronounced positive magnetoresistance with quadratic magnetic-field dependence for the current across the steps.

1. "Ballistic transport in graphene antidot lattices: R. Yagi, R. Sakakibara, R. Ebisuoka, J. Onishi, K. Watanabe, T.
Taniguchi and Y. Iye, Phys. Rev. B 92 (2015) 195406(1-6).

2. +*Highly Anisotropic Parallel Conduction in the Stepped Substrate of Epitaxial Graphene Grown on Vicinal SiC: A.
Endo, F. Komori, K. Morita, T. Kajiwara and S. Tanaka, J. Low Temp. Phys. 179 (2015) 237-250.

Katsumoto group

Conductance fluctuation in InAs two-dimensional electrons versus in-plane magnetic field was found and attributed to the sign
of so called "Zitterbewegung" (trembling motion) due to spin-orbit coupling. We have succeeded in making low resistance
semiconductor-superconductor junctions not only for InAs two-dimensional electrons but also for a diluted magnetic semicon-
ductor (In,Fe)As. Anomalous response in the latter will be our next subject.

1. 'Gate-Tunable Atomically Thin Lateral MoS, Schottky Junction Patterned by Electron Beam: Y. Katagiri, T. Nakamura,
A. Ishii, C. Ohata, M. Hasegawa, S. Katsumoto, T. Cusati, A. Fortunelli, G. Iannaccone, G. Fiori, S. Roche and J.
Haruyama, Nano Lett. 16 (2016) 3788-3794.

Otani group
We have studied on three topics including spin Hall effect, spin diffusion length, and magnonic crystals.

1. Tunable configurational anisotropy in collective magnetization dynamics of NiggFe,, nanodot arrays with varying dot
shapes: B. K. Mahato, S. Choudhury, R. Mandal, S. Barman, Y. Otani and A. Barman, J. Appl. Phys. 117 (2015) 213909.

2. Tunable spin wave spectra in two-dimensional NiggFe,( antidot lattices with varying lattice symmetry: R. Mandal, S.
Barman, S. Saha, Y. Otani and A. Barman, J. Appl. Phys. 118 (2015) 053910.

3. Crossover between spin swapping and Hall effect in disordered systems: H. B. M. Saidaoui, Y. Otani and A. Manchon,
Phys. Rev. B 92 (2015) 024417.
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4. Revisiting the measurement of the spin relaxation time in graphene-based devices: H. Idzuchi, A. Fert and Y. Otani,
Phys. Rev. B 91 (2015) 241407.

5. Spin relaxation mechanism in a highly doped organic polymer film: M. Kimata, D. Nozaki, Y. Niimi, H. Tajima and Y.
Otani, Phys. Rev. B 91 (2015) 224422.

6. Strong Suppression of the Spin Hall Effect in the Spin Glass State: Y. Niimi, M. Kimata, Y. Omori, B. Gu, T. Ziman, S.
Maekawa, A. Fert and Y. Otani, Phys. Rev. Lett. 115 (2015) 196602.

7. ACVHGEMAEMORGEAhDZEY F VR L RS I, B BEE, EAPEE 50 (2015) 575-590.

8. Spin relaxation characteristics in Ag nanowire covered with various oxides: S. Karube, H. Idzuchi, K. Kondou, Y.
Fukuma and Y. Otani, Appl. Phys. Lett. 107 (2015) 122406.

9. Selective mode excitation in three-chained magnetic vortices: N. Hasegawa, S. Sugimoto, H. Fujimori, K. Kondou, Y.
Niimi and Y. Otani, Appl. Phys. Express 8 (2015) 063005-1.

10. Reciprocal spin Hall effects in conductors with strong spin—orbit coupling: a review: Y. Niimi and Y. Otani, Rep. Prog.
Phys. 78 (2015) 124501.

11. Spin transport in non-magnetic nano-structures induced by non-local spin injection: H. Idzuchi, Y. Fukuma and Y. Otani,
Physica E: Low-dimensional Systems and Nanostructures 68 (2015) 239.

12. Realization of a micrometre-scale spin-wave interferometer: O. Rousseau, B. Rana, R. Anami, M. Yamada, K. Miura, S.
Ogawa and Y. Otani, Sci. Rep. 5 (2015) 9873.

13. Quasiparticle-mediated spin Hall effect in a superconductor: T. Wakamura, H. Akaike, Y. Omori, Y. Niimi, S. Takahashi,
A. Fujimaki, S. Maekawa and Y. Otani, Nature Mater. 14 (2015) 675.

14. Tunable picosecond spin dynamics in two dimensional ferromagnetic nanodot arrays with varying lattice symmetry: S.
Saha, S. Barman, S. Sugimoto, Y. Otani and A. Barman, RSC Adv. 5 (2015) 34027.

15. All-optical investigation of tunable picosecond magnetization dynamics in ferromagnetic nanostripes with a width down
to 50 nm: S. Saha, S. Barman, Y. Otani and A. Barman, Nanoscale 7 (2015) 18312.

Komori group

Reproducible dependence of the STM images on the distance between the surface and the STM tip apex for a monatomic layer
of iron nitride (Fe,N) formed on a Cu(001) surface was found in the bias-voltage range corresponding to the Fe 3d states. The
results are attributed to a shift in surface orbitals detected by the tip from the d states to the sp states. Electronic structures of the
Pt-adsorbed Ge(001) surface with a one-dimensional atomic structure were studied by high-resolution ARPES and SARPES.
One-dimensional Fermi surfaces of four surface states were confirmed by ARPES. One of them is spin-split due to the Rashba
effect.

1. "Nonlinear terahertz field-induced carrier dynamics in photoexcited epitaxial monolayer graphene: H. A. Hafez, 1.
Al-Naib, M. M. Dignam, Y. Sekine, K. Oguri, F. Blanchard, D. G. Cooke, S. Tanaka, F. Komori, H. Hibino and T. Ozaki,
Phys. Rev. B 91 (2015) 035422 (1-9).

2. *Scanning tunneling spectroscopy study of quasiparticle interference on dual topological insulator Bi;_,Sby: S.
Yoshizawa, F. Nakamura, A. A. Taskin, T. limori, K. Nakatsuji, I. Matsuda, Y. Ando and F. Komori, Phys. Rev. B 91
(2015) 045423(1-6).

3. T*Highly Anisotropic Parallel Conduction in the Stepped Substrate of Epitaxial Graphene Grown on Vicinal SiC: A.
Endo, F. Komori, K. Morita, T. Kajiwara and S. Tanaka, J. Low Temp. Phys. 179 (2015) 237-250.

4. 772 KBS S REE T EEIC kB2 T 7 2 OMEERF v ) 7HL F 7 ADEHF Tracing Ultrafast Carrier
Dynamics in Graphene with Femtosecond Time-resolved Photoemission Spectroscopy: $e#& Fesl , W8F i— , I 17
B % AR E, B WRER, AR SOK, F BE, AN g, RITEFE 36(8) (2015) 418-423.

5. T*Layer number dependence of carrier lifetime in graphenes observed using time-resolved mid-infrared luminescence:
H. Watanabe, T. Kawasaki, T. limori, F. Komori and T. Suemoto, Chem. Phys. Lett. 637 (2015) 58-62.

6. Selective Formation of Zigzag Edges in Graphene Cracks: M. Fujihara, R. Inoue, R. Kurita, T. Taniuchi, Y. Motoyui,
S. Shin, F. Komori, Y. Maniwa, H. Shinohara and Y. Miyata, ACS Nano 9 (2015) 9027-9033.
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7. ™One-dimensional metallic surface states of Pt-induced atomic nanowires on Ge(001): K. Yaji, S. Kim, I. Mochizuki,
Y. Takeichi, Y. Ohtsubo, P. L. Fevre, F. Bertran, A. Taleb-Ibrahimi, S. Shin and F. Komori, J. Phys.: Condens. Matter 28
(2016) 284001(1-9).

8. *High—resolution three-dimensional spin- and angle-resolved photoelectron spectrometer using vacuum ultraviolet laser
light: K. Yaji, A. Harasawa, K. Kuroda, S. Toyohisa, M. Nakayama, Y. Ishida, A. Fukushima, S. Watanabe, C. Chen, F.
Komori and S. Shin, Rev. Sci. Instrum. 87 (2016) 053111(1-6).

9. Orbital Selectivity in Scanning Tunneling Microscopy: Distance-Dependent Tunneling Process Observed in Iron
Nitride: Y. Takahashi, T. Miyamachi, K. Ienaga, N. Kawamura, A. Ernst and F. Komori, Phys. Rev. Lett. 116 (2016)
056802(1-5).

10. MSpin Polarization and Texture of the Fermi Arcs in the Weyl Fermion Semimetal TaAs: S.-Y. Xu, 1. Belopolski, D.
S. Sanchez, M. Neupane, G. Chang, K. Yaji, Z. Yuan, C. Zhang, K. Kuroda, G. Bian, C. Guo, H. Lu, T.-R. Chang, N.
Alidoust, H. Zheng, C.-C. Lee, S.-M. Huang, C.-H. Hsu, H.-T. Jeng, A. Bansil, T. Neupert, F. Komori, T. Kondo, S.
Shin, H. Lin, S. Jia and M. Zahid Hasan, Phys. Rev. Lett. 116 (2016) 096801(1-7).

11. Ribbon-Like Nanopattern Formed on Nitrogen-Adsorbed Vicinal Cu(001): M. Yamada, N. Kawamura, K. Nakatsuji and
F. Komori, e-J. Surf. Sci. Nanotech. 14 (2016) 43-46.

12. “Photoelectrochemical water splitting enhanced by self-assembled metal nanopillars embedded in an oxide semicon-
ductor photoelectrode: S. Kawasaki, R. Takahashi, T. Yamamoto, M. Kobayashi, H. Kumigashira, J. Yoshinobu, F.
Komori, A. Kudo and M. Lippmaa, Nat. Commun. 7 (2016) 11818(1-6).

Yoshinobu group

We conducted several research projects in the fiscal year 2015. (1) The activation and hydrogenation of CO, on clean and
Zn-deposited Cu(111) and Cu(997) surfaces studied by AP-XPS. (2) The surface chemistry of formic acid on Zn-Cu(111)
studied by SR-PES. (3) Spectroscopic characterization of H-Cu(111), Zn-Cu(111) and Pd-Cu surfaces by XPS. (4) Spectro-
scopic characterization of Au on SrTiO3 under O, exposure using SR-XPS (5) LT-STM study of CO, on Cu(997) (6) Indepen-
dently driven four-probe conductivity measurement of organic thin films.

1. Quantitative analysis of desorption and decomposition kinetics of formic acid on Cu(111): the importance of hydrogen
bonding between adsorbed species: Y. Shiozawa, T. Koitaya, K. Mukai, S. Yoshimoto and J. Yoshinobu, J. Chem. Phys.
143 (2015) 234707.

2. Observation of Fano line shapes in infrared vibrational spectra of CO, adsorbed on Cu(997): T. Koitaya, Y. Shiozawa, K.
Mukai, S. Yoshimoto and J. Yoshinobu, J. Chem. Phys. 144 (2016) 054703.

3. “Photoelectrochemical water splitting enhanced by self-assembled metal nanopillars embedded in an oxide semicon-
ductor photoelectrode: S. Kawasaki, R. Takahashi, T. Yamamoto, M. Kobayashi, H. Kumigashira, J. Yoshinobu, F.
Komori, A. Kudo and M. Lippmaa, Nat. Commun. 7 (2016) 11818(1-6).

4. "Real-time observation of reaction processes of CO, on Cu(997) by ambient-pressure X-ray photoelectron spectroscopy:
T. Koitaya, S. Yamamoto, Y. Shiozawa, K. Takeuchi, R.-Y. Liu, K. Mukai, S. Yoshimoto, K. Akikubo, I. Matsuda and J.
Yoshinobu, Topic in Catalysis 59 (2016) 526-531.

5. The chemistry of simple alkene molecules on Si(100)c(4x2): the mechanism of cycloaddition and their selectivities: K.
Akagi and J. Yoshinobu, Surface Science (2016), accepted for publication.

Hasegawa group

We have developed spin-polarized scanning tunneling microscopy (SP-STM), which enables us to detect the orientation of
spins / magnetic moments on surfaces in atomic-scale spatial resolutions. Using the method, we investigated the formation
mechanism of spin spiral structures of Mn ultrathin films formed on a W(110) substrate. Because of the absence of inversion
symmetry due to the thin film structure and the spin-orbit interaction in the heavy-elemental substrate, the Dzyaloshinskii-
Moriya interaction (DMI) is exerted among the spins in the thin films, which induces chirality in the spin structures. In order to
investigate the details of DMI, we directly measured the rotational sense of the spin spiral structures by SP-STM, and revealed
that both Ist and 2nd Mn layers exhibit chirality and the same polarization of DMI despite their different types of spin structures
and propagation directions. These results, combined with previous reports on the chirality of domain walls observed in magnetic
thin films on the same substrate, lead us to conclude that the DMI polarization is dominantly determined by the substrate.
Aiming for a bottom-up approach of fabricating quantum spin systems and their microscopic investigations, we studied the
adsorption of oxygen molecules, which have a spin triplet state (S = 1) as a ground state, on a Ag(111) substrate. It was found
that by low temperature exposure the molecules adsorb on the substrate in a physisorbed manner lying down to form a triangular
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lattice. Different from an isosceles triangular lattice expected from the ellipsoidal shape of the molecule, the lattice is deformed
to scalene. Based on a Monte Carlo calculation using parameters that account for the solid oxygen phases, we found that the
introduction of antiferromagnetic interaction among the adsorbed molecules explain the deformation quantitatively. The antifer-
romagnetic order indicates the preservation of the spin of the adsorbed molecules, opening up the possibility that the system
can be utilized for fabrication / construction of one- or two- dimensional spin structures using an atom / molecular manipulation
method of STM.

1. Disorder-induced suppression of superconductivity in the Si(111)-(\'7 x v3)-In surface: Scanning tunneling micros-
copy study: S. Yoshizawa, H. Kim, Y. Hasegawa and T. Uchihashi, Phys. Rev. B 92 (2015) 041410(R)(1-5).

2. Electronic and magnetic effects of a stacking fault in cobalt nanoscale islands on the Ag(111) surface: K. Doi, E.
Minamitani, S. Yamamoto, R. Arafune, Y. Yoshida, S. Watanabe and Y. Hasegawa, Phys. Rev. B 92 (2015) 064421(1-8).

3. Site-Dependent Evolution of Electrical Conductance from Tunneling to Atomic Point Contact: H. Kim and Y. Hasegawa,
Phys. Rev. Lett. 114 (2015) 206801(1-5).

4. V7 Cr 8% Hv7- W(110) _F o Mn @il 28 AR STM/STS 8125 . 6 566, & 5S5E, B ek, £
R 36 (2015) 403-407.

5. TImpact of Surface Conditions on the Superconductivity of Si(11 1-(7 x+3)-In: S. Yoshizawa, H. Kim, T. Kawakami,
Y. Nagai, T. Nakayama, X. Hu, Y. Hasegawa and T. Uchihashi, e-J. Surf. Sci. Nanotech. 13 (2015) 151-154.

6. Direct visualization of surface phase of oxygen molecules physisorbed on Ag(111) surface: A two-dimensional quantum
spin system: S. Yamamoto, Y. Yoshida, H. Imada, Y. Kim and Y. Hasegawa, Phys. Rev. B 93 (2016) 081408(R)(1-5).

7. Insensitivity of atomic point contact conductance to a moiré structure: H. Kim and Y. Hasegawa, Phys. Rev. B 93 (2016)
075409(1-6).

8. Spatial variation in local work function as an origin of moiré contrast in scanning tunneling microscopy images of Pb
thin films / Si(111): H. Kim and Y. Hasegawa, Jpn. J. Appl. Phys. (2016), accepted for publication.

9. Superconducting proximity effect on Rashba-split Pb/Ge(11 l)—B\/? x v 3 surface: H. Kim, Y. Miyata and Y. Hasegawa,
Supercond. Sci. Technol. (2016), accepted for publication.

Lippmaa group

We work on various aspects of oxide thin films and interfaces. One of our aims is to explore novels polar oxide phases that
may exhibit new type of magnetoelectric coupling. In particular, we have looked at double perovskites that can sustain both
ferromagnetism and ferroelectricity in a strained lattice. We have continued working on magnetic interfaces, mostly looking at
band alignment and magnetic coupling in manganite-titanate heterostructures. The third topic is the development of photocata-
lytic materials. Our recent work has involved the analysis of carrier dynamics in optically excited crystals, surface chemical
reactions, and the development of nanoscale composite materials for efficient collection of photogenerated charge in a photo-
catalyst.

1. Interfacial capacitance between a ferroelectric Fe;04 thin film and a semiconducting Nb:SrTiOj3 substrate: R. Takahashi,
Y. Cho and M. Lippmaa, J. Appl. Phys. 117 (2015) 014104(1-10).

2. A-site-driven ferroelectricity in strained ferromagnetic La,NiMnOQOg thin films: R. Takahashi, I. Ohkubo, K. Yamauchi,
M. Kitamura, Y. Sakurai, M. Oshima, T. Oguchi, Y. Cho and M. Lippmaa, Phys. Rev. B 91 (2015) 134107(1-9).

3. "Determination of band diagram for a p-n junction between Mott insulator LaMnO3 and band insulator Nb:SrTiO5: M.
Kitamura, M. Kobayashi, E. Sakai, R. Takahashi, M. Lippmaa, K. Horiba, H. Fujioka and H. Kumigashira, Appl. Phys.
Lett. 106 (2015) 061605(1-5).

4. Magnetic coupling at perovskite and rock-salt structured interfaces: M. Matvejeff, E. Ahvenniemi, R. Takahashi and M.
Lippmaa, Appl. Phys. Lett. 107 (2015) 141604(1-5).

5. "Photo-electrochemical epitaxy of silver-oxide clathrate Ag;0gM (M=NOj3, HSO,) on rutile-type Nb-doped TiO, single
crystals: R. Tanaka, R. Takahashi, S. Takata, M. Lippmaa and Y. Matsumoto, CrystEngComm 17 (2015) 3701-3707.

6. *Optical pump-THz probe analysis of long-lived d-electrons and relaxation to self-trapped exciton states in MnO: J.
Nishitani, T. Nagashima, M. Lippmaa and T. Suemoto, Appl. Phys. Lett. 108 (2016) 162101(1-5).

7. "Photoexcited d-electron dynamics in transition metal oxide MnO studied by optical pump-THz probe measurements:
J. Nishitani, T. Kurihara, A. Asahara, T. Nagashima, M. Lippmaa and T. Suemoto, Phys. Status Solidi C 13 (2016)
113-116.
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8. The effect of polar (111)-oriented SrTiO3 on initial perovskite growth: 1. Hallsteinsen, M. Nord, T. Bolstad, P. -E.
Vullum, J. E. Boschker, P. Longo, R. Takahashi, R. Holmestad, M. Lippmaa and T. Tybell, Cryst. Growth Des. 16
(2016) 2357-2362.

9. “Photoelectrochemical water splitting enhanced by self-assembled metal nanopillars embedded in an oxide semicon-
ductor photoelectrode: S. Kawasaki, R. Takahashi, T. Yamamoto, M. Kobayashi, H. Kumigashira, J. Yoshinobu, F.
Komori, A. Kudo and M. Lippmaa, Nat. Commun. 7 (2016) 11818(1-6).

Division of Physics in Extreme Conditions

Uwatoko group

We report electrical resistivity, ac magnetic susceptibility and X-ray absorption spectroscopy measurements of intermediate
valence YbNi3Gag under pressure and magnetic field. We have revealed a characteristic pressure-induced Yb valence crossover
within the temperature-pressure phase diagram, and a first-order metamagnetic transition is found below P, ~9 GPa where the
system undergoes a pressure-induced antiferromagnetic transition. Zirconium-based bulk metallic glass (Zr-based BMG) has
outstanding properties as a cylinder material for piston-cylinder high pressure apparatuses and is especially useful for neutron
scattering. The piston cylinder consisting of a Zr-based BMG cylinder with outer/inner diameters of 8.8/2.5 mm sustains
pressures up to 1.81 GPa and ruptured at 2.0 GPa, with pressure values determined by the superconducting temperature of lead.
We report the discovery of pressure-induced superconductivity below T, = 14 K in the iron-based spin-ladder material BaFe,S5,
a Mott insulator with striped-type magnetic ordering below ~120 K. Our findings indicate that iron-based ladder compounds
represent promising material platforms, in particular for studying the fundamentals of iron-based superconductivity. The
perovskite PbCrOj is an antiferromagnetic insulator. However, the fundamental interactions leading to the insulating state in this
single valent perovskite are unclear. We report a variety of insitu pressure measurements including electron transport properties,
X-ray absorption spectrum, and crystal structure study by X-ray and neutron diffraction. These studies reveal key information
leading to the elucidation of the physics behind the insulating state and the pressure-induced transition.

1. "Electron transport in TTF-CA under High pressures: R. Takehara, K. Miyagawa, K. Kanoda, T. Miyamoto, H. Matsu-
zaki, H. Okamoto, H. Taniguchi, K. Matsubayashi and Y. Uwatoko, Physica B 460 (2015) 83-87.

2. " Anomalous Quantum Transport Properties in Semimetallic Black Phosphorus: K. Akiba, A. Miyake, Y. Akahama, K.
Matsubayashi, Y. Uwatoko, H. Arai, Y. Fuseya and M. Tokunaga, J. Phys. Soc. Jpn. 84 (2015) 073708(1-4).

3. TCorrelation between T. and Crystal Structure in S-Doped FeSe Superconductors under Pressure: Studied by X-ray
Diffraction of FeSejgSg, at Low Temperatures: T. Tomita, H. Takahashi, H. Takahashi, H. Okada, Y. Mizuguchi, Y.
Takano, S. Nakano, K. Matsubayashi and Y. Uwatoko, J. Phys. Soc. Jpn. 84 (2015) 024713(1-8).

4. TElectrical Transport in the Quasi-Two-Dimensional Ionic Mott Insulator M,P-TCNQF, under High Pressures: R.
Takehara, K. Miyagawa, T. Miyamoto, H. Okamoto, H. Taniguchi, K. Matsubayashi, Y. Uwatoko and K. Kanoda, J.
Phys. Soc. Jpn. 84 (2015) 104702(1-5).

5. %High Pressure Effect on the Superconductivity in VN: B. Wang, K. Matsubayashi, Y. Uwatoko and K. Ohgushi, J. Phys.
Soc. Jpn. 84 (2015) 104706(1-4).

6. T*Magnetic Order in the Frustrated Ising Quasi-One Dimensional Compound NaCo(acac);-Benzene: Y. Karaki, K.
Kuga, K. Kimura, S. Nakatsuji, K. Matsubayashi and Y. Uwatoko, J. Phys. Soc. Jpn. 84 (2015) 084708.

7. TPressure-Induced Valence Transition and Heavy Fermion State in Eu,;Ni3Ges and EuRhSis: A. Nakamura, T. Okazaki,
M. Nakashima, Y. Amako, K. Matsubayashi, Y. Uwatoko, S. Kayama, T. Kagayama, K. Shimizu, T. Uejo, H. Akamine,
M. Hedo, T. Nakama, Y. Onuki and H. Shiba, J. Phys. Soc. Jpn. 84 (2015) 053701(1-4).

8. %Transport and Magnetic Properties of EuAl, and EuGay: A. Nakamura, T. Uejo, F. Honda, T. Takeuchi, H. Harima, E.
Yamamoto, Y. Haga, K. Matsubayashi, Y. Uwatoko, M. Hedo, T. Nakama and Y. Onuki, J. Phys. Soc. Jpn. 84 (2015)
124711(1-9).

9. Upper Ceritical Field, Critical Current Density and Activation Energy of the New La;_,Sm,Og sF (5BiS,(x= 0.2, 0.8)
Superconductors: G. K. Selvan, G. S. Thakur, K. Manikandan, Y. Uwatoko, Z. Haque, L. C. Gupta, A. K. Ganguli and S.
Arumugam, J. Phys. Soc. Jpn. 84 (2015) 124701(1-5).

10. Ferromagnetic superexchange in insulating Cr,MoOg by controlling orbital hybridization: M. Zhu, D. Do, C. R. Dela
Cruz, Z. Dun, J. -G. Cheng, H. Goto, Y. Uwatoko, T. Zou, H. D. Zhou, S. D. Mahanti and X. Ke, Phys. Rev. B 92 (2015)
094419(1-6).
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*Temperature and composition phase diagram in the iron-based ladder compounds Ba;_Cs,Fe,Ses;: T. Hawai, Y.
Nambu, K. Ohgushi, F. Du, Y. Hirata, M. Avdeev, Y. Uwatoko, Y. Sekine, H. Fukazawa, J. Ma, S. Chi, Y. Ueda, H.
Yoshizawa and T. J. Sato, Phys. Rev. B 91 (2015) 184416.

Pressure Induced Superconductivity on the border of Magnetic Order in MnP: J. -G. Cheng, K. Matsubayashi, W. Wu, J.
P. Sun, F. K. Lin, J. L. Luo and Y. Uwatoko, Phys. Rev. Lett. 114 (2015) 117001(1-18).

Pressure-Induced Valence Crossover and Novel Metamagnetic Behavior near the Antiferromagnetic Quantum Phase
Transition of YbNi3Gag: K. Matsubayashi, T. Hirayama, T. Yamashita, S. Ohara, N. Kawamura, M. Mizumaki, N.
Ishimatsu, S. Watanabe, K. Kitagawa and Y. Uwatoko, Phys. Rev. Lett. 114 (2015) 086401(1-5).

Development of High-Pressure and Multi-Frequency ESR System and Its Application to Quantum Spin System: T.
Sakurai, R. Matsui, K. Kawasaki, S. Okubo, H. Ohta, K. Matsubayashi, Y. Uwatoko, K. Kudo and Y. Koike, Appl.
Magn. Reson. 46 (2015) 1007-1012.

TDevelopment of High-Pressure ESR System Using Micro-coil: K. Kawasaki, T. Sakurai, E. Ohmichi, S. Okubo, H.
Ohta, K. Matsubayashi and Y. Uwatoko, Appl. Magn. Reson. 46 (2015) 987-992.

Zr-based bulk metallic glass as a cylinder material for high pressure apparatuses: K. Komatsu, K. Munakata, K. Matsub-
ayashi, Y. Uwatoko, Y. Yokoyama, K. Sugiyama and M. Matsuda, High Pressure Res. 35 (2015) 254-262.

TStrange metal without magnetic criticality: T. Tomita, K. Kuga, Y. Uwatoko, P. Coleman and S. Nakatsuji, Science 349
(2015) 506-509.

Charge Transfer Induced Multifunctional Transitions with Sensitive Pressure Manipulation in a Metal-Organic Frame-
work: J. Yang, L. Zhou, J. Cheng, Z. Hu, C. Kuo, C.-W. Pao, L. Jang, J.-F. Lee, J. Dai, S. Zhang, S. Feng, P. Kong, Z.
Yuan, J. Yuan, Y. Uwatoko, T. Liu, C. Jin and Y. Long, Inorg. Chem. 54 (2015) 6433-6438.

T*Development of non-metallic diamond anvil cell and quantum oscillation measurement of CePtIn; in a pulsed-
magnet: A. Miyake, Y. Kohama, S. Ohta, Y. Hirose, R. Settai, K. Matsubayashi, Y. Uwatoko, A. Matsuo, K. Kindo and
M. Tokunaga, J. Phys.: Conf. Ser. 592 (2015) 012149(1-6).

*High Pressure Measurements of the Resistivity of -YbAIB4: T. Tomita, K. Kuga, Y. Uwatoko and S. Nakatsuji, J.
Phys.: Conf. Ser. 592 (2015) 012019.

TDevelopment of multi-frequency ESR system for high-pressure measurements up to 2.5 GPa: T. Sakurai, K. Fujimoto,
R. Matsui, K. Kawasaki, S. Okubo, H. Ohta, K. Matsubayashi, Y. Uwatoko and H. Tanaka, J. Magn. Reson. 259 (2015)
108-113.

™ Pressure-induced superconductivity in the iron-based ladder material BaFe,S3: H. Takahashi, A. Sugimoto, Y. Nambu,
T. Yamauchi, Y. Hirata, T. Kawakami, M. Avdeev, K. Matsubayashi, F. Du, C. Kawashima, H. Soeda, S. Nakano, Y.
Uwatoko, Y. Ueda, T. J. Sato and K. Ohgushi, Nature Mater. 14 (2015) 1008-1012.

Charge disproportionation and the pressure-induced insulator-metal transition in cubic perovskite PbCrOjs: J. Cheng, K.
E. Kweon, S. A. Larregola, Y. Ding, Y. Shirako, L. G. Marshall, Z. -Y. Li, X. Li, A. M. D. Santos, M. R. Suchomel, K.
Matsubayashi, Y. Uwatoko, G. S. Hwang, J. B. Goodenough and J. -S. Zhou, Proc. Natl. Acad. Sci. U.S.A. 112 (2015)
1670-1674.

Kondo Effect in CeX, (X, =S, Se, Te) Studied by Electrical Resistivity Measurements under High Pressure: Y. Hayashi,
S. Takai, T. Matsumura, H. Tanida, M. Sera, K. Matsubayashi, Y. Uwatoko and A. Ochiai, J. Phys. Soc. Jpn. 85 (2016)
034704(1-7).

Superconducting and Fermi Surface Properties of Single Crystal Zr,Co: A. Teruya, M. Kakihana, T. Takeuchi, D. Aoki,
F. Honda, A. Nakamura, Y. Haga, K. Matsubayashi, Y. Uwatoko, H. Harima, M. Hedo, T. Nakama and Y. Onuki, J. Phys.
Soc. Jpn. 85 (2016) 034706(1-10).

*Pressure dependence of the magnetic ground states in MnP: M. Matsuda, F. Ye, S. E. Dissanayake, J. -G. Cheng, S.
Chi, J. Ma, H. D. Zhou, J. -Q. Yan, S. Kasamatsu, O. Sugino, T. Kato, K. Matsubayashi, T. Okada and Y. Uwatoko,
Phys. Rev. B 93 (2016) 100405(1-5).

Quantum Criticality Beneath the Superconducting Dome in 3-YbAIB 4: T. Tomita, K. Kuga, Y. Uwatoko and S. Nakat-
suji, J. Phys.: Conf. Ser. 683 (2016) 012007(1-5).

Magnetic and Structural Properties of Metamagnetic MnCoyg g,Fe( g3Ge Compound: K. Ozono, Y. Mitsui, M. Hiroi, R. Y.
Umetsu, K. Takahashi, K. Matsubayashi, Y. Uwatoko and K. Koyama, Mater. Trans. 57 (2016) 316-320.
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Osada group

We have systematically studied quantum Hall transport in monolayer-bilayer graphene heterojunctions on hexagonal boron
nitride substrate. It has been found that the observed asymmetric transverse and Hall resistances across the junction are well
understood by the Landauer-Biittiker edge transport picture assuming the pair annihilation of edge channels with opposite
chirality at the junction. We show that the above picture works well even in the system where the monolayer and bilayer regions
have different carrier density, which corresponds to the preceding work. This result demonstrates the bulk-edge correspondence
at the boundary of two quantum Hall states on different crystal and band structures. In addition, we found that fine structures
around charge neutrality points, which are considered to originate from the degeneracy breaking of zero-energy Landau levels
of monolayer and bilayer graphene.

1. Edge State and Intrinsic Hole Doping in Bilayer Phosphorene: T. Osada, J. Phys. Soc. Jpn. 84 (2015) 013703(1-4).

2. Electronic Structure and the Properties of Phosphorene and Few-layer Black Phosphorus: S. Fukuoka, T. Taen and T.
Osada, J. Phys. Soc. Jpn. 84 (2015) 121004(1-12).

3. Surface Transport in the v = 0 Quantum Hall Ferromagnetic State in the Organic Dirac Fermion System: T. Osada, J.
Phys. Soc. Jpn. 84 (2015) 053704(1-4).

Yamashita group

As a joint project with Dr. Shishido at Osaka Prefecture University, we’ve performed dHVA measurements of the heavy-fermion
superconductor CeColns. We succeeded to measure clear quantum oscillation measurements of the alpha bands of CeColns
down to 5 mK and up to 10 T. Unexpectedly, we found that the amplitude of the quantum oscillation is suppressed below 20
mK at 8 T (above Hcz of CeColns). At the same time, the frequency of the quantum oscillation shows a drop. These changes
can be attributed to an emergence of a new ordered phase neighboring the superconducting phase. To clarify the property of the
new phase, we started NMR measurements of CeColns at ultra-low temperatures with Takigawa group, which is still a project
under way in 2016. We’ve also measured longitudinal and transverse thermal transport measurements of a candidate material of
quantum spin liquid, BazCuSb209. We found that the longitudinal thermal conductivity is strongly suppressed in wide tempera-
ture range, showing that there are strong scatters of phonons. Further, a clear thermal Hall effect has been observed. Given that
there are no mobile spin excitations in Ba3CuSbyOg from our measurements and NMR measurements, this thermal Hall effect
is a phonon Hall effect. We believe that this work is the first systematic study of a thermal Hall effect of phonons including the
temperature dependence of the thermal Hall conductivity. We’ve performed thermal Hall measurements of Mn3zSn where the
first observation of the anomalous Hall effect in antiferromagnetic system has been reported. A clear anomalous thermal Hall
effect has been observed. We found that the temperature dependence of the Lorentz number implies that intrinsic scatterings
play an important role for the anomalous Hall effect.

Materials Design and Characterization Laboratory

Hiroi group

One-Third Magnetization Plateau with a Preceding Novel Phase is discovered in Volborthite. We have synthesized high-quality
single crystals of volborthite, and carried out high-field magnetization measurements up to 74 T and >'V NMR measurements
up to 30 T. An extremely wide 1/3 magnetization plateau appears above 28 T and continues over 74 T at 1.4 K, which has not
been observed in previous studies using polycrystalline samples. NMR spectra reveal an incommensurate order (most likely
a spin-density wave order) below 22 T and a simple spin structure in the plateau phase. Moreover, a novel intermediate phase
is found between 23 and 26 T, where the magnetization varies linearly with magnetic field and the NMR spectra indicate an
inhomogeneous distribution of the internal magnetic field. This sequence of phases in volborthite bears a striking similarity
to those of frustrated spin chains with a ferromagnetic nearest-neighbor coupling J; competing with an antiferromagnetic
next-nearest-neighbor coupling J,. In addition, the metal-insulator transition (MIT) of VO, is discussed with particular emphasis
on the structural instability of the rutile compounds toward dimerization. Ti substitution experiments reveal that the MIT is
robust up to 20% Ti substitutions and occurs even in extremely thin V-rich lamellas in spinodally decomposed TiO,-VO,
composites, indicating that the MIT is insensitive to hole doping and essentially takes on a local character. These observations
suggest that either electron correlation in the Mott-Hubbard sense or Peierls (Fermi-surface) instability plays a minor role on the
MIT. Through a broad perspective of crystal chemistry on the rutile-related compounds, it is noted that VO, and another MIT
compound NbO; in the family eventually lie just near the borderline between the two structural groups with the regular rutile
structure and the distorted structures characterized by the formation of dimers with direct metal-metal bonding. It is also shown
that the two compounds of the rutile form do not follow the general trends in structure observed for the other rutile compounds,
giving clear evidence of an inherent structural instability present in the two compounds. The MITs of VO, and NbO, are natural
consequences of structural transitions between the two groups, as all the d electrons are trapped in the bonding molecular
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orbitals of dimers at low temperatures. Such dimer crystals are ubiquitously found in early transition metal compounds having
chain-like structures, such as MoBr3, NbCly, Ti4O7, and V40, the latter two of which also exhibit MITs probably of the same
origin. In a broader sense, the dimer crystal is a kind of “molecular orbital crystals” in which virtual molecules made of transi-
tion metal atoms with partially-filled 7,, shells, such as dimers, trimers or larger ones, are generated by metal-metal bonding and
are embedded into edge- or face-sharing octahedron networks of various kinds. The molecular orbital crystallization opens a
natural route to stabilization of unpaired f,, electrons in crystals.
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T*Charge Order Induced by Cation Order in 6-Ag,3V,05: T. Baba, T. Yamauchi, S. Yamazaki, H. Ueda, M. Isobe, Y.
Matsushita and Y. Ueda, J. Phys. Soc. Jpn. 84 (2015) 024718(1-7).

Large Diamagnetic Susceptibility from Petit Fermi Surfaces in LaV,Al,y: T. Hirose, Y. Okamoto, J.-I. Yamaura and Z.
Hiroi, J. Phys. Soc. Jpn. 84 (2015) 113701(1-5).

Magnetic Phase Diagram of the Breathing Pyrochlore Antiferromagnet LiGa;_,In,Cr4Og: Y. Okamoto, G. J. Nilsen, T.
Nakazono and Z. Hiroi, J. Phys. Soc. Jpn. 84 (2015) 043707(1-5).

*Competing electronic states under pressure in the double-exchange ferromagnetic Peierls system K,CrgOjq: T.
Yamauchi, K. Hasegawa, H. Ueda, M. Isobe and Y. Ueda, Phys. Rev. B 92 (2015) 165115(1-7).

*Complex magnetostructural order in the frustrated spinel LilnCr4Og: G. J. Nilsen, Y. Okamoto, T. Masuda, J. Rodri-
guez-Carvajal, H. Mutka, T. Hansen and Z. Hiroi, Phys. Rev. B 91 (2015) 174435(1-8).

"Effects of stoichiometry and substitution in quasi-one-dimensional iron chalcogenide BaFe,S5: Y. Hirata, S. Maki, J.-1.
Yamaura, T. Yamauchi and K. Ohgushi, Phys. Rev. B 92 (2015) 205109(1-7).

Structural stability of the Wadsley-type bronzes B-Agy33V,0s5 and P-Lip33V,05 on compression: A breakdown of
the two-leg ladder system in the nonsuperconducting high-pressure phase of p-Lip33V,0s5: A. Grzechnik, Y. Ueda, T.
Yamauchi, M. Hanfland, P. Hering, V. Potapkin and K. Friese, Phys. Rev. B 91 (2015) 174113(1-8).

*Superconductivity in 122-type antimonide BaPt,Sb,: M. Imai, S. Ibuka, N. Kikugawa, T. Terashima, S. Uji, T. Yajima,
H. Kageyama and I. Hase, Phys. Rev. B 91 (2015) 014513(1-8).

All-In-All-Out Magnetic Domains: X-Ray Diffraction Imaging and Magnetic Field Control: S. Tardif, S. Takeshita, H.
Ohsumi, J.-I. Yamaura, D. Okuyama, Z. Hiroi, M. Takata and T.-H. Arima, Phys. Rev. Lett. 114 (2015) 147205.

“One-Third Magnetization Plateau with a Preceding Novel Phase in Volborthite: H. Ishikawa, M. Yoshida, K. Nawa, M.
Jeong, S. Kramer, M. Horvatic, C. Berthier, M. Takigawa, M. Akaki, A. Miyake, M. Tokunaga, K. Kindo, J. Yamaura, Y.
Okamoto and Z. Hiroi, Phys. Rev. Lett. 114 (2015) 227202(1-5).

*Pressure-induced Mott transition followed by a 24-K superconducting phase in BaFe,S;: T. Yamauchi, Y. Hirata, Y.
Ueda and K. Ohgushi, Phys. Rev. Lett. 115 (2015) 246402(1-5).

"*Semimetallic transport properties of epitaxially stabilized perovskite CalrO5 films: D. Hirai, J. Matsuno, D. Nishio-
Hamane and H. Takagi, Appl. Phys. Lett. 107 (2015) 012104(1-4).

*Superconducting properties of BaTi,Pn,O (Pn = Sb, Bi): T. Yajima, K. Nakano, Y. Nozaki and H. Kageyama, Physica C
504 (2015) 36-38.

Na;MoO,_sF4,5 - a perovskite with a unique combination of atomic orderings and octahedral tilts: H. Ishikawa, I.
Munao, B. E. Bode, Z. Hiroi and P. Lightfoot, Chem. Commun. 51 (2015) 15469-15471.

Theoretical and experimental evidence for the post-cotunnite phase transition in zirconia at high pressure: D. Nishio-
Hamane, H. Dekura, Y. Seto and T. Yagi, Phys. Chem. Miner. 42 (2015) 385-392.

"Direct Observation of Short-Range Structural Coherence During a Charge Transfer Induced Spin Transition in a CoFe
Prussian Blue Analogue by Transmission Electron Microscopy: M. Itoi, T. Jike, D. Nishio-Hamane, S. Udagawa, T.
Tsuda, S. Kuwabata, K. Boukheddaden, M. J. Andrus and D. R. Talham, J. Am. Chem. Soc. 137 (2015) 14686-14693.

"Effect of surfactant/water ratio and reagents’ concentration on size distribution of manganese carbonate nanoparticles
synthesized by microemulsion mediated route: G. Granata, F. Pagnanelli, D. Nishio-Hamane and T. Sasaki, Appl. Surf.
Sci. 331 (2015) 463-471.

Superconductivity in LaPd,As, with a collapsed 122 structure: S. Ganesanpotti, T. Yajima, K. Nakano, Y. Nozaki, T.
Yamamoto, C. Tassel, Y. Kobayashi and H. Kageyama, J. Alloys Compd. 613 (2015) 370-374.

On the microscopic dynamics of the 'Einstein solids' AIV,Al,y and GaV,Al,, and of YV,Aly,: a benchmark system
for 'rattling' excitations: M. M. Koza, H. Mutka, Y. Okamoto, J.-I. Yamaura and Z. Hiroi, Phys. Chem. Chem. Phys. 17
(2015) 24837-24850.
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*Substrate-induced anion rearrangement in epitaxial thin films of LaSrCoO4_yH,: G. Bouilly, T. Yajima, T. Terashima,
Y. Kususe, K. Fujita, C. Tassel, T. Yamamoto, K. Tanaka, Y. Kobayashi and H. Kageyama, CrystEngComm 16 (2015)
9669-9674.

?*Ferriakasakaite—(La) and ferriandrosite-(La): new epidote-supergroup minerals from Ise, Mie Prefecture, Japan: M.
Nagashima, D. Nishio-Hamane, N. Tomita, T. Minakawa and S. Inaba, Mineral. Mag. 79 (2015) 735.

*Imayoshiite, CazAl(CO3)[B(OH)4](OH)6*12H,0, a new mineral of ettringite group from Ise City, Mie Prefecture,
Japan: D. Nishio-Hamane, M. Ohnishi, K. Momma, N. Shimobayashi, R. Miyawaki, T. Minakawa and S. Inaba,
Mineral. Mag. 79 (2015) 413-423.

"Pressure-induced superconductivity in the iron-based ladder material BaFe,S5: H. Takahashi, A. Sugimoto, Y. Nambu,
T. Yamauchi, Y. Hirata, T. Kawakami, M. Avdeev, K. Matsubayashi, F. Du, C. Kawashima, H. Soeda, S. Nakano, Y.
Uwatoko, Y. Ueda, T. J. Sato and K. Ohgushi, Nature Mater. 14 (2015) 1008-1012.

Lifshitz metal-insulator transition induced by the all-in/all-out magnetic order in the pyrochlore oxide Cd,0s,07: Z.
Hiroi, J. Yamaura, T. Hirose, I. Nagashima and Y. Okamoto, APL Mater. 3 (2015) 041501(1-11).

Spinodally decomposed nanostructures in a TiO,—VO, crystal: Z. Hiroi, T. Yoshida, J. Yamaura and Y. Okamoto, APL
Mater. 3 (2015) 062508 (1-8).

Y F Y UL O R TE R AR« SRR K, SPring-8 FIFFZLR AL 3 (2015) 6-9.

%*Impurity-lnduced First-Order Phase Transitions in Highly Crystalline V,03 Nanocrystals: Y. Ishiwata, E. Takahashi,
K. Akashi, M. Imamura, J. Azuma, K. Takahashi, M. Kamada, H. Ishii, Y.-F. Liao, Y. Tezuka, Y. Inagaki, T. Kawae, D.
Nishio-Hamane, M. Nantoh, K. Ishibashi and T. Kida, Adv. Mater. Interfaces 2 (2015) 1500132(1-6).

Structural instability of the rutile compounds and its relevance to the metal-insulator transition of VO,: Z. Hiroi, Prog.
Solid State Chem. 43 (2015) 47-69.

%*Magnetic properties of SmsFe 7 melt-spun ribbons and their borides: T. Saito and D. Nishio-Hamane, AIMS Mat. Sci.
2 (2015) 392-400.

"Pressure-induced non-superconducting phase of 8-Naj33V,05 and the mechanism of high-pressure phase transitions
in 3-Nag 33V,05 and 8-Lij 33V,05 at room temperature: A. Grzechnik, Y. Ueda, T. Yamauchi, M. Hanfland, P. Hering, V.
Potapkin and K. Friese, J. Phys.: Condens. Matter 28 (2016) 035401(1-9).

T*Hybrid Amine-Functionalized Graphene Oxide as a Robust Bifunctional Catalyst for Atmospheric Pressure Fixation
of Carbon Dioxide using Cyclic Carbonates: V. B. Saptal, T. Sasaki, K. Harada, D. Nishio-Hamane and B. M. Bhanage,
ChemSusChem 9 (2016) 644.

?*Light and SEM observation of opal phytoliths in the mulberry leaf: O. Tsutsui, R. Sakamoto, M. Obayashi, S.
Yamakawa, T. Handa, D. Nishio-Hamane and 1. Matsuda, Flora 218 (2016) 44-50.

SEPIEVLSHO 1 IR K, WIS 70 (2015) 446-449.
TR - E AR DR IOV L AR K, SRR 44 (2015) 57-59.

Kawashima group

We have been investigating quantum spin/boson systems and frustrated systems by means of large-scale numerical simula-
tion. We also develop new numerical techniques. Our group's activities of 2015 include: (1) new interpretations and findings
of computational results for the SU(N) Heisenberg models with and without higher order interactions, (2) development of
quantum Monte Carlo code for Bose systems in continuous media, (3) correlation between computational hardness of the spin
glass instances and the thermodynamic properties and (3) large-scale non-equilibrium molecular dynamics simulation of bubble
growth in under-pressured near-transition liquid.

1.

Quantum Spin Liquid in Spin 1/2 J;—J, Heisenberg Model on Square Lattice: Many-Variable Variational Monte Carlo
Study Combined with Quantum-Number Projections: S. Morita, R. Kaneko and M. Imada, J. Phys. Soc. Jpn. 84 (2015)
024720(1-11).

Scaling relation for dangerously irrelevant symmetry-breaking fields: T. Okubo, K. Oshikawa, H. Watanabe and N.
Kawashima, Phys. Rev. B 91 (2015) 174417(1-4).

SU(N) Heisenberg model with multicolumn representations: T. Okubo, K. Harada, J. Lou and N. Kawashima, Phys.
Rev. B 92 (2015) 1344048(1-5).
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Thermal phase transition of generalized Heisenberg models for SU(N) spins on square and honeycomb lattices: T.
Suzuki, K. Harada, H. Matsuo, S. Todo and N. Kawashima, Phys. Rev. B 91 (2015) 094414.

5. Variational Monte Carlo method in the presence of spin-orbit interaction and its application to Kitaev and Kitaev-
Heisenberg models: M. Kurita, Y. Yamaji, S. Morita and M. Imada, Phys. Rev. B 92 (2015) 035122(1-11).
6. Thermal phase transitions to valence-bond-solid phase in the two dimensional; generalized SU(N) Heisenberg models:
T. Suzuki, K. Harada, H. Matsuo, S. Todo and N. Kawashima, J. Phys.: Conf. Ser. 5§92 (2015) 012114.
7. Tensor network algorithm by coarse-graining tensor renormalization on finite periodic lattices: H.-H. Zhao, Z.-Y. Xie, T.
Xiang and M. Imada, Phys. Rev. B 93 (2016) 125115(1-14).
Noguchi group

We have studied the membrane shape transformation in various conditions. We clarifed the following behavior: (i) The absorp-
tion of banana-shaped proteins can induce polygonal membrane tubes and polyhedral vesicles. (2) Under chemical reaction an
oil droplet can transform into vesicles via closing of a disk-like micelle. (3) At genus g >2, the vesicle shape transformation
from stomatocyte to discocyte is a discrete transition for low reduced volume.

1.

"Formation of polyhedral vesicles and polygonal membrane tubes induced by banana-shaped proteins: H. Noguchi, J.
Chem. Phys. 143 (2015) 243109.

Shape transitions of high-genus fluid vesicles: H. Noguchi, Europhys. Lett. 112 (2015) 58004.

Morphological changes of amphiphilic molecular assemblies induced by chemical reactions: K. M. Nakagawa and H.
Noguchi, Soft Matter 11 (2015) 1403-1411.

Shape transformations of toroidal vesicles: H. Noguchi, A. Sakashita and M. Imai, Soft Matter 11 (2015) 193.

Shape deformation of lipid membranes by banana-shaped protein rods: Comparison with isotropic inclusions and
membrane rupture: H. Noguchi, Phys. Rev. E 93 (2016) 052404(1-10).

"Monte Carlo study of the frame, fluctuation and internal tensions of fluctuating membranes with fixed area: H. Shiba,
H. Noguchi and J.-B. Fournier, Soft Matter 12 (2016) 2373-2380.

Membrane tubule formation by banana-shaped proteins with or without transient network structure: H. Noguchi, Sci.
Rep. 6 (2016) 20935.

Rheological evaluation of colloidal dispersions using the smoothed profile method: formulation and applications: J. J.
Molina, K. Otomura, H. Shiba, H. Kobayashi, M. Sano and R. Yamamoto, J. Fluid Mech. 792 (2016) 590-619.

Materials Synthesis and Characterization group

1. T*Charge Order Induced by Cation Order in §-Ag,3V,05: T. Baba, T. Yamauchi, S. Yamazaki, H. Ueda, M. Isobe, Y.
Matsushita and Y. Ueda, J. Phys. Soc. Jpn. 84 (2015) 024718(1-7).

2. Magnetic properties of Sm-Fe-N bulk magnets prepared from Sm,Fe7N3 melt-spun ribbons: T. Saito and D. Nishio-
Hamane, J. Appl. Phys. 117 (2015) 17D130.

3. "Effects of stoichiometry and substitution in quasi-one-dimensional iron chalcogenide BaFe,S5: Y. Hirata, S. Maki, J.-1.
Yamaura, T. Yamauchi and K. Ohgushi, Phys. Rev. B 92 (2015) 205109(1-7).

4. "Structural stability of the Wadsley-type bronzes B-Agy33V,05 and P-Lip33V,05 on compression: A breakdown of
the two-leg ladder system in the nonsuperconducting high-pressure phase of p-Lip33V,05: A. Grzechnik, Y. Ueda, T.
Yamauchi, M. Hanfland, P. Hering, V. Potapkin and K. Friese, Phys. Rev. B 91 (2015) 174113(1-8).

5. *Superconductivity in 122-type antimonide BaPt,Sb,: M. Imai, S. Ibuka, N. Kikugawa, T. Terashima, S. Uji, T. Yajima,
H. Kageyama and I. Hase, Phys. Rev. B 91 (2015) 014513(1-8).

6. "Semimetallic transport properties of epitaxially stabilized perovskite CalrO5 films: D. Hirai, J. Matsuno, D. Nishio-
Hamane and H. Takagi, Appl. Phys. Lett. 107 (2015) 012104(1-4).

7. *Superconducting properties of BaTi,Pn,O (Pn = Sb, Bi): T. Yajima, K. Nakano, Y. Nozaki and H. Kageyama, Physica C
504 (2015) 36-38.
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10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

24.

Theoretical and experimental evidence for the post-cotunnite phase transition in zirconia at high pressure: D. Nishio-
Hamane, H. Dekura, Y. Seto and T. Yagi, Phys. Chem. Miner. 42 (2015) 385-392.

"Direct Observation of Short-Range Structural Coherence During a Charge Transfer Induced Spin Transition in a CoFe
Prussian Blue Analogue by Transmission Electron Microscopy: M. Itoi, T. Jike, D. Nishio-Hamane, S. Udagawa, T.
Tsuda, S. Kuwabata, K. Boukheddaden, M. J. Andrus and D. R. Talham, J. Am. Chem. Soc. 137 (2015) 14686-14693.

"Effect of surfactant/water ratio and reagents’ concentration on size distribution of manganese carbonate nanoparticles
synthesized by microemulsion mediated route: G. Granata, F. Pagnanelli, D. Nishio-Hamane and T. Sasaki, Appl. Surf.
Sci. 331 (2015) 463-471.

New hard magnetic phase in Mn—Ga—Al system alloys: T. Saito and D. Nishio-Hamane, J. Alloys Compd. 632 (2015)
486.

*Substrate-induced anion rearrangement in epitaxial thin films of LaSrCoO,4_H,: G. Bouilly, T. Yajima, T. Terashima,
Y. Kususe, K. Fujita, C. Tassel, T. Yamamoto, K. Tanaka, Y. Kobayashi and H. Kageyama, CrystEngComm 16 (2015)
9669-9674.

?*Ferriakasakaite—(La) and ferriandrosite-(La): new epidote-supergroup minerals from Ise, Mie Prefecture, Japan: M.
Nagashima, D. Nishio-Hamane, N. Tomita, T. Minakawa and S. Inaba, Mineral. Mag. 79 (2015) 735.

*Imayoshiite, CazAl(CO3)[B(OH)4](OH)6*12H,0, a new mineral of ettringite group from Ise City, Mie Prefecture,
Japan: D. Nishio-Hamane, M. Ohnishi, K. Momma, N. Shimobayashi, R. Miyawaki, T. Minakawa and S. Inaba,
Mineral. Mag. 79 (2015) 413-423.

™ Pressure-induced superconductivity in the iron-based ladder material BaFe,S3: H. Takahashi, A. Sugimoto, Y. Nambu,
T. Yamauchi, Y. Hirata, T. Kawakami, M. Avdeev, K. Matsubayashi, F. Du, C. Kawashima, H. Soeda, S. Nakano, Y.
Uwatoko, Y. Ueda, T. J. Sato and K. Ohgushi, Nature Mater. 14 (2015) 1008-1012.

Synthesis of oxamate and urea by oxidative single and double carbonylation of amines using immobilized palladium
metal-containing ionic liquid@SBA-15: S. T. Gadge, E. N. Kusumawati, K. Harada, T. Sasaki, D. Nishio-Hamane and
B. M. Bhanage, J. Mol. Catal. A: Chem. 400 (2015) 170.

Synthesis of Polyester Amide by Carbonylation—Polycondensation Reaction Using Immobilized Palladium Metal
Containing Ionic Liquid on SBA-15 as a Phosphine-Free Catalytic System: A. Satapathy, S. T. Gadge, E. N.
Kusumawati, K. Harada, T. Sasaki, D. Nishio-Hamane and B. M. Bhanage, Catal. Lett. 145 (2015) 824.

" F 8 LAY OEIE R A ER © ST Kl , SPring-8 FIHIFLHU AR 3 (2015) 6-9.

?*Impurity-lnduced First-Order Phase Transitions in Highly Crystalline V,05 Nanocrystals: Y. Ishiwata, E. Takahashi,
K. Akashi, M. Imamura, J. Azuma, K. Takahashi, M. Kamada, H. Ishii, Y.-F. Liao, Y. Tezuka, Y. Inagaki, T. Kawae, D.
Nishio-Hamane, M. Nantoh, K. Ishibashi and T. Kida, Adv. Mater. Interfaces 2 (2015) 1500132(1-6).

?*Magnetic properties of SmsFe 7 melt-spun ribbons and their borides: T. Saito and D. Nishio-Hamane, AIMS Mat. Sci.
2 (2015) 392-400.

"Pressure-induced non-superconducting phase of -Na33V,05 and the mechanism of high-pressure phase transitions
in 3-Nag 33V,05 and -Lig 33V,05 at room temperature: A. Grzechnik, Y. Ueda, T. Yamauchi, M. Hanfland, P. Hering, V.
Potapkin and K. Friese, J. Phys.: Condens. Matter 28 (2016) 035401(1-9).

%*Hybrid Amine-Functionalized Graphene Oxide as a Robust Bifunctional Catalyst for Atmospheric Pressure Fixation
of Carbon Dioxide using Cyclic Carbonates: V. B. Saptal, T. Sasaki, K. Harada, D. Nishio-Hamane and B. M. Bhanage,
ChemSusChem 9 (2016) 644.

HLight and SEM observation of opal phytoliths in the mulberry leaf: O. Tsutsui, R. Sakamoto, M. Obayashi, S.
Yamakawa, T. Handa, D. Nishio-Hamane and 1. Matsuda, Flora 218 (2016) 44-50.

T - AR DI ONT IR A, EESERISE 44 (2015) 57-59.
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Neutron Science Laboratory

Shibayama group

Shibayama group has been exploring the structure and dynamics of soft matter, especially polymer gels, micelles, and phenolic
resin, utilizing a combination of small-angle neutron scattering (SANS), small-angle X-ray scattering (SAXS), and dynamic
light scattering (DLS). The objectives are to elucidate the relationship between the structure and variety of novel properties/
functions of polymer gels/resins. The highlights of 2015 include (1) development of high-toughness Ion gel for CO, separa-
tion, (2) gelation and cross-link inhomogeneity of phenolic resins, (3) structure evolution of catalyst ink for fuel cell in drying
process, (4) rubber elasticity for percolation network consisting of Gaussian chains, (5) gelation mechanism of Tetra-Armed
Poly(ethylene glycol) in aprotic ionic liquid, (6) structural analysis of lipophilic polyelectrolyte solutions and gels in low-polar
solvents and so on.

1.

Gelation Mechanism of Tetra-Armed Poly(ethylene glycol) in Aprotic Ionic Liquid Containing Non-volatile Proton
Source, Protic Ionic Liquid: K. Hashimoto, K. Fujii, K. Nishi, T. Sakai, N. Yoshimoto, M. Morita and M. Shibayama, J.
Phys. Chem. B 119 (2015) 4795-4801.

2. Microscopic Solvation Structure of Glucose in 1-Ethyl-3-methylimidazolium Methylphosphonate Ionic Liquid: K.
Hirosawa, K. Fujii, K. Hashimoto, Y. Umebayashi and M. Shibayama, J. Phys. Chem. B 119 (2015) 6262.

3. Electrophoretic mobility of semi-flexible double-stranded DNA in defect-controlled polymer networks: Mechanism
investigation and role of structural parameters: K. Khairulina, X. Li, K. Nishi, M. Shibayama, U.-I. Chung and T. Sakai,
J. Chem. Phys. 142 (2015) 234904.

4. Rubber elasticity for percolation network consisting of Gaussian chains: K. Nishi, H. Noguchi, T. Sakai and M.
Shibayama, J. Chem. Phys. 143 (2015) 184905.

5. Phase Behavior of Block Copolymers in Selective Supercritical Solvent: M. M. M. Ito, K. Ito, M. Shibayama, K.
Sugiyama and H. Yokoyama, Macromolecules 48 (2015) 3590.

6. Structural Analysis of Lipophilic Polyelectrolyte Solutions and Gels in Low-Polar Solvents: K. Nishi, S. Tochioka, T.
Hiroi, T. Yamada, K. Kokado, T.-H. Kim, E. P. Gilbert, K. Sada and M. Shibayama, Macromolecules 48 (2015) 3613.

7. EFTINVEBIOT O HEELICHERE 53T 2 S0 FRah , R 25 (2015) 120-125.

8. Carbon Dioxide Separation Using a High-toughness Ion Gel with a Tetra-armed Polymer Network: K. Fujii, T. Makino,
K. Hashimoto, T. Sakai, M. Kanakubo and M. Shibayama, Chem. Lett. 44 (2015) 17.

9. Reliable Hydrogel with Mechanical “Fuse Link” in an Aqueous Environment: S. Kondo, T. Hiroi, Y.-S. Han, T.-H. Kim,
M. Shibayama, U.-I. Chung and T. Sakai, Adv. Mater. 27 (2015) 7407.

10. Dynamic light scattering study on curing mechanisms of novolac-type phenolic resins: Y. Shudo, A. Izumi, T. Takeuchi,
T. Nakao and M. Shibayama, Polym. J. 47 (2015) 79-81.

11. Gelation Kinetics and Polymer Network Dynamics of Homogeneous Tetra-PEG Gels: T. Birshtein, Macromol. Symp.
348 (2015) 9.

12. Supercoiling transformation of chemical gels: M. Asai, T. Katashima, T. Sakai and M. Shibayama, Soft Matter 11
(2015) 7101.

13. Multiblock copolymers exhibiting spatio-temporal structure with autonomous viscosity oscillation: M. Onoda, T. Ueki,
M. Shibayama and R. Yoshida, Sci. Rep. 5 (2015) 15792.

14. Structural evolution of a catalyst ink for fuel cells during the drying process investigated by CV-SANS: T. Kusano, T.
Hiroi, K. Amemiya, M. Ando, T. Takahashi and M. Shibayama, Polym J 47 (2015) 546.

15. Self-oscillating AB diblock copolymer developed by post modification strategy: T. Ueki, M. Onoda, R. Tamate, M.
Shibayama and R. Yoshida, Chaos 25 (2015) 064605.

16. Nearly Ideal Polymer Network Ion Gel Prepared in pH-Buffering Ionic Liquid: K. Hashimoto, K. Fujii, K. Nishi, T.
Sakai and M. Shibayama, Macromolecules 49 (2016) 344.

17. Transitions of Aggregation States for Concentrated Carbon Nanotube Dispersion: T. Hiroi, S. Ata and M. Shibayama, J.
Phys. Chem. C 120 (2016) 5776.

18. /I X MRHEEIC L B 7 =/ — VIR R — % V7RO Z DB EhT - FIR B, Fitka 0, Hik =, e Rk, %
(L #85A , Fv b7 =27 Y= — 2015 (2015) 83-88.
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19. Small-angle Neutron Scattering of Polysaccharide Hydrogels: M. Shibayama, in: Polysaccharide hydrogels: Charac-
terization and Biomedical Applications, Ch 7, edited by P. Matricardi, F. Alhaique and T. Coviello, (Pan Stanford
Publishing Pte. Ltd., Singapore, 2016), 245-264.

Yoshizawa group

A systematic study on spin dynamics in a two-dimensional transition-metal Ni oxide has been carried out with use of the high
resolution chopper spectrometer installed at BL12 in the Material and Life Science Facility, J-PARC. The checkerboard-type
spin-charge ordering in the highly hole-doped region of the layered nickelate was studied in detail. The nature of the excitation
spectra and the thermodynamic properties in the checkerboard phase was found to show qualitative differences from those in the
stripe phase. Magnetic properties of a family of Ce-based non-centrosymmetric heavy fermion compounds CeTSi; (T=transition
metal ions) were also studied.

1. Neutron Diffraction Study of Parasitic Nd-Moment Order in the Checkerboard-Type Phase Nd; 3Sry;NiO4: R.
Kobayashi, H. Yoshizawa, M. Matsuda, R. Kajimoto, K. Ishizaka and Y. Tokura, J. Phys. Soc. Jpn. 84 (2015) 064711.

2. Resistance Anomalies Accompanying Crossover from Heavy-Fermion Regime to Intermediate-Valence Regime: A
Study of Cu—Ni Substitution and Pressure Effects on CeCu,Si,: Y. Ikeda, Y. Ito, S. Araki, T. C. Kobayashi and H.
Yoshizawa, J. Phys. Soc. Jpn. 84 (2015) 024702.

3. Single-Crystal Neutron Diffraction Study of the Heavy-Electron Superconductor CeNiGes: Y. Ikeda, D. Ueta, H.
Yoshizawa, A. Nakao, K. Munakata and T. Ohhara, J. Phys. Soc. Jpn. 84 (2015) 123701.

4. Transport and Thermodynamic Studies of Stripe and Checkerboard Ordering in Layered Nickel Oxides R,_,Sr,NiO,
(R =La and Nd): Y. Ikeda, S. Suzuki, T. Nakabayashi, H. Yoshizawa, T. Yokoo and S. Itoh, J. Phys. Soc. Jpn. 84 (2015)
023706.

5. "Pauli-limited superconductivity and antiferromagnetism in the heavy-fermion compound CeCo(In;_4Zny)s: M.
Yokoyama, H. Mashiko, R. Otaka, Y. Sakon, K. Fujimura, K. Tenya, A. Kondo, K. Kindo, Y. Ikeda, H. Yoshizawa, Y.
Shimizu, Y. Kono and T. Sakakibara, Phys. Rev. B 92 (2015) 184509(9).

6. *Temperature and composition phase diagram in the iron-based ladder compounds Ba;_,Cs,Fe,Se;: T. Hawai, Y.
Nambu, K. Ohgushi, F. Du, Y. Hirata, M. Avdeev, Y. Uwatoko, Y. Sekine, H. Fukazawa, J. Ma, S. Chi, Y. Ueda, H.
Yoshizawa and T. J. Sato, Phys. Rev. B 91 (2015) 184416.

7. Characterization of Ferromagnetic Order in CePd,P,: Y. Ikeda, H. Yoshizawa, S. Konishi, S. Araki, T. C. Kobayashi, T.
Yokoo and S. Itoh, J. Phys.: Conf. Ser. 592 (2015) 012013.

8. "Science from the Initial Operation of HRC: S. Itoh, T. Yokoo, T. Masuda, H. Yoshizawa, M. Soda, Y. Ikeda, S. Ibuka,
D. Kawana, T. J. Sato, Y. Nambu, K. Kuwahara, S.-I. Yano, J. Akimitsu, Y. Kaneko, Y. Tokura, M. Fujita, M. Hase, K.
Iwasa, H. Hiraka, T. Fukuda, K. Ikeuchi, K. Yoshida, T. Yamaguchi, K. Ono and Y. Endoh, JPS Conf. Proc. 8 (2015)
034001.

9. [Inelastic Neutron Scattering Study of Stripe and Overdoped Checkerboard Ordering in Layered Nickel Oxide
Nd,_,Sr,NiOy: Y. Ikeda, S. Suzuki, T. Nakabayashi, H. Yoshizawa, T. Yokoo and S. Itoh, J. Phys. Soc. Jpn. 85 (2016)
023701.

Yamamuro group

Our laboratory is studying chemical physics of complex condensed matters by using neutron scattering, X-ray diffraction,
calorimetric, dielectric, and viscoelastic techniques. Our target materials are glasses, liquids, and various disordered systems.
This year, we have succeeded to observe the inelastic neutron scattering spectra of palladium hydride nanoparticles. The peaks
characteristic to the nanoparticles are attributed to the vibration of the H atoms located at the tetrahedral sites of the Pd lattice,
which were predicted by our neutron powder diffraction work. Another topic is on the dynamics of a reverse osmotic membrane
consisting of aromatic polyamide and water. This system is remarked for seawater desalination and waste-water reclamation.
Several quasielastic neutron scattering experiments in a wide time range (0.5 ps to 5 ns) revealed that the polyamide network is
drastically plasticized by water and moving with water even at 240 K. This information will give a new insight into the mecha-
nism of water purification. Other than above topics, we have made some progresses in the studies on vapor-deposited molecular
glasses and ionic liquids with plastically crystalline phases.

1. Glass transition and positional ordering of hydrogen in bulk and nanocrystalline palladium: H. Akiba, H. Kobayashi, H.
Kitagawa, M. Kofu and O. Yamamuro, Phys. Rev. B 92 (2015) 064202.
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2. Thermal and Structural Studies of Imidazolium-Based Ionic Liquids with and without Liquid-Crystalline Phases: The
Origin of Nanostructure: F. Nemoto, M. Kofu and O. Yamamuro, J. Phys. Chem. B 119 (2015) 5028-5034.

3. Quasielastic neutron scattering studies on glass-forming ionic liquids with imidazolium cations: M. Kofu, M. Tyagi, Y.
Inamura, K. Miyazaki and O. Yamamuro, J. Chem. Phys. 143 (2015) 234502.

4. Inelastic neutron scattering study on boson peaks of imidazolium-based ionic liquids: M. Kofu, Y. Inamura, Y. Moriya,
A. Podlesnyak, G. Ehlers and O. Yamamuro, Journal of Molecular Liquids 210B (2015) 164-168.

5. Connecting thermodynamics and dynamics in a supercooled liquid: Cresolphthalein-dimethylether: S. Samanta, O.
Yamamuro and R. Richert, Thermochimica Acta 636 (2016) 57-62.

6. Effect of water on the structure of a prototype ionic liquid: O. Borodin, D. L. Price, B. Aoun, M. A. Gonzilez, J.
B. Hooper, M. Kofu, S. Kohara, O. Yamamuro and M.-L. Saboungi, Phys. Chem. Chem. Phys. (2016) 10.1039.
C6CP02191C, in print.

7. HEFHEELTBIA A RO EIRSGE L F 372 0 IUE &, BA Xh, WIF KT, "IEDOREEEA 25
(2015) 200-207.

8. (R AE L TR 2B 4 7 ADREE « 1N &, KEF 5345 , W5 BRAKT , HAK 258 58 (2016) 13-17.

9. AIYVVILRATVRDOFEIEN - WIAYAFI7A b fF BT, ILE &, HAKSSE2EE 58 (2016) 18-23.

Masuda group

The goal of our research is to discover a new quantum phenomenon and to reveal the mechanism of it. In this fiscal year we
studied the following topics; complex magnetostructural order in the frustrated spinel LilnCr4Og, magnetic model in multifer-
roic NdFe3(BO3)4, specific heats of triangular spin tube in magnetic fields, and magnetic anti-cancer compound for magnet-
guided delivery and magnetic resonance imaging.

1.

10.

11.

*Complex magnetostructural order in the frustrated spinel LilnCr4Og: G. J. Nilsen, Y. Okamoto, T. Masuda, J. Rodri-
guez-Carvajal, H. Mutka, T. Hansen and Z. Hiroi, Phys. Rev. B 91 (2015) 174435(1-8).

Magnetic model in multiferroic NdFe3(BO3), investigated by inelastic neutron scattering: S. Hayashida, M. Soda, S.
Itoh, T. Yokoo, K. Ohgushi, D. Kawana, H. M. Rgnnow and T. Masuda, Phys. Rev. B 92 (2015) 054402.

2NF 7204y 7YE BaxCoGerO7 ICBIFBAY Y - Z2oF4 v Z7HHEMEHOBUH : 25H W, Z4H &, EEH 50
(2015) 111.

Inelastic Neutron Scattering on Multiferroics NdFe3;(BO3)4: S. Hayashida, M. Soda, S. Itoh, T. Yokoo, K. Ohgushi, D.
Kawana and T. Masuda, Physics Procedia 75 (2015) 127.

Specific Heats of Triangular Spin Tube in Magnetic Fields: H. Manaka, M. Hagihala, S. Hayashida, M. Soda, T. Masuda
and Y. Miura, Physics Procedia 75 (2015) 718.

A magnetic anti-cancer compound for magnet-guided delivery and magnetic resonance imaging: H. Eguchi, M.
Umemura, R. Kurotani, H. Fukumura, I. Sato, J.-H. Kim, Y. Hoshino, J. Lee, N. Amemiya, M. Sato, K. Hirata, D. J.
Singh, T. Masuda, M. Yamamoto, T. Urano, K. Yoshida, K. Tanigaki, M. Yamamoto, M. Sato, S. Inoue, I. Aoki and Y.
Ishikawa, Sci. Rep. 5 (2015) 9194.

“Science from the Initial Operation of HRC: S. Itoh, T. Yokoo, T. Masuda, H. Yoshizawa, M. Soda, Y. Ikeda, S. Ibuka,
D. Kawana, T. J. Sato, Y. Nambu, K. Kuwahara, S.-I. Yano, J. Akimitsu, Y. Kaneko, Y. Tokura, M. Fujita, M. Hase, K.
Iwasa, H. Hiraka, T. Fukuda, K. Ikeuchi, K. Yoshida, T. Yamaguchi, K. Ono and Y. Endoh, JPS Conf. Proc. 8 (2015)
034001.

Crystal Field Excitations in the Breathing Pyrochlore Antiferromagnet Ba;Yb,ZnsO;;: T. Haku, M. Soda, M. Sera, K.
Kimura, S. Itoh, T. Yokoo and T. Masuda, J. Phys. Soc. Jpn. 85 (2016) 034721.

Dielectric and Magnetic Properties in Relaxor Magnet LuFeCoQO,4: M. Soda and T. Masuda, J. Phys. Soc. Jpn. 85 (2016)
034713.

Spin Model of O,-Based Magnet in a Nanoporous Metal Complex: M. Soda, Y. Honma, S. Takamizawa, S. Ohira-
Kawamura, K. Nakajima and T. Masuda, J. Phys. Soc. Jpn. 85 (2016) 034717.

Magnetic ordering of the buckled honeycomb lattice antiferromagnet Ba,NiTeOg: S. Asai, M. Soda, K. Kasatani, T.
Ono, M. Avdeev and T. Masuda, Phys. Rev. B 93 (2016) 024412.
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International MegaGauss Science Laboratory

Takeyama group

Single-walled carbon nanotubes (SWNT) with a typical tube diameter an order of 1 nm are characterized by the quasi-one
dimensional system. Optical properties are enriched by the enhancement of the excitonic band-edge structure. When a magnetic
flux penetrates through the tube, the electronic band structure is subjected to substantial modulation via the mechanism of
Aharonov-Bohm (A-B) effect. This effect lifts the quantum degeneracy of the band-edge states, induces splittings of the exciton
optical absorption peak in megagauss magnetic field. The magneto-optical A-B splitting was investigated in magnetic fields of
up to 300 — 400 T by observing band-edge exciton absorption spectra. The spectra evolved as a simple bright and dark exciton
splitting with a linear magnetic field dependence as has been predicted by T. Ando. The ratio of the splitting is governed by a
microscopic information of the environment dielectric substances surrounding the SWNTs.

1. *Magnetic—Field—Induced Insulator-Metal Transition in (Pri_,Y,)o7Cag3C00; at Ultrahigh Magnetic Fields: S. Lee, Y.
H. Matsuda, T. Naito, D. Nakamura and S. Takeyama, J. Phys. Soc. Jpn. 84 (2015) 044703-7.

2. Exciton splitting in semiconducting carbon nanotubes in ultrahigh magnetic fields above 300 T: D. Nakamura, T. Sasaki,
W. Zhou, H. Liu, H. Kataura and S. Takeyama, Phys. Rev. B 91 (2015) 235427.

3. "Phase boundary of 6 phase of solid oxygen in ultrahigh magnetic fields: T. Nomura, Y. H. Matsuda, S. Takeyama, A.
Matsuo, K. Kindo and T. C. Kobayashi, Phys. Rev. B 92 (2015) 064109 (4 pages).

4. +*One-Way Transparency of Light in Multiferroic CuB204: S. Toyoda, N. Abe, S. Kimura, Y. H. Matsuda, T. Nomura, A.
Ikeda, S. Takeyama and T. Arima, Phys. Rev. Lett. 115 (2015) 267207 (5 pages).

5. "Effect of very high magnetic field on the optical properties of firefly light emitter oxyluciferin: W. Zhou, D. Nakamura,
Y. Wang, T. Mochizuki, H. Akiyama and S. Takeyama, J. Lumin. 165 (2015) 15.

6. “Anomalous diamagnetic shifts in InP-GaP lateral quantum-wires: Y. H. Shin, B. K. Choi, Y. Kim, J. D. Song, D.
Nakamura, Y. H. Matsuda and S. Takeyama, Opt. Express 23 (2015) 28349-28357.

Kindo group

Long pulsed magnetic field has been improved. The maximum field of long pulse magnet was limited to 36 T due to the control
system. We have improved the control system and succeeded in generating 42.5 T. The other improvement is development of
almost perfect flat-top field. We have added a small coil into the bore of the large long pulse magnet and controlled the small
coil to obtain the flat-top magnetic field. We have succeeded in generating 40 + 0.005 T for 0.2 sec. These improvements will
expand the possibility of the high field study on the condensed matter physics.

1. "Field Evolution of Quantum Critical and Heavy Fermi-Liquid Components in the Magnetization of the Mixed Valence
Compound 3 -YbAIB,4: Y. Matsumoto, K. Kuga, Y. Karaki, Y. Shimura, T. Sakakibara, M. Tokunaga, K. Kindo and S.
Nakatsuji, J. Phys. Soc. Jpn. 84 (2015) 024710(1-7).

2. “Possible Excitonic Phase of Graphite in the Quantum Limit State: K. Akiba, A. Miyake, H. Yaguchi, A. Matsuo, K.
Kindo and M. Tokunaga, J. Phys. Soc. Jpn. 84 (2015) 054709(1-6).

3. ?Spin-Liquid Ground State in the Spin 1/2 Distorted Diamond Chain Compound K3Cu3AlO,(SO,4)4: M. Fujihala, H.
Koorikawa, S. Mitsuda, M. Hagihala, H. Morodomi, T. Kawae, A. Matsuo and K. Kindo, J. Phys. Soc. Jpn. 84 (2015)
073702(1-4).

4. *X-ray Absorption Spectroscopy in the Heavy Fermion Compound a-YbAIB, at High Magnetic Fields: T. T. Terashima,
Y. H. Matsuda, K. Kuga, S. Suzuki, Y. Matsumoto, S. Nakatsuji, A. Kondo, K. Kindo, N. Kawamura, M. Mizumaki and
T. Inami, J. Phys. Soc. Jpn. 84 (2015) 114715(1-4).

5. ?High-magnetic-field phase transitions and H-T phase diagram of the Kagome-staircase compound Ni3V,0g: Z. Q.
Lin, M. Yang, H. W. Wang, Q. Guo, Y. J. Liu, X. T. Han, Y. B. Han, J. F. Wang, Z. Z. He and K. Kindo, J. Magn. Magn.
Mater. 382 (2015) 7.

6. 'Evolution of exchange interaction constants across magnetic phase transitions in the chromium spinel oxide CdCr,Oy:
S. Kimura, Y. Sawada, Y. Narumi, K. Watanabe, M. Hagiwara, K. Kindo and H. Ueda, Phys. Rev. B 92 (2015)
144410(1-9).

7. "Pauli-limited superconductivity and antiferromagnetism in the heavy-fermion compound CeCo(In;_4Zny)s: M.
Yokoyama, H. Mashiko, R. Otaka, Y. Sakon, K. Fujimura, K. Tenya, A. Kondo, K. Kindo, Y. Ikeda, H. Yoshizawa, Y.
Shimizu, Y. Kono and T. Sakakibara, Phys. Rev. B 92 (2015) 184509(1-9).
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

“Phase boundary of 0 phase of solid oxygen in ultrahigh magnetic fields: T. Nomura, Y. H. Matsuda, S. Takeyama, A.
Matsuo, K. Kindo and T. C. Kobayashi, Phys. Rev. B 92 (2015) 064109 (4 pages).

"Successive magnetic phase transitions in a-RuCl;: XY-like frustrated magnet on the honeycomb lattice: Y. Kubota, H.
Tanaka, T. Ono, Y. Narumi and K. Kindo, Phys. Rev. B 91 (2015) 094422.

TValence-speciﬁc magnetization of the charge-ordered multiferroelectric LuFe,O4 using soft x-ray magnetic circular
dichroism under 30 T pulsed high magnetic fields: Y. Narumi, T. Nakamura, K. Saito, T. Morioka, Y. Fukada, T. Kambe,
N. Ikeda, Y. Kotani, T. Kinoshita, K. Kindo and H. Nojiri, Phys. Rev. B 91 (2015) 014410.

Generation of flat-top pulsed magnetic fields with feedback control approach: Y. Kohama and K. Kindo, Rev. Sci.
Instrum. 86 (2015) 104701(5).

“One-Third Magnetization Plateau with a Preceding Novel Phase in Volborthite: H. Ishikawa, M. Yoshida, K. Nawa, M.
Jeong, S. Kramer, M. Horvatic, C. Berthier, M. Takigawa, M. Akaki, A. Miyake, M. Tokunaga, K. Kindo, J. Yamaura, Y.
Okamoto and Z. Hiroi, Phys. Rev. Lett. 114 (2015) 227202(1-5).

T UOVABRRGES T IS B AR REVR AN MBI E TR OB« R T, NE B, R R, el v, [
50 (2015) 371.

T*Anisotropy in the upper critical field of FeSe and FeSe( 35Te ¢7 single crystals: J. L. Her, Y. Kohama, Y. H. Matsuda,
K. Kindo, W.-H. Yang, D. A. Chareev, E. S. Mitrofanova, O. S. Volkova, A. N. Vasiliev and J.-Y. Lin, Supercond. Sci.
Technol. 28 (2015) 045013 (6 pages).

TLarge magnetoresistance of EuPtP;_,As,: M. Sugishima, H. Wada, A. Mitsuda, A. Kondo and K. Kindo, Phys. Status
Solidi B 252 (2015) 2784-2788.

T*Superconductivity protected by spin—valley locking in ion-gated MoS,: Y. Saito, Y. Nakamura, M. S. Bahramy, Y.
Kohama, J. Ye, Y. Kasahara, Y. Nakagawa, M. Onga, M. Tokunaga, T. Nojima, Y. Yanase and Y. Iwasa, Nature Phys. 12
(2015) 144-150.

T*Development of non-metallic diamond anvil cell and quantum oscillation measurement of CePt;In; in a pulsed-
magnet: A. Miyake, Y. Kohama, S. Ohta, Y. Hirose, R. Settai, K. Matsubayashi, Y. Uwatoko, A. Matsuo, K. Kindo and
M. Tokunaga, J. Phys.: Conf. Ser. 592 (2015) 012149(1-6).

*Synchrotron X-ray spectroscopy study on the valence state and magnetization in a-YbAl;  Fe,B, (x = 0.115) at low
temperatures and high magnetic fields: T. Terashima, Y. H. Matsuda, K. Kuga, S. Suzuki, Y. Matsumoto, S. Nakatsuji, A.
Kondo, K. Kindo, N. Kawamura, M. Mizumaki and T. Inami, J. Phys.: Conf. Ser. 592 (2015) 012020 (6 pages).

“Field-induced quantum metal-insulator transition in the pyrochlore iridate Nd,Ir,O7: Z. Tian, Y. Kohama, T. Tomita, H.
Ishizuka, T. H. Hsieh, J. J. Ishikawa, K. Kindo, L. Balents and S. Nakatsuji, Nature Phys. 12 (2015) 134-139.

T*Magnetic and Structural Studies on Two-Dimensional Antiferromagnets (MCl)LaNb,O; (M = Mn, Co, Cr): A.
Kitada, Y. Tsujimoto, M. Nishi, A. Matsuo, K. Kindo, Y. Ueda, Y. Ajiro and H. Kageyama, J. Phys. Soc. Jpn. 85 (2016)
034005(6).

"Field-driven successive phase transitions in the quasi-two-dimensional frustrated antiferromagnet Ba,CoTeOg and
highly degenerate classical ground states: P. Chanlert, N. Kurita, H. Tanaka, D. Goto, A. Matsuo and K. Kindo, Phys.
Rev. B 93 (2016) 094420(7).

*Experimental exploration of novel semimetal state in strong anisotropic Pyrochlore iridate Nd,lr,O; under high
magnetic field: Z. M. Tian, Y. Kohama, T. Tomita, J. Ishikawa, H. Mairo, K. Kindo and S. Nakatsuji, J. Phys.: Conf. Ser.
683 (2016) 012024(6).

*Frustrated magnetism in a Mott insulator based on a transition metal chalcogenide: S. Kawamoto, T. Higo, T. Tomita,
S. Suzuki, Z. M. Tian, K. Mochitzuki, A. Matsuo, K. Kindo and S. Nakatsuji, J. Phys.: Conf. Ser. 683 (2016) 012025(4).

Tokunaga group

We are focusing on physics in the quantum limit state, in which all the carriers are accommodated in the lowest Landau level.
Since the carriers are confined in the smallest cyclotron orbit, kinetic degree of freedom normal to the field is suppressed.
Thereby, the ratio between Coulomb interaction and bandwidth becomes large. Such strong correlation in the quantum limit
state can realize anomalous quantum state. We can realize the quantum limit state in some kinds of semimetals with using
non-destructive pulse magnets installed at ISSP. We studied magnetization and transport properties on various types of graphite
in pulsed magnetic fields up to 74 T. The results suggest that the quantum limit state is realized in magnetic fields greater than
53 T applied along the c-axis. From systematic experimental studies, we proposed emergence of excitonic BCS-like state in
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the quantum limit state of graphite. We also studied transport properties of the semimetallic black phosphorus under pressure.
We found anomalously large positive magnetoresistance and quantum oscillations in this material. The observed small Fermi
surfaces, high mobilities, and light effective masses of carriers in semimetallic black phosphorus are comparable to those in the
representative elemental semimetals of bismuth and graphite.

1. "Anomalous Quantum Transport Properties in Semimetallic Black Phosphorus: K. Akiba, A. Miyake, Y. Akahama, K.
Matsubayashi, Y. Uwatoko, H. Arai, Y. Fuseya and M. Tokunaga, J. Phys. Soc. Jpn. 84 (2015) 073708(1-4).

2. Field Evolution of Quantum Critical and Heavy Fermi-Liquid Components in the Magnetization of the Mixed Valence
Compound B-YbAIB,: Y. Matsumoto, K. Kuga, Y. Karaki, Y. Shimura, T. Sakakibara, M. Tokunaga, K. Kindo and S.
Nakatsuji, J. Phys. Soc. Jpn. 84 (2015) 024710(1-7).

3. “Possible Excitonic Phase of Graphite in the Quantum Limit State: K. Akiba, A. Miyake, H. Yaguchi, A. Matsuo, K.
Kindo and M. Tokunaga, J. Phys. Soc. Jpn. 84 (2015) 054709(1-6).

4. High field studies on BiFeOj5 single crystals grown by the laser-diode heating floating zone method: M. Tokunaga, M.
Akaki, A. Miyake, T. Ito and H. Kuwahara, J. Magn. Magn. Mater. 383 (2015) 259-261.

5. Magnetic field induced polar phase in the chiral magnet CsCuCls: A. Miyake, J. Shibuya, M. Akaki, H. Tanaka and M.
Tokunaga, Phys. Rev. B 92 (2015) 100406(1-5).

6. One-Third Magnetization Plateau with a Preceding Novel Phase in Volborthite: H. Ishikawa, M. Yoshida, K. Nawa, M.
Jeong, S. Kramer, M. Horvatic, C. Berthier, M. Takigawa, M. Akaki, A. Miyake, M. Tokunaga, K. Kindo, J. Yamaura, Y.
Okamoto and Z. Hiroi, Phys. Rev. Lett. 114 (2015) 227202(1-5).

7. T OOV T I BRERENR AN LB E FIEOBIFS « RE T, ANE S, K R, a0l i, EiRmE
50 (2015) 371.

8. NARE—FAATTHMANZEISYINE - T8 R[5, [EAYIEL 50 (2015) 163.

0. %*Superconductivity protected by spin—valley locking in ion-gated MoS,: Y. Saito, Y. Nakamura, M. S. Bahramy, Y.
Kohama, J. Ye, Y. Kasahara, Y. Nakagawa, M. Onga, M. Tokunaga, T. Nojima, Y. Yanase and Y. Iwasa, Nature Phys. 12
(2015) 144-150.

10. ﬂ‘Development of non-metallic diamond anvil cell and quantum oscillation measurement of CePtyln; in a pulsed-
magnet: A. Miyake, Y. Kohama, S. Ohta, Y. Hirose, R. Settai, K. Matsubayashi, Y. Uwatoko, A. Matsuo, K. Kindo and
M. Tokunaga, J. Phys.: Conf. Ser. 592 (2015) 012149(1-6).

11. Magnetic control of transverse electric polarization in BiFeO3: M. Tokunaga, M. Akaki, T. Ito, S. Miyahara, A. Miyake,
H. Kuwahara and N. Furukawa, Nat. Commun. 6 (2015) 5878(1-5).

12. 'T hermodynamics and Kinetics of Martensitic Transformation in Ni-Mn-based Magnetic Shape Memory Alloys: X.
Xu, R. Kainuma, T. Kihara, W. Ito, M. Tokunaga, T. Kanomata, N. Schryvers and J. Van Humbeeck, MATEC Web of
Conferences 33 (2015) 01004(1-9).

13. ?Spin Structure Change in Co-Substituted BiFeO3: H. Yamamoto, T. Kihara, K. Oka, M. Tokunaga, K. Mibu and M.
Azuma, J. Phys. Soc. Jpn. 85 (2016) 064704(1-4).

14, [E T o EBEHcE T 2 B R FIABIR « K RIA, =58 F&, UK [, R m—, By 51 (2016)
249.

15. Resistive memory effects in BiFeOs3 single crystals controlled by transverse electric fields: S. Kawachi, H. Kuroe, T. Ito,
A. Miyake and M. Tokunaga, Appl. Phys. Lett. 108 (2016) 162903(1-4).

16. ?Quantum Hall effect in a bulk antiferromagnet EuMnBi, with magnetically confined two-dimensional Dirac fermions:
H. Masuda, H. Sakai, M. Tokunaga, Y. Yamasaki, A. Miyake, J. Shiogai, S. Nakamura, S. Awaji, A. Tsukazaki, H.
Nakao, Y. Murakami, T. -h. Arima, Y. Tokura and S. Ishiwata, Science Advances 2 (2016) e1501117(1-6).

Y. Matsuda group

The valence state and magnetization of the heavy fermion compound a-YbAIB,4 have been investigated. This compound shows
the strong valence fluctuation and its Yb valence is around 2.8 which is distinctly smaller than the expected valence state 3.0 for
local magnetic Yb ions. Although the fluctuated valence is expected to be influenced by magnetic field due to the suppression
of the Kondo effect, the valence state has been found to be almost independent of magnetic field even at rather high magnetic
field of up to 40 T. This experimental fact contrasts to that obtained in a related antiferomagnetic compound a-YbAl,_Fe,B4
(x = 0.115); the small valence increase is observed when magnetic field exceeds 20 T. The quantum criticality might be
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enhanced in YbAIB, at low temperatures and the criticality is not significant in Fe-doped substance, which may explain the
different magnetic field dependence of the Yb valence. In addition to the study of YbAIB4, the B-T phase diagram of solid
oxygen has been clarified and the high-field 6-phase has found to have low entropy and be clearly different from the high-
tempereture y-phase. We also studied issulator-metal transtion of Co-oxides, Fe-based superconductors and magneto-optics of
the multiferroic CuB,Oy.

1. *Magnetic-Field-Induced Insulator-Metal Transition in (Pr;_,Y,)o 7Cag3C003 at Ultrahigh Magnetic Fields: S. Lee, Y.
H. Matsuda, T. Naito, D. Nakamura and S. Takeyama, J. Phys. Soc. Jpn. 84 (2015) 044703-7.

2. *X-ray Absorption Spectroscopy in the Heavy Fermion Compound a-YbAIB, at High Magnetic Fields: T. T. Terashima,
Y. H. Matsuda, K. Kuga, S. Suzuki, Y. Matsumoto, S. Nakatsuji, A. Kondo, K. Kindo, N. Kawamura, M. Mizumaki and
T. Inami, J. Phys. Soc. Jpn. 84 (2015) 114715(1-4).

3. "Phase boundary of 6 phase of solid oxygen in ultrahigh magnetic fields: T. Nomura, Y. H. Matsuda, S. Takeyama, A.
Matsuo, K. Kindo and T. C. Kobayashi, Phys. Rev. B 92 (2015) 064109 (4 pages).

4. T*One-Way Transparency of Light in Multiferroic CuB204: S. Toyoda, N. Abe, S. Kimura, Y. H. Matsuda, T. Nomura,
A. Ikeda, S. Takeyama and T. Arima, Phys. Rev. Lett. 115 (2015) 267207 (5 pages).

5. T*Anisotropy in the upper critical field of FeSe and FeSe( 33Te( ¢7 single crystals: J. L. Her, Y. Kohama, Y. H. Matsuda,
K. Kindo, W.-H. Yang, D. A. Chareev, E. S. Mitrofanova, O. S. Volkova, A. N. Vasiliev and J.-Y. Lin, Supercond. Sci.
Technol. 28 (2015) 045013 (6 pages).

6. L X SRSEER OGS Z MY - A BESA , EE 28 (2015) 221-228.
7. T RS CHR SN2 EIRIEEOH L - B HEL , 2$) 54 30 (2015) 48-51.

8. ™ Anomalous diamagnetic shifts in InP-GaP lateral quantum-wires: Y. H. Shin, B. K. Choi, Y. Kim, J. D. Song, D.
Nakamura, Y. H. Matsuda and S. Takeyama, Opt. Express 23 (2015) 28349-28357.

9. *Synchrotron X-ray spectroscopy study on the valence state and magnetization in a-YbAl;_Fe,B4 (x = 0.115) at low
temperatures and high magnetic fields: T. Terashima, Y. H. Matsuda, K. Kuga, S. Suzuki, Y. Matsumoto, S. Nakatsuji, A.
Kondo, K. Kindo, N. Kawamura, M. Mizumaki and T. Inami, J. Phys.: Conf. Ser. 592 (2015) 012020 (6 pages).

10. "Probe of the Band Structure of MBE Grown p-Type InMnAs at Ultrahigh Magnetic Fields: Y. Sun, F. V. Kyrychenko,
G. D. Sanders, C. J. Stanton, G. A. Khodaparast, J. Kono, Y. H. Matsuda and H. Munekata, SPIN 05 (2015) 1550002 (16
pages).

Center of Computational Materials Science

Akai group

(1) It is crucial to treat f-states properly to describe the magnetic properties of rear-earth permanent magnet materials. However,
the local or semi-local approximations to the density functional method, which is the common basis of first-principles electronic
structure calculations, are unable to treat the f-states in a reasonable way. To overcome this situation we have developed several
methods that go beyond the local density approximation. One of them are the optimized effective potential method combined
with the exact-excahnge and random-phaseapproximation. Another is the self-interaction corrected LDA/GGA applied to
f-states. Using these methods, the magnetic crystalline anisotropy of Sm,Fe 7N, (0<x<3) is calculated. The results obtained
by two different methods show considerable differences and the origin of these discrepancies are discussed. (2) A scheme that
combines the non-equilibrium Green's function method with the Korringa-Kohn-Rostoker (KKR) Green's function method is
proposed. The scheme applied to Schottky contact composed of Al/GaN/Al trilayer. The transport property of this system under
various finite bias voltages is calculated. It is shown that the asymmetric behavior of electron transport against the direction of
bias voltage occurs in this system, confirming the feature of rectification.

1. Ab initio study of %Co NMR spectra in Co,FeAl;_,Siy Heusler alloys: H. Nishihara, K. Sato, H. Akai, C. Takiguchi, M.
Geshi, T. Kanomata, T. Sakon and T. Wada, Physica B 485 (2015) 66-70.

2. Near-field correction in the first-principles calculations by the exact two-center expansion for the inverse of the distance:
M. Ogura, C. Zecha, M. Offenberger, H. Ebert and H. Akai, J. Phys.: Condens. Matter 27 (2015) 485201(1-8).

3. Optimized effective potential method and application to a static RPA correlation: T. Fukazawa and H. Akai, J. Phys.:
Condens. Matter 27 (2015) 115502(1-10).
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4. Formulation of the augmented plane-wave and muffin-tin orbital method: T. Kotani, H. Kino and H. Akai, J. Phys. Soc.
Jpn. 84 (2015) 034701(1-9).

5. Role of N in the Permanent Magnet Material SmyFe7N,: M. Ogura, A. Mashiyama and H. Akai, J. Phys. Soc. Jpn. 84
(2015) 084702(1-6).

6. The metamagnetic behavior and giant inverse magnetocaloric effect in Ni-Co—Mn- (Ga, In, Sn) Heusler alloys: P. Entel,
V. V. Sokolovskiy, V. D. Buchelnikov, M. Ogura, M. E. Gruner, A. Gruenebohm, D. Comtesse and H. Akai, J. Magn.
Magn. Mater. 385 (2015) 193-197.

7. Relevance of 4f-3d exchange to finite-temperature magnetism of rare-earth permanent magnets: An ab-initio-based spin
model approach for NdFe;,N: M. Matsumoto, H. Akai, Y. Harashima, S. Doi and T. Miyake, J. Appl. Phys. 119 (2016)
213901(1-7).

Ozaki Taisuke group

First-principles calculations based on density functional theories (DFT) have been playing an invaluable role as a cornerstone in
computational materials science. For a wide variety of materials ranging from metals, insulators, semiconductors, and molecules
the DFT calculations enable us to quantitatively predict the chemical and physical properties within a reasonable computa-
tional cost. With a recent advance of massively parallel computers, even realistic materials discussed in industrial fields have
been becoming the potential targets. However, it is a challenging problem to develop algorithms and software being suitable
for massively parallel computers typified by the K-computer, which results in a fact that users and developers are distinguished
from each other in recent years, and that most of users use specific software. We have been developing OpenMX (Open source
package for Material eXplore) towards a de fact standard DFT code, and in 2015 released the Ver. 3.8 to the public under
GNU-GPL. To improve numerical accuracy, optimized pseudopotentials and pseudo-atomic basis functions have been devel-
oped based on a norm-conserving pseudopotential method with multiple reference energies and a variational optimization
method for radial basis functions. The optimization over 80 elements in the periodic table results in the reliable database storing
optimized pseudopotentials and pseudo-atomic basis functions, where the accuracy of the database was validated by the delta
gauge method. In addition, new functionalities including stress tensor calculation, band unfolding method, and eigenchannel/
real space current analysis have been developed, which makes OpenMX a versatile tool for many applications.

1. First-Principles Study on Cubic Pyrochlore Iridates Y,Ir,O; and PryIr,O7: F. Ishii, Y. P. Mizuta, T. Kato, T. Ozaki, H.
Weng and S. Onoda, J. Phys. Soc. Jpn. 84 (2015) 073703(5 pages).

2. Reproducibility in density functional theory calculations of solids: K. Lejaeghere, G. Bihlmayer, T. Bjorkman, P. Blaha,
S. Blugel, V. Blum, D. Caliste, I. E. Castelli, S. J. Clark, A. Dal Corso, S. de Gironcoli, T. Deutsch, J. K. Dewhurst, 1.
Di Marco, C. Draxl, M. Du ak, O. Eriksson, J. A. Flores-Livas, K. F. Garrity, L. Genovese, P. Giannozzi, M. Gianto-
massi, S. Goedecker, X. Gonze, O. Granas, E. K. U. Gross, A. Gulans, F. Gygi, D. R. Hamann, P. J. Hasnip, N. A. W.
Holzwarth, D. Iu an, D. B. Jochym, F. Jollet, D. Jones, G. Kresse, K. Koepernik, E. Kucukbenli, Y. O. Kvashnin, I. L.
M. Locht, S. Lubeck, M. Marsman, N. Marzari, U. Nitzsche, L. Nordstrom, T. Ozaki, L. Paulatto, C. J. Pickard, W.
Poelmans, M. 1. J. Probert, K. Refson, M. Richter, G. -M. Rignanese, S. Saha, M. Scheffler, M. Schlipf, K. Schwarz, S.
Sharma, F. Tavazza, P. Thunstrom, A. Tkatchenko, M. Torrent, D. Vanderbilt, M. J. van Setten, V. Van Speybroeck, J. M.
Wills, J. R. Yates, G. -X. Zhang and S. Cottenier, Science 351 (2016) aad3000(1-7).

3. Hybrid and 4-D FFT implementations of an open-source parallel FFT package OpenFFT: T. V. T. Duy and T. Ozaki, J
Supercomput 72 (2016) 391-416.

Laser and Synchrotron Research Center

Suemoto group

(1) We tried to control the orientation of macroscopic magnetization in an orthoferrite ErFeOs by using terahertz magnetic
field enhanced by a split ring resonator. The magnetization orientation was successfully controlled by changing the time delay
between the terahertz pulse and the heating pulse. In addition, it was found that two kinds of mechanisms, i.e., spin precession
motion and oscillating external magnetic field, are relevant on the symmetry breaking at the beginning of spin reorientation
phase transition induced by the heating pulse. This is probably the first demonstration of coherent control of the macroscopic
magnetization using direct magnetic dipole interaction with radiation. (2) Femtosecond infrared luminescence was observed in
a topological insulator (T1BiSe2) and the luminescence component below the band gap energy (0.35 eV) was ascribed to the
carrier recombination in the metal-like two-dimensional Dirac bands at the surface, while that above 0.35¢V was assigned to
the transitions in the semiconductor-like bulk bands. These results show that the luminescence method is usable under ambient
condition for investigation of carrier dynamics, while photoemission method requires ultrahigh vacuum, which is different from
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the operand condition of realistic devices.

1.

10.

11.

Dynamics of photoinduced change of magneto-anisotropy parameter in orthoferrites probed with terahertz excited
coherent spin precession: K. Yamaguchi, T. Kurihara, H. Watanabe, M. Nakajima and T. Suemoto, Phys. Rev. B 92
(2015) 064404.

Magnetization-free measurements of spin orientations in orthoferrites using terahertz time domain spectroscopy: T.
Suemoto, K. Nakamura, T. Kurihara and H. Watanabe, Appl. Phys. Lett. 107 (2015) 042404.

Ultraviolet stimulated emission from high-temperature-annealed MgO microcrystals at room temperature: H. Soma, Y.
Uenaka, A. Asahara, T. Suemoto and T. Uchino, Appl. Phys. Lett. 106 (2015) 041116(1-5).

“Transient gain analysis of gain-switched semiconductor lasers during pulse lasing: S. Chen, T. Ito, A. Asahara, H.
Nakamae, T. Nakamura, M. Yoshita, C. Kim, B. Zhang, H. Yokoyama, T. Suemoto and H. Akiyama, Appl. Opt. 54
(2015) 10438.

T*Layer number dependence of carrier lifetime in graphenes observed using time-resolved mid-infrared luminescence:
H. Watanabe, T. Kawasaki, T. limori, F. Komori and T. Suemoto, Chem. Phys. Lett. 637 (2015) 58-62.

*Optically detecting the edge-state of a three-dimensional topological insulator under ambient conditions by ultrafast
infrared photoluminescence spectroscopy: S.-Y. Maezawa, H. Watanabe, M. Takeda, K. Kuroda, T. Someya, I. Matsuda
and T. Suemoto, Sci. Rep. 5 (2015) 16443(1-8).

Tlnvestigation of insulator-metal transition in Ti4O; using terahertz probe pulse: H. Kamioka, J. Nishitani, H. Tsukada,
R. Yamaguchi and T. Suemoto, Appl. Phys. Lett. 108 (2016) 071908.

*Optical pump-THz probe analysis of long-lived d-electrons and relaxation to self-trapped exciton states in MnO: J.
Nishitani, T. Nagashima, M. Lippmaa and T. Suemoto, Appl. Phys. Lett. 108 (2016) 162101(1-5).

“Photoexcited d-electron dynamics in transition metal oxide MnO studied by optical pump-THz probe measurements:
J. Nishitani, T. Kurihara, A. Asahara, T. Nagashima, M. Lippmaa and T. Suemoto, Phys. Status Solidi C 13 (2016)
113-116.

TMagnetic—excitation—assisted photoluminescence from self-trapped exciton states in MnO: J. Nishitani, T. Nagashima
and T. Suemoto, J. Phys. Condens. Matter 28 (2016) 016004.

TDynamics of photoinduced phase transitions in a Prussian blue analog studied by CN vibrational spectroscopy (Review
paper): T. Suemoto, R. Fukaya, A. Asahara, H. Watanabe, H. Tokoro and S.-I. Ohkoshi, Current Inorganic Chemistry 6
(2016) 10-25.

Shin group

We studied high Tc Fe-pnictide superconductors using 7-eV laser. High resolution photoemission study with polarization depen-
dence is very powerful for the study of the superconducting mechanism. Orbital fluctuation mechanism is also important in
addition to the spin fluctuation mechanism.

1.

T*Low—Temperature and High-Energy-Resolution Laser Photoemission Spectroscopy: T. Shimojima, K. Okazaki and S.
Shin, J. Phys. Soc. Jpn. 84 (2015) 072001(1-26).

THybridization gap formation in the Kondo insulator YbB1, observed using time-resolved photoemission spectroscopy:
M. Okawa, Y. Ishida, M. Takahashi, T. Shimada, F. Iga, T. Takabatake, T. Saitoh and S. Shin, Phys. Rev. B 92 (2015)
161108(1-5).

T*Nonequilibrium electronic and phonon dynamics of Cug (7Bi,Ses investigated by core-level and valence-band
time-resolved photoemission spectroscopy: T. Yamamoto, Y. Ishida, R. Yoshida, M. Okawa, K. Okazaki, T. Kanai, A.
Kikkawa, Y. Taguchi, T. Kiss, K. Ishizaka, N. Ishii, J. Itatani, S. Watanabe, Y. Tokura, T. Saitoh and S. Shin, Phys. Rev.
B 92 (2015) 121106(1-6).

*Ultrafast spin-switching of a ferrimagnetic alloy at room temperature traced by resonant magneto-optical Kerr effect
using a seeded free electron laser: Sh. Yamamoto, M. Taguchi, T. Someya, Y. Kubota, S. Ito, H. Wadati, M. Fujisawa,
F. Capotondi, E. Pedersoli, M. Manfredda, L. Raimondi, M. Kiskinova, J. Fujii, P. Moras, T. Tsuyama, T. Nakamura, T.
Kato, T. Higashide, S. Iwata, S. Yamamoto, S. Shin and I. Matsuda, Rev. Sci. Instrum. 86 (2015) 083901(1-5).

TUltrahigh-spatial—resolution chemical and magnetic imaging by laser-based photoemission electron microscopy: T.
taniuchi, Y. Kotani and S. Shin, Rev. Sci. Instrum. 86 (2015) 023701(5 pages).
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

%Gigantic Surface Lifetime of an Intrinsic Topological Insulator: M. Neupane, S.-Y. Xu, Y. Ishida, S. Jia, B. M. Fregoso,
C. Liu, L. Belopolski, G. Bian, N. Alidoust, T. Durakiewicz, V. Galitski, S. Shin, R. J. Cava and M. Zahid Hasan, Phys.
Rev. Lett. 115 (2015) 116801(1-5).

?Temperature Dependence of Magnetically Active Charge Excitations in Magnetite across the Verwey Transition: M.
Taguchi, A. Chainani, S. Ueda, M. Matsunami, Y. Ishida, R. Eguchi, S. Tsuda, Y. Takata, M. Yabashi, K. Tamasaku, Y.
Nishino, T. Ishikawa, H. Daimon, S. Todo, H. Tanaka, M. Oura, Y. Senba, H. Ohashi and S. Shin, Phys. Rev. Lett. 115
(2015) 256405(1-5).

72 BRI S R T I X B2 9 7 2 Y DR F v ) 7H A F I 7 ADEH Tracing Ultrafast Carrier
Dynamics in Graphene with Femtosecond Time-resolved Photoemission Spectroscopy: #¢4% F5l , W f#— , HH 17
B, EH A A B IRER, AR SCR, 3 E, IR ik, R 36(8) (2015) 418-423.

TReaction of Sb on In/Si(111) surfaces: Heteroepitaxial InSb(111) formation: M. Hashimoto, A. Nakaguchi, F. -Z. Guo,
M. Ueda, T. Yasue, T. Matsushita, T. Kinoshita, K. Kobayashi, M. Oura, T. Takeuchi, Y. Saito, S. Shin and T. Koshikawa,
Surf. Sci. 641 (2015) 121-127.

T K v A O [ R RS 53 76 B8 753 Yo~ Application of High Harmonic Generation to Time-Resolved Photo-
emission Spectroscopy of Solids: [lifF 3% = , 3¢ 4 , L —3 —F%E 43 (12) (2015) 838-843.

"Selective Formation of Zigzag Edges in Graphene Cracks: M. Fujihara, R. Inoue, R. Kurita, T. Taniuchi, Y. Motoyui,
S. Shin, F. Komori, Y. Maniwa, H. Shinohara and Y. Miyata, ACS Nano 9 (2015) 9027-9033.

™Ppoint nodes persisting far beyond Tc in Bi2212: T. Kondo, W. Malaeb, Y. Ishida, T. Sasagawa, H. Sakamoto, T.
Takeuchi, T. Tohyama and S. Shin, Nat. Commun. 6 (2015) 7699(8 pages).

'i'*Quadratic Fermi Node in a 3D Strongly Correlated Semimetal: T. Kondo, M. Nakayama, R. Chen, J. J. Ishikawa, E.
-G. Moon, T. Yamamoto, Y. Ota, W. Malaeb, H. Kanai, Y. Nakashima, Y. Ishida, R. Yoshida, H. Yamamoto, M. Matsu-
nami, S. Kimura, N. Inami, K. Ono, H. Kumigashira, S. Nakatsuji, L. Balents and S. Shin, Nat. Commun. 6 (2015)
10042(1-8).

#*Emergent photovoltage on SmB¢ surface upon bulk-gap evolution revealed by pump-and-probe photoemission
spectroscopy: Y. Ishida, T. Otsu, T. Shimada, M. Okawa, Y. Kobayashi, F. Iga, Y. Takabatake and S. Shin, Sci. Rep. §
(2015) 8160(1-6).

™Ultrafast electron dynamics at the Dirac node of the topological insulator SbyTes: S. Zhu, Y. Ishida, K. Kuroda, K.
Sumida, M. Ye, J. Wang, H. Pan, M. Taniguchi, S. Qiao, S. Shin and A. Kimura, Sci. Rep. 5 (2015) 13213(1-6).

"Electronic Structure Evolution across the Peierls Metal-Insulator Transition in a Correlated Ferromagnet: P. A. Bhobe,
A. Kumar, M. Taguchi, R. Eguchi, M. Matsunami, Y. Takata, A. K. Nandy, P. Mahadevan, D. D. Sarma, A. Neroni, E.
Sasioglu, M. Lezaic, M. Oura, Y. Senba, H. Ohashi, K. Ishizaka, M. Okawa, S. Shin, K. Tamasaku, Y. Kohmura, M.
Yabashi, T. Ishikawa, K. Hasegawa, M. Isobe, Y. Ueda and A. Chainani, Phys. Rev. X § (2015) 041004(1-9).

™ One-dimensional metallic surface states of Pt-induced atomic nanowires on Ge(001): K. Yaji, S. Kim, I. Mochizuki,
Y. Takeichi, Y. Ohtsubo, P. L. Fevre, F. Bertran, A. Taleb-Ibrahimi, S. Shin and F. Komori, J. Phys.: Condens. Matter 28
(2016) 284001(1-9).

TCoexistence of a pseudo-gap and a superconducting gap for the high-Tc superconductor LSCO using photoemission
spectroscopy: T. Yoshida, W. Malaeb, S. Ideta, D. H. Lu, R. G. Moor, Z. -X. Shen, M. Okawa, T. Kiss, K. Ishizaka, S.
Shin, S. Komiya, Y. Ando, H. Eisaki, S. Uchida and A. Fujimori, Phys. Rev. B 93 (2016) 014513(5 pages).

fRevealing the ultrafast light-to-matter energy conversion before heat diffusion in a layered Dirac semimetal: Y. Ishida,
H. Masuda, H. Sakai, S. Ishiwata and S. Shin, Phys. Rev. B 93 (2016) 100302(6 pages).

*High-resolution three-dimensional spin- and angle-resolved photoelectron spectrometer using vacuum ultraviolet laser
light: K. Yaji, A. Harasawa, K. Kuroda, S. Toyohisa, M. Nakayama, Y. Ishida, A. Fukushima, S. Watanabe, C. Chen, F.
Komori and S. Shin, Rev. Sci. Instrum. 87 (2016) 053111(1-6).

%*Spin Polarization and Texture of the Fermi Arcs in the Weyl Fermion Semimetal TaAs: S.-Y. Xu, I. Belopolski, D.
S. Sanchez, M. Neupane, G. Chang, K. Yaji, Z. Yuan, C. Zhang, K. Kuroda, G. Bian, C. Guo, H. Lu, T.-R. Chang, N.
Alidoust, H. Zheng, C.-C. Lee, S.-M. Huang, C.-H. Hsu, H.-T. Jeng, A. Bansil, T. Neupert, F. Komori, T. Kondo, S.
Shin, H. Lin, S. Jia and M. Zahid Hasan, Phys. Rev. Lett. 116 (2016) 096801(1-7).

VARSI T VeI K B RSB SE IR S H T S LA R B S AR DB X v T L RBIGE X vy OB OIS
e R, TN [ETE, o 5, FEAEE 51.(2016) 203-221.

e R IR T ERE -0t - A ATE, RIRRY 37 (2016) 31-36.
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24. "Electronic structure and relaxation dynamics in a superconducting topological material: M. Neupane, Y. Ishida, R.

25.

Sankar, J.-X. Zhu, D. S. Sanchez, I. Belopolski, S.-Y. Xu, N. Alidoust, M. Mofazzel Hosen, S. Shin, F. Chou, M. Zahid
Hasan and T. Durakiewicz, Sci. Rep. 6 (2016) 22557(7 pages).

TQuasi—particles ultrafastly releasing kink bosons to form Fermi arcs in a cuprate superconductor: Y. Ishida, T. Saitoh, T.
Mochiku, T. Nakane, K. Hirata and S. Shin, Sci. Rep. 6 (2016) 18747(8 pages).

Akiyama group

In 2015, we studied radiation damage effects of in multi-junction solar cells via absolute electroluminescence-efficiency
measurements, by developing LED radiance secondary standards. We studied pico- and femto-second short-pulse generation
via gain switching in GaAs double-hetero semiconductor lasers. We studied quantum yields of equarin in jelly-fish biolumines-
cence. We also made intensive studies on theoretical quantum-chemistry and molecular-dynamics calculations on oxyluciferins.

1.

10.

11.

12.

13.

14.

15.

Time-resolved observation of coherent excitonic nonlinear response with a table-top narrowband THz pulse wave: K.
Uchida, H. Hirori, T. Aoki, C. Wolpert, T. Tamaya, K. Tanaka, T. Mochizuki, C. Kim, M. Yoshita, H. Akiyama, L. N.
Pfeiffer and K. W. West, Appl. Phys. Lett. 107 (2015) 221106.

Time-resolved photoluminescence measurements for determining voltage-dependent charge-separation efficiencies of
subcells in triple-junction solar cells: D. M. Tex, T. Ihara, H. Akiyama, M. Imaizumi and Y. Kanemitsu, Appl. Phys. Lett.
106 (2015) 013905.

LA R IDZWT - B EFOCHONE - FECR AR OREM : FKIL 23, IEHPHE 84 (2015) 319-325.

“Transient gain analysis of gain-switched semiconductor lasers during pulse lasing: S. Chen, T. Ito, A. Asahara, H.
Nakamae, T. Nakamura, M. Yoshita, C. Kim, B. Zhang, H. Yokoyama, T. Suemoto and H. Akiyama, Appl. Opt. 54
(2015) 10438.

“Effect of very high magnetic field on the optical properties of firefly light emitter oxyluciferin: W. Zhou, D. Nakamura,
Y. Wang, T. Mochizuki, H. Akiyama and S. Takeyama, J. Lumin. 165 (2015) 15.

Multi-junction-solar-cell designs and characterizations based on detailed-balance principle and luminescence yields: H.
Akiyama, L. Zhu, M. Yoshita, C. Kim, S. Chen, T. Mochizuki and Y. Kanemitsu, Proc. SPIE 9358 (2015) 93580B1-8.

Time-resolved observation of excitonic dynamics under coherent terahertz excitation in GaAs quantum wells: K.
Uchida, H. Hirori, T. Aoki, C. Wolpert, K. Tanaka, T. Mochizuki, C. Kim, M. Yoshita, H. Akiyama, L. N. Pfeiffer and K.
W. West, Proc. SPIE 9361 (2015) 93611L.1-6.

Analysis of Oxyluciferin Photoluminescence Pathways in Aqueous Solutions: M. Hiyama, T. Mochizuki, H. Akiyama
and N. Koga, Photochem. Photobiol. 91 (2015) 74.

*Vibronic Structures in Absorption and Fluorescence Spectra of Firefly Oxyluciferin in Aqueous Solutions: M. Hiyama,
Y. Noguchi, H. Akiyama, K. Yamada and N. Koga, Photochem. Photobiol. 91 (2015) 819.

Degradation mechanism of perovskite CH3;NH3Pbl; diode devices studied by electroluminescence and photolumines-
cence imaging spectroscopy: M. Okano, M. Endo, A. Wakamiya, M. Yoshita, H. Akiyama and Y. Kanemitsu, Appl.
Phys. Express 8 (2015) 102302.

On the importance of cavity-length and heat dissipation in GaN-based vertical-cavity surface-emitting lasers: W. J. Liu,
X. L. Hu, L. Y. Ying, S. Q. Chen, J. Y. Zhang, H. Akiyama, Z. P. Cai and B. P. Zhang, Sci. Rep. 5 (2015) 9600.

Thorough subcells diagnosis in a multi-junction solar cell via absolute electroluminescence-efficiency measurements: S.
Chen, L. Zhu, M. Yoshita, T. Mochizuki, C. Kim, H. Akiyama, M. Imaizumi and Y. Kanemitsu, Sci. Rep. 5 (2015) 7836.

*First—Principles Investigation of Strong Excitonic Effects in Oxygen ls X-ray Absorption Spectra: Y. Noguchi, M.
Hiyama, H. Akiyama, Y. Harada and N. Koga, J. Chem. Theory Comput. 11 (2015) 1668-1673.

Strong localization effect and carrier relaxation dynamics in self-assembled InGaN quantum dots emitting in the green:
G.-E. Weng, W.-R. Zhao, S.-Q. Chen, H. Akiyama, Z.-C. Li, J.-P. Liu and B.-P. Zhang, Nanoscale Res. Lett. 10 (2015)
31

Absolute Electroluminescence Imaging of Multi-Junction Solar Cells and Calibration Standards: M. Yoshita, L. Zhu, C.
Kim, H. Akiyama, S. Chen, T. Mochizuki, H. Kubota, T. Nakamura, M. Imaizumi and Y. Kanemitsu, The 42nd IEEE
Photovoltaic Specialists Conference Proceedings 7356199 (2015) 1-4.
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16.

17.

18.

19.

20.

21.

22.

23.

Characterizations of radiation damages in multi-junction solar cells focused on subcell internal luminescence quantum
yields via absolute electroluminescence measurements: L. Zhu, M. Yoshita, S. Chen, T. Nakamura, T. Mochizuki, C.
Kim, M. Imaizumi, Y. Kanemitsu and H. Akiyama, The 42nd IEEE Photovoltaic Specialists Conference Proceedings
7355671 (2015) 1-4.

Determining Subcell Carrier-Collection Efficiencies of Triple-Junction Solar Cells Using Time-Resolved Photolumi-
nescence: D. M. Tex, T. Thara, H. Akiyama, M. Imaizumi and Y. Kanemitsu, The 42nd IEEE Photovoltaic Specialists
Conference Proceedings 7356197 (2015) 1-4.

Solar-cell radiance standard for absolute electroluminescence measurements and open-circuit voltage mapping of
silicon solar modules: T. Mochizuki, C. Kim, M. Yoshita, J. Mitchell, Z. Lin, S. Chen, H. Takato, Y. Kanemitsu and H.
Akiyama, J. Appl. Phys. 119 (2016) 034501.

Conversion efficiency limits and bandgap designs for multi-junction solar cells with internal radiative efficiencies below
unity: L. Zhu, T. Mochizuki, M. Yoshita, S. Chen, C. Kim, H. Akiyama and Y. Kanemitsu, Opt. Express 24 (2016)
A740-A751.

*High—precision group-delay dispersion measurements of optical fibers via fingerprint-spectral wavelength-to-time
mapping: T. Ito, O. Slezak, M. Yoshita, H. Akiyama and Y. Kobayashi, Photon. Res. 4 (2016) 13-16.

Calibration standards and measurement accuracy of absolute electroluminescence and internal properties in multi-
junction and arrayed solar cells: M. Yoshita, L. Zhu, C. Kim, T. Mochizuki, T. Nakamura, M. Imaizumi, S. Chen, H.
Kubota, Y. Kanemitsu and H. Akiyama, in Proc. of SPIE Photonics West 9743 (2016) 97430D1-6.

Characterization and modeling of radiation damages via internal radiative efficiency in multi-junction solar cells: L.
Zhu, M. Yoshita, T. Nakamura, M. Imaizumi, C. Kim, T. Mochizuki, S. Chen, Y. Kanemitsu and H. Akiyama, in Proc. of
SPIE Photonics West 9743 (2016) 97430U1-7.

Characterizations of Radiation Damage in Multijunction Solar Cells Focused on Subcell Internal Luminescence
Quantum Yields via Absolute Electroluminescence Measurements: L. Zhu, M. Yoshita, S. Chen, T. Nakamura, T.
Mochizuki, C. Kim, M. Imaizumi, Y. Kanemitsu and H. Akiyama, IEEE J. Photovoltaics 6 (2016) 777-782.

I. Matsuda group

Developments and experiments of the advanced spectroscopies have been carried out by using vacuum ultraviolet (VUV) and
soft X-rays (SX). At SPring-8 BLO7LSU, we have succeeded in realizing fast-switching (10 Hz) of the light polarizations for the
segmented cross-type undulator. Moreover, we could measure a spectrum of X-ray magnetic circular dichroism for a magnetic
sample using the fast-switching of left and right circular polarized light. At the end-station, we routinely supported picosecond-
time-resolved SX photoemission spectroscopy experiments of joint-researches. Studies of photovoltaics and photocatalysis have
been carried out mainly. In the laboratory, we studied electronic structure of novel two-dimensional materials that could show
intriguing dynamical properties.

1.

Deeper insight into phase relations in ultrathin Pb films: R.-Y. Liu, A. Huang, C.-C. Huang, C.-Y. Lee, C.-H. Lin, C.-M.
Cheng, K.-D. Tsuei, H.-T. Jeng, I. Matsuda and S. -J. Tang, Phys. Rev. B 92 (2015) 115415(1-8).

*Scanning tunneling spectroscopy study of quasiparticle interference on dual topological insulator Bi;_Sby: S.
Yoshizawa, F. Nakamura, A. A. Taskin, T. limori, K. Nakatsuji, I. Matsuda, Y. Ando and F. Komori, Phys. Rev. B 91
(2015) 045423(1-6).

“Ultrafast spin-switching of a ferrimagnetic alloy at room temperature traced by resonant magneto-optical Kerr effect
using a seeded free electron laser: Sh. Yamamoto, M. Taguchi, T. Someya, Y. Kubota, S. Ito, H. Wadati, M. Fujisawa,
F. Capotondi, E. Pedersoli, M. Manfredda, L. Raimondi, M. Kiskinova, J. Fujii, P. Moras, T. Tsuyama, T. Nakamura, T.
Kato, T. Higashide, S. Iwata, S. Yamamoto, S. Shin and I. Matsuda, Rev. Sci. Instrum. 86 (2015) 083901(1-5).

Photoemission Circular Dichroism and Spin Polarization of the Topological Surface States in Ultrathin Bi,Te; Films: C.
-Z. Xu, Y. Liu, R. Yukawa, L. -X. Zhang, 1. Matsuda, T. Miller and T. -C. Chiang, Phys. Rev. Lett. 115 (2015) 016801
(1-5).

72 BRI S R E T X 57T 7 2 Y DR F v ) 7 H A F I/ ADEH Tracing Ultrafast Carrier
Dynamics in Graphene with Femtosecond Time-resolved Photoemission Spectroscopy: %% Fesl , WF #i— |, IHH 17
B, K, AR E, RS IREE, AR SCK, o i, IS B, RIEREE 36(8) (2015) 418-423.

Significantly enhanced giant Rashba splitting in a thin film of binary alloy: W.-C. Chen, T.-R. Chang, S.-T. Tai, S.
Yamamoto, J.-M. Kuo, C.-M. Cheng, K.-D. Tsuei, K. Yaji, H. Lin, H.-T. Jeng, C.-Y. Mou, 1. Matsuda and S.-J. Tang,
New J. Phys. 17 (2015) 083015(1-12).
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10.

11.

12.

13.

14.

Y057 2 DR ESIR R R TE B - e WSk, W T, I B, 6794 72 A 26 (2015) 31.

*Optically detecting the edge-state of a three-dimensional topological insulator under ambient conditions by ultrafast
infrared photoluminescence spectroscopy: S.-Y. Maezawa, H. Watanabe, M. Takeda, K. Kuroda, T. Someya, I. Matsuda
and T. Suemoto, Sci. Rep. 5 (2015) 16443 (1-8).

Microscopic observation and chemical mapping of opal phytoliths in a mulberry leaf: O. Tsutsui, R. Sakamoto, M.
Hattori, K. Hasegawa, T. Handa, D. Nishio-Hamane and I. Matsuda, Flora 218 (2015) 44-50.

Anisotropic effective mass approach for multiple subband structures at wide-gap semiconductor surfaces: Application
to accumulation layers of SrTiO; and ZnO: R. Yukawa, K. Ozawa, S. Yamamoto, R. -Y. Liu and I. Matsuda, Surface
Science 641 (2015) 224-230.

Generation of metallic eg,-derived band at Cs/SrTiO; interface observed by polarization-dependent photoemission
spectroscopy: K. Akikubo, I. Matsuda, D. Schmaus, G. Marcaud, S. Yamamoto, R.-Y. Liu, R. Yukawa, M. G. Silly, F.
Sirotti and M. D’ Angelo, Thin Solid Films 603 (2016) 149-153.

R 3 AR X ARG 100 Gk R A HINC 361 2 0EIEE % v ) 7 D FERF BN < (LA 32, BAHH fi% , FIRiRlY: 37 (2016)
9-13.

Capturing transient charged states at the Cgo/TiO,(110) interface by time-resolved soft X-ray photoelectron spectros-
copy: K. Ozawa, S. Yamamoto, R. Yukawa, K. Akikubo, M. Emori, H. Sakama and I. Matsuda, Organic Electronics 31
(2016) 98-103.

“Real-time observation of reaction processes of CO, on Cu(997) by ambient-pressure X-ray photoelectron spectroscopy:
T. Koitaya, S. Yamamoto, Y. Shiozawa, K. Takeuchi, R.-Y. Liu, K. Mukai, S. Yoshimoto, K. Akikubo, I. Matsuda and J.
Yoshinobu, Topic in Catalysis 59 (2016) 526-531.

Kobayashi group

We have demonstrated the highest repetition rate in a Kerr-lens mode-locked oscillator in the world. 15-GHz mode space of the
optical frequency comb can be resolved by using commercially available spectrum analyzer. We started to develop a new HHG
beam line for industrial applications. We have demonstrated 300-mW, 193-nm light source with single longitudinal mode at 6
kHz repetition rate for next generation lithography technology.

1. 7300-mW narrow-linewidth deep-ultraviolet light generation at 193 nm by frequency mixing between Yb-hybrid and
Er-fiber lasers: H. Xuan, Z. Zhao, H. Igarashi, S. Ito, K. Kakizaki and Y. Kobayashi, Opt. Express 23 (2015) 10564-
10572.

2. Direct 15-GHz mode-spacing optical frequency comb with a Kerr-lens mode-locked Yb:Y,O3 ceramic laser: M. Endo, 1.
Ito and Y. Kobayashi, Opt. Express 23 (2015) 1276-1282.

3. "-High average power coherent vuv generation at 10 MHz repetition frequency by intracavity high harmonic generation:
A. Ozawa, Z. Zhao, M. Kuwata-Gonokami and Y. Kobayashi, Opt. Express 23 (2015) 15107-15118.

4. Offset-free broadband Yb:fiber optical frequency comb for optical clocks: T. Nakamura, I. Ito and Y. Kobayashi, Opt.
Express 23 (2015) 19376-19381.

5. TSingle frequency, 5 ns, 200 W, 1553 nm fiber laser using silica based Er-doped fiber: Z. Zhao, H. Xuan, H. Igarashi, S.
Ito, K. Kakizaki and Y. Kobayashi, Opt. Express 23 (2015) 29764-29771.

6. T*Emergent photovoltage on SmBg surface upon bulk-gap evolution revealed by pump-and-probe photoemission
spectroscopy: Y. Ishida, T. Otsu, T. Shimada, M. Okawa, Y. Kobayashi, F. Iga, Y. Takabatake and S. Shin, Sci. Rep. §
(2015) 8160(1-6).

7. "Femtosecond optical parametric oscillator frequency combs: Y. Kobayashi, K. Torizuka, A. Marandi, R. L. Byer, R. A.
McCracken, Z. Zhang and D. T. Reid, J. Opt. 17 (2015) 094010(1-14).

8. Ytterbium fiber-based, 270 fs, 100 W chirped pulse amplification laser system with 1 MHz repetition rate: Z. Zhao and
Y. Kobayashi, Appl. Phys. Express 9 (2016) 012701(1-4).

9. *High-precision group-delay dispersion measurements of optical fibers via fingerprint-spectral wavelength-to-time
mapping: T. Ito, O. Slezak, M. Yoshita, H. Akiyama and Y. Kobayashi, Photon. Res. 4 (2016) 13-16.

10. 5. L—¥— (2014 FHA AL OWFRENN) « AR ¥, AV 3, D62 44 (2015) 141-144.

1L 774N = =SB LB LR A DIERE : /AR PR, ATIA 7 br=22 34 (2015) 144-147.
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Itatani group

We carried out several application experiments using the optical parametric chirped pulse amplification (OPCPA) system that
can produce carrier-envelope phase (CEP)-stable, 1.5-mJ, 10-fs infrared pulses at a repetition rate of 1 kHz. First, we produced
soft-X-ray continuum extending to the photon energy of 320 eV, and measured the static absorption spectrum of a thin film
containing carbon atoms. We successfully resolved the peaks arising from the C=C and C-C bonding with an accumula-
tion time of approximately 100 seconds. This result shows the capability of laser-based time-resolved soft-X-ray absorption
spectroscopy. Second, we measured the photoelectron spectra of ionizing atoms, and observed the CEP-dependent high-energy
structures. By mapping the CEP-dependent cutoffs of photoelectron spectra, we successfully reproduced the differential cross
sections of rare gas atoms with a high degree of agreement with the most advanced scattering theory. Third, under the collabora-
tion with Prof. Tanaka at Kyoto University, we produced broadband THz pulses using organic crystals. New directions of the
BIBO-based ultrabroadband optical parametric amplifiers are pursuit as well. First, we developed a high-repetition-rate optical
parametric amplifier using newly developed dispersion compensation mirrors. We have successfully produced CEP-stable 10
uJ, 9-fs infrared pulses at 20 kHz, which were applied to high-throughput electron scattering experiments. Second, we modified
a high-energy OPCPA system to amplify two spectral components in infrared followed by differential frequency genera-
tion, resulting in the generation of intense mid-infrared pulses. A strong optical field up to 50 MV/cm was achieved with a
capability of sub-cycle EO sampling using 6.5-fs visible pulses. We also kept collaboration with Shin, Komori, and Matsuda
groups at LASOR-ISSP on time-resolved ARPES using a femtosecond EUV source. Photo-induced electronic dynamics of
CuMj 17Bi,Se; and graphene are successfully measured.

1. ?*Nonequilibrium electronic and phonon dynamics of Cug (7Bi,Ses investigated by core-level and valence-band
time-resolved photoemission spectroscopy: T. Yamamoto, Y. Ishida, R. Yoshida, M. Okawa, K. Okazaki, T. Kanai, A.
Kikkawa, Y. Taguchi, T. Kiss, K. Ishizaka, N. Ishii, J. Itatani, S. Watanabe, Y. Tokura, T. Saitoh and S. Shin, Phys. Rev.
B 92 (2015) 121106(1-6).

2. Ultrabroadband infrared chirped mirrors characterized by a white-light Michelson interferometer: K. Kaneshima, M.
Sugiura, K. Tamura, N. Ishii and J. Itatani, Appl. Phys. B 119 (2015) 347-353.

3. T AR R E T OEIC L BT 7 2 OBE R v ) 7L F I/ ADEY Tracing Ultrafast Carrier
Dynamics in Graphene with Femtosecond Time-resolved Photoemission Spectroscopy: #e45 F&s , W& fi—, HH 1T
B, IR, A E, B TREE, AR SCR, 9 B, A B, RIFFE 36(8) (2015) 418-423.

4. ‘Generation of ultrashort intense optical pulses at 1.6 um from a bismuth triborate-based optical parametric chirped
pulse amplifier with carrier-envelope phase stabilization: N. Ishii, K. Kaneshima, T. Kanai, S. Watanabe and J. Itatani, J.
Optics 17 (2015) 094001(1-8).

5. Generation of carrier-envelope phase-stable mid-infrared pulses via dual-wavelength optical parametric amplification:
K. Kaneshima, N. Ishii, K. Takeuchi and J. Itatani, Opt. Express 24 (2016) 8660(1-6).

Harada group

After three years development of differential pumping system we have for the first time succeeded in the near ambient pressure
soft X-ray RIXS experiments at SPring-8 BLO7LSU. The best demonstration was done for O 1s RIXS of SiO, under around
360 Torr (0.5 bar) air pressure. We also have implemented rotation of the RIXS spectrometer to enable momentum dependent
RIXS experiments urgently requested for the study of strongly correlated systems. This year we have accepted 8 collaborative
works at BLO7LSU HORNET endstation, which include oxygen site analysis of high Tc cuprates, operando analysis of Li ion
battery electrodes, RIXS study of multiferroic materials applying magnetic field, spin transition of LaCoOj3, monitoring vibra-
tional excitations at Ti site in ferroelectric BaTiO3, and electronic structure analysis of high concentration electrolyte for Li ion
batteries.

1. "Multi-Phonon Excitations in Fe 2p RIXS on Mg,FeHq: K. Kurita, D. Sekiba, I. Harayama, K. Chito, Y. Harada, H.
Kiuchi, M. Oshima, S. Takagi, M. Matsuo, R. Sato, K. Aoki and S.-I. Orimo, J. Phys. Soc. Jpn. 84 (2015) 043201(1-3).

2. 'Electron-Phonon Coupling in the Bulk of Anatase TiO, Measured by Resonant Inelastic X-Ray Spectroscopy: S.
Moser, S. Fatale, P. Kriiger, H. Berger, P. Bugnon, A. Magrez, H. Niwa, J. Miyawaki, Y. Harada and M. Grioni, Phys.
Rev. Lett. 115 (2015) 096404 (1-5).

3. X-ray Emission Spectroscopy of Bulk Liquid Water in "No-man's Land": J. Sellberg, T. McQueen, H. Laksmono, S.
Schreck, M. Beye, D. DePonte, B. O'Kennedy, D. Nordlund, R. Sierra, D. Schlesinger, T. Tokushima, S. Eckert, V.
Segtnan, H. Ogasawara, K. Kubicek, S. Techert, U. Bergmann, G. Dakovski, W. Schlotter, Y. Harada, I. Zhovtobriukh,
M. Bogan, P. Wernet, A. Fohlisch, L. Pettersson and A. Nilsson, J. Chem. Phys. 142 (2015) 044505(1-9).

4. "Enhancement in Kinetics of the Oxygen Reduction Reaction on a Nitrogen-Doped Carbon Catalyst by Introduction of
Iron via Electrochemical Methods: J. Wu, D. Zhang, H. Niwa, Y. Harada, M. Oshima, H. Ofuchi, Y. Nabae, T. Okajima
and T. Ohsaka, Langmuir 31 (2015) 5529-5536.
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10.

11.

12.

13.

Active site formation mechanism of carbon-based oxygen reduction catalysts derived from a hyperbranched iron phtha-
locyanine polymer: Y. Hiraike, M. Saito, H. Niwa, M. Kobayashi, Y. Harada, M. Oshima, J. Kim, Y. Nabae and M.-A.
Kakimoto, Nanoscale Res Lett 10 (2015) 179(1-11).

TOperando soft x-ray emission spectroscopy of LiMn,O, thin film involving Li-ion extraction/insertion reaction: D.
Asakura, E. Hosono, H. Niwa, H. Kiuchi, J. Miyawaki, Y. Nanba, M. Okubo, H. Matsuda, H. S. Zhou, M. Oshima and Y.
Harada, Electrochem. Commun. 50 (2015) 93-96.

*First—Principles Investigation of Strong Excitonic Effects in Oxygen 1s X-ray Absorption Spectra: Y. Noguchi, M.
Hiyama, H. Akiyama, Y. Harada and N. Koga, J. Chem. Theory Comput. 11 (2015) 1668-1673.

"Redox Potential Paradox in Na,MO, for Sodium-Ion Battery Cathodes: Y. Nanba, T. Iwao, B. M. D. Boisse, W. Zhao,
E. Hosono, D. Asakura, H. Niwa, H. Kiuchi, J. Miyawaki, Y. Harada, M. Okubo and A. Yamada, Chem. Mater. 28
(2016) 1058-1065.

In Situ Hard X-ray Photoelectron Study of O, and H,O Adsorption on Pt Nanoparticles: Y. Cui, Y. Harada, E. Ikenaga,
R. Li, N. Nakamura, T. Hatanaka, M. Ando, T. Yoshida, G.-L. Li and M. Oshima, J. Phys. Chem. C 120 (2016) 10936-
10940.

TCharacterization of nitrogen species incorporated into graphite using low energy nitrogen ion sputtering: H. Kiuchi, T.
Kondo, M. Sakurai, D. Guo, J. Nakamura, H. Niwa, J. Miyawaki, M. Kawai, M. Oshima and Y. Harada, Phys. Chem.
Chem. Phys. 18 (2016) 458-465.

Pt-free carbon-based fuel cell catalyst prepared from spherical polyimide for enhanced oxygen diffusion: Y. Nabae, S.
Nagata, T. Hayakawa, H. Niwa, Y. Harada, M. Oshima, A. Isoda, A. Matsunaga, K. Tanaka and T. Aoki, Sci. Rep. 6
(2016) 23276(1-7).

TLewis Basicity of Nitrogen-Doped Graphite Observed by CO, Chemisorption: H. Kiuchi, R. Shibuya, T. Kondo, J.
Nakamura, H. Niwa, J. Miyawaki, M. Kawai, M. Oshima and Y. Harada, Nanoscale Res Lett 11 (2016) 127(1-7).

"Intermediate honeycomb ordering to trigger oxygen redox chemistry in layered battery electrode: B. M. D. Boisse, G.
Liu, J. Ma, S.-I. Nishimura, S.-C. Chung, H. Kiuchi, Y. Harada, J. Kikkawa, Y. Kobayashi, M. Okubo and A. Yamada,
Nat. Commun. 7 (2016) 11397(1-9).

Wadati group

We succeeded in the observation of a devil’s staircase in the novel spin-valve system SrCogO; by resonant soft x-ray scattering.
We also performed time-resolved reflectivity study of ferrimagnetic alloy GdFeCo thin films by using seeded free electron laser
in FERMI (Italy), and observed ultrafast spin-switching of Fe spins by resonant magneto-optical Kerr effect.

1.

Investigating Orbital Magnetic Moments in Spinel-Type MnV,0, Using X-ray Magnetic Circular Dichroism: J.
Okabayashi, S. Miyasaka, K. Hemmi, K. Tanaka, S. Tajima, H. Wadati, A. Tanaka, Y. Takagi and T. Yokoyama, J. Phys.
Soc. Jpn. 84 (2015) 104703(1-5).

X-ray spectroscopic study of BaFeOj thin films; an Fe*t ferromagnetic insulator: T. Tsuyama, T. Matsuda, S. Chakra-
verty, J. Okamoto, E. Ikenaga, A. Tanaka, T. Mizokawa, H. Y. Hwang, Y. Tokura and H. Wadati, Phys. Rev. B 91 (2015)
115101(1-7).

*Ultrafast spin-switching of a ferrimagnetic alloy at room temperature traced by resonant magneto-optical Kerr effect
using a seeded free electron laser: Sh. Yamamoto, M. Taguchi, T. Someya, Y. Kubota, S. Ito, H. Wadati, M. Fujisawa,
F. Capotondi, E. Pedersoli, M. Manfredda, L. Raimondi, M. Kiskinova, J. Fujii, P. Moras, T. Tsuyama, T. Nakamura, T.
Kato, T. Higashide, S. Iwata, S. Yamamoto, S. Shin and I. Matsuda, Rev. Sci. Instrum. 86 (2015) 083901(1-5).

Engineering a spin-orbital magnetic insulator by tailoring superlattices: J. Matsuno, K. Thara, S. Yamamura, H. Wadati,
K. Ishii, V. V. Shankar, H.-Y. Kee and H. Takagi, Phys. Rev. Lett. 114 (2015) 247209(1-5).

Observation of a Devil’s Staircase in the Novel Spin-Valve System SrCogO;;: T. Matsuda, S. Partzsch, T. Tsuyama, E.
Schierle, E. Weschke, J. Geck, T. Saito, S. Ishiwata, Y. Tokura and H. Wadati, Phys. Rev. Lett. 114 (2015) 236403(1-5).

Electronic structure of Lij,[MngsNips];.xO, studied by photoemission and x-ray absorption spectroscopy: Y.
Yokoyama, D. Ootsuki, T. Sugimoto, H. Wadati, J. Okabayashi, X. Yang, F. Du, G. Chen and T. Mizokawa, Appl. Phys.
Lett. 107 (2015) 033903(1-4).

Topotactic synthesis of strontium cobalt oxyhydride thin film with perovskite structure: T. Katayama, A. Chikamatsu, H.
Kamisaka, Y. Yokoyama, Y. Hirata, H. Wadati, T. Fukumura and T. Hasegawa, AIP Advances 5 (2015) 107147(1-7).
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8. FMAY Y o= ALMTROREEL : FIE KE, 2%V 7+ 31(2016) 48-51.
9. Material/element-dependent fluorescence-yield modes on soft X-ray absorption spectroscopy of cathode materials for
Li-ion batteries: D. Asakura, E. Hosono, Y. Nanba, H. Zhou, J. Okabayashi, C. Ban, P. -A. Glans, J. Guo, T. Mizokawa,
G. Chen, A. J. Achkar, D. G. Hawthron, T. Z. Regier and H. Wadati, AIP Advances 6 (2016) 035105(1-8).
Kondo group

We use angle-resolved photoemission spectroscopy (ARPES) with ultrahigh energy resolution. The main findings in 2015 are as
follows: (1) Quadratic Fermi Node in a 3D Strongly Correlated Semimetal. (2) Point nodes persisting far beyond Tc in Bi2212.

1.

10.

Tunable spin current due to bulk insulating property in the topological insulator T1;_,Bi;,,Se,_s: K. Kuroda, G. Eguchi,
K. Shirai, M. Shiraishi, M. Ye, K. Miyamoto, T. Okuda, S. Ueda, M. Arita, H. Namatame, M. Taniguchi, Y. Ueda and A.
Kimura, Phys. Rev. B 91 (2015) 205306.

™Point nodes persisting far beyond Tc in Bi2212: T. Kondo, W. Malaeb, Y. Ishida, T. Sasagawa, H. Sakamoto, T.
Takeuchi, T. Tohyama and S. Shin, Nat. Commun. 6 (2015) 7699(8 pages).

?*Quadratic Fermi Node in a 3D Strongly Correlated Semimetal: T. Kondo, M. Nakayama, R. Chen, J. J. Ishikawa, E.
-G. Moon, T. Yamamoto, Y. Ota, W. Malaeb, H. Kanai, Y. Nakashima, Y. Ishida, R. Yoshida, H. Yamamoto, M. Matsu-
nami, S. Kimura, N. Inami, K. Ono, H. Kumigashira, S. Nakatsuji, L. Balents and S. Shin, Nat. Commun. 6 (2015)
10042(1-8).

*Optically detecting the edge-state of a three-dimensional topological insulator under ambient conditions by ultrafast
infrared photoluminescence spectroscopy: S.-Y. Maezawa, H. Watanabe, M. Takeda, K. Kuroda, T. Someya, I. Matsuda
and T. Suemoto, Sci. Rep. 5 (2015) 16443(1-8).

™Ultrafast electron dynamics at the Dirac node of the topological insulator SbyTes: S. Zhu, Y. Ishida, K. Kuroda, K.
Sumida, M. Ye, J. Wang, H. Pan, M. Taniguchi, S. Qiao, S. Shin and A. Kimura, Sci. Rep. 5 (2015) 13213(1-6).

Pairing, pseudogap and Fermi arcs in cuprates.: A. Kaminski, T. Kondo, T. Takeuchi and G. Gu, Philosophical Magazine
95 (2015) 453-466.

*High—resolution three-dimensional spin- and angle-resolved photoelectron spectrometer using vacuum ultraviolet laser
light: K. Yaji, A. Harasawa, K. Kuroda, S. Toyohisa, M. Nakayama, Y. Ishida, A. Fukushima, S. Watanabe, C. Chen, F.
Komori and S. Shin, Rev. Sci. Instrum. 87 (2016) 053111(1-6).

Generation of Transient Photocurrents in the Topological Surface State of Sb,Te; by Direct Optical Excitation with
Midinfrared Pulses: K. Kuroda, J. Reimann, J. Giidde and U. Hofer, Phys. Rev. Lett. 116 (2016) 076801.

?*Spin Polarization and Texture of the Fermi Arcs in the Weyl Fermion Semimetal TaAs: S.-Y. Xu, I. Belopolski, D.
S. Sanchez, M. Neupane, G. Chang, K. Yaji, Z. Yuan, C. Zhang, K. Kuroda, G. Bian, C. Guo, H. Lu, T.-R. Chang, N.
Alidoust, H. Zheng, C.-C. Lee, S.-M. Huang, C.-H. Hsu, H.-T. Jeng, A. Bansil, T. Neupert, F. Komori, T. Kondo, S.
Shin, H. Lin, S. Jia and M. Zahid Hasan, Phys. Rev. Lett. 116 (2016) 096801(1-7).

T R R EE T I K B RSB E O S W H T SRR (L R S R DB v v 7 LR vy T OBA TG« E
W A, TN ETE, o hE, EAEEL 51.(2016) 203-221.

Okazaki group

We have developed and improved a time- and angle-resolved photoemission (TrARPES) apparatus using EUV and SX lasers by
high harmonics generation (HHG). In the fiscal year 2015, we have installed a new Ti:Sapphire regenerative amplifier system
and fairly improved a performance and stability of this apparatus. We have studied nonequilibrium electronic states of semicon-
ductor surfaces, graphene, high-Tc cuprates, iron-based superconductors, and strongly correlated electron systems. Particularly,
we have observed coherent phonon excitations both in the hole and electron Fermi surfaces of a parent compound of iron-based
superconductors BaFe,As,. In addition, we have also investigated superconducting-gap structures of iron-based superconductors
and BiS2-based superconductors by a low-temperature and high-resolution laser ARPES apparatus.

1.

?*Low-Temperature and High-Energy-Resolution Laser Photoemission Spectroscopy: T. Shimojima, K. Okazaki and S.
Shin, J. Phys. Soc. Jpn. 84 (2015) 072001(1-26).

Dependence of electron correlation strength in Feq,yTe;_,Sex on Se content: L. C. C. Ambolode, K. Okazaki, M. Horio,
H. Suzuki, L. Liu, S. Ideta, T. Yoshida, T. Mikami, T. Kakeshita, S. Uchida, K. Ono, H. Kumigashira, M. Hashimoto, D.
-H. Lu, Z. -X. Shen and A. Fujimori, Phys. Rev. B 92 (2015) 035104.

T Joint research with outside partners.

ISSP Activity Report 2015 189



In-plane electronic anisotropy in the antiferromagnetic orthorhombic phase of isovalent-substituted Ba(Fe_yRuy),As,:
L. Liu, T. Mikami, S. Ishida, K. Koshiishi, K. Okazaki, T. Yoshida, H. Suzuki, M. Horio, L. C. C. Ambolode, J. Xu, H.
Kumigashira, K. Ono, M. Nakajima, K. Kihou, C. H. Lee, A. Iyo, H. Eisaki, T. Kakeshita, S. Uchida and A. Fujimori,
Phys. Rev. B 92 (2015) 094503(1-5).

T*Nonequilibrium electronic and phonon dynamics of Cug7Bi,Ses investigated by core-level and valence-band
time-resolved photoemission spectroscopy: T. Yamamoto, Y. Ishida, R. Yoshida, M. Okawa, K. Okazaki, T. Kanai, A.
Kikkawa, Y. Taguchi, T. Kiss, K. Ishizaka, N. Ishii, J. Itatani, S. Watanabe, Y. Tokura, T. Saitoh and S. Shin, Phys. Rev.
B 92 (2015) 121106(1-6).

Reversed anisotropy of the in-plane resistivity in the antiferromagnetic phase of iron tellurides: L. Liu, T. Mikami, M.
Takahashi, S. Ishida, T. Kakeshita, K. Okazaki, A. Fujimori and S. Uchida, Phys. Rev. B 91 (2015) 134502.

IR R T O FURI RS R B -4 e~ Application of High Harmonic Generation to Time-Resolved Photo-
emission Spectroscopy of Solids: [lifF i = , 2 #i, L —¥ — %% 43 (12) (2015) 838-843.

Suppression of the antiferromagnetic pseudogap in the electron-doped high-temperature superconductor by protect
annealing: M. Horio, T. Adachi, Y. Mori, A. Takahashi, T. Yoshida, H. Suzuki, L. C. C. Ambolode, K. Okazaki, K. Ono,
H. Kumigashira, H. Anzai, M. Arita, H. Namatame, M. Taniguchi, D. Ootsuki, K. Sawada, M. Takahashi, T. Mizokawa,
Y. Koike and A. Fujimori, Nat. Commun. 7 (2016) 10567(1-8).
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