ISSPpublications

Division of New Materials Science

Takigawa group

We have been performing nuclear magnetic resonance experiments on various quantum spin systems and strongly correlate
electron systems to explore novel quantum phases with exotic ordering and fluctuation phenomena. The major achievements
in the year 2011 include: (1) Investigation in high magnetic field of anisotropic spin dynamics of Ligw@/quasi 1D
frustrated antiferromagnet with a ferromagnetic nearest neighbor interaction, which enabled us to find evidence for the
two-magnon bound state in the field range where the spin density wave order takes place at low temperatures, (2) Srearch fol
a spin nematic order in LiCuV&in very high magnetic fields immediately below the saturation, (3) Detailed and systematic
NMR experiments on the distorted Kagome spin system volborthite, which allowed us to determine the precise phase diagram
with unusual spin order and fluctuation effects in high magnetic fields.

1. *High-Field Phase Diagram and Spin Structure of Volborthitg\G®7(OH),-2H,0: M. Yoshida, M. Takigawa, S.
Kramer, S. Mukhopadhyay, M. Horvati'c, C. Berthier, H. Yoshida, Y. Okamoto and Z. Hiroi, J. Phys. Soc81pn.
(2012) 024703(1-9).

2. Magnetic Coulomb Fields of Monopoles in Spin Ice and Their Signatures in the Internal Field Distribution: G. Sala, C.
Castelnovo, R. Moessner, S. Sondhi, K. Kitagawa, M. Takigawa, R. Higashinaka and Y. Maeno, Phys. R&@8Lett.
(2012) 217203(1-5).

3. *Magnetic Order in the Spin-1/2 Kagome Antiferromagnet Vesignieite: M. Yoshida, Y. Okamoto, M. Takigawa and Z.
Hiroi, J. Phys. Soc. Jpi&2(2013) 013702(1-5).

4. *Incomplete Devil's Staircase in the Magnetization Curve of $(B@3),: M. Takigawa, M. Horvatic, T. Waki, S.
Kramer, C. Berthier, F. L. Bertrand, I. Sheikin, H. Kageyama, Y. Ueda and F. Mila, Phys. Rev. 11(2013)
067210(1-5).

5. 0000000000000000000000000:000,000,0000000 67(2012)179-183.

6. 000000000000 0O0DOO 10GPE NMROO: 000 OO0, 00 00,0000,0000,00
00,0000,000,000000000 22(2012) 198-205.

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 ye:
2012. (1) Field and temperature variations of the specific@@4fT) of the heavy fermion superconductor CeSis (T;=0.6

K) were examined at temperatures down to 50 mK. Quite unexpectedly, the low temp@&@iyreindicates an exponential

decay with a two-gap feature in its temperature variation, along with a linear dependence as a funidgtidrmefresults

strongly indicate that the superconducting gap is fully opened, in sharp contrast to the general belief th&i,0de@u

d-wave superconductor. (2) We examined the low temperature magnetization of the Yb dimer compglpBt/bThe

results confirm the model, proposed in a preceding study by Ochiai et al., in whithhés an Ising-type Kramers doublet

in the crystalline electric field ground state. Interestingly, the system exhibits a spin-flop like phase at low temperatures and
in high fields. This unusual behavior of the magnetization is explained by assuming a pseudo-spin flop of the doublet, which
can be stabilized by introducing a high-rank multipole interaction. (3) We measured the magnetization of the S=1/2 one
dimensional Heisenberg antiferromagnet CuPzN (interaction paradaet€rK) at temperatures down to 80 mK in magnetic

fields up to 15 T. At the base temperature E0.D08), the field variation of the magnetization is found to closely follow the
exact solution obtained by the Bethe ansatz.
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. TNonmagnetiground states and phase transitions in the caged compoung& 4T = Ru, Rh and Ir): T. Onimaru,

K. T. Matsumoto, N. Nagasawa, Y. F. Inoue, K. Umeo, R. Tamura, K. Nishimoto, S. Kittaka, T. Sakakibara and T.
Takabatake, J. Phys.: Condens. Ma4(2012) 294207(1-5).

. *Field dependence of the specific heat in a heavy-fermion superconductorsC¥lrkoki, S. Kittaka, T. Sakakibara,

A. Sakai, S. Nakatsuji, Y. Tsutsumi, M. Ichioka and K. Machida, J. Phys. Soc81d2012) SB014(1-4).

. Low Temperature Magnetization of ¥Bt,Pb with the Shastry—Sutherland Type Lattice and a High-Rank Multipole

Interaction: Y. Shimura, T. Sakakibara, K. lwakawa, K. Sugiyama and Y. Onuki, J. Phys. Soc.81¢8012)
103601(1-4).

. *Multiferroicity on the Zigzag-Chain Antiferromagnet MnW@ High Magnetic Fields: H. Mitamura, T. Sakakibara,

H. Nakamura, T. Kimura and K. Kindo, J. Phys. Soc. B3h(2012) 054705(1-7).

. Superconducting Gap Structure of the Cage Compoun&tgBrnig: N. Kase, S. Kittaka, T. Sakakibara and J.

Akimitsu, J. Phys. Soc. Jp81(2012) SB016(1-4).

. TSimultaneous superconducting and antiferroquadrupolar transitions inZmgh T. Onimaru, N. Nagasawa, K. T.

Matsumoto, K. Wakiya, K. Umeo, S. Kittaka, T. Sakakibara, Y. Matsushita and T. Takabatake, Phys.38¢2082)
184426(1-7).

. *Superconducting gap structure of Ceklinom field-angle-resolved measurements of its specific heat: S. Kittaka,

Y. Aoki, T. Sakakibara, A. Sakai, S. Nakatsuiji, Y. Tsutsumi, M. Ichioka and K. Machida, Phys. R&& (B012)
060505(1-4).
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(2012) 565-576.

. Destruction of the Kondo effect in the cubic heavy-fermion compourgP®&gSis: J. Custers, K.-A. Lorenzer, M.

Miller, A. Prokofiev, A. Sidorenko, H. Winkler, A. M. Strydom, Y. Shimura, T. Sakakibara, R. Yu, Q. Si and S.
Paschen, Nature Matet1 (2012) 189-194.

Field-Induced Ordering in the Heavy Fermion Compound YA2Qgy: Y. Shimura, T. Sakakibara, S. Yoshiuchi, F.
Honda, R. Settai and Y. Onuki, J. Phys.: Conf. $6r1(2012) 012066(1-4).

Field-temperature phase diagram of superconductivity #R8)-Ru under out-of-plane uniaxial pressure: H.
Taniguchi, S. Kittaka, S. Yonezawa, H. Yaguchi and Y. Maeno, J. Phys.: Conf3®g{2012) 012108(1-5).

*T/B scaling of magnetization in the mixed valent compoybAIB 4: Y. Matsumoto, S. Nakatsuji, K. Kuga, Y.
Karaki, Y. Shimura, T. Sakakibara, A. H. Nevidomskyy and P. Coleman, J. Phys.: Con893¢2012) 012041(1-4).

Probing Spin Chirality of the Equilateral Triangular-Lattice Antiferromagnet RbFe@yjo@rough Multiferroicity:
H. Mitamura, R. Watanuki, N. Onozaki, Y. Shimura, S. Kittaka, T. Sakakibara and K. Suzuki, J. Phys.: CoBB1Ser.
(2012) 012099(1-4).

Searching for the in-plane anisotropy of the specific heat of WRbtating fields: S. Kittaka, K. An, T. Sakakibara,
Y. Haga, E. Yamamoto, N. Kimura, Y. Onuki and K. Machida, J. Phys.: Conf.394r(2012) 012031(1-4).

Anomalous Field-Angle Dependence of the Specific Heat of Heavy-Fermion Supercondugtd®.Ukttaka, K. An,
T. Sakakibara, Y. Haga, E. Yamamoto, N. Kimura, Y. Onuki and K. Machida, J. Phys. So82J@2013) 024707(1-5).

TCoexistence of Ising and XY Spin Systems on a Single Tb Atom in TbGoBaSanada, Y. Amou, R. Watanuki, K.
Suzuki, I. Yamamoto, H. Mitamura, T. Sakakibara, M. Akatsu, Y. Nemoto and T. Goto, J. Phys. So82JgA13)
044713(1-7).

*Evidence of a High-Field Phase in RiM g in a [100] Magnetic Field: Y. Shimura, Y. Ohta, T. Sakakibara, A. Sakai
and S. Nakatsuji, J. Phys. Soc. JB2.(2013) 043705(1-4).

T*High-Field Phase Diagram of Smii» Determined by Ultrasonic Measurements in Pulsed Magnetic Field up to 55
T: M. Yoshizawa, H. Mitamura, F. Shichinomiya, S. Fukuda, Y. Nakanishi, H. Sugawara, T. Sakakibara and K. Kindo,
J. Phys. Soc. Jpi&2(2013) 033602(1-5).

T*Long-range order and spin-liquid states of polycrystalling,JMi,_xO7.y: T. Taniguchi, H. Kadowaki, H. Takatsu,
B. Fak, J. Ollivier, T. Yamazaki, T. J. Sato, H. Yoshizawa, Y. Shimura, T. Sakakibara, T. Hong, K. Goto, L. R.
Yaraskavitch and J. B. Kycia, Phys. Rev8B(2013) 060408R(1-5).
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Determining the Surface-To-Bulk Progression in the Normal-State Electronic StructurdRefGrby Angle-Resolved
Photoemission and Density Functional Theory: C. N. Veenstra, Z. -H. Zhu, B. Ludbrook, M. Capsoni, G. Levy, A.
Nicolaou, J. A. Rosen, R. Comin, S. Kittaka, Y. Maeno, I. S. Elfimov and A. Damascelli, Phys. Rev11@{2013)
097004(1-5).

TUnconventional Magnetic and Thermodynamic Properties of S=1/2 Spin Ladder with Ferromagnetic Legs: H.
Yamaguchi, K. lwase, T. Ono, T. Shimokawa, H. Nakano, Y. Shimura, N. Kase, S. Kittaka, T. Sakakibara, T. Kawakami
and Y. Hosokoshi, Phys. Rev. Left10(2013) 157205(1-5).

Mori group

We have successfully developed and characterized the functional molecular materials. The major achievements in 2012 are (1
to develop the purely organic single-component organic conductor kap@2atdEDT-ST) which shows metallic state under

1GPa, (2) to develop the proton-electron coupled conductor with the proton arrangement driven by the charge ordering, and
(3)to develop the pressure-induced superconductor beta-(meso-DMBED3ASH;)which shows the checkerboard-type
charge ordering at ambient pressure.
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10.

11.

12.

13.

14.

Recent Topics of Organic Superconductors: A. Ardavan, S. Brown, S. Kagoshima, K. Kanoda, K. Kuroki, H. Mori, M.
Ogata, S. Uji and J. Wosnitza, J. Phys. Soc. $in(2012) 011004(27 pages).

. Charge-order driven proton arrangement in a hydrogen-bonded charge-transfer complex based on a pyridyl-substituted

TTF derivative: S. C. Lee, A. Ueda, H. Kamo, K. Takahashi, M. Uruichi, K. Yamamoto, K. Yakushi, A. Nakao, R.
Kumai, K. Kobayashi, H. Nakao, Y. Murakami and H. Mori, Chem. Commi8¥2012) 8673-8675.

. Reversible iodine absorption by alkali-TCNQ salts with associated changes in physical properties: A. Funabiki, T.

Mochida, K. Takahashi, H. Mori, T. Sakurai, H. Ohtad and M. Uruich, J. Mater. C3da(2012) 8361-8366.

. Development of chiral molecular crystals: S. J. Krivickas, C. Hashimoto, K. Takahashi, J. D. Wallis and H. Mori, Phys.

Status Solidi @050 (2012) 1146-1148.

. *Magnetism in crown-ether-substituted nitronyl nitroxide derivatives and their metal complexes: T. Sugano, S. J.

Blundell, W. Hayes, H. Tajima and H. Mori, Phys. Status Solidi(6) (2012) 1205-1207.

. Thermoelectric and thermal properties of novetype organic conductors as thermoelectric materials: H. Yoshino,

H. Nakada, S. J. Krivickas, H. Mori, G. C. Anyfantis, G. C. Papavassiliou and K. Murata, Phys. Status S{di C
(2012) 1193-1195.

. *Cooperative spin transition and thermally quenched high-spin state in new polymorph of [Fi(ggél)Takahashi,

T. Sato, H. Mori, H. Tajima, Y. Einaga and O. Sato, Hyp. t#5(2012) 206(1-3).

. Manipulation of the heme electronic structure by external stimuli and ligand field: Y. Ohgo, M. Takahashi, K.

Takahashi, Y. Namatame, H. Konaka, H. Mori, S. Neya, S. Hayami, D. Hashizume and M. Nakamura, Hyp. Int.
23-33(2012) 206(1-3).

. Spectroscopic characterization of charge order fluctuations in BEDT-TTF metals and superconductors: A. Girlando,

M. Masino, S. Kaiser, Y. Sun N. Drichko, M. Dressel and H. Mori, Phys. Status Soldi @012) 953-956.

Synthesis and properties of catechol-fused tetrathiafulvalene derivatives and their hydrogen-bonded conductive
charge-transfer salts: H. Kamo, A. Ueda, T. Isono, K. Takahashi and H. Mori, Tetrahedron ba{042) 4385-4388.

Magnetism and Pressure-Induced Superconductivity of Checkerboard-Type Charge-Ordered Molecular Conductor
B-(meso-DMBEDT-TTF)X (X = PFg and Ask): T. Shikama, T. Shimokawa, S. Lee, T. Isono, A. Ueda, K. Takahashi,

A. Nakao, R. Kumai, H. Nakao, K. Kobayashi, Y. Murakami, M. Kimata, H. Tajima, K. Matsubayashi, Y. Uwatoko, Y.
Nishio, K. Kajita and H. Mori, Crystalg (2012) 1502-1513.

Pyridone derivatives carrying radical moieties: Hydrogen-bonded structures, magnetic properties, and metal
coordination: M. Ueda, T. Mochida and H. Mori, Polyhed#ih(2013) 755-760.

Fabrication of a field effect transistor structure using charge-ordered organic mate(BEDT-TTF)lz and
a’-(BEDT-TTF)2IBro: M. Kimata, T. Ishihara, A. Ueda, H. Mori and H. Tajima, Synthetic Melal8(2013) 43-45.

Hydrogen bond-promoted metallic state in a purely organic single-component conductor under pressure: T. Isono, H.
Kamo, A. Ueda, K. Takahashi, A. Nakao, R. Kumai, H. Nakao, K. Kobayashi, Y. Murakami and H. Mori, Nature
Commun.4 (2013) 1344-1349.



Tajima group

Our main subject is the electrical properties on molecular assemblies especially on organic thin films and conducting
molecular crystals. The major achievements in 2012 include (1) spin injection experiments into a organic conductive polymer
PEDOT:PSS, (2) a detailed report on a new technique for determining a trap density function based on the photo-CELIV
measurements, and (3) magnetic torque studies on conducting phthalocyanine salts.

1. Electrostatic Charge Carrier Injection into the Charge-Ordered Organic Mate(BEDT-TTF)l3: M. Kimata, T.
Ishihara and H. Tajima, J. Phys. Soc. JBh(2012) 073704(1-4).

2. *Magnetism in crown-ether-substituted nitronyl nitroxide derivatives and their metal complexes: T. Sugano, S. J.
Blundell, W. Hayes, H. Tajima and H. Mori, Phys. Status Solidi(6) (2012) 1205-1207.

3. *Cooperative spin transition and thermally quenched high-spin state in new polymorph of [F4i(gi9&l) Takahashi,
T. Sato, H. Mori, H. Tajima, Y. Einaga and O. Sato, Hyp. 5 (2012) 206(1-3).

4. Direct determination of trap density function based on the photoinduced charge carrier extraction technique: H. Tajima,
T. Suzuki and M. Kimata, Organic Electronit8 (2012) 2272-2280.

5. *Observation of Phonon-Assisted Magnon Absorption in Spin—Orbit Coupling Induced Mott InsulghdDSrY.
Hirata, H. Tajima and K. Ohgushi, J. Phys. Soc. B(2013) 035002(1-2).

6. *Mechanism of Enhanced Optical Second-Harmonic Generation in the Conducting Pyrochlore-lyp@Rh Oxide
Compound: Y. Hirata, M. Nakajima, Y. Nomura, H. Tajima, Y. Matsushita, K. Asoh, Y. Kiuchi, A. G. Eguiluz, R. Arita,
T. Suemoto and K. Ohgushi, Phys. Rev. L&tt0(2013) 187402(1-5).

7. Characteristics of organic light-emitting devices consisting of dye-doped spin crossover complex films: M. Matsuda,
K. Kiyoshima, R. Uchida, N. Kinoshita and H. Tajima, Thin Solid FilB&1 (2013) 451-453.

8. Electrochemically Fabricated Phthalocyanine-Based Molecular Conductor Films and Their Potential Use in Organic
Electronic Devices: M. Matsuda, N. Kinoshita, M. Fujishima, S. Tanaka, H. Tajima and H. Hasegawa, Appl. Phys.
Express5 (2013) 021602 1-3.

9. 0000000000000 :0000,0000000 68(2013) 186-187.

10.0000000: 00 00,0000000000002003000000000,7,000,(0C00000,
2012), 190-198.

Nakatsuji group

Our group explores novel quantum phases and phase transitions in rare-earth and transition metal based compounds. Th
followings are some relevant results obtained in 2012. (1) We have found tt#&ab®y, the sister insulating compound of
Pr.Ir,O7, has strong quantum monopolar fluctuations in the spin ice state. This suggests the monopole in this exchange-basec
spin ice may propagate coherently in the lattice, in contrast with the diffusive motion of the classical counterpart. (2)
We discovered heavy fermion superconductivity in the ferroquadrupolar state in the quadrupolar Kondo lattice system
PrTiAl2o. (3) The strong temperature and field dependence of the Hall resistiviBY45AIB 4 indicates that the low
coherence temperature of 40 K in comparison with the valence fluctuation scale of 300 K. The results further suggest the
band dependence of the localized and itinerant charactémslettrons.

1. *Field dependence of the specific heat in a heavy-fermion superconductorsC#lr&oki, S. Kittaka, T. Sakakibara,
A. Sakai, S. Nakatsuji, Y. Tsutsumi, M. Ichioka and K. Machida, J. Phys. Soc.81d2012) SB014(4 pages).

2. Low Temperature Properties of the Cubic Kondo Lattice Systems Sxipb(Tr =Ti, V, Cr): A. Sakai and S. Nakatsulji,
J. Phys. Soc. Jpi81(2012) SB049 (5 pages).

3. Microscopic Evidence for Long-Range Magnetic Ordering inltBeGround Quartet Systems Sty (Tr: Ti, V,
Cr): T. U. Ito, W. Higemoto, K. Ninomiya, A. Sakai and S. Nakatsuji, J. Phys. Soc.8pf2012) SB050 (4 pages).

4. Superconductivity in the Ferroquadrupolar State in the Quadrupolar Kondo LattigABgTIA. Sakai, K. Kuga and
S. Nakatsuiji, J. Phys. Soc. Ji#81 (2012) 083702 (4 pages).

5. Continuous transition between antiferromagnetic insulator and paramagnetic metal in the pyrochlore isldg®g:Eu
J. Ishikawa, E. C. T. O’Farrell and S. Nakatsuji, Phys. Re®582012) 245109(1-6).
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. Evidence for an exotic magnetic transition in the triangular spin systemJSa2GR. Dalmas de Botier, A. Yaouanc,

D. E. MacLaughlin, S. Zhao, T. Higo, S. Nakatsuji, Y. Nambu, C. Marin, G. Lapertot, A. Amato and C. Baines, Phys.
Rev. B85 (2012) 140407(1-5).

. Ferroquadrupolar ordering in Pphil 5o: T. Sato, S. Ibuka, Y. Nambu, T. Yamazaki, T. Hong, A. Sakai and S. Nakatsulji,

Phys. Rev. BB6(2012) 184419(1-8).

. Magnetic order induced by Fe substitution of Al site in the heavy-fermion systeiSAIB 4 and B-YbAIB4: K.

Kuga, G. Morrison, L. Treadwell, J. Y. Chan and S. Nakatsuji, Phys. R&6 @012) 224413(1-6).

. Pressure-tuned insulator to metal transition iplE®7: F. Tafti, J. Ishikawa, A. McCollam, S. Nakatsuji and S. Julian,

Phys. Rev. B85 (2012) 205104(1-6).

Spin dynamics and spin freezing in the triangular lattice antiferromagnets&e&8a NiGaS,: S. Zhao, P. Dalmas
de Reotier, A. Yaouanc, D. MacLaughlin, J. Mackie, O. Bernal, Y. Nambu, T. Higo and S. Nakatsuji, Phys. Bév. B
(2012) 064435(1-11).

*Superconducting gap structure of Ceylinom field-angle-resolved measurements of its specific heat: S. Kittaka,
Y. Aoki, T. Sakakibara, A. Sakai, S. Nakatsuji, Y. Tsutsumi, M. Ichioka and K. Machida, Phys. R8&& (B012)
060505(1-4).

Evolution of c-f Hybridization and Two-Component Hall EffectBaYbAIB4: E. O'Farrell, Y. Matsumoto and S.
Nakatsuiji, Phys. Rev. Letf.L09(2012) 176405(1-5).

“Pressure-Induced Heavy Fermion Superconductivity in the Nonmagnetic Quadrupolar SystefRrTK.
Matsubayashi, T. Tanaka, A. Sakai, S. Nakatsuiji, Y. Kubo and Y. Uwatoko, Phys. Rev10@(2012) 187004(1-5).

Thermoelectric Response Near a Quantum Critical Poirfi-¥bAIB,4 and YbRRhSi;: A Comparative Study: Y.
Machida, K. Tomokuni, C. Ogura, K. Izawa, K. Kuga, S. Nakatsuji, G. Lapertot, G. Knebel, J. -P. Brison and J.
Flouguet, Phys. Rev. Letl.09(2012) 156405(1-5).

YbOOOOOOOOODODOOODOOOOOOOoOO:Oo O,0000O 47(2012)521-535.

Spin-Orbital Short-Range Order on a Honeycomb-Based Lattice: S. Nakatsuji, K. Kuga, K. Kimura, R. Satake, N.
Katayama, E. Nishibori, H. Sawa, R. Ishii, M. Hagiwara, F. Bridges, T. U. Ito, W. Higemoto, Y. Karaki, M. Halim, A.
A. Nugroho, J. A. Rodriguez-Rivera, M. A. Green and C. Broholm, Sci@36{2012) 559-563.

0000o0O0oO0ooOo0o0ooooooooO:00 00,0000 27-7(2012) PA1-17.

New magnetic phase diagram of (Srg)Oy: J. P. Carlo, T. Goko, I. M. Gat-Malureanu, P. L. Russo, A. T. Savici,
A. A. Aczel, G. J. MacDougall, J. A. Rodriguez, T. J. Williams, G. M. Luke, C. R. Wiebe, Y. Yoshida, S. Nakatsuiji, Y.
Maeno, T. Taniguchi and Y. J. Uemura, Nature Matdr(2012) 323-328.

*T/B scaling of magnetization in the mixed valent compoyhYbAIB,4: Y. Matsumoto, S. Nakatsuji, K. Kuga, Y.
Karaki, Y. Shimura, T. Sakakibara, A. H. Nevidomskyy and P. Coleman, J. Phys.: Con893¢2012) 012041(1-4).

Shubnikov-de Haas oscillations in the heavy fermielvbAIB,4: E. C. T. O'Farrell, D. A. Tompsett, N. Horie, S.
Nakatsuji and M. L. Sutherland, J. Phys.: Conf. $81(2012) 012053(1-4).

Thermal properties of the nonmagnetic cuj&ondo lattice systems PriAl»o(Tr = Ti, V): A. Sakai and S. Nakatsuiji,
J. Phys.: Conf. SeB91(2012) 012058(1-4).

Structure and physical properties of single crystal &Gy and CeMAl > (M=V,Cr): comparison of compounds
adopting the CeGAl g structure type: M. J. Kangas, D. Schmitt, A. Sakai, S. Nakatsuji and J. Y. Chan, Journal of
Solid State Chemistrg96(2012) 274-281.

Discovery of the Novel Quantum Liquid Robust Against Disorder in Pseudo-Honeycomb Lattice Antiferromagnet
BazCuShOg: N. Katayama, R. Satake, E. Nishibori, H. Sawa and S. Nakatsuji, SPring-8 Informia&titiv.4(2012)
297-303.

“Evidence of a High-Field Phase in P#M o in a [100] Magnetic Field: Y. Shimura, Y. Ohta, T. Sakakibara, A. Sakai
and S. Nakatsuji, J. Phys. Soc. JB2.(2013) 043705(1-4).

Determination of long-range all-in-all-out ordering dfirmoments in a pyrochlore iridate B, O; by resonant x-ray
diffraction: H. Sagayama, D. Uematsu, T. Arima, K. Sugimoto, J. J. Ishikawa, E. O’Farrell and S. Nakatsuji, Phys.
Rev. B87(2013) 100403(4 pages).



26. Dynamical spin-orbital correlation in the frustrated magnet@&k0Oq: V. Ishiguro, K. Kimura, S. Nakatsuji, S.
Tsutsui, A. Q. R. Baron, T. Kimura and Y. Wakabayashi, Nature Comm2013) 1-11, in print.

27. Chemical effects of high-resolutionYl4 emission spectra: a possible probe for chemical analysis: H. Hayashi, N.
Kanai, N. Kawamura, Y. H. Matsuda, K. Kuga, S. Nakatsuji, T. Yamashita and S. Ohara, X-Ray Spectrometry (2013)
1-18, in print.

28. Quantum fluctuations in spin-ice-like;Pr,O7: K. Kimura, S. Nakatsuji, J. J. Wen, C. Broholm, M. B. Stone and E.
Nishibori & H. Sawa, Nature Commu#.(2013) 1-6, in print.

2.0000000o0oooogooooobooo:oo0 0,0 0,000b0D0DO0DO0OOODODOOD,0000D0O0,
(NTSO OO, 2013), 475-481.

Ohgushi group

Our group is focused on an exploratory synthesis and characterization of oxides, chalcogenides, and intermetallics. The
major achievements in the fiscal year 2012 are (1) investigation of electronic properties of Fe-based ladder compounds, and
(2) elucidation of magnetic and orbital structures dt&ansition metal oxides by means of resonant x-ray diffraction.

1. T*Abrupt change in the energy gap of superconducting Bé&FeAs; single crystals with hole doping: W. Malaeb,
T. Shimojima, Y. Ishida, K. Okazaki, Y. Ota, K. Ohgushi, K. Kihou, T. Saito, C. H. Lee, S. Ishida, M. Nakajima, S.
Uchida, H. Fukazawa, Y. Kohori, A. lyo, H. Eisaki, C. -T. Chen, S. Watanabe, H. Ikeda and S. Shin, Phys.&®%ev. B
(2012) 165117 (1-7).

2. *Block magnetism coupled with local distortion in the iron-based spin-ladder compound&3F¢&. Nambu, K.
Ohgushi, S. Suzuki, F. Du, M. Avdeey, Y. Uwatoko, K. Munakata, H. Fukazawa, S. Chi, Y. Ueda and T. Sato, Phys.
Rev. B85(2012) 064413(1-5).

3. Doping dependence of Hall coefficient and evolution of coherent electronic state in the normal state of the Fe-based
superconductor BaxKyFeAsy: K. Ohgushi and Y. Kiuchi, Phys. Rev. & (2012) 064522(1-5).

4. *Stripelike magnetism in a mixed-valence insulating state of the Fe-based ladder compoup8egZsFeDu, K.
Ohgushi, Y. Nambu, T. Kawakami, M. Avdeeyv, Y. Hirata, Y. Watanabe, T.-J. Sato and Y. Ueda, Phys. &2 2)
214436(1-5).

5. *Tetrahedral Magnetic Order and the Metal-Insulator Transition in the Pyrochlore LatticeOkftay: J. Yamaura,
K. Ohgushi, H. Ohsumi, T. Hasegawa, |. Yamauchi, K. Sugimoto, S. Takeshita, A. Tokuda, M. Takata, M. Udagawa,
M. Takigawa, H. Harima, T. Arima and Z. Hiroi, Phys. Rev. Ldt08(2012) 247205(1-5).

6. *Insitu observation of shear stress-induced perovskite to post-perovskite phase transition jra@d i@ development
of its deformation texture in a diamond-anvil cell up to 30 GPa: K. Niwa, N. Miyajima, Y. Seto, K. Ohgushi, H. Gotou
and T. Yagi, Phys. Earth Planet. Inté94-1952012) 10-17.

7. *Observation of Phonon-Assisted Magnon Absorption in Spin—Orbit Coupling Induced Mott Insulah@d,SrY.
Hirata, H. Tajima and K. Ohgushi, J. Phys. Soc. J(2013) 035002(1-2).

8. Complex orbital state stabilized by strong spin-orbit coupling in a metallic iridium oxide ¥(Hirata, K. Ohgushi,
J.-l. Yamaura, H. Ohsumi, S. Takeshita, M. Takata and T. Arima, Phys. R&v(3013) 161111(1-5).

9. Magnetoelasticity ilACrO4 spinel oxides (A Mn, Fe, Co, Ni, and Cu): V. Kaocsis, S. Bdids, D. Varjas, K. Penc,
A. Abouelsayed, C. A. Kuntscher, K. Ohgushi, Y. Tokura and@zinarki, Phys. Rev. BB7 (2013) 064416(1-9).

10. *Mechanism of Enhanced Optical Second-Harmonic Generation in the Conducting Pyrochlore-Jlyp@Ph Oxide
Compound: Y. Hirata, M. Nakajima, Y. Nomura, H. Tajima, Y. Matsushita, K. Asoh, Y. Kiuchi, A. G. Eguiluz, R. Arita,
T. Suemoto and K. Ohgushi, Phys. Rev. L&tt0(2013) 187402(1-5).

11. Resonant X-ray Diffraction Study of the Strongly Spin-Orbit-Coupled Mott Insulator GalkO Ohgushi, J.-I.
Yamaura, H. Ohsumi, K. Sugimoto, S. Takeshita, A. Tokuda, H. Takagi, M. Takata and T.-H. Arima, Phys. Rev.
Lett. 110(2013) 217212(1-5).

12. TSuppression of Intersite Charge Transfer in Charge-Disproportionated Perovsk#Ee&(Ow: H. Etani, |. Yamada,
K. Ohgushi, N. Hayashi, Y. Kusano, M. Mizumaki, J. Kim, N. Tsuji, R. Takahashi, N. Nishiyama, T. Inoue, T. Irifune
and M. Takano, J. Am. Chem. Sat35(2013) 6100-6106.



13. TB-Site Deficiencies inA-site-Ordered Perovskite LagRiz 75010: M. Ochi, I. Yamada, K. Ohgushi, Y. Kusano, M.
Mizumaki, R. Takahashi, S. Yagi, N. Nishiyama, T. Inoue and T. Irifune, Inorg. Ch&(2013) 3985-3989.

14. TPdZJF-Incorporated Perovskite CaghO12(B = Ti, V): K. Shiro, I. Yamada, N. Ikeda, K. Ohgushi, M. Mizumaki, R.
Takahashi, N. Nishiyama, T. Inoue and T. Irifune, Inorg. ChB2y2013) 1604-1609.

Division of Condensed Matter Theory

K. Ueda group

Following the previous year, the problem of the Kondo effect of a magnetic ion vibrating in a metal was investigated. In 2011,
we investigated the nature of Kondo effect in the weak electron correlation regime from a different point of view. It has turned
out that the essential physics in this regime can be understood by the concept of electric dipolar Kondo effect. As another
topic, our group focused on shot noise observed in the Kondo tunnelingthrough the dot with orbital degeneracy. The Fano
factor determined by the Wilson ratio was calculated by employing the NRG calculation. This approach was also applied to
the FQH edge states. Analyzing shot noise at finite temperatures, we proposed a way to observe the fractional statistics for
Laughlin quasi-particles.

1. Dimensional Reduction and Odd-Frequency Pairing of the Checkerboard-Lattice Hubbard Model at 1/4-Filling: Y.
Yanagi, Y. Yamashita and K. Ueda, J. Phys. Soc. &ir{2012) 123701(1-4).

2. Electric Dipolar Kondo Effect Emerging from a Vibrating Magnetic lon: T. Hotta and K. Ueda, Phys. Rev108tt.
(2012) 247214(1-5).

3.000000000000000000000000D000O:00 00,0000 67(2012)509-510.

4. 00000~00-0000,000000000C0000, 00000000000 DOO00OOOOOg, (o
00, 2012),175-182.

Takada group

Employing several techniques including the Green’s-function approach, the density-matrix renormalization group, quantum
Monte Carlo simulations, band-structure calculations, and several types of variational approaches, we are studying various
aspects of quantum many-body problems in condensed matter physics, based mainly on the first-principles Hamiltonian.
This year we have studied the following issues: (1) With use of both the diffusion Monte Carlo method and the density
functional theory, a detailed analysis is made on the system of a proton embedded in an electron gas with a view of clarifying
the difference between this first-principles system and the impurity Anderson model devised for investigating the Kondo
physics. With the decrease of the electron density of the electron gas, the electronic state around the proton changes
in three steps, i.e., from the hydron*Hvith itinerant metallic screening to the totally localized hydride through the
Kondo-resonant nonmagnetic neutral hydrogen H. The transition of each step is abrupt. (2) With use of analytical methods as
well as the powerful self-consistent numerical scheme offGWe have discovered an electron-like elementally excitation
(pseudoelectron) in the Luttinger liquid. The pseudoelectron is considered as a spinon-(anti)holon composite particle.
Although it manifests itself only as the small cusp behavior in the one-electron spectral function near the Fermi level, it
constitutes the main structure if the momentum is far away from the Fermi momentum. (3) With a better functional form for

I" always satisfying not only the Ward identity but also the momentum conservation law, we have investigated the low-density
electron gas in the GWEcheme to find an anomalous mass reduction as a result of avoiding the collapse of the normal state
into a spontaneously excited electron-hole liquid (excitonic liquid).

1. *Coulomb Frustrated Phase Separation in Quasi-Two-Dimensional Organic Conductors on the Verge of Charge
Ordering: K. Yoshimi and H. Maebashi, J. Phys. Soc. in2012) 063003(1-4).

2. Superconductivity in a CorrelatedsEe Jahn-Teller System: C. Hori, H. Maebashi and Y. Takada, J. Supercond. Nov.
Magn.25(2012) 1369-1373.
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Oshikawagroup

We studied a wide range of fundamental problems in condensed matter theory and statistical mechanics. In particular,
we discussed doping of holes into the spin liquid phases of the Quantum Dimer Model (QDM). A fundamental issue is the
possible existence of a superconducting phase in such systems and its properties. For this purpose, the question of the statistic
of the mobile holes (or “holons”) was addressed first. We proved a general “statistical transmutation” symmetry of such doped
QDM by using composite operators of dimers and holes. This exact transformation enables to define duality equivalence
classes (or families) of doped QDM, and provides the analytic framework to analyze dynamical statistical transmutations.
We then discussed possible superconducting phases of the system. In particular, the possibility of an exotic superconducting
phase originating from the condensation of (bosonic) charge-e holons was examined. It was shown that flux quantization does
not distinguish such an exotic superconducting phase from a standard one due to Cooper pairing. Thus we proposed a new
gauge-invariant holon Green'’s function, as a mean to detect the exotic phase. A numerical evidence supported its existence
in the doped QDM on a triangular lattice.

1. TCorrelation effects in two-dimensional topological insulators: Y. Tada, R. Peters, M. Oshikawa, A. Koga, N.
Kawakami and S. Fujimoto, Phys. Rev.88 (2012) 165138(1-18).

2. TField theory analysis of S=1 antiferromagnetic bond-alternating chains in the dimer phase: J. Tamaki and M.
Oshikawa, Phys. Rev. B5(2012) 134431(1-10).

3. TGeneral method for calculating the universal conductance of strongly correlated junctions of multiple quantum wires:
A. Rahmani, C.-Y. Hou, A. Feiguin, M. Oshikawa, C. Chamon and I. Affleck, Phys. R&& (B8012) 045120(1-24).

4. Mass ratio of elementary excitations in frustrated antiferromagnetic chains with dimerization: S. Takayoshi and M.
Oshikawa, Phys. Rev. B6(2012) 144408 (1-6).

5. TQuasiparticle statistics and braiding from ground-state entanglement: Y. Zhang, T. Grover, A. Turner, M. Oshikawa
and A. Vishwanath, Phys. Rev. & (2012) 235151(1-15).

6. TSymmetry protection of topological phases in one-dimensional quantum spin systems: F. Pollmann, E. Berg, A. M.
Turner and M. Oshikawa, Phys. Rev.8B (2012) 075125(1-9).

7. TThermodynamic properties of quantum sine-Gordon spin chain system KGuiGBIegaki, H. Tanaka, T. Ono, M.
Oshikawa and K. Sakai, Phys. Rev8B (2012) 144423(1-9).

8. TBoundary Resonances in S=1/2 Antiferromagnetic Chains Under a Staggered Field: S. C. Furuya and M. Oshikawa,
Phys. Rev. Lett109(2012) 247603(1-5).

9. TElectron Spin Resonance Shift in Spin Ladder Compounds: S. C. Furuya, P. Bouillot, C. Kollath, M. Oshikawa and T.
Giamarchi, Phys. Rev. Letl.08(2012) 037204(1-5).

10. TInstability in Magnetic Materials with a Dynamical Axion Field: H. Ooguri and M. Oshikawa, Phys. Rev. 1G8t.
(2012) 161803(1-5).

11. Superconductivity Induced by Longitudinal Ferromagnetic Fluctuations in UCoGe: T. Hattori, Y. lhara, Y. Nakai, K.
Ishida, Y. Tada, S. Fujimoto, N. Kawakami, E. Osaki, K. Deguchi, N. Sato and |. Satoh, Phys. Re\l(0842012)
066403(1-5).

12. TElectron spin resonance shifts in S=1 antiferromagnetic chains: S. C. Furuya, Y. Maeda and M. Oshikawa, Phys. Rev.
B 87(2013) 125122 (1-10).

13. THole statistics and superfluid phases in quantum dimer models: C. A. Lamas, A. Ralko, M. Oshikawa, D. Poilblanc
and P. Pujol, Phys. Rev. 87 (2013) 104512(1-20).

Tsunetsugu group

We have investigated p-wave superconductivity near a transverse saturation field in easy-axis ferromagnets and demonstrate
that soft-magnon excitations lead to enhancement and re-entrance of the superconducting transition temperature. This
explains the enhanced superconducting transition temperature in the reentrant superconductivity in URhGe under transverse
magnetic fields.

We have also extended our earlier analysis about phonon coupled Kondo systems. We have constructed a boundary
conformal field theory (BCFT) with non-magnetic SO(5) degrees of freedom, which successfully explains earlier numerical
results. We have further developed a powerful continuous-time quantum Monte Carlo algorithm for general phonon-assisted
hybridization Anderson models and checked the validity of the results by the BCFT.

We have also clarified various details of transport criticality in electric conductivity near the Mott transition in a frustrated
Hubbard model, using large-scale numerical simulations based on the cluster dynamical mean-field theory.



. *RattlingGood Superconductor: thg-Pyrochlore Oxide AOgg: Z. Hiroi, J. Yamaura and K. Hattori, J. Phys. Soc.

Jpn.81(2012) 011012 (24 pages).

. Transport Criticality in Triangular Lattice Hubbard Model: T. Sato, K. Hattori and H. Tsunetsugu, J. Phys. Soc. Jpn.

81(2012) 083703 (4 pages).

. Bipolaron-SO(5) Non-Fermi Liquid in a Two-channel Anderson Model with Phonon-assisted Hybridizations: K.

Hattori, Phys. Rev. B5(2012) 214411 (14 pages).

. Conventional and charge-six superfluids from melting hexagonal Fulde-Ferrell-Larkin-Ovchinnikov phases in two

dimensions: D. F. Agterberg, M. Geracie and H. Tsunetsugu, Phys. Re/(212) 014513 (7 pages).

. Non-Fermi liquid, unscreened scalar chirality, and parafermions in a frustrated tetrahedron Anderson model: K. Hattori

and H. Tsunetsugu, Phys. Rev8B (2012) 054421 (6 pages).

Transport criticality at the Mott transition in a triangular-lattice Hubbard model: T. Sato, K. Hattori and H. Tsunetsugu,
Phys. Rev. B36(2012) 235137 (13 pages).

Continuous-Time Quantum Monte Carlo Approach for Impurity Anderson Models with Phonon-Assisted
Hybridizations: K. Hattori, J. Phys. Soc. J@B2 (2013) 064709 (5 pages).

Exotic disordered phases in the quantum J1-J2 model on the honeycomb lattice: H. Zhang and C. A. Lamas, Phys. Rev.
B 87(2013) 024415 (10 pages).

p-wave superconductivity near a transverse saturation field: K. Hattori and H. Tsunetsugu, Phys.8R¢201E3)
064501 (5 pages).

Kohmoto group

Twisted bilayer graphen is studied. Especially energy versus magnetic field shows a fractal Hofstadter butterfly. Since
supercell is large one can expect nontrivial Hall conductance (TKNN integer) may be observed in a high magnetic field
experiment. Also edge states at the interface between monolayer and bilayer are studied and its properties of applied
electric field is clarified. Fibonacci optical lattice are studied and it is shown that soliton states and critical states can coexist
multifractal analysis.

1.

Electric-field Induced Penetration of Edge States at the Interface between Monolayer and Bilayer Graphene: Y.
Hasegawa and M. Kohmoto, Phys. Rev8B(2012) 125430(1-9).

. Multifractals Competing with Solitons on Fibonacci Optical Lattices: M. Takahashi, H. Katsura, M. Kohmoto and T.

Koma, New J. Physl4(2012) 113012-113027.

Time-Reversal Symmetry in Non-Hermitian Systems: M. Sato, K. Hasebe, K. Esaki and M. Kohmoto, Prog. Theor.
Phys.127(2012) 937-974.

Theory of tunneling conductance and surface-state transition in superconducting topological insulators: A. Yamakage,
K. Yada, M. Sato and Y. Tanaka, Phys. Re\8B(2012) 180509(R)(1-5).

Topological Field Theory for p-wave Superconductors: T. H. Hansson, A. Karlhede and M. Sato, New J14hys.
(2012) 063017(10pages).

Symmetry and Topology in Superconductors —Odd-Frequency Pairing and Edge States—: Y. Tanaka, M. Sato and N.
Nagaosa, J. Phys. Soc. J@1.(2012) 011013(1-34).

Sugino group

The activity of Sugino group consists of (1) investigation of the property of materials related to energy-conversion, (2)
developing density functional methods for computing dynamical process in matters, and (3) developing a many-body scheme
to calculate the ground-state and the excited-state energies. Particularly, there was breakthrough in the algorithm of handling
the many-body wavefunctions, possibly leading to one of the post density functional theories (post-DFT).

1.

2.

Possible magnetic behavior in oxygen-deficiBrRtO,: Y. Yang, O. Sugino and T. Ohno, Phys. Rev.8B(2012)
035204(1-13).

First-Principles Molecular Dynamics at a Constant Electrode Potential: N. Bonnet, T. Morishita, O. Sugino and M.
Otani, Phys. Rev. Lett1l09(2012) 266101(1-5).



3. Symmetric Tensor Decomposition Description of Fermionic Many-Body Wave Functions: W. Uemura and O. Sugino,
Phys. Rev. Lett109(2012) 253001(1-5).

4. A GW+Bethe-Salpeter calculation on photoabsorption spectra of (g@dB&)CdSejclusters: Y. Noguchi, O. Sugino,
M. Nagaoka, S. Ishii and K. Ohno, J. Chem. PH37(2012) 024306 (1-5).

5. Analytical expression for the excited-state force from density-functional perturbation theory: T. Tsukagoshi and O.
Sugino, Phys. Rev. 86(2012) 064501(1-4).

6. Quantum dissipative dynamics using the Doebner—Goldin equation: T. Tsukagoshi and O. Sugino, Physics Letters A
376(2012) 3033-3037.

7. Band gap of3-PtO; from first-principles: Y. Yang, O. Sugino and T. Ohno, AIP Advan2€2012) 022172(1-7).

8. The charged interface between Pt and water: First principles molecular dynamics simulations: T. Ikeshoji, M. Otani, .
Hamada, O. Sugino, Y. Morikawa, Y. Okamoto, Y. Qian and I. Yagi, AIP Adva2q@912) 032182(1-10).

9. Nonadiabatic couplings from time-dependent density functional theory: Formulation by the Kohn-Sham derivative
matrix within density functional perturbation theory: C. Hu, T. Tsukagoshi, O. Sugino and K. Watanabe, Phys. Rev. B
87(2013) 035421(1-7).

10. Electronic structures of oxygen-deficient@a: Y. Yang, H.-H. Nahm, O. Sugino and T. Ohno, AIP Advan8¢2013)
042101(1-8).

Kato group

The main research subject in our laboratory is theory of nonequilibrium properties in nanoscale devices. We have studied
nonequilibrium noise of the Kondo regime in quantum dot systems by considering effect of Hund’s exchange interaction, and
purity of single photons in semiconductor microcavity. Dielectric properties in ferroelectric relaxors made from perovskite
oxides have been studied by the Monte Carlo method. We have also studied spin diffusion length in normal metals in the
context of anti-localization analysis in collaboration with Otani group.

1. *Coulomb Frustrated Phase Separation in Quasi-Two-Dimensional Organic Conductors on the Verge of Charge
Ordering: K. Yoshimi and H. Maebashi, J. Phys. Soc. 8in2012) 063003(1-4).

2. Full Counting Statistics for Orbital-Degenerate Impurity Anderson Model with Hund’s Rule Exchange Coupling: R.
Sakano, Y. Nishikawa, A. Oguri, A. C. Hewson and S. Tarucha, Phys. Rev.10&{2012) 266401(1-5).

3. Properties of a Single Photon Generated by a Solid-State Emitter: Effects of Pure Dephasing: E. lyoda, T. Kato, T.
Aoki, K. Edamatsu and K. Koshino, J. Phys. Soc. B##(2013) 014301(1-10).

4. Relaxor Behavior and Morphotropic Phase Boundary in a Simple Model: Y. Tomita and T. Kato, J. Phys. S82. Jpn.
(2013) 063002(1-5).

5. 000000000000 O00oo0ooooooD: 000, 000,0000,0000 47(2013)475-485.

Division of Nanoscale Science

lye group

Thermoelectric effect in GaAs/AlGaAs 2DEG in the quantum Hall regime is studied by using a Corbino geometry.
Thermopower generally contains contributions from two distinct mechanisms: diffusion and phonon drag. In order to
selectively extract the diffusion contribution, microwave-heating technique is used to raise the electron temperature with
the lattice temperature kept at the bath temperature. The measurement of the diagonal thermporegid8s a unique
opportunity to probe the entropy of the system in the QH plateau regions. The meaguiadS large values on the order

of 1 meV/K in the regions where,, = 0, alternating the sign at exact even integer fillings, in accordance with the theoretical
prediction.

1. *Geometric resonances in the magnetoresistance of hexagonal lateral superlattices: Y. Kato, A. Endo, S. Katsumoto
and Y. lye, Phys. Rev. B6(2012) 235315(1-10).

2. *Magnetization dependent rectification in (Ga,Mn)As tri-layer tunnel junctions: Y. Hashimoto, H. Amano, Y. lye and
S. Katsumoto, J. Phys.: Conf. Sé00(2012) 042016(1-4).



3. *Novel blockade due to spin-filtering with spin-orbit interaction: S. W. Kim, Y. Hashimto, Y. lye and S. Katsumoto, J.
Phys.: Conf. Se00(2012) 042032(1-4).

4. *Suppression of Andreev current due to transverse current flow in an InAs two-dimensional electrons: Y. Takahashi, Y.
Hashimoto, Y. lye and S. Katsumoto, Journal of Crystal Graswt (2013) S0022024813000705(1-4).

5. *Control of magnetic anisotropy in (Ga,Mn)As with etching depth of specimen boundaries: Y. Hashimoto, Y. lye and
S. Katsumoto, J. Cryst. Grow8v¥8(2013) S0022024812008329(1-4).

6. Commensurability oscillations in the rf conductivity of unidirectional lateral superlattices: measurement of anisotropic
conductivity by coplanar waveguide: A. Endo, T. Kajioka and Y. lye, J. Phys. So832(#013) 054710(1-7).

7. Diffusion Thermopower of Quantum Hall States Measured in Corbino Geometry: S. Kobayakawa, A. Endo and V. lye,
J. Phys. Soc. Jp82 (2013) 053702(1-4).

Katsumoto group

We have investigated the supercurrent through semiconductor 2-dimensional systems by applying spin current created with
the spin Hall effect. We found the superconductivity established through the formation of the Andreev bound states is
easily broken by small amount of spin current. This phenomenon seems to be promising in the application to low energy
consumption logic devices.

1. Evidence of Spin-Filtering in Quantum Constrictions with Spin-Orbit Interaction: S. W. Kim, Y. Hashimoto, Y. lye and
S. Katsumoto, J. Phys. Soc. Ji@1.(2012) 054706 (1-5).

2. Detection of spin polarization utilizing singlet and triplet states in a single-lead quantum dot: T. Otsuka, Y. Sugihara,
J. Yoneda, S. Katsumoto and S. Tarucha, Phys. R&6 @012) 081308(1-4).

3. *Geometric resonances in the magnetoresistance of hexagonal lateral superlattices: Y. Kato, A. Endo, S. Katsumoto
and Y. lye, Phys. Rev. B6(2012) 235315(1-10).

4. *Magnetization dependent rectification in (Ga,Mn)As tri-layer tunnel junctions: Y. Hashimoto, H. Amano, Y. lye and
S. Katsumoto, J. Phys.: Conf. S400(2012) 042016(1-4).

5. *Novel blockade due to spin-filtering with spin-orbit interaction: S. W. Kim, Y. Hashimto, VY. lye and S. Katsumoto, J.
Phys.: Conf. Se00(2012) 042032(1-4).

6. Robustness of spin filtering against current leakage in a Rashba-Dresselhaus-Aharonov-Bohm interferometer: S.
Matityahu, A. Aharony, O. Entin-Wohlman and S. Katsumoto, Phys. R&7 013) 205438(1-8).

7. *Suppression of Andreev current due to transverse current flow in an InAs two-dimensional electrons: Y. Takahashi, Y.
Hashimoto, Y. lye and S. Katsumoto, Journal of Crystal Groswt@i (2013) S0022024813000705(1-4).

8. *Control of magnetic anisotropy in (Ga,Mn)As with etching depth of specimen boundaries: Y. Hashimoto, Y. lye and
S. Katsumoto, J. Cryst. Grow8¥8(2013) S0022024812008329(1-4).

9. Energy level spectroscopy of a quantum dot with a-sideupled satellite dot: S. W. Kim, Y. Kuwabara, T. Otsuka, Y.
lye and S. Katsumoto, inAIP Conference Proceedingadited by Jisoon lhm, Hyeonsik Cheong (American Institute
of Physics, 2012), 393-394.

Otani group

This year we put our focus on the following three topics including the skew scattering mechanism of spin Hall effects, spin
relaxation mechanism in lateral spin valve structures, and collective dynamics of coupled magnetic vortices. Concerning the
first topic, we have performed collaborative research with German and French groups to find best combination of materials to
induce large spin Hall effects originating from the skew scattering mechanisms. Based on these theoretical studies we have
succeeded in demonstrating the giant spin Hall effect by doping copper with small amount of bismuth. Apart from the skew
scattering studies, we have shown for the first time a possibility to use spin Hall effect as a means to detect higher order spin
fluctuation. As to the second topic on the lateral spin valve, we have found the contribution of the surface spin flip scattering
was non-negligible at low temperatures and was suppressed significantly by the surface capping layer of MgO. Thereby
we were able to clarify that the spin relaxation process was well described in the framework of Elliot-Yafet mechanism.
Furthermore we have demonstrated the non-local spin valve effect in the lateral spin valve structure consisting of silicon
nano-wire and permalloy. As to the third topic on vortex dynamics, our final goal is to realize magnonic crystals. For this, we
have been studying collective spin dynamics mediated by the dynamic dipolar interaction. When the nano-scale ferromagnetic



elementsare very closely spaced with a separation of 50 nm, a gradual transition from completely uniform collective regime
to a completely non-collective regime was observed as the azimuthal angle varies frodB0

1.

Anisotropy in collective precessional dynamics in arrays @& nanoelements: B. Rana, D. Kumar, S. Barman, S.
Pal, R. Mandal, Y. Fukuma, Y. Otani, S. Sugimoto and A. Barman, J. Appl. Ayg2012) 07D503(1-3).

Nonlinear motion of magnetic vortex cores during fast magnetic pulses: K. Fukumoto, K. Arai, T. Kimura, Y. Otani
and T. Kinoshita, Phys. Rev. 8 (2012) 134414(1-4).

Giant Spin Hall Effect Induced by Skew Scattering from Bismuth Impurities inside Thin Film CuBi Alloys: Y. Niimi,
Y. Kawanishi, D. H. Wei, C. Deranlot, H. X. Yang, M. Chshiev, T. Valet, A. Fert and Y. Otani, Phys. Rev. 164t.
(2012) 156602(1-5).

. Spin relaxation mechanism in silver nanowires covered with MgO protection layer: H. Idzuchi, Y. Fukuma, L. Wang

and Y. Otani, Appl. Phys. Lettl01(2012) 022415(1-4).

Temperature Evolution of Spin-Polarized Electron Tunneling in Silicon Nanowire—Permalloy Lateral Spin Valve
System: J. Tarun, S. Huang, Y. Fukuma, H. Idzuchi, Y. Otani, N. Fukata, K. Ishibashi and S. Oda, Appl. Phys.
Express (2012) 045001(1-3).

Optically Induced Tunable Magnetization Dynamics in Nanoscale Co Antidot Lattices: R. Mandal, S. Saha, D. Kumar,
S. Barman, S. Pal, K. Das, A. K. Raychaudhuri, Y. Fukuma, Y. Otani and A. Barman, ACSaN206&2) 3397-3403.

. The spin Hall effect as a probe of nonlinear spin fluctuations: D. H. Wei, Y. Niimi, B. Gu, T. Ziman, S. Maekawa and

Y. Otani, Nature CommurB (2012) 1058(1-5).

. Towards coherent spin precession in pure-spin current: H. lIdzuchi, Y. Fukuma and Y. Otani, Sci2 R€i.2)

628(1-5).

Perfect Alloys for Spin Hall Current-Induced Magnetization Switching: M. Gradhand, D. V. Fedorov, P. Zahn, I.
Mertig, Y. Otani, Y. Niimi, L. Vila and A. Fert, SPIND2 (2012) 1250010(1-8).

Komori group

Electronic and atomic structures of the Au-adsorbed Ge(111) surface are studied by ARPES and STM. A triangle structure,
which is mobile at room temperature on the surface, selectively dopes the electron-like metallic surface band. A band gap
over 0.3 eV was found by ARPES in a regular array of the graphene nanoribbons that were formed selectively on the terrace
of vicinal SiC(0001) surfaces by molecular beam epitaxy. The width of each nanoribbon is 10 nm. The gap size increases
with decreasing the width of the nanoribbons. Regular arrays of square CrN islands were thermally fabricated on the Cu(001)
surface. A short-range attractive interaction among the islands is the origin of the self-assembly.

1.

TUniaxial deformation of graphene Dirac cone on a vicinal SiC substrate: K. Nakatsuji, T. Yoshimura, F. Komori, K.
Morita and S. Tanaka, Phys. Rev8B (2012) 195416(1-6).

. *Epitaxial Rh-doped SrTi@thin film photocathode for water splitting under visible light irradiation: S. Kawasaki, K.

Nakatsuiji, J. Yoshinobu, F. Komori, R. Takahashi, M. Lippmaa, K. Mase and A. Kudo, Appl. Phys10&t2012)
033910 (1-4).

*Elucidation of Rh-Induced In-Gap States of Rh:Sri®isible-Light-Driven Photocatalyst by Soft X-ray
Spectroscopy and First-Principles Calculations: S. Kawasaki, K. Akagi, K. Nakatsuji, S. Yamamoto, |I. Matsuda, Y.
Harada, J. Yoshinobu, F. Komori, R. Takahashi, M. Lippmaa, C. Sakai, H. Niwa, M. Oshima, K. lwashina and A.
Kudo, J. Phys. Chem. €16(2012) 24445-24448.

Selective doping in a surface band and atomic structures of the Gé{3%) /3)R30°—Au surface: K. Nakatsuiji, Y.
Motomura, R. Niikura and F. Komori, J. Phys.: Condens. M&&{2013) 045007 (9).

Fabrication and characterization of strain-driven self-assembled CrN nanoislands on Cu(001): P. Krukowski, T. limori,
K. Nakatsuji, M. Yamada and F. Komori, J. Appl. Phy4.3(2013) 174309 (5).

TGraphene nanoribbons on vicinal SiC surfaces by molecular beam epitaxy: T. Kajiwara, Y. Nakamori, A. Visikovskiy,
T. limori, F. Komori, K. Nakatsuji, K. Mase and S. Tanaka, Phys. Re8782013) 121407R (4).

. Growth and structure of CrN nanoislands on Cu(001) studied by scanning tunneling microscopy and X-ray

photoemission spectroscopy: P. Krukowski, T. limori, K. Nakatsuji, M. Yamada and F. Komori, Thin Solid Films
531(2013) 251-254.



8. '0DUD0UUDUODUODODUDDONCDD: 00 0,000,0000,000 00,00 54(2012) 386-391.

9.0000:000O0,000000000003000000,040,0000,(CCO00O,00000000
0400 60 190, 2012), 132-172.
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O0O00ooo-0,60 22,00 00,(NTS,00000000 2-16-16, 2013), in print.

Yoshinobu group

We conducted several research projects in the fiscal year 2012. (1) The kinetic and geometric isotope effects and energy-leve
alignment of cyclohexane on clean and H-preadsorbed Rh(111) surfaces using IRAS, TPD, STM, SPA-LEED and SR-PES.
(2) The adsorption states of G@n Cu(997) studied by SR-PES and IRAS. (3) The thin file growth and electronic states

of pentacene film on chemically modified Si(100) surfaces using PES and 4-probe surface conductivity measurements. (4)
Spectroscopic characterization and transport properties of aromatic monolayers covalently attached to Si(111) surfaces by
wet-chemical methods.

1. *Epitaxial Rh-doped SrTigthin film photocathode for water splitting under visible light irradiation: S. Kawasaki, K.
Nakatsuji, J. Yoshinobu, F. Komori, R. Takahashi, M. Lippmaa, K. Mase and A. Kudo, Appl. Phys10&{2012)
033910 (1-4).

2. Kinetic and geometric isotope effects originating from different potential energy surfaces: cyclohexane on Rh(111): T.
Koitaya, S. Shimizu, K. Mukai, S. Yoshimoto and J. Yoshinobu, J. Chem. AI32012) 214705 (9 pages).

3. *Elucidation of Rh-Induced In-Gap States of Rh:SrJi®isible-Light-Driven Photocatalyst by Soft X-ray
Spectroscopy and First-Principles Calculations: S. Kawasaki, K. Akagi, K. Nakatsuji, S. Yamamoto, |I. Matsuda, Y.
Harada, J. Yoshinobu, F. Komori, R. Takahashi, M. Lippmaa, C. Sakai, H. Niwa, M. Oshima, K. lwashina and A.
Kudo, J. Phys. Chem. €16(2012) 24445-24448.

4. Chemically homogeneous and thermally reversible oxidation of epitaxial graphene: Md. Zakir Hossain, J. E. Johns, K.
H. Bevan, H. J. Karmel, Y. T. Liang, S. Yoshimoto, K. Mukai, T. Koitaya, J. Yoshinobu, M. Kawai, A. M. Lear, L. L.
Kesmodel, S. L. Tait and M. C. Hersam, Nature Chdr(012) 305-309.

5. Energy level alignment of cyclohexane on Rh(111): the importance of interfacial dipole and final-state screening: T.
Koitaya, K. Mukai, S. Yoshimoto and J. Yoshinobu, J. Chem. Ph$8.(2013) 044702 (9 pages).

6. Site-specific chemical states of adsorbed CO on Pt(997): a high resolution XPS study: S. Shimizu, H. Noritake, T.
Koitaya, K. Mukai, S. Yoshimoto and J. Yoshinobu, Surf. $€8(2013) 220-225.

7. Spectroscopic Characterization and Transport Properties of Aromatic Monolayers Covalently Attached to Si(111)
Surfaces: Y. Harada, T. Koitaya, K. Mukai, S. Yoshimoto and J. Yoshinobu, J. Phys. ChEN7.(2013) 7497-7505.

8. 00000000:00 0,00 Vol.67(2012) 58.

9. Potential Energy Surface of NO on Pt(997): Adsorbed States and Surface Diffusion: N. Tsukahara and J. Yoshinobu,
Advances in Physical Chemistj)12(2012) Article ID 571657 (9 pages).

Hasegawa group

We have developed spin-polarized scanning tunneling microscopy (SP-STM), and studied magnetic properties of nano-size
Co island structures, whose dimension ranges 10-30 nm in lateral size and 1 nm in thickness, formed on Ag(111). From
the Moiré intensities observed in STM images, we found two structurally different Co islands on the substrate. Magnetic
properties revealed by the SP-STM are also different; one has an out-of-plane magnetization while the other does not. As
pristine hcp Co has strong magnetocrystalline anisotropy along the c-axis whereas in fcc Co thin films shape anisotropy
prefers in-plane magnetization, we assign the two structures as hcp and fcc Co structures, respectively. We also developed :
scanning potentiometry, which enables us to visualize nanoscale spatial distribution of electrical potential under current flow.
The potential drops due to finite electrical resistance at grain boundaries were clearly observed in a Au thin film. The method
will be applied to two-dimensional surface electron systems that show superconductivity at low temperatures.

1. Thermally assisted penetration and exclusion of single vortex in mesoscopic superconductors: S.-Z. Lin, T. Nishio, L.
Bulaevskii, M. Graf and Y. Hasegawa, Phys. Re\81(2012) 134534(1-7).

2. Development of Scanning Tunneling Potentiometry for Semiconducting Samples: M. Hamada and Y. Hasegawa, Jpn.
J. Appl. Phys51(2012) 125202.



3. 00000opoOoOooooO0:0oo0o,0000,0000,0000,0000000 67(2012) 6-13.

4. Observation of Vortex Clustering in Nano-Size Superconducting Pb Island Structures by Low-Temperature Scanning
Tunneling Microscopy/ Spectroscopy: T. Tominaga, T. Sakamoto, T. Nishio, T. An, T. Eguchi, Y. Yoshida and Y.
Hasegawa, J. Supercond. Nov. Magh.(2012) 1375-1378.

5. 0000000000000000000000000:00000000000000000000,000
47(2012) 14-17.

6. Trapping and squeezing of vortices in voids directly observed by scanning tunneling microscopy and spectroscopy: T.
Tominaga, T. Sakamoto, H. Kim, T. Nishio, T. Eguchi and Y. Hasegawa, Phys. R&X(213) 195434.

7.00000000000000000000000000:0000,0000,0000,0000,000
0,000 00,0000 33(2012) 443-448.

Lippmaa group

This year saw progress on three main fronts: photocatalytic materials, spin filters, and the pyroelectric analysis of
ferroelectrics. In the catalyst project, we analyzed the electronic structure of Rh:doped 8ntiGhowed that the valence

state of the Rh dopant can be controlled by a suitable selection of crystal growth parameters. The presence of a mid-gap
acceptor state in Bfi:SrTiOs; was confirmed, explaining the reduced solar energy conversion efficiency. The tunnel junction
project culminated with a successful construction of spin-filter tunnel junctions based on ferromagnetic insulator barrier
layers. Record-making magnetoresistance ratios were observed in the tunnel junctions. A pyroelectric analysis system was
used to analyze the presence of ferroelectricity in Magnetite thin films. A new buffer layer technique was developed for
growing perfectly oriented magnetite thin films.

1. Sub-bandgap photocurrent effects on dynamic pyroelectric measurement in PH/RIBT8DTiO; heterostructures: R.
Takahashi, T. Tybell and M. Lippmaa, J. Appl. Ph$42(2012) 014111(1-6).

2. Pyroelectric detection of spontaneous polarization in magnetite thin films: R. Takahashi, H. Misumi and M. Lippmaa,
Phys. Rev. B36(2012) 144105 (1-7).

3. Development of a new laser heating system for thin film growth by chemical vapor deposition: E. Fujimoto, M. Sumiya,
T. Ohnishi, M. Lippmaa, M. Takeguchi, H. Koinuma and Y. Matsumoto, Rev. Sci. Inst83t2012) 094701(1-6).

4. Spin-Filter Tunnel Junction with Matched Fermi Surfaces: T. Harada, I. Ohkubo, M. Lippmaa, Y. Sakurai, Y.
Matsumoto, S. Muto, H. Koinuma and M. Oshima, Phys. Rev. 1€8(2012) 076602(1-5).

5. *Epitaxial Rh-doped SrTi@thin film photocathode for water splitting under visible light irradiation: S. Kawasaki, K.
Nakatsuiji, J. Yoshinobu, F. Komori, R. Takahashi, M. Lippmaa, K. Mase and A. Kudo, Appl. Phys.10D&it2012)
033910 (1-4).

6. *Elucidation of Rh-Induced In-Gap States of Rh:Srfi@isible-Light-Driven Photocatalyst by Soft X-ray
Spectroscopy and First-Principles Calculations: S. Kawasaki, K. Akagi, K. Nakatsuji, S. Yamamoto, |I. Matsuda, Y.
Harada, J. Yoshinobu, F. Komori, R. Takahashi, M. Lippmaa, C. Sakai, H. Niwa, M. Oshima, K. lwashina and A.
Kudo, J. Phys. Chem. €16(2012) 24445-24448.

7. Self-Template Growth of Orientation-ControlledsBg Thin Films: R. Takahashi, H. Misumi and M. Lippmaa, Cryst.
Growth Des.12(2012) 2679-2683.

8. TPhoto-Electrochemical Synthesis of Silver-Oxide Clathrate@yNOs; on SrTiO;: R. Tanaka, S. Takata, R.
Takahashi, J. K. Grepstad, T. Tybell and Y. Matsumoto, Electrochem. Solid-Statd 5012) E19-E22.

9. Large Tunnel Magnetoresistance in Epitaxial Oxide Spin-Filter Tunnel Junctions: T. Harada, |. Ohkubo, M. Lippmaa,
Y. Sakurai, Y. Matsumoto, S. Muto, H. Koinuma and M. Oshima, Adv. Funct. Ma2§2012) 4471-4475.

10. Nonmagnetic Sc Substitution in a Perovskite Ferromagnetic Insulateg€C&»>MnO3: T. Harada, R. Takahashi and
M. Lippmaa, J. Phys. Soc. Jp&2 (2013) 014801 (1-5).

11. Combinatorial Nanoscience and Technology for Solid-state Materials: H. Koinuma, R. Takahashi, M. Lippmaa, S.-Y.
Jeong, Y. Matsumoto, T. Chikyo and S. Suzuki,litandbook of Advanced Ceramj&sh 11.1.11, edited by S. Somiya,
(Academic Press, Amsterdam, 2013), 1103-1124.



Division of Physics in Extreme Conditions

Uwatoko group

We report the discovery of a pressure-induced heavy fermion superconductivity in a nonmagnetic orbital ordering state in the
cubic compound Pr3Alg. The strong orbital fluctuations may provide a nonmagnetic glue for Cooper pairing. The results
suggest a generic phase diagram hosting unconventional superconductivity on the border of orbital order, paving a new
path for further research on novel quantum criticality and superconductivity due to orbital fluctuations. We have performed
XAS, NMR, magnetization measurements in relatively large fields and specific heat up to 3 T on heavy fermiganspCo

to investigate the possibility that magnetic field gives rise to the delocalization of 4f electrons. Correlations between Yb
moments are weak without significant enhancement inxtftp spectrum at least in a field, which may explain the lack

of magnetic order in YbG&Znyg in spite of the existence of distinct local moments. We measured the microwave surface
impedances and obtained the superfluid density and flux flow resistivity in single crystals of a phosphor-doped iron-based
superconductor SrkAsy 7Py.3)2 single crystals (¢ = 25 K). These results indicate the presences of line nodes on at least
one band and modulated nodeless gap with deep minimum on the same bands and or other bands. We report a comprehensi
high-pressure study on the triple-layer T'4Ni3Og with a suite of experimental probes, including structure determination,
magnetic, and transport properties up to 50 GPa. The presence of isolated Ni sites with apical oxygen in the T’ structure
leads to a variable-range-hopping conductivity in the LS phase. The high pressure structural study reveals that a new T
structure is stabilized under 2% GPa. We have performed inelastic neutron scattering measurements in the ferroelectric
noncollinear magnetic phase of CukgsGa 03502 under applied uniaxial pressure. The reduction of the spin-lattice
coupling, which reflects the partial release of the magnetic frustration due to the nonmagnetic substitution, can also contribute
to the emergence of the noncollinear incommensurate magnetic ground state. We have measured the temperature-depende
resistivity of (TMTTFLPFRs up to 7 GPa using a turnbuckle-type diamond anvil cell (DAC) and at magnetic fields of up to

5 T. The Ginzburg—Landau coherence lengths for three different axes obtained from this work show that (IR 19-)

an anisotropic three-dimensional superconductor. We have developed a high-pressure and high-field ESR system using the
combination of a commercially available SQUID magnetometer up to 5 T and a clamp-type piston cylinder pressure cell up
to 1.5 GPa.

1. *Block magnetism coupled with local distortion in the iron-based spin-ladder compound®afF¢&. Nambu, K.
Ohgushi, S. Suzuki, F. Du, M. Avdeey, Y. Uwatoko, K. Munakata, H. Fukazawa, S. Chi, Y. Ueda and T. Sato, Phys.
Rev. B85 (2012) 064413(1-5).

2. Effect of pressure on the neutron spin resonance in the unconventional supercondugigBegTde<. Marty, A. D.
Christianson, A. M. dos Santos, B. Sipos, K. Matsubayashi, Y. Uwatoko, J. A. Fernandez-Baca, C. A. Tulk, T. A.
Maier, B. C. Sales and M. D. Lumsden, Phys. Re8@§2012) 220509(1-5).

3. TInvestigation of the superconducting gap structure in & 7Po.3)> by magnetic penetration depth and flux flow
resistivity analysis: H. Takahashi, T. Okada, Y. Imai, K. Kitagawa, K. Matsubayashi, Y. Uwatoko and A. Maeda, Phys.
Rev. B86(2012) 144525(1-5).

4. Magnetic anisotropy of Kondo semiconductor GAlho (T = Ru,0s) in the ordered state: H. Tanida, Y. Nonaka, D.
Tanaka, M. Sera, Y. Kawamura, Y. Uwatoko, T. Nishioka and M. Matsumura, Phys. RB8(2912) 205208(1-11).

5. Magnetic interactions in the multiferroic phase of Cuk&a0, (x=0.035) refined by inelastic neutron scattering with
uniaxial-pressure control of domain structure: T. Nakajima, S. Mitsuda, J. T. Haraldsen, R. S. Fishman, T. Hong, N.
Terada and Y. Uwatoko, Phys. Rev8B (2012) 144405 (1-7 ).

6. Microwave surface-impedance measurements of the electronic state and dissipation of magnetic vortices in
superconducting LiFeAs single crystals: T. Okada, H. Takahashi, Y. Imai, K. Kitagawa, K. Matsubayashi, Y. Uwatoko
and A. Yamada, Phys. Rev.(2012) 064516 (1-5).

7. Weakly ferromagnetic metallic state in heavily doped RKxMn,As,: JK. Bao, H. Jiang, YL. Sun, WH. Jiao, CY.
Shen, HJ. Guo, Y. Chen, CM. Feng, HQ. Yuan, ZA. Xu, GH. Cao, R. Sasaki, T. Tanaka, K. Matsubayashi and Y.
Uwatoko, Phys. Rev. B5(2012) 144523(1-6).

8. *Pressure-Induced Heavy Fermion Superconductivity in the Nonmagnetic Quadrupolar SysteAl ,RrTK.
Matsubayashi, T. Tanaka, A. Sakai, S. Nakatsuji, Y. Kubo and Y. Uwatoko, Phys. Revi0@{2012) 187004(1-5).

9. TCorrelation between superconductivity and structural properties under high pressure of iron pnictide superconductor
CeaysYoaFeAsQgFo2: M. Kanagaraj, S. Arumugam, RS. Kumar, NRT. Selvan, SE. Muthu, H. Yoshino, K. Murata,
K. Matsubayashi, Y. Uwatoko, S. Sinogeikin, A. Cornelius, AK. Ganguli and YS. Zhao, Appl. Phys.1D62012)
052601(1-4).
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Conductivity and Incommensurate Antiferromagnetism of fz8e)10Tepgo under pressure: N. Katayama, K.
Matsubayashi, Y. Nomura, S. J. Leao, M. A. Green, T. J. Sato, Y. Uwatoko, M. Fujita, K. Yamada, R. Arita and S.
H. Lee, Europhys. Lett98 (2012) 37002 (1-6).

TUniaxial-stress enhancement of spin-driven ferroelectric polarization in a multiferroic GuF®0,: S. Mitsuda, K.
Yoshitomi, T. Nakajima, C. Kaneko, H. Yamazaki, M. Kosaka, N. Aso, Y. Uwatoko, Y. Noda, M. Matsuura, N. Terada,
S. Wakimoto, M. Takeda and K. Kakurai, J. Phys.: Conf. SE8#¥2012) 012062(1-8).

Uniaxial-Pressure Control of Magnetic Phase Transitions in a Frustrated Magnet @6&©, (x=0, 0.018): T.
Nakajima, S. Mitsuda, K. Takahashi, K. Yoshitomi, K. Masuda, C. Kaneko, Y. Honma, S. Kobayashi, H. Kitazawa,
M. Kosaka, N. Aso, Y. Uwatoko, N. Terada, S. Wakimoto, M. Takeda and K. Kakurai, J. Phys. So81 (@®il2)
094710(1-8).

Heat Capacity Measurement of Heavy Fermion Y{X®g, under Magnetic Field: R. Yamanaka, K. Matsubayashi, Y.
Saiga, T. Kawae and Y. Uwatoko, J. Phys.: Conf. S6d.(2012) 012078.

TAnisotropy of Upper Critical Field in a One-Dimensional Organic System, (TM3PR) under Highd Pressure:
M. Kano, M. Hatsumi, K. Matsubayashi, M. Itoi, M. Hedo, T. P. Murphy, S. W. Tozer, Y. Uwatoko and T. Nakamura,
J. Phys. Soc. Jp81(2012) 024716 (1-7).

TMagnetic Properties of ToR8i;Single Crystal: Y. Zhang, T. Fujiwara, Y. Uwatoko and T. Shigeoka, J. Phys. Soc.
Jpn.81(2012) 044702(1-5).

Mechanism of Field Induced Fermi Liquid State in Yb-Based Heavy-Fermion Compound: X-ray Absorption
Spectroscopy and Nuclear Magnetic Resonance Studies of g T. Mito, T. Koyama, K. Nakagawara, T. Ishida,

K. Ueda, T. Kohara, K. Matsubayashi, Y. Saiga, K. Munakata, Y. Uwatoko, M. Mizumaki, N. Kawamura, B. ldzikowski
and M. Reiffers, J. Phys. Soc. J@1 (2012) 033706(1-4).

Pressure effects on the superconducting transition of ytterbium dopet GeFeAsQ oFo1: S. Arumugam, M.
Kanagaraj, N. R. T. Selvan, S. E. Muthu, J. Prakash, G. S. Thakur, A. K. Ganguli, H. Yoshino, K. Murata, K.
Matsubayashi and Y. Uwatoko, Phys. Status Solidi: Rapid Res. &2012) 220-222.

Scanning tunneling microscopy/spectroscopy of vortices in LiFeAs: T. Hanaguri, K. Kitagawa, K. Matsubayashi, Y.
Mazaki, Y. Uwatoko and H. Takagi, Phys. Rev8B(2012) 214505(1-9).

Pressure-induced positive electrical resistivity coefficient in Ni-Nb-Zr-H glassy alloy: M. Fukuhara, C. Gangli, K.
Matsubayashi and Y. Uwatoko, Appl. Phys. Lett@0(2012) 253114(1-3).

Pressure Effect on the Structural Transition and Suppression of the High-Spin State in the Triple-Lay@tiJOsa
J. G. Cheng, J. S. Zhou, J. B. Goodenough, H. D. Zhou, K. Matsubayashi, Y. Uwatoko, P. P. Kong, C. Q. Jin, W. G.
Yang and G. Y. Shen, Phys. Rev. Let08(2012) 236403(1-5).

Development of high-pressure and high-field ESR system using SQUID magnetometer: T. Sakurai, K. Fujimoto, R.
Goto, S. Okubo, H. Ohta and Y. Uwatoko, Journal of Magnetic Resor22@®012) 41-45.

T*High-Field Phase Diagram of Smi» Determined by Ultrasonic Measurements in Pulsed Magnetic Field up to 55
T: M. Yoshizawa, H. Mitamura, F. Shichinomiya, S. Fukuda, Y. Nakanishi, H. Sugawara, T. Sakakibara and K. Kindo,
J. Phys. Soc. Jpi@2(2013) 033602(1-5).

TPressure and Substitution Effects on Transport and Magnetic Propertigs,&,C0, Systems with Static Magnetic
Disorder: M. Takeda, A. Teruya, S. Watanabe, S. Hirakawa, Y. Hiranaka, A. Nakamura, Y. Takaesu, K. Uchima, M.
Hedo, T. Nakama, K. Yagasaki, K. Matsubayashi, Y. Uwatoko and A. T. Burkov, J. Phys. So82]@2013) 014708

(1-6).

TLow energy excitations inside the vortex core of LiFe(As, P) single crystals investigated by microwave-surface
impedance: T. Okada, H. Takahashi, Y. Imai, K. Kitagawa, K. Matsubayashi, Y. Uwatoko and A. Maeda, J. Magn.
Magn. Mater.331(2013) 98-101.

Dielectric properties of single crystal spinels in the series;BPayYMnV,0,4, and Co\bOy in high magnetic fields: A.
Kismarahadja, J. S. Brooks, H. D. Zhou, E. S. Choi, K. Matsubayashi and Y. Uwatoko, Phys. &&{2@ 3) 054432
(1-10).

Magnetic properties of spinel CuCrzrénder pressure: M. Ito, N. Kado, K. Matsubayashi, Y. Uwatoko, N. Terada, S.
Ebisu and S. Nagata, J. Magn. Magn. M&8£. (2013) 98-101.

THigh Field Magnetization of TbP&e, Single Crystal: T. Shigeoka, T. Hasegawa, T. Fujiwara, A. Kondo, K. Kindo
and Y. Uwatoko, J. Low. Temp. Phy$70(2013) 248-254.



Osadagroup

(1) We have discussed the mechanism of interlayer surface transport due to helical edge state accompanying the quantum Hal
ferromagnetic state in multilayer Dirac fermion systems by employing the tunneling picture. Since this surface state is not
topologically protected, it must be diffusive due to spin-inversion scattering. This fact justifies the tunneling picture, in which
inter-edge tunneling is regarded as a perturbation. We have concluded that the interlayer tunneling due to the helical surface
state is allowed only when the magnetic field is parallel to the side surface of the crystal. (2) We have confirmed the above
theoretical prediction by performing the experiment on organic Dirac fermion syst¢BEDT-TTF)l3. The saturation

odf interlayer resistance occurs when the magnetic field was parallel to the stacking direction. Observed features are well
explained by the above picture. This agreement indicates the appearance of the QH ferromagnetic phase with the helical edge
state ina-(BEDT-TTF)ls3.

1. Observation of Angle-Dependent Stark Cyclotron Resonance in a Layered Organic Conductor: A. Kumagai, T.
Konoike, K. Uchida and T. Osada, J. Phys. Soc. &in(2012) 023708(1-4).

2. Specific Heat of the Multilayered Massless Dirac Fermion System: T. Konoike, K. Uchida and T. Osada, J. Phys. Soc.
Jpn.81(2012) 043601(1-4).

3. a-(BEDT-TTFRl; 0000000000000 DO000DN000D: 00 00,00 00,00 00,0000
47(2012) 301-307.

4. Specific heat study of massless Dirac fermion sysiefBEDT-TTF)l3 under pressure: T. Konoike, K. Uchida and T.
Osada, Phys. Status Solidi932012) 1177-1179.

5. Magnetotransport in organic Dirac fermion system at the quantum limit: Interlayer Hall effect and surface transport via
helical edge states: T. Osada, Phys. Status SolRf$(2012) 962-966.

6. Angle-Dependent Magnetoresistance Oscillations and Charge Density Wave in the Organic Conductor
o-(BEDT-TTFLKHg(SCN): K. Uchida, R. Yamaguchi, T. Konoike, T. Osada and W. Kang, J. Phys. Soc. Jpn.
82(2013) 043714(1-4).

7. 0000000000000D0DOD00000DO: 00 00,000,0000,0000,0000 48(2013)
65-73.

8. 00000 0I0I0O0O0OOOOOOOOOOOOOO:0000,0000 28(4)(2013) 42-45.
9. 0000000000000000000000:0000,0000 28(1)(2013) 20-23.

10.0000000000000: 00 00,00000000000000 10,1600 000,(C000000
0,00, 2012), 169-184.

Materials Design and Characterization Laboratory

Y. Ueda group

The materials mainly studied in 2012 are (1) hollandites, (2) A-site ordered manganites, (3) iron-based spin ladder
compounds, and (4) low dimensional or frustrated magnetic materials. The main findings in each material group are (1) novel
structural distortion accompanied by metal-insulator transitionJ@8§0,s and charge order driven by K-vacancy order in
KxMngOig, (2) Korringa-like relaxation in YBaMsOg, (3) block and stripelike magnetism in BafSe and CsFgSes,
respectively, and (4) magnetic phases up to 600 T in ZB¢and incomplete devil's staircase magnetization curve in
SI’CLE(BO3)2.

1. *Magnetic Phases of ZnglD, Revealed by Magneto-Optical Studies under Ultra-High Magnetic Fields up to 600 T:
A. Miyata, H. Ueda, Y. Ueda, Y. Motome, N. Shannon, K. Penc and S. Takeyama, J. Phys. So@31J@012)
114701(1-8).

2. Observation of Structural Change in the Novel Ferromagnetic Metal-Insulator Transitigi€af®is: A. Nakao, Y.
Yamaki, H. Nakao, Y. Murakami, K. Hasegawa, M. Isobe and Y. Ueda, J. Phys. So81){2212) 054710(1-6).

3. *Synthesis, Structure and Electromagnetic Properties of Manganese Hollandliteg®.s: T. Kuwabara, M. Isobe,
H. Gotou, T. Yagi, D. Nishio-Hamane and Y. Ueda, J. Phys. Soc.8p(012) 104701(1-5).

4. Antiferromagnetism in the spin-gap system N&¥: Muon spin rataion measurements: V. G. Storchak, O. E. Parfenov,
D. G. Eshchenko, R. L. Lichti, P. W. Mengyan, M. Isobe and Y. Ueda, Phys. R88.(B012) 094406(1-6).



5. *Block magnetism coupled with local distortion in the iron-based spin-ladder compound®gF¢r. Nambu, K.
Ohgushi, S. Suzuki, F. Du, M. Avdeeyv, Y. Uwatoko, K. Munakata, H. Fukazawa, S. Chi, Y. Ueda and T. Sato, Phys.
Rev. B85 (2012) 064413(1-5).

6. USR investigation of magnetically ordered states in the A-site ordered perovskite mangBaldsyOs (R=Y and
La): Y. Kawasaki, T. Minami, Y. Kishimoto, T. Ohno, K. H. Satoh, A. Koda, R. Kadono, J. L. Gavilano, H. Luetkens,
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11. SIV-NMR study of antiferromagnetic state and spin dynamics in quasi-one-dimensionabBs0y Y. ldeta, Y.
Kawasaki, Y. Kishimoto, T. Ohno, Y. Michihiro, Z. He, Y. Ueda and M. Itoh, Phys. Re8682012) 094433(1-5).

12. Two-dimensional charge fluctuationfNay 33V20s5: K. Ohwada, T. Yamauchi, Y. Fujii and Y. Ueda, Phys. Rev. B
85(2012) 134102(1-4).
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Kageyama, J. Solid State Chefr®5(2012) 10-17.

14. Orbital order in layered manganites probed Withe Mossbauer spectroscopy: Y. Ueda, K. Nomura and A. |. Rykov,
Hyp. Int. 208(2012) 19-23.

15. Ferromagnetic hollandite)CrsOq6: J. Sugiyama, H. Nozaki, M. Mansson, K. Prsa, A. Amato, M. Isobe and Y. Ueda,
Physics Procedid0(2012) 186-189.

16. uSR Investigation of the Hollandite Vanadate\kgO16: K. H. Chow, M. Mansson, Y. lkedo, J. Sugiyama, O. Ofer, E.
J. Ansaldo, J. H. Brewer, M. Isobe, H. Gotou, T. Yagi, Y. Ueda and C. Baines, Physics Pra@¢2itd2) 117-120.

17. Revisiting the layered LiNuMng4Cop20,: a magnetic approach: X. Bie, L. Liu, H. Ehrenberg, Y. Wei, K.
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Hiroi group

Various novel compounds are presented, For example, a unique type of frustrated lattice is found in two A-site ordered spinel
oxides, LiGaCjOg and LilnCyOg. Because of the large size mismatch betweeh and G&*/In" ions at the A site,

the pyrochlore lattice made up of Erions carrying spin 3/2 becomes an alternating array of small and large tetrahedra,
i.e., a “breathing” pyrochlore lattice. Y@&e;, comprising a kagome lattice made up of Cr atoms, is a plausible candidate
compound for a kagome metal that is expected to exhibit anomalous phenomena such as flat-band ferromagnetism. A unique
structural transition in single crystals of the spin-1/2 quasi-kagamtiferromagnet volborthite, @4,07(0OH),-2H,0, is

found, whereby the unpaired electron “switches” from dr@rbital to another upon cooling, so that it is called the orbital
switching transition. Tetrahedral magnetic order and the metal-insulator transition in the pyrochlore lattig®gf;dare

studied in detail. Rattling and superconducting properties of the cage compouvig/bg are reported.
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Giant Phonon Softening and Enhancement of Superconductivity by Phosphorus Doping s#A€3aKi Kudo, M.
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Spin Reorientation in the Square-Lattice Antiferromagnets RMnAsO (R = Ce, Nd): Density Functional Analysis of
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T*An Energy Storage Principle using Bipolar Porous Polymeric Frameworks: K. Sakaushi, G. Nickerl, F. M. Wisser,
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Orbital switching in a frustrated magnet: H. Yoshida, J.-I. Yamaura, M. Isobe, Y. Okamoto, G. J. Nilsen and Z. Hiroi,
Nature Commun3 (2012) 860(1-5).

Study on the Microstructures and the Magnetic Properties of Precipitates insd&&tNiyg Alloy: S. Kang, M.
Takeda, M. Takeguchi, Z. Hiroi, G.-W. Kim, D.-S. Bae, C.-G. Lee and B.-H. Koo, J. Nanosci. Nandi2¢h012)
1337-1340.

T*Hulsite from Sengendera skarn deposit, Miyazaki, Japan: Y. Ogoshi, T. Minakwa and D. Hamane, Japanese Magazine
of Mineralogical and Petrological Sciencé%(2012) 61-66.

T*Gold nanoparticles stabilized on nanocrystalline magnesium oxide as an active catalyst for reduction of nitroarenes
in aqueous medium at room temperature: K. Layek, M. Lakshmi Kantam, M. Shirai, D. Nishio-Hamane, T. Sasaki and
H. Maheswaran, Green Cheit¥ (2012) 3164-3174.
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J. Phys. Soc. Jpi82 (2013) 023705(1-4).

25. Breathing Pyrochlore Lattice Realized in A-Site Ordered Spinel Oxides Li&g@nd LilnCryOg: Y. Okamoto, G. J.
Nilsen, J. Paul Attfield and Z. Hiroi, Phys. Rev. Lettl0(2013) 097203(1-5).
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S. Inaba, Journal of Mineralogical and Petrological Scied€@842013) 37-41.

27. ™Synthesis of LiNg5sMn1 504 and 0.5LpMn0O3—0.5LiNiy3C01/3Mny 30, hollow nanowires by electrospinning: E.
Hosono, T. Saito, J. Hoshino, Y. Mizuno, M. Okubo, D. Asakura, K. Kagesawa, D. Nishio-Hamane, T. Kudo and H.
Zhou, CrystEngComri5 (2013) 2592-2597.

Kawashima group

We investigated quantum spin/boson systems and frustrated systems by means of large-scale numerical simulation. We als
developed several new numerical techniques. This year we discovered the following facts in particular: (1) super-solid state
exists at the commensurate filling in the soft-core Bose-Hubbard model in two and three dimensions, (2) the phase diagram
was obtained for hard-core Bose-Hubbard model with dipolar interaction, and (3) the solution of the finite-temperature
Gross-Pitaevski equation agree with the Quantum Monte Carlo results even quantitatively.

1. Ground-state phase diagram of the two-dimensional extended Bose-Hubbard model: T. Ohgoe, T. Suzuki and N.
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12. Second-Order Phase Transition in Heisenberg Model on Triangular Lattice with Competing Interactions: R. Tamura,
S. Tanaka and N. Kawashima, Phys. Rev. B (2013), accepted for publication.

13. Visibility Pattern of Bose-Fermi Mixtures in One-Dimensional Incommensurate Lattices: A. Masaki and H. Mori,
Philosophical Magazine (2013), accepted for publication.



Noguchigroup

We have studied the structure formation of binary mixtures of two surfactants. We found that various micelles such as
bicelles and octopus-like shapes are formed depending on the critical micelle concentration and the ratio of hydrophobic and
hydrophilic segments of the molecules. We also studied the dynamics of red blood cells in capillary flow and dynamic-mode
correlation in a glass system.
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Relationship between bond-breakage correlations and four-point correlations in heterogeneous glassy dynamics:
Configuration changes and vibration modes: H. Shiba, T. Kawasaki and A. Onuki, Phys. R8@ (2812)
041504(1-14).

. Ordering and arrangement of deformed red blood cells in flow through microcapillaries: J. L. McWhirter, H. Noguchi

and G. Gompper, New J. Phys4 (2012) 085026(1-23).

. Line tension of branching junctions of bilayer membranes: H. Noguchi, Soft Mea{gf12) 3146-3153.

. Structure formation in binary mixtures of surfactants: vesicle opening-up to bicelles and octopus-like micelles: H.

Noguchi, Soft MatteB (2012) 8926-8935.
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. Structure formation in binary mixtures of lipids and detergents: Self-assembly and vesicle division: H. Noguchi, J.

Chem. Phys138(2013) 024907(1-9).
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Conf. Proc.1518(2013) 649-653.

. Hierarchical heterogeneous glassy dynamics of configuration changes and vibration modes: T. Kawasaki, H. Shiba and

A. Onuk, AIP Conf. Proc1518(2013) 784-791.

. Structure formation of lipid membranes: Membrane self-assembly and vesicle opening-up to octopus-like micelles: H.

Noguchi, AIP Conf. Proc1518(2013) 566-570.
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Multiscale modeling of blood flow: from single cells to blood rheology: D. A. Fedosov, H. Noguchi and G. Gompper,
Biomech. Model. Mechanobiol. (2013), in print.

Structure formation of surfactant membranes under shear flow: H. Shiba, H. Noguchi and G. Gompper, J. Chem. Phys.
(2013), accepted for publication.

Entropy-driven aggregation in multilamellar membranes: H. Noguchi, EPL (2013), accepted for publication.

Materials Synthesis and Characterization group
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*Pressure Dependence of Upper Critical Fiel@H®Pyrochlore Oxides: D. Iguchi, T. Isono, Y. Machida, K. Izawa, B.
Salce, J. Flouquet, H. Ogusu, J. Yamaura and Z. Hiroi, J. Phys. So80#2012) SA040.

. *Superconductivity in the Einstein Solidg¥2Al20 (A = Al and Ga): A. Onosaka, Y. Okamoto, J. Yamaura and Z.

Hiroi, J. Phys. Soc. Jpr&1(2012) 023703(1-4).

. *Synthesis, Structure and Electromagnetic Properties of Manganese Hollandlibeg®.s: T. Kuwabara, M. Isobe,

H. Gotou, T. Yagi, D. Nishio-Hamane and Y. Ueda, J. Phys. Soc.8p(012) 104701(1-5).

. ™Electrospinning Synthesis of Wire-Structured LiGofor Electrode Materials of High-Power Li-lon Batteries: Y.

Mizuno, E. Hosono, T. Saito, M. Okubo, D. Nishio-Hamane, K. Oh-ishi, T. Kudo and H. Zhou, J. Phys. CHeli. C
(2012) 10774-10780.

. ™*Miyahisaite, (Sr,CaBag(POs)3F, a new mineral of the hedyphane group in the apatite supergroup from the

Shimoharai mine, Oita Prefecture, Japan: D. Nishio-Hmane, Y. Ogoshi and T. Minakawa, Journal of Mineralogical
and Petrological Sciencd97(2012) 121-126.

. T*An Energy Storage Principle using Bipolar Porous Polymeric Frameworks: K. Sakaushi, G. Nickerl, F. M. Wisser,
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7. ™*Gold nanoparticles stabilized on nanocrystalline magnesium oxide as an active catalyst for reduction of nitroarenes
in agueous medium at room temperature: K. Layek, M. Lakshmi Kantam, M. Shirai, D. Nishio-Hamane, T. Sasaki and
H. Maheswaran, Green Cheiv (2012) 3164-3174.

8. TIseite, MM030g, a new mineral from Ise, Mie Prefecture, Japan: D. Nishio-Hamane, N. Tomita, T. Minakawa and
S. Inaba, Journal of Mineralogical and Petrological Scied€8{2013) 37-41.

9. ™Synthesis of LiNgsMn; 504 and 0.5LpMn0O3-0.5LiNiy 3C01/;3Mny 30, hollow nanowires by electrospinning: E.
Hosono, T. Saito, J. Hoshino, Y. Mizuno, M. Okubo, D. Asakura, K. Kagesawa, D. Nishio-Hamane, T. Kudo and H.
Zhou, CrystEngComr5 (2013) 2592-2597.

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), neutron spin echo (NSE), and dynamic
light scattering (DLS). The objectives are to elucidate the mysterious relationship between the structure and variety of novel
properties/functions of polymer gels/resins. The highlights of 2012 include that (1) upgrade of the small-angle neutron
scattering instrument, SANS-U by introducing a focusing collimation and high-resolution area detector, (2) examination of
the theories of rubber elasticity using an ideal polymer network, i.e., Tetra-PEG gels, (3) Rheo-SANS of threadlike micelles,
(4) structural characterization of phenolic resin, and so on.

1. Stress relaxation and hysteresis of nanocomposite gel investigated by SAXS and SANS measurement: T. Nishida, A.
Obayashi, K. Haraguchi and M. Shibayama, PolyB®¢2012) 4533-4538.

2. Experimental evidences for molecular origin of low-Q peak in neutron/x-ray scattering of 1-alkyl-3-methylimidazolium
bis: K. Fujii, R. Takamuku and T. Kameda, J. Chem. PHy35(2012) 244502(1-11).

3. Relationship between mesoscale dynamics and shear relaxation of ionic liquids with long alkyl chain: T. Yamaguchi,
K.-l. Mikawa, S. Koda, K. Fujii, H. Endo, M. Shibayama, H. Hamano and Y. Umebayashi, J. Chem.1B7\{2012)
104511(1-7).

4. Rubber elasticity for incomplete polymer networks: K. Nishi, M. Chijiishi, Y. Katsumoto, T. Nakao, K. Fuijii, U.-I.
Chung, H. Noguchi, T. Sakai and M. Shibayama, J. Chem. PI8/5(2012) 224903(1-7).

5. Star-Shaped Trimeric Quaternary Ammonium Bromide Surfactants: Adsorption and Aggregation Properties: T.
Yoshimura, T. Kusano, H. lwase, M. Shibayama, T. Ogawa and H. Kurata, Lang{#012) 9322-9331.

6. Structural and Rheological Studies on Growth of Salt-Free Wormlike Micelles Formed by Star-Type Trimeric
Surfactants: T. Kusano, H. lwase, T. Yoshimura and M. Shibayama, Lang&(#2012) 16798-16806.

7. Kinetic Study for AB-Type Coupling Reaction of Tetra-Arm Polymers: K. Nishi, K. Fujii, M. Chijiishi, Y. Katsumoto,
U.-I. Chung, T. Sakai and M. Shibayama, Macromolecde012) 1031-1036.

8. Pressure Effects on Cononsolvency Behavior of Polg@gropylacrylamide) in Water/DMSO Mixed Solvents: N.
Osaka and M. Shibayama, Macromolecul&42012) 2171-2174.

9. Structural Analysis of High Performance lon-Gel Comprising Tetra-PEG Network: H. Asai, K. Fuijii, T. Ueki, T. Sakai,
U.-I. Chung, M. Watanabe, Y.-S. Han, T.-H. Kim and M. Shibayama, Macromoledbl§2012) 3902-3909.

10. Anomalous volume phase transition in a polymer gel with alternative hydrophilic—amphiphilic sequence: H. Kamata,
U. Chung, M. Shibayama and T. Sakai, Soft MaB¢P012) 6876-6879.

11. Atomistic molecular dynamics study of cross-linked phenolic resins: A. Izumi, T. Nakao and M. Shibayama, Soft
Matter8 (2012) 5283-5292.

12. Effect of swelling and deswelling on the elasticity of polymer networks in the dilute to semi-dilute region: T. Sakai, M.
Kurakazu, Y. Akagi, M. Shibayama and U.-I. Chung, Soft Ma&8¢2012) 2730-2736.

13. High-performance ion gel with tetra-PEG network: K. Fuijii, H. Asai, T. Ueki, T. Sakai, S. Imaizumi, U.-I. Chung, M.
Watanabe and M. Shibayama, Soft Ma@gR012) 1756-1759.



14. *Microscopicinsights into lon Gel dynamics using neutron spectroscopy: M. Kofu, T. Someya, S. Tatsumi, K. Ueno,
T. Ueki, M. Watanabe, T. Matsunaga, M. Shibayama, V. G. Sakai, M. Tyagi and O. Yamamuro, Soft 3/2042)
7888-7897.

15. Structural analysis of cured phenolic resins using complementary small-angle neutron and X-ray scattering and
scanning electron microscopy: A. Izumi, T. Nakao, H. Iwase and M. Shibayama, Soft B é2@t2) 8438-8445.

16. Structure-mechanical property relationship of tough hydrogels: M. Shibayama, Soft 84&dr2) 8030-8038.

17. Optimization of the thickness of a ZnS/(LiF)-Li-6 scintillator for a high-resolution detector installed on a focusing
small-angle neutron scattering spectrometer (SANS-U): H. lwase, M. Katagiri and M. Shibayama, J Appl Crystallogr
45(2012) 507-512.

18. Mechanical properties of a polymer network of Tetra-PEG gel: A. Sugimura, M. Asai, T. Matsunaga, Y. Akagi, T.
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22. Fabrication, Structure, Mechanical Properties, and Application of Tetra-PEG Hydrogels Oren Scherman and Xian Jun
Loh, Eds.: M. Shibayama and T. Sakai, Polymeric and Self Assembled Hydrogels: Fundamentals to Applications,
Chapt. 2, edited by RSC Publishing, (RSC Publishing, 2013), 2-38.

Yoshizawa group

A systematic study on spin dynamics in two-dimensional transition-metal oxides have been carried out with use of the high
resolution chopper spectrometer installed at BL12 in the Material and Life Science Facility, J-PARC. In the highly hole-doped
region in the layered nickelate, conventional spin wave excitations change its character to metal-like behavior. Spin dynamics
in non-centrosymmetric superconductors CeRlaaid CelrSi were also studied.

1. T*Long-range order and spin-liquid states of polycrystalling bi>_xO7,y: T. Taniguchi, H. Kadowaki, H. Takatsu,
B. Fak, J. Ollivier, T. Yamazaki, T. J. Sato, H. Yoshizawa, Y. Shimura, T. Sakakibara, T. Hong, K. Goto, L. R.
Yaraskavitch and J. B. Kycia, Phys. Rev8B(2013) 060408R(1-5).

2. Structural and magnetic properties in the quantum S=1/2 dimer systg(@irBaVx)2Og with site disorder: T. Hong,
L. Y. Zhu, X. Ke, V. O. Garlea, Y. Qiu, Y. Nambu, H. Yoshizawa, M. Zhu, G. E. Granroth, A. T. Savici, Z. Gai and H.
D. Zhou, Phys. Rev. B7(2013) 144427(1-9).

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
The first topic of this year is that we developed a calorimetric system for metal hydrides and measured the heat of hydrogen
adsorption to palladium and the heat capacities of palladium hydrides. We have clarified that “50 K anomaly”, which has
been a long mystery in this material, is due to a glass transition, i.e., freezing of the motion of the hydrogen atoms disordered
among the octahedral sites of the palladium fcc lattice. The second topic is that we succeeded to observe magnetic relaxation:
in a single molecule magnet (SMM) as a clear quasielastic neutron scattering (QENS) for the first time. The third topic is
that we found the diffusion of hydrogen molecules in clathrate hydrates stabilized by tetrahydrofuran by means of a QENS
technique. Other than these three, we have made some progresses in the studies on porous coordination polymers and ion
liquids.

1. Structures and Low-energy Excitations of Amorphous Gas Hydrates: T. Kikuchi, Y. Inamura, N. Onoda-Yamamuro
and O. Yamamuro, J. Phys. Soc. JBt.(2012) 094604 (5 pages).

2. Hydration properties and compressive strength development of Low Heat Cement: K. Mori, T. Fukunaga, M. Sugiyama,
K. lwase, K. Oishi and O. Yamamuro, J. Phys. Chem. SaiRi2012) 1274-1277.

3. Thermodynamic Study of Simple Molecular Glasses: Universal Features in Their Heat Capacity and the Size of the
Cooperatively Rearranging Regions: S. Tatsumi, S. Aso and O. Yamamuro, Phys. Red09g®2012) 045701 (5

pages).



10.

11.

12.

13.

14.

15.

16.

. Heat Capacities and Glass Transitions of lon Gels: O. Yamamuro, T. Someya, M. Kofu, T. Ueki, K. Ueno and M.

Watanabe, J. Phys. Chem.186(2012) 10935-10940.

. Relationship  between the Local Dynamics and Gas Permeability of Para-Substituted

Poly(1-chloro-2-phenylacetylenes): R. Inoue, T. Kanaya, T. Masuda, K. Nishida and O. Yamamuro, Macromolecules
45(2012) 6008-6014.

. Direct Observation of Supercooled Water in Mortar Materials by Quasi-elastic Neutron Scattering: K. Mori, K. lwase,

M. Sugiyama, T. Fukunaga and O. Yamamuro, Trans. Mater. Res. SoB7(2012) 139-142.

. Neutron scattering studies of Ti-Cr-V bcc alloy with the residual hydrogen and deuterium: K. Mori, K. Iwase, M.

Sugiyama, M. Kofu, O. Yamamuro, Y. Onodera, T. Otomo and T. Fukunaga, J. Phys.: Conf.33ér{2612) 012103
(5 pages).

. *Microscopic insights into lon Gel dynamics using neutron spectroscopy: M. Kofu, T. Someya, S. Tatsumi, K. Ueno,

T. Ueki, M. Watanabe, T. Matsunaga, M. Shibayama, V. G. Sakai, M. Tyagi and O. Yamamuro, Soft 3/2042)
7888-7897.

.00000o00o0o00oo00:000,0000,00000000 40(2012)137-142.

Heterogeneous Slow Dynamics of Imidazolium Based lonic Liquids Studied by Neutron Spin Echo: M. Kofu, M.
Nagao, T. Ueki, Y. Kitazawa, Y. Nakamura, S. Sawamura, M. Watanabe and O. Yamamuro, J. Phys. ChEm. B
(2013) 2773-2781.

Linear trinuclear Zn(11)-Ce(lll)-zZn(Il) complex which behaves as a single-molecule magnet: S. Hino, M. Maeda, K.
Yamashita, Y. Kataoka, M. Nakano, T. Yamamura, H. Nojiri, M. Kofu, O. Yamamuro and T. Kajiwara, Dalton Trans.
42(2013) 2683-2686.

Thermal behaviour, structure and dynamics of low-temperature water confined in mesoporous organosilica by
differential scanning calorimetry, X-ray diffraction and quasi-elastic neutron scattering: M. Aso, K. Ito, H. Sugino,
K. Yoshida, T. Yamada, O. Yamamuro, S. Inagaki and T. Yamaguchi, Pure and Appl. 85€2013) 289-305.

Phase Transition and Dynamics of Water Confined in Hydroxyethyl Copper Rubeanate Hydrate: T. Yamada, T. Yamada,
M. Tyagi, M. Nagao, H. Kitagawa and O. Yamamuro, J. Phys. Soc. Jpn. (2013), accepted for publication.

Mode distribution analysis of quasi-elastic neutron scattering and application to liquid water: T. Kikuchi, K. Nakajima,
S. Ohira-Kawamura, Y. Inamura, O. Yamamuro, M. Kofu, Y. Kawakita, K. Suzuya, M. Nakamura and M. Arai, Phys.
Rev. E (2013), accepted for publication.

oooo0oooO0:00 0, 0000000000 (@ 2o0).oooo0ooo0o0,73,00000000000
oooooooooo,(@mooooo,2012), 181-190.

00000:000,000000000—000000000—0,1430000,0000,0000,00
00,0000,(00,2012), 82-89.

Masuda group

The correlation of the higher order of the spin operator has attracted theoretical interest in terms of hidden order in spin
disordered state. The challenge is that the experimental probe to identify the correlation is absent. Meanwhile in multiferroic
compound that exhibits spontaneous order both in magnetism and dielectricity, the electric polarization is expressed by second
order tenors of the spin operators, and the spin nematic operator comes to visible. In this fiscal year our group demonstrated
the existence of the spin nematic interaction in an easy-plane type antiferromag@ei@g0O; by exploring the magnetic
anisotropy and spin dynamics. Combination of neutron scattering and magnetization measurements reveals that the dominan
origin of the observed in-plane anisotropy is the antiferro-type interaction of spin nematic operator instead of conventional
single-ion anisotropy. The structure of the spontaneous polarization is consistent with the antiferro-nematic order. The
introduction of the spin nematic interaction is useful to understand the physics of spin and electric dipole in multiferroic
compounds.

1.

2.

6385Cu Nuclear Resonance Study of the Coupled Spin Dimers and Chains Compozfe@eO13: J. Kikuchi, S.
Nagura, K. Murakami, T. Masuda and G. J. Redhammer, J. Phys. So822013) 034710(1-10).
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Inter national MegaGauss Science Laboratory

Takeyama group

We have developed a magnetization measurement technique for special use in a vertically aligned single-turn coil, capable
of generating ultra-high magnetic fields over 100 T. Compensation ratios of an order as hight* aset® achieved by
self-compensation in parallel twin-pickup coils without using compensation circuit mixing of the signal from an auxiliary
coil. High performance cryogenics was employed with a liquid Helium container that was also manufactured to fit the system.
The high magnetic field magnetization measurements were applied to a mangagegBMnO3 at room temperature, and

also to a geometrically frustrated spinel oxide, Cg#;, at very low temperatures. Not only the transition field, but also the
absolute value of the magnetization was shown to be evaluated within a 3% degree of accuracy in magnetic fields over 100 T
by means of a 14-mm inner-diameter single-turn coil.

1. *Magnetic Phases of ZnglD, Revealed by Magneto-Optical Studies under Ultra-High Magnetic Fields up to 600 T:
A. Miyata, H. Ueda, Y. Ueda, Y. Motome, N. Shannon, K. Penc and S. Takeyama, J. Phys. So@B1J@012)
114701(1-8).

2. *Precise Magnetization Measurements by Parallel Self-Compensated Induction Coils in a Vertical Single-Turn Coll
up to 103 T: S. Takeyama, R. Sakakura, Y. H. Matsuda, A. Miyata and M. Tokunaga, J. Phys. So81 7il2)
014702(1-7).

3.00000000000000000000000000000-600T0000000000000-000
0,00 000,0000 47(8)(2012) 17-25.

4. 0000000000000 00000000000O0ODODOD: D0 00O0O,0D000000 67(3)(2012)
170-178.

5. Magneto-photoluminescence of charged excitons fromavg «O/ZnO heterojunctions: T. Makino, Y. Segawa, A.
Tsukazaki, H. Saito, S. Takeyama, S. Akasaka, K. Nakahara and M. Kawasaki, Phys.8¥620R3) 085312(1-7).

6. Precise measurement of a magnetic field generated by the electromagnetic flux compression technique: D. Nakamura
H. Sawabe, Y. H. Matsuda and S. Takeyama, Rev. Sci. Insi84r{2013) 044702(1-10).

7. Magnetization Studies of Field-Induced Transitions by Using a Single-Turn Coil Technique: N. Abe, Y. H. Matsuda,
S. Takeyama, K. Sato, H. Kageyama and Y. Nishiwaki, J. Low Temp. AMH2013) 452—-456.

8. Precision of an Ultra-high Magnetic Field Generated by the Electro-magnetic Flux Compression: D. Nakamura, Y. H.
Matsuda and S. Takeyama, J. Low Temp. Py (2013) 457-462.

9. *Magneto-Absorption in the Phase of Solid Oxygen at Megagauss Magnetic Fields: T. Nomura, Y. H. Matsuda, J. L.
Her, S. Takeyama, A. Matsuo, K. Kindo and T. C. Kobayashi, J Low Temp PA9§013) 372-376.

Kindo group

New mono-coil was developed to generate 85.8 T non-destructively. The maximum field beyond 85 T is the world highest
field as generated by a non-destructive mono-coil. The coil has an inner bore of 18 mm and the pulse duration is about 4
msec.

1. T*High-Magnetic-Field X-ray Absorption and Magnetic Circular Dichroism Spectroscopy in the Mixed-Valent
Compound YbAgCy: T. Nakamura, Y. H. Matsuda, J.-L. Her, K. Kindo, S. Michimura, T. Inami, M. Mizumaki,
N. Kawamura, M. Suzuki, B. Chen, H. Ohta, K. Yoshimura and A. Kotani, J. Phys. Soc832012) 114702(1-11).

2. *Multiferroicity on the Zigzag-Chain Antiferromagnet MnW@ High Magnetic Fields: H. Mitamura, T. Sakakibara,
H. Nakamura, T. Kimura and K. Kindo, J. Phys. Soc. Jh(2012) 054705(1-7).

3. TSoft-X-ray Magnetic Circular Dichroism under Pulsed High Magnetic Fields aMgy Edges of Mixed Valence
Compound EuNi(Sip.18Gey.82)2: T. Nakamura, T. Hirono, T. Kinoshita, Y. Narumi, M. Hayashi, H. Naojiri, A. Mitsuda,
H. Wada, K. Kodama, K. Kindo and A. Kotani, J. Phys. Soc. Jin(2012) 103705(1-4).

4. TValence Fluctuation in YbAgCpat High Magnetic Fields: Y. H. Matsuda, T. Nakamura, J.-L. Her, K. Kindo, S.
Michimura, T. Inami, M. Mizumaki, N. Kawamura, M. Suzuki, B. Chen, H. Ohta and K. Yoshimura, J. Phys. Soc. Jpn.
81(2012) 015002(1-2).



5. High magnetic field study of the Gd-Co exchange interactions in Gggo O. Isnard, Y. Skourski, L. V. B. Diop,
Z. Arnold, A. V. Andreev, J. Wosnitza, A. lwasa, A. Kondo, A. Matsuo and K. Kindo, J. Appl. Phyd.(2012)
093916(1-5).

6. TFerromagnetism induced in the anisotropic stacked kagome lattice antiferromag@esCasF2: T. Amemiya, |.
Umegaki, H. Tanaka, T. Ono, A. Matsuo and K. Kindo, Phys. Re8582012) 144409(1-9).

7. TShort-range correlations and persistent spin fluctuations in the undistorted kagome lattice Ising antiferromagnet
CozsMg(OH)sCly: M. Fujihala, X. G. Zheng, Y. Oohara, H. Morodomi, T. Kawae, A. Matsuo and K. Kindo, Phys.
Rev. B85(2012) 012402(1-5).

8. ™*Suppression of f-electron itinerancy in CefSip by a strong magnetic field: Y. H. Matsuda, T. Nakamura, J. L. Her,
S. Michimura, T. Inami, K. Kindo and T. Ebihara, Phys. Re\8@&(2012) 041109(R)(1-4).

9. TExperimental Realization of a Spin-1/2 Triangular-Lattice Heisenberg Antiferromagnet: Y. Shirata, H. Tanaka, A.
Matsuo and K. Kindo, Phys. Rev. Left08(2012) 057205(1-5).

10. ™ Quadruple-layered perovskite (CuClyBENh;O13: A. Kitada, Y. Tsujimoto, T. Yamamoto, Y. Kobayashi, Y.
Narumi, K. Kindo, A. A. Aczel, G. M. Luke, Y. J. Uemura, Y. Kiuchi, Y. Ueda, K. Yoshimura, Y. Ajiro and H.
Kageyama, J. Solid State Chet85(2012) 10-17.

11. TField-induced valence transition in EuRtRAs,: A. Mitsuda, T. Okuma, M. Sugishima, H. Wada, K. Sato and K.
Kindo, Eur. Phys. J. B5(2012) 71-75.

12. Collapse of Magnetic Order of the Quasi One-Dimensional Ising-Like Antiferromagnet,BaOg in Transverse
Fields: S. Kimura, K. Okunishi, M. Hagiwara, K. Kindo, Z. He, T. Taniyama, M. Itoh, K. Koyama and K. Watanabe, J.
Phys. Soc. JprB82(2013) 033706(1-4).

13. T*High-Field Phase Diagram of SmERy» Determined by Ultrasonic Measurements in Pulsed Magnetic Field up to 55
T: M. Yoshizawa, H. Mitamura, F. Shichinomiya, S. Fukuda, Y. Nakanishi, H. Sugawara, T. Sakakibara and K. Kindo,
J. Phys. Soc. Jpi&2(2013) 033602(1-5).

14. T™Marked Change in the Ground State of CeRlyo Induced by Small Amount of Rh Substitution: A. Kondo, K. Kindo,
K. Kunimori, H. Nohara, H. Tanida, M. Sera, R. Kobayashi, T. Nishioka and M. Matsumura, J. Phys. So&2Jpn.
(2013) 054709(1-5).

15. TCrystal structure and magnetic properties of honeycomb-like lattice antiferromagnet p,BIR-Wamaguchi, S.
Nagata, M. Tada, K. lwase, T. Ono, S. Nishihara, Y. Hosokoshi, T. Shimokawa, H. Nakano, H. Najiri, A. Matsuo, K.
Kindo and T. Kawakami, Phys. Rev. & (2013) 125120(1-8).

16. *Magneto-Absorption in the Phase of Solid Oxygen at Megagauss Magnetic Fields: T. Nomura, Y. H. Matsuda, J. L.
Her, S. Takeyama, A. Matsuo, K. Kindo and T. C. Kobayashi, J Low Temp Phg£2013) 372-376.

17. *Observation of Field-induced Anomaly in High-field Magnetization on a Complex Spin-Driven Multiferroic
Compound, LiCy_,Zn;0Oy: J. L. Her, H. C. Hsu, Y. H. Matsuda, K. Kindo and F. C. Chou, J Low Temp R\
(2013) 285-290.

18. TPresent Status and Future Plan at High Magnetic Field Laboratory in Osaka University: M. Hagiwara, T. Kida, K.
Taniguchi and K. Kindo, J Low Temp Phy§0(2013) 531-540.

19. Tltinerant electron magnetism gf-carbides CeMgC and NgMgC (M=Mo and W): T. Waki, D. Furusawa, Y. Tabata,
C. Michioka, K. Yoshimura, A. Kondo, K. Kindo and H. Nakamura, Journal of Alloys and Compobb4i$2013)
21-24.

Tokunaga group

Through the measurements of magnetoresistance up to 65 T, we found field-induced melting of the antiferromagnetic spin
order in single crystals of keyTe; xSc. Concomitant melting of the orbital order was visually demonstrated through the
high-speed polarizing microscopy in pulsed fields.

1. Field-Induced Magnetostructural Transitions in Antiferromagneti¢, @ _xSi: M. Tokunaga, T. Kihara, Y.
Mizuguchi and Y. Takano, J. Phys. Soc. JBt.(2012) 063703(1-4).



2. *PreciseMagnetization Measurements by Parallel Self-Compensated Induction Coils in a Vertical Single-Turn Coll
up to 103 T: S. Takeyama, R. Sakakura, Y. H. Matsuda, A. Miyata and M. Tokunaga, J. Phys. So81 (3012)
014702(1-7).

3. Multiferroic properties of adkermanite SICoSpO; single crystal in high magnetic fields: M. Akaki, H. Iwamoto, T.
Kihara, M. Tokunaga and H. Kuwahara, Phys. Re8682012) 060413(1-4).

4. Giant Magnetoresistance Effect in the Metal-Insulator Transition of Pyrochlore Oxigle,8gt K. Matsuhira, M.
Tokunaga, M. Wakeshima, Y. Hinatsu and S. Takagi, J. Phys. Soc82§a013) 023706(1-4).

5. Thermal Transport and Magnetotransport Properties of Cyllig,O, with a Spin-3/2 Antiferromagnetic Triangular
Lattice: T. Okuda, S. Oozono, T. Kihara and M. Tokunaga, J. Phys. Soc82$2013) 014706(1-7).

6. Magnetic control of electric polarization in the noncentrosymmetric compound (Cu®4§)BN. D. Khanh, N. Abe,
K. Kubo, M. Akaki, M. Tokunaga, T. Sasaki and T. Arima, Phys. Re®@782013) 184416(1-5).

7. Shubnikov—de Haas oscillations in the bulk Rashba semiconductor BiTel: C. Bell, M. S. Bahramy, H. Murakawa, J. G.
Checkelsky, R. Arita, Y. Kaneko, Y. Onose, M. Tokunaga, Y. Kohama, N. Nagaosa, Y. Tokura and H. Y. Hwang, Phys.
Rev. B87(2013) 081109(R)(1-5).

8. Field-Induced Magnetostructural Transitions in Antiferromagnetig & _4S,: M. Tokunaga, T. Kihara, Y.
Mizuguchi and Y. Takano, J. Low Temp. Phyis70(2013) 340-345.

9. High Magnetic Field Dependence of Magnetodielectric Properties,@d810; Crystal: M. Akaki, T. Tadokoro, T.
Kihara, M. Tokunaga and H. Kuwahara, J. Low Temp. Piy¥)(2013) 291-295.

10. Studies on multiferroic materials in high magnetic fields: M. Tokunaga, Front. PIi2612) 386-398.

Y. Matsuda group

Valence states of rare-earth ions in heavy fermion compounds at high magnetic fields have been investigated. A
distinct magnetic field-induced valence transition was observed in YbA@@uhe x-ray absorption spectroscopy. The
metamagnetism was also found at the valence transition. This findings support the theoretical proposal that; Y9AgCu
located at near the quantum critical point of the valence transition. Moreover, a small magnetic field-induced valence change
was detected in a typical Kondo lattice CelBip. The observed valence reduction of Ce ion towards 3+ indicates the reduction

of the itinerancy of the f-electrons. Apart from the valence states, the microscopic magnetic field-induced spin-crossover
phenomenon was observed in a complex molecule Mn lli(taa) using the high magnetic field x-ray spectroscopy. The
techniques of the x-ray spectroscopy in a pulsed high magnetic field were reported, especially focusing on the portable type
capacitor bank and miniature magnets. We have succeeded in making the ultrahigh magnetic field magnetization measuremen
up to 103 T, and demonstrated the magnetization curves in several magnetic materials.

1. T*High-Magnetic-Field X-ray Absorption and Magnetic Circular Dichroism Spectroscopy in the Mixed-Valent
Compound YbAgCy: T. Nakamura, Y. H. Matsuda, J.-L. Her, K. Kindo, S. Michimura, T. Inami, M. Mizumaki,
N. Kawamura, M. Suzuki, B. Chen, H. Ohta, K. Yoshimura and A. Kotani, J. Phys. Soc8T{2012) 114702(1-11).

2. *Precise Magnetization Measurements by Parallel Self-Compensated Induction Coils in a Vertical Single-Turn Coill
up to 103 T: S. Takeyama, R. Sakakura, Y. H. Matsuda, A. Miyata and M. Tokunaga, J. Phys. So81 (B0i2)
014702(1-7).

3. ™Valence Fluctuation in YbAgCuat High Magnetic Fields: Y. H. Matsuda, T. Nakamura, J.-L. Her, K. Kindo, S.
Michimura, T. Inami, M. Mizumaki, N. Kawamura, M. Suzuki, B. Chen, H. Ohta and K. Yoshimura, J. Phys. Soc. Jpn.
81(2012) 015002(1-2).

4. TMagpnetic field-induced spin-crossover transition in [Mnlli(taa)] studied by x-ray absorption spectroscopy: J. L. Her,
Y. H. Matsuda, M. Nakano, Y. Niwa and Y. Inada, J. Appl. Phi/$1(2012) 053921(1-4).

5. T*Suppression of f-electron itinerancy in CefSip by a strong magnetic field: Y. H. Matsuda, T. Nakamura, J. L. Her,
S. Michimura, T. Inami, K. Kindo and T. Ebihara, Phys. Re8@(2012) 041109(R)(1-4).

6. X-ray Spectroscopies in Pulsed High Magnetic Fields: New Frontier with Flying Magnets and Rolling Capacitor Banks:
Y. Narumi, T. Nakamura, T. Kinoshita, Y. H. Matsuda and H. Nojiri, Synchrotron Radiation I126{&012) 12-17.

7. X-ray Diffraction and Absorption Spectroscopy in Pulsed High Magnetic Fields: Y. H. Matsuda and T. Inami, J. Phys.
Soc. Jpn82(2013) 021009 (17 pages).



8. *Precisaneasurement of a magnetic field generated by the electromagnetic flux compression technique: D. Nakamura,
H. Sawabe, Y. H. Matsuda and S. Takeyama, Rev. Sci. Inst8dri{2013) 044702 (10 pages).

9. Effect of surface roughness on electrical characteristics in amorphous InGazZnO thin-film transistors wikh high-
Sm203 dielectrics: F.-H. Chen, M.-N. Hung, J.-F. Yang, S.-Y. Kuo, J.-L. Her, Y. H. Matsuda and T.-M. Pan, Journal of
Physics and Chemistry of Solid4 (2013) 570-574.

10. *Magnetization Studies of Field-Induced Transitions by Using a Single-Turn Coil Technigue: N. Abe, Y. H. Matsuda,
S. Takeyama, K. Sato, H. Kageyama and Y. Nishiwaki, J Low Temp P/9$2013) 452-456.

11. *Magneto-Absorption in the Phase of Solid Oxygen at Megagauss Magnetic Fields: T. Nomura, Y. H. Matsuda, J. L.
Her, S. Takeyama, A. Matsuo, K. Kindo and T. C. Kobayashi, J Low Temp Phg£013) 372-376.

12. *Observation of Field-induced Anomaly in High-field Magnetization on a Complex Spin-Driven Multiferroic
Compound, LiCy_,Zn;0Oy: J. L. Her, H. C. Hsu, Y. H. Matsuda, K. Kindo and F. C. Chou, J Low Temp Rk
(2013) 285-290.

13. *Precision of an Ultra-high Magnetic Field Generated by the Electro-magnetic Flux Compression: D. Nakamura, Y. H.
Matsuda and S. Takeyama, J Low Temp Phy8(2013) 457-462.

Center of Computational Materials Science

Todo group

The main subject of the research in Todo group in FY2012 is as follows: (1) Optimization of transition kernel of Markov
chain Monte Carlo. (2) Quantum Monte Carlo level spectroscopy and spin liquid phase in two dimensions. (3) Finite-size
scaling with dynamical recovery of isotropy for anisotropic spin systems. (4) Quantum Monte Carlo method for measuring
the local % Berry phase. (5) Deconfined critical phenomena in SU(N) quantum antiferromagnets. We have also developed
the ALPS framework for large-scale parallel simulations using quantum Monte Carlo, numerical diagonalization, etc, in order
to advance our own research on quantum phase transitions and quantum critical phenomena by eliciting high performance of
the modern supercomputers, such as the K computer.

1. Ordering and excitation in orbital compass model on a checkerboard lattice: J. Nasu, S. Todo and S. Ishihara, Phys.
Rev. B85(2012) 205141(1-12).

2. Path-integral Monte Carlo method for the localRerry phase: Y. Motoyama and S. Todo, Phys. Re87K2013)
021301(1-5).

3. Loop Algorithm: S. Todo, in:Strongly Correlated Systems: Numerical Methods (Springer Series in Solid-State
Sciences), Ch 6, edited by A. Avella and F. Mancini, (Springer-Verlag, Berlin, 2013), 153-184.

Laser and Synchrotron Research Center

Suemoto group

The spin reorientation transition in a weak ferromagnet Eg-e&s been detected by observing the free induction decay
signal due to the spin precession motion of the aligned spins, using the terahertz time domain spectroscopy. This demonstrate
ultrafast detection of spin orientation with femtojoule pulses which gives practically no thermal disturbance on the sample.
The ultrafast hole dynamics, which was hard to access, has been deduced from a comparison of time-resolved luminescenc
and photoemission data. We propose this type of combined measurements as a new methodology for investigating the hole
dynamics in luminescent materials.

1. TAnomalous behavior of high-frequency zero-field ferromagnetic resonance in aluminum-substiftess: M.
Yoshikiyo, A. Namai, M. Nakajima, T. Suemoto and S. Ohkoshi, J. Appl. Ph¥%(2012) 07A726(1-3).

2. TUltrafast dynamics of reversible photoinduced phase transitions in rubidium manganese hexacyanoferrate investigated
by CN vibration spectroscopy: A. Asahara, M. Nakajima, R. Fukaya, H. Tokoro, S. Ohkoshi and T. Suemoto, Phys.
Rev. B86(2012) 195138(1-9).

3. TPicosecond Soft-X-ray Laser Interferometer for Probing Nanometer Surface Structure: Y. Ochi, K. Terakawa, N.
Hasegawa, M. Yamamoto, T. Tomita, T. Kawachi, Y. Minami, M. Nishikino, T. Imazono, M. Ishino and T. Suemoto,
Jpn. J. Appl. Phys51(2012) 016601(1-3).



4. TExperimentalverification of femtosecond laser ablation schemes by time-resolved soft x-ray reflective imaging: T.
Tomita, M. Yamamoto, N. Hasegawa, K. Terakawa, Y. Minami, M. Nishikino, M. Ishino, T. Kaihori, Y. Ochi, T.
Kawachi, M. Yamagiwa and T. Suemoto, Optics Expr28§2012) 29329-29337.

5. TDependence of the cutoff in lithium plasma harmonics on the delay betweenthe prepulse and the main pulse: M.
Suzuki, M. Baba, R. A. Ganeeyv, L. E. Bom, H. Kuroda and T. Ozaki, J. Phys. B: At. Mol. Opt. P5/R012)
065601(5 pages).

6. TGrowth Dynamics of Photoinduced Phase Domainin Cyano-Complex Studied by Boundary Sensitive Raman
Spectroscopy: A. Asahara, M. Nakajima, R. Fukaya, H. Tokoro, S. Ohkoshi and T. Suemoto, Acta Physica Polonica A
121(2012) 375-378.

7. Ultrafast Coherent Control of Spin Precession Motion by Terahertz Magnetic Pulses: M. Nakajima, K. Yamaguchi and
T. Suemoto, Acta Physica Polonical®1(2012) 343-346.

8. THard magnetic ferrite with a gigantic coercivity and high frequency millimetre wave rotation: A. Namai, M. Yoshikiyo,
K. Yamada, S. Sakurai, T. Goto, T. Yoshida, T. Miyazaki M. Nakajima, T. Suemoto, H. Tokoro and S. Ohkoshi, Nature
Commun.3 (2012) 1035(1-6).

9. *Mechanism of Enhanced Optical Second-Harmonic Generation in the Conducting Pyrochlore-Jlyg@2h Oxide
Compound: Y. Hirata, M. Nakajima, Y. Nomura, H. Tajima, Y. Matsushita, K. Asoh, Y. Kiuchi, A. G. Eguiluz, R. Arita,
T. Suemoto and K. Ohgushi, Phys. Rev. L&tt0(2013) 187402(1-5).

10. TTerahertz Time-Domain Observation of Spin Reorientation in Orthoferrite Eyff@@ugh Magnetic Free Induction
Decay: K. Yamaguchi, T. Kurihara, Y. Minami, M. Nakajima and T. Suemoto, Phys. Rev. L0 (2013)
137204(1-5).

11. THigh-power THz wave generation in plasma induced by polarization adjusted two-color laser pulses: Y. Minami, T.
Kurihara, K. Yamaguchi, M. Nakajima and T. Suemoto, Appl. Phys. &P (2013) 041105(1-4).

12. TLongitudinal THz wave generation from an air plasma filament induced by a femtosecond lase: Y. Minami, T.
Kurihara, K. Yamaguchi, M. Nakajima and T. Suemoto, Appl. Phys. &P (2013) 151106(1-3).

13. TPulsed laser ablation plasmas generated in G@er high-pressure conditions up to supercritical fluid: T. Kato, S.
Stauss, S. Kato, K. Urabe, M. Baba, T. Suemoto and K. Terashima, Appl. PhyslQ&{R013) 224013(1-4).

4. 0000000000000DOO0O0DOOO0OODODODO0O0DOOO0O0ODOOO0O0:DO0O0,0000,000,DO
00 81-4(2012) 317-320.

Shin group

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

1. Corrigendum: Determination of the absolute chirality of tellurium using resonant diffraction with circularly polarized
x-rays: Y. Tanaka, S. P. Collins, S. W. Lovesey, M. Matsunami, T. Moriwaki and S. Shin, J. Phys.: Condens2#atter
(2012) 159501(1 page).

2. Photoemission Evidence for Valence Fluctuations and Kondo Resonance in YbAI2: M. Matsunami, A. Chainani, M.
Taguchi, R. Eguchi, Y. Takata, M. Oura, M. Yabashi, K. Tamasaku, Y. Nishino, T. Ishikawa, M. Kosaka and S. Shin, J.
Phys. Soc. Jpr81(2012) 073702(1-4).

3. ™*Abrupt change in the energy gap of superconducting Bé,Fe>As; single crystals with hole doping: W. Malaeb,
T. Shimojima, Y. Ishida, K. Okazaki, Y. Ota, K. Ohgushi, K. Kihou, T. Saito, C. H. Lee, S. Ishida, M. Nakajima, S.
Uchida, H. Fukazawa, Y. Kohori, A. lyo, H. Eisaki, C. -T. Chen, S. Watanabe, H. Ikeda and S. Shin, Phys. ev. B
(2012) 165117 (1-7).

4. Correlation effects, circular dichroism, and Fermi surfaces of bulk nickel from soft x-ray angle-resolved photoemission:
J. Braun, J. Minar, H. Ebert, A. Chainani, J. Miyawaki, Y. Takata, M. Taguchi, M. Oura and S. Shin, Phys. &v. B
(2012) 165105(1-5).

5. Evolution of magnetic phases in single crystals of $rk€o,O3 solid solution: Y. W. Long, Y. Kaneko, S. Ishiwata, Y.
Tokunaga, T. Matsuda, H. Wadati, Y. Tanaka, S. Shin, Y. Tokura and Y. Taguchi, Phys. B&{2&L2) 064436(1-8).



6. Observation of two fine structures related to the hidden order in the spectral functions of URuU2Si2: R. Yoshida, M.
Fukui, Y. Haga, E. Yamamoto, Y. Onuki, M. Okawa, W. Malaeb, S. Shin, Y. Muraoka and T. Yokoya, Phys. Bev. B
(2012) 241102(1-4).

7. T*Ultrahigh resolution soft x-ray emission spectrometer at BLO7LSU in SPring-8: Y. Harada, M. Kobayashi, H. Niwa,
Y. Senba, H. Ohashi, T. Tokushima, Y. Horikawa and S. Shin, Rev. Sci. Ins88(2012) 013116(1-6).

8. Incommensurate Orbital Modulation behind Ferroelectricity in CylFed. Tanaka, N. Terada, T. Nakajima, M.
Taguchi, T. Kojima, Y. Takata, S. Mitsuda, M. Oura, Y. Senba, H. Ohashi and S. Shin, Phys. Revi(09({2012)
127205(1-5).

9. Octet-line node structure of superconducting order parameter ipAsieK. Okazaki, Y. Ota, Y. Kotani, W. Malaeb,
Y. Ishida, T. Shimojima, T. Kiss, S. Watanabe, C. -T. Chen, K. Kihou, C. H. Lee, A. lyo, H. Eisaki, T. Saito, H.
Fukazawa, Y. Kohori, K. Hashimoto, T. Shibauchi, Y. Matsuda, H. Ikeda, H. Miyahara, R. Arita, A. Chainani and S.
Shin, Scienc&37(2012) 1314-1317.

10. Special fingerprint in x-ray absorption for hydrogen-bonded dimer formation of acentic acids in solution: Y. Horikawa,
H. Arai, T. Tokushima and S. Shin, Chem. Phys. LB#2(2012) 33-37.

11. The Effect of Tetraphenylphosphonium Chloride on Phase Behavior and Nanoscale Structures in a MixiOrarat D
3-Methylpyridine: K. Sadakane, Y. Horikawa, M. Nagao and H. Seto, Chem. 4®{2012) 1075-1077.

12. Quasiparticles and Fermi liquid behavior in an organic metal: T. Kiss, A. Chainai, H. M. Yamamoto, T. Miyazaki, T.
Akimoto, T. Shimojima, K. Ishizaka, S. Watanabe, C. T. Chen, A. Fukaya, R. Kato and S. Shin, Nature CaBmun.
(2012) 1089(1-6).
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Takahashi group

We have been studying the structure and phase transition of surfaces and interfaces with diffraction techniques. Bismuth
attracts much attention from a viewpoint of topological insulators. It was shown that a single bilayer of Bi(001) on
Bi,Te3(111) is strongly distorted compared to the bulk Bi, resulting in a large change in the band structure. We have also
successfully applied a novel method, analyzing the surface structure as an electron density distribution model-independently,
to the structure of a few layers of pentacene on Bi(001).

1. Surface relaxation of topological insulators: Influence on the electronic structure: N. Fukui, T. Hirahara, T. Shirasawa,
T. Takahashi, K. Kobayashi and S. Hasegawa, Phys. R8&(B012) 115426(1-4).

2. Atomic and Electronic Structure of Ultrathin Bi(111) Films Grown ornp®5(111) Substrates: Evidence for a
Strain-Induced Topological Phase Transition: T. Hirahara, N. Fukui, T. Shirasawa, M. Yamada, M. Aitani, H. Miyazaki,
M. Matsunami, S. Kimura, T. Takahashi, S. Hasegawa and K. Kobayashi, Phys. Rext09%4®012) 227401(1-5).

3. 000000000000000000000000000000000000000000000: 00 O
0,00 OO0, W.Voegeli,0OO 00,00 0,000 25No.4(2012) 229-237.

4. Structure of a Bi/BiTes heteroepitaxial film studied by x-ray crystal truncation rod scattering: T. Shirasawa, J.
Tsunoda, T. Hirahara and T. Takahashi, Phys. Re87 2013) 075449(1-5).

5. A method for measuring the specular X-ray reflectivity with millisecond time resolution: W. Voegeli, T. Matsushita, E.
Arakawa, T. Shirasawa, T. Takahashi and Y. F. Yano, J. Phys.: Conf4&&(2013) 092003(1-4).

6. X-ray intensity and beam trajectory for the Laue-case off-Bragg conditions: T. Takahashi, T. Shirasawa, W. Voegeli,
E. Arakawa and T. Matsushita, inSilicon Single Crystal:Insatiable Pursuit towards Ideal Quality as Crop in
Semiconductor Industry and X-ray Optical Element in Synchrotron Sciédicgh Energy Accelerator Research
Organization(KEK), 2012), 105-105.
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Akiyama group

In 2012, we intensively studied physics of short-pulse generation via gain switching of various semiconductor lasers, such as
InGaAsP distributed-feedback (DFB) lasers, InGaAs Fabry-Perot (FP) lasers, and InGaN vertical-cavity surface-emitting
lasers (VCSELs). We developed quantitative optical spectroscopy and analysis using detailed-balance relations to
study non-equilibrium nature of photo-excited carriers in non-doped semiconductor quantum wells, fluorescent radiation
thermometry, quantum-wire lasers, and tandem solar cells. We achieved quantitative measurements of color change in
spectra of firefly bioluminescence due to modification of enzyme protein structures in site-directed-mutant luciferase and
to temperature change. We also accomplished in-situ absorption and fluorescence spectroscopy of firefly oxyluciferin in the
wild-type and red-mutant luciferase. Collaborations of theoretical calculations with TD-DFT of electronic states for luciferin
and oxyluciferin in water were made to interpret these experiments.

1. Fano-Resonance Gain by Dephasing Electron—Hole Cooper Pairs in Semiconductors: K. Kamide, M. Yoshita, H.
Akiyama, M. Yamaguchi and T. Ogawa, J. Phys. Soc. &ir{(2012) 093706(1-4).

2. Observation of high Rydberg states of one-dimensional excitons in GaAs quantum wires by
magneto-photoluminescence excitation spectroscopy: M. Okano, Y. Kanemitsu, S. Chen, T. Mochizuki, M.
Yoshita, H. Akiyama, L. N. Pfeiffer and K. W. West, Phys. Rev88(2012) 085312(1-5).

3. Analysis of gain-switching characteristics including strong gain saturation effects in low-dimensional semiconductor
lasers: S. Chen, M. Yoshita, T. Ito, T. Mochizuki, H. Akiyama, H. Yokoyama, K. Kamide and T. Ogawa, Jpn. J. Appl.
Phys.51(2012) 098001(1-2).

4. Waveguide-two-points-differential-excitation method for quantitative absorption measurements of nano-structures: T.
Mochizuki, M. Yoshita, S. Maruyama, C. Kim, K. Fukuda, H. Akiyama, L. N. Pfeiffer and K. W. West, Jpn. J. Appl.
Phys.51(2012) 106601(1-5).

5. Applicability of continuum absorption in semiconductor quantum wells to absolute absorption-strength standards: M.
Yoshita, K. Kamide, H. Suzuura and H. Akiyama, Appl. Phys. L#@1 (2012) 032108(1-4).

6. Blue 6-ps short-pulse generation in gain-switched InGaN vertical-cavity surface-emitting lasers via impulsive optical
pumping: S. Chen, M. Okano, B. Zhang, M. Yoshita, H. Akiyama and Y. Kanemitsu, Appl. Phys. 11041(2012)
191108(1-3).

7. Metal-to-insulator transition in anatase %itbin films induced by growth rate modulation: T. Tachikawa, M. Minohara,
Y. Nakanishi, Y. Hikita, M. Yoshita, H. Akiyvama, C. Bell and H. Y. Hwang, Appl. Phys. L&@t1 (2012) 022104(1-4).

8. Quantitative absorption spectra of quantum wires measured by analysis of attenuated internal emissions: M. Yoshita,
T. Okada, H. Akiyama, M. Okano, T. Ihara, L. N. Pfeiffer and K. W. West, Appl. Phys. 168(2012) 112101(1-4).

9. TElectrical and Optical Properties of GaNAs/GaAs MQW p-i-n Junctions: K. Arimoto, M. Shiraga, H. Shirai, S.
Takeda, M. Ohmori, H. Akiyama, T. Mochizuki, K. Yamaguchi, H. Miyagawa, N. Tsurumachi, S. Nakanishi and S.
Koshiba, Transactions of the Materials Research Society of Zpg012) 193-196.

10. TBiexciton Luminescence from Individual Isoelectronic Traps in NitrogdDoped GaAs: K. Takamiya, T. Fukushima,
S. Yagi, Y. Hijikata, T. Mochizuki, M. Yoshita, H. Akiyama, S. Kuboya, K. Onabe, R. Katayama and H. Yaguchi, Appl.
Phys. ExpresSs (2012) 111201(1-3).

11. Sub-5-ps optical pulse generation from a 1B6B-distributed-feedback laser diode with nanosecond electric pulse
excitation and spectral filtering: S. Chen, A. Sato, T. Ito, M. Yoshita, H. Akiyama and H. Yokoyama, Opt. EXPress
(2012) 24843-24849.

12. Theoretical Study of Absorption and Fluorescence Spectra of Firefly Luciferin in Aqueous Solutions: M. Hiyama, H.
Akiyama, K. Yamada and N. Koga, Photochemistry and PhotobicB&2012) 889-898.

13. Fluorescent Radiation Thermometry at Cryogenic Temperatures Based on Detailed Balance Relation: T. Mochizuki,
T. Ihara, M. Yoshita, S. Maruyama, H. Akiyama, L. N. Pfeiffer and K. W. West, Appl. Phys. Exprgx¥l 3) 056602
(2-3).

14. Dynamics of short-pulse generation via spectral filtering from intensely excited gain-switchegiml55-
distributed-feedback laser diodes: S. Chen, M. Yoshita, A. Sato, T. Ito, H. Akiyama and H. Yokoyama, Opt. Express
21(2013) 10597-10605.

15. Gain-switched pulses from InGaAs ridge-quantum-well lasers limited by intrinsic dynamical gain suppression: S.
Chen, M. Yoshita, T. Ito, T. Mochizuki, H. Akiyama and H. Yokoyama, Opt. ExpBds013) 7570-7576.



16. Theoretical Study of Firefly Luciferin pkvalues-Relative Absorption Intensity in Aqueous Solutions: M. Hiyama, H.
Akiyama, K. Yamada and N. Koga, Photochem Photo8#&{2013) 571-578.

17. TElectroluminescence of GaNAs/GaAs MQWs p—i—n junctions grown by RF-MBE using modulated nitrogen radical
beam source: N. Ohta, K. Arimoto, M. Shiraga, K. Ishii, M. Inada, S. Yanai, Y. Nakai, H. Akiyama, T. Mochizuki,
T. Takahashi, N. Takahashi, H. Miyagawa, N. Tsurumachi, S. Nakanishi and S. Koshiba, Journal of Crystal Growth
(2013) S002202481300081X, in print.

18. Double-core-slab-waveguide semiconductor lasers for end optical pumping: T. Nakamura, T. Mochizuki, C. Kim, S.
Chen, M. Yoshita and H. Akiyama, Applied Physics Express (2013), in print.

19. Intrinsic radiative lifetime derived via absorption cross section of one-dimensional excitons: S. Chen, M. Yoshita, A.
Ishikawa, T. Mochizuki, S. Maruyama, H. Akiyama, Y. Hayamizu, L. N. Pfeiffer and K. W. West, Scientific Reports
(2013), in print.

20. Theoretical Study of Oxyuciferin pKa Values; Relative Absorption Intensity in Aqueous Solutions: M. Hiyama, H.
Akiyama, Y. Wang and N. Koga, Chem. Phys. Lett (2013), in print.

21. Spectroscopic study on oxyluciferinluciferase complex in firefly bioluminescent reaction solution and clues to
understand the color tuning mechanism: Y. Wang, Y. Hayamizu and H. Akiyamd&jtlininternational Symposium
on Bioluminescence and Chemiluminescgi88C2012, 2012), 172.

|. Matsuda group

We have carried out developments and experiments of the advanced spectroscopies using vacuum ultraviolet and soft X-rays

1) Time-resolved soft X-ray photoemission researches have been performed at high brilliant soft X-ray beamline SPring-8
BLO7LSU with the ultrashort pulse laser. By the pump-probe method, relaxation of photoexcited carriers after the surface
photovoltage effect at various semiconductor surfaces are traced in real time in the picoseconds to nanoseconds-time scale.

2) The M-edge resonant magneto-optical Kerr effect (RMOKE) of a transition metal film was examined by measurement
of the rotating analyzer ellipsometry method and by theoretical simulation based on the resonant scattering theory. The
giant Kerr rotation angle over 10 degree at room temperature was observed with vacuum ultraviolet synchrotron radiation at
KEK-PB BL-18A. Significant roles of lifetime of the intermediate state during the scattering process and the Fano-resonance
were identified. The time-resolved measurement of RMOKE was demonstrated with the SCSS free-electron laser to trace
relaxation after the photo-induced demagnetization.

3) The SPring-8 BLO7LSU is equipped with a crossed-type long undulator that is designed to generate high-brilliant
soft X-rays with various light polarizations. Degrees of linear (horizontal/vertical) and circular (left/right) polarizations were
evaluated with soft X-ray polarimeter using the rotating analyzer ellipsometry method.

1. Electronic structure study of ultra thin Ag(111) films modified by Si(111) substrate and k{8the,/3-Ag,Bi surface:
M. Ogawa, P. M. Sheverdyaeva, P. Moras, D. Topwal, A. Harasawa, K. Kobayashi, C. Carbone and I. Matsuda, J. Phys.:
Condens. Matte?4(2012) 115501(1-6).

2. Atomic configuration and phase transition of Pt-induced nanowire on Ge(001) surface studied by scanning tunneling
microscopy, reflection high-energy positron diffraction and angle resolved photo-emission spectroscopy: I. Mochizuki,
Y. Fukaya, A. Kawasuso, K. Wada, T. Hyodo, K. Yaji, A. Harasawa and |. Matsuda, Phys. R&b (B)12)
245438(1-6).

3. *Development of soft X-ray time-resolved photoemission spectroscopy systemwith a two-dimensional angle-resolved
time-of-flight analyzer at SPring-8 BLO7LSU: M. Ogawa, S. Yamamoto, Y. Kousa, F. Nakamura, R. Yukawa, A.
Fukushima, A. Harasawa, H. Kondo, Y. Tanaka, A. Kakizaki and |. Matsuda, Rev. Sci. In&8§#012) 023109(1-7).

4. Controlling the topology of Fermi surfaces in metal nanofilms: M. Ogawa, A. Gray, P. M. Sheverdyaeva, P. Moras, H.
Hong, L. -C. Huang, S. -J. Tang, K. Kobayashi, C. Carbone, T. -C. Chiang and |. Matsuda, Phys. R&09(21012)
026802(1-4).

5. Hydrogen-induced surface metallization of Sr3{i@1): M. D’Angelo, R. Yukawa, K. Ozawa, S. Yamamoto, T.
Hirahara, S. Hasegawa, M. G. Silly, F. Sirotti and I. Matsuda, Phys. Rev.168(2012) 116802(1-5).

6. *Elucidation of Rh-Induced In-Gap States of Rh:Srfi®isible-Light-Driven Photocatalyst by Soft X-ray
Spectroscopy and First-Principles Calculations: S. Kawasaki, K. Akagi, K. Nakatsuji, S. Yamamoto, I. Matsuda, Y.
Harada, J. Yoshinobu, F. Komori, R. Takahashi, M. Lippmaa, C. Sakai, H. Niwa, M. Oshima, K. lwashina and A.
Kudo, J. Phys. Chem. €16(2012) 24445-24448.



7. Atomic and electronic structures of Si(111)21x v/21 superstructure: Y. Fukaya, K. Kubo, T. Hirahara, S. Yamazaki,
W. H. Choi, H. W. Yeom, S. Hasegawa, A. Kawasuso and |. Matsuda, e-J. Surf. Sci. Nanotechh®I@p12)
310-314.

8. Structural analysis of Si(111)/21 x v/21-(Ag, Cs) surface by reflection high-energy positron diffraction: Y. Fukaya,
I. Matsuda, R. Yukawa and A. Kawasuso, Surface Sci&®6£2012) 1918-1921.

9. Time-resolved photoelectron spectroscopies using synchrotron radiation: Past, present, and future: S. Yamamoto and
I. Matsuda, J. Phys. Soc. J@BR2 (2013) 021003(1-18).

10. Electronic structure of the hydrogen-adsorbed SrTiO3(001) surface studied by polarization-dependent photoemission
spectroscopy: R. Yukawa, S. Yamamoto, K. Ozawa, M. D’Angelo, M. Ogawa, M. G. Silly, F. Sirotti and I. Matsuda,
Phys. Rev. BB7(2013) 115314(1-6).
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Kobayashi group

We have developed a Dual-comb spectroscopy setup, Multi-GHz repetition-rate mode-locked laser, and precision
spectroscopy in VUV.

1. Chirped-pulse direct frequency-comb spectroscopy of two-photon transitions: A. Ozawa and Y. Kobayashi, Phys. Rev.
A 86(2012) 022514(1-6).

2. *Generation of soft x-ray and water window harmonics using a few-cycle, phase-locked, optical parametric
chirped-pulse amplifier: N. Ishii, S. Adachi, Y. Nomura, A. Kosuge, Y. Kobayashi, T. Kanai, J. Itatani and S. Watanabe,
Opt. Lett.37(2012) 97-99.

3. "Vacuum ultraviolet frequency combs generated by a femtosecond enhancement cavity in the visible: B. Bernhardt, A.
Ozawa, A. Vernaleken, I. Pupeza, J. Kaster, Y. Kobayashi, R. Holzwarth, E. Fill, F. Krausz, BistiHand T. Udem,
Opt. Lett.37(2012) 503-505.

4. Injection locking of Yb-fiber based optical frequency comb: N. Kuse, A. Ozawa, Y. Nomura, I. Ito and Y. Kobayashi,
Optics Expres20(2012) 10509-10518.

5. Kerr-lens mode-locked Yb:KYW laser at 4.6-GHz repetition rate: M. Endo, A. Ozawa and Y. Kobayashi, Optics
Expres<20(2012) 12191-12197.

6. Comb-Resolved Dual-Comb Spectroscopy Stabilized by Free-Running Continuous-Wave Lasers: N. Kuse, A. Ozawa
and Y. Kobayashi, Appl. Phys. Expres$2012) 112402(1-3).

7. vuv frequency-comb spectroscopy of atomic xenon: A. Ozawa and Y. Kobayashi, Phys. &&204 3) 022507(1-4).

Itatani group

We have developed a novel BIBO-based intense optical parametric amplifier system that produces 0.55-mJ, 9-fs pulses at 1.¢
Um at a repetition rate of 1 kHz with stable carrier-envelope phases. High harmonics are successfully produced with this
light source, and we observed CEP-dependent coherent soft x rays that exteB80t@V in photon energies. This is the

first observation of CEP-dependent soft-x-ray high harmonics that extend to the water window. The observed high harmonic
spectra agree quantitatively well with quantum simulation that suggests the generation of isolated attosecond pulses in soft x
rays. This result is an important milestone to extend the attosecond optical science from extremely ultraviolet (EUV) to soft

x rays. We have also started to work on high harmonics beamlines for time-and-angle-resolved photoemission spectroscopy
(TARPES) and ultrafast magneto-optical Kerr effect (MOKE) spectroscopy for collaborative research on material sciences.

1. *Generation of soft x-ray and water window harmonics using a few-cycle, phase-locked, optical parametric
chirped-pulse amplifier: N. Ishii, S. Adachi, Y. Nomura, A. Kosuge, Y. Kobayashi, T. Kanai, J. ltatani and S. Watanabe,
Opt. Lett.37(2012) 97-99.

2. Sub-two-cycle, carrier-envelope phase-stable, intense optical pulses at 1G&midspm a BiBsOgoptical parametric
chirped-pulse amplifier: N. Ishii, K. Kaneshima, K. Kitano, T. Kanai, S. Watanabe and J. Itatani, Op81&012)
4182-4184.
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Harada group

1) We have upgraded our ultrahigh resolution soft X-ray emission spectrometer to increase the detection efficiency by
implementing a pre-focusing mirror in front of the grating. The upgrade was successful and has improved the performance
of the spectrometer by a factor of three without losing energy resolving power.

2) We have studied hydrogen bond property of water using Qe$snant X-ray emission spectroscopy (XES).
Spectroscopic evidence of inhomogeneity in liquid water, i.e. tetrahedrally coordinated and highly distorted hydrogen
bond picture of water, depends on the character of the pre-edge peak in theX@ag absorption spectrum (XAS).

In the recombination emission spectrum at resonant excitation to the pre-edge, we have observed vibrational excitations
characteristic of a highly broken hydrogen bond, which strengthen the inhomogeneous picture of liquid water.

3) Determination of oxygen reduction active site in carbon based fuel cell cathode catalyst is a critical issue to
systematically improve the catalytic activity. This year we have studied the problem by the following $itwand onen
operandoexperiments; iJn situ C 1s, N sand O 1sXAS, XPS and XES experiments to elucidate &lsorption property
of nitrogen doped HOPG as a model of the carbon based catalybt.siifu N 1s and O 1XAS and XES to elucidate £
adsorption property of highly active carbon based catalyst mixed with Nafion211. iii) In operando XAS and XES to elucidate
O, adsorption property of carbon based catalyst embedded in a membrane electrolyte assembly (MEA). We have fabricated an
original cell for the MEA experiments. The electronic structure of metals in metallo-phthalocyanine derived fuel cell cathode
catalysts under operation (gas condition/ bias application) was obtained for the first time. Combining these three experiments
we concluded that nitrogen should contribute to the high oxygen reduction activity at high pyrolysis temperatures above 800
°C while at low (<600°C) temperatures the residual iron regains oxygen adsorption property through mixture with Nafion
and possibly contribute to the oxygen reduction activity.

1. T*Ultrahigh resolution soft x-ray emission spectrometer at BLO7LSU in SPring-8: Y. Harada, M. Kobayashi, H. Niwa,
Y. Senba, H. Ohashi, T. Tokushima, Y. Horikawa and S. Shin, Rev. Sci. Ins88(2012) 013116(1-6).

2. *Elucidation of Rh-Induced In-Gap States of Rh:Srfi®isible-Light-Driven Photocatalyst by Soft X-ray
Spectroscopy and First-Principles Calculations: S. Kawasaki, K. Akagi, K. Nakatsuji, S. Yamamoto, I. Matsuda, Y.
Harada, J. Yoshinobu, F. Komori, R. Takahashi, M. Lippmaa, C. Sakai, H. Niwa, M. Oshima, K. lwashina and A.
Kudo, J. Phys. Chem. €16(2012) 24445-24448.
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Joint Use Projects

Jointuse group

1. T*Electrospinning Synthesis of Wire-Structured LiGofor Electrode Materials of High-Power Li-lon Batteries: V.
Mizuno, E. Hosono, T. Saito, M. Okubo, D. Nishio-Hamane, K. Oh-ishi, T. Kudo and H. Zhou, J. Phys. CHel. C
(2012) 10774-10780.

2. T*Hulsite from Sengendera skarn deposit, Miyazaki, Japan: Y. Ogoshi, T. Minakwa and D. Hamane, Japanese Magazine
of Mineralogical and Petrological Sciencé%(2012) 61-66.

T Joint research with outside partners.
* Joint research between groups within ISSP.





