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Structure elucidation of marine natural products by NMR spectroscopy
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WAFFEEE CTlE, B AW CERI S NV 7= A HEBN) 2 X R LA E DR E B 272> T b,

WERFHEE O =X 27 4 7 7 U 203 Uil xr 3 2 Bt fiiRic A7 ) —=v 7L, &
HEARIZ TR S 1172 Petrosia J& 0 A A > ORI & 0 B 22 £ B Uiz, MR 2R L,
Al L &4 T o 5 miyakosynes A - F & HiEE L 72, NMR 7 — 2 OfEHTIC L 0 | =HEHE A KR,
CHEAN DR D WSS, RSNENSE LOWRMSEHT O A FALROFERH LM E e ol Sl A
F VDN EIL, FAB-MSIMS (25 - CTHRIE L, WD ARERHE DR E L, tE Mosher #5125V R &
B LT [1], A TSR OMKEEZ NMR 7 — 2 B8 Z LR TE RN o172, THEOME
Bz OGS LTz X At AR D, B8 KOKREEER O 235 % L 7o R AR A skt (8 - 7RI
AIE) 2R\ T VoIS K DR BLE OfENT &2 3 A7z, X i an A AR o P¥EIZ X % miyakosyne A @
X BAEEMRAT NI Z b, WA MIAFRFEOMELEILXS THDHZ ENRB I, Lo, 7T
— HIRATOFRER, I R oM B EOREIIRETH D, & Offm
O[], T OfFENT & IAT U CRHE - RIGREEE T % 7 V0T
M LTz, KEE - REIETIE, ATFAVERT LI —L0 aRE\END
9 #F H DRFMNAFAET 25 EIT HNMR A7 FLIT &0 SERE M
K& B FRECTH D, T D728, miyakosyne A L V) 43Ik A F /L3 Kb
20 9FRIAFIET 2 VA — L&A U, KB - RIEERIRIC L 0§58
AL L=, SRS & 2 HNMR 2227 MLV ARIE LTz, %Dk
R 14N OHXIELEIX R Th 2D Lfbam L2[38], £ Dk, FREKLH

OH . OH

=P T i KD N A AR - :
A% 512 L0, miyakosyne A @ 8 FEEAD SR BMARD G S iz, K MMg\\\

REEI Y v A & & BRI KEREKIC X 555580 HPLC 4y
B Z b, ZOEBRERITIbNbNOREHRE ARG KL
[4].

(_|) Petrosia J& 714 A > DEEH
(F)Miyakosyne A DAL A 1%

[1] Y. Hitora, K. Takada, and S. Matsunaga, Tetrahedron 67 4530 (2011).

[2] Y. Inokuma, S. Yoshioka, J. Ariyoshi, T. Arai, Y. Hitora, K. Takada, S. Matsunaga, K. Rissanen, and M. Fujita
Nature, 495, 461 (2013). Corrigendum, Nature, 501, 262 (2013).

[3] Y. Hitora, K. Takada, S. Matsunaga Tetrahedron, 69, 11070 (2013).

[4] K. Mori, K. Akasaka, and S. Matsunaga Tetrahedron, 70, 392 (2014).
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Crystallographic study of
3-mercaptopyruvate sulfurtransferase (3MST)
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3-A BT NN R EERSEESE (BMST)IX 3- A L 7 R BV E U ER DR E At O F A — TR
XHDEERTHD, IMSTIE, V71 E LT, MR E OREEROH 5 bAKkFED
PEERREE D— DB B [1, 2], 3MST BEHRAIBHERIOMEIXT I E T <, EORFIT 3MST DA #E%
REfFATICEE CTH 5,

AMFFETIL, 3MST BIRFTHLER ORI A2 B L LT,
TFEHiR% SPring-8 35 X OY PF o i B e e 2 R L. 3MST
DOFHERBLER & 3MST & DA X O EH IR &
DRGSR 21TV, ZOREREH LN Lz, 228,
TR O FHRIE S 2 K S B 5 720, fEh A2 RIREHE 2 VT
TUHITHAIL . 100 K IZR B 72236 X #RIEHT =R L7z,

W KPR —T A ) R= g B X —TOLEWY
A7 V== 72D FER I 3IMST IZ&EIMED H 5 [HFE
F 2 FEARIZ DWW TC, PEAFERE A EEA RO X B s i i
AT o 1=, MCFPEIT E b 3MST OHEE 2RI L 7=y F Bk

V. BREAREATRII MG 1.2-1.7 A T, FEREARIT 1.0A
THEERE LT (1K 1), ¥ 1. 3MST - BERIE AR O

2 FHFH O FEANTIZIZ RO G T 3MST IZHES LTV

7oo — SO FEBRITIEIEFEIL Cys248 |[THaf S T-HiEE & FI A

o ” Asp73 Thr253
TER L. 5 OFFFRIZIEMESALAT IO Argla7 fIg{E X & v ;\\ Ser250 (Cys248 //
¥/ LT 2), ZHICHEOIERTEE AR TR b - // //ﬂ
Arglo7 gL Pro7l 84 & OKEREAIFERRE AR TILA
ABFFEIC &0 IMST IZEIRPED & 2 BLEA O E AR ;
LTI o Tz, SR - T AR E 2B I L TEEY \\»X Y
DWAERIET 5 = £ T, S HICHEDROF IMST iy A1 "
BRI DB 70 % & I SIS,
Argl88
[1] H. Kimura, Neurochem. Int. 63, 492 (2013) 2. PBHESOIEMEEAT ~DFEARER,

[2] A. L. King, and D. J. Lefer, Exp. Physiol. 96, 840 (2011)
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Sequence-specific DNA glycosylase
found in a restriction-modification system

BREPEGHPHRY RBAEGLELFER BEREVEEFTRE
=EE #—. Hz2 #&

HIREE SR & 1%, BlFIARREAYIC RS DNA 28I 216 A2 FioBERRE Ch 5, ME MMz T,
il FREE R VL [R] CBdd 2 585% 3~ 5 DNA X FUbEESR L 3/F L T D . DNA A F /U EEERIZ L - ThRES
NTNRND A )L ZEDIR DNA Z R BN 05 2 L1k, BE D DNA kT 5&E 2 -
TW5, fHlREERE DR OESIEAFAY 72 DNA SIEHEMEIL, DNA O RS A #elF 7 5 BB FHAHE 2 F25R
TEZHENTEY , EFEOEMFOFRBICIB U CTHIREERE SR LZEIImD TRE W, %< OfiliR
B2 1T, Mg? 1 4 ARTEAIIC DNA 850 D78 ARV AT VEES Z KR4 5 oG & it 2 2% T b
V. ZTOBEEEENOHIREESR L THIRT Y RX 7 L7 —8] L LIRENR T\ e, AR T, HiIREE
FDO—>TH HEBIFEE I Pyrococcus abyssi 3% R.Pabl 73, = KX 7 L7 —EEMETid7e <. DNA
HHDON-7Y a2y NiEGEZYIKT2 DNA 7' ) a7 —BIEHIC L > THERT 28R TH D Z L2
M LTe, =2 RX 7 LT —EBTIERWEE A FFORIRBEREOFEIL N ETIT2< ML TE 5T,
AN L VAL 7- THIERDNA 7' 2 —8 | OfFEE, MED b ORI FF R 72 DNA 4>
EREICOWT, ZNETOFREET O TH D,

R.Pabl |%, OHIEREESE & 1ZH e 2 RS 72 i & (half pipe #1&) 2 A L TH Y. £ half pipe
I 2 FIV T 5-GTAC-3° Bl H 258 %k L. BlAIFF LAY 72 DNA U247 5 [1], A ElIFk 41X, R.Pabl-—A&
8 DNA A RO IRMEE 2 X S SR I L D IET 2 2 12k D, RPabl 2ADNA 7' 225
—PiEEZ VT DNAICHREZ 5252 L% = 55° % @‘ g ¢

B8 s ‘j

¥, L. R.Pabl {2 L% DNA ¥k D2tk %

HOZIZ0 0
FO-ZIEZ1-0r
ORI 1O

w I

B & 78 L7=[2], R.Pabl 13, — A4 DNA % 90° ; Sﬁuﬁﬁa L mJE
< BT 1F, DNA T SR S e 7 /7B oo B B
F=L DN Y 3 WA RIS 5. y & ¢ 5 R ¢ 5
PSR & LT B A U T I 2 i 1

DNA SIZFEFICARLZE TH D=, B fREe 56&6%{:8663/ 1%@%&2&?
thOEZEDIERIC L > TR Ik &5 (K Sdogenous E@ N 5
1).R.Pabl & & 5 IZALSIRFFATIC DNA 77U = e 3g?g¢g§§§5 2 %§ 3
L5 — P A R TREE TR ETICA bR /heapromtes g (' g
CHOLT, A% L AEOMENER SIS = L * T g R
PSR, %% G5 — ‘%

[1] Nucleic Acid Res. 35:1908-1918 (2007)
[2] Nat Commun. 5:3178 (2014)

1. IR DNA 7'V 2232 F—F R.Pabl IZ &
% DNA bt
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Humidity responsivity of an octacyano cobalt-tungsten
bimetal assembly

BPERAMREFERKBRRE
BIF{CE, AT, EREA. K#R—

T BRI BRI, EEROERA A LN YT KL VBB SN EE AT HEREMATH
D, EEA A0, MBS DY D AHEEN T ORIIC LY | 20N - MBS 2 %G5 2 &8 T
570 RO B BIERZ BT DT D ARBRER T L 72> T D, 1 TH, Co'' & [WY(CN)g*~
MBIRDANN N-F T BT )BT AT R, Co & W O TOEMBEN A B IZ -5 <
FEEBE S 2 R4 M, AT, a0V N4 7 B2 2T ) B T AT KR Cos[W(CN)glo(4- A F /LY
VNV IV )oxH0 AR L, DO SENEIC OV TRRET LT,

ASEIRIL, Co"Cly6H20. CSIWVY(CN)g]2H0, BV SV 4-AF LB DU 2 KIERTP CIRATDHZ &

k. ROk ERKE LTELNZ, XRD /3% —> & Rietveld fEHTIC L 0 . AREEARIZ =A% P-1 02
Wﬁ B L. O ERITa=7.61001) A, b=14.980(2) A, c=20.897(8) A, o= %%@rﬂ 98.34(2)°,
BLOY=90552)°Th 5 Z L hbhiol, CoBLUBW A4 @ Y

NETT I K- TS ﬁéh ZIRITCOREERE AL L T
Wiz, E70, HEPROZERIZIE, Ko TFHMEEKE LTEE
mfﬁb\m%ﬁézybv~7%%ﬁbfwkqu«7
FVEB LN XRD /37— OWEISEEETHRD L, b
DKL FDO—EIL, MEORNC I BEEST 5 Z & bhro
Too FEWT, I~V U L Zmi e LRV, 1R 100% RH
THFR LT o 7LD | AR (T DIR R AFE (T -
T 7oy NE#HHZEICED ., @R C high spin-WY) & 1K
IRAH(Co"owspin-WV) D[] TOMEERE B G A 8L L7z, Z DR,

FHEAFS IR 13 147 K (EEAE IR Tioy)ds £ O 242 KRR

N N — . T 101
MBI Tz, BEE AT U R (AT = (Tigg+ Tuz)2)iT 8 g100% RH
95 K Tdroim, &5I25% RH TUH L7 7 /conT i ]
HT-T 7y FEHET 2 L. Tig =191 K, Tuzy = 245 K, AT §4 /
=BAK L7201, MEBBEED FRBLOREL 27 Y 20 R o (ESRAE: Cotlow somrNC-WY
MBI, COWREISETER, ERERET TR, A , , ,

100 150 200 250 300

Fmaty b= B3gWr s, YA MEICIERT 55

VERR AR 2 B9 D RS A 35 2 & Ty IRAR AN
N - > 1.(a) AREER DR L.
e vy =2 [2 A

Temperature / K

[1] N. Ozaki, H. Tokoro, Y. Hamada, A. Namai, T. Matsuda, S. Kaneko, and S. Ohkoshi, Adv. Funct. Mater. 22, 2089
(2012). [2] N. Ozaki, H. Tokoro, Y. Miyamoto, and S. Ohkoshi, New J. Chem. 38, 1950 (2014).
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0-05 HEWERKFR p-(meso-DMBEDT-TTF):PFs [ZH1T 5
KEEEBHEDEAT “C-NMR
BBC-NMR study on an anomalous metallic phase of
an organic charge ordering system £-(meso-DMBEDT-TTF).PFs under pressure

IERVRE - WEIZEY - EFAWRE, YHEE". RXEHR’
FLE BB BX & B fot, EHA —F. B 2. £tA B & 98°

& B MR NI E A RS T B D — 2 Th D, SAHEIE TR &I D WERE T, [mEE
TRNCE < 7 — v A AEERANRNZ SICER L, BE03RE L TRk L 72 b, ¥4 K 1oixfL,
BN 125 LHRT, BFHICRNT —o AAHEEAREHL & RITEBE» DHRIE~EZT 5(E Y
FERIR), =D & & &R L HRR OB TiE, JE BCS MBRECBE KSR &, BIREVE
SLNHNG, —J, BEBAEFROTTH, ¥4 F Do, EFOEN—DODRWE 74V v T R)
TERICR DT T CTH L, REMN 7 —a U EAERMSRGEIT, T AN JE 0 2B % 1
o TJRE L= BmM R HiRiE & 72 2 (X 1), £ v MERED X 910, &8 & BEMFEREOER CIX
Ry — v UHEERICER Lz, 3 LWEAERND RN S 5720, HEE1T-o T\ 5,

HARMZ X, AHEFEMRET % f-(meso-DMBEDT-TTF),PFs & x5 & L 72 BC-NMR I EZ#{T> T\ 5, &
WEIX, WETIE B KICBW AR —RREBEE 2 U, BSRIEELL T CILEMRFENER I NS,
AWEIZENZENT D & N RIERNIENS Z Sk, FHCr —a U HEERANNESL 720,
BTN RBAE L CRE L R D[], ZFD7D, AWEITEE & EREUTOFEMB T 5 EFRED
fEIICE L CWD EBZBID,

WIEIZBIT D BC-NMR JIE LV, &EMICEBOTEFREFICEEL X, BEZ T2 &Ry
—DERFVNRRELSRDIEEZRALNI LI, ZHUX, B HICE XA 2 88 OHiG TILii )
U<, &8 & EMFEREORR COFFRYIIZ OB L AREMOH LB LB Bb, B
f7ﬂ“%NMRVi . BWMBRFEBEEIIR T T 223, @RMAICBIT2EWEDS ER AR —DES

TiE, REREBDBINLRNZ EEZH LT LM 2), 150
&R BT MR -
-6 T 2100
AVIVAV, I > o & £
NM L] . (] §_
£ 50
% : : 5
O—0OABE(ER 0]
- > A Pressure [kbar]
1. @M & ERRRFHE OB, ¥ 2. 1BC-NMR |2 X % £ 7] — I,
77— CHEERNRKE W EEFITEHRIC HORITEFROFED N, kHz BEOFK
BF L. TR AR IR & 72 D, BT DIRETH D,

[1] N. Morinaka, et al., Phys. Rev. B, 80, 092508 (2009).
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O-06 Room-temperature local ferromagnetism and domain
growth in the ferromagnetic semiconductor Gei-xFex
Yuki K. Wakabayashi,* Shoya Sakamoto,? Keisuke Ishigami,? Yukio Takahashi,? Yukiharu Takeda,®
Yuji Saitoh,® Hiroshi Yamagami,® Atsushi Fujimori,? Masaaki Tanaka,* and Shinobu Ohya!

'Department of Electrical Engineering and Information Systems, The University of Tokyo
2Department of Physics, The University of Tokyo 3Synchrotron Radiation Research Unit, JAEA

Group-1V-based ferromagnetic semiconductor 3 0.12 @
(FMS) GeixFex is expected to become efficient spin
injectors and  detectors in  group-1V-based
semiconductor devices, because it can be epitaxially
grown on Si and Ge substrates and the conductivity can
be controlled by boron (B) doping independently of the
Fe concentration x [1].  Furthermore, Tc can be
increased up to 210 K by annealing [2]; however,
detailed  microscopic  understanding  of  the
ferromagnetism is lacking. In this study, we
investigate the local magnetic behavior of GeFe using
X-ray magnetic circular dichroism (XMCD) at various
magnetic fields and temperatures.

We have carried out XMCD measurements of the
Geo.g3sFeooes films grown at 160°C (Tc = 20 K) and
240°C (Tc = 100 K) by low-temperature molecular
beam epitaxy (LT-MBE) [3]. Figure 1 (a) shows the
X-ray absorption spectroscopy (XAS) spectrum [u*, i,
and (u" + u)/2] at the Fe L2 (~721 eV) and L3 (~708 eV)
absorption edges in the Geo.gssFeooss film grown at
240°C measured at 5.6 K with a magnetic field u,H of
5 T applied perpendicular to the film surface. The
main peak at around 708 eV is assigned to Fe?* states in
GeFe, which means that almost all the doped-Fe atoms UoHur (T)
are in the 2+ state. ~ Figure 1 (b) shows the XMCD (= _ Ot

+ 3 . \ ig. 2. . Effective magnetic-field Hes
W' - ) spectra at the Fe Lo and Lz absorption edges in dependence of the XMCD intensity at 707.66
the same sample measured at 5.6 K with uoH =0.1, 1, eV for the GeosssFeooss film grown at 240°C
3,and5T. Figure 2 shows the effective magnetic-field  measured at various temperatures. The total
Her dependence of the XMCD intensity at 707.66 eV,  magnetization M (= msin + Mor) obtained by
which corresponds to the negative peak of XMCD in  the XMCD sum rules is also plotted by filled
Fig. 1 (b), in the GeooasFeooss film grown at 240°C at "9 ymbels:
various temperatures. Here, the total magnetization M [= spin magnetic moment (Mspin) +
orbital magnetic moment (mor)] obtained by using the XMCD sum rules is also plotted by filled
red symbols, and p,Heff is obtained by subtracting the demagnetization from uy,H. The fitted
curves using the linear-Hefr plus Langevin functions, corresponding to the paramagnetic and
superparamagnetic components, respectively, are also shown in these figures (dashed black
curves). As shown in a blow-up near zero magnetic field in the inset, one can see a clear
hysteresis below Tc (=100 K). In Fig. 2, the theoretical curves (dashed black curves) are well
fitted to the experimental data above Tc. This means that local ferromagnetic domains, which
exist at room temperature, expand with decreasing temperature, followed by the ferromagnetic
transition of the entire system at Tc [4].

Acknowledgement  This work was partly supported by Grants-in-Aid for Scientific Research

including Specially Promoted Research and Project for Developing Innovation Systems of MEXT.

References [1] Y. Ban, Y. Wakabayashi et al., AIP Advances 4, 097108 (2014). [2] Y. K. Wakabayashi
et al., Phys. Rev. B, 90, 205209 (2014). [3] Y. K. Wakabayashi et al., J. Appl. Phys. 116,
173906 (2014). [4] Y. K. Wakabayashi et al., arXiv:1502.00118 (2015).
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0-07 SEERV IS RREVTIR
Co*'FmA—Ry FEEIZH T AAFHR E 2GR

REKXFIFPRMAMNERSRIFERHARRE
RBi RiE. B R, WER AR, MBEAE FW. BE £

AIFFRETIX, "D O E"ORZEAND Z & T, BRFRIIZRWFE D Z0 e 2R A L, FraeT
N%X@W%%Bhbfwéoﬁﬁﬁfi\77%&~772k@in52t/@“@%%”ﬁ%ﬂ
THZLICEST, RO FT T RAEM L IZEEEZ T 2 AT A AL THRET D, 77
AL — 7T AL, IERRIEE & FELL L T D 2 &3 1982 412 J. J. Hopfield (& & > CHEH#E & 4L T BARE[1].
JIGAB =TT AR LT 2 & a— 2 B EHRAMTONTE b DD, FEERITERICE L
b DOITBIEE TITHEN R, ZHUL, AEU T IANLAECOFERERY H L, BRAORERIC
BT 2 Z ERWREEE ST BIIENe bR, 2T, AVVRVEVZEZFHLT, 727 A%~
TFADAE U NEREBRET L LTRY BT 2 &2l

JITAE =T FAE, AT TANL— NERITHETRTHDL AT ELITI T AT 2R
BEPEMBHIR L, T F DR & B+ 5 2 & TIERTE 5, AV VT A 20HLEMECTH
DA HESR T — % >~ b O—FE, LusFesOn IZAFfi# & LT Co & Si 23N L 72 LuzFes8C00.1Si0.1012 (LFCS)
% 7L A L—H —HEFETE T Y3Als012 (001) etk F I 60 nm F2EHERE S 7=, (KIEBUERIE L, B RFK
it % —0 MPMS-5S Z I\ TIT o 7o, £ OfER, B um Al & w5 in N 31T DRI ZEINRE S
H =100 Oe |23\ T, 7 7 AMRFEIRE Ty = 248 K Z BRI 438 L | Tg DRESH K F:1E de Almeida and Thouless
RN~ T M-T 20— U U 7RI T DGR B 130501 C, V= h I NI TRE—T TR
DL B 2~ LT\ 5, [2] BURBERHML K OB LIL, RZRANHEN, 7 TR —7
T AARRED T = 80 K DI EVEEIZEE 28 Lz, AT 5L, Co? + Fe¥ — Co¥ + Fe?* &9
Intervalence Charge Transfer[3]% #5%8 L. KB FHENEALT D, 77 RREOBEEFIZE, SEEREIC
KL TCAE DR RIRECEE 2 “FEDE OFEEHEGR LT,

ZOfERE H & 1Z, Pt (10 nm)/LFCS (60 nm)/#25 2 /ERL L | Xe RO AL % 29 mW/imm?2 DR E T 10
I On/Off 24V iR L7c L 2 A K LITART LD

oL BB A 2 LB RT DL IR A I A LR BB '@Wi{:;

EUTEEFEF LTS, 2, YT RICRT 0'85:' o ;:’é?::::::i y tk )
LEMEROMR L RETEVE] ALV RIZEY S oé o o 4 o ] TP

T T F 7 AMMHETF R IR L= L S 2 5., < B Be ]

>§ 0 [on off on off on off on off on]

75 B

[1] J. J. Hopfield, Proc. Natl. Acad. Sci. USA 79, 2554 g T=80K |

(1982) 0.2k o) O Hy=1238 O |

n!

[2] R. Palai, et al., Phys. Rev. B 79, 104413 (2009)
[3] K. Ohmori, et al, IEEE Trans. Magn. 30, 775 (1994)
[4] T. V. P. Bliss, et al, Nature 361, 31 (1993)
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BEFER—I=zROHA
Observation of quantized Hall conductance in
high mobility two dimensional electron system of SrTiO3

THRURFE - MEBTHEIL - JIIGHERE
R i#Eth, B8 £, /MMFE #B4. Mohammad Bahramy, Denis Maryenko,
Joseph Falson, R 2, JIF 3, +8& 174

[E] FHUMA IR F UL SITIO T T Iy 7 ar T RSN T D & D ST
bHIR, B F—7I2 &> TEBHESBLECBIRER EOYM 2 ~7, ITHE, SITiOs _IKTEF D
{RERPENEE 28O TV 5, LaAIO/SITIOs ~7 2 #2458 LM< SITiOs/n-SrTiOs/SITiO; 7 /L 4% K— 7%
W LD ZYWoTEETIE, BT RO EFEICEACLIAD b D, 2O SITiOs kel 1%, Roolis
BB E A R L[], B, Bl BFOEEERN LS S LD ZRoeE R & LTER SN TV D,
Los Ly STV 2 SITiOs “KCiE T OB ENE T L 7 B0 b 0 K0 R, Ziuid SrTios g
DM T EF X2 X VST A L 72 EDRE 2 T 0T Weh EEZ bND, ABFETII A
By F#e B2 % o —(MO-MBE) [2]% 1T SITiOs I DOfS i B 2 U L. —ROCE T O @B EhE
iz X b EHEEOBIRZHE LT,

[EBREAER] TiREE LCTI SHAHREBOT ¥ 7 b7 4 V7 rAR% Y FTI(OCH?)4, Sr & La
FEHZIZZ N Zh o8 BEM, BbT 234 Y v E vz, B8R L —FINEWEREIZ Z Y 1200 °C I
JNER L 7= SrTi0s(100) 4R 112 SrTiOs(100 nm)/La:SrTiOs(10 nm)/SrTiOs(100 nm)7 /L& R — 7 Atk 4 {E Y
L7z, MO-MBE I & 2 @l b &ALk o B Ol F X OB X2 @smEkic k- T 2
DTN R—T EIEO I B ENE 1 24,000 em2Vist E Tl B L, 207 Bifs L o F @ BB (22,000
em?Vis) AR L7z, FRMKIR CTo Hall #H1
R\ 277 b—HEER B S U, T DS
VZHERE ST Rex 2548/ )ME % 773~ Shubnikov-
de Haas IREIVEIHI S n7-(X 1), ZhEh
D77 h—Hd Hall it &Rt Alve
(v : Landau Y1) Ov =4, 6 IZFHY LT\ 5,
TS ORERIT, DT U — R
I S D B R R — VB R & ROt
BT SrTiOs THIOH TRIH L7 Z & ZRL T
W5, B S 7 Landau ¥E00IBEUELL T
b5 LG, SrTiOs “RILEFRDIREN
v RMIZEMERE RO L AR L TN D,
R TIIMHEROEFIZ OV T HiEimT D,

[1] A. Ohtomo, H. Y. Hwang, Nature 427, 423 (2004); A. Brinkman et al, Nat. Mater. 6, 493 (2007);
Y. Kozuka et al., Nature 462, 487 (2009). [2] J. Son et al., Nature Mater. 9, 482 (2009).

B (T)
1. MR O < Ht (R 3 X O Hall #5t(H
fif), TAX K—7 SrTiOs DBEE & v U THRE
IXFFi, 18,000 cm2V-ist & 1.2X 102 cm2,
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Quantum transport in semi-magnetic bilayers of topological insulator

ITH#RMNRR PEIZEXR +E8WE=xE
#ZH ®|I. §R PBEXHER. Joseph G Checkelsky, 1R 3%, = =
IME $#3r. Joseph Falson, k& EA. JIIF H7& . +8& 74

KR | O hVHERARIL, E O NSRRI TH 503, REICEBNREEEZETIMETHY
KT 4 7 v ZIREICHR L 2RO R L L CGEFIERZED TN D, FTH, (BiShy.Tes i

X, FARIC L2 7 = VI ENLOREE R HIBEINATRETH D Z LD | AN STV 5, IT4E,
BEPEICsE Cr & F—7 LI2REME b A8 & 2 0 LHafgA Cry(BiyShy)oxTes [T, HFEBMLIT L 0 HRESE T
BFRER—VDEPBII S22, —F . FERENE AR v U VHERIR TIER I O R IeE D 720
W5 TICB W TERFR—ARPBIHIS LTS3, =

NS 2 5OBGIT WP S R ORISR B O % 2T
ERE LTRY, fi—RIC#EmTE 5 2 LM En D, T=05K
ABFIETIEL, BA R —/VENR - B B R — VR ORISR 1L o V:fjl ___________ |

PEOFARE B L. JEREME/REME A 1 2 L ik
182 (Bis.ySby)sTes/Cry(Biv, by )z Tes OWREAFHE % 772, <

R, BB B R UREED S — MR O (b e e N i
F

ot FERGIZEB W TR, BER— ARV ARD
oy WAET D, —J7, @l FICBW T, EFRv=+1, v
= 0 IR T BT R— LT T h— BRI BRI T X 5, -1r
INHEDOTT b—iE, @O L FOREEFIREE ZE T
HIETHETHZENTE S, MAT, Z@EIZEWT

B NOOO ANO
— ===~

vy
I

S N LN

|
ELBEE B AR B AR AR SOIEREE AR B 2 LR R 8 6 420 2 4 6
L RO T P Bl TR PR — VR RBII T X B 2 Vs (V)
LB AN AR o T, BLEOREIL, BEMAIC IR &
REBD I IERT 5 = & CRTA—AmRngsTs 01 PRIV
CLEEWLTEY. MRU—0BAD R Ry O VEREOT — MBI

1
N

R L BTEER—IVNRPHE BB TE 5 2 & 2niR
LTW5%,
ABFFED—EIE, HAHIRILE ORSEImATIERR R 7 0 77 MM XY Bk &2 521 TiTbhiz,

[1] C.-Z. Chang et al., Science 340, 167 (2013).
[2] J. G. Checkelsky et al., Nat. Phys. 10, 731 (2014).
[3] R. Yoshimi et al., Nat. Commun. to appear.
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Scanning Tunneling Potentiometry measurement of ultrathin Bi
at low temperature

RKREA FEIXES®
hRRER A RIREA RB)NES A FEREMHS

ER N RNVRT v a A RY(STP)IE, ER b RVBEMEESTM 20 L2, sERmofE L &
AL AR O [FIRHRE Z2 AT REIC T 2 FRFIETH H[1]. m W ZER R (FELEYIZ IR T L UL TERURE
%ﬁ%ﬂm?%ék R mekEiE EERURERHE L OXHGERAE A G TS ETHARFIETH

bo ZNETHAIX %@QM#%H%ﬁ \ZEIREAA DT 71— 7 Z A AT OPREF R L 24—
ZRRE L, BEEE T CEET S STPEEL VLD EiF, 2L T, TREHAWTSI(ULY)EE Loy ¥
X ¥ ¥ LR SH 72 Bi B (~9BL)IZ BT STM/STP [RIFRAIE 2 i TV, Bzt Lz &ick
B~ 7 a iR BANOAERET S Z IR Lz, S 5IZBiOxy VREOEIREEICERNT 2 & Ebh
D, AT v T Ty UTORT ¥ )VEE 2 STP THIET 5 Z LI Lz [2],

ARFZECTIE ERLORFSE 2 38 R S KIEGK)IZ BV T Bi i (~9BL)?D STM/STP [AIIFHIE 21T - 7=,
ZORER, BIETHIE L72SA L REE, BItEI Lz & & i~ 7 aRBAomAREN sz, —FH, &
MEMSRVGEAETHRT Vv VO RFTHIRZENBR S iz, K 1@18F 0 & ZITHIE SN bR
77 7%, OBRT XA THD, (0)TIE, @QDT 7 ACKIGT HHATTAT v 7oy P L VAT
W2 FFORT 2 v LV OIREIEIE N R O 5, G TR STMISTP JHIE & it OfE R &2 W& L.
WNT ¥ MG TR LN D IREMEIE DRI OV TR Do,

— 1.0
nm _ 150uV

Onm

ouv

-150pV

-1.0nm

1. @ RTZT77 418 OETv v
AFREIE 0.5 mV, A&7 EEE 593.1 Hz, ko 3/ ER 10 pA, v 7 VER ~0 mA

[1] P.Muralt and D.W.Pohl, Appl. Phys. Lett. 48, 514 (1986).
[1FAf fll, AAWEYS 2014 4EFkZE K2 TaAK-1
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3D Dirac electrons in anti-perovskite SraPbO

B2 RWRE PEZER SKWRE
BHEE, FEUEFE, A Yaresoko, A.W.Rost, C.Muehle, J.Nuss, EARZEH

TATYIBEBFETT 47 v 7 BHERGROE T N FICESOWTIRE L., =3 VX —EntaE b
R Ch D, T, T4 7 v 7 E PR RWE T CEERYMEELELNT ZEMER STV D,

Witve 7 254~ AsBO (A=Ca,Sr,Ba;B=Ph,Sn) X 3 KITHIRT « 7 v 7 E1HEE%E LD & EHmIIHE
REENTWA[L], K LIS EZ R LTz, ETB YA MBI HFEREZERL T\D, £ L TlEDn
TAIA N T I ARFOSNEEREER L. ZOHOIIEERR T ALET 5, SrsPbO O 1Al
D &SP 0% & 72> TUWT Phb @ p #E 1 6 fll & THLE > T\ 5, i#% Pb X Pb® P& L5 2 &
HEETHE PO R X —HICARLZERIREICH D, ZD72H Pb D pHuBEIL T = /L I IV E 2
AIAFEL, TR ) TSRO dBE L A——F > 795, plaE & d #HuEIXREMR L TRy Ry >
TN, & T ADHFREIC Lo T kky ke BTN IR W IFIFIREAS 0 T, N2 F3TF 4 T v 7 51 51T
BWTRDLDENGFET D, 72\ FHEIZL > THOANY RiZ7 2 VI mE Y 57202 En3bmn
S>TWb, Ko TABOIWET = /VIWIZT 4 7 v 7 MOBRNFET DD, T 47 v 7 ETRIIBITD
WPERBZOEA & U THIG LV, TEROBER CRFEFRE N ATREIC /2D Z & b ZOWEREORA TH 5,

F 4 1% SrsPbO @ Hiftdh & F W TSP bV 27 Z205E Lie, W7 ORIE IR W TR -IREINMEL
MENTZ LRy FdHT-0 n~107cm3 L& v U 7 o3
(ZHRVE 2N & 0.016me 28 AR S b7z, Z ORARVE RILT
4Ty T EFOFEEXFFL, N FEHEORER (~0.02me)
EH BT D, BEAEPUL 2K THEE% E V) IEFICRE 7ofl
o LTc, 99RES ClIly Ay 72 R BB 72 IR 2 2R\ TR ' )
BRI RES BN S (K2), ZhiET @i 7 204 MMEE (b)iE
€Ty BIFRITEB R CTH D, T, ARBES T O~ T AT A MiiEl]

TEFOZRAX—XT X VEMICE LIRS, S HITE 0T T T —T 1T

Bh T TRTOEBTFPRIET » Z UEMICHACIAD 5 51K 'Eauo—.x &:Z %:fﬁ
e AR 5, RAIHO 83T B BRERIRY D N 05 00 0547 | o oK
LT o B UHER n=L WD 7 2 L S EBICRIS L, Thk 22000 1o s
0 BRSO 5 B R T RIS LTS TR D 5. o0l sppa 1
RS DSBS D 2 el LI RAAE A R T & b BT 83T| % ™
ROWBLEZOND, T4 7 v 7 ETIXHHET D 1/100 % 0 -1Lo 5 0 5 J110

B D BIROBAED 1100 ORETRIALTES L L, T B [T]

VE DM OTZIALF =LV T 2L I RPN E

. ; TR IHT ORI !
NI LR, BRRSRBECO R T REROBI 2 TR LT b, B 2R OBER R

[1]T.Kariyado et al., J.Phys. Soc.Jpn. 80 083704(2011)
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ZnFe204/ZnCro04 B FHEIRIZH 11575 X b L— FREMEOHIH
Tuning Magnetic Property of Geometrically Frustrated Systems
by Fabricating Spinel-type ZnFe204/ZnCr.04 Superlattices
RRBET MEIFERIIGHZEE ' ZE§F CENS?
FEEE' ITAER' MR, JIEHS "2

WATHH)T7 T A hL—3 3 U EREOBMHAERIL, BRTE ) R —LR0EA A B R RE 2 & O B
WRIREDEE L 725 2 EMDIERENTWS, ABFFETIE 7 T A b L— MEAEIRBFZEDHT L ik &
LT, 79 A& L — MR T 5 ZnFe204 & ZnCreOs OFEK T A /ERL L . BEVERIE 21T > 7=,

R RZIT SV A L — Y — R 2 TV 72, ZnFeaOu,
ZnCr204 & 7 U A & VA % Ff> MgAlaO4(111) £k _E
(R 21TV, HR D o b — L MCHERE S O IR A
K &¥7-, ZnFe204. ZnCr204. Zn[Fe,CrlO4 % %11
ZHAERLL, 72 ZnFe204 & ZnCre0s % m 2=y & /L7
O HIZFEE LT [ZnFe204lm / [ZnCr204lm (m=1, 2, 4, 10)
DEMZAER U7z, BBITERIRE 550 C, MFENE 1
mTorr DEREE T TIT 572, Fig. 1 IZABH 1D X BRI 3]
EORERZ T, B EEICHR T2 T4 FE—27 K
OEEZ7 U o DEBRAT 5 2 LR TE, AR AAEEORE
b & U TIEER I m it B 7o ik IR O /E R R B U T,

TER L 7o IR O OIR AR EZHIES 2 &, £hE
N30 KUTFTDKIETAY /T A%z~ L=, Fig. 212
AT RDICAE T T REBIRE T 1 TEEFEE m ks
L TR ZEL LIz, Z 2T ZnFe:04 & ZnCr204 O [EFE
K To 5 ZnlFe,Crl204 HEEDRIERE R Z m=0, BIEHIE L
72 ZnFe204 5 & ZnCreO4 R DB DYL)EE m= oo
ELTWD, WBRTRTEIIC, m= o, 10, 4, 0 & BT
JEE m & THICONTAY Y7 I RBBIREN LA L
TEY., ZHUTBEFRERAY 77 AR EFHET 57
ODTHDHEZEZADND, —T7, m=2,1 TEAL T T Rz
BRI £ Tl S fv7z, #dE ST 2B R (1][2]
CRIBEECHIETEE m #5652 &7T, L7 LT
BRDFLVHEKIREBEZ EB T2 2L I LB XD
o,

[1]K. Kamazawa et al., PRB 65, 024412 (2003)
[2]S. —H. Lee et al., Nature 418, 856 (2002)
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P-02 2RFEANVILIDEFRE VERAHEDLE
Specific Heat of the Gapless Spin Liquid Phase in 2D Solid 3He

EYRHRH MBELEY BUHRE . ERb 5
SRERIE ' AT, WA Bl B

AR ERMAITFRIR T T AN — g YR SO RIZENICEFAY R (S=1/2) Otk
B SORBEVERA BEAER 238 < & & #eh 3 T b REFFERTOBAE D 2V B A B UIRIRIRIEN A £ 1
Do I, AV VFHRIZKE ¥ v T ORNF ¥ v T LR - AV REREE (LLF, TR RIE)) ofF
WD 2 IRTTEIR~Y 7 4 3 (CHe) [LNZ X COLERWERR]ITHE S, HEHEA T D,

Texlx, 77774 PREIKIR THEIRAE L7 BB ORI SHe DA E L ROLEIEN S X
BRI DR BN D EREZ RS> TN D, ZOEFAE LRI, (1) IRIFRER 2 IRITHR TR L)
BN (2) ZAKFREEEZ LD, RAKRBHDLIVIT6RETOY VR ENER Jp) MEAT 5.
4) (KEDENR A HHEOARTRE S, 2EHxOREE LD, AlEl, 777 7 A MEEEEAKHREL
KFE (HD) 2 3 FE TV a— h Lz RICHFEFEEAR SHeak Bl 2 Rk L, £ DHEE 035 <T <90 mK
DIKWVRERECHIE L (K 1), Zoier CHe/HD/MDIgrsg) 1%, SefTHFZED 3HelPHelgr 2 [3]%°
SHe/*Helg R[ANT LR T2 W IREIE (5.25nm2) 727-|Jp |23 K& < FRXFAIIC L 0 KIR & CHIE D AT HE
Elpot, FTOREIT, A OEIERHHREREI SIS T A B O T o — AR E— 2 2% 20 mKAF T —
DSBS (KFe), SHelfHelgr 52 (KHo) DX TNV — I G L IZH LN R D, £/, B—
7 &0 1&?&@#%7&?’*. (035<T<7mK) THEUIIEED 2/3 FIZHFIT 5, LET —F 06RO
v br B2 biiEiFkeIn2 (125 L < (K 2), B L2 B A Y BREOARZ KL TV 5D
:&wﬁﬂéoy3%mi\m@XE/w%@@%Efﬁ%éﬂfwéca:T%\ﬁ@@%zfyﬁf
W ENDC e T2 L L ERD I NETHRE SN EORWERMBEKRFETHDLN, A b5
WE~ =TT 2V A7 A R RSB & RGE T 2 BRER TG & 1A T D,

L AR T T LIS B I B AL L AL B
T ] -2 ]
® 1 o
o e
510'1 y E -—C=aT22’3 . -
> B ] ~ [ C=aTbT ]
o o %, . £ L 6 |
§ .- e ] 2 /
%) o Z05 s i
% S o w f /
8_10'2- ° 3He/HD/HD/gr(5 25 nm2): This work 3
n i ;- © 3HePHelgr (6.4nm?2) :Ref3 ]
- 7+ SHel*He/gr (6.8 nm?2) ‘Refd
i N ] Lol

101 100 101 102
T (mK)

[1] H. Fukuyama, JPSJ, 77 111013 (2008). [4] D. Sato et al., JLTP, 158, 201 (2010).
[2] L. Balents, Nature 464, 199 (2010). [5] O.1. Motrunich, PRB 72, 045105 (2005); S.S. Lee and P.A. Lee,
[3] K. Ishida et al., PRL, 79, 3451 (1997).  PRL 95, 036403 (2005); R.R. Biswas et al., PRB 83, 245131(2011).
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P-03 AERIVB T 54 b(Fe,Ti)s04 EED
X 1) 7 il & Bt
Carrier control and magnetic properties of
spinel ferrite (Fe, Ti)304 thin films

IZ2RHRE BRRIF/N\AFTO=FY7EH HARRE
W BhuE, BE HM. BiI RE. S HE. B R&E. B <

[ITUoic] v ax AT TANL—va U RFT A 7T AOKHHIFNERIT=2—7
NFx oy N =7 IR T FZOSE CTILS RSN TWA[LL, —FH. WEELTOAY LT T A& A+
VITIEH LI EI3sR Elany, A 77 AMEBHIEB W TE ¥ U 7 # A ZORIEN TE X, FHEks
A ADIER LT D pn AR H OB L 700 55, £ 2 TR TIE~ 7 2 ¥ A b (FesOu)lZFERE
PhEA Ay (TiY) ZEATLHZ LY, I VT XA TR E A 7 T ARNERB 2 7-, FesOq
WA B xS (AYBYB%*0s) #HLYD . B A NMINLET 5 Fes* (S=5/2) & Fe?* (S=4/2) DOEDFE

Ry B IR0 BOERGERERNEIT 503, p AUREICET 5 @G35 U, FesO4 12 Tiv &2 B8N
T5 L, BHAEIC LY Fe?/Fe¥ MR L, nBUS p BUREA~DF v U THIBENER T L E2 5N D
[2. —7J7. FesOs DREKIEIE T A A OB HEIEM (Jasl>>Ves>Nanl) DORIRDNS 7 = U gL
BRI T D, Fe A A VA MaIEWetEA A2 (TiY) TEBTLHZLIZED, AV 7T 2RENTER S
nseEZHN?,

[E5 51£] FeixTixOs (FTO) L/ LA L—H—HEFEIE (PLD %) 12X D MgAILO4 (001) A B /L H
BRICHERS L 72, X SRER(XRD)O#5F, (001)EEN L 7= FTO o= @)

9001

EY R MERATRL TS, %4 ) T S THBEEIWE  F a s 8? g
I= & % Seebeck (RELODIE 57 B HIGE Lo, REAURFIEI B R T Tk 2 soop 7 |
3 (SQUID : it & —JRRIAEE) &ML=, T ————
[t 2 2 %5 BRBEDFROME (M 1a). Ti BhE 0 o# & [ 1pe R T

2 4

Iz Seebeck (RECALFRICHIN L, x<0.75 T n SN, x=08 T () AT ()
D AU AR = L Moo 1o, X I YEDRE R, Ti 3 4 oIk AT
HETC Fe O\ HIKRREIS 2 EHL L CTEY . Fe DEAUH%LIE Seebeck 1%
BB & R Ti BRI > Tl LTl 0 . saHEEHIRE~7-
AELOERIZ MR LT, @& Ti EHLOREL (FeooTiosOs) 1ZXF LT, il
SRR 2 FERII A~ T RE R 260 K AHEICEERIRE & 6227 7 2 4 . " b B

Suceptibility (a.u.)

— AU T T AN B ERT IRt (K 1(b), Bl EoF 1 (a) F TT-e;pe‘;;;;%@ﬂ;
\ B ) X €1x T1xO4 75 AL B
Y U THBE SN AE L 7T 2O FEBULHHMEL A £V FF~D ) Fe p c

HI7E, (b) FezoTiosOq LD AC
ISHABHERFE NS, (LR OIRERIFNE

[1] K. Binder, A. P. Young, Rev. Mod. Phys. 58 801 1986.
[2] M. Seki et al. Appl. Phys. Lett. 99 242504 2011.
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P-04 XFEBEHGEBZTRIREBE Co-WFH/ 5227 /68K
Cyanido-bridged Co-W bimetal assembly showing photo-

induced structural phase transition

HPRWRH LFEHR KEHBIRE
BA WA, BECE, BAE—. #x@X, BT, PHH=. KEiR—

WMIFIEE T, > 7/ GUGRIARERICER L, Rt &
Dk % 72 REME 2 R T E 2 S L CE 72 [1), #lxiE. Co-
W7 &7 e ResIIERSTz L v Co'-WVAHE & Co'-WV
MO OBEMBEHEESE 2R L, BIESCOENRKE LT
%o ARBFFETIE, Co-W F7 # 7 / $&(K (Hs02*)[Co"s(4-7 12
EEU VU)AWVCN)H 1) &L, RERIEEEIELED
IR B R 2B L O THRET 2,

1 1% C0'"Cly-6H,0 & 4-7mEv Y ¥ B DOIRATAIKIC
Nas[WV(CN)g]-4H20 KWK A1 & L CideEd 2 2 & THEKM K
AELE LT O, R X #RIEHT(XRD)HIE FS & OY Rietveld
RTINS, 1 OFEmEEEZH LN L (K1), 7/ Hick -
THREBINTZCoE WIZEY, “kitLA Y —HEEE LT
Wie, E72, BREINCIEA XY =T A0 F 42 HsO DA ST
Wz, WEIRANY T AEEEE L CHWEBEE R THHE R

(R BAEROEERFHEAZNET D &, 2 Kb 340 K Dl
EHETEEF0m KmoltOEE R L, ZhEb, 2KH»
5 340 K OIREHIPH T Co"WN O 1IREZ k9 2 E 3B 5 )
Lo,

WIZ, SRR ATR COREE DO E TR, BRICBW
TH I VAL —H =3 (&K 800 nm) # 1i21 =y MR
FLizl A, BEOAERFENLREA~EE L, KR
S TOERIENS . SEIREIZ LY Col'WY M2 A L T
WHZENABNE oz, Fio, IREHIE T XRD JIE %
179 &, LOE =T HMENED LTIl — 27 BNAERK L TH

5 EMbhotz (K 2), Rietveld gt ot 5, HREICZ L VK
10% b ODERFEE I EZRTZ EDRP LN ERoT, ZORE K
FELAEIE, BRRBENC LD Co-N OSSN KX < Bk L=
ZLiCHKTEEEZBND,

[1] S. Ohkoshi and H. Tokoro, Acc. Chem. Res. 45 1749 (2012).
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P-05

Ultralow mode-volume photonic crystal nanobeam cavities for
high-efficiency coupling to individual carbon nanotube emitters

H. Machiya?!, R. Miura?, S. Imamura?, A. Ishii!, X. Liu*, T. Shimada?,
S. lwamoto?, Y. Arakawa?, Y. K. Kato?
! Institute of Engineering Innovation, The University of Tokyo
2 Institute of Industrial Science, The University of Tokyo

The unique emission properties of single-walled carbon nanotubes are attractive for achieving increased
functionality in integrated photonics. In addition to being room-temperature telecom-band emitters that can be
directly grown on silicon, they are ideal for coupling to nanoscale photonic structures. Here we discuss
high-efficiency coupling of individual air-suspended carbon nanotubes to silicon photonic crystal nanobeam
cavities [1]. Photoluminescence images of dielectric- and air-mode cavities reflect their distinctly different mode
profiles and show that fields in the air are important for coupling. We find that the air-mode cavities couple more
efficiently, and estimated spontaneous emission coupling factors reach a value as high as 0.85. We also describe our
recent efforts on optimizing the designs of air-mode cavities and their fabrication processes. Our results
demonstrate advantages of ultralow mode-volumes in air-mode cavities for coupling to low-dimensional nanoscale
emitters.

This work was supported by SCOPE, KAKENHI (24340066, 24654084, 26610080, 26870167), Asahi
Glass Foundation, Canon Foundation, KDDI Foundation, as well as the Project for Developing
Innovation Systems and the Photon Frontier Network Program of MEXT, Japan. A.IL. is supported by
MERIT and JSPS Research Fellowship. The devices were fabricated at the Center for Nano
Lithography & Analysis at The University of Tokyo.

[1] R. Miura, S. Imamura, R. Ohta, A. Ishii, X. Liu, T. Shimada, S. lwamoto, Y. Arakawa, Y. K. Kato, Nature
Commun. 5, 5580 (2014).
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P-06 BOMBEHMS— b PGS OYEEEE

Characterization of PGS: Pyrolytic Graphite Sheet

ERtr3—". BZRRURE - WEPER - GILHARE®
PR FFA. Bk KEC. & RRIS. FE E. Bl B°

BERIT. BEBRVE, MRS, mEMRERe POREN G, BEM,. 5013, BMRE Y — NS4 FE T
ISR SN OMETH D, o, Bl EM A LFRFIETH R L THEIC R E 205 mfE (2~
20 m?lg) Z 7o HBERSNIT, 2 T E OWAE SR & U TR IR S TW a1, LaL,
FIEERL O BENMGE B OEEERELS . AU U AMEED N T U AR— MUEEIT O HE. BB Z<
DEBREEE LRI TERWE WS ER S H, £ THLIT, NI A I 7 4 VLB L TR
Sl LJESE U728 & 10~100 pm O ZsikPEEEn > — & (PGS: Pyrolytic Graphite Sheet)[2] 0 fx 3% Ifi 73 W 75 F
WITEER 2D e B 2 e, Tl ORISR 2 > 7o R m @l X i, EXEIURNE, FiRNE
MR E 21T o 7o iR, 17 um B PGS 1%, R A2 HIEEERER O Grafoil oAk RMENS L0 B ZYX &0
Ftiem OMEAEEME L, BITENERIO b7 AR — FUIEICE Vil L7eWE R TH D Z LB mhote,

PGS O ENEBELIEIIRIT, FEER & R, KB TE—72 2 bR RMREREE 2"+ (K1),
ZOE— 7 IMKIR CXEMINZ e D HFEE T T 7 7 A4 MR IEOIREKRFME L SR CTHEICR OB Yy B
TR L A ADRERFEEOB SO AT 5, 17 um JE PGS 1%, Grafoil, ZYX, 100 um J& PGS (Z
H_THRbEWE—ZIRE (0K) EHEBIEWVERFIERL D2 L6 M OEFEIEN B W L2350
Bo —J7. HRWERE RS & BEFIEAIZHE KT D substep & H A T, 17 um JE PGS X
Grafoil & l7=MfsEa YA X228 5 ThsD (X2), Bl tkREME (=0.07m2g) OfENL, W
ERENDIFIEREHR T THD 2 L bR TE,

Sooodbess ¢
=l ¥ Grafoil ' - . Al AR 20 Fpgs 1;:% (RS ]
R P, (300 K) -
> mQcm o —
1.8 ZYX ( ) g ?-l‘ substep
PGS- 17um e 0.112 5F e 1
< 5 PGS - 100 pm L N u : ! : y
16 Ll Wt D | & [o 20 F =
2 ibe 5, ZYX = 0925 sl ’ J |
= Grafoil x 1170 | =N Grafoil xP%%
E
a

X1 1. PGS &R (Grafoil, ZYX)[1] DN
PUROIBFEERIE, T=300 K OEALEIN) THASL,
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e
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¥ 2. 17 um J& PGS (2514 % 2235 D5 W 75
BC Hhi#R, XX Grafoil [1]. O1% ZYX [3], #HAK
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[1] Y. Niimi, S. Murakawa, Y. Matsumoto, H. Kambara and H. Fukuyama, Rev. Sci. Instrum. 74, 4448 (2003).
[2] Automotive & Industrial Systems Company, Panasonic Corporation.
[3] S. Nakamura, K. Matsui, T. Matsui and H. Fukuyama, J. Low Temp. Phys. 171, 711 (2013).



P-07 BBV 57z VIZEBIT5EBRETIAILY 775 T—HiE
Nonlinear terahertz Faraday rotation in monolayer graphene

BZRURE - WEFER, EERt2 52— - BRARBM BEHFHRE
X #. wkx BhE. BEF *x

IRFERA DD R I TR TTRICEY| LT HE 7T 7 = Tlid, TDOET O/ ROHMET 1L X
— B IR A EE BB L CRIE B & 72 B, TR ChH I EREY e - T 4 T v JKI
FREERBFRTEAINTND EARTIENTE, HGT T 7 = TIEE O TGRS % K L
72 ORRBRBLVHELT 5, BERGIE LT, 747 v 7 B FITFEEe o NV —(AICHR LT
RN h ONYEEEICEF T D (R - AL—OHBEITRLS) &) PR R—
WRHRNERISE TN SN, 612, ZOBRRIT 7~y %) SERICE N TH N E T~
7 77 —hrE LCHN, BEZ 7702 FR L2 LK mtmonlissg (77 77 —[aldsf)
DS DT T 4 7 v 7 BLICRHENMECT—E L 702 [1), /o, BES T 7 = U TlEE OIS
BEOREBPIRODBNE ST EHREINTERY, WG THEY 77 = ACRWEFESEZHINT 26 7 04
VECLSREET D Z ENHEERIIIC T E STV B2,

ZITHRXITIZDOT X UENREBESRS RN T T~ VY EGIIR L THE L D20 REET 5720,
T T~V s E & N 2 B ORI N HE TR FIEE . VA Y —27 U v FEbF%
MW RGEEZMAGDED ZEICRY, B2 Xy VI 77 =BT T~ VY 7 7
F7 =R E L7z, K1EB=1T TOET T~

BRI 57 7 57— (06) - 4 0

M (ge) A7 MV Th D, Emg~ 1 kViem Tk ) 0

B Ch D L B2 bR, HEFLTHS br—F £ 10

EFACESHBREND, 74 v T4V /I0E0, % & 20

A7 v ha s EEEIE~10 meV (2.5 THz)EKF 5, -30

Erz~ 6 kV/iem TIXESHIC KV FEMEH L 7 =L I mf

INF—PREL o L EZD L FA—FEF L ISR | R I .
CEVERTES (M1HER), —F. Ene- 25 & Il
kViem (2B W TIEY A 7 v b a o s 2 8l S -10F ° kwvﬁ”*

W FEIoEEEEINT G~ 0mrad, 7e~0&720 & o el
b REBAR L &5 Ic A, igimiic s ko 2210 7510 15 5 10 15 5 10 15
LT T & AR S A LT Energy (mev)

K1:B=1TIZHIT2 775 T—[EEA -
FEAEIARY FMLOEGHREKREE., 28

(1 kV/iecm, 6 kV/icm)lE FIL—TETILIZ &
S. Tanabe, H. Hibino, T. Morimoto, and H. Aoki, BIA4YT4 Y,

Nature Communications 4, 1841 (2013).
[2] V. Lukose et al., PRL 98, 116802 (2007).

[1] R. Shimano, G. Yumoto, J. Y. Yoo, R. Matsunaga,
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P-08 Electric field control of magnetism in Pd/Co/Pt structure

1, T#RHEH VEIZER TEHRRE
2, BHPRFRA
XKBA #@', Bl XE' BBE A’ /Ml M5h', =& —x°
INEF BT, FE Kt

We achieved to control magnetism in Pd, which is normally a paramagnetic metal, by changing the electron density
of the surface of it through applying gate electric field.

Recently, electric field control of magnetism in ultra-thin ferromagnetic metals has attracted attention in the
research field of spintronics [1, 2]. Electrical modulation of electron density at the surface of them plays a main role
for achieving it. On the other hand, it is known that the magnetic moment is induced in a layer made of normally a
non-magnetic element by contacting it with that of a ferromagnetic transition metal element [3](the ferromagnetic
proximity effect). We aimed to control this proximity-induced magnetic moment in Pd by applying gate electric field.

For the observation of the change in the magnetic moment under gating, we deposited MgO/Pd(1.7
nm)/Co(tco)/Pt(4.1)/Ta from the surface side on an intrinsic Si substrate by rf sputtering. From the separate
measurement (Pd thickness dependence of the magnetic moment), the proximity-induced moment was confirmed to
reach even to the outermost surface for the present Pd thickness (not shown). We fabricated an electric double layer

capacitor structure [2] with an ionic liquid as a gate insulator. A gate voltage V¢ was applied between the bottom Pd

and the top honmagnetic Au electrode through the ionic 6 Remanent magnetic moment
liquid. Figure shows the temperature T dependence of L clectric | +20V

. . I B—8 4 double 20V
the perpendicular component of the magnetic moment, Pdlaver| layer | T 4
m_, under the application of Va=0V, +2.0V, -2.0 V for ’g 41 .
sample with tco = 0.10, 0.19 nm (positive Ve @ TR

°_ o 2 t., =0.19 nm
corresponds to the increase of the electron density in the =
Pd layer). Due to the screening effect, the electron E*2
density was expected to be changed only at the [6.
outermost atomic layer of the Pd layer. The reproducible | EETIEES.
0 50 100 150 200 250 300

result was obtained in similar samples with different tc,.

This work was supported by Grant-in-aid for s
Scientific Research (S) from JSPS, the PRESTO  Fig. 1: T dependence of m, under the application
program from JST and the Cryogenic Research Center, ~ 0f Ve 0f 0V, +2.0V, and -2.0 V

the University of Tokyo.

[1]D. Chiba et al., Nature Mater. 10, 853 (2011).
[2]K. Shimamura et al., Appl. Phys. Lett. 100, 122402 (2012).
[3]F. J. A. den Broeder et al., J. Appl. Phys. 61, 4317 (1987).
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P-09 ARAJRAA FEEZY SINbOsNxDEXREKKIED

Giant positive magnetoresistance in perovskite oxynitride SrNbO3z-xNx

RRAXFRZREFRARE LFER EHEFHRE
Kb, B#E % &Ra) @t

[FF] <27 201 NEE{LY ABOs 1A KM 2B E THE T 1 . SIRA 4>
DMK Z T 5 = & THURMRENIIR ST X -, IT4E, BMEO— 2 EH TR
Ha L7207 R T A N ERZE L) ABOs Ny (M1 1) DAKAS FTREC /2 1) | Hrer 44
BHE LT 280 TV 5, BRI ~DERIFMIA—/L F— YL ZOFiEL LT
HAINTEERN, B2R1IEENRLE L TEHL-0-B-O-ry NV —7HITEAIND T
b BEMME~OBEN LB L PRANS, L L, BEMTEEERgoaKk K 1L <72
AEE LN EfE AR BARIEN TE P, 2 OIS RITIRAEA TR, o O PEERE
P OMRREE & L C Hx X HET T AV B LR L— R L e e (B9 ABON ©
TEHF L VIO ARICE Y A TE[1,2]. ABFRETIEB YA Mg e LT AL,

FRME A RO ND ICHEH L. —3# 0D SINbOs-Nx (0<x<1) # () 10’ - - :
Ba fpk L, EFREADSERIEFIC G 2 5 BB RHIICH T, §$¥\\R\“55_¥&
[SINDO; N HED Ak ] BLZ2F v o /SN T SroNbO7 BERE (K & KrF = 3% émj — 1958
e e S R I I T2 - N I o E—
HEEIC L 0 IHM L U722 5E & KTaOs B st O (100) i ECs 7z, 10% 1%m£% 300
HURIEE 630°C & L, ARkiGO ECREABNIC LD SEREH R 2H 6 [ 1
L, XEEHTEIZ LD . OPROBBEG R bicees e v g7 N -
R LIz 7 A A MO Tl % 2 L 2R LTz, = 56
[ UL ERT ] =2 F A >/ 3— T 5 SINDOs 1 10°6-10°5 Qem & i 607

DIEVEHR p & BRI (dpldT>0) &R L7z, %4 Y
AT D LR LFT D L L b REER RS B (dpidT < X 2. SINDOs- N R (a)

0) ~EZHELTVE, SINDONN (x=1.02) 13 0K Iz CHepiRpg  BIURORERFES LT

g AR A R L (M 2a), —4UL 04 MoEAsxh (010 KICHT S,

N3 TR—/b RS b & LTIRR Ly Nb OB TAS 1706 0 Ik LTz 2 & ICBIFT 5, S bic, 1§
R CIEREREIINC £ 5 p o FREAEIE SR (M 2b), - OERSES (MR) 2R3 HE G4 x
DEINZAECHEIR L. SINDON 1E 2 K, 9T 12351 T 50%0D K & 72 %77 L7z, SINbO:N DIKIRIZ I %
BPTROZF P LGS v B 7L LTHATE S 280 h, -0-B-0-F Y NV =7 T F AITE
ASNEZHENRF v ) TETF R MR L, RS X 2 EBBERIGHE R & > CIRPUEAS K X <
WALELEZ TS, BREMDOELSZE B TEZEWLC L 2 RELORE A2 BE L7l
HIHIDTTHY | S HOBENOBLUSEN IO L 725 & WSS,

[1] D. Oka et al., Cryst. Growth Des. 14, 87 (2013). [2] D. Oka et al., Sci. Rep. 4, 4987 (2014).
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P-10 Spin-State Switching in Nanosized Cyanido-Bridged
{Mo[M’(CN)g]e} (M = Co, Fe; M’= Re, W) Clusters

Ohkoshi Laboratory, Department of Chemistry, School of Science
Szymon Chorazy, Robert Podgajny, Koji Nakabayashi, Barbara Sieklucka, Shin-ichi Ohkoshi

Thermal phase transitions related to the spin-state switching of metal centers can be realized by a spin crossover
(SCO) phenomenon, or a charge transfer induced spin transition (CTIST) found in some bimetallic mixed-valence
materials. Both SCO and CTIST effects can be induced by changes in temperature, or light irradiation, in
heterometallic cyanido-bridged coordination systems. In this context, we present a series of cyanido-bridged
{Mg[M’(CN)g]e} (M = Co, Fe; M’ = Re, W) molecules _
revealing thermally induced CTIST and SCO (Figure 1).01-3
{Fe'"'s[ReV(CN)s]s} cluster shows the spin crossover phase
transition at T12 = 195 K which occurs selectively for a single
Fe'' embedded in the center of a cluster core.[! The analogous
{Fes[W(CN)g]e} reveals the thermal phase transition at T =
211 K connected with a charge transfer between Fe and W

1.5 nm

ions. The HSFe!' - WV isomer dominates at high temperatures,

and the "SFe"" — W'V redox pair is observed below phase

transition, which results in the unprecedented reversed

thermal hysteresis loop in magnetic measurements.ll The

o| FegWs

addition of Co'" into this topology gives the unprecedented FegCoWe
trimetallic {FesCo3[W(CN)g]e} cluster which combines the g Fe;CoWg
thermally induced Fe'" — W'V charge transfer with the E; FegCo3Ws
charge transfer induced spin transition (CTIST) phenomenon O L— FesCo,Ws

................. opof000ooooooooo Fe,Co Wy

between HSCo" — WV and “SCo'' — W'V electronic isomers oy,

Fe;CogWy

dominated at high and low temperatures, respectively.l®! The
whole series of mixed trimetallic {FexCogx[W(CN)g]e} (x =

1 — 8) clusters show the strong dependence of the transition  Figure 1. The structure of {M"s[M’V(CN)s]e} (M = Co, Fe

T T T T T T
0 50 100 150 200 250 300
Temperature / K

temperature and the size of related thermal hysteresis [oop on - blue balls; M’ = Re, W - red balls) cluster, and magnetic

the ratio between two different 3d metal ions. characteristics for mixed {FexCog-xWs} series.

[1] S. Chorazy, R. Podgajny, K. Nakabayashi, J. Stanek, M. Rams, B. Sieklucka and S. Ohkoshi, Angew. Chem. Int.
Ed. doi: 10.1002/anie.201500288 (2015). [2] S. Chorazy, R. Podgajny, W. Nogas, W. Nitek, M. Koziet, M. Rams, E.
Juszynska-Gatazka, J. Zukrowski, C. Kapusta, K. Nakabayashi, T. Fujimoto, S. Ohkoshi and B. Sieklucka, Chem.
Commun. 50 3484 (2014). [3] R. Podgajny, S. Chorazy, W. Nitek, M. Rams, A. M. Majcher, B. Marszatek, J.
Zukrowski, C. Kapusta and B. Sieklucka, Angew. Chem. Int. Ed. 52 896 (2013).

31



P-11
GaMnAs ZHUVE#HB R E Y MOSFET OfEHR. BT
Z DR E UNRFCRFED T

TERURE BRRIFER HY - KEHR=E
TAREE., =AM, KXE. HPHHA

PRGN A Y — A « R A VEMmE T2 MOS BRI N7 oA X (A MOSFETID XMLz L &
720y MOSFET oEfem EFiEE L TEIMICHIZES T W5, BIEE T, & FATICERN RN D i
%D MOSFET @ Y — & & R L A |12 MnAs[2]%° Fe/MgOI[3] % Jiu 7= 2 v° > MOSFET O #EIERHE ST
%o LML, BRERPULIZIEFICIRS, K0 REMKESLEA L7Z A MOSFET 23k 5T 5,
Z Z THx1E, Figure 11ZRT X 9 ICEHE I TEESE IR S5 A £ MOSFET &2/ L=, ¥ —
A, FOYR LA v D58 E & U st 8K GaMnAs Z8¢H L7z, GaMnAs I GaAs & Blif7x~T 1
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KBS B EH X —1EI2 LD, GaoesMnoorAs (20 nm) / GaAs (9 nm) /GaoosMnoosAs (20 nm) /
GaAs:Be (50 nm) /p*GaAs (00D 572 5R b o rVEERGERE LT, 74+ NI YT F5 74—t U=y bz
v F NIV EA 200 pm ORI L, JR-FEHEREIZ KD 150°C T AlOx % 27 nm il L7z, =22
XY MR—IVEEK LT, &EmEEE Lz, FR LT 3 20X % Figure 1 1287, BE& b > 3oL
T LM, TREMmR, MRz Zn T RL A Y= F— b EERL, Y- Az LT, 35K
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V AHEIZET 5 bs— Vos Rtk ORLIRAE K O Vas 72 R T, bs— Vos FrtE A BHLIRIER Y Vsl L - T
HIET 5 Z LIk LT,
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Figure 1(a) Schematic illustration of the device structure. The actual device has a cylindrical shape. (b)
The source-drain current Ipsas a function of Vps at Vg = 0. (c) The source-drain voltage (-Vps) dependence
of -lps with different magnetization configuration and Vgs around the -Vps of 0.1 V. All the data were
obtained at 3.5 K.

SCHkK : [1] S. Sugahara and M. Tanaka, Appl. Phys. Lett. 84, 2347 (2004). [2] R. Nakane et al., Jpn. J. Appl. Phys. 49, 113001 (2010).
[3] T. Sasaki et al., Phys. Rev. Applied 2, 034005 (2014). [4] D. Chiba et al., Physica E 21, 966 (2004).
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Fe ultrathin films on a cleaved GaAs surface
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[1] T. Sekihara, R. Masutomi, and T. Okamoto, Physical Review Letters 111, 057005 (2013).
[2] S. Sangiao et al., Physical Review B 79, 014431 (2009).

[3] N. Kurzweil, E. Kogan, A. Frydman, Physical Review Letters 102, 096603 (2009).
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Field-Direction Switching of A Type of Charge Carriers
in Non-symmorphic IrO:
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Band structure and its filling are fundamental factors determining electronic features in materials. The energy
band is directly affected by some interactions such as electron correlation or spin-orbit coupling, which can give
rise to distinct electronic phases depending on the band filling. Here we consider the electronic structures from a
standpoint of the space group, especially unique dispersions and derived functions of non-symmorphic materials,
which possess symmetry operations of screw rotation or glide mirror. The non-symmorphic crystals have been
theoretically reexamined in recent years for possible non-trivial phases relevant to the non-symmorphic crystalline
symmetry [1,2]. The non-symmorphic symmetry operations stick bands together and provide accessional
degeneracies at high symmetry points, resulting in highly anisotropic folded Fermi surfaces near the Brillouin zone
boundary. Therefore, a dominant type of charge carriers (electron or hole) is expected to be strongly dependent on
the crystal orientation or capable of being switched by external stimuli.

Here we prepare non-symmorphic IrO single-crystalline films with various growth orientations by molecular
beam epitaxy method, and systematically quantify their Hall effect for the corresponding field directions. The
results clearly demonstrate that the carrier type can be intrinsically switched by controlling the field direction, as
also evidenced by first-principles calculations showing nontrivial momentum dependence of the group velocity and

mass tensor on the folded Fermi surfaces and its anisotropic nature for the field direction.
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6—' S '
4+ H//[100] ]
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22 e -
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Fig. (a) Field-direction dependent Hall resistivity and (b),(c) calculated og, contribution on two Fermi surfaces.

[1] S. A. Parameswaran, A. M. Turner, D. P. Arovas, and A. Vishwanath, Nat. Phys. 9, 299 (2013).
[2] C.-X. Liu, R.-X. Zhang, and B. K. VanLeeuwen, Phys. Rev. B 90, 085304 (2014).
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Phase transitions of y-TizOs and 8-TizOs
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P-15 Magneto-optical and magneto-transport characteristics

of heavily Fe-doped ferromagnetic semiconductor (Ga,Fe)Sb
!Department of Electrical Engineering & Information Systems, The University of Tokyo.
2Department of Physical Electronics, Tokyo Institute of Technology.
°Nguyen Thanh Tu,! Pham Nam Hai,'? Le Duc Anh,! and Masaaki Tanaka®

For more than two decades, most of the studies on I1I-V based ferromagnetic semiconductors (FMSs) have
been concentrated on Mn-doped FMSs, such as (In,Mn)As and (Ga,Mn)As. However, the maximum Curie
temperature Tc of (Ga,Mn)As (200 K) and (In,Mn)As (90 K) are still much lower than room temperature despite their
high hole densities (102°-102 cm®) [1,2]. Furthermore, there has been a dispute on the band structure and the origin
of ferromagnetism. Recently, we have successfully grown a new p-type Fe-doped FMS (Gai-x,Fex)Sb (x = 3.9 —
13.7%) thin films by low-temperature molecular beam epitaxy (LT-MBE). (Gai.x,Fex)Sb (x = 3.9 — 13.7%) is an
intrinsic FMS and has zinc-blende-type crystal structure with spin split band structure. In particular, Tc (140 K) of
(Gayx,Fex)Sh at x = 13.7% is the highest in narrow gap 11l-V FMSs, indicating that (Ga,Fe)Sb is promising for
high-Tc FMS [3]. In this paper, we present the magneto-optical and magneto-transport properties of heavily
Fe-doped (Gai-x,Fex)Sh with x = 17% and 20% grown by LT-MBE. Figure 1(a) shows the MCD spectra of our
(Ga,Fe)Sh samples at 5 K with a magnetic field of 1 T applied perpendicular to the film plane. For a reference, we
also show the MCD spectrum of an undoped GaSbh, in which the MCD intensity is very small. In contrast, the MCD
spectra of (Ga,Fe)Sb show strongly enhanced peaks at E;1 (2.19 eV) and E1 + A1 (2.63 eV), corresponding to the
optical critical point energies of the GaSb band structure [4,5]. Furthermore, we see no broad background which
would be observed if metallic Fe nanoclusters existed. This result indicates that heavily Fe-doped (Gai-x,Fex)Sb (x =
17% and 20%) still maintains the zinc-blende crystal structure with large spin-split band structure due to the s,p-d
exchange interaction. Figures 1(b) and 1(c) show the MCD-H characteristic and anomalous Hall effect (AHE),
respectively, of the sample with x = 20% at various temperatures. Clear hysteresis was observed at low temperature,
demonstrating the presence of ferromagnetic order. The hysteresis disappears at 300 K, indicating that the sample
does not contain superparamagnetic Fe nanoclusters. Furthermore, the obtained Tc¢ (230 K) of Ga,Fe)Sh (x = 20%)
is the highest value reported in 111-V FMSs so far. Our results open up a new possibility for room temperature
FMS.

This work was supported by Grant-in-Aids for Scientific Research including the Specially Promoted Research
and the Project for Developing Innovation Systems of MEXT.P.N.H. acknowledges the support from the Murata
Science Foundation, and L.D.A. acknowledges the JSPS Fellowship for Young Scientists and a Grant-in-Aid for
Scientific Research No. 257388.
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Fig. 1.(a) Reflection MCD spectra measured at 5 K under a magnetic field of 1 Tesla applied perpendicular to the
film plane for samples with x = 17% and 20%. MCD spectrum of a reference undoped GaSh sample is also shown.
(b) MCD-H characteristics and (c) Hall resistance of the (Gai.x,Fex)Sb sample with x = 20% at various temperatures.
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High-frequency electromagnetic wave absorption
properties of indium-substituted epsilon iron oxide
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Chemical Synthesis of Amyloid g Trimer toward Mechanism
Investigation of Alzheimer Disease
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Structural elucidation of the regulation mechanism of G protein-gated
inwardly rectifying potassium channel by G protein
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Entangled electron-pair splitting using surface acoustic wave
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THz field induced exciton ionization in GaAs
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Electric field control of thermoelectric properties
in carbon nanotubes
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[1] J. P. Small et al., Phys. Rev. Lett. 91, 256801 (2003)
[2] Y. Nakai et al., Appl. Phys. Express 7, 025103 (2014)
[3] H. Shimotani et al., Adv. Funct. Mater. 24, 3305 (2014)
[4] H. T. Yuan et al., Adv. Funct. Mater. 19, 1046 (2009)
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Magnetotransport Measurements of Ultrathin Bi Films on Si(111)
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[1] T. Hirahara et al. Phys. Rev. Lett. 97, 146803 (2006). [2] D. Kim et al. Nat. Commun. 4, 2040 (2013).
[3] T. Hirahara et al. Appl. Phys. Lett. 91, 202106 (2007). [4] M. Aitani et al. Phys. Rev. Lett. 113, 206802 (2014).
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Anisotropy in the thermoelectric properties of
Ba(Fe1xCox)2As2
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P-25 Transport and NMR studies of the Dirac electrons

in a-(BEDT-TTF)2I3

Dong Liu', Kazuya Miyagawa!, Masafumi Tamura?, Kazushi Kanoda'
!Department of Applied Physics, University of Tokyo
’Department of Physics, Tokyo University of Science

The organic conductor, a-(BEDT-TTF):l3 (a-I3 in short), being probably the first material that
possesses both charge ordering (CO) and Dirac Fermion (DF) phases right beside each other in the
P-T phase diagram [1], has been affording us an unprecedented opportunity for studying the
interplay between the strong correlation and the massless nature of the charged carriers. Compared to
the celebrated DF system, graphene, the DF phase in a-I3 is unique in that its Dirac cones are tilted
[2, 3] with an averaged Fermi velocity approximately one order of magnitude smaller [1] than that of
graphene, which indicates that the ratio of the Coulomb repulsion to the kinetic energy, namely, the
strength of interaction, is ten times larger than in graphene. NMR experiments on the DFs in o-I3
under high hydrostatic pressure also revealed the reshaping of the Dirac cones very probably due to
electron correlations [3]. In this study, we explored the change from CO to DFs of the electron
system of a-I3 by transport measurements to probe the charge degrees of freedom, and by '*C NMR
studies to probe the spin degrees of freedom, under controlled pressures. The results are summarized
as follows:

(1) The low-temperature resistivity upturn near the charge neutrality point of the Dirac cone is
found to be pressure-dependent and is argued as an intrinsic behavior of DFs in the presence of
electron correlations. It is noted that the Dirac point is properly approached in the bulky single
crystal of a-I3, while in graphene the Dirac point is obscured by the inevitable formation of
electron/hole puddles.

(2) 1t is found that the charge excitation gap is suppressed in association with a decrease in CO
transition temperature on increasing pressure; however, the spin excitation gap shows no obvious
pressure dependence [4], which may suggest the existence of some unusual transport channels or
inhomogeneity.

[1] N. Tajima et al., J. Phys. Soc. Jpn., 75, 051010 (2006); N. Tajima et al., Europhys. Lett., 80,
47002 (2007).

[2] S. Katayama et al., J. Phys. Soc. Jpn., 75, 054705 (2006).

[3] M. Hirata, Doctor’s thesis, Dept. Appl. Phys. Univ. Tokyo (2012).

[4] K. Ishikawa, Master’s thesis, Dept. Appl. Phys. Univ. Tokyo (2012).
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Terahertz nonlinear response in YBa>CusOz~ films
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P-28 Band structure near the Fermi level in GaMnAs studied
by time-resolved light-induced reflectivity measurements
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Motoichi Ohtsu', Masaaki Tanaka', and Shinobu Ohya!
Graduate School of Engineering, The Univ. of Tokyo', Radboud Univ. Nijmegen*

There have been intense discussions over the Fermi level (EF) position in GaMnAs [1-4]. So far a number of
studies have indicated that Er exists in the impurity band (IB) in the band gap (E;) [3-4], while recent time-resolved
measurements of the light-induced reflectivity have shown results indicating that £r exists in the valence band
(VB) [2]. When the pump fluence is high, it may cause the accumulation of photo-carriers, which can shift the
absorption edge [5], and thus the definition of both £ and Er can be obscure. In our study, we carefully carry out
time-resolved reflectivity measurements with low fluence pump to suppress the accumulation of photo-carriers.

We grew 100-nm-thick Ga;..Mn,As films with x=1%, 3%, and 6% after growing a 20-nm-thick GaAs buffer
layer on semi-insulating (S.I.) GaAs (001) substrates by low-temperature molecular beam epitaxy. The
Gap.9sMng sAs film was annealed at 240°C for 89 h. The Curie temperature of the Gag.9oMno 01As, Gage7Mng o3As,
and Gao.94Mnge6As films is 13 K, 38 K, and 120 K, respectively. Time-resolved reflectivity measurements were
performed by using pump-probe procedure and a pulsed light source with time duration of 3 ps and a reputation
rate of 80 MHz. At time ¢ after the irradiation of the pump pulse with the fluence of 0.16 pJ/cm?, the low-power
probe pulse with 1 nJ/cm? and the same photon energy as that of the pump light was irradiated to the sample,
probing the reflectivity change AR/R. Photo-excited carrier density is estimated to be below 3x10'7 cm™ by
assuming that the pump-pulse light is absorbed only in the GaMnAs layer. This is two orders magnitude smaller
than the carrier density for the previous study [2]. The photon energy resolution of ~1 meV in our experiment is
also much higher than the previous works [2,6].

Figure 1(a) shows AR/R measured at 5 K for the S.I. GaAs substrate and for the Ga;..Mn,As films at =166 ps.
Generally, as shown in Fig. 1(b), positive AR/R peaks are observed above E;; due to band filling (BF) and near E,
due to band-gap renormalization (BGR). Figure 1(c) shows possible photo-induced electron transitions in GaMnAs.
In Fig. 1(a), a clear peak is observed at ~1.51 eV (pointed by the green arrow) for all the samples. This can be
attributed to BGR and thus assigned to E,. In the data for the GaMnAs films, we see clear structures in the region
having lower energy than £,, which means that electrons (and thus EF) exist in the band gap (Fig. 1(c)). The peaks
pointed by red arrows in Fig. 1(a) are attributed to BGR due to photo-carriers excited from Er to CB. Also, the
positive peak observed between the red and green arrows when x=3% and 6% is attributed to BF induced by
electrons excited from IB to CB. The BGR peaks pointed by the red arrow shifts to the lower energy with increasing
x from 1%, which is consistent with the previous resonant tunneling experiments indicating that £r moves away
from VB with increasing x from 1% [4]. The energy difference between Er and the top of VB in Gage4MnogsAs in
our study is ~40 meV smaller than that in the previous report [3]. This may imply that there is still a small amount
of influence of photo-carriers, which have a long life time and slightly shift the absorption edge.

This work was partly supported by Grants-in-Aid for Scientific Research including Specially Promoted
Research and FIRST program of JSPS.
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Fig. 1 (a) Energy dependence of AR/R measured at 5 K for the S.I. GaAs substrate (red) and the Ga;.
Mn,As films with x=1% (brown), 3% (green), and 6% (blue) at =166 ps. The red and green arrows are
the positive AR peaks caused by BGR induced by the electrons excited from Er to CB and from VB to
CB, respectively. (b) Schematic AR/R components due to BF (red curve) and BGR (blue curve) [5]. If the
peak of the positive AR/R component due to BGR is larger than the peak of the negative AR/R component
due to BF, the positive AR/R peak near E; due to BGR can be observed. (c) Photo-induced electron
transitions from Er to the CB (red arrow) and from VB to CB (egreen arrow) in GaMnAs.
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Damping mechanism of Higgs mode in s-wave superconductors
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We show a voltage-induced change in magnetic anisotropy of a perpendicularly magnetized Pd/Co/Pt
system. It is well known that magnetic moment is induced in the non-magnetic Pd or Pt at the interface
with ferromagnetic materials, which is called the ferromagnetic proximity effect [1, 2]. By applying gate
voltage between the Pd/Co/Pt bottom electrode and

an Au top electrode in a field-effect structure, we % " 300 K
controlled the electron density at the Pd surface, % L
where the magnetic moment is induced. ‘E% 0.8
The sample of MgO (2.0)/Pd (0.86)/Co (0.4)/Pt 25 o6
(2.4)/Ta (2.6) was deposited on a GaAs substrate by § = 0.4
rf-sputtering. Inside the bracket shows the thickness E 5 : S'SV
of each layer in nano meter. From the Pd thickness TE“ —:-15V
dependence of the magnetic moment, the E o 3 4

polarization due to the proximity effect was In-plane Magnetic Field woH) (T)

expected to be induced in the whole region of the  Fig. 1: Normalized In-plane magnetization curve at

top Pd layer. A polymer film containing an ionic 300 K under the application of +1.5, 0, and -1.5 V.
liquid with the top Au electrode was put on the

sample to control the electron density of the Pd surface by a gate voltage. A Hall measurement was used in
order to measure the in-plane saturation field Hs of the system. Normalized in-plane magnetization curve
obtained from the Hall measurement is shown in Fig.1l. Hs of the system was largely modulated by
changing the gate voltage. The change in the magnetic anisotropy energy per unit area was estimated to be
~120 pJ/m?, which is comparable with that in the previous reports [3, 4].

The electric filed effect observed here is most likely attributed to the electric field induced modulation of
the Pd surface. One of the possible origin of the effect is the relative change of electron occupation state in

4d orbit. The electric field effect on the coercive field and the conductance is also discussed.

This work was supported by Grant-in-aid for Scientific Research (S) from JSPS, the PRESTO program
from JST, and was partly performed using facilities of the Cryogenic Research Center, the University of
Tokyo.
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Nonlinear resonance between Higgs mode and terahertz wave
Iin s-wave superconductor NbN
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Crystal growth and electrical properties of half-Heusler topological
semimetal RTBi(R=Lu,Y;T=Pt,Pd)
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Transport property of magnetic insulator/topological
insulator interface in MnSe/Bi2Ses thin film
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Direct observation of Majorana cone
at surface of superfluid helium three B phase
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Observation of Topological Hall Effect
in Ferromagnetic Semiconductor EuO Thin Films

ERAFRERTFEFRVREDE T PERIEGHRE
AR#HE, /MRS, THER LB, F&BH, JIGH#S

R\ AR VR, R VIEICBIN D | BT
LW BFH R — LR TH Y | KT o2 oM &
NFEILEICRE SN D Z LICHETH L EZ LN TV AL
Z ORI, 2-in-2-out A m 2y uTRIE Y T UBRIESCiE
TROWR[AF NI A ZHT 5 B20 BUbEWe L BRI~
T AR L= 3 ORI OAR NI VR B Ao fg R I YRR
ENHWEICBNTHE SN TE2[L,2), T4, N1 B
VAL TERIEMEIR E B 2 BT E 72 EuO O HEE S ERIZ B0
T, [ARROFF RSS2 e T 5 bR e ¥ LR — LR
DM X 372 3], ASHFZE Tl A — VRO IR 4 R - =
WAFMEZH N, FRR A UEEOMA~NMKBEN LT 7
n—F L7,

YALOs ZEAR 120 2 b—H —HEfE IR A VT BuO B S v
T2 AER L 7o, IR DR 7 5 5308H20-230nm) % A8 — /LS —J2IR
[N L, SRR DL T 04 B 7 B A mE & o IKIR IS
BT, HUINRGS M R % 28 2 7208 B BERR SR 2 514 L 72,

X 1(a)IZIEE 50 nm GEHT 51T % B A — /L S B O FLINRE 5
AERAFMEE R, B=22 T ffpic@lllansg hAr P an
R—IVNR O — 7 3, FIIIRESS 5 17 % 1B 1) 20~ & SO T
HZETHELEM], =72 0OREEINOIE-m AL U EEIC
LA ET 5 L. B 1b)RT L DI, BEE 100 nm
LUF OFUEHCRIBICA RIS N R LTz, ZIRIGAF LI A
EIRET D E, TOFRILI50nm BRE L 725, 2D OFEF)N
B, HEERIZ XV EuO (T BB IF O TR IEIL ) A B
MDIERTEDL Z LEE2MHTHLMNI LT,

[1] N. Nagaosa and Y. Tokura, Nature Nanotech. 8, 882 (2013).
[2] N. Nagaosa et al., Rev. Mod. Phys. 82, 1539 (2010).

[3] Y. Ohuchi et al., Phys. Rev. B 89, 121114(R) (2014).

[4] T. Yokouchi et al., Phys. Rev. B 89, 064416 (2014).
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T5774 FREOD STM/S Rl
STMY/S Studies of Graphite Surfaces
Anisotropically Etched by Hydrogen Plasma

BPRHRE - WEFER - GUHRE A, BREV5-—-°
RS A, KESH A, RHARBA, B BAB

75774 bOUHIIZT — L F =T L D7 7RO 2 EOMEENFET D, 205 b, KHEK
Wi SN V7Y ST RTEB IREESEAE LI, ¥ 7 7808 10 nm B ICHEE L CAET V7Y
7F 7 VR ATBWTUI A ERMRIREENZELT 2 L ZE 2 DN TWD[2], AFFETIX, 9 LIok$E
Wi 77 F 2 VR %R T 77 74 PREICEHEE TIELZ L2 BFEL LT, KFEEZHAVWERET >
F o T DFEER WL DR AT,

FP. BRI T A L T OKRENTICE Dy F U IR, BTREEL CEo T AKFR I LDy T
VN E ST, I T NREERGEE Yy F I TEDL N ol L, TNHDOHIET
IZ ATy FIBEMELS . T/ VAR 255123 H0Thholz,

—Ji. BRCKFETZ AT &, 7T 7 74 MREIWZASAEOT 7 By RHBERTE 2 (K(b)).
Bl RT L 9IC, By NORSITHFEFBIRSICHY LT, vy MNAZOKHFEEZPOE Y hO
Ty VIEERAIC T 7T T H R ERNTND Z LR gahodz, - T, KMOEARKIIRTLIIZ, By
MCERENT-FIRIC, BIRFEEIOT 7T ) URYBMERTE S, SIS e >y MEH
FAHEAS, ROGIER & JIC By ORI X, REL2BICD | = ===xW o
NWOBRIEARIBICES , £72. 79 A~k ERT 2 EMIEE | ==
WROMNERELSTHE, By MEENRHETLILIC, 2/8H 38
HIZHLE Y RBERSNIED D, ZOZ b, KETT X< =4
X777 74 NEREICKRMEEDIER . EOXME SO |
v MBI DB o F o T OMBERD D Z ENIND, 3
KTIE. 77774 FREMEKFZT T A~ & DISZDN TR
e TS VRO STMIS JIE DFE R AT 5,

@) AEUARMY 77T ) VR DA A=V, () K
BT TR TRy F L I LIS T7 74 M EEO STM
f& (I=1nA, Up=500 mV, REKKT), HAR : By kT
FEN-MEKIC B 15nm,. EX90nm OF/ URVBRLN
%, (o) RMFEARTOERIINT2F7 A T a7 7 A,

0 5 10 15 20 25 30
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[1] Y. Niimi et al., Appl. Surf. Sci. 241, 43 (2005); Y. Niimi et al., Phys. Rev. B 73, 085421 (2006); Y. Kobayashi et
al., Phys. Rev. B 71, 193406 (2005). [2] L. Pisani et al., Phys. Rev. B 75, 064418 (2007).
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Magnetoresistance of the Group-1V Ferromagnetic Semiconductor
Ge1yFey/Ge:B/Ge1xFex Junctions

IZRMRT - ERRIFER - AP XEHARE
# F#. F8R TS, BF JHEA

Si X° Ge ZX— R LT= IV BREEREME SR OFEIE, BIED SiT 7/ a v —EOEEMEEZFFL T
10 LA EIZTEV ATV TR, Fox D7 N —713 Ge IZ Fe & W L 7= 58k 135K GerxFex DAL & 7k
Fr, KRG TR B X %2 —(LT-MBE)IEIZ L 0 Fe <° Fe {LEM O BAADOHT 2N D Ge DX A T
E M%L%T%o 7o BRSO BREBENE P8R DERUT ) L 72 [1].  GeixFex 1d B & [AIFEIC K — 1:"‘/7“[2]?“
LHET, BIMEICEIRARLS v UV TIREZE X DENHKIFEZFF > TRBY . TIPSR E OfRER

READOMBEDORNA Y U FEARE LTORREME L R LTS, Ll ’®MH@XE/@fh%
FEMEIZ RS LT I, REELS o TRV B ERINTVWD, Gel.xFexa BWTAE ARREN
WAERLATREMN IO — 2 THh VY . ABFIETIE A B UARBETIC L B8R NEI S5 ) E REET
%H E!‘J“C“HHL %:ﬁo 72 GeiyFe/Ge:B(4.4 x 10%° cm3)/ GeixFex @ 3 JEHE1&E % SOI (silicon-on-insulator) (001)
Fo BIZ MBE R L, KIRICEB W TE OFEEREZ B L=, Ge:B OIKPHUIL GexFex l2x LT, K
JRIZB VT 1100 BEDOPUETH D720, KEDFE AL Ge:B B mE L, GerFex /Ge:B Rz
THELZZ T RN EETH B2 b5,

AAFIETIE, T EEOADIREREEZ I ST 572010, BRICERA N 5 F 25 < HAYT SOl
(001)H:AR &2 =, Z OFAITARERREIC L0 FE O Si OFE X% 13nm £ THE< L CTHEsRE Z21T-
72 MBE (2 X Y 200°C T GeiyFey (y = 10.5 %) 30 nm /Ge:B (4.4 x 10%° cm™3) 2.7 - 10 nm/ GeixFex (x = 14.0 %)
30 nm /13 nm SOI (001) sub. D JEREE AR E L7 (Fig.l), MBE ;o RHEED #4213, 2x2 DA LV —
7w L, 7 GerxFedGe:B FUm TR S LTV D FEN o T2, il L72ERIT 600 x 50 um O
Hall bar JEARDOFEFITI LT L, ZDOHEFFIZHOW TRIRIZB W TS E R 2 1E LT,

12K 1238\ T Ge:B 2.7 - 10 nm OFEL OB OWSGIKAAMELZRE LTz, —EEG F TG H IXmN o
[L1017MICEIIN L, H=-1T-1T O#FATHRELI L, 4% HIEICE D 200 pm 1§D F ¢ RV EMK OFE
JEZBE LTz, ROEFRME(-10 pA) CTIEIREHGTIE S 720, tt$ié’3ﬁb\“m1ﬁ ZBWTIEDR
SURFLAER S a MmN R o7z, FREHGe: B 2.7-68nmM)IZOWVWT 12K (28T D 1V Hitk & e
1T - 72, 600 um OF ¥ /L id LT 28mREIC LY 1V #lE LT, %@F%‘E 100V LI EDFEEEE]
N3 25T LY 100V Hi#E O EEIZIB VTR L%{}lhﬁ)()lbhé -V RRPE BRI S 7z, Ge1.yFey 30nm
BIEORSI A FETDHEE AT ) VAR TR, WIBEHIINT A Z I Lo T DOFF GeB2.7-10nm
PERIRI SN DTN oTz, £i2, WS H=0 2% L LEBEEEPIC DWW Tiddk | GeixFex 3onm
K C#% 1000 %D IEDREEIPILL AR S fz, BEEOFER, 20X 5 RIS 1V Z‘gml’:s;r:
FEVEIY, GewFex DHBINT BB SNz, Zh b ORERHRIZONT SQUID IRV Bl —grrs
E LT iR DT L KR OTE & i35 &, GMR IR TIEFBcE v, Zh substrate
HOFERIL. WTNBBERIRITA A~ FRBIEFFEPELIL T D, I HIZFELY
BB DWW IR BTS2,

Fig. 1 Schematic
sample structure

[1] Y. Shuto, M. Tanaka, and S, Sugahara, Appl. Phys. Lett. 90, 132512 (2007).
[2] Y. Ban, Y. Wakabayashi, R. Akiyama, R. Nakane, and M. Tanaka, AIP Advance 4, 097108 (2014).
[3] H. Akinaga, M. Mizuguchi, K. Ono and M. Oshima, Appl. Phys. Lett. 76, 357 (2000).
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The synthesis of rhodium substituted epsilon-iron oxide and its large
magnetic anisotropy and high-frequency zero-field ferromagnetic resonance

BFPRHEE. LFER, KEHRE
EHRE. SAFYZ. KEBE—

b8k Fes03 DI (a, B, v, e-Fe203)D—D e-Fe03 12D\ T, SRR TIIHA TOHA K ZITV, 2
DE PR E RERE T AR L, e B R OOREE T 36 L OREMER R OB v B s 2k
WA rd 2 &2l L TE[1], ARETIE, 70 LEHT ¢-FerOs (e-RhxFexxO3) DAL FHIE AL, b
Mg, BERURFME. B r BB EIER I DWW TR E T 5 [2,3].

g-RhcFer O3 1T A ViR —F A U B RIS W= ) 8RB RED D2 WVIE Y V7 B L Ak
1o 72, & O TEHT 20~40 nm o XDF/ #5ki+TH Y . FET T A~ BT L Dk
IIHTE X O R XHR AT &2 - 7 fE AR IS RATIC L VD | e-Fe,03 D 4 2H B8 A hD—2% Rh A 4
DSEIRAUICEHL L 72 e-RhgFer x03 LTV D Z E B o 72 (IX la), MEEHEZHIE L& 2 A,
e-RhyFe; 03 1% e-Fe03 & ERIDZ R E REFERMAM 12~ L, BIZIEA Y R—F 22U B EFHICHN T
J ORI FA R TIE. R e U0 AEHIZE, 22 k0e (x= 0)72 5 27 kOe (x=0.14)E TR L7, &5
(2, REEINMC X 0 S Sh 0L 240 2 7270EH ik 31 kOe &\ 5 & BB kWi K O1RK5 17 % 7~ L 7= (X
1b), DX D RKRERBEREDORIEE LTI, KRN+ S < BBEXAEE 2 & 5 72 D DS RO
R[REFMEZRKRIRICH EHETZZ &, e-Fe03 BIux FFORERBKEFVETINZ Tr YT LA I O
EAEHENTE L C—A AV BGERM ELIZZ EREZbRD,

T T~V RERIREI S ek & FV Y 100 GHz LB @& JE < U PSRRI 33\ CRERGIE W IR 2 X 7
& A, B u IS IC X B ERE I v — 7 AL S A, SR R0 182 GHz (e-Fex03)70
222 GHz (e-Rho1oFe15103) ~ & B ¥ 7 AEHE ORIV E < 72 o Tz, B i T O5siatE e i,
g JE I B BT R L TRk e b 2 e D A RIELHI & 7o e (A fe e o SR8 R i 5
e-RhyFeo O3 DR E RGBS LV #El S nlc b D L& 2 115 (K Le),

(@) ) 10 ©)

Fe3 (Rh3*/Fe N K’T = x=0 |
= =)
Fe4 (Fe®) g2 o = 0.10
S B e
Fe2 (Fe3*)—= S 5- ! J 23 0.19
Fel (Fe®) J
¢ -10 T 1 B e
T_) b -60-40-20 0 20 40 60 180 200 220 240
H/ kOe Frequency / GHz

1 e-RhyFe2xO3 D (a)fid faf i, (b)f fBCAA DR e 27 U A0 (€)X VIR AR R LB,

[1] A. Namai, S. Sakurai, M. Nakajima, T. Suemoto, K. Matsumoto, M. Goto, S. Sasaki, S. Ohkoshi, J. Am. Chem. Soc.,
131, 1170 (2009).

[2] A. Namai, M. Yoshikiyo, K. Yamada, S. Sakurai, T. Goto, T. Yoshida, T. Miyazaki, M. Nakajima, T. Suemoto, H.
Tokoro, and S. Ohkoshi, Nature Communications, 3, 1035 (2012).

[3] A. Namai, M. Yoshikiyo, S. Umeda, T. Yoshida, T. Miyazaki, M. Nakajima, K. Yamaguchi, T. Suemoto, and
S. Ohkoshi, J. Mater. Chem. C, 1, 5200 (2013).
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Intrinsic spectrum of reflection magnetic circular dichroism of
GaMnAs thin films

TE2RHMRE ERRIFER HP - KXHRE
FH B, Xx A, BHf HH

The band structure of ferromagnetic semiconductor GaMnAs has been studied and discussed with magnetic
circular dichroism (MCD) spectroscopy. It is known that blue shifts of Eq peak, which corresponds to the band gap,
are observed in the reflection MCD spectra of GaMnAs [1]. These results seem to imply that GaMnAs is degenerated;
however, in the recent studies of resonant tunneling spectroscopy, it has been revealed that the Fermi level of GaMnAs
stays in the band gap even when Mn is heavily doped [2]. In this study, we successfully obtain the intrinsic MCD
spectra of GaMnAs, which is not influenced by optical interference using the experimentally estimated off-diagonal
element &y, of the dielectric tensor of GaMnAs. We find that the MCD spectra can be strongly influenced by optical
interference and that the experimental spectra of thin films even with 10 - 20 nm thicknesses can be different from
the intrinsic MCD spectra.

We have grown GaMnAs thin-film samples composed Eo Eo+hs Ey Eq+Aq Ey
of Gag.esMng.02As (d nm)/ GaAs (100 nm) on semi-insulating (a) ~ 300 o - :

GaAs (001) substrates by low temperature molecular beam D 200 { xermniatagia o= 111007
epitaxy (inset of Fig. 1(a)). The main panel of Fig. 1(a) shows 2 100 ; 2%

the experimental MCD spectra measured at 5 K for the o 07

GaMnAs thin films with various thicknesses d with the Q-100 1

external magnetic field uoH = 1 T applied perpendicular to the
sample plane. The black vertical broken lines represent the (b)

energies of the critical points of GaAs at 4.2 K. As shown in g 100

Fig. 1(a), the MCD spectra are strongly dependent on d; the E 04 ;

peaks’ position and sign of the MCD spectra intricately vary 5-100 ;

with d. We have successfully estimated &y, of GaMnAs that = 200 P

can explain the d dependence of MCD spectra of GaMnAs in ' L

the previous study [3]. Figure 1(b) shows the MCD spectraof  (C) . _ 0% ] AN A A
GaMnAs calculated by using the estimated &y, and Fig. 1(c) ol TN LAY k=
shows the real and imaginary parts of the estimated &xy. For 502 ] et ‘-‘"5.." -Realpart &y
better fitting, the values of d are slightly changed from Ny B Y mednary ot b
nominal d in the calculation. As shown in Figs. 1(a) and (b), 1 15 2 25 3 35 4 45 5
the MCD spectra are quantitatively reproduced for all the d Photon energy (eV)

values by using the same &y shown in Fig. 1(c). The
calculated MCD spectrum that is free from interference is Fig. 1 (a) Experimental MCD spectra of the
shown in Fig. 1(b) with the black curve. In the calculation of = GaggsMno2As films with d = 10 (blue curve), 20
the intrinsic MCD spectra, we took the limit of MCD as d  (green curve), and 100 nm (red curve) at 5 K with
approaches infinity. We see that the calculated intrinsic MCD  uoH = 1 T applied perpendicular to the film plane.
spectrum is largely different from the experimental MCD  The inset shows the schematic sample structure of
spectra of the GaMnAs thin films. Even though the Eo peak  our Gag.gsMnoo2As samples. (b) Calculated MCD
in the experimental MCD spectra of GaMnAs shown in Fig.  spectra of the Gag.gsMno 02As films with d = 9 (blue
1 with arrows shifts from the band gap energy of GaAs (=1.5 curve), 18 (green curve), 90 nm (red curve), and the
eV), it is not the case in the intrinsic MCD spectrum. This  calculated intrinsic MCD spectrum (black curve).
means that the band structure should be discussed with (c) The real (black) and imaginary (red) parts of ey
intrinsic MCD spectra, but not with experimental raw spectra.  experimentally estimated for Gag esMno o2AS.

This work was partly supported by Grant-in-Aids for
Scientific Research including Specially Promoted Research,
and Project for Developing Innovation Systems of MEXT.

[1] T. Jungwirth et al., Phys. Rev. Lett. 105, 227201 (2010).
[2] I. Muneta, H. Terada, S. Ohya and M. Tanaka, Appl. Phys. Lett. 103, 032411 (2013).
[3] H. Terada, S. Ohya and M. Tanaka, The 75th JSAP Autumn Meeting 2014, 20a-S10-6.
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Low temperature transport properties of graphene
modified by atoms/molecules

BPZAMEH YEPER ESUREREA IRRAWEH ERRAIFEKRE, EBEEV42—C
bl 1/ A, #23# BA#8 A, Eric Lebrasseur®, =H HEFB, EIL BEAC

7T 7 2 ANIRBIRF- D= DTSR HEMAMNR 2 ReE Th 5, BIEO T 3L X—/5H#
ZHhb, BN =ma— N JERIUEEYeDT 07 v 7 ki & UTEERE D IO M O#
BPDIEREND T, EVEYREE %ﬁmgg%mz\wmm_%ﬁ<ua%»@@5_gwg\
BRI LY ha= 2FME LTCOISHARIRIN TS, FRHCAL v T T HEA~OFIH
L7 — MEEFENC L DA A TR Z BT 5 MERH Y, EDOTHDON RX vy THE%E, 77
7 = ORI TR e IR T TV D, Fhx i, 77 7 = v OFF - R G

IZ L DPERIENCIER LT 5, 77 7 = 2k LC(V3 X V3)R30°HE T Li Ji 12 a5 SE a0
= BT ORFRENEIL N Ry v I DRFERIND ETHINA[L, £, 7772 EWETD
BFBEMAOOEEZFALTEFRR—NE R—=F LY, R —RT vy VEFET S Z L g
SCBEEELEZDHZ ENTED[2],

Xﬁnfi\777Iﬂbm&%’iéﬂyF¥%y7%E\%i@NQW%Kié%ﬁ%m%T
= 1.6 K DKIRIZE 2 BRBEEREIZ L VR Uiz, #BHI SiO/n-Si AR HIZEEB L7-HE /7 7 =
YT, LYURMIEDZREGYEEZR TS InfiifiaEmE LTr 7 7 = RICEER) LT 2%, B
Zemes (L) EARNCEZESH < 200 CTOR—F 2 72T, KKNDOWEY ZRE LT, WaEm
BEZREICHET 2720, BANIZIZ 36 m OREHEELFFOER 7 774 FbEHALT, Krax T=
100 K TE/MTHAL, MKA@%LT777I/t(f&JUmm%L%ﬁ TR 3% A T
EFESE, N Ry vy THEREYGF LD, BRBEED Y — NEEERAEICABE R ELITMR TE R
Mmol-, £7-. KrzWlE L 1.6Kif@fﬂbf%%{ﬁ%};@(mr{&ﬁ’i%@ E L2, Rt
HAXTHEFEELEEDN O —IHBEN RGN0 (K1), Kr HROZLITHER TE 2o
2o = N2O L T=140K TRHMASKIEIES EFT-EREEZB/LICEALTEREE, 110K, 50K IZHAEIL
TRAE SV, 2HL b ER/EEIZAERELITHZE TE o7,

PLEDJFKE LT, 777I/T®%Wﬂﬂﬂtfméi EMEDR DD, T2 T, TOREEZTELHE
JPEERT D720, 1um RO X 7 v 723 2 RIS BN T.[3] L 7= SiO2/n-Si Ml EIZESBA L 7=

suspended 7 7 7 = L akBl (12 2 : S 12 21 ' |
HI) bR LT, C A S 11k [X]2 ; §
e . T=16K . :
FEROMRELEERT DL TETH D, a1 4 \ Infi -
: i W 7 R
V4 & 5 3 -
[1] Farjametal., PRB 79, 045417 (2009). < | T 77 Z7 /_
[2] Chenetal., Nat.Phys. 4,377 (2008); 0.9~ 7 o ! 1 .
Hong et al., PRB 83, 085410 (2011). 0.8 o mZeh / ] T —
O | O KM o2 ] —
[8] KREUBER S AT LGkt B BFSE (~3ML) 165 TTE 0 .
o7t — Y L T A
¥ > & —(VDEC)IZ THI T, 0 1 Ve (V) 2 L
g
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Recent advancements in the MgZnO/ZnO
two-dimensional electron system

TR2ZAMAMMEBIFER ' TALKEEEMBBIZRR %, JST-PRESTO®, EHF-CEMS*

J. Falson!, Y. Kozukal, A.Tsukazaki?3, M. Kawasakil*

The MgZnO/ZnO two-dimensional
electron system has emerged in
recent years among oxide materials
to display exceptionally long
electron scattering times on the order
of 300 ps (See Fig. la). The
realization of such quality outside of
the realm of traditional
semiconductor ~ materials has
resulted in the observation of unique
electron correlation phenomenon at
low temperatures, such as an
anomalous  series of  even-
denominator fractional quantum
Hall states[.

In this presentation we canvass
recent advances in this system. In
addition to the long transport
scattering time, we reveal that the
guantum scattering time is on the
order of 20 ps, which is comparable
to the best AlGaAs/GaAs

heterostructures in existence. This

\121@B:1OT1 B=45T-
T T L |

108 ¢ — —
[ a GaAs 2DES GaAs 2DHS ]
[ A J, Crystal growth 331, 1658 (2009) PRB 85, 165301 (2012) ]
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10° 3 "* A Physica E 22 94 (2004) 3
- 8 GaN 2DES .
A Eﬁ&.ﬁ“g’ v APL 85, 5278 (2004)
o AQEgm ¥ phys. stat. sol.(b) 243,
= 0 s i, 1706 (2006)
= 1019k N L1 ¥ APL 77, 2551 (2000)
= n | E
||
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Figure 1: Inter-material comparison for prevailing high quality two-
dimensional electrons systems of a, transport scattering times z and b,

quantum scattering times z,

value takes into account all scattering events and is an indication of a materials “quality”. We explain these

improvements through an understanding of scattering mechanisms, while relating the high quality to the observation

of exotic phenomenon such as the fractional quantum Hall effect and microwave induced resistance oscillations.

[1] J. Falson, et al. Nature physics, in press.
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High proton conductivity on octacyanoniobate-based
metal assembly

BPERAMREFERKBMRE
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WMIFREILZNETIZ, 7/ ERG RS R Z AV 85 A 4$$%mmmmn
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4.6 x104Scem™ &) mVMEEMEA L Lz, L& icr gl @:_%, 1 a*
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BN 2 WEBREEEZ S L 8o (K1), 2o "3007
F v MU — 7 REEDZERICIE, T b AL S IR AR Sy
T LAER KR T DTEAE L TN M A A B L 72 K5 F-
fan Ky FR I N7 v b ALFERAL A 115, 3 IROTKFHERE -100
AFy NT—=J R LTND Z EBNRBRE T, KiRE %

— X0 SN BRI~ T A IO TRESEEOIE 21T 0 100 200 300 400
ST L T A, RES TR AR LB T 20 K (13T & 9 BHE Z@

PSR U= 1% O K A 2 B RAE AT 5 & 5 1R 2 281 2. L OB OREAAEOWERR
DR OGN, £, B — 5 ROEIE T, 200 Oe IZBWTAMAZRT LWV I FERNE ST,
INHDFRERNL, LIZAE 7Y T ERTAZBHEARTHL Z LN RB I, 512, BRiZEWN
T1DEFEA B —F 2 AIER LU Cole-Cole 7' 1~ MM 21T - 725 5 18 100% RH T OIREE (0)
1£1.0x104Semt Lk bl (K2), &I, WEA B CTRET 2 & o (TEML TnE, 322K Tl
46x104Scmt WO EE R LT, ZORMEIZHES In(eN)® T 7y MLV | EH b= RLF—(E)lT
048eV & AL bz, T, WERAICHES>ToldFE LK T L, 45% RH Tl o= 1.7 x108 Scmt &
WOEZE R LT, 1B 100%ICBWCTEII SN 1 OEVEERIL, BA 4o mEcyEsns, 7a b
ACIEENATE Y A BB L OERAN S 22D 3IRTAEMAEF Yy NI —2 2@ LT, YL
—DXIITT e FUMBELIZZ LD, 1 BEWMEENELZ R L2 &5 2 B 5 (Grotthuss 14#),

2" ()

298 K

[1] S. Ohkoshi, H. Tokoro, T. Matsuda, H. Takahashi, H. Irie, K. Hashimoto, Angew. Chem. Int. Ed. 46, 3238
(2007). [2] S. Ohkoshi, K. Arai, Y. Sato, K. Hashimoto, Nature Materials 3, 857 (2004). [3] S. Ohkoshi, K.
Nakagawa, K. Tomono, K. Imoto, Y. Tsunobuchi, H. Tokoro, J. Am. Chem. Soc. 132, 6621 (2010).
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RERIZZMRT EXRIFEN BAHFHREE
REFZ, ILIGEX, IMAE—ER, #EIUZELA, BETIES

1. ERLEN

BB A A1X, MRGHINC KR E 2B %2 525, Lo T, BKEHINZEB W TEREE / A X & 2 Dk
AP ONCTHZ EIFEETHL Y, AFZETIE, BEEHIIN THh TV A IKE Y v 2 — 2L FEFIH
M= LOVLFE 10 548 T, EER LR T LA_N—Z OIEERIRPUCIR S LT/ A AR
ICOWTCEEMICHRRI Lz, &612, VRS —V KR v 7 R XD ) A R 2 541 L 7=,
2. AEAE

2-1. BEREK ) 1 X0OHIE

X)), (YY), SRE(Q)F D OBREE ) A XERET S0, JIRFHO =fhg R 2 lEcx 57
T v 7 A7 — MG EBRENOBREE ) A XORRRFELRIE E 1T 72,

2-2. PIERE

KRt % —205 SROME, FHGEICHER A b a FTRERORBEERNH O KFEH & XT3 5 X
INCHLEDE > TV D, TARABROLEIEILEDE 1500V H 0 | 228~ O NI 5K T 400~900 A
ThdETHTSE, £ M2mOMNEIZZ L X—ZDBH 5,
2-3. /MR —NV Ry 7 A

RO R —~u A B A L7 2 BHEE T, RO
MH DL T2DIZ, TV =0 A TEL N IERMEZEE D
FICEESNTWDL Z ERBETH D, -40
3. &R 80
3-1. KiREVZ —RUERENDORERS ) 1 X 1200 1648 2136 224 T2
75 v 7 AN — MEHENCIE LB A ROREE Ry Y y

X 1IZRd, HHRX=Z8 G MmN REREESNH 5, KIH 40 -
H T B IR R 35U C (LB A KIS L. i3IS OﬁLL”J+LFf%m“ﬁ
[f—Tdh o7, REBRGE S OBEFMOERERIL 578 A & 72

). THME L IEE—E L, £, TLR—FELEICBBSE 27
TRER, TLR—H DRBICA DR TR bR E L, T
BREMA OB E BT, KRt 7 —, FEB=E, K/ /X 80
LAY UIZ R o T2,
3-2. /MR —V FR v 7 20O

=L R 7 ANDOBEEE 7 A X ORREEV I35 KT 1/50 F2
FEDOWIEZ MR LT, FEWN &[RRI O T SRR 1 REf 4y -40
TIXEEENBA L, Z#idEFECTh o7, FREL O —L R 0

80

40

0 - aslaaaal bt !
' et y i T T

Magnetic noise (nT)

Magnetic noise (nT)

z

40

0

Magnetic noise (nT)

Ry 7 ANORIFRFFHING X 2 BB EZ K 2 1IR3, /A 1200 1648 2136 224 T:12
A (0.1~100Hz), EXHESR N ORET HHAERBR /) A4 X XK1, KR % — 205 5=
(50 Hz) L FFE A48 D ) A ADORIEL TNWD Z L BRHERTE 5, BB ) A R E RS R

1 Hz LR OARJE R 2 A ZZBI L CTid, 38z 42 1/20~1/30 (2 .

TSN TWD Z L 2R Lz, 8 — shield box

—Ilaboratory

4 =R

KW CIE. R O v 5 — OB ) RSV T
HEITU. WA — KR w2 210 £ % 7 4 KT R % 54 L
- AEOREC £ 0 . BT A KIHL RO 7 B T
5o Lnbhot, UL, BERSBHITE, SRS T
— L RR v 7 2T, ERER AT ThDEEX D, ZD—)7, 01 Frequeney (Ha) 0
WS A ML DR E RS T A ROERET ST 27 4
TRES— Kb b5, SBIIRGS — KRy 7 A L ffitgag B2 RREL L Ry 72
M & BRI ) 4 RO BT . P A AT

Magnetic noise (dBV)

(1] [igy BEK: TEREERSR /) A R ey —/v RE 1 EECE R T 2R LH) ), BARSHABS TS
28 29(4) pp.405-415 (2005).
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Development of TES microcalorimeters with Sn absorber

"ERXIT A ATVP=7YOJER - RFHERER - EREHRE
DIBM - FIANYS A=V U THEE
YEERRFHHREARMEE - KEARBARE L 42—

OEW B&—", Al fmt', XE ', 86 Ez',
BINVoT4 bdw3% KB HT?
=i 5T, 'R BEC

PR 2B URE A RSB T e R T - BHEERIE L 5 2 IR y BRA 6 H X, FEEN > U T2 A W TH
RAHAEROMIENIZE D b L—Y — 2 @RISR L 5 2 et 2 o TR0, £, #RERICE
F 2 RHHENTB R OZ K~ TE 572 DIEFICAEMTh 5, AP TITMIKIRIZ 31T 2B E8 KD
e 72 95 FE HRHTZE AL A BRI & 9~ 2 BB sl & o Y (Transition Edge Sensor : TES) M~ 7 oy 1
U A—=2%EHWT, B3V X — 0 fRHe TR y 2 M 2 IR y BAEE 73 Bt o BA 5%
EAT>C0D, B2 O ERERE SRR D 8RR TR T 2 FRARAHER v fR K&
CHOEXBRO B — 7 % TES 1T & » THEEE I - BT 2 Z SICE L, xS EZIT-> T D
TESHl~A 7 adia U A —2 IRIRIZI T 2 BEERO B 2RI AL 2 W AT ha A —
ZThHY ., BRI & 13 a< B2 5 EFEIRAA L, SRR L iR L TR —40fF
HEZ 2 MR LS DN AREE 12 D,

AT TIE, BIREA Y P U A48 (IrAu) EBRIREE Y BiC, &0 7 RA MERE L, SRR
KA L-mEEF OB EZITO D, 2 E T 59.5 keV (21Am), 122 keV (57Co) @ y #RZxF L TE
nZi 156 eV FWHM, 166 eV FWHM =T % /L%

—HMEEAERL T2 (RIBM), S6I0, Pu of o
B BRIEFEBR LV Ge F-E A H 28 Tl 5 o @59.5keV (0.3 %) @122 keV (0.1 %)

TR 99Pu (56.8 keV)D U'— 7 ARG RI - sof . \
SEET DI LTV D 2, HIE, RGEEND 2 w0f (59.5keV) 1Co
A ST ST GM T L7 — Y v =y b B (122 keV)
EHTOHH UVRIEENGHEIC AT AZEA L, Z0H wt SuEscapeI};eak Sn Escape peak
HY AT AN SERFHH RSB ERZAATR o N Ky K
WY AF AEMBELTWS, Zhicky, 74 2L~ L. L.wi.l . WSROI B ,

0 20 40 60 80 100 120 140
OISR E B 7R AT LA L (RTRTL) BER SN, Energy (keV)
K57 B RIPERE O SIS NS, 1. 20Am, 57Co BIHD T H AL F— 2~ L

[1] S. Hatakeyama et al., “Development of Hard X-ray and Gamma-ray Spectrometer Using Superconducting
Transition Edge Sensor”, IEEE Trans. Appl., Vol.23, no.3, 2100804, 2013.

[2] S. Hatakeyama et al., "Gamma-ray Spectrometer based on Transition Edge Sensor for Nuclear Materials
Analysis"”, J. Low Temp. Phys., in press, 2014.
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P-46  Enhancement of ferromagnetism by manipulating the
wavefunctions in n-type ferromagnetic semiconductor
(In,Fe)As quantum wells

TERARHERRIFERHPHARE
Le Duc Anh, Pham Nam Hai', EAchZ#BEA
ITERMRECHAPBRIRER SENRE
HRw— ", AERE
In quantum wells (QWSs) containing a n-type ferromagnetic semiconductor (FMS) (In,Fe)As thin layer, the

guantum size effect (QSE) gives a unique opportunity to tune the ferromagnetism by manipulating the two
dimensional wavefunctions using a gate voltage Vg. This method has enabled us to effectively decrease the Curie
temperature (Tc) of a (In,Fe)As thin film (ATc/Tc = -42%) with almost no change in carrier density*. Here we show
that by designing an appropriate QW structure, Tc of the (In,Fe)As thin film can also be enhanced with the same
method.

We used a trilayer QW consisting of InAs (2 nm)/ (Ino.g4,Fe0.06)As (5 nm)/ InAs (3 nm)/ Si-doped InAs (5 nm) on
AISb (300 nm), grown on a semi-insulating GaAs (001) substrate by molecular beam epitaxy. The sample was
patterned into a 50x200 um? Hall bar; a Au/Cr side-gate electrode was deposited; then the channel was covered with
an electrolyte to form the FET structure. The transport and magnetic properties of the trilayer QW were characterized
mainly by Hall measurements. The Si donors in the bottom 5 nm InAs layer supply electrons into the QW, as well as
attract the electron wavefunctions towards the AISb barrier side (see the left inset of Fig. 1). Thus, the electron carriers
and the Fe magnetic moments in the QW are initially separated when the gate voltage Vg is 0. When applying positive
Vg, the two dimensional wavefunctions are moved towards the (In,Fe)As layer, thus the overlap of the wavefunctions
and the local Fe magnetic moments is increased. As a result, Tc is enhanced and reaches a maximum when the overlap
is largest at Vg = 2 V (middle inset of Fig.1). Further increase in Vg to 3 - 4 V leads to a decrease in Tc because the
overlap is decreased (right inset of Fig.1). As shown in Fig. 1, while the electron sheet density (Nsheet) Of the QW is
nearly unchanged (largest Ansheer= 1.3%10%2 cm™2), Tc of the (In,Fe)As layer was increased from the initial value of
27T K (Ve =0V) to 35 K (Ve =2 V) and then decreased to 30 K (Vg =4 V). This result indicates that one can freely
control the Tc-Ve relationship by designing the magnetic QW structure. The present electrical control of
ferromagnetism by wavefunction manipulation in n-type FMS QW demonstrated in this study is attractive for novel
device applications.

This work is supported by Grant-in-Aids for Scientific Research including the Specially Promoted Research, the
Project for Developing Innovation Systems of MEXT, and the JSPS KAKENHI project number 257388.

Fig. 1 Change of Tc (red diamonds) and Nsneet (grey 40 [ 14
diamonds) of the (In,Fe)As FET structure with 2 [ ‘ 12
different gate voltage V. The change of Tc is ; 35p ¢
caused by the movement of the electron S 10
wavefunction inside the trilayer © 30f < 8
InAs/(In,Fe)As/InAs QW (illustrated in the insets). o [
e 2 Y 6
o) F (In,Fe)As
_ _ 5 FInAs 4
[1] L. D. Anh et al.,61st JSAP Spring Meeting, 19p-E7-14, = 20¢F A sp Ve=2V 9
Aoyama Gakuin University, March 17-20, 2014 (@) ! V=0
A e e . . . I s . 0
VELETE - RO LR T R R E B L 15_1 0 1 2
B, VHLATIE o U R R B R Gate voltage (V)
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Development of a Compact and Continuous Sub-mK Refrigerator

ERt4— - XEFIFEALM . B2RATERR - YEFXEK - EILHS
FER X' 84 ®E'®

T, WEABEMOBRBIZE > TR OV VR EREN G IND L9 1Cke b, EFEAE
REFLOE LTS FIE0H CIVIRETOERNLEEN TV D, 20 mK FJE £ TOMIKIRERSE
VX BB ATRE A AR O ARG B TR TE 228, 1 mK 28] 5 BKIEEREE 2t AIC BB T& |
TES fERTIROMEEEITIBEE TO L AR\, B, BIKIR O AR IS ORZ W B RS 4 i % F
WDDY, ZAUZIE 200 W@100 mK BL ED AT % & ARG EE & 70 mm LL EOAR TR T 8T VW i
Kbehn e FBLTE HIE~ 71y W) KA HEIT 72 5, IERRIT & bk 2 Hin Lz v
BA . BHAORE L OTWAERET 272D & HIC KB R Y | Bk EBREOBRBNPMEICR D, F
7o HRRGE2 O CHGEANCBIKIEZED 2 LI TE RV, £ 2 THa R, BEEOFIRG B I 2T
TEDIFE/NMUT, 0.7 mK £ TOMEEDIRE 28l ETE, 230 HENHIE CHRY | & EE2 D/
BT IV r e HEEHIE Y AT A O ZRDTZ, BB LIEVAT ARKEE ¥ —ICEE L T
ERFIFICET 27207 T, ZL OFREN T CTRIWA 2 DOE HIFEL TS,

AR AT NCIE, THBE & L CHASREERLTEIR PrNis 2 IV 5, Van Vieck #féME(R T 5 PrNis ©
%, PrRFiENE U DS IE, BBHIE AAERIC X o TN DF 12 f5 & 72 D [1], LIZRT LD
12, 12T ORGT, 8T ZHMLZ8 & R UmAGE) (BAEAREHIZY oA = b u B —jEd &)
DEOND, DD, IRASORNBSENFEE AL ERNWE IWMEAD~ 7 % v N EBR Y —/v K CH
AThH, BAME38 MM, E X 150 mm OMFEWNICHD 5 Z LN TE D, IhamimigolRe4m B
2 OH L, 400 Zn BUREEA A » F(Zn-HSW) & FIWCHI D B2+ 2 2 & ¢, BifgamAEn
AREL D (M2), ARAZ =TI, ZDV AT LRI OFEMEZRET D,

BEREE  38mme  Fmp

O —5
B 7 7 1mK, 15 mK,
e / / <005T 127
(&) / /,
X |/ oy PR
S BT R R Zn-HSW
2 on HEH:
PrNig PrNis PrNig 213
0lroT 0.047 T 12T - 2 |
n, : 15 mK
1 ] 2
: ) FIR
. ! 1 ﬁu‘;ﬁ%&
1Cu0.53T  [:CusT L il EAS
i ]
-0.2 L |:| M .|..:.| P I —— i : i
0.1 051 5 10 50100 REHIL—F |
VRER&EMA ~ 1K

T (mK)

1. EErEGERsm o= boae— 2. /NALEGHR RS AT DO

[1] F. Pobell, “Matter and Methods at Low Temperatures 2nd Ed.”, Springer (1996).
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Training for technical staff '"cryogenics for beginners" in FY2014

BEREtE>H—
M #—E. FH . F& XK. nE BHE. & FX

Kt % — T, FRORIBIEO 72 DIEH T 2IRERESR - B~V v 2z2MHG LTk, 20
A EITFE LML TV 5, BAIOFAERMTICLEETREEFREL CVDER, 2HLL0%HEE D
AL CND EZATHD, KIEHFFEOILN VI, KIRFEBRSEAIOR Y DI T BRIV
bEBZTWDHZ Enb, 4R Fk 26 FEEMETHE KRN W1FEEa—2R)) #BET 5
Z el

ARHEIL, FHIOIY FNCIRRERIZEE L < RWHIEEOHFIZ, ZER ORI T\ 5% iR
BLOEFZBEL THIZOTTWEELZEEZHME LTS, BRTIE ) KIRER OB (KR
FIOERNZBET 20— b - EBH] IRRER O & 2270 Wik, RIEE 2 =05 OFEHIA
FHE), 2) RIEFEBROLEE (REOESR. o REEHONERIE & BB, KRB OHMER & RS
IR, 3) WA~V 7 LD (RIE~NY U AOMWHE, JIE~Y 7 LBEik, BREASY T LD ADRE
). 4) KIEOER, 5) KIERE COERBREN CTEREICOWVWT, KRRECHET 256 OB EMR
W ESRIE)., BEEORH (v 7% v ;. SQUID)) IZOWTaHT %, F¥TIE. 1) iEikEHEH
TR ERBF R ORE T &G REREROBE RN L RERERE AW EGH &2,
2) HARAFHEREE (FARROFE - R2Ew, T AFRESORM &), 3) WiE~V A RT
VAT 7 EEACRIGRE R 4) ANV T AN T AT 7 IEE 5 BE— LER | 6) Wik~
U LMEREE(TH, WIE~NYV TLADNT AT 7 KT AL DWH, IR~ 7 A0 E T
ELTND, 205 HIRIRERZ AW BB HZEE TR E IS T O BE 2 Hl0iA L T & 30k
HDREZ =2 — 5, MANERRRIZ XIS fEI & B0 fEI O B8 U kb L C AR IC i v %
AU, BPDLHEAEENEL RDETH D, SHICAREBELE TIIBEDIT O 2SI ISk
BATT 25, REMICIZEB N R BOPHICET S 2 OB Z HIE L LTV 5, BB OB
DTELAR L=y a VEBRVERT CTh D, R~V 7 LEHAEE TIIND T EZRDP DRI O/ ITE
MRV T LEBE(N T A7 7)T 2/FE L WS BXIRE OER T IEEZ BT 5, BERITRE
I CBEDROFMHITI TETH D, EARBEREMOEE & LTA YT AEAVTEEL
BRI DIKIEEZE Y — B L ~Y T L) — 2 F ¢ 7 7 X O iR, BT 22 X 5 I E5 %
DB, RO NIRRT ADHIC L HMANROENDTEL A ML —va VERREEZTELT
W5, RAX—TIL#EE OFEMY A O 72 EEBENT 5,
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Introduction about liquid nitrogen supply and liquid helium supply
in Hongo campus

mt 28— RIEBHIGERFT
mxE B, EF FK, FE BB, O X

iRt o =TI T REE ¥ — U = 7% A ML EHEE SER2) 7 & &G R o etk
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RAEERTHICIIN D ONEZ HEIRE 2 —FIHOFo1 & CEAIMRB]. Aan 5 imAam4]) | ORISR
ELTEED, KiEEy ¥ =TTV R LW EZEZLTND

Liquid Nitrogen Liquid Helium
Supply Supply
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(_5( (_

Storage
65,0001

Helium Recycling
System

Laboratory

B4 1. A Ra R o 38 2. APEHIK S ¢ v S FERIERTE TR OF
AU AT A A A AN

[1] Cryogenic Research Center, The University of Tokyo
(F > 7 A ) http://www.crc.u-tokyo.ac.jp/ index_e.html
[2] Safety Training Program (-2 A >~) http://lwww.crc.u-tokyo.ac.jp/gyomu/koshu/index_e.html
[3] FIAH D F5| & (FEAIR) (4> 7 A >) http://www.crc.u-tokyo.ac.jp/parts/tebiki-kanzai.pdf
[4] FIH O F5] & (RS FHMRAR) (4 7 4 ) http://www.crc.u-tokyo.ac.jp/parts/tebiki-In2yoki.pdf
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Research Interests of Helium as a Condensed Matter

HERPAH - WEFER, EEREV 32—
Department of Physics, Graduate School of Science, Cryogenic Research Center
Bl B

Hiroshi Fukuyama

For most of researchers, liquid helium is just a cryogen with which they can produce very low temperatures or
high magnetic fields using superconducting magnets. It is indispensable in many research fields from basic to applied
ones, and perhaps the most common usage of helium is MRI diagnostics and NMR spectroscopy at present. In this
talk, I would like to draw attention to another worth of helium as a condensed matter for basic research.

Since over a hundred years ago when helium gas was first liquefied by Kamerlingh-Onnes in Leiden, liquid
helium has been a long subject of research of quantum condensed matters usually called “quantum liquids and solids”.
Electron is a major player in ordinary materials and its properties are determined by quantum mechanics, Fermi
statistics and Coulomb interaction. However, it is impossible to create quantum liquids and solids only by electrons
without host atoms. On the other hand, helium atom is light enough so as to be a quantum matter and can condense
into liquid or solid by themselves. In addition, the existence of two stable isotopes, “He and *He, makes this system
even more interesting particularly from theoretical viewpoint since “He is a particle obeying the Bose statistics
(boson) while He is a particle obeying the Fermi statistics (fermion).

Many new concepts, such as the superfluidity, Bose-Einstein condensation, macroscopic quantum coherence,
quantum vortex, p-wave spin-triplet BCS state, Kosterlitz-Thouless transition, nuclear spin ordering and ring
exchange, have been drawn in the long research history of this field [1,2]. I will review selected topics in the light of
close relationship to current interests in broad condensed matter physics, i.e., exotic quasiparticles like spinon and

Majorana fermion, order parameter collective modes like Higgs mode, supersolid like nematic phase, etc.

'~L 's},iA'LL'}ueleU B A T foe
r’(.‘(ferro ] hep solid (paramag.) th
10 o 106 MPa. .
: : - N ‘ ’
D2 solid 1 3
T . bee solid (paramag.) g —
g s & ‘He | &
= : quantized vortex
o 253 4 1.77K ) :
MPa normal
e normal liquid ‘ superﬂuid 4 g%ﬁ}éﬂ’ﬂ y }
3 5.04KkPa
L 1 He | Atransition 217K
St ‘ . " gas
A-phase B-phase 105 10+ 102 102 102 100 [¢]
(ABM state) (BW state) T (K) Temperature fountain effect

Fig. 1. Phase diagrams and some related physical concepts of He (left) and “He (right).

[1] A. J. Leggett, Quantum Liquids (Oxford University Press, NY, 2006).
[2] D. D. Osheroff, Nuclear Magnetic Order in Solid *He, J. Low Temp. Phys. 87, 297 (1992).
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