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HIMUANEIET D, NatR 7 Rle RV OFEEA LI LEE[L,2], Zor R
T ORHEE LT, N RIS =FEB DO~ » 7 X FIZ, Asn,Asp £ LT Gln 2>
522 D IREMEOE VIR E OBLS (NDQ £ F—7) ZFfo TV D A, ED X 91 LT Na+
BT D00, ZOAH=ZNIEE AL TORD-T, L, Az B Nabhr7#e F7eeo
S ORI A B 2 R BRI £ Y . Fex RO L 5 g o 17
T Nat D HE SN D EEAHA LN LT, HEE TIZFOFEMICHOWTHERT D,

[1] Inoue et al., (2013) Nat. Commun., 4, 1678.
[2] Ono et al., (2014) J. Phys. Chem. B, 118, 4784.

YA VEY BT EHWEERA A—D TEIROBT

JRE B UKW - E o A7 SR

{2 DS F A7 0 — 7 TR L, SOBBIIMEE T 1 0 FBIE T 2 5IBIC R Y . 2 U XU B F OEBHRE R EL
DAL SN TS, LAl BUE 1 0 FBEICEDN TV EE 7 r—710iE, BEST ) vX 7| OB e &
DEBIRfFI2NZ & T LV OERETCHEEN A RBE L6 22 2 R LW R COMBEREH 5, Fix ik
ENOEFRTDLIENTEDHNETm—T L LT, FAYEY RFRFIZER Lo, XA Y2 RSP K
ML L TEENDEHEFT (Nitrogen) & . #1220 (Vacancy) 23 B4 2 & (2 T& 2 EHFE — K722 .0 (Nitrogen-
Vacancy Center, NVC) (3# AR T 5 Z LB FHILTWD, NVC BT 2 HIITIFFICEE L TEY ., BEST Y %
VUBEER, BT, ZOHEEBBRICIZE A VRIS T 5 = XXMM L EEND D, NVC hHO
HOCIRE A BRI BIR 2 - THIEST 2 Z £ N TE 2, Fix 132 OKRIGHIEET 265 = & T NVC b o4
BRIICBIERT 2R Lz, ChE T, ZOFENERREIOELBIE2RNEICT 2 BFHEER CoE 2R
ETLHFHEL LMD THDI THDL Z L%, EETeMBRELM -7 RICHEM LHER Lz, AEH T, AFEOMEL ¥
AVEY MR AR T 0 —7 & UTARRBHIISH LBl 2R3 %,

[1] Igarashi R, Yoshinari Y, Yokota H, Sugi T, Sugihara F, Tkeda K, Sumiya H, Tsuji S, Mori I, Tochio H, Harada Y,
Shirakawa M. Real-Time Background-Free Selective Imaging of Fluorescent Nanodiamonds in Vivo. Nano Lett.

12: 5726 - 5732, 2012.
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BE RS (BAUEEKRFRF )

WEIVEMFENIT, REVFECHEE, MR, ATP, v 7RV UAA Ty BRIZIVELD, ZOVATAEITA
T AT 2B THEHINTWDN, REMEEHT DY RERDOFZ /L0 560nm FBREDFGEETH D, ALHG
BIEAT OBEATAEN . LIRS DR AU LI RK D LTV 5, R, EERNES AL, Vo OB C/4E
EROEIF T2 L2 D EMEHIN L B2 DN TWVDA, ZHUTIE, AEERO R (650~900nm) DRI RN LI TH
%o LOLRIRARZ VORI RAET T2 Z LITES TR, 72, 74 7 A = ZOBUG TR 2O Thiu,
FERE (IR Lid e 7wy, REVERFENITANRD LBV | WEMERICTHY . DT NREROZRERIZLY |
RELSFENONFILESND, £ 2 THIEGEMBIT — 2 2 &R L. LKERZ VBRI L TR TH 223, b
W& & FHWRICH LT, —EDRLZEH-, ThEaimll, AROBREEHICIEET 2ERIIECEE ORI & EbxE
HlL7,

(1] B : B . WEHPE 2=— 0 &&=X VAT 4 7Y A =22 1T GEUR4E) p.136-158 (2013).
[2] http://ganshien.umin.jp/public/research/spotlight/maki/index.html
[3] http://www.jichi.ac.jp/kenkyushien/news/2013/20130510.html

The role of noble metal doping in oxide photocatalysts

Mikk Lippmaa (ISSP, University of Tokyo)

Noble metal doping has been found to be effective in converting wide-gap titanates into visible light photocatalysts
that can be used to split water under sunlight and produce hydrogen gas. In particular, Rh and Ir lift the maximum
of the valence band without directly affecting the conduction band edge of SrTiO3. This has the effect of reducing the
bandgap and shifting the absorption edge of intrinsic SrTiO3 from the ultraviolet to the visible range. In this work we
analyze the electronic spectra of Rh- and Ir-doped SrTiO3 [1,2] to determine the limiting factors for the efficiency of
the photocatalytic water splitting reaction. The analysis shows that besides reducing the band gap, it is important to
avoid the formation of unoccupied mid-gap electronic states. Noble metal dopants can assume different valence states
in SrTiO3. [3] The charge balance in aliovalent doping is usually provided by the presence of oxygen vacancies that
may be responsible for shallow trap states close to the conduction band bottom. The presence of such trap states
reduces the photocarrier lifetime and the charge extraction efficiency of doped titanate photocatalysts. Various

strategies to improve the energy conversion efficiency are discussed.

[1] S. Kawasaki et al., J. Phys. Chem. C 118 (2014) 20222.
[2] S. Kawasaki et al., J. Phys. Chem. C 116 (2012) 24445.
[3] S. Kawasaki et al., Appl. Phys. Lett. 101 (2012) 033910.
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W PE 2RI U 7= Re i i L

AT 1 CRBCR PR AR AR A TER D50+ TR0

B REICB T DB BT, BRDVECEXINE, eIt L2, SR, B2 EOSMBRIIIC X W ATEIC
D ZENTEZDREML H Y JEHERB L WISHOMEA LIRS ER 2EDTWD, FEHE biX, TAETIC, HiBH
i b EATRBR R L ENE 2R T RS SR R L) ORI E 2L FRIC AR L, 4 F T & 5 2l e Aiis
B KOS A FI L CE 7o, AFETIE, I ECICRM U CE il e iier 2 R Hisgm g o
T, ¥ 7/ R R ARz TSR D,

[1] H. Tokoro and S. Ohkoshi, Bull. Chem. Soc. Jpn., in press. Advanced publication: http://www.journal.csj.jp/bcsj/
article/vol/besj-ap.

[2] H. Tokoro, K. Nakagawa, K. Imoto, F. Hakoe, S. Ohkoshi, Chem. Mater., 24, 1324 (2012).

[3] S. Ohkoshi, K. Imoto, Y. Tsunobuchi, S. Takano, H. Tokoro, Nature Chemistry, 3, 564 (2011).

F 7 OB & SR RE LR DR RN AR

BE Jww (o FREERZERT Bia - FH55 1-RHAIT e

LW (BEFR) OMEAEREZE 2 5546, Piig. PUBFIE & FHEN D B0 A 5 2 L3 < ERR BT
PFERIDZ < ORBRICBNTHMH ZLIEFRMONTWD, —F, wiEOF /77 7 n Y —OTRBHER OB )
T, D TR mIR T/ MR 2 4 nm FREE DU N OREEECIERL - B9 2 Z LR AMRE & 2o C & T, 2 DRk Rk
EEPHAENT S L. ZORPHEEIC Mo <7 TSR BN, OGRS B IR IEEO R MGk L
WHERT2Z LR TED, ZOHA, JLlrEh L RGO B/ A 7 — VIXFERETH Y | BTl gL
TLEW, REWEDOHAEMNEZE I 72D X —fRIRHERRPB ML 125, BAIZINET, &+ nm 1 AD3*E
TR/ HERZRR L LT, ZORFTEBICK T 200085 L WE & OMAEIEMZBRIH O 72D 0) ) NS EREwm & €
DOEEFRIZFED < FERER - MY E T4 1 7 2 7 2% (GCEED: Grid-based Coupled Electron and Electromagnetic
field Dynamics) Z P38 L C & 7=, S EIDOHE TILZ OB & B R FIEOFEMA G L. SiE %A T 2 0 % Blan
HICRRETT 2RAERBNT D, BARRZRFHEFF & UL, JarEGIC 8 2 b —m bR OMBEY A I 7 %
T WmEET .

[1] T. Iwasa and K. Nobusada, Phys. Rev. A, 80, 043409 (2009).
[2] M. Noda, K. Ishimura, K. Nobusada, K. Yabana and T. Boku, J. Comp. Phys., 265, 145 (2014).
[3] K. Iida, M. Noda, K. Ishimura, K. Nobusada, J. Phys. Chem. A, in press (2014).
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BH Aia F IR

ETOEMOIEAREN TH DM T, FlIE, AKEEY 27 BITHIRE & WO REOH THIEL T\ 5, fllla
BITIEZ L 0X R B RNA R ENFAE L, FFICRM LZREZER L TS, 20T, TRENLOAKRE ST
WNEENTAFE LIEA OMRE & RIS 5 0 T E 77 0B S LT un 2Ly, IT4E, In-cell NMR (2103 & 5 57
Brfikik, MR o X 37 BEREICRE T 2 BN 2 vTREIC L7, BERRMEATIZ0ENR, BIHARRZe & O HfliZ2 RICE Lz
MR R O TIThR T E R, IE, B LTS V2 AWE7 I 7 Vi B S 2 Lb— 3 VI K B b ATD
nTnzs, Fxid, Mycoplasma Genitalium & W) F/NDONT T U TICEENDIREETOKEMNESY /37 'H<° RNA 72
EOMEEET V7L, A—R_—arva—% [ ZRWKEES FEFEHRETY 2 Lic kv, K TbEbIC
BORRTETNDEAF I 7 A& Uiz, tRRHIE 100ns WS OO, 5 TIRMEBREICBI 5 4 VI BORIE
PE, RS, R 7e & OMABIER, ¥ o R BRMAERICET2H LWARAE L2 H D, KREH TIEIh
DIZOWTH T LU,

[1] Feig, M. & Sugita, Y. Reaching New Levels of Realism in Modeling Biological Macromolecules in Cellular
Environments. Journal of Molecular Graphics and Modeling 45, 144-156 (2013).

gy ETE TR AL EE Rl A O SE & R AU

KRG i CRBRTSEIRSY: RFABEEL R ER})

AR BHIEICR T 2 A ROPHBRETIX, a7 /A4 RhoI TV Fr7aa 7 o~ BEd (200fs), 23
BRI (100%) DRI = 3 F—BEPTHON TN D, HEHHET 7 F 2 & L7oRn oL —KiEDRIR %
R 2 Z &id, EAERITE, R OUSHOmD b L CIEFITHKREY, ZhE THAIX, ae—Lb 2 MptEz vy, 70
T T ERERRT D BT ORI « IR TFIEE % . EBREFEOMY A RS R/EAICHIE A2 D TE72[1], FEBROK
PRE UCIEREEYE T A Y w7 iR (B CAERIE 20fs, 0 E 520nm) 2 HV, ET LT OX A F I 7 ZADFF
flik & LT, WHMIREIEZEM Lz, HIEMRZ EEIZHM T 572D, Brownian oscillator model[1,2] % V7= fi#
MiaiTolz, ZOME, AERABASERICEA LT /4 Fid, ab—L v MY TIREIOBMERR 2, GRS o
T EHAR20%RE RN L0007, EEHBREVERE LT, ESVARRE 2 br—Ad 25281080, K
KEEFNITHD 7 4/ U E— REBEROICHERTE DL L2 AH LD TE, TOFHICONWTHHRET D,

[1] M. Sugisaki, et al., Phys. Rev. B75 (2007) 155110; ibid. B80 (2009) 035118.
[2] S. Mukamel, Principles of Nonlinear Optical Spectroscopy (Oxford University Press, New York, Oxford, 1995).
[3] M. Sugisaki, et al., Phys. Rev. B85 (2012) 245408.
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F  BEWEICHBT 2 W RO AREO MBIt & ZNICED < B A FIVHEERET NA ANDJEH
Aok P (G FREERZERT, jst & &%)

BEGRRIE R LW A TR0 T 7 WS IRIE, 85850 7054 SRR, FEEMESO M etk & o 7o 5E
ERETH[1], ZNETZ o 2MFEHRIREDORERLEMIE Y 2 2 L—1 3 VIR EOWFRIC X - T, ERAIEEE[2]R1 T
AT JRTESLES DAFTE[3] 72 £, T / A& IRICHELT 5 B E O R R R EE R S NI ENo20H 5, HA X T OMRFE
PEDEIRTH DT/ G RN O 0 — VRN FTEE O R E I L EW% 2 BRI - AL TE 5 AT LA /E4] L,
ETEOHRECRMEOMINC I M A TWD, ZHIVET, H—0F / fEERONIBICE - G5 OEMEMNRIET D Z &
Flo, k&R DNA T NIHEERCCT: 7 L EOFSUTR) O T, BROFMEE KB L, £ - HOEMEDSA K
KL 72D T L AR LIZ[4,6], S HIT, 2O —VRNEFIEEORE I ERBIE SN TE v nipfl s ik LT,
1005 b RENZ LEFR LIZ[B]Z LT &b | AEMOEIFIZE T 5 FRBRIFRITNZ . £ OV e — LR g
PEFIA LA FVE (G FRAE ) ORBEERE - HlH, £ RS & L ToRMAREN: 2 &, IGHmEIZD
WTORET b ED T D,

[1] T. Vallius et al., Appl. Phys. Lett., 83, 234 (2003).

[2] M. Kuwata-Gonokami et al., Phys. Rev. Lett., 95, 227401 (2005).

[3] M. Schiéferling et al., Phys. Rev. X, 2, 031010 (2012).

[4] T. Narushima et al., Phys. Chem. Chem. Phys. 15, 13805 (2013), # A%, 35, 312 (2014).

[5] T. Narushima et al., J. Phys. Chem. C., 117, 23964 (2013), ACS photonics, 1, 732 (2014) 72 L.

HEAERS T OHFENRREEY 1 F I 7 22 Bl5 12 O L WEEHBIS ek
FFE R (EACERFIEHT RS 75 HF o)

HERE ST OFIRBERP CORET AT I 7 A3, ZOBKEICERICEbD > TWD LRIFIC, BEEEZRBLT 5 KRG
DR (10 BAlfe) 2 Higd 5 ECHLEETH D, FHIRIETO A FRM i & 1 I 7 2% EZRERFHIT 2729
2. —43 7 FRET (BB = 0 L — B ilh) & AW EZBRAM T O T E 72 [1], Fex i3kl —4r 7 FRET &6 UJRBRIC &
DE, FMSREEZH~A 7 a LT E T LS8 LWHIEE E LT, ZRousEeFmia s ik (2D-FLCS) % 12
% L7-[2]. 2D-FLCS TiX, R L2238 3 5 5L 0 FHan & RERIF B Y13 EuE 2 AW CllET 2, #bt+—
D— 2% KB LTt (il — 5 CEIERFE) 23 L. Z ORFREIE O X 2 HEHICHIT 95 Z & T, ML fiEIR e
DR S DOFHHLORF A — &R B, A TIE 2D-FLCS OFFEL L JIEIEBIZOWTIRARB & L bz, ~T
EY DNA DX A F 7 RA[2]° b7 7 L ¢ O ) B EHROB I [BNZIGH LBl 2803 %,

[1] H. S. Chung, K. McHale, J. M. Louis, and W. A. Eaton, Science 335, 981 (2012).
[2] K. Ishii and T. Tahara, J. Phys. Chem. B 117, 11414 (2013); J. Phys. Chem. B 117, 11423 (2013).
[3] T. Otosu, K. Ishii, and T. Tahara, submitted.
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E fE ORI MERTIERT)

JCEERR. EEAEE . REUEFRIG R EONRFBEBRLITEFOF AT I 7 ATHRENTWD, ZD7d,
ERBRRIC BT 2 EIRE (LR 2o U 7V 2 A SBRIE, Z ORIV TEETHHZLITEIETDH
720N, BLZBERIA~HR X MR BT B OB TIRE A EHER N5 Z LN TX 2N EBRIETH D, £ 2T, Fex 13k X #
TV al—4 b —A5h7 A SPring-8 BLOTLSU IC THMART — a V&3 EIF, Bt & b —W—% A7 R 43 fig
WEFIEROLER IR L TE -, IRE TO2—F =R TITEIOLAREEo KBS BB B9 2 iR 4
FREBRDN S s S v, BIAEREO N A RO 2 H « RE CTONEX v U 7 DX A F I 7 AN SN TE[1-6],
AREETIX, TN FE CTOIMLRERMBIZE & X B4 JCAFZE2360) 2 HRAE a5 . JHEREM Bl & 1 F- 2 7 ZABFFRIC B 1T
L4 R L LA OB B RN TR T D,

[1] S. Yamamoto and I. Matsuda, J. Phys. Soc. Jpn., 82, 021003 (2013).
[2] M. Ogawa et al., Rev. Sci. Instrum. 83, 023109 (2012).

[3] M. Ogawa et al., Phys. Rev. B 87, 235308 (2013).

[4] M. Ogawa et al., Phys. Rev. B 88, 165313 (2013).

[6] K. Ozawa et al., J. Phys. Chem. Lett.5, 1953 (2014).

[6] R. Yukawa et al., Appl. Phys. Lett., 105, 151602 (2014).

B OB X BFEEE & EHRERRR O nIHERE

JRH A GRRYIVERT)

Wx M EE, ITEOSIEER O mIEREL & AR - TE RIS SIS ICIER LRI E LA BEDO 2> Th D, €
DERDOFNFUTE BT T < WIR, B, T AWE, MRS L, ERGE2RITRVE N FIZh D,
£ 7 LR 2 MU AUTR BRI 10meV FREOBEOMIEN R 5 2 LA IfF S i, RIEROEIRICE L7 /3 iE D
—DEEBEZLNTN D, Ha T RIS TR E—L47 1 > BLOTLSU @ HORNET 27— 3 o TR E /3 AFREIR x
BRIEICATNER[2] & in situ,/ AT U RN EMBE DRI AT L &I L, AEREME SR O BEE O FIR O iR
(8. KD I 7 v R MEARII[4], SEARBEATEL D ¥ » THIEIB]. U F U A A B ERSSE O MEAIE A =X LD
FRIA[6], BAEHE LA 7] D % OB FIRRE /T 72 & & ATHRIC Uic, ARG Tl B x A 6 K D EHIRIERAT Y &
BT H LT A o X LSRR B~ OIS O ATEEEIC SV TR D,

[1] THEDE & F - 72EHiIH 2 1E A. Kotani, and S. Shin, Rev. Mod. Phys. 73, 203 (2001)., L. J. P. Ament et al., Rev.
Mod. Phys. 83, 705 (2011).

[2] Y. Harada et al., Rev. Sci. Instrum. 83, 013116 (2011).

[3] M. Kobayashi et al., Phys. Rev. Lett. 112, 107203 (2014).

[4] Y. Harada et al. Phys. Rev. Lett. 111, 193001 (2013).

[6] S. Kawasaki et al., J. Phys. Chem. C 116, 24445 (2012).

[6] D. Asakura et al., J. Phys. Chem. Lett. 5, 4008 (2014).

[7] H. Niwa et al., Electrochem. Commun. 35, 57 (2013).
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BRI 3630 (BORAMERTF)
RENEMFNIT, VT =V B FRERTZMELSEN Y T 2T =B OP TBILSICE Y AF e 7 = U Ik
O, ZORGTRZNVXF—D—EF13NE L TR SN 28R TH D, IFEOBRET LY - AW TP E RO E
BEFRERL LT[ REAVEMRIEOENIEIZIR[2], V7 = F—FORERHIE pH 72 812 & 286 ORF5E
DIEFITHEA TN D, L LARR G RIZEN D QIR Z T 55— 00 - IRER R OBRIISE DT,
ZOREZ IR T D8 L ST, IEEEEE AT DR LR, B T AT N T 2 ) CORREN,
ZEDERLE « A A ACRIEDIAE, 7 7 ARERBRE O, KRR EIERT 5, Zhb Ll L bilEd
T&7eFhkx OFFROBUR, T7ebb, AWM EEICFHIT 2065l SISERY TH 23014
FUNT T2V DEORGIE. T a T FRERO IR, EERE Oxtic A ER L& TR R OBUR AR L
[3-6]. Pi# - BEEZHRARD,

[1] BKILZESC D, BAMEIERREE 69, 218 (2014); BULS: 473, 21-25 (2010); 73 3EhF5E 54, 309 (2005).

[2] Y. Ando et al., Nature Photonics 2, 44-47 (2008); JJAP 49, 117002, (2010).

[3] Y. Wang et al., Sci. Rep. 3, 2490 (2013) ; J. Phys. Chem. B 118, 2070-2076 (2014).

[4] T. Mochizuki et al., Appl. Phys. Lett. 104, 213704 (2014).

[6] M. Hiyama et al., Chem. Phys. Lett. 577, 121 (2013); Photochem. Photobiol. 88, 889 (2012); 89, 571 (2013); 90, 35
(2014); 90, 820 (2014).

[6] Yoshifumi Noguchi et al., J. Chem. Phys. 141, 044309 (2014).
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Fitig : Laboratory for Quantum Magnetism (LQM), EPFL, Switzerland

Neutron Science Laboratory, ISSP, University of Tokyo, Japan

Centre for Emergent Matter Science, RIKEN, Japan

Niels Bohr Institute, University of Copenhagen, Denmark
L=

Quantum magnets have occupied the fertile ground between many-body theory and low-temperature experiments

on real materials since the early days of quantum mechanics. However, our understanding of even deceptively simple
systems of interacting spin-1/2 particles is far from complete. The quantum square-lattice Heisenberg antiferromagnet,
for example, exhibits a striking anomaly of hitherto unknown origin in its magnetic excitation spectrum. This quantum
effect manifests itself for excitations propagating with the specific wavevector (7 ,0). We use polarized neutron
spectroscopy to fully characterize the magnetic fluctuations in the metal-organic compound Cu(DCOO)z-4D20, a
known realization of the quantum square-lattice Heisenberg antiferromagnet model. Our experiments reveal an
isotropic excitation continuum at the anomaly, which we analyse theoretically using Gutzwiller-projected trial
wavefunctions. The excitation continuum is accounted for by the existence of spatially extended pairs of fractional S
= 1/2 quasiparticles, 2D analogues of 1D spinons. Away from the anomalous wavevector, these fractional excitations
are bound and form conventional magnons. Our results establish the existence of fractional quasiparticles in the high-

energy spectrum of a quasi-two-dimensional antiferromagnet, even in the absence of frustration.
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Illustration of fractionalization in the square lattice antiferromagnet: The electron's magnetic moments pair up into
a non-magnetic quantum entangled state called a singlet (connected pairs of blue spheres) forming a singlet sea. An
incoming particle (red and blue sphere), for instance a neutron, polarize a singlet into two fractional particles called
spinons (elongated red and blue spheres). Once created, the two spinons can float free of each other onto the singlet

sea.
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i

Among all elements of the periodical table, elemental bismuth has the largest magnetoresistance, the highest
thermoelectric figure of merit and the largest [average] diamagnetism. This intriguing solid has played an exceptional
role in the history of condensed-matter physics. Numerous effects, ranging from thermoelectricity (Seebeck and Nernst

effects) to quantum oscillations (Shubnikov-de Haas and de Haas-van Alphen), were first discovered in bismuth. The
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ultimate reason behind this is the presence of very light and extremely mobile electrons residing in three distinct
anisotropic Dirac valleys.

I will review a number of recent experimental studies, which have that both Landau spectrum[1] and orbital
magnetoresistance become exceptionally complex in bismuth. While most features can be explained in the band picture
of non-interacting electrons, a number of unanswered questions remain. In particular, angle-dependent
magnetoresistance loses the symmetry of the underlying lattice at low temperature[2]. Recent thermodynamic
measurements document a valley-dependent density of states in presence of a quantizing magnetic field[3] and very
recent experiments point to a phase transition to an ordered state in which the valley-degeneracy is spontaneously

lost[4]. The microscopic origin of this "valley-nematic" phase transition is yet to be understood.

[1] Z. Zhu et al., PNAS 109, 14813 (2012).

[2] Z. Zhu et al., Nature Physics 8, 89 (2012).

[3] R. Kiichler et al., Nature Materials 13, 461 (2014).

[4] A. Collaudin, B. Fauqué, Yuki Fuseya, W. Kang and K. Behnia, ArXiv:1501.01584
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B : il X ) — : Fermi surface and upper critical field study of UCoGe under hydrostatic pressure
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UCoGe is a ferromagnetic superconductor with a Curie temperature of TC ~2.8 K and a superconducting transition
at TSC ~ 0.6 K. The Curie temperature decreases with pressure and vanishes at a critical pressure pc~ 1GPa [1].
Superconductivity was observed both below and above pc. At ambient pressure in the ferromagnetic phase the upper
critical field as a function of temperature shows an unusual upward curvature [2]. We report magnetoresistance and
Hall effect measurements on UCoGe for field along the easy magnetization axis ¢c. We focused mainly on Shubnikov-
de Haas oscillations and on the temperature dependence of the upper critical field as function of pressure in the
ferromagnetic and paramagnetic states. At ambient pressure an anomaly around 9T and a Fermi surface
reconstruction around 17T were observed both in the quantum oscillations and in the Hall effect. Quantum oscillations
evolve continuously with pressure between ambient pressure and 2.3 GPa, no Fermi surface reconstruction was
observed around the critical pressure pc. Finally it was shown that the upper critical field of UCoGe for field along the
easy magnetization axis ¢ increases with pressure through the critical pressure pc and the upward curvature of the

upper critical field is also enhanced above the critical pressure.

[1] E. Hassinger, D. Aoki, G. Knebel, J. Flouquet, J. Phys. Soc. Jpn. 77, 073703 (2008).
[2] N. T. Huy, D. E. de Nijs, Y. K. Huang, and A. de Visser, Phys. Rev. Lett. 100, 077002 (2008).
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B BIER T > 7+ —< IV J— : Accuracy of downfolding based on the constrained random phase
approximation
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g : ETH - Institute for Theoretical Physics
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Establishing a first-principles theoretical framework for describing the electronic properties of strongly correlated
electron systems is a great challenge. Applying methods based on density functional theory (DFT) to this class of
materials misses their fundamental aspects, such as Mott physics. Thus, on recent years much effort has been devoted
to establishing reliable first-principles methods for constructing an effective low-energy lattice model, which contains
only a few degrees of freedom, by eliminating the high-energy degrees of freedom in a systematic manner.

We study the reliability of the constrained random phase approximation (cCRPA) method, which is widely used for
the calculation of low-energy effective Hamiltonians. We consider multi-orbital lattice models with one strongly
correlated "target" band and several weakly correlated "screening" bands. [1] The full multi-orbital system is solved
within dynamical mean field theory (DMFT), while the effective low-energy models with retarded and off-site
interactions are treated within the extended dynamical mean field (EDMFT) framework. By comparing the quasi-
particle weights for the correlated bands, we determine the parameter regime in which the effective model provides a

good description of the low-energy properties of the multi-band system.

[1] Hiroshi Shinaoka, Rei Sakuma, Matthias Troyer, Philipp Werner, arXiv:1410.1276.
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[1] M. Arita, S. Arapan, D. R. Bowler and T. Miyazaki, J. Adv. Simulat. Sci. Eng. 1, 87 (2014).
[2] M. Arita, D. R. Bowler and T. Miyazaki, J. Chem. Theory Comput. published online (DOI: 10.1021/ct500847y).
[3] A. Nakata, D. R. Bowler and T. Miyazaki, J. Chem. Theory Comput. 10, 4813-4822 (2014).
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F’8 : Muons and Magnetic Order in the Frustrated Pyrochlore Pr.lIr:0;
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Geometrically frustrated magnets are of interest because of the novel and complex phenomena that arise from their
exotic ground states and low-lying excitations. The muon spin rotation and relaxation (uSR) technique is a sensitive
probe of static and fluctuating magnetism on the local (atomic) distance scale, and as such is an attractive tool for the
study of frustrated magnets. The positive muon (u+) used in pSR experiments carries a unit electric charge +e, however,
which can have an appreciable effect on local properties. We discuss a case where such an effect is involved.

Thermodynamic and transport properties of the Kondo-lattice pyrochlore Przlr207 prepared with excess Pr reveal a
well-defined phase transition at 0.8 K at ambient pressure in zero magnetic field. This transition is not found in
stoichiometric samples, and is suppressed by both applied field and pressure. Neutron Bragg diffraction studies on a
well-characterized sample (PIOneu) show the onset of long-range "2-in 2-out" antiferromagnetic (AFM) order, with an
ordered moment of 1.7uB. pSR experiments on the same sample yield an upper bound (~3 mT) on the dipolar field
Bdip at the muon site due to Pr3+ AFM ordered moments. This is much smaller than the expected dipolar field
(0.1--0.2 T depending on muon site).

At least in part this is due to splitting of the non-Kramers crystal-field ground-state doublets of near-neighbor Pr3+
ions by the p+-induced lattice distortion. However, if this were the only effect a very large number of Pr moments
(~300) within a distance of ~20 A must be suppressed. We know of no mechanism for such a suppression. An
alternative scenario, which is consistent with the observed reduced nuclear hyperfine Schottky anomaly in the specific
heat of PIOneu, invokes ultra-slow correlated Pr-moment fluctuations in the ordered state that average Bdip on the

uSR time scale (~107(-6) s), but are static on the time scale of the neutron diffraction experiments (~107(-9) s).
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http://tsune.issp.u-tokyo.ac.jp/KondoWorkshop2015/index.html
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We present the results of THz absorption measurements of monolayer graphene with molecular doping and four-
layer graphene. There are several important findings in this study. First, the THz conductivity of the triazine-doped
film consists of free carrier absorption at zero frequency and a disorder-induced finite frequency peak around 4.65
THz. As the temperature is lowered, the Drude plasma frequency (30 THz) decreases, whereas the carrier relaxation
time (54 fs) does not show much temperature variation. These scenarios show the semiconducting behavior of the
triazine-doped film. Second, a comparison of our measured conductance spectra and the theoretical predictions in turn
illuminates the importance of the several scattering mechanisms present in these materials. Third, in a magnetic field,
the Drude oscillator strength of four-layer graphene is suppressed and transferred to various finite frequency
transitions between the Landau levels. The dramatic increase of the low-frequency transmission is a THz counterpart
of the positive magnetoresistance effect. The 300 K magnetodielectric contrast is as large as 60% near 1 THz at 10

Tesla. The results are potentially useful for magnetic memory applications away from the dc limit.

B BlGRf > 7 # —< IV I J— : Correlations and glassiness in Coulomb Spin Liquids
HEf : 20154 1 H 15 HOR)  F#& 4 K~
5 - IIYEDRRIAEE 6 BE 55 5 23 ) —= (A615)
#fl : Prof. Arnab Sen
Ji& : Department of Theoretical Physics, Indian Association for the Cultivation of Sciences
e

The competing interactions in highly frustrated magnets often lead to very interesting emergent phases that are
not possible in conventional antiferromagnets. An example of such a phase is the classical "Coulomb spin liquid" which
for example, occurs in spin ice compounds that have and continue to generate much interest in the magnetism
community as an experimental realization of emergent "magnetic monopoles". A crucial signature of the Coulomb
phase is the unusual *pinch-point* shape of the spin structure factor in momentum space which is experimentally
accessible through neutron scattering. I will discuss a theory for the full spin structure factor across a range of settings
which establishes the fate of the pinch points at low and high temperature, for Ising and Heisenberg spins, for short-
and long-ranged (dipolar) interactions, as well as in the presence of disorder. I will also discuss how putting non-
magnetic disorder in spin ice induces a very interesting spin glass phase where the freezing and the topological spin
ice phase are inseparably entangled: spins missing due to the dilution become effective degrees of freedom that
undergo freezing at low temperatures, with the fluctuating background spin liquid contributing towards the

interaction of the hole-spins.
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[1] K. Sato, L. Bergqvist, J. Kudnovsky, P. H. Dederichs, O. Eriksson, I. Turek, B. Sanyal, G. Bouzerar, H. Katayama-
Yoshida, V. A. Dinh, T. Fukushima, H. Kizaki, R. Zeller, “Electronic structure and magnetism of dilute magnetic
semiconductors from first principles theory”, Rev. of Mod. Phys., 82, 1633 (2010).

[2] T. Dietl, K. Sato,T. Fukushima, A. Bonanni, M. Jamet, A. Barski, S. Kuroda, M. Tanaka, Pham Nam Hai, H.
Katayama-Yoshida, “Spinodal nanodecomposition in magnetically doped semiconductors”, RMP Preprint.

[3] S. B. Zhang, S. H. Wei, A. Zunger, H. Katayama-Yoshida, “Defect physics of the CulnSe2 chalcopyrite
semiconductor”, Phys. Rev. B 57, 9642 (1998).

[4] Y. Tani, K. Sato, H. Katayama-Yoshida, “Materials Design of Spinodal Nanodecomposition in Culnl-xGaxSe2 for
High-Efficiency Solar Energy Conversion”, Applied Physics Express, 3, 101201 (2010); Computational Nano-
Materials Design of Low Cost and High Efficiency Cu2ZnSn[Sel-xSx]4 Photovoltaic Solar Cells by Self-Organized
Two-Dimensional Spinodal Nanodecomposition, Jpn. J. Appl. Phys., 51 050202 (2012).

[6] T. Fukushima, H. Katayama-Yoshida, H. Uede, Y. Takawashil, A Nakanishil and K. Sato, “Computational
materials design of negative effective U system in hole-doped chalcopyrite CuFeS2”, J. Phys.: Condens. Matter 26
355502 (2014). ; http://[iopscience.iop.org/0953-8984/labtalk-article/58618 ; H. Katayama-Yoshida, A. Zunger,
“Exchange-Correlation Induced Negative Effective-U”, Phys. Rev. Lett., 55 1618 (1985). ; H. Katayama-Yoshida,
K. Kusakabe, H. Kizaki, A. Nakanishi, “General rule and materials design of negative effective U system for high-
T-c superconductivity”, Applied Physics Express, 1, 081703 (2008). ; A. Nakanishi, T. Fukushima, H. Uede, H.
Katayama-Yoshida, “Computational materials design of attractive Fermion system with large negative effective U
in the hole-doped Delafossite of CuAlO2, AgAlO2 and AuAlO2”, Preprint 2014.

[6] A.P. Drozdov, M. I. Eremets, I. A. Troyan, “Conventional superconductivity at 190 K at high pressures”, Preprint,
2014.
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i B O : Unravelling the mysteries of solar nanocells using synchrotron radiation and laser techniques

Fi Fi@ : Ryu Yukawa
School of Science, the University of Tokyo, JAPAN
FEHEH @ : Electronic Structures and Carrier Dynamics at Metal Oxide Surfaces

i HI® : R. Arita
Institute of Laser Engineering, Osaka University, JAPAN
FHE H @ : ZnO luminescence research for potential in-situ EUV imaging device and fast-response time scintillator

applications

PR : Negative Diamagnetic Shift in InP-GaP Lateral Nanowires under Pulsed Magnetic Fields and a
Progress Report on Developing PulsedMagnetic Field Facility at Dankook University
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While growing a short period superlattice (SPS), due to an in-plane strain field along [110] direction, depositing
atoms cross penetrate, which spontaneously generates potential modulation along the lateral [110] direction. In such
growth condition, lateral superlattice can be achieved. Limiting the thickness of the SPS layer, similarly, one can grow
a lateral nanowire. We measured photoluminescence (PL) of an InP-GaP lateral nanowire under pulsed magnetic
fields to 50 T. We observed strong negative diamagnetic shift in a certain magnetic field direction due may to a
variation of exciton center of mass potential. We will also discuss the current achievement of pulsed magnetic field
facility at Dankook University. We successfully developed 1.6 MdJ (9 kV) capacitor bank for the generation of pulsed
magnetic fields. We obtained ~47 T at 6 KV charging voltage with the 22 ms total transient time of the magnetic pulse.
We plan to develop higher and longer magnetic field facility in future.
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The Kitaev model has recently attracted considerable attention in broad areas of research, such as condensed matter
physics, statistical physics, and quantum information. This model is originally defined on a honeycomb lattice, and is
exactly solvable due to the Ising conserved quantities on each hexagon. One of the most interesting properties of this
model is that gapless and gapped quantum spin liquid (QSL) phases are stabilized at zero temperature by changing
the exchange constants. In this study, we investigate a three-dimensional (3D) extension of the Kitaev model [1,2,3].
This model is relevant to the recently found Ir oxides Li2IrO3. Using a quantum Monte Carlo simulation that we
newly developed, we analyze the thermodynamic properties in the 3D Kitaev model. We find that the model exhibits
a finite-temperature phase transition between the QSLs and paramagnet in the whole parameter range. This result
indicates that both gapless and gapped QSL phases at low temperatures are always distinguished from the high-
temperature paramagnet by a phase transition. We also find that the transition is characterized by the topological
nature of excitations, which is difficult to understand within the conventional Gintzburg-Landau-Wilson framework.

This work has been done in collaboration with Y. Motome and M. Udagawa in Univ. of Tokyo.

[1] J. Nasu, T. Kaji, K. Matsuura, M. Udagawa, and Y. Motome, Phys. Rev. B 89, 115125 (2014).
[2] J. Nasu, M. Udagawa, and Y. Motome, Phys. Rev. Lett. 113, 197205 (2014).
[3] J. Nasu, M. Udagawa, and Y. Motome, preprint (arXiv:1409.4865).
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We have developed a continuous-time quantum Monte Carlo method for one-dimensional quantum impurity
systems [1], where the one-dimensional bulk part is described by the Tomonaga-Luttinger liquid. The method is
applied to back-scattering potential problem in a spinless quantum wire [2], and XXZ Kondo problem in a helical liquid
[3]. Absence of the negative sign problem in this approach to these systems allows us to calculate accurate physical
quantities at very low temperatures. We will also discuss the single-electron Green’ s function (or local density of
states) in the presence of a two-particle backward scattering impurity [3] in a helical liquid and possible application

of the present method to the topological Kondo systems [4].

Reference:

[1] K. Hattori and A. Rosch, Phys. Rev. B 90, 115103 (2014).

[2] C. L. Kane and M. P. A. Fisher, Phys. Rev. Lett. 68, 1220 (1992).

[3] C. Wu, B. A. Bernevig, and S. C. Zhang, Phys. Rev. Lett. 96, 106401 (2006).
[4] B. Beri and N. R. Cooper, Phys. Rev. Lett. 109, 156803 (2012).
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Spin ice, with its magnetic monopole excitations, is perhaps the outstanding example a classical, topological spin
liquid. Nonetheless, the role of quantum effects in spin-ice materials remains poorly understood. This question gain
fresh urgency from studies of "quantum spin-ice" materials such as Yb2Ti207 [1,2] and Pr2Zr207 [3], and recent
experiments which suggest that the spin ice Dy2Ti207 may undergo a phase transition at very low temperature [4].

In this talk, we explore some of the new phenomena which can arise as a result of quantum fluctuations in a spin-
ice material. We show how quantum tunnelling between different spin-ice configurations can convert spin-ice into a
quantum spin liquid with photon-like excitations [5], review the numerical evidence that such a state exists [6-9], and
discuss how it might be identified in experiment [8,9].

We also consider the nature of the quantum ground state in a realistic model of spin ice, directly motivated by

Dy2Ti207. We identify the principles which govern magnetic order in the presence of long-range dipolar interactions,

O T T T T PHEMELOESS BE 1B 41



and use quantum Monte Carlo simulation to show that only a very small amount of quantum tunnelling is needed to

convert these ordered states into a quantum spin liquid [10].

[1] K. Ross et al., Phys. Rev. X 1, 021002 (2012).

[2] L.-J. Chang et al., Nature Commun. 3, 992 (2012)

[3] K. Kimura et al., Nature Commun. 4, 1934 (2013)

[4] D. Pomaranski et al., Nature Phys. 9, 353 (2013).

[5] M. Hermele et al., Phys. Rev. B 69, 064404 (2004).

[6] A. Banerjee et al., Phys. Rev. Lett. 100, 047208 (2008)
[7] N. Shannon et al., Phys. Rev. Lett. 108, 067204 (2012).
[8] O. Benton et al., Phys. Rev. B 86, 075154 (2012).

[9] Y. Kato et al., arXiv:1411.1918

[10] P. McClarty et al., arXiv:1410.0451
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Linear response theory often starts discussing the effect of time-dependent perturbations with frequency omega and
then takes the zero-frequency limit to obtain intrinsic properties of many-body system, which is in principle equivalent
to fluctuation-dissipation theorem. When we modulate more than one parameters, there appears a new time-
dependent transport, called pumped transport. Recently, a lot of interests are focused to the lowest-order non-adiabatic
correction to the pumped transport in a static (adiabatic) limit, possibly because this can be a controlled system that
can tackle the problem of non-equilibrium statistical physics. Both in classical and quantum setups, this contribution
had shown to have a topological character, being expressed by a surface integral of a “Berry” curvature. In this
presentation, I review recent activities of this field and show our approach based on generalized quantum master
equation. Finally, I explain our quantum transport results in quantum dot system coupled two leads, with time-

dependent modulation of a tunneling phase and magnetic fields.
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[1] H. Maebashi and YT, JPSJ 78, 053706 (2009).
[2] YT, PRL 87, 226402 (2001).
[3] H. Maebashi and YT, PRB 84, 245134 (2011).
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“Replica manipulation of the ground state in one-dimensional quantum spin systems”
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ifl : Prof. Pierre Pujol
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i
In this talk we will review the origin of magnetization plateaux in quantum magnetism and some interesting effects
concerning non magnetic degrees of freedom. More precisely, we will discuss The behavior of charge carriers in vs out

a magnetization plateaux as well as a new effect of quantum order by disorder.

B 2 X J— : Insights into Soft Matter through Dynamics: My Journey with Neutrons
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%Ml : Dr. Victoria Garcia Sakai
Filg : ISIS Facility, Rutherford Appleton Laboratory, STFC, Didcot, UK
e

Neutrons are particularly suited to study soft materials, be it polymers, lipids or proteins, due to their unique
properties. Albeit structural characterization being the initial step to understanding soft materials, ultimately many
of their macroscopic properties such as viscosity, conductivity or enzymatic activity are related to their molecular
motions. Focusing primarily on the aspect of soft matter dynamics, I will tell you about my personal experiences
through some examples of my research. I will also present an update of the ISIS facility where I am currently
instrument scientist, its instrumentation and scientific achievements.
% -
Victoria Garcia Sakai Fid, HHEFHEHERELIEEZ MW THRA Y 7 b~ Z—D X A F I 7 ZOFFE L TV D EFH5EE
T, did, HETHALZRBSFER, 35 < LT NIST CK) 0% GHEILE O T EHIC2 Y | BHEIT RAL () O HEFMEHGEL
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L7z, BT, AR ZNE Tl TELERE W ORI & & ICHFE LIEE ET,

PERE : BlERf > 7+ — <))V 2 — : Spin liquids and their transition in kagome antiferromagnets
HEF : 2015 4E 2 A 23 H(A) P 11 Bf~%F#2 0 B
5 : Kavli IPMU Seminar Room A
iffl : Dr. Yin-Chen He
JtkE : Max Planck Institute for the Physics of Complex Systems
i

In recent years, growing experimental and theoretical evidence suggests the existence of quantum spin liquid phase
in kagome magnets, however its nature is still controversial. In this talk, I will introduce our study on kagome
antiferromagnets with XXZ anisotropy. Numerically (by DMRG), we find that the emergence of the spin-liquid phase
is independent of the anisotropy of the XXZ interaction. In particular, the two extreme limits-the easy-axis and the
easy-plane-host the same spin-liquid phases as the isotropic Heisenberg model. Both a time-reversal-invariant spin

liquid and a chiral spin liquid are obtained. We show that they evolve continuously into each other by tuning the
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second- and the third-neighbor interactions. Theoretically, we focus on the strong easy axis limit. By performing a
duality transformation we obtain an effective model, which is basically a compact U(1)-Higgs lattice gauge model.
I will also discuss the possible spin liquid phase of this effective model, which naively is not captured by Anderson's

RVB picture for spin liquid.

Yin-Chen He and Yan Chen, PRL 114, 037201 (2015)
Yin-Chen He, D. N. Sheng, and Yan Chen, PRL 112, 137202 (2014)
Yin-Chen He, et al. (in preparation)
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One of the most intriguing phenomena in strongly correlated systems is the fractionalization of quantum numbers
— familiar examples include the spin-charge separation in one-dimensional metallic systems, the fractionalization of
the electron in fractional quantum Hall states or the emergence of monopoles in spin ice.

In this talk, I will discuss the fractionalization of magnetic moments in a certain class of Mott insulators, in which
the emergent degrees of freedom are Majorana fermions that form an (almost) conventional metal. The origin of such
a dichotomous state is elucidated by a family of exactly solvable models of frustrated quantum magnets in three
dimensions, which might be realized in a class of recently synthesized Iridate compounds. These models thereby
provide the first analytical tractable examples of long sought-after quantum spin liquids with a spinon Fermi surface
and even an entire new class of quantum spin liquids — a so-called Weyl spin liquid, in which the fractionalized

degrees of freedom form a topological semi-metal.
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o AR (BRI EIR) [Single magnetic molecule in STM junction as a Kondo simulator| (40min.)
oK 5L (BALKRZ ILhl) [Scanning Tunneling Spectroscopy of Magnetic Molecule and Epitaxial Graphene |

(40min.)
oMd. Zakir Hossain (#£/5 K1) [Chemical routes for covalent modification of epitaxial graphene] (40min.)

<15min. fREE>
15:45-17:45
o HREAM CGRAIMENF) [Electronic structure and surface transport of the modified Si surfaces | (20min.)
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ot — (SLEKRIR) [Electronic structures of transition metal oxide ultrathin films formed on Ag

surfaces| (40min.)

oZGHiyEFn CRAMIMENTE) [STM observation of the Pd(110) surface under hydrogen pressure] (20min.)
oAl (PR L) Nanoscale Investigation on Chiral Molecular Systems] (40min.)

B8 : Time-resolved spectroscopy of surface and interface electronic states with two-photon photoemission
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JtkE : Department of Physics, Philipps-Universitit Marburg, Germany
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Time-resolved two-photon photoemission (2PPE) combines laser-pump-probe techniques with angle-resolved
photoelectron spectroscopy. The method has unique capabilities in the investigation of unoccupied electronic states at
surfaces and interfaces and it allows for time-domain investigations of electronic decay and transfer processes with
femtosecond resolution.

I will illustrate the capabilities of 2PPE and the type of information that can be obtained with several examples from
our recent work. This includes a study of the Dirac state and other unoccupied states of the p-doped topological
insulators SbeTes andSbseTe2Se , the characterization of interface states between graphene monolayers and Ru(0001)
and the evolution of the occupied Shockley surface state of Ag(111) into an unoccupied metal/organic hybrid state at
the interface to organic semiconductors.

When an electron at a metal surface is excited to an energy that is resonant with unoccupied bulk continuum states,
the corresponding electron wave packet is able to delocalize into the bulk without undergoing any scattering processes.
I will demonstrate with 2PPE experiments of Al(100) image-potential resonances that this type of delocalization
process can be hindered by quantum mechanical interference effects and isslower than anticipated. Furthermore, by
combining 2PPE with a coherent control scheme, I will show that it is possible to induce ultrashort current pulses at
surfaces and detect their decay on a femtosecond time scale directly by monitoring the temporal evolution of the
electron distribution in momentum space.

Finally, I will address limitations of 2PPE due to the use of photoemission probe pulsesin the visible or ultra-violet
range and discuss opportunities and challenges arising from the utilization of high laser harmonics generated in rare

gases.
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The role of topology in electronic systems is an active subject of research. Within a non-interacting quasi-particle
picture, describing both weakly correlated insulators and superconductors, a rather complete classification of possible
topological phases has been achieved, and of course topological insulators have been found and studied intensively
experimentally. The problem of correlated electrons is much richer, and requires updating the quasi-particle
classification. New topological phases and phenomena can occur only when electronic interactions are present. I will
discuss some of the possible novel states that might be achieved in this way. I will describe how gapped states may
exhibit two distinct classes of topology: symmetry protected topological order, and intrinsic topological order. I will
also touch upon gapless states with topologically protected bulk gapless excitations. Finally, I will spend some time

describing applications of these ideas to the iridates.
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The Dresden High Magnetic Field Laboratory (HLD) is a pulsed-field user facility which currently operates ten
experimental chambers equipped with a variety of pulsed magnets energized by two capacitor banks with maximum
stored energies of 50 and 14 MdJ at 24 kV maximum operational voltage. The magnets support a broad range of
experiments in pulsed magnetic fields for user and in-house research. In the first part of my talk I will present some
recent developments at the HLD.

Spin-lattice effects play an important role in many magnetic materials, frequently leading to novel phases and phase
transformations. In this presentation, I give some examples of such effects studied in frustrated magnets characterized
by competing interactions. The delicate balance between these interactions can be easily disturbed by the application
of strong magnetic fields leading to field-induced phase transitions. The phase transformations and the related critical
phenomena in magnetic systems are fruitful grounds for ultrasound experiments which provide valuable information
on the spin-strain coupling. I discuss the sound-velocity and sound-attenuation results obtained in magnetic fields up
to 87 T for some selected materials with a magnetic pyrochlore lattice, such as CdCrz2O4 and CoCr204 which exhibit
unusual phase transitions and extended metastable magnetostructural states. I will show that the spin-strain

coupling is crucial and determines the underlying physics of the frustrated magnetic materials.
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Solar cells based on the organic-inorganic perovskite family of materials have made a dramatic impact on emerging
photovoltatic (PV) research with efficiencies of around 20% [1], which offers a new route to low-cost solar energy
devices with simple fabrication processes. However, the fundamental electronic properties of the perovskites such as
the electron and hole effective masses and the exciton binding energy are poorly known. We have measured both
properties for methyl ammonium lead tri-iodide (CH3NH3PbI3) using magneto absorption in very high magnetic fields
up to 150 T showing that the exciton binding energy at low temperatures is only 16 meV, a value three times smaller
than previously assumed [2]. Landau level spectroscopy shows that the reduced effective mass of 0.104 me is also
smaller than previously assumed [2], but in good agreement with recent calculations [3]. We also observe Landau
levels in the room temperature phase (350 K> T > 140 K) in which PV devices actually perform, showing an evidence
that the binding energy falls to a few milli-electron volts in the room temperature. This result indicates the
performance of PV devices using this material is attributed to the spontaneous generation of free carriers following

photo-absorption.

[1] NREL Best research cell efficiencies: http://www.nrel.gov/ncpv/images/efficiency_chart.jpg
[2] K. Tanaka et al., Solid State Commun, 127, 619 (2003).
[3] E. Menendez-Proupin et al., Phys. Rev. B, 90, 045207 (2014).
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