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In this talk, we will discuss two types of mechanisms responsible for intrinsic resistance in superfluid spin
transport in easy-plane magnetic wires: thermally-activated and quantum phase slips. First, we theoretically study
thermally-activated phase slips within the stochastic Landau-Lifshitz-Gilbert phenomenology, which runs parallel
to the Langer-Ambegaokar-McCumber-Halperin theory for thermal resistances in superconducting wires [1]. To that
end, we start by obtaining the exact solutions for free-energy minima and saddle points. We provide an analytical
expression for the phase-slip rate in the zero spin-current limit, which involves detailed analysis of spin fluctuations

at extrema of the free energy.

Secondly, we theoretically investigate effects of quantum fluctuations on superfluid spin transport through easy-
plane quantum antiferromagnetic spin chains in the large-spin limit [2]. Quantum fluctuations result in the decaying
spin supercurrent by unwinding the magnetic order parameter within the easy plane, which is referred to as phase
slips. We show that the topological term in the nonlinear sigma model for the spin chains qualitatively differentiates
decaying rate of the spin supercurrent between integer and half-odd-integer spin chains. We propose an experimental
setup for a magnetoelectric circuit, in which both phase slips can be inferred by measuring nonlocal

magnetoresistance.
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Spin state is a characteristic degree of freedom in a multi-electron and multi-orbital system (e.g. magnetic ion
under crystal field) where crystal field splitting (A) and Hund's coupling (J ) are delicately competitive. Low spin
[LS] (or high spin [HS]) state emerges when A (or J ) overwhelms the other. Recently, we found a low entropy phase
in a spin crossover cobaltite LaCoO3 at ultrahigh magnetic fields of above 100 T by means of magnetization
measurement up to 140 T [1]. Various exotic orders are claimed as its origin such as LS/HS order and excitonic order.
They are considered to be stabilized by the correlation effects based on analysis of the two-orbital Hubbard model [2,
3]. The excitonic phase is characterized with the spontaneous and quantum-mechanical mixing of the wave functions

of LS and HS states. Whereas, the LS/HS ordered phase is the spatial alternation of the LS and HS states.

In the talk we briefly review our experimental results on LaCoO3 [1] and Y-doped Pr0.7Ca0.3Co0O3 [4]. Then we
discuss the physical origin of the possible stabilization of exotic phases [2] and their field effects [3]. We also mention

our future plan.
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I T T T T T PHEME XS S6 BiFE 4B 52



B 5 40/41/42 mkERa e —L > BRI -
HIF : 2016 42 11 H 7 H(H) “Fiij 10 lg~’F# 5 Ii§
5 PERTSE AR 6 B 55 1 &8 (A636)
B 1 10:00-11:00 FEFIREREA CRIEKZZREBB LRI
AR = 2T L B0 F 0k

13:00-14:00 @ B AE UK FERFEPEER TR
MRS KT A T L —F —IZ X DETWERE D TRIEEAF I 7 ADIEH )

16:00-17:00 sk Fefti CRORRZFPRFBELFSR 0508
(ESREET T~ LY BT K 2 3RS 5 A J X 7 ZADHISE)

B - HOE - BEFERY O T u— T O3 & EMPER A DIGH
HFf : 2016 4¢ 11 H 14 H(H) & 11K 30 i~

B - OIETF R AER 6 B 3B 1 k= (A636)

E 1 ST o

g KBRR: PR EBEFEm

EE:

WNZ NI BERB LIS T A TA A= THRORBICE O, APREEREL E X - £ LT 5 HATHREIC
mole, Fio. BMEEMEEEIT e & OBMEEEMT O R ITHEE Ly, Fox 3BT L7238V ORI K LIS A A v
T TR AR E O & 2327 ' Kohinoor (2t /—/v) ZHWTHEKRIZEBLWT ) 2aby 7 A A= FRFEB A EE
Lipole 1, LU s, B r 7~ amtiEe A5 E00 &\ TR D RS SR T H 2 LA R, JRERIC
RS D Z LT TERY, 20X RREOBT T, RENMIRESNDIEMRNZHNZTA T A A= ZITHERMRN
LEVOOH D, AMFNITEOE LB, SN ORhEN A LB L LRV B FaE0AEM RISk T2 3 -
JISEZERET D RN TE D, EMREOEIITHT D 20 L 5 REMEIZUFASEH I N T b oo, BT 5
74 BB B0 b ORRBBEEBLERIZD, INETIATA AV ZIIEREN TR oT, L
MU N HUE, Box OB LIZ@ERYZ /37 E Nano-lantern2 & Z DO EARK 3, S 5IXF0EHRATH
% eNano-lantern ZFIHT 5 Z & TILERLTD T A TA A=V TR REL e 572, AEIF—TIEL Nano-lantern
BLOEREN—2 LT 25 Ca2+, cAMP, ATP 7¢ EOSHRIEDORSRE, S HICEIEIT & 2 Miaiae OB ERAf, &
(SEHIRE & R U7 AR BRRE O RNIHPEALIE b & X OEMBIFAIIE~DIEH 6,7 IOV TRIEDH A& L, AbET
., BMA A=V T DRBIZ OV Tiam L2V,

B - 58 2 D - BP0 S S AR TBURE - L —F—dIC X 5B Y 1 F I 7 AWK
HIF : 2016 4£ 11 H 15 H(K) i 10 Kg~
it - BT ROVF—NES IR 4 S 1 B3I S —F—
HE:

SCEEFEA D - RrREEEEIIZERE Y 1 7T A) T LV —HIl & BRI OME I K 2 B R ORI A
B L2 Z o OB TR L — 3 — & el O S EIR O A2 K 28k X SR 2 ORI GREETH © 1) |
& T—H— - AT L D= poL X — BB O g GREEME « BYfh—) | ICX 2 BFMFRS LML
£, L= LR R & Lo LOWERROAIRE B LT, BURERE L A% O FatEIic oW T O R
EITVET,

53  BEBIZE L DB SO B 45 ercesesesessssssessessessssssssssssssssessssasssssssesssssssassnans sannEENE



R - Biahit X J— : Materials systems full of defects treated within KKR
HIEF : 2016 4F 11 A 18 H(&) ik 4 Wi~Fik 5 I

S - OPEDE e ACEE 6 B 55 5 B3I —% (A615)

#fh : Dr. Martin Hoffmann

FE © BRI TE i

We studied several different materials systems with the focus on the appearance of defects. Thereby, alloys, oxides
and surfaces were considered from the theoretical point of view using ab-initio methods. The main results were
achieved with the Korringa-Kohn-Rostoker Green's function method (KKR), which is based on the multiple scattering
theory and the density functional theory. This combination offers advantages compared to other ab-initio techniques
when dealing with disordered systems or magnetic properties. For example, the coherent potential approximation
describes an effective medium, which approximates randomly distributed atoms within the material and was recently
extended to include also nonlocal effects like short-range ordering. On the other hand, the magnetic force theorem

offers a fast and effective method for the calculation of the magnetic exchange interactions.

With these tools, we studied for example disorder in metallic alloys ranging from periodic long-range order over
short-range order and totally disorder to segregation of the alloy constituents. We showed for AgPd alloys that the
short-range order alters strongly the electronic structure [1]. The latter might be then an indicator for short-range
order in experimental investigations. Defects play also a crucial role in oxide systems. The influence of oxygen
vacancies and antisite disorder on the electronic and magnetic properties was studied for SrCoOs[2] and
SreFeMoOQOs[3]. We obtained good agreement with experimental observations. Besides, we calculated the crystal field
parameters for single holmium atoms on a Pt surface from ab-initio and used exact diagonalization in order to resolve
the splitting of the energy levels. The aim was to understand possible excitations and the high magnetic stability of

the holmium atoms observed in surface tunneling experiments[4].

References:

[1] Hoffmann et al J. Phys.: Condens. Matter 28, 305501 (2016)
[2] Hoffmann et al Phys. Rev. B 92, 094427 (2015)

[3] Saloaro et al ACS Appl. Mater. Interfaces 8, 20440 (2016)
[4] Miyamachi et al Nature 503, 242 (2013)
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Atom manipulation with the scanning tunneling microscope (STM) makes it possible to create ultimately small
structures at surfaces. We extended this technique to III-V semiconductors [1,2] and found that an atomically precise
electrostatic surface-potential landscape can be designed by the controlled positioning of charged adatoms. In this
way, quantum dots with identical, deterministic sizes can be created one atom at a time. By using the lattice of the
InAs(111)A surface to define the allowed atomic positions, the shape and location of the dots is controlled with

effectively zero error. The dots are assembled from -1 charged indium adatoms, leading to the confinement of intrinsic
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surface-state electrons [3]. This approach enables one to construct quantum dot assemblies whose quantum coupling
has no intrinsic variation but can nonetheless be tuned over a wide range.

In a related experiment, we found that the charge state and tunneling conductance of a single organic molecule
adsorbed on InAs(111)A can be controlled by the adatom-induced gating potential [4]. Depending on the potential,
the charge state can be tuned from neutral to -1. Moreover, the molecule changes its orientational conformation upon
charging. This coupling between charge and conformation induces a conductance gap more than one order of
magnitude larger than reported previously. The observed behavior can be understood as charge transport through a
gated molecular quantum dot with coupled charge and orientational degrees of freedom.

Atom manipulation in combination with STM-based spectroscopy provides detailed insight into the quantum-
physical properties of artificial surface structures at the smallest size scales. Understanding and controlling these
properties - and the new kinds of behavior to which they can lead - will be crucial for integrating atomic-scale

devices with existing semiconductor technologies.

[1] S. Folsch et al., Phys. Rev. Lett. 103, 096104 (2009).
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B : 35 43/44/45 R a ke —L ¥ REREEI I —
HIF : 2016 4 11 H 21 H(H) i 10 Re~14% 5 K¢
St © DPERF R AR 6 B 5 1 X% (A636)
5 1 10:00-11:00 %43 MfERIE—L > FERERI F—
INPEIRIBSEAE (RO R PR BB R i 50 )
M7 3 & AN THEEE 7 PR EHIE & 2 oS H

13:00-14:00 % 44 AR b —L v MERSE I - —
BRI Ol R R B LB ZE R
TR T T~V OV 2SR O BRZ%E & IR & OB IERIEAE AR )

16:00-17:00 45 EfGRE= v —L v N ERIFEE I F—
T2 HeE (B BB A i KBk )
DR UL A IR & A - B IR BE IR

B : B3I — R T AV U TERICBIAHREBTHE R HiEB
HEF : 2016 4E 11 H 25 H(&®) FiE AW~TF1% 5 0F
5 - AR 6 B S5 I —% (A615)

aighil R Gl
g @ RA{ T ERFBE B
L=

2006 fEIZ A. Kitaev IC X > TEASNEZETAVUVERMTHLI XX = 7T, BAEMEOR2 5 TEERR %
BUEANVTHE CIEAZED TND, ZOFT, oK ECERE SN S=1/2 BT AV UEMT, BEIH 2

55  BEBIZE LD SO B 4E  eereesesessesssessessssssssssessssssssssssessssssssssssesssssssasssnans sannEENE



ERTE, HRREIIRETAE VKK E D, ZOBTFAEVREOREERSS, 4V D7 ABRIEDONLT =0 MEAEW
R EDEBEOYE & OXGEHR T HToOIT, F X TERNI AL B~V AR 72 528N LT BB OB R
HHNZATON T WS, T T, BEFRAEUHEER AL B~ FIAAER OB AL, BEx KRBT~ & 2 b3
LERTHRARONTND, LMLARL, XX THAERE, N B~V HAEER & W o KRBT & ZE S
W OHAIEH & OBAIZ L > TAE U D7 R IERF & T O FREMEITER SN TV RWVORBRTH 5,

AT, AT 2R ENSE DR bHERMAERTH LA U VTHEERZ % 2 = 7 FRNE A L 78 0
RN &2 BRI [1], ZoAE | GRS 724 —ICB T BER Ak, BTAELO~ITF T2/
T FRICE B PR CHEEIT o T2, ZORE. A PV ZHAEER OB, B2 B UEIER & R FE D
MICZn b E R\ UWVIREHEAEERT 22 L2 AH Lz, ZOREES ¥ = 7HEEARRTNREEICHE L, A
U RRFARIBIC RSN T 2 Z L b oTo, ZORRIT, Bigd ¥ A 7 OB ERFIREOM CIR-HiEB 8 E T 2
EERLTND, ZOMHEBIES ¥ = 7 BANCNEYT S 22 7 — VR OERELRIFIIN & 22 o TR Y | AOBELOMEIT
WO KR THD Z ENERBEINTND, E5I12, HO &AW B B TIRBEIC L 5 A FRIREEFHE BTV,
ZO—WEBITAERIBEORA A TR L, ZOREEB T2 FEOBELFHEEGIICHER T2 EBbrote, T
OFRBETHIT, ¥F4TT - APV TRANCRLT, X7 - A B oYL il P 7 — 7 BEsRl ¢ 4 4
C2AREMEDRH 5,

AWFFEIL, MBEEZ K (AT, HMMERK HAT), MEFEMK E) , REERCERT) &L oERFEIZED b
DTH D,

[1] J. Nasu, Y. Kato, J. Yoshitake, Y. Kamiya, Y. Motome, arXiv:1610.07343.

PR 5 46/47 MR b —L ¥ MERERE I -
HIF : 2016 4¢ 11 A 28 H(H) F#ii 10 B~7F1% 2 I
B - MPEDFSEi AR 6 B 5 1 &% (A636)
5 1 10:00-11:00 5546 MfERaEe—L > MERERIF—
PSS GBI Y SR ERE T — 4)
[HEIRBNE R @SRRI EDO O OFEBRET— Fa v 7 L—F—Bi %)

13:00-14:00 FH47EfEEa v —1L v NERIEE I F—
TR Seds (B NI SeRS oy T B 250 T)
YU T AERIMT 7 A 8= —F =1L 5 2um WA VLA L—PF— X7 A

B EREE R 2 ) — TIRREHRE U TOEZIHOR S & &Rtk
HIE : 2016 45 11 H 28 H(H) 7% 3 Mi~"Ft& 4 I
L - YERFSEARE 6 B S5 23 —% (A615)
N Ny
P © UM R B2 T
uE:
FT= B OREFR T 2 MICEMIE, o2 0WE (FavanAf N BEREDY 7 h~¥—) bbb, b
OYVEIL, A R VX —REOWI R EEHICL > TRA Y A — VOEETERT 5720, NGO 038 )
FHTHENLF—DEANCE Y ZOFEERES LS E D, EEPOR/NBEMTHLHMBOL < OIEEIX, 25 LcHk

I T T T T T PHEME XS S6 BiFE 4B 56



DINVVERYENE— 2 —EABEICE Y NP S0 2 E TEENDI D, ROIEEHERLIEIE DDz, %
DEFVEDRRTE SN D BB L TR0 23 %0,

FEZ, FEPARBICEE SN2 AERKDET VR E LT, “E—4—EAEXEEMEIC I VBB SISV &
ERL, v~/ 7 nlAny—L TN FEZMVTINOD S VNI TARMICAEL 25 6 & L W ARE 28T 5
T2 OEABHR A HEE L CTE 7o, ZORER. 2 bDET VR TIIETHERICET 2 HEHILTF O AT TH 5 1)
ot E P [1, 2]t DB IR EBL B M T o Z & 2 R L7c, AR TR, 29 LIEAAEHOBN OBLITFIELE €D
ERMFERICONTE A, FEVHSR & L TOEKS AT ERE DO F 5T 25K DOREIZ OV Tk 5,

<BHB UM >

[1] D. Mizuno, C. Tardin, C. F. Schmidt, and F. C. MacKintosh, Science 315, 370 (2007).

[2] D. Mizuno, R. Bacabac, C. Tardin, D. Head, and C. F. Schmidt, Phys. Rev. Lett. 102, 168102 (2009).
[3] Irwin Zaid, D. Mizuno, Phys. Rev. Lett. 117, 030602 (2016)

B 352 CDMSI GRA b Txt) EHE (7)) YURIIL ~RIEROPERELZ DHHERET N A - FErERE
MR DRIk~
HE% : 2016 4 12 H 6 HCK)~2016 4 12 H 7 HOK) 18 1 B~
B - MTEDTSEiAEE 6 B KakEE (A632)
HE:
T OOV THEOES L FE Y7 A2, BIOL B2 [ LoaF¥a ks @iz LET, 72, BEEd 2
[RA N TR B - 9iF0RE) & (L08R BT 2 HfRREIC L0 . HH3E L IREM A2 0
S

PR - PG 2 J— : Quantum oscillations and Chiral anomaly without magnetic field in Dirac and
Weyl semimetals

HEF : 2016 47 12 H 9 H(&) F& 4 BE~F#& 5 I

S PEDF R A 6 B S5 5 B3I —% (A615)

%Pl : Marcel Franz

i@ : University of British Columbia

EE:

Elastic strain is known to act as a pseudomagnetic field on the low-energy Dirac electrons present in graphene. We
show that similar effect occurs in the recently discovered class of Dirac and Weyl semimetals whose low-energy
electronic structure resembles that of graphene but promoted to three spatial dimensions. This gives rise to some
remarkable phenomena in these materials including quantum oscillations driven by strain in the complete absence
of external magnetic field and various novel manifestations of the Chiral anomaly such as the concept of "topological
coaxial cable" which supports hydrodynamic flow of electrons with potentially very low dissipation. We describe these

intriguing phenomena in some detail and discuss constraints on their experimental observability.
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The technique of focused ion beams was applied to a quasi 1D compound NbSe3 possessing the charge density
waves (CDW). Here, a micron-width Hall bars stretching transversely to CDW chains were fabricated and studied in
high magnetic fields. The complex of observed nonlinear and nonstationary effects is counterintuitive with respect to
common notion for CDWs: the conductivity drops below the threshold rather than rising, Shapiro steps are quantized
in voltage rather than in current, etc. [1].

The interpretation [1,2] invokes the deformable CDW in a restricted geometry for the quantum limit of carriers in
remnant small pockets. In realities of the NbSe3, the carriers are concentrated at the lowest one-two Landau levels
forming, at no current, a fractionally (n<1) filled quantum Hall (QH) state.

The gigantic dielectric constant of the CDW reduces the electric field of the Hall voltage directed along the CDW
chains allowing for strong redistributions of the electronic density unthinkable in usual circumstances. At low
temperature T<1K, the experimental Hall voltage ~1meV forces all carriers to densely fill a fraction n of the chain
length thus forming, under the current, the integer QH state while leaving the fraction (1-n) of the chain length
unoccupied. The electric field in charged regions adjacent to the boundaries easily exceeds the pinning threshold of
the CDW, then the depinning propagates into the nominally pinned central region via sharp domain walls. Allowing
for phase slips provides the exchange among reservoirs of normal and condensed electrons which gives rise to
compensated collective and normal pulsing countercurrents driven by the Hall voltage.

This scenario is confirmed by a numerical modeling [2].

[1] Yu.l. Latyshev, A.A. Sinchenko A.P. Orlov, S. Brazovskii and P. Monceau, to be publ.
[2] S. Brazovskii, Physica B, 460, 236 (2015).
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