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In this project, | have carried out an extensive analysis on electronic systems
on a pyrochlore lattice, one of the lattices classified as complete graph, and obtained several important
results. Firstly, we gave an explanation to various properties in a magnetically ordered phase, with
all-in/all-out type magnetic order, by focusing on the role of domain walls, and also discussed the
controllability of domain wall with electric current. Secondly, I discussed the possible existence of
composite excitation, which we call monopole ring, in itinerant spin ice system, and also proposed that
this monopole ring excitation may exglain the spontaneous Hall effect observed in Pr21r207. And thirdly,
I showed the possible existence of Abelian and non-Abelian fractional quantum Hall effect on the surface
of layered pyrochlore systems, as a result of interplay between electron interaction and topological
nature of the surface inherited from the Weyl semimetal state realized in the bulk.




B X C—19, F—19,.
1. WFEBRLAE Y WO &
complete graph O —FTH L/ XM v sy
e BRI RS, RERBEN R
TeAVTRIERETH 5, FRICHFZEBLE Y W) T
X, Ir %1 v 7 a 7 bEY Ln2lr207(Ln==7
THOCR)ORT, Bk, ST, KO
RN ME N ROVELEED T,
Ly piF, Ln=Pr (25T 5 Pr2Ir207 125
WTCIE E R — /L2 B8 O BLER R W BLGR A
B4, PriéRE— A ROFOAE LT
A A OZEE BN EE ST\, £, it
@ Ln2Ir207 R TIAL EERHER I NIz,
All-in/All-out B DKL IOV T b, BF
HoOMERS FARue P VIcIERAZRE IR
EBETHIERE L TEWVWEAREE -
TU 7=,

2. WMo HB

RAmrsa7KF ETERZSN-REETF
PRIk L, oA BE2h S A (5 i ok 2 £ fiiE
RN FIEIC L > TR Z LI L Y, (=
7 v TR A OB R &R 7 R AR A

DIHFDFRE LTEL 2B 2D, £,

BonlfRe T, Ir "M v 7 a7 ks
PN HOWTHBIH S AL 7o FE &2 O BUBR TR FE R
T R OIFR A5,

3. WD HIE

(1) Pr2Ir207 O B3 H— /LN HE % &8l

W RN IZ BV TlE, 7i/%7§%0)#1
MBI RFME DS Z O BLGZ B W T HEEREE
RS LICER L, BEREEZBTS
FEERHWE, BT, ke TEHEAEE
AETEEZEE L J1-J2-d3 AT A A%E
FTNAERAL, EEET T oA EE N
TG 7 = U TR OB KR OE ) R— V5
JE DWRFIEIF R 2 BB L7z,

(2) All-in/All-out BEMEROWMEZE D
720ll, RAA VEBEOREZTHENER LT
NI HAT 72 o T2, FT2. ,J; EREmRT &
WLV R A A BEDRENEZ HIE T 23~
%ﬁ@oto_hEﬁﬁmﬁt (2, IO
NREROBE O FES D/ A )V AL OZ)
BLELTRVAATE M e e T+ ED
NN —=RETFTALEREMH L, FEHR
Hartree—Fock & TOfENT #1772 - 7=,

(3) All-in/All-out HOMKBFIZFHE R EN
T. Ln2Ir207 1B W TEET 5 @ﬂ
BANCERINT WD Weyl EoRIkEE

5 E R AEAERD R AT, ﬁéf

Weyl Y=< )@ H sk o 2% ik e J\OD’f”EE%E*HE
TEROREICER L, BIRASA ar o7k
FTEREEINTET L a A UEHAAE
FAIAY @ tight-binding #M % HWT, D
FHEIREICHE L BEREERA O R %
et i E DTl T, B, s
F A= /VIREEDRBUTIEH LT 24772

-7z,

Z—19 (@

)

4. WFFERCR
(DJlﬂJ3Xt/74x%fwﬂkwT

EPED @V IEERED 3 E AT o T2,
%ﬁ . J2=J3>0 DOEIIZIB VT, monopole
jellyfish JAbiEE & F 2 D34 AT T2 2 B iRIh L 23
WEMIIHFIMET D Z & 2 7=, Monopole
jellyfish Bz A 5 U 7 1 O fEE AT
LNEIRETH D, ZOHBEDTZDIZ, K
M St R PE DN &SRB Ak L C
DO&EENZ RT3 Lk, Pr2lr207 1238
TF2OEER—IVHROERE L TEHEERE
El a2 RIS SN S,

\\’/

\ J\
)\\ )L\
o)g:\

X : Monopole jellyfish bt

(2) All-in/All-out BEPERIZIBWNT, KAA
VRENT R Ebfﬁf&i?\/vf\' RENER
EPLOWEERFMEICIIT D shoulder B4
Lmt{ﬁ'—&@éT @% Clc, £z, A
0y a7 ORI EBETS L
2LV, All-in/All- outﬁir/\7){ H]DIE
Fﬁﬁnﬂ& VL E OREAENHBE T R L X

WCHEETDHZ &R L, BRICE>TRA
4/ﬁ$&%zyFm—w¢5ﬁ%ﬁmo
Wi U7,

(3)Al1-in/All-out BkFZM® & T D REK L
FFIZHE I 5 Weyl Y4 BIRIEICRIT5E
FFE BEAEH O RAZ DN T D — 5 52

SO ws E fWS
25l WS WS
cM oM
tioof 125/ Ins. Ins. 1;1§ ]
cM_— i Mm
2.5 5
WS | WS
<ol WS o S
i 3.0 20 -1.0 0.0 1.0 2.0 3.0
M

A = I = BV NI RN P



BT o7, L0 biT, Weyl Y4 EIKREIZH
k2 REIRIENE FHEORETITE N
NT-EE, F AR v U VIZIEB AR LIRE TR
RENA U D ATEEME &7 B s AbiBIc L 0 g
Bride, Blo, HEICIREOMEE & flux K
I BEE U, Al ONJE AT i & 7 AR — L
e Ot Z L L,

5. ERIELGMICE
(BRFEREFH . AFTEs 3 R O R JEH 12
TR

UdEsERm s Gt 15 1)
@® Ryo Ozawa, Masafumi Udagawa, Yutaka
Akagi and Yukitoshi Motome, Surface and
Interface Effects on a Magnetic Chern
Insulator, Journal of Physics: Conference
Series, fr@if, 592, 2015, 012130
DOI: 10.1088/1742-6596/592/1/012130

@ Joji Nasu, Masafumi Udagawa and
Yukitoshi Motome, Low—energy Majorana
States in Spin—liquid Transitions in a
Three-dimensional Kitaev Model, Journal
of Physics: Conference Series, #@ef, 592,
2015, 012115

DOI: 10.1088/1742-6596/592/1/012115

® Masafumi Udagawa and Yukitoshi Motome,
Entanglement Spectrum in Cluster
Dynamical Mean-Field Theory, Journal of
Statistical Mechanics, & 3t &, 2015,
2015, P01016

DOI: 10.1088/1742-5468/2015/01/P01016

@ E. J. Bergholtz, Zhao Liu, M. Trescher,
R. Moessner, M. Udagawa, Topology and
Interactions in a Frustrated Slab: Tuning
from Weyl Semimetals to C>1 Fractional
Chern Insulators, Physical Review Letters,
#HiAT, 114, 2015, 016806

DOT:

http://dx. doi. org/10. 1103/PhysRevLett. 1

14. 016806

® Masafumi Udagawa and Emil J. Bergholtz,
Correlations and Entanglement in Flat Band
Models with Variable Chern Numbers,
Journal of Statistical Mechanics, #FHiH,
2014, 2014, P10012

DOI: 10.1088/1742-5468/2014/10/P10012

® J. Nasu, T. Kaji, K. Matsuura, M.

Udagawa and Y. Motome, Finite-Temperature
Phase Transition to a Quantum Spin Liquid
in a Three-Dimensional Kitaev Model on a
Hyperhoneycomb Lattice, Physical Review B,
#HiA, 89, 2014, 115125

DOI:

http://dx. doi. org/10. 1103/PhysRevB. 89. 1

15. 125

@ Ryo Ozawa, Masafumi Udagawa, Yutaka
Akagi and Yukitoshi Motome,
Reconstruction of Chiral Edge States in a
Magnetic Chern Insulator, Journal of the
Physical Society of Japan, #r#cf, 83,
2014, 073706

DOI:

http://dx. doi. org/10. 7566/ JPSJ. 83. 07370
6

® Joji Nasu, Masafumi Udagawa and
Yukitoshi Motome, Vaporizatoin of Quantum
Spin Liquids, Physical Review Letters, 113,
2014, 197205.

DOT:

http://dx. doi. org/10. 1103/PhysRevLett. 1
13. 197205

©® Y. Yanase, S. Takamatsu and M. Udagawa,
Spin—orbit Coupling and Multiple Phases in
Spin—triplet  Superconductor  Sr2Ru04,
Journal of the Physical Society of Japan,
#HiA, 83, 2014, 061019

DOI:

http://dx. doi. org/10. 7566/JPSJ. 83. 06101

9

Yutaka Akagi, Masafumi Udagawa and
Yukitoshi Motome, Linear Spin Wave
Analysis for General Magnetic Orders in
the Kondo Lattice Model, Journal of the
Physical Society of Japan, Conference
Proceedings, @A, 3, 2014, 014017
DOT: 10. 7566/ JPSCP. 3. 014017

@ Hiroaki Ishizuka, Masafumi Udagawa and
Yukitoshi Motome, Monte Carlo Study of an
Effective Ising Model for the Spin—ice
type Kondo Lattice Model, Journal of the
Physical Society of Japan, Conference
Proceedings, ##ef, 3, 2014, 014013
DOT: 10. 7566/JPSCP. 3. 014013

@ Masafumi Udagawa, Hiroaki Ishizuka and
Yukitoshi Motome, Invariant Energy Levels
and Flat Band Engineering in a Kondo
Lattice Model on Geometrically Frustrated
Lattices, Conference Proceedings, &t H,
3, 2014, 014009

DOT: 10. 7566/ JPSCP. 3. 014009

@ Yutaka Akagi, Masafumi Udagawa and
Yukitoshi Motome, Effect of Quantum Spin
Fluctuation on Scalar Chiral Ordering in
the Kondo Lattice Model on a Triangular
Lattice, Journal of the Physical Society
of Japan, ##FiA, 82, 2013, 123709

DOT: 10.7566/JPSJ. 82. 123709



@ Hiroaki Ishizuka, Masafumi Udagawa and
Yukitoshi Motome, Polynomial Expansion
Monte Carlo Study of Frustrated Itinerant
Electron Systems: Application to a
Spin—ice type Kondo Lattice Model on a
Pyrochlore Lattice, Computer Physics
Communications, #rHiA, 184, 2013, 2684
DOI: 10.1016/j. cpc.2013.07. 009

® Masafumi Udagawa and Roderich Moessner,
Anomalous Hall effect from
frustration—tuned scalar chirality
distribution in Pr2Ir207, Physical Review
Letters, #wmif, 111, 2013, 036602/1-5
DOT:

http://dx. doi. org/10. 1103/PhysRevLett. 1
11. 036602

(PRl Gt 23 )

@O Masafumi Udagawa, Emergent Collective
Excitations and Anomalous Dynamics of Spin
Ice with Short-range Interaction,
DSCS2015, 2015 3/30, ISSP, Kashiwa

© FHN FL, WEET RIS S
EHT T A L— g U RO BEREIATZE,
A AL 5 70 RFERORE:, 2016 3/21,
RPN

® FHII 32, Bk Weyl ¥ BRIZET
LEVHEMAEERZE, STV —2 v a v
(8 L AR ZOMBER R WER Y - ¥
HEFEOTa T 47, 2015 3/18, HT
K%

@® Masafumi Udagawa, Topological defects
and composite excitations in pyrochlore
conductors, International conference on
topological quantum phenomena, 2014 12/17,
Kyoto

® FHl B, A ey aTEEERD R
Ao VKRN, WINTERFEY—7 23
v, 2014 11/21, JUMN TR

® Masafumi Udagawa, Novel routes for
monopole freezing in spin ice, YITP
Long—term workshop: Novel Quantum States
in Condensed Matter 2014, 2014 11/10,
Kyoto

@ FHII FFX, A uere 75850 k
Wu Y HNVKRME, BERFRIKY —7 =
v 7, 2014 9/26, EESKFHIT

® FW) JF3¢, All-in/All-out BIREMEIRIZ
BIFDERICED FAAL VB, BAWRS
£: 2014 HEMFE RS, 2014 9/9, ERREF

© FH)Il ¥, Novel routes for monopole

freezing in spin ice, HARYHLFE 2014
RS, 2014 9/9, HEpKRF

Masafumi Udagawa, Transport theory of
pyrochlore conductors, HFM 2014, 2014 7/7,
Cambridge

@ Masafumi Udagawa, Current—-driven
domain wall creation in All-in/All-out
magnets, NHSCP, 2014 7/1, ISSP

@ Masafumi Udagawa, Transport theory of
pyrochlore conductors, NQMP, 2014 5/14,
OIST

@ Masafumi Udagawa, Itinerant Spin Ice,
APS March Meeting, 2014, 3, 3, Denver

@ Masafumi Udagawa, Topological defects
in pyrochlore conductors, International
Workshop of Young Researchers on
Topological Quantum Phenomena, 2013 10/26,
Okinawa

® FHI X, XAMu a7 B8RO
all-in/all-out FRFFARIZ T D REME: & 58
B, AAMEHZES 2013 EHKEFERSE, 2013
9/26, fEEKY:

FHEIIN X, T4 7T 7 ETESR
47~ Hubbard model OFRARBAMGRIE OME, H
ARPELES 2013 AEFKFE RS, 2013 9/25, 1l
PN

@ Masafumi Udagawa, Transport theory of
spin ice conduction systems, The
international conference on strongly
correlated electron systems, 2013 8/9,
Tokyo University

@ FW) XL, AT AABEZROR
WA — VR, WAL EIFA - coMs ¢ e
HERS A [RF TR TRHE W B DT R )
2013 1/11, WMERFZERT

©@ FH) R, AV T A ZREZ O
EHG L BN, HAWPLSES 2012 R
R4, 2012 9/21, MRIRESIKE

@ FHII FFX, 7T AL — MEERIZ
B2 2B EHNTZ A A SEICER T
DEER—NAHE, BARMIEFES 2012 FFK
FRE, 2012 9/21, KEEESL KRS

@ FHI KL, AT A AMRERDIE
PR E AR — VRO, B AW
22 2012 FEFATR LS, 2012 9/21, HRIRESTK

=

@ Masafumi Udagawa, Transport theory of



conduction electron systems, CTTCM, 2013
9/12, BMLEWFTERT

@ Masafumi Udagawa, Non—-Kondo
resistivity minimum in spin ice conduction
systems, International  workshop  on
itinerant spin-orbital systems, 2012 5/22,
Dresden

(X¥EF) GE M)

(P 3 U A )
Ok Gt o )

SHFE
LR
MR
TS -
i
HFEEA B -
EWs o5 -

ORI GE 0 )

SHFE
LR
HERZE
TS -
i
HFEEA B -
PSR A
EWs o5 -

(Z Dt
R DR — D

6. HFFCHLAR

() #rgefREE

FHJI FSC (UDAGAWA MASAFUMI)
WK - THRMZER - Bh#

FgeE &5 - 80431790

(2) WFFE 53 3
( )

WHoeE &5

(3) MR TEE
( )



