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Novel phases and phenomena induced by emergent fictitious monopoles in pyrochlore
oxides have been revealed.
For quantum spin ice systems where the quantum magentism originates from rare-earth magnetic moments, we
have provided theoretical evidence of a continuous crossover from a classical spin ice characterized by
localized monopoles to a quantum spin liquid showing quantum dynamics of monopoles. Through analyses of
extensive experimental results on a basis of a quantum spin ice model, we have uncovered that Yb2Ti207
and Th2Ti207 are located in Higgs-confining ordered phases with Bose-condensed monopoles.
Our first-principles calculations have clarified the electronic structures of the paramagnetic semimetal
Pr21r207 and the antiferromagnetic insulator Y21r207, and shown the conditions of the emergence of Weyl
points acting as monopoles in the reciprocal lattice space.




(€H) Dy, Ti,0,,Ho,Ti,0,
Pr,Ir,0,  Pr,Zr,0, Yb,Ti,0,
Th,Ti,0,
() Pr,Ir,0,
Pr
Ir
Ir
@ Pr,B,0,(B

=Zr,Sn,Hf,1r) Yb,Ti,0,

u(d)

Anderson-Higgs

Z,

() Ir
Z2

A0,

Dirac

R=Pr, Nd, Sm, Eu,

o

Pr,Ir,0,, PrZr0,, Yb,Ti,0;, Th,Ti,0,

() Ir

OpenMX (http://www.openmx-square.org/)

Pré*
La®
@

172

u®)

Higgs
L Pr, Tb

Yb
Yb,Ti,0,



Yb,Ti,0,

pnSR

TbZ—xT i 2+XO7+y X

u@)
u@®)
u@)
() Ir
OpenMX Prolr,0;  Y,Ir,0,
Irbd
1r06
Ir-0-Ir r

Ir,0 Ir

Pr,lr,0, Yr,Ir,0;

H. Takatsu, S. Onoda, S. Kittaka, A.
Kasahara, Y. Kono, T. Sakakibara, Y.
Kato, B. Fak, J. Ollivier, J. W. Lynn,
T. Taniguchi, M. Wakita, H. Kadowaki,
Quadrupole Order in the Frustrated
Pyrochlore  Th,,Ti,,0,,. Physical
Review Letters 116, 217201/1-6 (2016).

http://journals.aps.org/pril/abstract
/10.1103/PhysRevLett.116.217201
Yasuyuki Kato, Shigeki Onoda,
Numerical evidence of quantum melting
of spin 1ice: quantum-to-classical
crossover. Physical Review Letters 115,
077202/1-5 (2015).
http://journals.aps.org/pril/abstract
/10.1103/PhysRevLett.115.077202
Fumiyuki Ishii, Yo Pierre Mizuta,
Takehiro Kato, Taisuke Ozaki, Hongming
Weng, Shigeki Onoda, First-principles
study on cubic pyrochlore iridates
Y,Ir,0, and Pr,Ir,0,. Journal of the
Physical Society of Japan 84,
073703/1-5 (2015).
http://journals.jps.jp/doi/10.7566/J
PSJ.84.073703

613, 32 (2014).

Lieh-Jeng Chang, Martin R. Lees, Isao
Watanabe, Adrian D. Hillier, Yukio
Yasui, Shigeki Onoda, Static magnetic
moments revealed Dby muon spin
relaxation and thermodynamic
measurements in the quantum spin ice
Yb,Ti,0,. Physical Review B 89,
184416/1-5 (2014).

http://link.aps.org/doi/10.1103/Phys




RevB.89.184416

SungBin Lee, Shigeki Onoda, Leon
Balents, Generic quantum spin ice.
Physical Review B 86, 104412/1-11
(2012). .
http://link.aps.org/doi/10.1103/Phys
RevB.86.104412

Lieh-Jeng Chang, Shigeki Onoda, Yixi
Su, Ying-Jer Kao, Ku-Ding Tsuei, Yukio
Yasui, Kazuhisa Kakurai, Martin
Richard Lees, Higgs transition from a
magnetic Coulomb liquid to a
ferromagnet in Yb,Ti,0;. Nature
Communications 3, 992/1-7 (2012).

http://www.nature.com/ncomms/journal
/v3/n8/full/ncomms1989. html

Shigeki Onoda, Theory for electronic
properties of oxide pyrochlores:
qguantum spin ice and iridates. TMU
International Symposium on * New
Quantum Phases Emerging from Novel
Crystal Structure”

2005 9 25

Shigeki Onoda, Thermal, transport, and
spectral properties of generic quantum
spin ice beyond the mean-field theory.
The 20th International Conference on
Magnetism. (Barcelona, Spain, 2015

7 6 )

Yasuyuki Kato, Shigeki Onoda,
Numerical evidence of quantum melting
of spin ice: quantum-classical
ccrossover. American Physical Society
March Meeting 2015. (San Antonio, USA,
2015 3 4 )

Shigeki Onoda, Two crossovers,
deconfined  spinons, and  Higgs
transition in quantum spin ice. The
long-term workshop *“ Novel Quantum
States in Condensed Matter 2014”

2014 11 4
Shigeki Onoda, Yasuyuki Kato, Phase
transitions, crossovers, and

excitations in quantum spin ice.
International Conference on Highly
Frustrated Magnetism 2014. (Cambridge,
UK, 2014 7 11 )

Shigeki Onoda, Crossover, deconfiend
spinons, and Higgs-confining
transition in quantum spin ice. 2014
Aspen Summer Program “ Modern Trends
in Quantum Magnetism” (Aspen,
USA, 2014 5 29 )

2013 3

2013 9 26
Shigeki Onoda, Hydrodynamic theory for
Coulomb and Higgs-confining phases in
qguantum  spin ice. 7th ISSP
International Workshop and Symposium
“ Emergent Phases in Condensed Matter
—from topological to first principles

approaches”
2013 6 14
68
8
2013 3 26
Shigeki Onoda, Quantum spin ice. KITP
Program: “ Frustrated Magnetism and

Quantum Spin Liquids: From Theory and
Models to Experiments” )
(Santa Barbara, USA, 2012 8 22 )
Shigeki Onoda, Topological phases with
broken time-reversal symmetry in
pyrochlore iridates. Aspen Center for
Physics, Summer Workshop “ Spin-Orbit
Physics in Correlated Electron
Systems” , (Aspen, USA, 2012
7 10 )

Shigeki Onoda, Higgs transition from
magnetic Coulomb liquid to ferromagnet
in  Yb2Ti207. 9th International
workshop on Polarised Neutrons in
Condensed Matter Investigations

, (Paris, France, 2012 7 2 )
Shigeki Onoda, Topological phases with
broken time-reversal symmetry in
pyrochlore iridates. International
Workshop “ Itinerant Spin-Orbital
Systems: From Magnetic Frustration to
Novel Superconductivity” ,
(Dresden, Germany, 2012 5 22 )

http://ww.riken. jp/lab-www/cond-mat-th
eory/onoda/Zindex j.html

http://ww.kyoto-u.ac. jp/ja/research
/research results/2016/160520 2.html

http://ww.riken. jp/pr/press/2015/20
150821 2/

N S

http://ww.riken.go. jp/r-world/info/
release/press/2012/120808/index.html




@
ONODA, Shigeki

70455335



