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Quantum spin ices and topological phases from dipolar-octupolar doublets on the pyrohlor
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We consider a class of $d$-and $f$-electron systems in which dipolar-octupolar
Kramers doublets arise on the sites of the pyrochlore lattice. For such doublets, two
components of the pseudospin transform like a magnetic dipole, while the other
transforms like a component of the magnetic octupole tensor. Based on a symmetry
analysis, we construct and study models of dipolar-octupolar doublets in itinerant and
localized limits. In both limits, the resulting models are of surprisingly simple form. In the
itinerant limit, we find topological insulating behavior. In the localized limit, the most
general nearest-neighbor spin model is the $XYZ$ model. We show that this $XYZ$
model exhibits two distinct quantum spin ice (QSI) phases, that we dub dipolar QSI, and
octupolar QSI. We conclude with a discussion of potential relevance to real material

We consider a class of d-and f-electron systems in which dipolar-octupolar Kramers
doublets arise on the sites of the pyrochlore lattice. For such doublets, two components of
the pseudospin transform like a magnetic dipole, while the other transforms like a
component of the magnetic octupole tensor. Based on a symmetry analysis, we construct
and study models of dipolar-octupolar doublets in itinerant and localized limits. In both
limits, the resulting models are of surprisingly simple form. In the itinerant limit, we find
topological insulating behavior. In the localized limit, the most general nearest-neighbor
spin model is the XY Z model. We show that this X'Y"Z model exhibits two distinct
quantum spin ice (QSI) phases, that we dub dipolar QSI, and octupolar QSI. We conclude
with a discussion of potential relevance to real material systems.

Authors

@ . .
- yphuang@phys.nthu.edu.tw (National Tsing Co-author n f x

Hua University)

12 2+ Add myself Q Search E3 Enter manually




FEMAEMSIEER - FERHemall o

Enter Person

Title Affiliation

Prof x University of Colorado Boulder
First Name Family Name

Michael Hermele
Email

First.Last@colorado.edu v
Address Telephone

BF o FTIABPIERG e AR Ak B pOIRsh

WATNRBARIFEIRT - FRREREFE

Authors *
Authors

& Michael Hermele
First.Last@colorado.edu (University of m Co-author & °
Colorado Boulder)

‘ . .

- yphuang@phys.nthu.edu.tw (National Tsing m p— ?,
Hua University)

12 &+ Add myself Q, Search B3 Enter manually

e A BRI EARBT R AR B EIRE L TR -

Authors *

@ i
yphuang@phys.nthu.edu.tw (National m Corauthor n &
Tsing Hua University)
. @
i e

Michael Hermele
First.Last@colorado.edu (University of m Co-author & y’

Colorado Boulder)

12 2+ Add myself Q, Search EA Enter manually




R A& FIEREERtrack » FRIIE HATINE B poster section » S{EFEER_EEAttachment R 2 AZBR] » tha]
xR s D EAEmER -
]
Authors *
Authors
(] yphuang@phys.nthu.edu.tw (National
- Tsing Hua University) m Corauthor n ‘?’
a Michael Hermele
First.Last@colorado.edu (University of m Co-author & y’
Colorado Boulder)
12 2+ Add myself Q, Search E3 Enter manually
Comments
4
Attachments ,r___---------------_------------_:':
1 m

[ crystals-07-00004.pdf

Choose from your computer EIUT:E?E?‘EJ:E?E?E*E
[ e e - - - % ; -

Tracks * Poster section

ZHERINE > SEFEEABCIERRE » DEERE THcall for abstractB BRI B SEHNLE: (RAREL

EEBR) - BRBAER  BZERE - 1T8ERE LHIREREER -

Overview Call for Abstracts

Scientific Progra
- Opening day Submission deadline
Call for Abstracts .
Tetabte
Sep 7,2023,12:18 PM No deadline

Registration

LB EiBRApdfiE » HERANNE/VR50MB °
FIMEES—E5~ 1028/ R - N BCHER - It B EESlyoutube - MifE B CHBIRIBRM BRI -PR GRS -

Th i
e call for abstracls is open . [
You can submit an abstraetforTeviewing.

My abstracts £ 1/1 O Enter#id or search

1.U(1) quantum spin liquids and topological phases from dipolar-octupolar doublets on the

pyrohlore lattice
A Yi-Ping Huang (National Tsing Hua U
@® Last modified: Sep 8, 2023

We consider a class of d-and f-electron systems in which dipolar-octupolar Kramers doublets arise on the sites ¢




BHZE B MW E

1. RISERLAERE > FFAPTURERERE - iEEcal for abstractiED » IIFHFISETIRIBHE
afl  List of abstractffiiImanageEIRREZ TE"1" - RnA —ERBEEAHTE - BEFREEWER
UKIBR BB BRIESERIKIEEZ - BRI - FlEMMEZES -

i g i i s e e e s e

@ Settings Call for Abstracts
Timetable -
o Protection Ciose nowen sehmlath doalins CRESET ciose now |
& Privacy
Submission

Notifications Settings
0 Configure general submission settings and email notification templates. = o 9

4
.

i= Organization
Fields and types

Configure the contribution types and abstract fields. COilTEEDEES eaactrelcs

Materials

Contributions

Reviewing . .

L . - . - Rol Setti ti
Participant Roles & Configure the reviewing questions and answers, the reviewing teams, etc. x4« Roles g Settings = @ Questions
Program Book of abstracts

EE 4 Upload PDF (X LaTeX Settings
Registration Customize and download the book of abstracts
Reminders
W= | jst of abstracts
Roles Setu o —
P m = \iew and perform actions on abstracts ° Manage o
Sessions

Editing

2. # N’ Manage” - HMBEFELE LENPHEEE - IRVGESE ERER  aEWEIUTIESIRE

B o

Call for Abstracts

U(1) quantum spin liquids and topological phases from dipolar-octupolar
doublets on the pyrohlore lattice
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Authors: Yi-Ping Huang, Michael Hermele

We consider a class of d-and f-electron systems in which dipolar-octupolar Kramers doublets
arise on the sites of the pyrochlore lattice. For such doublets, two components of the pseudospin
transform like a magnetic dipole, while the other transforms like a component of the magnetic octupole
tensor. Based on a symmetry analysis, we construct and study models of dipolar-octupolar doublets in
itinerant and localized limits. In both limits, the resulting models are of surprisingly simple form. In
the itinerant limit, we find topological insulating behavior. In the localized limit, the most general
nearest-neighbor spin model is the XY Z model. We show that this XY Z model exhibits two distinct
quantum spin ice (QSI) phases, that we dub dipolar QSI, and octupolar QSI. We conclude with a
discussion of potential relevance to real material systems.
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U(1) quantum spin liquids and topological phases from dipolar-
octupolar doublets on the pyrohlore lattice
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Speaker

A Yi-Ping Huang (National Tsing Hua U..

Description

We consider a class of d-and f-electron systems in which dipolar-octupolar Kramers doublets arise on the sites of the
pyrochlore lattice. For such doublets, two components of the pseudospin transform like a magnetic dipole, while the other
transforms like a component of the magnetic octupole tensor. Based on a symmetry analysis, we construct and study
models of dipolar-octupolar doublets in itinerant and localized limits. In both limits, the resulting models are of surprisingly
simple form. In the itinerant limit, we find topological insulating behavior. In the localized limit, the most general nearest-
neighbor spin model is the XY"Z model. We show that this X'Y"Z model exhibits two distinct quantum spin ice (QSI)
phases, that we dub dipolar QSI, and octupolar QSI. We conclude with a discussion of potential relevance to real material
systems.
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