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Connecting theoretical models for exotic quantum states to real physical systems
is a key goal in the study of quantum materials. Among such theoretical models, a
“toy model” is one made deliberately simplistic in order to demonstrate new physical
concepts and their underlying mechanisms. Such models have proven to be tremendously
successful in offering insight in to new condensed matter phenomena including those
involving electronic topology and correlation. We describe here our recent progress
in experimentally realizing “toy model” quantum materials which, in analogy to their
theoretical counterparts, are designed to capture simple model systems by lattice and
superlattice design. We detail developments in synthesizing and studying magnetic and
superconducting materials that allow for new connections to long-standing predictions for
unusual topological electronic phases. We close with a perspective for realizing further
toy model systems in complex material structures.

s N 8L RE 0 (02)2789-8365 aiting@gate.sinica.edu.tw

(BT FLRT)

SPECIAL EfEA
L M2

9 1F Auditorium, Institute of Physics
S MR FREE

@re
11 / 28 15:00
‘ﬂ Associate Professor

Joseph G. Checkelsky

- Massach Institute of Technol
Department of Physics

Synthesizing Toy Model Quantum Materials

Connecting theoretical models for exotic quantum states to real physical systems is a
key goal in the study of quantum materials. Among such theoretical models, a “toy
model” is one made deliberately simplistic in order to demonstrate new physical con-
cepts and their underlying mechanisms. Such models have proven to be tremendously
successful in offering insight in to new condensed matter phenomena including those
involving electronic topology and correlation. We describe here our recent progress in
experimentally realizing “toy model” quantum materials which, in analogy to their the-
oretical counterparts, are designed to capture simple model systems by lattice and su-
perlattice design. We detail developments in synthesizing and studying magnetic and
superconducting materials that allow for new connections to long-standing predictions
for unusual topological electronic phases. We close with a perspective for realizing
further toy model systems in complex material structures.

BHA | FRUMFRA WEA | FEFIVE 02-2789-8985

Host | Weili Lee / Associate Research Fellow  Contact | Ms. Fiona Lee

10 S HKRA | %1703 #5



SHEEF 2019 48 T M4 5 s |
Y2 (Benjamin A. Elman) # %

AR e JEE SR RE T FE T 2019 48 TEHT A7 58 8 ) 280555 55 R0 AT 0 O 552 B i 2 o R B 2 S AR i I B S T
2 (Benjamin A. Elman) #&{fe

U2 HRZEFEEEBNEEZ BN A (1980) FEE BN K ZR IS F2 8 5 iR 202 2%
2002 4 JEE 3 PRI K 22 BEE R R S %20 2011 R HE{F Gordon Wu '58 of Chinese Studies #
JRE B4 > B 2 R AL 5 AR A = At R BT e L B A v [ R A S A s~ PR BRI B0 B~ A R B2 B U AL R P R P 7
DA 24l SR AL ; 2 48 I RE A5 5 08 B 28 AR AR A2 T S o SE T &2 B & 1R S BRI PR 52 SRR 0 J AR Bk 5 o
From Philosoply to Philology: /ntellectual and Social Aspects of Change in Late lmperial
Clina —% (1984) ¥15 Fairbank Prize i B 325 5 H > MEGIHE 2 b S0 8 SR H S AN
%% ¥ Andrew W. Mellon Foundation Distinguished Achievement Award (2011-2017) ti #H 4&
BN H s B A% R B O I (R B e o e U Bk B 5 LT Global Science, Evidential
Learning and Ming-Qing Intellectual History ZERFHEE 35 35 52 B BH I 1) 24l AR B0 ) 2 T2 D 2R 4T
A 85 1o B — S e (R L) GBS B 5 T 9EE — R 200

M < JEE SR S T FERTSCYI RS EE B1 T8 E
ek AR DL SO R RS
TEE B EG 1 2R/ (02)2782-9555 1 299
(S 38 = WHFEA)

LR e R
HH Y Y 22l RE R

/

(0L =

|l

1703 8 | P #HBREA N




20190 5 firs 58 7 1y B2 S 1% B 280 e ) 17 AR 7 - S0 280 e R4 1 BL 65 B

B2 BT o &
153 M:108 4 12 H 6 H(EW#A)ZE 7 H (REHI7X)
Dec. 6th / 7th, 2019 Mo BB EBURLR AT AN 1 E SR
T ELAL AR R AR Z BRI FE A0
2019 International Workshop on T
Coral Reef Resilience In The 2
Changing Climate: https://biodivcreeg.wixsite.com/2019coralresilience
A 4EL
http://bit.ly/CoralResilienceWorkshop2019
Coral Reef Interdependence and B A SRS/ (02)2789-9549
Governance
(V2 BRI

BT i & (AR STAE Y 2 oe i i) Hh il

,Lé'z,{%:[:i{t (B AR AR SAE % TETT0) o B T 9 2 B
P9 L BB R 9 LS AR S 8 2 B3 R A
mgnﬁgﬂ T FE B B 3 200 6 L A0 0 1
I 8 o A7 R o e B ) 15 5 M

PRSI s 4 L A B AR 4R T
1990 45 %2 4 37 A B350 300 25 0% » BB 3R A S AL A 25 FR 1 2
TE 5 o

AN R R M T AL BB R R R 22 AR AR o

A A [7) L G AR A AP S AL A8 e 1 UG 468 P 5 th ) 28 ] 5

B FE S ATR AR 73 T o R IRf 58 FH 8 G AL 3 2R 1 B AR

0475 shaman B fE 8 22 5 # B9 W 52 A B4
A T 2 AR AL A B R R R T AR IfIL ©

HAi & o] 2% RiEMAE | https://reurl.cc/oDV3QV

(RIREWTIEAT)

12 PHRA | %1703 #5



CNCEAL G B2 H 31653 E ik

ARBEASCHE G R OAREN Z AN A T RR TS 31 B4 3 sk E Hiike
AREAFEUCA 4 RS

1. A TR B B2 3 BOR ) Fp S B BESOR GO  EL e DA B R S R R R B 2 1] (1995-2017)»
2. W W~ SR R BB B T i 2 T ) R K A )

3. AR ARG ~ it B S PR COR B4 & A1 AH A8 1) ) m o T 2 BLA5 (R S A1) 20 A
4. SR R R IEH AE ? 5 B R B IRTE A LA BEE P 22 1960-2017)

M H &R R O E 26 http://www.rchss.sinica.edu.tw/jssp/main.php

UNCE R EEE 20/ TN

% 1703 8 | @A 13



(BRETIE 14 5 3 HE iR

ARG BUR T T AR EN < CBUR R T EHIRRES 14 B9 3 Wlo/F3 ROoCERERE T

1. George Lusztig, “Conjugacy Classes in Reductive Groups and Two-sided Cells”
2. Bin Shu, “Generic Property and Conjugacy Classes of Homogeneous Borel Subalgebras of
Restricted Lie Algebras of Cartan Type (I): Type W”

3. Wei-Chuan Shen, “Asymptotics of torus equivariant Szegé kernel on a compact CR manifold”

=

Cuipo Jiang and Ching Hung Lam, “Erratum to 'Level-Rank Duality for Vertex
Operator Algebras of types B and D'.”

B 25 S ] R A S B T 4 FE TR http://web.math.sinica.edu.tw/bulletin/default.jsp
A BB - 7R A A 45 5T R A 7 o

AIBIE A 14 4 #1(326-9-12 AT BIAFET P #H 2% 1,500 jo° BIST P %8 60 T (NS EE)
HHIR ST 0100434-8 ;R 7 2488 Hh JLAE T e B2 W 72 Pl

(BCERWTFERT)

Volume 14, Number 3, September 2019

BULLETIN of the
Institute of Mathematics

Academia Sinica New Series

Edited by

Luis A. Caffarelli (University of Texas at Austin)
Ching-LiChai (Universityof Pennsylvania)
Jih-Hsin Cheng ( Academia Sinica)

Shun-Jen Cheng ( Academia Sinica)

Mariano Giaquinta ( Scuola Normale Superiore)
ChingHungLam ( Academia Sinica)

Chang- Shou Lin (National Taiwan University )
Tai-Ping Liu (Academia Sinica and Stanford University)
Shigefumi Mori (Kyoto University)

‘Yum-Tong Siu (Harvard University )

Weigiang Wang (University of Virginia)
Shih-Hsien Yu (National University of Singapore)
Xuding Zhu (ZhejiangNormal University )

Institute of Mathematics, Academia Sinica

14

th #F Bz E | %1703 #5



_\@: World of Knowledge
== 180 F ot

ENIUES DA R R
{45 U2 B IR s 9 7)

CHZ [ S (e () — & 2014 42 i P R FTBE A AL AT FE A AR T > 2016 £F LT AP 58 & 5 H it i A
i SRR 2 L EE - REM R S @A E KRR RIS By st # @B 7 = TR ER R R 2
17 (R S o 5 A Bl 2 7 1P ) RIS » 5 B ) #1022 7 S (T 8 £~ 8 IR B 3 o B A 44 AR A R AR B2 B
JE 2 i G P > PR JEE S B B R T R o PRI 5 A4 R S SR R AT IR S AT R 3 B/ Ut A FR BN 13 R
3t R B 3~ 7 SR F AT AT R A B ER O (ER R IR D B R B R DUR R SR A R IR R 2 1R
ARG =7

B (0] 5 g D RSB T 1 (R I o 20 IE 52 7 2 Y TR 28 28K 40 R B S o L R - 2B e R
P I 9 B2 (LB > AR M8 1 i AL 5 o v B 1 T AR DA T S 1 B o B I B 2 3 A A B P Lt 1)
B (AR ER R R R B M B EAEE EEMBHZ2ABFNER HBREEZNEBENFEE &
DUFE o3 B A% A I 8 L o HL 2R Wz P 277 R R A0 5 BELA L > Lt T2 4 7 ¥ ) R 2 0 R 5 R A B 48 TR 5 O
SR F S PIR & R R R B B E - BB S KRR ARSI BB EHR AR HMA
NHR %y 7 HENH B - H2F 2 (R A E 5 8w & 5 LR B & A7 5 & BRaR I S ikt S i 2
BB 2T DA SR B AP R SRR (L T S R AR AR P R B AR A R R R A P 5 I i ) SRR
SR 8 4 AE Bt HL rp A R D o 628 B4 TR AL /X 47 fthRA N = B8 SRR e fof ) IR o [ A [ JeE ~ 0
B e i R S R A U - Bk B R B s )\ T B R DA B IR S O 8 B B S S 4 L A
EREE S o /T B T SR QK T2 52 A R 300 130 2 i 4 O IR WA > 277 IR0 O AR B 22 B A ) 3% 0 52+ /0
THAC B 25 B 2 = DL VC R o sl P B~ B A T B A LD B EENRARA RUEEHEFNAOZ
50 Al RE R E LA 2 Ko

SR B AR R T A VU TE S RE S h v R A R S B AR SRR e B S - T WA R 1R i
| L BCSR  ELA 31 PN R AR B D AT ~ B o S5 it ) LT R R o S I B R AR IR R A B IR AR

1703 8 | S HBEM 15




A PYAL IR E S A U B B 2B B A1 it 2 $085 2 Bt o B T AR A RE R BDE AR AR Y 57 B2 R E 373
B2 6 52 T R R KR it 3 — B R 73 o B0 AL RUR T R 2 B RS 2 T B S N8 B IR A
VPRI A R B B 8 A JERE R R (LU 5 R IZ EL R ) sl B AR 1S 2 = = B RT IR - N5 i 1B
A48 38~ HURD 5 22 A RE B OO > 2R AR T B A IS AAE 10 B 28 15 B 2 > AN 2 = A st A IR 5 R
A D DR 2 R A A i o P M B R S R BOH 2 R E W B LA SO R it R E N i B2
SEEIREEELEF A EREHRAK T

A AR T B WA AR T8 B 3R B B0 1 52 4 2 B A R W B L A6 T AR A Al A B> 8 28 A DU 2 A
HRBRFLIERR DAY f Bk 22 B AR 52 N S T o 2 P 2 B AR ML B BB IR N2 T B I 2 = WA - 24
> S R R B B 7 B R R B R R R A ICE SRR B e B o+ /RN RS B3R
SREH M- B R nRFENEAKE 2FHAIRE B ESBEENES SFENE 12% & H R ZE R
22— A AR RE AR R AR L SE A & o CRIBERBD BUEFE AT LA B =77 A2 36%  {HARHA
T2 R ) 7 BN 1 R A A £ o B O £ R S 4R SRR M SN B R L 0 L B R SR R R 2 A R R ER
B H B R PRSI A DU B A S AR T o R B A IR B 26 FE S JEFIA 8%
A NANAE BEAG T NI TE e 2R B PR S e 2 B R 2R R o

Mz vz BAn AL/ H AR IEAS SR SR 45 B O i 2 A A kT B e (LI — ) & 22 R S il DA 8%
FEIACTT Al RRZRE B 2 MR R RER Do

FPREREREHE RSB TN A2 EMFNABTRES 1 H AT R GE = N BT ZHEE) (E =S
NI 5 B AU JE I B S 4 ) 55 AR R RN 28 FE R 2 FE LR GE T 7,734.85 R s AT & HL > SZFE
=FREI6,948.23 i UK E A LIRS HEE RHRE 2 W KR ERRER 2RMCNE S 22T E M)
HE M7~ 52 IS TR AL AE A SH B2 PR 2 BN 24 1Y) P 48 > B 3 FA G T 568 0 728 O BROER > ST ER B 9B A B

16 R | %1703 #5



o gt o 7 B A HE R K SR R B SRR 0 A2 BRI TE WA BIR > B B s AL N 2 B RAE
NS B EFS RS EMA K5 HE R A L5k RN — 7 A2 ARBT X+ S5 REm& T
BERE TR BEANSEMAEE Tim 2 EEEEA T s 5 bR &S 8 e

FRBAT IR T 28 R e IR AR R MBI R B EEE A HE S E M St
EEA HAYEEEBBREIEMT SWEFZSHRIEM AR CMREAZEE - REABARLRAGE
AR BT B R R SRER 09 55 1 W30 98 20 1 0 ) 2 > 5 3 TN R ) 0D 480 MR G e e 72 IR 1 o S5 8L F5E A B 2
A T M~ A ) TR A T 2 R ) Sl 150 55 o T 30 S S LR 1) A7 Bl 1 ek MR B 8 o N R SR e
@B R A A TAT AR B Ut A 2 BRIE 3 rp B B A T 2R

7 1 B B WA TR B9 ERR > TR ) B T 2 R S T B T2 B Y P T A B A i ST 75 B S R O
AR B 50O B L0 2 sl 0 B LA L Bl A TR — 8 TR BRI b A R B A 8 5
PRI I~ 55 4 Je 2 O 1 R 816 A5 5 oy 5 R R < R R o SR ) O RE A o 2 2 A R AR (1
=) REE AR <5 R R NBERE » B2 SR R A At 5 T NS SR BB B DL PO RIS F 1 I SR B S
ZIBAE-HNEN-BR WSS S RFSEEEREE L\ A BWiR B ER T MR T EY
RIS — T BRAF O - B 15 o DURE 38 B 05 =7 178 PR A S 59 — Ml e (S B0 0y > IR TS DUA Bkt e 7
TSR I g D A B R TR 28 R

EAEN WD HREEE AN TR BT & B R 2 B sl R R E R PR 2
SEFR MR R o AL TR A TR BE 2 0 0 08 5 R SRR B TR T RT 2 G b 20l T B 2B v (R
fi) B9 TARER R B 5 h AN S b e B E D RIAE S B AE A RAVIEEL - 15 71N i AR B Bh - (R 525 A H
TR DU B H A AR B p AR B P& Z PR AR 5 o B WE 7 A8 21 P 1t JE IR ) 1 o 75 LA o
XE o —AE T R ke

1703 8 | WA 17




109 4F A B i 3 Wt s st S E A

109 4F B A ekt 3 1 R FE 53 FR el 3851 25 fFo K8ARRBE 109 4F BEMTHY T JE st EEE Gl i C H
FEZG RO 14 7F (M 5 Al 7 fF ASCRAR G 2 1) 0 5 BRI — B R o oE 5t i 7
RE TR R ER RGBT

109 4F A Be g 3 7 ah B R R a8 — 5

—  WERMEE - (54F)
HEE WA E R I —
AS-TP-100-M02  [JHES5EE FEREE Tl it OFET |
AS-TP109MO4 ARG NS EERERREEE | Qs (o
AS-TP-100-M07  WBSHTZERIE ST - 50 - H5HERTERSR G} 7 B T
AS-TP-100-M09  |E3 St e AT M1 E0E 2 8 - OWE [T TR T
AS-TP-100-MI1 [ IRSUBIZI R SRbt AT e kit D FREE | PHEEESEHIL
— i (TH)
HER WHESE YR —-
AS-TP-100-L01 [ £y T SEBR4A vh 5 B3 AU S W) BB | RS
AS-TP-100-102  [FERERL LIS AE FUBS R0 A RS O R T e e
AS-TP-109-L05 [ HFi AR 695 1) 2 1 BT S e ()RR [ T
asTpa00-L07  (CDATEIERICEIEERNESRENR | o) 21  [umermmRas e
AS-TP-109-LMO08 @%ggﬁgg%@%@&ﬁ@ﬁ@i%%ﬁ% (1) PRgEHE R AR Y B SR B T
AS-TP-109-L10 ﬁﬁ%ﬁgﬁ%ﬁgfﬁ%ﬁﬁmg%Wgﬁ””f O FEXHE (PR S EERTEL
AS-TP-109-ML12 %ﬁﬁﬁm%ﬁ¥&“%%:é&%m%ﬁm (1) g AR
=~ AR ERbEER - (21F)
HER WHESE RPN M—
AS-TP-100-HOL  [HEESC{LIE St B B EmE it BT SR
asTP109-Hoy  [IRFCLZCR - MEMRARSHENND | ) wor o e
(Bl %)

18 o Bt B Al

1703



A i % 2 i K] 1~ R B A

% o7 24N v B R S 0 1R 2 07 - B
kinase-phosphatase Q
pathway (Cdk1) GM130  Golgi disassembly
.. :l
Ran pathway L-» -
SAF

Spindle assembly

(Nature Communications)e

ABe o3 v AL P Wt 78 P BB SR B T T B~ 208 O A i R 2 B 3R B B R B R e A ) B SR R
o7 ST A T = A L A (Golgi) 7o S A BB SRR o W T AR R AR (108) £F 9 F I8 iR B BRI FIC B 283 )

FE P PR /)N T e B B 9T B P A A 2 B A L RK 3 B A B AZ & i (Kl T (N'uclear transport factor) £ 4 ffd

N N

=010’
3

R EAS https://www.nature.com/articles/s41467-019-12207-4

(3 7 AEVIWTIERT)

1703 8 | S ®HBKEMA 19



AL “Fungal Feature Tracker-
ﬂﬂjﬁﬁ,\ =20

Dctober 31, 2019

ungal feature tracker (FFT): A"’t (o} §

q - 1 ~ | ¢ ey
characterizing the morphology and growth of fllamentous
fungi

Image credit: Academia Sinica.
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