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* highly active field, even several years after the first pioneering contributions by H. Hwang, A. Millis, etc... [previous talk by Divine Kumah]

- platform for superconductivity and magnetism

Oxide Heterostructures

» d-electrons: strong responses beyond bulk phase diagrams

LaTiOs/SrTiOs
Okamoto, et al. PRL (2006)
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Oxide Heterostructures
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- thin films of good-old-friend SrVOs on SrTiO3

- weight at EF disappears for small values of n

Thickness-induced metal-insulator transition in vanadium think fiims
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PRL 114, 246401 (2015) PHYSICAL REVIEW LETTERS 19 JUNE 2015

orbital polarization easy to switch ON and OFF!

(thickness, pressure, strain, temperature, gating,...) Electronics with Correlated Oxides: SrVO;/SrTiO; as a Mott Transistor

Zhicheng Zhong,1 Markus Wallelrberger,1 Jan M. Tomczak,' Ciro Taranto,' Nicolaus Parragh,2
Alessandro Toschi,' Giorgio Sangiovanni,2 and Karsten Held'

2 V-layers (n=2): insulating in DFT+DMFT

AZ%:Q = AgéT -+ ReEyz/m(w — 0) — ReX,,(w — 0)

n=3 already metallic

V to4 spectral function

DFT J | (c)

) (al) surface §

A(w) (eV7)
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» termination for SrVOs fims on SrTiOs
+ VO2 + V2 x V2 oxygen reconstruction

* solution: capping!

P. Scheiderer, PhD Thesis (Wlrzburg)
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* surprising result:
critical thickness much bigger than
Yoshimatsu, et al. and DFT+DMFT

Surface of SVO thin films
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- many-body correction to A&%T determines orbital polarization
- enhancement, but in which direction? importance of the sign of A%{;T

-« work in progress (Wurzburg + Vienna)
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SrO termination (i.e. complete octahedra)
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small effect
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ideal VO3 termination

R —

—

DFT by Marius Fuchs (Wurzburg)

DFT+DMFT spectra by Matthias Pickem (group of K. Held and J. Tomczak, TU Wien)
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other examples of thickness induced MIT

. . . . g _
* indium thin films (spin-orbit) .- A - SrirOs Experiment Theoretical DOS
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PRL 119, 256404 (2017) PHYSICAL REVIEW LETTERS 22 DECEMBER 2017

Dimensionality-Driven Metal-Insulator Transition in Spin-Orbit-Coupled SrirQO;

P. Schiitz,1 D. D1 Sante,2 L. Dudy,1 J. Gabel,1 M. Stiibinger,1 M. Kamp,1 Y. Huang,3 M. Capone,4
M.-A. Husanu,s’6 V. N. Stroc:ov,6 G. Sangiovanni,2 M. Sing,1 and R. Claessen’



Julius-Maximilians-

UNIVERSITAT
WURZBURG

other examples of thickness induced MIT
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Dimensionality-Driven Metal-Insulator Transition in Spin-Orbit-Coupled SrirQO;

P. Schiitz,' D. Di Sante,” L. Dudy,1 J. Gabel,' M. Stﬁbinger,l M. Kamp,1 Y. Huang,3 M. Capone,4
M.-A. Husanu,s’6 V. N. Strocov,6 G. Sangiovanni,2 M. Sing,1 and R. Claessen’
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other examples of thickness induced MIT
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Dimensionality-Driven Metal-Insulator Transition in Spin-Orbit-Coupled SrirQO;

P. Schiitz,' D. Di Sante,” L. Dudy,1 J. Gabel,' M. Stﬁbinger,l M. Kamp,1 Y. Huang,3 M. Capone,4
M.-A. Husanu,s’6 V. N. Strocov,6 G. Sangiovanni,2 M. Sing,1 and R. Claessen’

- interplay between SOC, structural distortions and magnetism

- see poster by Severino Adler on 5d3 Osmates
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other examples of thickness induced MIT

e . : : o —_—
- iridium thin films (spin-orbit) .= % — SrirO; Experiment ————
S5d 10Dg UPS SrirO,//SrTiO,
== J o= 1/2 hv =21.2eV — 14
o Leg=1 ; < half-filled — m=0 — 2//4
t‘“ i CSO — m=; — 3//4
B. J. Kim, et al. m —_—m=
2g —_ ’ ’ _2 . —
Jor=312 pR[ (2008) = m-e
C . S
* mimicking the Ruddlesden-Popper series: 2 8
D =
H. Zhang, et al. PRL (2013) % @
(O]
I L N ¥ I T o s E E
0.8 — (1/2,-1/2)[1 — total(1/2) =
1— (1/2,172) 8il— total(3/2)1
0.6 — total(3/2) ] | __ -
. | o ¥&
o T [010] b
% ol R N e | 5 U4 _ [001]&-9[1 00]
g ™ ' e N o 3 2 -1 0
d E-E- (eV)
k endi
PRL 119, 256404 (2017) PHYSICAL REVIEW LETTERS 22 DECEMBER 2017
RS R NTCr T X T
2:1r0, (solid) + O, Dimensionality-Driven Metal-Insulator Transition in Spin-Orbit-Coupled SrlrQO;
_ _ Vacuum  — 2:-IrO4(gas) _Vacuurm _ _
Termlnatlc?n '@ ...... % | Termma_tlon P. Schiitz,1 D. Di Sante,2 L. Dudy,1 J. Gabe:l,1 M. Stﬁbinger,l M. Kamp,1 Y. Huang,3 M. Capone,4
conservation o@g ﬁ(r)O %@O ﬁ(r)o conversion M.-A. Husanu,s’6 V. N. Strocov,6 G. Sangiovanni,2 M. Sing,1 and R. Claessen’
___________ 2 | S LS
SrQ Q0| so O 00| s0
Ir > 5| Ir0, ' > 5| Ir0; confirmed by DFT+U calculations
%9 O | S0 1. 0.0 i (Domenico Di Sante) - interplay between SOC, structural distortions and magnetism
- 2 1 o 2
) 08 SrO 002 so P. Schitz, et al. submitted

- see poster by Severino Adler on 5d3 Osmates
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- Hund’s tendecy to high-spin triplet Mott insulator in the e; doublet ﬂ
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* In nickel heterostructures: when the d-shell gets closer to d8

- Hund’s tendecy to high-spin triplet Mott insulator in the e4 doublet

- HgTe (BHZ model) A.Bernevig, et al. Science (2006) o (k)
- Two orbitals (H ﬂ) and spin 1/2 Hyyq (k)= [ A ................ izo(k)
» Time-reversal hi(—k)
* U(1)spin Symmetry

~ Asin kg

dk) = Asin k,

M — cosk, — cos k,

Pauli matrices in orbital space
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when do many-body effect go in the opposite direction?

In nickel heterostructures: when the d-shell gets closer to dé

Hund’s tendecy to high-spin triplet Mott insulator in the ey doublet

HgTe (BHZ model) A Bernevig, et al. Science (2006) i:L()(k) ?i
Two orbitals (E ﬂ) and spin 1/2 '

Time-reversal

U(1)spin Symmetry

“non inverted”
M>2

Pauli matrices in orbital space
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In nickel heterostructures: when the d-shell gets closer to dé

Hund’s tendecy to high-spin triplet Mott insulator in the ey doublet

HgTe (BHZ model) A. Bernevig, et al. Science (2006) § ?i
Two orbitals (E ﬂ) and spin 1/2 :

Time-reversal

U(1)spin Symmetry /
“non inverted”

M>2 ne

Pauli matrices in orbital space

“inverted”
M<2
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- orbital structure of interaction for the BHZ + Hubbard U, Hund J

Asin k., Y. Tada, et al. PRB (2012)
: : : 7 . T. Yoshida, et al. PRB (2012)
» simplest local interaction term d(k) = Asin k, L Wang otal EPL (2012)

[see A. Georges, L. de’ Medici and J. Mravlje, Annu. Rev. Condens. Matter Phys. (2013)] M — cosk, — cosk, J. Budich, et al. PRB (2012)
J. Budich, et al. PRB (2013)

Hint (1) = (U — J)

Ni(Ni-1) (Nf

S2 — 2T%
2 4 _l_ <1 Zl)

H
[
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- orbital structure of interaction for the BHZ + Hubbard U, Hund J

Asin k., Y. Tada, et al. PRB (2012)
: : : 7 . T. Yoshida, et al. PRB (2012)

» simplest local interaction term d(k) = Asin k, L Wang otal EPL (2012)
[see A. Georges, L. de’ Medici and J. Mravlje, Annu. Rev. Condens. Matter Phys. (2013)] M — cosk, — cosk, J. Budich, et al. PRB (2012)

J. Budich, et al. PRB (2013)

Hint (1) = (U — J)

Ni(Ni—1) (N
2 4

+ S2 — 2Tfi>

low-spin E high-spin
“E” |
N
\2m = *K
| — 2M o
e

N T

U#0 J#0
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- orbital structure of interaction for the BHZ + Hubbard U, Hund J

Asin k., Y. Tada, et al. PRB (2012)
: : : 7 \sin k T. Yoshida, et al. PRB (2012)
- simplest local interaction term d(k) = SIN Ry L. Wang, etal. EPL (2012)

[see A. Georges, L. de’ Medici and J. Mravlje, Annu. Rev. Condens. Matter Phys. (2013)] M — ReX(0) — cosk, — cos k, J. Budich, et al. PRB (2012)

h,—d J. Budich, et al. PRB (2013)

zeroth-order correction: Mes

Hint (1) = (U — J)

Ni(N;i—1) 7 <N12 462 2T2->

2 4
low-spin high-spin
IIE”
A
I2M “E” $I @
| ‘ -  ZMerr
H —— H =
u=0 J=0 U0  J#0

* Intra- + inter-orbital J (Hund) interaction

- U suppresses double occupancies = reduced effective orbital splitting Mes
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- orbital structure of interaction for the BHZ + Hubbard U, Hund J

Asin k., Y. Tada, et al. PRB (2012)
: : : > . T. Yoshida, et al. PRB (2012)

- simplest local interaction term d(k) = Asin ky L Wang, et al. EPL (2012)
[see A. Georges, L. de’ Medici and J. Mravlje, Annu. Rev. Condens. Matter Phys. (2013)] M — ReX(0) — cosk, — cos k, J. Budich, et al. PRB (2012)

h,—d J. Budich, et al. PRB (2013)

zeroth-order correction: Mes

Hint(i) = (U _ J)Ni(Ni - 1) g (Ni

+ S2 — 2T31>

2 4
=
S
= DMFT phase diagram
low-spin high-spin at solver: CT-HYB
= :
= x =
| |V TS
o gt O
trivial band
U=0 J=0 U£0  J#0 . Insulator
» Intra- + inter-orbital J (Hund) interaction band

touchlng ........................ antlferromagnetlc

. . . . point insulator
- U suppresses double occupancies = reduced effective orbital splitting Mes

« QSH extends at large-U and large-M, as a “precursor” of the high-spin phase

04

>
Uc Hubbard U
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- orbital structure of interaction for the BHZ + Hubbard U, Hund J

Asin k., Y. Tada, et al. PRB (2012)
: : : > . T. Yoshida, et al. PRB (2012)

- simplest local interaction term d(k) = Asin ky L Wang, et al. EPL (2012)
[see A. Georges, L. de’ Medici and J. Mravlje, Annu. Rev. Condens. Matter Phys. (2013)] M — ReX(0) — cosk, — cos k, J. Budich, et al. PRB (2012)

h—d J. Budich, et al. PRB (2013)

zeroth-order correction: Mes

Hint(i) = (U _ J)Ni(Ni - 1) g (Ni

+ S2 — ZTZ)

2 4
=
S
= DMFT phase diagram
low-spin high-spin at solver: CT-HYB
= :
= x =
O P e W e N
o et @y
trivial band
U=0 J=0 U£0  J#0 . Insulator
» Intra- + inter-orbital J (Hund) interaction band

touchlng ......................... . antlferrOmagnetIC

. . . . point insulator
- U suppresses double occupancies = reduced effective orbital splitting Mes

quantum spini?‘
phase

« QSH extends at large-U and large-M, as a “precursor” of the high-spin phase

04

» ...but there is more to that: see color coding in the phase diagram!

>
Uc Hubbard U
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Asin k
. . 2 T
+ where do the colors come from? Hon() = (U — pNNi =D (Ni e 2T31> Jk) = \sin &,
2 4 M — Re3(0) — cos k, — cos k,
low-spin
-
: 2M

= TR &

)

= U=0  J=0

%_ A

7p

"c:q high-spin

=

7 - 2M

Ly ' :k eff
U#£0 J#0
band
touching antiferromagnetic
point Insulator

>
Uc Hubbard U
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Asin k
: . 2 x
- where do the colors come from? Hine (1) = (U = J) NilVi —1) J (Ni + 52 — szi> d(k) = Asin k,
2 4 M — Re3(0) — cos k, — cos k,
low-spin - distinction between flat “Hartree-Fock”
" e— and
M - pronounced w-structure of many-body nature
= o —Hp
o
= U=0 J=0
.(_é- . O ] RGZ((Un) Zz=0 ]
% high-spin 1 —— —
S | ' N—~ 7
7 - 2M
H et -2+  Eband 7,=1 .
U#£0 J#0 _3 ! | I
band -20 -10 0 10 20
touching antiferromagnetic ®,
point Insulator

>
Uc Hubbard U
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Ni(N; — 1) N2 B Asin ky
* where do the colors come from? Hing (1) = (U — J)—— —J ( L 52 2T22i> d(k) = Asin k,
2 4 M — Re3(0) — cos k, — cos k,
low-spin - distinction between flat “Hartree-Fock”
- and
e + pronounced w-structure of many-body nature
= H —
o
= U=0  J=0
= 4
o
n
..g high-spin
=
o S
o ' :|!2Meff
U0 J#0 3 ! | I
band -20 -10 0 10 20
touching antiferromagnetic ®,
point Insulator

>
Uc Hubbard U
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Asin k
. . 2 x
* where do the colors come from? Hine (1) = (U = J) Ni(Vi — 1) J (Ni + 52 — 2T221> d(k) = Asin &,
2 4 M — Re3(0) — cos k, — cos k,
low-spin - distinction between flat “Hartree-Fock”
- and
e + pronounced w-structure of many-body nature

= |w

(@)

= U=0 J=0

= A

Q.

7p

._5;5 high-spin color scale: O

@

— [ReX(w=0) —ReZ(w:oo)\?
“yr * * € H
O

U£0 J#0 3 ! | I
band -20 -10 0 10 20
touching antiferromagnetic ®,
point Insulator

>
Uc Hubbard U
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AT 5 Asin k,
* where do the colors come from? Hine (1) = (U = J) Ni(Vi — 1) J (Ni + 52 — szi> d(k) = Asin &,
2 4 M — Re3(0) — cos k, — cos k,
low-spin - distinction between flat “Hartree-Fock”
B —g and
e + pronounced w-structure of many-body nature
= PR | I
(@)
= U=0 J=0
=
2
© : : .
._"é high-spin color scale: O
@

— [ReX(w=0) — ReX(w=00) *
“pyn " * € H
O

U£0 J#0 3 ! | I
band -20 -10 0 10 20
touching antiferromagnetic ®,
point Insulator
- QSHI and BI no longer smoothly connected
- Gap inversion occurring via a jump 1st-order QSH transition also in

Xue&MacDonald PRL (2018)

11000 B ——

>
Uc Hubbard U
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» gap closing: for U<U: smooth topological phase transition (green — green)
- no semimetal for U>U;: when the Z» topological invariant changes (green — red)!

* new termodynamics, beyond single-particle effective description

Consequences on the topological phase transition

>

orbital splitting M

band
touching antiferromagnetic
point Insulator

>
Uc Hubbard U
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» gap closing: for U<U: smooth topological phase transition (green — green)
- no semimetal for U>U;: when the Z» topological invariant changes (green — red)!

* new termodynamics, beyond single-particle effective description

Consequences on the topological phase transition

U<Ug :
= :
o) :
= '
= . :
ok '
p) I
© E
fs .
O
band
touching antiferromagnetic
point Insulator

>
Uc Hubbard U
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Consequences on the topological phase transition

U<Uc U>Ue :
- gap closing: for U<U: smooth topological phase transition (green — green) = : :
) : :
C 1 1
* no semimetal for U>U: when the Z2 topological invariant changes (green — red)! ?El A E :
n , :
* new termodynamics, beyond single-particle effective description g : :
;6 1
band
touching antiferromagnetic
point Insulator

>
Uc Hubbard U
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Consequences on the topological phase transition

U<Uc : U>UC .
 gap closing: for U<U: smooth topological phase transition (green — green) = : :
o2 : :
c . '
* no semimetal for U>U; when the 7> topological invariant changes (green — red)! E& A E :
7 . :
* new termodynamics, beyond single-particle effective description % : :
5 : 5
- analogy with the Kane-Mele-Hubbard and Haldane-Hubbard models trivial band :
in$ulator :
band E '
touchlng : ......... antlferromagnetlc
point | insulator
quantum spin |
phase
: >
Ue Hubbard U

_ f : 2: [ : i
H =1 E Ci 4Cja T IASO VijiCi 4SqoCja’ T1AR Z C,T,a(S X d;j)geCio
(i),

{({ij)),aa’ (ij),aa’
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Consequences on the topological phase transition

U<Uc : U>UC .
 gap closing: for U<U: smooth topological phase transition (green — green) = E :
o2 : :
c . '
* no semimetal for U>U; when the 7> topological invariant changes (green — red)! E& A E :
7 . :
* new termodynamics, beyond single-particle effective description % : :
5 : 5
- analogy with the Kane-Mele-Hubbard and Haldane-Hubbard models trivial band :
insulator :
band E '
touchlng : .......... : antlferromagnetlc
point | insulator
quantum spin
phase
: >
Ue Hubbard U
A/B splitting
A, B

H =1 Z C}L,O{Cj,a + i)\.s() Z Vijcj’aséafcj,a’ + AR Z c;f,a(s X aij)(zxa/cj,og’ + M ZSiCiaCi,a
{i]),«

((ij)),aa’ (ij),o0 I,o
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Consequences on the topological phase transition

U<Uc : U>UC .
 gap closing: for U<U: smooth topological phase transition (green — green) = E :
o2 : :
c . '
* no semimetal for U>U; when the 7> topological invariant changes (green — red)! Ea A E :
7 , :
* new termodynamics, beyond single-particle effective description % : :
5 : 5
- analogy with the Kane-Mele-Hubbard and Haldane-Hubbard models trivial band :
insulator :
band E '
touchlng : .......... : antlferromagnetlc
point | insulator
quantun spin |
phase '
: >
Ue Hubbard U
A/B splitting

C. Kane & E. Mele,
PRL (2005)

A, B
H =t Z C; Cj.a T I1ASO Z vl]cl SeiCial FIiAR Z Cla(S X dl]) «Cia T M ZSiCiaCi,a
 j {(ij)),c (if),o i,o
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gap closing: for U<U; smooth topological phase transition (green — green)
no semimetal for U>U: when the Z> topological invariant changes (green — red)!
new termodynamics, beyond single-particle effective description

analogy with the Kane-Mele-Hubbard and Haldane-Hubbard models

simpler “single-orbital”

interaction term in this case:

U Z UZRNUAZN)
1

A, B
H:th 4Cia T 1Aso Z vl]clasm,cja +iAR Z Cla(SXdu) o Cja -I-MZ&C,T,“CLO{

({i])), (i),

Consequences on the topological phase transition

U<Uc : U>UC .
= E i
o : :
= ' '
=N i :
@k . .
(7)) 1 1
© E E
o : :
O : :
triviial band
ingulator :
band E :
touchlng : ........... ant|ferr0magnet|c
point insulator
quantum spin
phase
: >
Uc Hubbard U
A/B splitting

I,o

C. Kane & E. Mele,
PRL (2005)
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Consequences on the topological phase transition

 gap closing: for U<U: smooth topological phase transition (green — green)

- no semimetal for U>U;: when the Z» topological invariant changes (green — red)!

* new termodynamics, beyond single-particle effective description

- analogy with the Kane-Mele-Hubbard and Haldane-Hubbard models

. | .
— TPSC
DMFT

Bl

I I I I
T Mertz, et al. PRB (2019)J _ Ab-

-
- Ve
-

-

simpler “single-orbital”

interaction term in this case:

U Z UZRNUAZN)
1

suppression of staggered potential and U-driven Tl phase

H =1t Z C; Cj.a T I1ASO Z vl]c
(ij),a {({ij)),o

{ij),a

U<Uc

orbital splitting M
>

trivial band
ingulator

band
tOUChing ............................
point

phase

quantum spin |

A/B splitting

A,B
zozSozoc’CJa +IAR Z Cza(SXle) o Cj.a _I_Mzgiciaci,a

I,o

U>Uc

antiferromagnetic
Insulator

>
Uc Hubbard U

C. Kane & E. Mele,
PRL (2005)
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Material realization?

« TaSez [arXiv:2001.04102] in cooperation with S. Adler, P. Barone (Rome)
+ group of R. Valenti (Frankfurt) and J. M. Pizarro and T. Wehling (Bremen)

+ 1T-monolayer: “star-of-David” V13 x Y13 CDW reconstructions

from Yan, et al.
Sci Rep (2015)
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Material realization?

« TaSez [arXiv:2001.04102] in cooperation with S. Adler, P. Barone (Rome)
+ group of R. Valenti (Frankfurt) and J. M. Pizarro and T. Wehling (Bremen)

+ 1T-monolayer: “star-of-David” V13 x Y13 CDW reconstructions

from Yan, et al.
Sci Rep (2015)

Monolayer flat Ta d-band

1 :% \\E ““““““““““““ E = E
_os5EY—1 —3 01E E
> - 1 - -
9, O — .. O — | =
T _E e - -
w -0.5 — % ............. -0.1 — ; —
: §§/\ 3 e 02 E\P \/ﬁ

‘T K M M K M r
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+ group of R. Valenti (Frankfurt) and J. M. Pizarro and T. Wehling (Bremen) o/
© Ta ‘
+ 1T-monolayer: “star-of-David” V13 x Y13 CDW reconstructions © Se

- bilayer: shifted triangular layers = buckled honeycomb! from Yan, et al.

Sci Rep (2015)
| bottom

Monolayer flat Ta d-band

== — T s E

< 0.5 S T 04 E
N
| = = [ = -
w -0.5 ;g % .............. -0.1F Vamm —
¥ F N 1 e 0.2 M \/ﬁ

- K M [ [ K M r



Julius-Maximilians-

UNIVERSITAT
WURZBURG

Material realization?

« TaSez [arXiv:2001.04102] in cooperation with S. Adler, P. Barone (Rome)
+ group of R. Valenti (Frankfurt) and J. M. Pizarro and T. Wehling (Bremen)

+ 1T-monolayer: “star-of-David” V13 x Y13 CDW reconstructions

- bilayer: shifted triangular layers = buckled honeycomb! from Yan, et al.

Sci Rep (2015)
| | bottom

- “deconfinement” of Mott localized electrons into correlated Dirac fermions

Monolayer flat Ta d-band Non-twisted bilayer honeycomb dispersion
1 % \\: ......... — - - 1 —~—— — 9 e — [ | ]
= = [ - - y%ﬂ : = = no SOC — =
= 0.5 ;_Xéy—; ................. 0.1E = # = 05 :&Zs .............. 1E /{/_-
v - P = = _ & = m = - E
g O —. OF - opposite strategy w.r.t. T s i :
R e I 01 | — = twisted bilayer graphene w055 ﬁ% 0.1 :
1 - N 3 T -0.2 i\/)/\//; 1 = —— =
‘T K M r rK M r ‘T K M r
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Material realization?

« TaSez [arXiv:2001.04102] in cooperation with S. Adler, P. Barone (Rome)
+ group of R. Valenti (Frankfurt) and J. M. Pizarro and T. Wehling (Bremen)

+ 1T-monolayer: “star-of-David” V13 x Y13 CDW reconstructions

. . i - - | from Yan, et al.
bilayer: shifted triangular layers = buckled honeycomb! Sci Rep (2015)

bottom

‘ ) Non-twisted 180° twnsted '
F o I - of

Wﬁ - twisting breaks inversion .

) H W symmetry and opens agap & °F

"0}

o
N

- “deconfinement” of Mott localized electrons into correlated Dirac fermions

Monolayer flat Ta d-band Non-twisted bilayer honeycomb dispersion
1 % - 4 T — B - 16 4 e [ | -
= = - - y%ﬂ : = E 0SOC — =
= 0.5 §4>7_; _________________ 0.1 — # = 0.5 :&Z§‘_ .............. 1E //_-
v - e = = _ d = m = o E
& O — O == opposite strategy w.r.t. T e b :
w-0.5 % = 01 | —— E twisted bilayer graphene W 0.5 ﬁ% 0.1 :
jE—— i 0.2 i N SR 15 =7 —
‘T K M r rK M r ‘T K M r
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Material realization?

breaking sublattice symmetry

- we can tune M by means of electric field along z (~1-4 meV/A) 180° twisted

/\SQC=O.74 meV B/ASOC=O.9
* from Dento Csy

i ,,,"\, -
coucning

QSH

F LN |
Crivia

"1.49 -0.74 0.00 0.74 1.49 -0.74 0.00 0.74 1.4
M[meV] M[meV]
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Material realization?

breaking sublattice symmetry

- we can tune M by means of electric field along z (~1-4 meV/A) 180° twisted

/\SQC=O.74 meV B//\SQC=O.9

« from Degnto Csv

Kane-Mele SOC
Asoc=(AAA+1BB)/2

\

/
el

ey ,,,‘f\, L
coucning

i bands
spin _ gsublatt ]
z SZ ‘—‘—‘m‘

.. = 1
trivial

—
I ‘ )

"1.49 -0.74 0.00 0.74 1.49 -0.74 0.00 0.74 1.4
M[meV] M[meV]
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Material realization?

breaking sublattice symmetry

- we can tune M by means of electric field along z (~1-4 meV/A) 180° twisted

/\SQC=O.74 meV B//\SQC=O.9

« from Degnto Csv

Kane-Mele SOC
Asoc=(AAA+1BB)/2

+ ; q touching
' ' | i bands
K, K’ spin sublatt
‘T, o0 S QSH
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