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Review of previous seminar

. Derivation berry phase in general space

Berry phase
Hamiltonian is dependent on some parameter R.

we solve time-dependent Schrodinger equation considering adiabatic system.

1)) =i [ (Gu(RED] 5, 0n(R ()>>dt':z'/0< 6u(R)| 5 6,(R) - dR = [ 4,(R

Berry connection An(R) =1i(¢,(R )| !¢n( )

Berry curvature B,(R) = Vg X An(R)

. EXpression transformation for numerical calculations
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This formula indicated that we can calculate berry curvature when we get Hamiltonian.



Todays seminar topics

Symmetry and geometric phase, Specific model calculations

. Relationship between symmetry and geometric phase

. Consider Tight binding model about graphene, h-BN and Haldane mode



Berry phase at K point In graphene

Analytical solution

Consider an effective Hamiltonian around the K point.

(D Expand to first order around K(K') points with respect to k
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Berry phase In graphene

Numerical calculation

($u(R)| 2R |4,.(R)) ((R)| 22 |, (R))
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BZ Berry phase is the integration of the Berry curvature over the entire BZ



Berry phase in h-BN model

Breaklng Inversion symmetry

Berry curvature
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BC is odd-function in h-BN model




Berry phase in Haldane model

Breaking Time reversal symmetry
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BC is even-function

In Haldane model
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Progress report

Tomoaki Kameda



Three band tight binding model

Transition metal dichalcogenide structure

Hamiltonian

@ 2

(D Third nearest neighbor hopping term Consider about these term

@ Ising type SOC term (valence band) /
@ Rashba type SOC term

@ lsing type SOC term (conduction band)

204() 0 0
Hr(k)=] 0 20y 0 |® (fu(k)oy — f,(k)oz).
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=== 1.0 hoppings ==== Next n.n hoppings ==== Third n.n hoppings

Consider 3 band in d orbital of transition atom with spin

{|dz2,T>’ dxy,T>’ dxz—yz,T>’ ‘dz2,1>’ dxy,l>’ dxz—y2,1>}
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Compare WSe2 and WSeTe band structure

WSe?2 WSeTe
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Yao, Qun-Fang & Cai, Jia & Tong, Wen-Y1 & Gong, Shi-Jing & Wang, Ji-Qing & Wan, Xian-gang & Duan, Chun-Gang & Chu, J.. (2016).

Parameters were taken from the following paper
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Compare WSe2 and WSeTe

WSe?2 Charge BC Spin BC

2 -
40 -
1 -
3 -
o -
g 20 1 o
2 ? % -1 1
> 3 c
8 3 -2-
[] ? 0 a
c 4]
V l 5 Q0 a _3 i
(] Q
=4 =
© Q.
S 20 9 4
0 -
_5 -
_40 e —_ -
—1 - 6
M1 K1 r K2 M1 r M1 K1 r K2 M1 M1 K1 r K2 M1
wave number wave number wave number
15 1 5
3 -
10 7 4 _
g
= @
i T 5 5
2 g 2 3
> g -
S g 07 S
] [ e
2 -
5 14 o Z
D -5 2
o £
[¥] % 1 1
_10 -
O -
—15 - \ /
T T T _1 -
! : ! ! M1 K1l r K2 M1 ! ! !
M1 K1l r K2 M1l r wave number M1 K1l r K2 M1l
wave number wave number
15 1 4 4
3 -
10
v 31
] 2 g
2 g 5 1 %
> 3 <.
5 e 0 1 [v]
(V] = a
< 7]
& 1- 8 0
] Q
9 —5 T E 1 .
(4] Q.
= w
(&)
_10 -
0 -
\ /
M1 K1 r K2 M1 r M1 K1 r K2 M1 M1 K1 r K2 M1

wave number wave number wave number



Compare WSe2 and WSeTe

WSeTe
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. Rashba parameter

. Wannier 90 -> BC:t&

. Other Janus TMDC

. Spin hall conductivity
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. Three band tight binding model with Ising type SOC and Rashba type SOC
. Plot charge berry curvature and spin berry curvature

. Compared WSeZ and WSeTe about electrical properties



