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Bloch H,HYJ LR 4514/ B HY T LART 2544
H=2 . V(r) = (ZihVr)”
2m
Hy g (r) = en (b)Y, (r)
Y (r) = ei‘g"(k)eik'runk(r)
(—ihV, + hk)?
2m

+V(r) V(ir+R;) =V(r)

W(k) — e—ik-rq_(eikf —
H(k)u, g (r) = en(k)u, i (r)
v i E REHREAR, A kR — N R AL

10, (k)+i
(rlug) = g (r) = 0k Dy ()]

+V(r)

= Bloch bundle
F— WX P ICA |u, ) 48— fibre bundle
o IR M AR —7 HLIHIX
. fibre 3y Bloch ¢ pRAL |u, g ) (8 HAJRAHAL)
v N R ) FFME /2 Bloch bundle )4 F M
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55— BLUH DX SR S
o Y -njasn/a, lun,~nja) = Un,nja)
v —2E 51 M X SLbr b2 —A> “E” JFR
o 4k “E” ¥HE (torus)
o G TR EIHIXE “H” PR (DU , square torus)
o AT MKW B 2R (7SAER, hexagon

torus )

o S “H UL



THEITRE TS AT LI
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“The Shape of Space”, p105
J. R. Weeks, CRC Press, 3rd ed, (2019)
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IWEL (Intrinsic) vs #pEL (Extrinsic) topology
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Unknot Left Trefoil Right Trefoil Figure Eight
Unlink Hopf Link Whitehead Link Burlolw.tm Rings
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Bloch bundle f4)JLAT / #H$H

1Bloch bundle
o JEHE: k — ST HLIHIX
Y _‘gﬁ LLE:H }/T:
o T CE B
o St H
@ fibre: |unk> = unk(r) = eié)n(k)+i¢nk(l‘)|unk(r)|

A IRZ M IAE SR ME
o 4 Jafifi: U(1) bundle /oK)
1= Berry connection/Berry curvature
o WUELE: (u,p|Olu,p)
s MR AR RV (ISR ) AR AR R

=EN



Berry connection
[“Holonomy, the Quantum Adiabatic Theorem, and the Berry Phase”, Barry Simon, PRL 51,

(k)

2167 (1983)]
Bk ) B{kz)

-
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Yt BRI k RO G5 ]
Jun (k + 6K)) = lu (K)) + 5k lun (K))
= [t (K)) = 6Kl (k) [i 1t () |05 (K))] = A, (k)
= [1 = i6kA (k) un (k)
= 71K W (k)



Berry connection

[“Holonomy, the Quantum Adiabatic Theorem, and the Berry Phase”, Barry Simon, PRL 51,

2167 (1983)]

Bk ) B{kz) k)

-
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gaphsifl: TERORIE k SRR LA ]
|lﬂn(k+(5k)> — eiﬂn(k+6k)|un(k +§k)> — eiGn(k+6k)—i6kﬂn(k)|un(k)>

— "W, (k)

0,(k +6k) =0, (k) + 5kA, (k) Zak phase



Adiabatic Theorem, and the Berry Phase”, Barry Simon, PRL 51,

Berry connection

[“Holonomy, the Quantum

2167 (1983)]
oky) (k)

-
- -
- -

fikiiAl: AR k SRR A4S A

Berry connection: A, (k) = i{u, (k)|0k|un(k))
7 Ak = Bloch bundle /)~ F4f74%3) (Parallel transport)
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0 w* 0 v 0

A=l0 0 v o0 0

0O 0 0 wr v

we 0 0 0 v 0
N

= > [vlm, AY(m, Bl + wim, B)(m + 1, A| + h.c.]

m=1

WEFArFoE moa,m=1,2,--- ,N,a = A,B; JEHI K/ 2a =1,
Bloch J BEL: |Wn(k)) = € |un(k)) = e [a,n(k)|A) + b, (k)|B)]



SSH model F) {0, FL 5 5
m, @) = \/LN > e ka) H = oy H (k)

k

0 v+ we ik .
b+ weik 0 = (v+wcosk)o, +wsinko,

H (k) :(

= hy(K)oy + hy(K)oy  (PIREBARSE = B3P 1/2 Bk

£x(k) = £l H2(k) + h3 (k) = £Vv2 + w2 + 2vw cos k

a) e)

2
= 1
Eg w =0 0
15)
5 1

1
0
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= 0 =7
wavenumber k
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SSH #i%U {4 Berry connection

H(k) = (v+wcosk)oy + wsinkoy = hy(k)oyx + hy(k)oy
(= SSH BRI “BEA” h(k) = (hy, hy, 0) BUILE x — v P
[ (k) = (hx(k). hy (k). 0) = h(k)(cos $. sin ¢ 0) |

] 1 1 —e_i¢k
lus (k) = 7 (ei¢k) lu_(k)) = " ( | )
A* (k) = (us(k)|idgus) = 11% tan ¢y hy(k) — _; wsink

2 dk T T T cosk
vt ]RGS 1/2 | Tiely A*(h) B
A(k) = iu(k)|Oku(k)) = i{u(h(k))|0ru(h(k)))
)| > O ()3h, u(h) = > [0y ()i e (B)| 3, ()
u

u

> [9khy ()1 A, () (A, () BT 377 h)
M
= hAx(h) + h},Ay(h) + h}A,(h)




SSH #i%U {4 Berry connection

A~ (h) = sinf/2 . sinf/2cosf/2, sin @ 6
T 2hcos 02 T T2hcos20/2 ? T 2h(1 +cosh) ?
_ h sin (- sin ¢, cos ¢, 0) _ 1 (—hy, 1, 0)
2h(h + hcos @) 2h(h + hy)
Ah, (k) =R hy + hhy
(k) = H h) = -’ Y- hy = hsinf
ﬂ ( ) ak ﬂ/vl( ) 2h(h+hz) X Sin COS¢’

—(h’ sinfBcos ¢ + hcos 6 cos b’ — hsin @ sin ¢p¢’) h sin 6 sin ¢
+ (' sin @ sin ¢ + hcos 0 sin @@’ + hsin 6 cos ¢p¢’) h sin O cos ¢

2h%(1 + cos 0)
B sin” @ , 1 —cos?6 , l—cos@
_2(1+c056)¢ " 2(1+cos6) 2
1
=o' [IE# SSHEM, 0=7/2]
e PO E . —BER T, BB
WRARRE 2, PR EIE 12 B2 RN e ..

’




IR PLAE S (AR X 5] Berry phase

H(k) = hx(k)ox + hy(k)oy hy(k) =v+wcosk hy(k)=wsink

2 2 2 2 2
(a) (b) ‘ (c) (d) (e)
w1 1 1/-\ T—_—
5 0 w=0 0 ‘ o o v=0
5 i
R -1\/ ‘ 1\/ A—
_Zﬂ 0 w-zfr 0 z 0 g g

wavenumber &

h h
il Ty
-1 ih
M -1 ) hx (h) hx i

° ? H g fh: IVI > |wl
9Sﬂ (k)dk = ¢ édﬁik)dk _1 9Sd¢ H(m)—¢(=7) ¢( ) _

'@k e BZ —E)5, “Bi” h(k) T%’T‘ﬁ h ﬁlﬁﬂlﬁ,ﬁﬁ?’élﬁl
¢(n) = ¢(-n)

o IAMEGIA: [v] < |w]

= A (k)dk = $ 1420 g = L $ap = £ZH2ED — 1

vk ¢ BZ —EJ5, “Bi” h(k) ijﬁ h 725 8] J e — 18
¢(n) = ¢(-7) + 2

ES
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ANTEIFRTE R F) SSH L2
o [l AL B TR (F R )
(k) = > e® 2 (ar|IA) + bel1B))

]
0 v+ we 2ika
2ika 0

H(k) = (

v+ we

Zak AAZWEMRy <w = FBREGENE > JHE A
BRAE 5

o [l b, MHEMEEIEAEN, BEMAE A, B 5T E
(k) = D" e® 2 (by|1B) + ar|lA))

)
—2ika
Hk) = (W coaa
Zak RRBMAR y > w = BB > FH
BT 3



ANFEFIIE T HY SSH Ei2ide
o [Al—JFHLE A, B JFEFAHM A

W (k) = > laxe’™ 21)1A) + bre™ D))
l
0 ve'ka 4 ype~ika

H (k) = (ve—ika + weika 0

v N [A]FTE15-3)] Berry/Zak phase AN o
“Topology in Modern Solid State Physics: From Topological In-
sulators to Weyl semimetals”, Adam Lantos, chap 3
https://www.ucy.ac.cy/phy/documents/Lantos_Thesis.pdf

v Zak phase P82 K AETHEMHAS A -
w5 Zak phase # 0 = HFMEFL = FAHAEFREAAE



Winding number: Berry phase $f13 M4 1 B R A4F

hy

\thx

v=1.0; w=0.5 v=05; w=1.0

o MEIT M EFNT LI : SSH #ALK Berry phase H Al h(k)
ge ‘Wi AREARBEL W A K, I DA WORRAE
WEME, XAEgFR A Winding number,



Winding number: Berry phase #fiF M4 1) B FEAE
r= Winding number W il Berry phase f#fiiA B 240 R HIFRFME, A

I I . A~ (h) = (=hy, hy,0)/2h*
o WHIITHE (SSH B hy (k) = 0) =é, % h/2h2
- 3 ‘WHM:1¢ ;ﬂmﬂh“)k
C2n 1stBZ T JistBZ
_ Jh= L eth Jh
35 23] b P A i 46 s y§

h x dh
2n G TR

v JEFETHE AT DA E B2 Hamitonian #5331, 85 152 4 ARE ]
ISR o

o B¢ b, XIZEH LM —A (Brillion zone) |7 —AME
(“TE3”) WegilRZe (homotopy), mi(Sh).
Winding number= %M BT “Ri37 25 RIAGIREL.

WA AN R R



Wt ERFME BRI ) #F ME
o FFMEY: TTLAEI M A

v WP AN SE B Bloch bundle f#iEAL?



o BRI MY B R ML

o ZRZFERIH MR
Q. A BT P
o WRRIATII, P F 2 A%
° ﬂu%ﬂﬁﬁaﬂ:ﬁi B2 i

@D

° Eﬁﬁfgéﬁf_lﬁ]i MR AN
o (EMFYEILH, ISR ENH

e AN LA R S RN N BeT fRiF) “H s

o WH Ul s2 P Bloch bundle (3 M #e?
VI SE0P A8 1] DA Bloch bundle = “JfiFMEH#”

v ) HE S BORUE A [ 9 m] DASE I Rl FP 2R Y < Fh AR
j: 9



SSH #ZY B “4nfhArd”
@ SSH 7 — g I 4B VT (L

o Rk HANEHEHNAWAET () AFB,
FHETXFR: AB SEEEAIE 64 = €5
o HB BTGPl JFERNEGT «, FAEERIT w
FAEXTFRA I 48 SSH BRI S5 18] {u, w}
@ SSH g% B fE ol (FRHIE R AetE )
o "Rk HAEMNAERANET () AMB
RER A €4, ep, —HTIPANGE, FHEFXFRAT BEM G .
o FAEFGEARITRL: M LRI s (= A, B) JRFIGEE] m A s
E? tis,rs = tss’(l - ll)a s, s’ = A, B
v —fft SSH B 4 =5[] :
{e =ea—¢ep,v=1a8(0),w =tpa(1),144(1),13p(1) - -+ }
el eP SSH IR E — it SSH By FrikIE = -
{e=0,v =145(0),w =15a(1),144(1) = 0,155(1) =0,---}




SSH AZ AU B[ “$R A8 f0”
s FE T RALEIHE N, Hamiltonian {£3F 2 x 2 HFEER, TPAY
Ve ReRESS n(k) Tl <A

H = Z[IAA(m)ll,A)(l +m, A| + tgg(m)|l, B){l + m, B|

Im

+1a5(m)|l, AYI +m, B| + tga(m)|l, BY{ + m, A|] = H'
taa(m) = ti\A(_m),tBB(m) = Z*BB(_m)
tap(m) = I*BA(_m)

H(K) = ) taa(m)e™ ™ |[kAY(KA] + ) tpr(m)e™™ |kB)(kB]
+ D" tap(m)e™ ™ KAYKB| + )" tpa(m)e™™ |k B)(kA|
=¢go(k) +h(k) - o = hy(k)ox + hy(k)o'y + hy(k)o, VN

v AR < MU Y h(k)
© SCH SSH B “Hhfhacsi”



—f% SSH £iA! ( —E{b—4E4%) 1Y Hamiltonian
Haa(k) = 144(0) = a ]+ taa(1)e® +1aa(=1)e "
+1a4(2)e%* 4 tpp(-2)e HR 4.
=ea +2R[tan(D)e™] + 2R [tan(2)e¥*] +
=ea+2[t 4(1) cosk — 1, , (1) sin k] + 2[t), , (2) cos 2k — ', ,(2) sin k] +
Hpp(k) =¢ep+---
Haa(k) — Hpp(k) _&a—¢B
2 2
+ [ty 4 (1) = tgp(1)] cosk + [ti‘A(l) - tﬁgB(l)] sin k
+ [t 4(2) = tp(2)] cos 2k + [t ,(2) =t} 5(2)] sin 2k + - - -
Hap(k) = tap(0) + tap(1)e’™ + tap(~1)e™*
+1a5(2)e** +145(-2)e 2K 4 ...
By (k) = 155(0) + [ty 5 (1) + £ g(=D] cos k — [ty 5 (1) — £, 5 (=1)] sink
+ [t 5(2) + 1 5(=2)] cos 2k — [t} 5(2) — ', 5(=2)] sin 2k + - - -
hy (k) = =t 5(0) = [tz (1) + £, g (=1)] cos k — [t} 5(1) = ', g (=1)] sink +

hz(k) =




AR DA R

o ARG E A —LEXTFRIE, XLEXHFRMERR ] T ST REAE
= RNEXFFRAAERA R e

o hIMFEE: PRFFLZAREIEE T, AR i Mok
HFFAIE 5
w N[ C“PHIMEER” = HRFEIFR MR R RAE

o XTI AL 2
TECRFRAR R RIFRIER “PRriMEH” IO A AR i Hh

w FIAIAEPREETFAE XK [ea = e, taa(m) = tgp(m)] K,
SSH #2411 ho (k) =0, FREAW R BESHE x — y P B
= 4% SSH FE%U ) Winding number A A] GE 748
= Winding number J& 37 FAEXFRAR I FPAAE o



Winding number: 52 FAEXTARPE LRI MFAE
o TAEMHEAF C (AB T I5)
Pa= ) mAYmA|  Pg= ) |mB)(mbB|

CZ(PA—PB) = 0y
H(k) = hy(k)ox + hy(k)oy + h (k)o,
CHC = o, Ho, = —hy(k)ox — hy(k)oy + h (k)0
o Tt () XFr & h(k) =0 o A BJE 2%
H(k) = hy(k)ox + hy(k)oy
= CH(k)C = —hy(k)ox — hy(k)oy, = =H (k)
HClyn) = —CH|yn) = —EnClgpn)
o E, #0 2RAGKIAIERES, B4 —E, 2

w R[S, H] = 0. XH “FAERFRT C R xFx
A, SEbs BAg “TAERAFR” {C, H} = 0.



Winding number: 2Pk (50) WFRGRAPHIFEMEFAE R

@ CHE.

Jhy
G2
),
hx
H (k) = (hy, hy, h;) - o = h(k)(sin Ok cos @i, sin O sin ¢y, cos Oy) - o
(0 = 00k), 61 = ¢(K))
{C,H} =0= H(k) = hy(k)ox + hy(k)oy = h (k) =0 = 0 =n/2

. [dk _ [dk dn(k) | _ fdk. /
=2 =g 2k [h(k)x ¢ L‘ﬁ'gzn“ cos (k)14 (K

ok =2m) —p(k =0) _ { 0 trivial

2r nonzero non-trivial

dk ,
= g‘ﬁ(k)—



Winding number: Z2FAE () WFRGRAPHIFEMEFE R

@ CHE.

[y

hx

o HE h(k) fRIFFE x — y P H, B5HIH W AR KAEWE.
ex(k) = £h(k)| = £[h3(k) + b3 (k) ZE SR AT AT IR 452 )
REEARANZ, PHIAE h SN A REE L A

A FALKARIER), 5K W AT REAR A e

= Winding number W: 52 FAECRIH#1F MFAE B



Winding number: Z2FAE () WFRGRAPHIFEMEFE R
(a) ()

hx
o HITAPIEML, FAEXFR: & =14a(0) = —& = 15(0) =

dk dh(k)| dk 0 trivial
W= o [h(k) % W] =2 ﬂ(k) { 1 non-trivial
w BTy, WO RER T EE—

o FEKARITI W ] DL AT RREAL
w PAER PR B H A KA KT 1 — M SSH 5 AU 1Y) Winding
number "] PARAEERE = Z ML IR



FAERTFRESE
(a) ®)

FAEXSFRBIER - taa(m), tpp(m) #0
H(k) = hy(k)ory + hy(K)ory+h (K)o £0
CH(k)C = o, H(k)o, = —hx(k)ox — hy(k)oy + h (k)o, # —H (k)

W = %%dk [ﬁ(k)x%(kk)]z = %%[1%059 ]—dk (7

71(8?) =0



FAEXT FRBE R

(@)
A hz

Jhy
=

hx
o FAEXFRMS, AEMTN (RMERAEEE) , ks

winding number

o PAEXIFRMER)E, FTPAA LS E w5 B winding number [1)
Az

v PALXTFRMERAT— A SSH BB A2 Z g ik

w QERAFAERL -2 OB RIS, W BE R 0 — R Gk -
Z, Ik




VAR B G 3N T INIA] SR
N P _ o REETER e
*_‘L% - J:/\ (]i) XT% P - TC7 {W’P} _O TO(k)T — Ox(_k)o

H(k) = hi(k)ox + hy(k)oy + h;(k)o,
PH (k)P =T[—hy(k)ox — hy(k)oy + h (k)o]T o
= —hy(=k)oyx + hy(=k)oy + h(=k)o, = —H (k)
= he(K) = ha(=K) Iy (k) ==y (k) ho(K) = —h (=) %0
= hy(0) = —hy(-0) =0 hy(m) = hy(-m) = =hy(-7) =0
= h;(0) = -h,(-0) =0 hy () = hy(-n) = =h (-7) =0
h(k) = h(k)(sin 0 cos ¢, sin Oy sin ¢y, cos O)
= h(k) =h(=k)  0(k)=n—-0(-k)  ¢(k) =-¢(-k)
o Mif - & U () KR = k = 0,7 B h 7E x i I
@ JITH hye(0) Fl hy(mr) = hy(—n) HAHRIRIE LR RG] DAE
b 4 P AR B v dHENEA
@ I hy(0) Hl hy(n) = hy(—m) HAMIE PR B Ge 1 mT DA
I A R A B S v SN
o (HZ2X RN R Ge 2 [BIAS B o 48 AL 1531 v= i MAEA ]



VAR TEE] \AGk2 20N
T

t =2 h(k);
a:% h(k) ¥E x—y °F

| T

w A PR = h(0).
h(m) HRAE x i E

[ =h(0) I h(rx) 7718

PRI AR, AR

C U = A A Gl

T s AR A (1P

[ A AL

v A 1 PR A B 1A
RNWIAFT



VAR TEE] \AGk2 20N

— cos O,

TAk) =

§I§ﬂdk = ¢¢Sk
ygcos Ok ¢k-

| Ok=mm—0_k Sr=—¢k
= cosfr = —cosb_g

:>¢;<:¢,—k
:ygﬂdk:mr

i

n=0,%1,+£2,---

IR cos 6 ¢ W EESRBEA LW, (LR EMMS h Al E S (5
FULRE B A ) BAENUE ¢ A BT AE. A —1> n 20
nizﬁrj‘a h$uzi—ﬂj3*aiza JH:HTJ‘(])/ ﬁﬁi"



EIEANEALRE SENTUEAES

Symmetry Spatial Dimension d
cass | T P C|1 2 3 4 5 6 7 8
A 0o o o|l0 Z 0O Z 0 Z 0 Z
Alll 1o o0 1|Z 0 Z 0 Z 0 Z 0
Al 1 0 0|0 O O Z 0 Zy 7 Z
BDI |1 1 1] Z 0 0 0 Z 0 Zy Zy
D 0O 1 0|Z& Z 0 0 0 Z 0 &
om {1 1 1|Z. Z Z 0 0 0 Z 0
Al |1 0 0|0 Z Zy Z 0 0 0 Z
ch |1 14 1|Z 0 Zy Z. Z 0 0 0
C 0O 4 0|0 Z Q0 Zy, Z, Z 0 0
Cl 1 1 110 0 Z 0 Zy Zy Z 0

PG SR R 0 2 XS PR R AR e -
T: WEE; C: FAE; PRy - 7GRN, P=CT.
o FARPIUBRIRIA HAXIFR: A T F P XFREF, T2 F1 P2
AIREH 1
o AU (HIEW) HiE: T=% =345 17 =1
o fi (EIEW) BE: T =ioyK; T? =ioy(-io))K* = -1



EIEANEALRE SENTUEAES

v S 2RE X2 —HE R 51 1Y Hamiltonian , A& X HEANFE E ) Hamil-
tonian [ = 1.
BN : BAT4BEY Hssu = (v+w cos k)oy+w sin ko, , winding number
HEgR 0, B3 1. w [ A e SSH BRI Z,
{H2 ) SSH LAY H (k) = hy(k)ox + hy(k)oy + ho(k)o, i
15 hy, (k) FRAETE A SE 0 A A R A
o Hf[E] SUERFR: TH (k)T = H*(=k), [T, H(k)] =0
= hy(k) = hx(=k), hy(k) = —hy(=k), hy(k) = h (—k)
o PFAE () XF: CH(k)C = o H(k)o,, {C,H(k)}=0
= h,(k)=0
o Kif-25X () X#x: P=CT, {P,H(k)} =0
= hy(k) = hx(=k), hy(k) = =hy(=k), hz(k) = —h.(=k)
s h(k) B =T,C,P=0,1 = A, AlllL, Al, BDI, & D,
w 4 C [hy(k) = 0] —7 = Alllor BDI
w JGCAEG P [hy(k) = —h(~k) 201 = 2Z, =D



eI BUR TN

o NASREWAAAER, FFFMETL X

o FEHANTF LR R, — Mok i RS RE R AR B BT KB
Fol

o EXERFMELGIA T, IEERR RS BREDAS, Hit
HAE (Fekm)

SSH B BRI A TR R, Blv=083F w=0
o HIMFIUEH FIAS: v>w=0

A

HA N NEMR— 4R T8, 30 2N DAIES
o JHIIMEN R AT

i) = eM|IAY £ |IB)] &=y

rz
N /I\HEE e=-v, NPBEERN v, wEARIRIBAE



o TEfFMAL IR (B2 - AMEGR) AR w > v =0,

o JEIH M FS
KLNIBY £ |1 + 1A)] £=xw

ZxIF
1
i) = o Zl: e
o FHBPER I A
o) = 5 (IB) £ |1 +1A)),1=1,2,--- N~ 1,
N - 1 HeRy -w, N - 1A HERDy we
EHPITRERA AR W) = [14), lyr) = INB)
o IIMERMAREBAZMALARARE




RELA S

4

HRRKE: NANER, Hy = sy

0O v 0 O 0 0 O\/a ai

vi 0 w0 0 0 Off b by

0O w* 0 v 0 0 O0f] a2 ar

0O 0 v+ O 0 0 Offb2|=gl b2

0 0 PEEEEY DY PECEEY W* O v aN aN

0 0 -+ -« - 0 v 0/\by bn
vb| = egay =O vay = &by =0
vai +way =eb; =0 wbn_1 +vby =eany =0
wbi +vby =e€ar =0 vay_r+wan_1=&bny_1 =0
var + waz = eby =0 wbny_2 +Vvby_| = €an_1
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Hofstadter Butterfly

[D. R. Hofstadter, PRB 14, 2239 (1976)]
“Godel, Escher, Bach: An Eternal Golden Braid”

x: Magnetic Field; y: Energy band
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MIFFME JEE =T Hall %)/ : Hofstadter Butterfly

x: Magnetic field; y: Chemical potential; Color: Integer Hall Conduc-
tance
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- Hi¢ Hall 8.0 HgTe &P

Quantum Spin Hall Insulator in HgTe quantum wells

Theory: Bernevig, Hughes and Zhang, Science 2006
HgTe

Predict inversion of conduction and valence
bands for d>6.3 nm — QSHI

Expt:

Konig, Wiedmann, Brune, Roth, Buhmann, Molenkamp, Qi, Zhang Science 2007
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ARPES for surface states
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Topoligically non-trivial (semi)metal

KT LY Bundle: JiIEiE @ EKTH
@ Dirac material: Graphene (—4E) , Cd3As, (=4k) ---
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@ Weyl semimetal: TaAs - -
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(= E) Dirac semimetal Cd3As, [ HETT 4514
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CdsAs, 1Y) Fermi arc

3D Dirac semimetal Cd,As,




Weyl semimetal: TaAs - - -

Dirac point
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Weyl semimetal: TaAs - - -
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Weyl -4 & BLIY) B i FH.

“Boltzmann equation approach to anomalous transport in a Weyl metal”,
Ki-Seok Kim, Heon-Jung Kim, and M. Sasaki, PRB 89, 195137 (2014)
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o Weyl Y48 H E//B W& BRI, Ap/po = [p(B) —
pol/po <0

[1+B-Q,(p)]o: fn+ [Vp +eE X Qu(p) +eQy(p) - va] “Vrfa
+ [eE + €Vp X B + ez(E ’ B)Qn(p)] ' fo = atflscattering
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@. Topological defects
@. Topological crystals
Mobius strips of NbSes, TaSes, TaS3
@. Topological excitations
@. Skymion
@. Vortex state in superfluid
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