74 H ldone /M,aa/e/

We GZ‘EM% Jigwsszd the HOfsku(%er
F’mb‘QLM (s?ﬁmre. &Wf'& " maﬁho%r'c
76/6&/)2 Chern 5as-u/41°[-0r‘)' €8
ror  n=3 bawds C.(-"- 1, C=-2, Ca=A

(For ' odd n M baud 'e.y.c:?f{ £or

e h,,}o/a/& one  have (C=14°
evew N Awe beuds in tlo” nii e

"C# A4 Heir Chern huwbers

o opets s 4otal Chern
number 1S Zéto ey
Whee two bauds 4o their

‘Qﬁem mm&rirem:f'ui 019 Vf-ﬂ/éﬁup/
hiéaer, leou v oidu 7
bané/? ma kg{ Lzlkve --;,%jer Oujzi ‘jo
Chern  nibpabers
Witk ot Lreokfuj RS ol ¢;=0

and éwg = wrﬁespoq,ciwﬁq




-7 2

TRY caw be brole
Heftorst  T®bpratie Felll

zpzaa(t.g 4o howtt V'ﬂj Chern AGLHJS
ano Lo ﬂ\mwéi%of&-:m\ of Gy

QHE kot macrosapic .; edic
| ‘?'“‘9‘&’( CWf%W+ Lauo(o.u é) |

S‘t‘ar’{‘ Wt{v‘(a. ‘H«L "‘*OM Co &‘H‘l
("gr‘aPkﬁM“) Wit ‘*/ﬁej MtEeg‘t - :
WSU‘@@T‘ )»,,9 o ntroduce
"Ll Teg

( ‘SPOA 52\ var o hfo Ma.a,u.a/-rc Ff'e‘&’o
—_ -‘i_—méz term e He two

“Dirac  nodeg ['mversfou Sdmwv"ﬂj
1S precerved)

tCrOSCDP(C@%

Secound L&( ho

w it kqse, PFb:baé TQS
but “H\p, o+l VMA@»M{-{Q -péuu,(
‘H«rwak @0{\ XQGQor_ S Eero

MM rothe  Hp Hdt{'ar

(rLQ é&wer and r \:» have
- and --1 E;;ecf)r\/ 3‘;‘;‘&‘_‘%4




| - 72
Cam}oﬁf'é the o %FQ& ot gap
I jra,ol\am‘. TQS-preserufU el

1€ - Q)re_sarv? &

LXK,K' = ?fGCt éx 4, + cgb%) +mea,

The w e voke o Berru o Fvatures
Frowm two woded tanced each
obter (T, - T+(-1)=0)

T@S - Lt’e,a)c(w&

hk,k' = U(,(i 5»«%“'45@ = W\Hél
oF 1w derme of  GxY Haoii Louja,

h= /UG,—CPC-Z éxCpX"'éa%\'\“ My T
W)“?f < T - MaJcric,c_g are Paul[ VIPY I3
e Che |< K’ g/aace_

Tlo ma ss  tormm 1S al(acaovufbé
e bott K, k. " omd  Su 5/4#'1‘&

Sloa LS .




-74
hﬂ;\:(éﬂ hﬂ.are,&ir |
| ahee ol
. A Oﬁ éiwﬂ*u.
Y
':ﬂ"eal&s VES
QLJ/DOSQ_
+'= ¢ [t]
. N {9;;) | 1m_’luﬂ‘\§
s It £) 5\ TR
()= - EFE) - [

£V = sn(bd,)- sn(E o) =5k a i)
—) \"’eol(&CLB “L‘O L\K O’We L\k'
near Dirac  hodes, MH“gi,f [t
For W]t

The “4wo bauds are ‘LO ﬁo
h@w{fmwaﬁ Wi, Z _.%ff/ﬂ&

U\Q Y\Q;)ﬁ' VVLQ,&M.Q}L\Q__ w;«éw\p
W%&k Yo )’LQNCL%/OLL S 28 0.




Reoneralized Moldawo's moded ~7°
_‘u..cp
H=t, 3 cle+t, v e W0 :
“ 1 3 2- e ' . \ s
& { “i> C; C: + MiZGLCﬂC‘

€, =4 Jfor Aad B sites
(TRS-preserving  S1S-breckivg mass )

\)0 = g&_‘gxgl A
whaowe S, ¢ are  vedlors the

bouds Cohn.acl—w?a\ rext - peare s Miﬁlkovs

Feur,e/r” \lrr@ws%rw,a%w'
h(D)= e(E)+ d()

?FQU'\O\LQ C@)ﬂ/\?;lo(ut&%%on: M'—‘—O/ CP:-_L_E
2




76

E(R) = 24, coo@) [eon(La) 4 (Cd) + (i B '
Ax(D)-tfon (£ ) + (. )
dq (B b, (s (Ta)e oinf Loy

clz (€)= M+ 2t, cife)s, (Ed)-sis (&;;-wz@;.a%

gmf i 97[1.; e 0(

C‘X(L)Z O(x(“‘) 3o, odl (P

dlé(l:) £ -0(3(- Z)

): = ,I_ %al:‘r:)ﬁeal
Ga(D)=dy(-1) - snbided o

TRS. ()= ¢ (k) i

SIS (& o
Qv owind %{\2 E(D=¢(-b) «

wmiddly of wet wll Ax()= oly(-¥) E%TJ(';
cJua(E)"-O“Q(‘“L) N
da(E)> = (L) sl
TRS +S\S e
P=0 o P=T qud M=0

OH\_NW{_Q_‘Q[ %Q‘Q ofzw$.
Ca %3\/\/\%‘)*3 L8 fm%e""@& :



0 pM ( 3(34,
B ' + 77N 0
O
T RN 0 1 \
o | i
= } L q;
\ A/ \ \
0 ™~ ) .t 0

QHE- J(j""&w%ils‘low Qi\aﬁSl
M=t3ﬁ tz_ S;n?

M= +2Z 4, s = K wode experience
- doging - respen:
o _ ?:Es%m% r ‘*6
l{'g Ha& wuaiuogmw Clw?tg Jor >0
From i 3{3h(!:4-5'§ 152_:@ =5
o ==, 2 -A
2
M = 213, Q. KI nwode ‘
hawes, Gy by +4




Eo/ﬁa S)Zd{eq ‘o MHoldbue meodel. B

Re\Lurk Yo M:’-O} QD:% J ret =1

dy = 1+ws(ﬁk)+m(_@k)%(2k Sm(r

Siwfle,
< Q'K(r’to + Qlu(rléa) Cﬁ/} +60g(f 9“(3;
d’!- 44“((‘/({1) [C‘b/'? ¢, — Cos _{;é )’} d

Fix lca cwtsalu o Semi- 'M‘[ W6 SJr‘éem X?O‘.
'( k=3 k)( k" - k

o((k +zb L W (2 ,)+2I3 siw( L L y .
g -(U&%(Fku) Sin(Tey), 43.(@@%/@&)
2b, = (con( Bk sin(B i) "o (3 i)

2 stﬁ(—gi»(gka\,c@(ﬁk oY

b

o = by +b where ~ "ot B
En'z Qgﬂ'ig;)%c'*ﬁ).%'zc)hs ) ’\:C' fl
‘E :}9 Io bs = —
Qouol ‘lr 10Y of QJOISJéhCQ @F Qo(a& SNL&\Les ‘b""‘
B, < 125
> 2 |G (-esi(Ek 1\ +le a3
For sucl \48 More are Q‘é“%‘i |
Wl Edgliy= £ Dy " s elgr s
)\ % - +G __Sm(R k‘a\ (4\%(:.{ r
| 1+ 1c;q:~(md) iﬂ&::’;




- 74
0 I(GM- Meﬁz Mold

) Charn numher (Z) Cwsls
ih n‘ksn,[Q\(orf WAu\ TR 27MMQ‘£V‘7
15 brokew, Hell corduc vity
1S ou-erg /4!"{ thore
{Tﬁ}')@{ﬂéic«o{ numberg 1w the
Presence of TRSR 7 |

(<) Do ‘;éé/oo&(ﬁica[ //u»{mlerg
0»&;/0«,33 Sorm a set Z 7

[i[() @(JYZ %O/JO‘éjico/ waimbe g

exis in Ymetals ?

QQ{VZ}J Lo W:;ea( Held o wa
H = U‘(‘Tzé,(P,( + (7)33>+ Méa 'I‘VHH'C;@

fr 3
EH’LQV'“ SIS o~ TRS )% )or*o[_u,\
or- beth

Voro- Mebe ©  add el Spin
and S@Ek-(,\r};ir{— CO"‘P[""}
Sinplost mMass Teria My T2le D2




. -7
S it even whder Q l ( par ,.(_3)
ond  odd wader TR

=> lkano-Md  wmass term 18 even
urder  both - S1° awd TR reusarmeds,

s %emrml—fl, SIS amd TRS d,
toke two copies of Haldaye's
mwodel  witl O'Ei)ogig Next-poares -
Mi%l\bor ho‘opikas‘ |
C/qu,a( Holl  conducta nee

= uaﬂi‘ﬁf W |
éxb “ C cﬁe%wew . wp —

omd  dowp - SN
Q,Qa.e‘{"'ous)

But qwhjrizeo( SP{h Hall

couduokirce  (diFfersncs
LQ{WM SPI‘V\,—WF QNJ Sf*lk-fd/ou/tt
Hll ch%wug)

=> ”?uad—um S‘P,‘.\ Holl tele®

{Wo EAQQ WJ@S lgf"“\"&f* amal %Pik-a(Ova\
Propeg ‘Jmua W 9?@9@{6 aliredn‘ohg




— 71

T‘\.u%) ’Hu(r»_ Con Be ‘EOFoeo im% now‘-r;v{a,f
boands w the presence. o TRK

Howe,w;rl ‘Ek(g‘ w».oolyﬁ N verd Specfaf .
2 - companent of Spin 'S conserved
(not %cur:'c, as TRS taw be pr{serveof |
For F‘O"“Qif'l'k:\a) SPik'. SP,L -0Orbid Jtdnz/qd?lim)
Are 8@:&35 “hed)cal " t—a/f& skates

Vobusi  wheu “h - aud odlowmn - Sp/L.
Staes are vurxeof ?

Kone and ML  Yes!
Kf'ana.er—s’ a/ege,umc(y

Consider an ea/@(; A )(—dr‘fec 1oL
k)( /s a (7,(900/ ?’QQA/D"&M tunrheog

TR '(fr‘aus)qormanéiou? /(x -2 - ,/<><

= éx =0 auwd Ax :{ are T Javariow
S S L L L WA

" sl S
“ comer<s
T7CC T T 7 202N2YQC /\
Z 4 //‘( LY dgﬁ J_ "

SfewmandS = T
l<;=o i( bcrtggs;%/:# k=0 ”
Ak(j TR - iwvarigmt  po Yesdial. |
camnot localize these svatfes”,
éa,aLsca#-cn' 53 ‘[‘\O"“Jw'é/c/e(,\
(requires uj Spin féz,fo)




~7 (2

K romers’ dtOw“'em'oJ .'

TE % s‘dam‘ s w,vwsed(') for $pr‘h-‘2:

JS T = g =D (/Z- =€M6’5
Wit arbitrar
. 2 5
= @’%K):-« prase

Ascume et  TRS is presext,
and There exiss  a nfu-a/eacnemfe

eieastate  Ju s TIwS = VD
with eigonvaba b, Hou

| , A
Thes = kD>, bt 7 =1
=) CO"L\L-'oJ( ,‘c,\Lv‘Ou =) /9’> s d 6(?2“9- v &JQ'

Wittt i - orbit- Wéuj !
[{raw@rg' z;fﬁuumcc] ’5 WLr,'w'ez/'.
eacl ban has Y 4w —folid 9/¢/'k
o(bgeu.erac o:f' eVe,tzy /901‘@/- io W B2
(}kcgm(f L@ﬁ—» —L + é—»-—é)
— TE{J‘.&;{'A Fﬁ(’ﬁ@ruéo( 5/‘/"‘\
When ke ond —L ditter éj 2
Vécip"occf éa#/c_e a/ea*lor—, #_ey Qe
e.?u,)uo,&w# — +ine-reverse . in Léir/a.u.)L

momenta_ \;

(Qu,&éiﬁcd—i | +wo MZ s do jwme,c*tﬁ
'bu quwrs; f)aa. +S J /M“ - eﬁ{’mm‘fej
bouds | a,{')%ﬁ-—iwd,r{ad" . 0 weliabex




—7,/8L

Rodturn Yo Kane - Mele
Wwot&) nbroduce stfh, r~o~(‘a.+iom

BU—OLQ‘V\ mirTor QJMMU‘—VS :
Rashbo - {b‘a@ Yerm
HQ_ = AR. Y+(6)X(CZ Sa - éa SXBY
Coul;»éec o Hda(au HQW[Z‘(OMQMY

lmg(k 4@) = G’X S‘O— é’sgx
l TQS\ ‘/\L(K‘*a) Z7SBL]Q<K)S3 oA "éxgg_éa&

Wi-«[’t@u.‘(\" HSO = 9\55 \Vﬂf—ézpcz. Sz Y

Coppesite Haldane nasces for
%E’)i!.«-klo bundl Sfr'm»ofow‘* SWLQ"%?S\

Ho  Roashbe Yerm,  oloec not opesn
the gop: ok K. - poind

E((Z%) = — AQ ol \IU%{'@);I
Obk.p( '




M>%\R />\ o - .eaf sia/({s
~ do MS{- Cros %4:(4@ A q9p

M3 Dot edge stabes
Lrossivg Hue qap

Herg we. l'xa,u-c 32 wkserva:jr(ou\

Finite 9\& Lr'ea.lcg 1 but Cz(goec ﬁﬂz“?*

CJ’\—a 4o oéo Y
%Qto M&oeg hl)bjc (mo(loze Cc_e,am,{-rd T
in e IO/’LQSQ 0“6180"& A ) |







~7 /5

73 %2 o{/Larao{eﬁ’%a)L{w of ‘ngcmaww(

Hu%uﬁw(w‘s

Chern ‘umsuﬁwl-ew (r»o TRSB \

:‘K‘L‘Q ' CJ\_QI“K IMLMW -
o|ua-u&ia;e¢( Holl wwo(uofuce

c C humber of edpe  maodes
C Z | a:('-mteac,l\ ej

(more precic - differene of
—Porwara(-- a bQCLWQ(J-MOU“Uj “4-00{(’5)‘

TRS . Counster— propa q b ed mode s —
kﬁamrs ’Fr f u&a'#':a %L

Na}ura,q %ue,sg‘_ huml:aér of Kramers’
doublets "is udkeqers  henc  agein

Z-dwsiffc&f'ou_ ’A/O'é %rue[
A%gum ‘Hw( Heve Qre 2 Pairs. |

/ / ; // / / (/ { ¢ / . L £, ’ ’/ L L .,.-"' £
N/ -
/. /
-::.> - , EF A/
S/
VD,
i taaar
" Kx D)

kxzo: C.r'OSS(IVv@Q Palh‘{g are S\Llé( PrO%QC(‘Q%
b\j Kroumers’ de ne rocy

O‘H»ﬂ_v Cross w&q afle »\,o% proh%.“l'e/('. ﬂqlos v\mj OP-La,'



2 PO-(rS of‘ w,oo(eg a () Pm‘rs -7 /6

J Lve nuwme ber 07[ pear-s o () Pq;rg
Olm:] 00((1 N b A 4 Pa.r'f

——-> Z 0{&95(;!%“(00\
/eué,u./aa// or 0/4)

ZZ %opo/éogxaj &UAMED/‘
TR- s‘anqtr,a

FO(I‘W\G[ J&[lfwl[‘roh / (ke “T"‘ ui,)&k{
«ﬂ = HSxan(PﬁB(ﬂ\\

wheore an, is e matrix represewted o
of the TR operator (Sewikq ma:&r;xj

B (k)= {H (-7 T HDN

JFor oceup iegl boind g
ond

P+ %\(ﬁm(s For ~tte p{;@;ﬁ'\ak_
Even - OICW‘-—QMSIOL\QI SL.o.u S‘JW\MQ'{V‘Q ”‘&‘HrCQS‘

épf T) et T

?‘:0 ; »ér,‘v;q,a s M{'!)r
P=a . " werded bwmo(sl'-‘}oﬁo&giwz mSw{ax(fJV




Phatfian -7 fa |

Skew - sjmywd—rcc. (au‘@.s‘ymme*r'c) matrix A"
A= -A (i =~ &)

Recursive oluC nnf ot« For 2nx2n adesjmm%t A

PF(A) = zw) o5 PF(Aszg
wkef«e A*S ~ matriy A with Ast ond Jﬁ\

Fows omd “tolummng Temoveo

PF(ox0)= 4

\/[PF (A) = det (A\ \

Yor N oM Pf(A) O

b ' dot (A deb(-A) = (- detfA)
=> det(A)=0 =2 P)E(A) 0

[ \ PF(A) = @
A E\: PF ()= 0




“Tih
Pfo‘;e,..“—; e of PLFian

PF(A") = (1) PF(A)
PF(OA)= A" PF(A)
pF (BART) = det(B)PHA)
> Pr(A Q"‘”) e 1Y [PF(A)X

tr(A-‘%_/;‘z

4 9P
Pe(A)  9¥

S

Pr(M) PF(B) = e.xp(i tr fog(AT%%
Pr [O N = PE(ANPH(A)

n(n-1)

P,t[ - ( 4\ o o(e‘c(M)
\PF(A\‘ i e><|o Litr 403((6 ‘9]1:»3 A}w

_ P?-(é 913 (——L)
T

| .
R

v .
L LA

2m+{ |



/8
For  kvo - -~

even Vhwm‘xer\ o)c boud Q1L a(u-em_
ngﬁ —> *{’\/.v;a( N~ o eda,g sw(m{éj

ddk uu«[mr mc wa@' NL Qa
Oewag T bl %afj oY

%w&a ol




~7Z./18

Se—W:“‘a M"V\x _
un {;arj ) Clc) =~ R (- k)
AD CALQSLQW SjMW‘t'r VO ot TQ,- wu/ow:au‘{. PO‘MLS
Utar*am Pqur.za\L\om 1 C‘,bhf&";v Jco
| — doea Wo :
g die Al = g:ﬁ;«&
3 /
Q n Cowtr butious of
P _ %—N gc[[(A (L) n‘lemb«ers of Kramers'
S -
A :: 1 <uk_ k\v l U k m>

T XL a 1}
lu_kIQS: e f}( T(u1’&>

\uﬁk aB e T ll/(i!&>
TR pelariachion
P = - P P

(& defc(@@\ P’E[Beoﬂ
= a7 8o Josk (o)

e
Q0 %n P?C(&iﬂ)\

Sﬁaifawmm( QWV P¥ B(m\
senettlization T > or 3D




bosel . "7/55
A ; N uross\wg |

\&‘jrp';f

N

\‘?I P:-1
f ii
two bawds \m“/\ ~+wo “fwi SJ(’A( baw(s

well - defined por QNLWc oppo s t@ Qr{y.e :
e} Q,% L__ fo,mi PL;B.. g

EW O 6\\/9/0\ L)GM/A "

2d
( 4) l——l % / g.‘:i’f ot /\i
. - 7‘__1 A
_ﬂ\.& O U(‘ O‘xt = | ) P
amrP WSQ ajwdjs 4

\G vaeTS}ou MW"'V(\:) 1S wL /or?,san.‘(‘

CL\AW%Q faramzjoerg O‘F . HQM\Q\LOM\M
ua COM.‘(“lW»LDL(S fo.% %ﬂ Co»uua)("
withU e Hamitlonian Wr‘kl«. Sig
,Qg gﬂva Qs baha{ GPS o wot Clos.a
%is e 54\/% D&bo(
«HU_WBLQM( 1'\, ‘{’L\a Sa e 2, wa[ex.




Anolagy :  Tubber bad /8

csﬁ(migw |

(Or tléa-&( 2

L \ / twow Sided )’ |
\ Msbius

=1
| (Mh~ owewlaw(

Ovua-g;o(eol)’
ek bonds  couskucted out of
%ﬁ&omica ohbi%JS/ Charac-l—er(‘%ex
bj orbited ( awd totel j=f€t Al
aw%uﬂa« MOYNL W, qwtw-lum Nueber,
\'DO\Y‘ 54-3 CiuéLueL_uM n uwina B-er ;D - (.._ 4\€’ '

CF'USLJ ) r-b'(»a,Jn'owd S‘J"”‘M‘J‘m];
me ':»av-; CSFQ‘\LI ol Rwuevs 10 )
\Mab be Presewt , A‘%’S\«‘LML SIS .

D L—-k = goeric Block slele
- wkh L S wot O eigzug(-w(—eorp

| a -
Vo @(-.qﬂ d,iMVLS\bKS 2 '['R"'m/w'.awf
b d e c Bloch studes ot

momente [\
— g

-\Z_:’ /\(, Ve QiaZV\S‘kocl:eg ot
Sinmple —USL\L*\OW(:W& Liwa i

Ao _bavm(gu fk'w\n.tr{‘g Pari‘kb f(‘m/‘f» 0>(-‘0MiL
ot these Fvw\s 2 o - .
ocbivols : -c\:l,‘ S.=+1 l@\g&w )




~-7.19

Avother Z, warant From the
PFafFian

Col\ﬁeruclr SFrow\ Yo sewn Mo.i-r *
B () = Ly -0 T | (n))

hae 3

ML'( ”}S g’t_eu - Symmcj_'“lc "FOT ALL l‘ w gz-'.

For 262 wabrix LW, (0| Tly;(k) =€, P
where (lc) = PJ:<MO">)

Go.u.&o; travsformation IU (k )> = R; )@ l“‘(k)>

N Wwita rj

P(E)= P R S (D) ITIU (5D (T, )
= det (&) P(v)
p(C) 16 mVariapt wndey S‘b([‘z.f) t*o{‘q‘%w"qw/
U +rangfornation . Us el
= P ()= p(L)
- Absolute vale of  P(T) s
%%' 3%(/@#.’6(«1(\ .




| -4.20
Brz C,'OWHCMS Specme Po‘w&Q:

(A4) Tluy = My Uy (&) ) [P@| = 1

“B—l/e & (0% \;& \;\hi'['grj

TR.-'wuariaafapoiwl—g Eeﬂouﬁ % ‘%Lig fe.'(‘
< T)u;(/&\> S equavafgdc $o lui(/\b)

(2) <u4([‘)\ﬂuz(f)> -0, [PRI=0
(D3 ie orthaqonal b subspec
(Tl t(LS)?aMMA }Dba ]l,{'b{u_b)
Chew PGz 0 ded, B (5T
PEE) = PE{CwiD)) T (CE3))
= det (RY)[ PO =0

T}m FMSG—S of PI&EM Cgose J,o
olﬂ_%ewe.""acﬁ Poikk

k. oud -—Tc QorresPouc‘ 40
oPpos}-Le \/orjcie,ilc\% g

_ v R, »
U= L (S/AL, 2 7 log (P(L)) ]
wkere C gur(:_ovu«o\ ‘lffq. poiu&_ K
atx whick P(K) =0 |
\ZQI'OS O‘F P—Fq,‘?—‘liav\ T l'\&[;:*o"t B_ZF_\
Ore ‘bo‘bo(;oascaﬁ Yevar .'au;‘\ ( ]4 aud — k
B@ﬁo@cﬁ to ol'cJFxCe_,mw# holves of- [2)2)




Consider  odd number of 2evros u haff DDL,_“Q27~21

By bwo oF thiw tan awnihilote within
‘H,?.‘s holf  However, the Frewaimiwg Zéro
cow 0 aunihidae  wWitl WS partner
-From “l)’(A.L ot M"c ( L, > ...L)
TL{.S Wouéj l‘l&f)fl-eu Q-q(' % ’\—E-{ww{a.m[
point- A However ok A e PRaffien s

nMoflP(A”:{' Hé“c—é, one Zeyo of P(E)
vu hall the B2 s shably %&Lﬂﬁ
Eve,m WMLQV O{' 2eros Can aun.‘hié&@

witbiw Yhe holf of He B2 witheut

nNou 4_0 \H,J, TR— lwvar [ ey Poiufg ) '
Ov Mw‘l‘cug vortiCes ‘Frou« ‘o  Oller ,Mf"t
hot at TRY (wvariawt po{ldrﬁ,

£, ToFoQo 3‘\ cod ndex :

Teck (dk ¥ log (P ()
C o bomdary of  BZ/Z
Yool VOr‘ticiJﬁ] o B2/Z,

evewnm or OO(

l’,ﬁ(‘l’om{dc 1?_'{)/\/\‘\{7” . %-QOCI'\ Rmclfioug dO M{‘
jperd o movasdun = P(E) =
%oej}:rogbféi__ Pé';!)) O-FFQQV’ ’tkTO“ﬂL CIDSMFQ




—-2.22 |
Mwmaﬁ W/Odb@ o7 2D and 3D |

\R—-\wvar Qu+ "&O Zoa ng ‘KSJ&%OVQ

are L~ baud Ll e e
HamlU—omw o L}XLt HUMI{NQ#L Ma:[—gmx

H(E) - E dy (T + deﬁ@) s

W< b

LG pls 28‘,(@ ;AP =12388
Cei Hcorol afaebra\

ro’t/bf' é}[ﬁi rﬁj

Toke = [e,T, 2T, 8% 4%y, gug)
(é — QML—QG.'{'*W ' = SP:w

For Ve Kane- Mw\ WM (TR twwar il
T T =FOL it T=i(1esK

TR wvariameg -

T QPT‘«: B rdP)

TR - L wvarant Hawi oujan
Ay (B)=dy(K), oy ()= olup(E)




Exwp&: Kone - Mde mode  Dp=0 -7.23
H{E)= o, (E)T + do )T, +dn @t d 0

K—Poiv}t 0\4 =ol“_-‘-0
1'1 (z): ‘jg)r-l- ?)ﬁ /)\So O
! 0] - (7\1)""3@ AS&)

" _ 9 ‘F{ASO e
() [

F}V‘S‘l" CDKS;dQV )v>§lA$o

Oacupicd baudg 0
L'-{~ = (}\U+3‘(3 56) \u402)>": (2}\
Q

= — I>"lr+ 5@,)\50 ) luz(k)> 0
TR demfvj ulorcsseol Via 4)

OO0 (O |
T - {ﬂé’ 2&] K,
L to-too .
(R TIwEy=1, PR =
Now Oy < 23 Aso [ bved omj%;@
Ey= = (4 +3B %) Ju, (BS- (Z}
EZ: >\f1y ’“5% 9\50 l HQ_(IL)> .
LU ()T U (€D =0 | R(E)
Zero v Rradha Appears ‘H«Wuﬂk lbwd (cros\sfuﬁ




74 2D TR wpelogicl wsdefere 7
Yu  wverted Otuau:{-u_'u Weﬂ ¢ |

BDE HgTQ— (iuuev{'%ﬂ Cﬂ[ Te <MVM&()
c | AN
N
| / Hﬁ““‘x.\\ _
._ /\ | ﬁi\%
. /// Qk
r_? e / I3
.// s T - N -m‘mh\\\'"
. Y S
U poik o

G- Q,owxPohu& Sp 1oV T
W= (164, 165,16 D16 D16 Sy

Cpmb”\g_ \L\A,%O. E.'{’ H‘, L'{ EOUM‘S with /r,‘l
| 4 SPP.th oﬂ:



~1.2¢

C( +m() Ak, o O
_ Al _ :
HBH‘Z - cH-wy © O
© O E(by+m(K Al
- © ~ Ak, €Lk

- e(gﬁogo <+ M(k}ézgo + ALxéKSA“ Ak&éa So
(é - E4-H{ , Q - kt’ame»'g ‘m.f*‘ner'f)
M@= M+ B €() = C+DL"

- c(ut \f L M) |

() \kr

?&.
Block |
W Crﬂ \ e

X(“ “, | ( @ Blecl. 1

I*\

Alk
g g §¥s -h, | 0 0 itgk_0
Hoo - Do gk\c, OO0 0 0
BAA Hejp=
‘ Sk Do O O SIA” Lk o 0 ©
/ A SLVIQ o 0 ’ 7 o0 O O
Bav;%v:::vé‘zw c\«aQ v\vevslou asjww%v}




-1.2%
+5 2D Jcopofﬁjicaj iusalatorg

Band e uo“(cﬂ e of  Bismutl AW"T wu

Pure Ib;yMw“,\ (X"tO) Bi1\y§Lx 007¢%<027 Pwe wl-wmouj

BV
Loa/o
/\ N /\/\ /N A/\
T WMUErS(ou  0eturs
at X ~o0.04

% ._TQ mVam&u.‘P Vwovww“k /\&

lc Ky

e

I: ﬂ JdeJc[B/H {-/7
= PR b/é; d

@ T K

N = Llo00, (00m, (ome), (omm, (To0), "

N (n,0T), (mT,0), (wmr)}

\Wh e T = -4 S%rous —ltoroéo ;caj
Lusueoit’or’ ? - 2_’D Qurfm Q{'ajct

! et +
opLegs (@md robust wil res ;

d:f;order = Cﬁap‘fe ”Topoéoﬁj aungl éocaszmzan,)

@VLQ Cln n«”‘:f"ooluc,e “'"H/\V“e_é‘_ hiove. %P@‘gf@md
Lkuqrca»\fs Cor'T'-e ioholt ‘E'o oe 'vaﬁfeu
‘):acds of he Cub (pr wcks over U TR iveciod
momenta . Oike i 2D), Thace define “ivea
topole e medoators” uhose Surface States

e O not Fobnst,

i,




