| ootune Notes  on T—apaﬁzgjml Toculedses

A pewar Hou/s{:@éi (FTCh 2094)

Re%efcnce Material

¥ B(ac”an y Traslo / SoiPoSJf Lech, Netes 541 (2022)
¥ Seraee\/; SciPod  led Netes 47 (90233

sk Agb&“ﬂq/ (9(052‘50%(, Paly: Lec*. Noj(es in P\Lasic, (9016)
Seﬁr\-aer —>  arXiv 1504 02245

% Pernevio Huékes ; Topolczaical InSulauLc%S amot Sufam—

conolucds , Princelon (201



k@dtww/ A - Qdiabc‘)ﬁc TVOMSP@’VJC & Gemeiic P\’ld§a

A - Iﬂ%(ediejwjfé
% A smooth, wnamia@o\d S, where  porngmedecs 1 five
¢ Hamiftonion family  dependienl on 3+ H(R)

& Bt every X, A0 hoe o discete spectum -
*

*

. -

Vector space spanned fma SKX)=1% (1>, i[c (/~~/M3

Ulomt 4o ?‘Eaau,s o szJSPccce Q(Y)DS(X)) p

such thal “the bonels one well sepaneted

R(X) VXe/ : R(X) = £ 14a (81>, N= 1, NCH3
ne Y

R(N_slfes

)1"(/\/\:

min | EQ) - Eq([ > A

where Alvieys = EQ) V) X /‘f(R’Qv’
L1 R)> = £a (D) [6E)> e R

 We com  Then WMO\ o This subspace by dlefinin
The P(@Aec‘[’iw @Perou'tm, P 8 %E %

P A
§C}g ok 2 - H{R)

_ n% &) > <0 (V)]

—> Prorectas  allow oL simple %«%Iw@ﬁia
/&awwwutw&i&r\ @% W@Jr@ba{;&fc themenm



9 - AJE%EMi ¢ Theesrom

A physical system remains in its instantaneous eigenstate if a given
perturbation is acting on it slowly enough and if there is a gap between the
eigenvalue and the rest of the Hamiltonian's spectrum

—»5: bmu;mg; : 1‘(;@ jﬁiﬁmg%% thse to om @%@ﬁd’e
% Quontitedive stufement -
3 U, (t) [ P = U@ PO bﬂ(&)
= P (i)

(A U P} U ) =
(Ma tf(t-\ - = & (1/7)

—

M‘Wre T is the {'a'fotl {'flwle «% aolia/bwffa ev@&fﬂfﬂn

* One Says thal T -—=00 is the  adiabatic |imt

Pr%: . See Mectune v@%e%‘«f(m P, Uliles ,
Wisten 2048 wi\/efzs*jwag v L

% Ned + we wamt +o /Qefnct lm @xp(essiom Tf@l (‘//q[t)



3- Geemetic  Evoluion

— +
¥ D: U'atpo uj[ot t uapo u’ﬂt
- -'~ .
= U/a [/Ld, (/{/ﬂ @ U/Z + U/% po Urz U/agu-lc:,
B () = 0= il 4 il

- wtteeu o ou e ufaul
-t weeuld-Cuul, Pl @

% D is safﬁsgfeat by Ll = LpP)
(\/er(zgué ] Hial © Show % use PPP :O)

.o

* Dijf eq: Wy = [P PIU, = S lls
t
— =T e Uoow UiLﬁ(aj
* u/sin% f/%gz ffP‘—ggg . we con also wute

uu — [ﬁwp/ P:(' j) u%

whece X : {3\7(153 , t'éEO/T]%

Owd}\J( K



Lf" Crw/m(’/JUri& Action  on g‘fotf[e&

% Quﬂﬁﬁm : H@M clees Hie Schd'c bEMe as ]YL mevesS
Tarougln the woumilolel

T1OE)> = T Ugld,> o)
= KvS uA “po>

¥ Using PPP - O
VR P Ipoy> = [Fe,01Plow> (2
= (FP) o> (3

£ A-L - [g-A]leE@> = 0
« B-L PTIOMS = O

S Z; (X) is o (Be{fa) comelion.  pn o Fibre Bw«’ﬂe!



5 Fibce Puedlly Lavguane « Simgl case 8 401
s B G- budle s o (e, 1,.N,F,

/ R
oo called e Bl N NN e shudie
P(Enu'pa] busdle, ié}dt %}é HM E;%E " P

N Here F - {[3\)>§ e vedlo Spotce- af 5\)

?k AJf eac\/\ J/Q E L)L ;o we  howe M (4) IWwamenil. mcé
thud « U(/]) bumelle L
ey cosS

Sel A P\%S‘Ca’l dafze D;\]>] = Z%I‘A)> , geumy
% Paedion T (g |x‘>> N
% Fix g > D('ld@?? e “secfr{@v\”. s. MSE
509(19%'3\“% nos = l(JM
3 Beﬁré s comection s thon

A= Audh = IdIN> , d= 2

T DM
sk Be(rléfs cunyeifune ;, ol %iefa{ ST(@A/\%“"K IS
Fo dA = (d) n (diD)
ARNACIES h v
—> ,Gou v ond a/yd veld i é’d’ofuﬂL I |
L) %EA% A+Jg bouit l(:a~> ﬁ: TF‘M .

sk Lo %eneml/ we il e u(m ond, e nn-Pld
conmeclian A & AN



é* Examplf/t Spm in S\MJLA \/M%ﬂ% [/g

.
(e} = p Be- = /—B(Q 3, B(E)
bepm N = B L cosesiy, sinesind, 503491 S M
O¢ L0,im) % F\O{I%[Dajg c @&/ﬂw( on ¢ 9- bonds %mj( o ﬂ@ff L0
¥ Subspale o dowes boweh pm'&ecfﬁ'&w «{%W\
Pe)= L (A-Rl-7

UL “~ ¥
PER) = 4 (A - x’-ﬂ
% E)Q({lé comediion, - A= [PVQP, P})\ :[f%{ﬂ
.‘ =
A0 Lo p, L =LA

%_ BN DI
Z rdr/fS
Z
e

= L-
- 1
4

P

—

o Plug this 0y (A, = A Uy & sl
Tn Tems & E- JL; = L9F PR :/:atp/iﬂ

2 uA‘ ZA % XD;@\ uﬁ




£ Ule consiclec om evelabion ab«% the @7@%7[9@
L (oW, 0= (njz, 90t) | belomy
—>  X(¢ = <£0>Q‘nt/ Sinant, o}
’A(&\ = 97 ( - sinint, LOS?T\(:/O\

—> UA: - LT 0% uf\

e
- cosnt AL - LsinTE

% Tatial slate YO, pelonging  fo Plo)
o~ /
Wi)> = |-> = \]’% (4>

N Evelved Hofe s
Y)Y =Uy (£) [¥0) >

= CoSTE |-> -~ LSin(@t) [+>

* T\A@ 5’&/0(}(6 acquiies o qr - phase “H\(JM s
closeed|  doop C/gvmtm P %FA

Viey> = - lya)p



+ - [Lsmg\ o [Basis
2t N@w e lﬂwe WVLOCHL w&e[ﬁm@u(\ ()uj( we W&\ANJE

S@A/vwﬂh’\{ﬂ ws ,]-6 fc) clo P%Bsiéﬁ, S we  nee
{0 asmIgN basi< T o SU/bjlbﬂﬁe

Lt 106> =2 af) InGY
POY= S el

Pma“@[ %msp@mjﬂ EmPlies (qpp%évﬁ J
Ao (N = i<mf)| ) 00>

Selbin to // owspsi] : €l —:?. [’E@qﬁ&{dﬁ’ﬂ @, (o)

N

= \/\/,,,,,V\ (?\) ay (O\
Nefe = Waa (0= <m@1 U0
Fou o clpsed paJﬁ/\, W o< W

Nexf /R@(/Jﬂme rowe (/ei%u/ss ‘nzﬁw {0 buﬂi{/e u%gaé
expressign &m W oomd o ceededd @pefed:m W
Fff‘« C[Oﬁf’A \(/ 5P9£‘WVWV\ @% W s %&u% V‘/\/&”ff"‘d(

o de UMW) SIS, W= S@umsE)
L —9
Se M whow )\\(E:O\ = }\Q;:.OO\




9 Relatien between. Uy omdd  \/

WA = POYUPG) = / tomsp on 'Rz/l\)zm(%)
%(/\) o] \A/Q/(/W Shame sme  nowseto-pel & spectium
el Hilb subsp R
Vo W) = PROUNPE) = L () PE UL M U, (0 PO)
= Ua(3) P(o)
= VW = LVEPIWW ;o WE = P
0 Wéé(z\) U ())  shwe some o%f ey el JW

e WM = Lim PO PP-MNPH-saY) - PN P (o)
AA’?O N

V2o =0 "
seves the D.E. w/ wlwd WO =P(0)
9}-— EXMP\Z_ < Fledyvic  Polau }oltl—@v\
Lowsider ei%ensfaibs 9% Bloch #Ham Hig) m 1D

H(f") Uap, () = E, ((ﬁ) Unp (r)

o) = L ey v Uy, Viea = V(@)

Full Eigmst Yoa (1)
[tas> = vfdr e’ Uap, () D



losicen o smll elecdric field  E-= -9 A- E
(= - Eptw . Minimal [@uialm%:

BN = gy (p ra®Y V&) o @ = &+ qEE

Tal«uing I%Ar<<ls , we cam 0*,0/3/8 ockabelbic thm .
- Unbhcpy = \"/mn ) Mm'ﬂ’lf(ﬂ')

Cansiden, a«/era%e, MB Pasi’ﬁ'm |
P> = {4l 1>

woe Ity = T Coplo> ,  owd
N

L
ij: f dz Y () 672%)
%,
The @@sih‘&vx mfs@w«fm con. e W’ﬁ% as

A L
X = 5 de = éts&)é(x)
o

fg L) = @(P[LLJ% gcffg)é(gjﬂf ()

— 9
e te/L

-—
-—

(=) 2, sO
( L

" A_ * (~
Pcanp = e ) e AP



So, <P = <t mm, oy
= <¥ I /ﬁf0>
= <wl¥D

WthL iﬂ% H’ as o S]La]Le( delerminonl ;o we hawe_

Br= et (Vi)
= olef(j:dac e gy (2 L(”*E>>
> War> s Blech wawe wh ergstal
wavidun A+ EE > Conservalion
u%sf T h+ LT
(BY = ol ( Lde Uitk G2 u,,'a,,,m/bb
In He Lm L> o0 , we jae

(B> = def (win)

\ (W, ia/wt Wil m the PZ i<
B 5 o eoded & “drge

FW'DH’WL M ‘wad' Psi% lm\é%oléjf\/\/



Lequww, 2 - 4ToPola%jcal InswledL&L

O~ RBCOLP Lost dectune
Pdiabatic Trmsp@v/: % %@@meﬁic phase

% Twyrediats : el , HO) , VO = £ 0>, izn3
: SEIC VY, PR VY = SO

& Oedisbatic ez oot U, () PO) UL

L = P(/\(/:\\

P %eamdrm (D= Pesp (SK Pl d}/«)

* ﬁ:ﬁ/ud)“ is o comechion en o M(Nﬁ—bm&“a
%S [nw%& ?GVMIG{MJ( Wm/ddtwv@ - = 0’A + AAA

e Taslead & projectos , use  stafes
Foyon = <ml 710>

£ e dlso d&gmecl
Woa®) = <m0 | Uel 0(0)> (ol g0

«  [Eledtric Pa[an(}w+}w S
P = %_l—imlogcld(w/(%\\



k%]@a%e OLQSWﬂel‘i :
¥ Ticg‘/\J[( Bi/w{in% # Blody Thenom

5&14(0"0/{() ex £
H/V\fo? (7\>? ‘ C7

Rlpdh  Him Youl®) = €M UMTY a2 = wa

i \/(x Pl) = WYz) Laiel(ls ,507/1/6
n 5 bowd], , Le FRZ .

one  com  thea ok aul P[y <E/Q[ZP> = H@L)
18 W () = £4fR) i O

L

Fn the  TB appvox Ung, (7) —> Mhem> = (tg, -~ %/)r

d
Vi = XLM ) oe=d
£ : NN ‘(lappi/l - 4

o+ NN \nappfi% amplitudle
47: Hal clome Phase
M Semenaﬁ YmassS - sfa%%erecl cwﬁ‘ujrg mer%g



W K
Brillowin zene : ‘ M| o, M= T?
K K comPaaf Muméku

7= (J"/O’Z} 05

= (o, oly)
No}(’e 2 Fou te c{,(/fu«ad, velues % ——7: (oz check Be/naﬁg'é)

ﬂ+0’ d@—»

besth
Two  bowds  qiven by
E.(H) = e® ¢ | of = | G
with  eigenve dors

£ 4
H/(g> N 2 (*A (j —I’bd)

Howeven fle ot uma’ucl Eady eidastate  has o U@
S%MW\@JW% Eaa o %M )

cd,
-(Aﬁ(/‘?_ ~/' A
|y = A Y.> =
v 4 U4 +df -2 Vad (d+d,) ( d, + J>
— 1/9\/:> = @WH/’>

Ule uj(ee'fecl i %8 ﬂsu/[af/! Se S0 /@ww
[pm\,olwi ; (]S;&e é@“e | ﬁ;vws cw/‘t Wu/lstea[

ub
bate St A A



Lf"(Bef(%g\@%L}:/ @%S the Chern  Tasulator

The W@ Bery comection s

AR = L<L@I IRl Y-EBY> ,  which  Hansforms os

AE - <y @loplv®> - o by U(A)

d, §7>dz - ‘3}2639& H\W
2 d (d ’”lgj

The UM (%fau%\e im/wwmﬂ Befr% wowalure s

A (R)=

F)M/: (B/LA/M - a\'ﬂ/b\

[, ik e
F;uw :?}é CJ' 9 0'(\ a\} d‘&l Hw/
fd—z@«—;aﬂfﬂ

1anerPrec{ti@ms in teqms % Topslacyy

N | Consider — he map Jg: T > &° oiven b‘j/
= N -0—[3
i@ = 7

The Tacebiom 9& Yhis WﬂaF iS 9 Jhe Ber% cow ek une

—> 5‘:: —; Af@axﬁl: Zﬁ?él

mjrs e @% +imes 2{2 wipels W c%f%fn

S



R W%eﬁaic T@ol@% 04 D‘r%e(ea«b‘ad Gﬁ&w@% Dictune.

The nome H\em S Lé[?a(f “ﬂ/qu
Eois 0&5">9CT4(/JF9J, to rsJV Lhem ass .
" s the 9% wlwwwﬁgaa 0[055 v |/\Tegg?¢§
This b
meons F = by H? (Trz Z>
s Tiue
,Em Tt's 7 T@fvbgr\wd m\/wwwx'l' assﬁcwd’ ecl uuj(t\

cwwature @?@ the  camection en  Ghe  (A(4) bwuﬂe

C qusl{mﬁ , (eSence 9% a W%ﬂejnc M@ﬁ{@
= IW«AJ IS = BT
“bouss” dowm fn B § B dS= @
Nenz-erp F 1'{(@(}/1&{ /MPfles ‘ﬁne Pregémé @% W@,@PJL
Bds = (WTE < [vp, | foos
5. ) [l p |t

Hmp@& @g J@m%z % mswk SP\MP/ Mmfes onze (e

|v6(059nae,

uﬁ ._7

ik

5 - Physical Tmplicalions :  Quontized] Hall cotcluctance

We will Shaw haw 1o velde the Hall condusbmee o
w 2D sras‘fem to the izﬂ’&ﬁﬂa[ &% Hhe Demg cwomoitune  *

_ e
Oy = Ay Biﬁkﬂ«a Eqd (@«x,#«q\



Cvow. o Homultonion umLh $roms | oifign Sy

=S cl % " Lo spabiad indies
P sp o eenal indices
= Zﬁ 2 hy e

Tt CWT:les to  om @Zl.—ema/ e 0(& %r@uxﬁ& Peierls S(Lésffu@w
xPp <P \5 f/ AQ
hié —> \’La e

(‘see Beme«ngy
Unde, o sef of (easonable g;@xwmfr&m ,  Yhis aives
T R 5
H= Ho + Z. L#% 57;:/\"‘7 é/L_7/&

hgxp
ﬂ\e cwmenff ﬁpe(at% mP\€§ "l’a ‘1’6*3 @jerna{ jﬂnecj
o @h"‘

250’ ] %«P A T |
[e H—"—— Ho + % —;al'ﬁeal

Fram  Lingan  Respeonse W\emg , it can ke shaun Yoo
the liear fesponse & o ° MB :s%ﬁan v e 6S s

. c ) o
<égl (Z/ f/’)>0’ = <g£”)>o + 5 dt 0/392 Ri} (=x £-£ A& (=) é@

R'A (?( K/b t) = —L@(b l; @l [A‘ (x/b)/ . x/br)]\0> + 0//“% Pa’if

we o@nff core
wwdf ‘o /gmcl 07,& i Ohm's kol Hnis for om
Ws : MS«A/{WEB’l.
J: (9,e9) = LWO’(GI/(A))A (4&'0"3
= Rj GF'/ M (*'f“’)



Next  steps  we  longthy but (equire

s Fluctuabion - Dissta,tfc@m Hesmen
— > Relates response el nel to de W@me Groen's
Fwetion  (GF)

* ﬁam‘)u}ﬁnéé imaginaw - time  OF  (easier) & tren  pecform
Do

malal'(c - contt Om —> LI+ VL

. — [T NG T .
Ris (9 Vi) = «]_'3_2% I <W &(&-y/gﬂw,])a/%é«(q@-y/g,.w,,_m))
Rij (4 1‘Vm—>w+iq)

i

oy (%) ’”) =

s Pecform an acliabatic timsfrmalion fo o flat bondl Lasi
uth E1 = ";fl-/ whidh  Aeads te

o —> 0,2 Gjluac) = 3 T (4E) @%) ¥ |
whoe . 15 Vhe p(a&eﬁ[m/ oo e cs?cu?ieo[ bowel.,
s Uhon woufton i tetms o} Bloch sfes,

res ¢
m{éj\,\ Ow = S % - [<9r\|/h li’)b%x> - (O 9;%>:k
w\yh> = —QI—TY- S (‘/FJA, an

/’

This (in Ye cps bound Lamlm—iemls\, is the
s U B e b Ao

FiesT Chem
Me have estubliched %cd’ O_H:%l\ = #



b- Chern - Simems  Adisn
The Hall mncfu&f{\/i%? appens  as

éf‘ = Jy 2,& E(g
The m{’ml'-?j WM @waafeS fhe ?@ﬂ@uw\% ;
% =T = ~ou (Beby- {E) “il
P - 9[52
7l ot
é@\/CU'LIOM;I: FO’YM'M,LCMJ;GQVL ! (}/4 = d’H ﬁ’uV)\ 9']/ /4)\

Consider  the  Lhern-Simens adﬁm
(et de Aper ot

é%, o Y?abkﬁyb&wm{ %au%z E?ie/{ct . Thig %u\/es P[e&:%%/
: DS

—
—

Sy

A e | This &OCS o o e
c;wm‘hzedv% because @ %ﬂi(%ﬁ tfroms aeama;b@« A/Z RN /l/,( % Qﬂ/g

VA
(%%i = ¢/ Audy A/\ 4 9/%&%/,43/\/7 imz{yg@% cheie
: 2 .
S= S & dedt [} Suti ] oS s oS /S
% Ulhon %re is &LSTmcficm , tofal oloriv Mff' 7z 0 but
A owu[asls uSma Eudidem FT boads o 7waw7" &MaL

> .L/d’ w‘]' Fermions Wm \nsu[qfn lea[/ ‘o A 2 Jnam
(eSp .,[Zea,qa o CSe % W



Lect we - prdﬁ%iwbl Inswleﬂ{ix (ngjﬁwecﬂ

D~ Recqp Aast dectunes
@ Relisbalic Trmsp@vb % geomelric  phace

* Tagredionts 1 ek, HO) , VO = LIEO>, i=-n3
' SEYC VY 5 PR VY = S0

. [ou atic esslubion spentn U (£) PE) (L) ©

= P(/\((:\\

) %E@M@Lﬂ& um(&\:Pexp (SK AL, a{}“>

¥ Q:ﬁ/ucbﬂ 1S o &@medh‘@*{\ o o (/L(Nybma“e,
%S [nm%& m\/MIOWf" WWM]EWLP/ = 0’A + A/\A

(3) Holdowe model for Checn Tasuloiters
U= JB)-5
% @aaufiecl subspace  P. (k) = [y.@>L U ®)]
£ UM) sgmmelcy > v s> . b= (- a/z/at,,)
% Perry  Lommection (@W\ ~ i)

- - dTd - dV d
A - % 2 A
(k) ICEN




* Berry Lwwotune.
_ ik ,
F/AV ~2d3é OI‘ @Md(\ rav d&l
% Fiest  Chern  nambec in%ag/eq,[ &g Fav

C, = ASF
21 T

Q) & M uuncj«m m TZ
! 3 T s > d%/ﬂﬂ?ﬁx[

B> F ois the irsT Cheen class > Zﬂd 5@&@;»@&%:2
tass wer  ia a0 H1 (W,Z}

C) lwvzeto F Mce%om'ﬁa rmPlces W@wgpé)@ss “

% Quowtized Holl conduomce Mg TENN. - Potila,

2
0,’\43 = = £/|

g\%m lSSliied to aveich Ww @fmawwa/% %

acC \(94/&

S =2 ddt e 1.0,



4‘ l%sjfmaﬁm "{’a Wdﬂme(iza)q;}m
RZ has 1o Bmc)«amﬁ , <o Slehe's  Yegem %m‘\s

(Fo 2, nslddns, obsituaction is in Walf Yoo B2Z)

This  memms C,+0 = WW\ nob  smestin
A, swoitin

T —
Considen. B2 5P|iJr afe R £ R
1\A cmostn
9 <

A the  boun befween R & R
l‘l/,,>: BE(Q’@W/Z> = Qi% H/z>
b [ ; ¥
uhere I\%>:e‘b(%>/ I%>:86(%\

T he P)e(rvé P@i’enjﬁm\ 1S
LE) = T® + Y@
So p umi]Lindé

CRCI SQF}



-l h
uw\dm Numpel
ﬁ%& ‘*{»(ams o

> V\ez becouse S —\/aLueress
C@mﬁ(a\v’ﬂL % woweLume s on .

I% e o@w@x otJL 2~ bawz/ W@Zé/ WGL
0
2{2(/&) /T ’g (9/‘@

mn 0/1\5 = cos& > O . L= This Qauiche. hoice

0
S o —b ( s - 'A>
V2 (1= ds) oh +idy

Whon — coso e[1,01 . £, #0. e hwe o plokbw:
ot ©:=0:

e 19> = (—9/L> : () 9 =
050 e?) = (,04> b= T

Put Weu& feP(eS@/fF Soume Pame 0 spece > malfivalueg,
The gtn ot chéice

{ r ~ids
V> — :
20 (~” -c/;>



has  Yhe some PC&“[JIQVM ba/)[ adL o= 1.

agji‘i"' Jimci‘”‘: - sée MAA we  comnslh 0%»’4@ Ulonnier

VN - JJ-:E, >
IW'“ (F)>._ Aaell oz (ZTr)l ’ \K](/Bi/)>

3 - Defe(m]n,in% TPT &wm Ditac  HamiHoniom

%neria Divac Hamﬂmwcw\ tom  be wuffon  aS

h(7) = Z/&TJ Mg
N

Igl

Dirac g@/ mass Teqm

CJ,, — /foLXTT, ~+ /&AB’
% ds =M
p’lz = /ﬁx Tia + ‘ﬁZ]LTzL
_ g itk
ey = 4 di d.d; @

= = - - L
»23M['44 22 = Loy 4&]—23MJ@7L/T)

3
VW*C’ }:(/?’l Ty 4—1&3’1—11 + @1 Tie + /&a 4+ M]/Z'
B% ugm% the w[evﬂunes

L |
S' dl 4—242)3/2 = signlm)

(J@ _ 17
ZZ;T'E e + ZSTZZ, sinfy +z§3 T,a ‘E(r\sin 28) ldg{’ (ﬂ]

Kl

0



Yo com e thal
Oy = ;’/ Sign (M) si%n (defr(m

oy nal - 2ed  because  codfinuma s blad
;ﬁ%e Mﬁiwm(}n "3 ré?,«iaté't.

e : F = 2n | IS o compac ‘
Net 5[ ol oy if N pact manifob

The high- energy Lo benclin beuds
contribute o%m%ﬁhif %ﬁ%m 03% : ggf;gdﬁﬂv& Fermipns'

Foo The Haldome medel , aap hosi n% ( indicadia
oA +"{'MM$!'J'[&VL) MPP@/\ at porits K £ K'C. Newe  the
Pﬂl/\ s

H(R;%E): ‘-Bty_COSLP j:";’t, (4%303«;%,(%)

+ (M-Bfgtz sm47) 03
. =
Mﬁﬂ% Term

% At 1= 00 , trivial insuletor Mé tocalized o
sites A o B Oy = O

¥ At M= 3132t sing , te gop doses —cwnd ye go

- 1< - np) —- 1 i
W D'X‘a.- ZS\%n (M BJ’ztlsm(p) =13 +°IZ
1

— AO'xmg = f4 which — meams v 0;3 =



So we hwe dhe {&Mum% phase cliagf@wf\

A

130G,

T-264,

i = Capless chiral edge  mades

Lonsidec Two indinite  samples  with,  Their infe |
the l%-(;lirezwtfm V;\/(YM & =pes gaée, a%

Since  we  moun thal, the mass Term s re-;P@vxsiBLQ fﬂ
o TPT, we will mode| it with  some {&mc’ﬁm

m () &” = >0i bounded,
£ og

<0 z < O

9,%: J



H(Dc\ = 8,0y —19\60’3 + mx) Oz
Hsoi 2 Yxy) = ¢ #(g)
J:nnm)dx‘
= 4l e
(M\ st be o 2—wmpan6ver sgbinm :
EqW)= - | 065545,;@ + ml) (LO;((PL% + ’%472(‘3\}

% At E=0 e mnsT impose

Lzz(ai?z = -0 4,
— 40 = 2y + (“>

f Th  EX(p) = -idX(y) s
19\6 %(3\ :el%% / WA/'H/L E = /#La

34%338‘50 ""fiwx'\é_ (A)
U

stlved

- Wx/‘j) = €

1) Lecalization ol dpmain wall = =0
2) Dropa%atim in + 4 divection —>  chird]



2= Th ok 9% SW
we ﬁuc“ see ‘WaﬂL

Stanfia hene emy Jf[
|9 Jr \v\tﬁ &wjr Oyir ﬂe:/ MMSOLW Mmﬁef ‘fmxé 9@/
%O&PS

O -t (4 + A, 6.'17'-@3

HR) = . -
-7‘;(44— é" + é'&'agy o
— fwo  Diae cows af K, == (1,

H(’l;l} *,—Q\ = /ﬁtxag( */glad'a

Ve . K owd K (R) ae TR paiters

@ TwersSion - S%M(j{%
(= 4) = (-2, -4)

|

L T = Cip =
=t % :[:L.D(I = 0/002(’ é’;Ml
Tceind - Can
IHT = H ) H: %&;,H(MC{&L

-

means )
U'zHUlL\Jx = H['/p")



Time - Revensal - S%MJ%

Spinless fermions TH@E)T = HE)
HHR) = HER)

* 5 -
&axeot {/H(R*ﬂ}: b O —/&20’3 = )

—éals H(le'f'}\,j = —LLXD;( *4@‘30’6

Nole ¢ Difac cone nef P@Teofeot bg TRS
- oL iversion sepan,avd%

Tweision  bleahing, 1m0z —> spens opp & sixe
(but TRS s(awvn\ bt 2w .
TRS l;reuf%incA ; Wnla’} term  such  thal

Cbtﬂ' iny S‘avw\s e

H(Rv*ﬂs = ,#\Kp"x 4’«/@6554’ /W\ﬁolt
=) A ’ HOJW{W
H(K’rﬁz) - bl by 0y — MO wass
Q) Stability o Divac Necks
H&w&/er w/%\ b@%, IT z ‘{’emm M
omd Drrac cones ma ]?eal T P(wides oco

sTab\nLa p& Dirac mes

#* Tn QFWUT case , K & K oo verticit
SokkA = £ w//{zwo!a is %Lg%ﬂa @hq;f/ iﬁ

* ’rwdm%(ms wie larae eno Dirge comes com
jf%nhﬂwb each other . 0 CAN



% L> sam (adudly TT¢s s Dirac @ifﬂts 1o be
/le'xecé{ —99 Clobal SJrZEiﬁ?g ¥ ’




