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LQC{:lAre,1 : Quantum Hall Daaics | |

1.1 Conductance D=1
(Ho.ﬂ. and dw&Po!cive) :+Q|| S o

[ Assuwe d.c. Giwit ] o

a) e Gumui'—&cmg] (D-1)-forwe §  (Huristed)
i losed : d'3 =0 ("Kirckkoﬁ'/.\ rule, di\ré’ =0).
=[;]1 € H7'(50).
b) T eleckic—fidd 1—+omE i wack: E=—-do.
= [E] € H(2).
c) "Pow“f:a.cma: Hb-i(Z,X) ® Hi(Z) — R,
(mW—m&me) [j] ® [E] — S dnE.
2

d) : HUE) — HET'(5,0) = HIE)"
VvV +— I =0G6GV.
[ DuowPose conductance on G = GAau+ GAkm (dm&Fo.ﬂve,+Ho.ﬂ).
[Ousoger ation : 6¥(-B) = + 6¥(B), 6™(-8) = - 6™(@).]
: GASM =0 y GAhw %awﬁiw(

(in aowe rauge of D).

[No-ndoa/&iao@aiw : thva,riue,ui's weosure He revistowce , R = 6_1.]
Given (‘,obuomo&r&& %ur'oi'ors e,,e € HL(Z)} lot GL= ¢, (Ge,),

A G,= ¢,(Gey).
3 6,
[e¥/h]
1 o QHE
N . n{-% r
0 /\ /\ > 1/19]



1.2 High-Fied (Sewiclossical) Liwait

Caveot : Avaume the Mnd(’.e_—c.@e_drw O.FFroximai-im !
(zwxl:nfw.d Q’S} Cow—trwperate Limit, Kubo Lieor reeposae theory,
and dicorder /J{-mu&c.r thaow dechrou—clechon iu,{-f.ra.c{im)
° CLouaui particle in o (atotic) f—i&d E,® as o Howiltomion Aa/.ﬂ:t.w.
— P&uo,/slaw M=T*Z} M, Q,H):
— am?ucac {orw. Q= dpi/\ dq" + %QB«L&' dq"/\ d.qé}
— Howitiouion (D=2): H = BIP2 4 egb(qYqY).

o l“'\al‘,-f\d.d Linut : Cad’.oirow ftﬁci,w.u.cé} ®, = % Q—a—rﬁuf acale, Can
toke average Over owe ¢Yele o{ qu,fo/;{ voriables (P, Pl)} of Arcold, .
—> Diwewsioual reductiow (DR):

Mp=2, <q1>cﬂeu = X, <q1>cﬂa. =94
Qe = moe, dXAd.%, Hy, = ed)(x,g) .

o Gmdn%l—cwi-u drift (slow variables X,yY).
Recal dH = Q(-,X,) (Hawilbouion veckor fido( Xy)
. . - _ _ 0 . _ .0
Eqm.a:hm o,f mobiow : IBIX——;;Q, |fb|%—+£.

. cb(x(t),g(t)) = cowst
Quiding-contr dft itk apud [01= EI/ 1] (octualy, E = 1(0)B).

T wstrotiow .




1.3 Quoantum Pucslatiow Scewaris
Recal : guiding centur drift alowg equipetentiols bC¢) = M= coust
d + “é— [ (c(u.w.iaaﬂ, Po‘cm'h'o.(’. /u) .

N ke rr T R L X

---------------------------------------------------------------

Critical Po-iwt M= phg Pka,se, Hrawsition o{- Pu-c:aeo.{:iau'l'ape

Obzervatiow . Must take nby account %mhm Fuwwelin g 0.cross Aaddle f>o-ind:4 )
as te PL»QAL trausition 1w the clossical Linut (—»Pu-coﬁaﬁu& e,ciuifo{-mﬁoi)
fa.UA intr o different mmaw{, Losa.,

4{»;‘“:& ,\{,fw Cuwrent cCowrervrotion =
AR A
2 2
Vi YR, = 4R "= 4RI

Uolienge. Compute the universal propeties of Huia quantu Hal

Pmoﬂo.ﬁm trowsitiow .

) Pe,rspecl:'we, frow topelogy (brutk «—> (mu.u,daté’) .
; Y Q U D A M high

wulotor «—— e a&ao, state o,&ao,i'&a.{:& —> QH 1wsulator

/Atow

%




Lectwre 2 : Network Model

3
, A ot
2.1 C&,G.Qher—Co&dmaiwL wo-del (Nc= 1). y E
> <
— Scrua.re Qatice AC 2 2
wite directed Ginka. Unit cell : Y3 0 "
0 -----¢ ShEts >— <
Hitbert APOLL : i 0’
*=dCO =3,®H,®%,D,. 37 H
) :
y

- u,mto—'g ciM.a,wEu.w ({trwxuim (discrete time): f\h = u»\h) where
U: €,—a,,, (v=0,1,2,3,4= 0) 4 of Floquat type,
U= Ulls, with U, Lik—digouol, U, (2) = o)

i.4.d. randow vorabls
Hoor d-wl'n(rui:&d cw U(1)l

ond U deterwiniatic Amﬂtﬁwg at Hue 'u.odu
witle amplitude 0, (ag) for Left (right) tum, ond (wwitarity —)

)+ Ja |*=1, agla)=-og(an) =

Note ., The sedel i critical (Lovalizadiow leugth = ) for | |*=|ag|* =1

tR&MQTk. us ev (D) = eV+1 (D) C(.L + elv+1 (D'l"l:v) Q'R )
us Q,V (D) = ev+1 (l:l) Q-R + elv+1 (D++’V) Q.L )
__88 ‘[’,1=+6 ‘tl=+88-} ‘t3=—6x.

J X)



2.2 Poiwt-coutact conductomce . owt

< CK
N Y

Pm‘ui: cowtact C

AN

® Covsider the cose of 4w point contach, Located at Links Cp,Cp.
Let Q :=Tdp—F - Fy (projection operatons).
— Cowduckawe: Gpg = |UW(1-T)(cs,ce)|, T=QU.
Mean conductomee: EGpp = ) E |(UT“)(CA,CB)|1,
The potle s (UT™) (e, cp) = z u(ZA,e,L)T(e,L,e,H) o T(l,cp)

2 e1)’"1en¢cAch
derulbles {’0" |(U.Tn)(CA/CB)| ——> "petorded" and "advonced” POJHAA .
Rewark, Valid paths atart at Cp , wever retune 4o Cp, and terwivate
Upow {?vlnt arrvol ot C,.

® Dof (Betethein, bruzbery & Ludwig, 2012). [®GL12]
Ot—&a,uiéb oll ecim(—Qu‘at&, pothe Huat vieit the dome aet of Lidks Hhe some
nunler o{, twes , iuto an equivalene elaws caled o (pic).

Vua Adwlab Qxam]:)&:
Ca 1 }i&’fm pathl ‘c" | picture ;;l

> >

N N 1T
Y A A v | N A Y A

& -~
 y > <

]
f >T A
Cp Ce

card(pic) = 2, Lengtin(pic) = 8.

N

@. T'h FG:HA. double sMum afor EGAB reduces to o PO'si’n've, Man

over pichues. At erikicatiby: EGpp = D card’(pic) g~ lengtiv(pic)
pic B A



2.3 Point-coutact Atokiowary state. [Bwz17]
Cousider He Aduf&}f&e& aituwation of a Mwa& Po-iu.{- cod:o.c,ﬁ} C:

Y "PM © 1 where /\lJ = U'\{/ A{'o,ﬁm.wy Acaﬂeriwa state )
< c < od Yot © = S 4py,©,
A A (© T with S Aco.uu-im.a "wotrix! Se U(1).
PProje,ci-or 1—or

® Precise formulobion: 4 boundar, Couditiows .
o,:fow.u.o. w 4"‘1303& * (u% TUETe coutact Liuk ¢

—  {ucowing—wave b.c. («{z = «{z"', Q=1-P)

'\F'- = Qu 4{;" + 1. e, —e—--0 .':I-;'_<_

- ou{;&m}v\g—wm b.c. ('\[’ = "{’—) v
4= QU W+ e, )

- <
<

A
owt in
-9
1

Cc

Rework.  47(0) = S 4*@) (forane), [S[=1.

® Rawndom varobie o{ Anterest :
2 +/54 |2 -1 2
@1 = Iyl = [(1-T) g, 0l, T=au.

Lowma., |40 ‘E Ge,0), G=TO-T)"+(1-T")"

fP\'O’O{'. G = ’\Pc ('\Pc’ .) owbc
=4 (47, = au-TH'uPUO-T Q.

We W'PU = 1-TTT = (1-TH0-T) + (1-THT+ T (1-71),

hee G =Q+TOU-T)'Q+Q(-TH'T"
=TU-T)"Q+Q(1-T)7

Comﬂ(l:a. E |“|’c(‘)|1=1 forake.



Lechue 3 : Mettoods o& Awo&am

3.1 Woguer—Efetor SUSY watod (fist step) .
R -1
ExPrw.s E |(E iAi,E—H) (xia,)|l ‘Jg

_ fyx (A —0
¢ Det(A) Tl 5% e (3;A7)7(x);(5¢>,
S o—(9,Aq) ond toke disorder owerage .

Than ) Hubbrard ~Stratourvich ‘I"‘QM«('OI'MA-OJHJM. ) ete.

3.2 Variouwt: “C,Oé,or—{»(’,o.\ror ﬁwfomaﬁm“

|21 <1

E | (’I - zu,)—(x, Y) |l = SB L YR 38 Ya () 34

< E o (= (e, (1-2Wog) = (3as (=TW)ga) = Yoot ).
Now ,for U=UMWUs, U e UN)x «e x UN,), ‘l:o.lziua averages
wrt. Hoor mease ouw UNN,) Ceads to an uu.w-ieﬁc% expression
(mo—oli{«'cd Desel {mc.h‘m)- WMot +o do 2
— (Aere in achewatic 1*0«144.) : [Ziclb]
E, &P ("Fnu"{’n"' '\FAw"PA) =k, op ("FRZ"}’A + A z"{’n)
[n,lae,&ws tee HS-"‘I'OM-Foma:hm 0{ k\eﬂur— E-fd:o\r] .

\fJamig : CowPlico.h'm »1»or Nc=1 !



3.3 Read's maethod ("Ae,c,ow& c'mﬁzaﬁm"). [Bwz17]

;€ End (A(V) cuic" SQ,
Hegdw — O (W) e
\ H € End (S(V)) “bosouic! SQ .

g:f = :[-:H%@:Fé
/ #lo=ele) | 44 =1(ed)

H = e; Hi'é@ Qé Pw’ad» creatiow o.tj-ui{den,ﬁm
\ o, = /u.(e ) = 3(e?)
H = b, H'. e b .

® Cluotacter {ormuﬂaxs .

A

— ST"/\(V) = Dt (1te ) STer = Toperyy, — Trpony,

AV) A (v)

S T"s(v) H5= Det (1—Q )/ 1,f Re H EI(H*‘H*) <0.

N

— Z=S8Tze =1, F=3SWeAW), F=Hy+ H. .
Note. The Lie algebra representation H —> B, (x=8,7)

exp oueutiate o (A&mi—)gmuFAfermfafm) 1.8, We wnoy Pass to
U g (W), g(eM) =e™ (x=8,7).

o kuy reotionn.  Leb 9(U) = gq (W) g ().

— (1-W oy = STeg 9(W) 400 iy,

— Q(urus) = Q(ur)g(us)/

— Eo(u,) = T[ P, L) projech ow ker (r—1a)(¥)
for Ne=1: P S@ 8 (- “A) iy = bbbty (Y=R,A),

Remark . Leods to SUSY vertex wodel repw o{f He uetwork wodel.,



Co‘-o(l.o.% ({4‘0!4& SUST vertex wodel).

E |'\{'<,_(r)|7'(I = [E |'\{»c(r)|1(1-q) (q € 1+£1R).

2

Question, The wo.ra,{wol ftd.& ot o{r e H'— wodet corrulaowau 4o
('Hu. classical versiow o{) BJrB > O} B = b'R"' b+A . Cam oue {'lhdﬂa&
wa.rgiuo.ﬂ. dlistri Futiow of the Catter 2

Gmro.’cma funcﬁm. E (1 +t [ (") |1)-1= STrU R(C)Q(as) Q(Q_'h’(r)))

afrer projeckione F— U by E o(U,) = TT P, aund with. Y=DB'B.

3.4 mef«& traustoru.

Lt A, = 755 Thew 4f ol of 1-g, 1-h, and 1- gh ore inverkible
Oue has He idewkity (1_341’)-1 _ (1-h)_1(%(Ag+AA))-1 (1_3)_1

= (1-¢) "= g(1-9)" (3(Ag+A)) " (1-g)""
AF‘PQ& this to He N =1 watwork wodel, Ao,H—mg gzur, h=U,.
’Ww—for x;ég,

- u) wml = 900 |(TV) 0m ] 90,

2
[1-ee®|* °

14+ Us _1+Ur
T= 1-Us / V= 1-Uer ’

q) =
Rework .

T wowlowel, deterwministic, trauwslation—iwrariont ;

V' lowal, randruw with Cowcly— distritrided wwotric elewsut o)

_1+et
V() = YOI
—> wethods oJf («Je%w— Efetor available leere ! 1-¢




Lechue U CO’udw’cuM
0 Pruickun— Khwelnitsbii Acaﬂiua / ‘“.ow dia&ro.m.:

> Q
x

¢ “ua way o{r Pto#iu He
evolutiow o.[r Hee o.xpuiw.wl-al data

(MA%AM Ad2e L—»oo}
\\ huulawai'we T1—0).

XX

S
Questiow (-for Theorists): in this Ha rewormalization group {&ow d.io.a,ro,m,
{»or a wouliveor o—wodel (Pruisken, 1983) Lsith wetric Coufh’ua Oxx )
‘{TOPoe,OaiCO.Q C.Ou.P(,iug 6)(%: 9/7_11: (o.wal& 9)} oumd. RG—(“&{’& vector ftu

_1 et i - * ) 2

[b Y} (6"3 6‘Xg) aﬁx% Y (Gxx_ﬁxx)%xx s
Rewark . B5 atendosd RG recuauiua ) ta Po'sa;{-ive wunder v s He certical
expousut for the Localizatine bughhe, 3 ~ | Oy 6;‘%|_v, uleite

y ia He uPou.wt -for Hee bw.duua correctiows +o MA(LO.Uua Liwcit.

Note, Tilew exish wo Cowseuwsws ow He values o{ te critical QXFBMu.'ls
v,y —11"0m nuuwericol Mumulatiows . Valines N,Por'l:edl (r% diffue.u:l:

groupa vouy iw tHa Fauge o‘f 0<y<1,23<v<3q9,

[?roPncd explowotion [Zi21]: the Zero of te RE—{> vector f—u.u 2 o.ctu.o.%
o{ hi&w order Heaw what 11 assuwed in the woulivear —model 'Pic{-u,ro,
o{» Pruinkew— Klhoweluitskii /Acaf,iua). i.e. 16 =0-= y. The «fiwﬂ:&-/uu
AQO-Q.iu.& awa%m o{ He wuwwrical dota dar to 4e carried out with o
ux-od.i{—;c.& AcaQiué O.wsatz ]

Nou—coutroverial predictiow fv-ow. Pruicken—Klowelwitskii 1 the wetalic P"”‘“‘
in alsent, i.e., ol atates off of the critical Line Oy, = O, = 7 are oralized



® Gauwsian Free Fidd Hypotiesie [BWZ17].
Tn ta Aco.tug Linit of cnhco.ma , tee Cow of He roudow variable
In |«{zc(r)| 18 exPe.c,‘ccd, to Le that @{— o BQouwssion Free Field o)
(e~ e?) wsitt "brackgrownd charge! Q= 1. This susaus thot
E 4@ ~ [r-c|7289,
ond te spectrun of multifractal Acaﬁw& expoueuds iy Pa,ra(’:-ol.«;c:
Dg =14q(@-q), Q=1.

® Couformal Ficld‘l%ota [ 2u14].
The renorwalizabion-— group fv;xul Poiwt {fov He critical model 40
o,xFe.c{;r.& to be o (’,owfomo.Q —f«‘&& H\wv% , and fos been o.n—au.n,& +o be
o Wess—Zuwino—Witen wodel GLW;E“ 11) with current- O.Qac(’-h'o. of
lovel n = 4+ and Abelian cwmrent— cwrent dc{iorma:h'm x=1:

2 -1 2 n
S.= %tgzdx STe (MT'VM) + e Sz(x)

_%t Szdzx (STr M™'VY M)zj wheae © anowalous Z—%orw
with exterior derivotive dw = STr (M7'dM A M7'dM A M7'dM).

e it = (3 (5 ) 7) o b

S,= ¢ w S (Bcp Ad@ + 00 A DO + 2?0 3}/\511)

- i S(aap—tae) (0p—:00), with

d = d><i+clg}a%—d.zi+d.z'£i = 3+90,

02 0Z
2= X+1,g,/ 2= X—i,%.

The GLUIM) — {nv-ariowt Derezin {ufeﬁra{-im forw. 4a

1 i -p STr(M+M™
DM=Z—ndq>dee4’+ga}aa SDMQF’ P(MeM7)

[A fuwc{:tw-oe, 'tu,’ce.&ro.l:iau measude AM = 7:[ DM(°)]



C¥T Pre,d.id:im (ool seection).

o Tle {«'xuﬂ—lso-iw& d.c’/w'loo.{-ive ceuduc:h'vité A

O%x = 72 = 0.6366 .. (n=4).

e Fow He cuwrreut o.%,o,?:ro, and Hee Afrm—mraa tewsor o{' He CFT ouwe
infers that ta WZW fidd M hos acaling dimension Ay, = 1;_5 =
(0s rulMire& ba F‘wtu.omu.oc.&aé). Tee Aco.(iu& dimension of He vertex fu«d
(M%) = e is Aq=1q(1-9), e kuaping witl He GFF ypotteasis .

o T Pcriwl'- coutoct cowductouce ot cﬁﬁcaﬁ’c& &eco.aa oA

EG;B ~ |CA-CB| _ZA% (‘['IIMM o Q.oaa.riﬂmic C,Orrt.d:im).

Opeu, cluuﬁtm: Hee ‘:)o-iut—couio.c:l: cowductouce (o.w.oua oter Correlatiow

f\mcﬁm) i Q.X'P!,C:l:td to exlubrt e.xFOuuﬂaQ decaa) EEGAB ~Q IcA.cBl/;/
ausay ,from He cntical Paiwt) but how does } di.verae, ow o.ﬂzroo.c&.cba cﬁﬁcoﬂ.ﬂa
(.{»oA’cv.r Heauw Qg Pomr?- K osterlita—Tlouless type ?) .

® &LM.GMQ«OJ' Coutinuous Apeciral weasure .
Define o APe.d'rat UYL 3 ‘for the case of > =2 oa weunal f’} (IA1>1)

-1 - d/‘u;c(e)
(A1=U) (e) = Cgm

Cc—hé ectuwre., At criticalit ) He {u,‘cb&ro:lz& Coral &!.M»i{'& o{i /J‘L'Gi'v&)

Gei‘:'e/ | h(e_e,)l |1;(9)-I(9')| < o0



Rasearch Talk : NZW—AMM% o{ Heo CloalRer— Co&&iw&{'ou. Modsel

o Cowserved curent iw 2D-C*T.

—  cwrrent couwservatiow (/.sfo.ﬁmo.ta /m'{:uo.{'im) .
Cwrrent do.u.«;’ca as 0 vector fa’e(d : dwé’ = 3,,,, &"”' = O;

—u1— a1 o tiwieted 2— forw i= eﬂvé/‘*dx": dé=0.

— CFT- principle: dj=0 CZ=:> E(edx3)=0.

T wordas : couforuwal Aa«kw-e’h’a requires Hat o divct&tm—fru current
*CO&A be also 1r-otatiowal , Cu.reé’ = O) in o.xFo.d:o.ﬁm.
[NL{'L. For Hae cowserved Curent o{ ow wnodel of tuterest (ce)
Huin Prolau-la wnill 4e {u\i'ui{-ive% c(’.wr.]

UAiu.& Ha coumplex Afructure (or equivalentty, the -Hodﬁc, atar operator *)
of 2, decowprse the curreut iwto ity (1,0) and (0,1) tewsor compounuts:
§=3"r3 g1 =2(Gring), 37 = 1(Going), e
i=y3, *»dz=x(dx+idy) = dy-idx = -idz, »dZz = idZ.

Ao, bt d=0+0 and *d=-id+id. Then
dj=0=dxj = 3;¥0=0= 931,

&0 , &‘110 A i\oﬂomorrlu'c and é°’1 aw{:iko@omo?&ic (iu e.xPec{ai'im) .

Exo.giglz. Gt o: &’110 = 09, 3'0’1 = 009.

30 = 390 =0, aud aéon: 90p=-00¢ = ~9;40 = 0.
%U‘M 0{ weotiow, valid iu E(e).



@ Network wodel curent,

M
"coorse groiwing®:  th O- colls of the wedial Lokio (Aquare) are in
biju'.ﬁtm with He 2—cells o{
Couuterclock wise orentotiow

° Y ° ow Ha Ori&-.'ual Aquare Latvee .
> < c
\ (J A \\ Y. [
N R
o A o S W je = la|*=[b|
* (= 1dI*=1cl?)

By Kircluoff'a Low, He current T-cothoin = D 4, ¢ € Cl(n)
e
potishiss Ha Cowservatine Caw d&' =0 (c,olroMava opurotor d).

Note. Tn He coubinuuw Limit at criticality , we expect au tw.er&w.’c

cowservatiow Law E( o dx &) =0 (c,(i. CFT1- Priucipte) . chn’aﬁCaJla ,
Heir 41 clear f»rotu bft—ﬂ'&&i /Jdmw.e'l-r& (lO.Ll = |O,R|) : cntical CC
rroundow Paﬂm do wot sotate / citeulate in exPo.d-a’ciou.

o 'Fwi Hu.ota {w])bwe_wta:l:iou..
A«'w.\ou-fa tHe wotatiow {'oc- coutinuwur Cuwrrents ot Cﬁﬁco.@itéz &&O;

133& SUSY -te,cku,oﬂ,oaz & Prmcela(u ) e e.wa(: He {rdc.tf {-lu.o'a to hove a
quedruplet (x,p = 0,1 or BF) of comurved cwrents 34% = 0=107%,.
Tn ]t\-,,u {-(u.m} ) Auch Cousertatiow louy arue as Ward ideutities . How Caw
s work in Hee wou— Abelian Al‘H'iUL& wite o motrix O,F couderved Currents 2



—> Make an i.u/.sfy;rul gusn baﬁmmﬁiao.ﬁm frow. te GFf &xaw.la(e:

7 =09 =¢0e? 7=9"
Heptos j = 3: = (ae“’)e'q’} K { SLL = (gag)z" }’
where g tokes voluss in @ woun-Atetiaw Lie group G, i ouw case the
Lie supergroup G = GL(111).
Notice that 5} = (533)3"+ (33)3"(53)3"
=(-0g)g7'- 3 (297 (9g) g™ =g(-2(g7"3g) g7 =9 (-3 ¢
Thws oue hos wutual Counisteucy : 0} =0« 03¢ =0.
@ Woss—Zuwing— (Novikor—) Wike fumnctional .
WANTED : a fild ooy ockios fuctinual, S, that yids 3¢ = 0 = 3¢
0s equations of wotinw (aka. Word idedibies). More precisely , we aeek He

)

solution. to tHee {»o((owiu& P.—owu: ;{'iud S el tteat (chauao, wotation 9 —M)
o%‘ S[etM] = %SST«' FA0Y,
= £=0 i S[ +tY SST oY
and. df‘ Me ] = Imi v AJ’
t=0

Rumark. The aubstitutine M) — ¢ 70 M) s o clange o{ varialble Hat
leoves Ha fv.wchmaf. iutegration weosure invariaut, Heucr, 1 ‘ S[ ~tTM]=0
hotds in QXPQC&&",’LM (1, ¢. uunder Hee ftmd:tmaf, 1u:h.&r-ol M&«.) A’tuu

He variotow fw.M Y() da a,ren{-ro.l& , it fo(lows ‘Q te Fundaoweuwtal Lewura
of Variatioual Cabeutus ot 0¢=0. The case of 3¢ =0 i siuitar.

Solutivw to Pro(rb.w. Po‘swl (Nm & Zuwind 1‘['-}1 Wttew 118‘#
'Po(’.aakw& “waw.o.uu. Hgll-) :

SIMI = 8 [ STe (MM A MT3M + &' (MM)™).

Owowolous terw




'Hu.au.oua,g
Remork, Due to te preseucs of 7'STe (MAM)M? [we,o.wiw& ey 2- toru
poteutial for the clased 3-foru STe (MTAM)** ], iohuich sakss S[M]
amb-i&u,om xra awounts iu Zn«)nZ, He Jiven solution S[M] (hwom A
He WZN N—fuwcﬁmaﬁ) ia acceptable ou% for ne £. The tuteger n
is called Hee "lovel’ of the WZNW fietd thaory (o its cureut a()ﬂe(’n-o.) :

M of D ia best dows !’a WOy Of mpo%akov—wieamm redotiow ¢
S[gk'] = S[gl+SIE"T + 38 [ STe QR » 4134 .
® Ferwiow determinant,

H'ouo cowld o WlNN fuwcﬁma(’. (6 X ZY AR [N e {—\M— ﬂ»wtg n-f-oruuf,a.ﬁm Of the
Cleotker- C&d&iuébu uwohoork wodel ot c,riﬁco.wa 1

— Cow.'wh_ He deterwinout o1£ o weambas Dirac oFo.o-a.t-or iw Hee preseuce
of a b—G.dl&rou.ucl Jouge fitd Ap (Ortando Alvarez, 1984 ) -

tDet (5+ (0, +An)) P= taDet (gz+Aza*+gz)

= 26 D) &) -s00, nesar
Az=1(A-iAy) = 87029, , Az = 310z,

Rework . This is a,dafh& +v ow Case fra -l:akiua A,., +o Le A«.«lnrw,o;l-rix— valued ,
n]:la.uua Dat &a SDQ:(’.) ete,

® Network wmodel : Ditac APilA.Ol’ structure .

We claine Heat the (field 'Hnwta Of 'Hu.) ClalRer— COddiwa{'ou. wetwork wodel
fwos o WZNW auowaly of Covel n=1l (e oriticolity , .0 |o |t = |ag|* = %)
To Augpport theat claiw | we oxhibit fouw woassless Dirac wodss for He
deterwiwistic -ffu.cfor Us in UW=U,U,.



&tork—ug cowputatinus.
L (@™ ™) = ey =1,
Q -0, = \/1_1 (eﬂt/q'— e—ur/q-) = ﬁi/&in(‘ﬂ'/'-l-) =4.

(5200 (90 )

T worda: Hee /.M'M.ah— vertex /\sca}kﬁu& watrix 1s dio%mobud. (va passing to

the "Alaa'uor Gasin® (1 ), (_11), bl tiam\mﬁ,m Heat m-fom—l:k +o0ts of uui,’ca.

Now &v{—im wowentuw R 4)% Fouriu—Bloch hwu{om it m]:w&-t-o He
uunit cell of Lectwe 2.1. Then WU (k=0) = Id, , ond teca,(liu\g

U: 3, —®,,, (v=0,1,23,4=0), U*: K, —> &k,  ow hos te

Consequence ,

Id o — U,:(h) = 0 + "liwear in k" (= Dirac oPo.chor)
— —fou,r (v=0,..,3) wasslss Dirac woden,

Here Hu read work ‘naiws : we alow Heat curtain “AP{u,—n,Ptica. Cocked" Dirac
wodss (it “replico utauing te duplicity of retarded & advanced) tewmain
nearlass tthen He Ah’bu.ﬁ, olisorder due o the {;ad:or u’r n burwed ow.

Fnt AJceP (A-I:o,rh'w& frow. Co,u.cla W{om) :

1+x _ 1+x* X+Xx2+x3 . _ i/
Uae o = Togr *157 e with x=¢ Ws -

References.  [2i19] = axXiw:1805.12555
[2i21] = aXiv: 2106.01291
BW217] = aaXiv:1642. 04109

[ 2i96] = arXiv: 2109.10232, coud-wmat/ 9301024
m_&dn/?zwom, 1609007

[BGL12] = axXiv:1202.4533




	Header
	Lecture-1A
	Lecture-1B
	Lecture-1C
	Lecture-2A
	Lecture-2B
	Lecture-2C
	Lecture-3A
	Lecture-3B
	Lecture-3C
	Lecture-4A
	Lecture-4B
	Lecture-4C
	Talk-A
	Talk-B
	Talk-C
	Talk-D
	Talk-E

