Lectue : Quontum Hal Dousics | |

1.1 Conductonce D=1
(Hokt and amPom) :Jre" .

[ Asouue d.c. Ciwit | B

a) T &ertui'—&luai‘t(x] (D-1)-forw §  (humsted)
s Losed : d3 =0 ("kircfukoﬁ'/s rule’ dl'urg =0).
=[;]1 € H'(30).
b) T deckic-fidd 1-forw E 41 wxact: E=—d¢.
= [E] € HL(Z).

c) "Pow"lao.irené: HD_1(Z,:L) ® Hl(Z) — R,
(%ow—d.t&l.uro.{t) [i] ® [E] — SzénE.

d) : HU(Z) — HOT'(50) = HIG)
v +— I =0GV.
® D%omr:ose cowductowce 0n G = Gbau+ GMM (dm&l:aﬁv&+Ho.ﬂ).
[Ousoger retation : GH*(-B) = + G¥*(®) , 6™ (-B) = - 6™1®).]
: G¥=0, 6™ quontieed

(in aowe Fauge of B).
[Nom-ﬁ/dw&mmr t experimends weosore te rawistowe , R = 6-1.]

Gli\llb\. COLLWOQ'O& allﬂ-ﬁl'ai'oﬂ Q")Q_L € ‘H'l(z)) 22,{' GL= Q"(GQ“))

A G,= ¢(Gey).
34 G,
[e¥/h] )
nteger QHE
-
0 /\ j\ > 1/IB]



1.2 l—kﬂk—%d& (Sewiclossical) Linit
Ua.ming : Assune the Mnah—t@&d'rﬂu. O.PFFOXIZMQ:HM !

° Ckmaul particle in o (static) fud E,® as o Howiltowion Ayt
— phase spae M =T"3 (M, Q,H):
— Agsuplactic foru ) = dp‘_/\ dq +1el,. d.q A dqd,

— Howitlowiow (D=2): H = P—P— +re(qlqY).

o High-fiud bt : cuetotrom frequency O = %20 Caggest acale. Can
take average Over Ous el of He {fo/;{ voriables (py, Pl); c,{v Arcold .
—> Diwewsiowal reductiow (DR):

M=, @n= 0 (= 4
Qe = mo, d.)(/\dg_) Hye = e(b(x,g).

° dei%—cw drift (Alow variable: X,y).
Recall dH = .Q.( ‘) XH) (Hamiﬂ.{ouim vechor fil.u XH)
: . . __ 0 . _ .0
E?uwlnm of wwobiow : IE)lX——a—gQ, |E>|g—+£.

= P(xw), yw) =
&ua%-m Arift vrith A]w& ol = [EI/ 1Bl (ackuaty, E =1(2)B).

TUwstrotiow .



1.3 Quantuw Paucslatiow Scenaris

Recal : guiding centar alruf-ﬁ alowg @ oteutiola Cb() = u = coust
¢ ¢ < TAMP (c&.gmeaﬂ, Po{-twhaﬂ }L)

R L L L L T T e e T T r T L e L L P L Y

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

Critical Pcrim:t M= Mt Pkam. Hrawsition o{f Puc:ﬂaﬁmfape

Obzervotiow . Must take inty account Whuu {'uuu.ﬂiua acrou Aaddle Po-iuk«a ,
os He Pkcu.e. trousition 1w the cladsical Linut (—-Pu-colah'ué o,c]wfoh«ﬁd)
—f‘u—UA wndy o dtﬁer&wf u.mut.na&{' Lo,

owt Cuwtent Cowsernrotiow =
[t | = k|
2 2
= [v& |- |42,

t_uge.. o-w.P«.h He wwiversal Prolpu-hvs 011 Huis ciuaml:um Hall

Pe.rcoﬁo.ﬁm trouwsitiow .

[ P&npuﬁw {—row. fopeﬁo—&a (bwk <> bouu,clo.ta)
/ Q D A M Nﬂ“’

wsulotor «—— wo a.&ao. state e&ao,i'l:o.&, —> QH 1wsulator

m low

&




Leckure 2 : Network Model

3
. A Yo
2.1 C&Q&H-Coﬁ.dmaiw wedel (Nc= 1)- y i
> ' <
— Scr;.a_ra Qattice A c 2 2
Wit directd Qinka . Unit cell : Y? . "
0 ----- o > N
H‘i%u{APQ.u.,: i E'
X=CO =20, %, 0,®K,. > !
Linka ¢ i
1

- 'U.m{:mg cru.o.uha.m d{]w:.m.m (discrete tiwe): Ah:+1= U.«k“ where
U: o6,—dt,,, (v=10,1,2,3,4=0) 4 of Floquat type,
U= Ulls, with U, Cik—diggouol, U, (0) = oot

1.4.d. ra.uinu. ma%m

ond U deterwiniatic Aca.ﬂar‘wg at tHe wodes,
witle aumplitude @, (ag) {for Left (n’aﬂut) turn, ond (um'l:a.n{a -)

la|*+a |*=1, org () = —arg(ag) = % [Kac-Ward].
Note, The swedel ia critical (Lovalizatiow %Hu =) +or la, |*= |ag|? =1i
Remark. Use,(0) = ey4q(0) o + €44 (0+¢,) Qg

Us ¢} (0) = eyyq (D) ap+ €y (O+ty) )
=—63 ‘|;1=+6x) ‘£2=+63) ‘b3=—6x.

J



2.2 Poiwt-coutact conductomce . i out A
< :./ <
Poiui coutact C A in v

® Covsider the cose of 4w point coutach, Located ot Links cy, .
Let Q:=Tdp—F, - PB (Prnjwl:im oPo,ra:l:ors) .
—  Cowductouce : Gap = |(1 —T)—1(CA)CB)|1) T=QU.
Mean conductouce: EGpp = » E |T""(cA,c5)|1,
n

The Po.ﬂu/w.m Tn(CA)CB) = z T(CA,en) T(h)CB)

2 eb'";"l\.#:cA)cB
doubles .f—or |TR(CA)C5)| ———> "petarded" ond "advonced poths .
Rewark, Valid patls atart at Cp , never retune 4o Cp , and terminate
Upow -F-'rs'l: ool ot Ca-

® Dot (DBetethein, bruzberg & Ludui, 2012).
Or&a.ui&u ol Q.‘iMl—Q&hﬂHu Pa:l'k.a tHat viet the gaune aet 0]5 GUuky the some
nunber @]( Huwes , tuto on equivalence clags caled a (pic).

Vua Mm‘:h Qxaw.Pl.e:
Ca PG.‘H\:1 PCLH&J. Ca ictwre ,E‘
_)_j < > &_(_ P > [ <

l
-

—

{ A J A A A A % T A A A
>

N

I

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

@. Tha Paﬂ» douwlle sum 1—nr EGAB reduces 1o a Pu&h:v& o

over Pic-l'u.m. At c,n'{-icaﬂila_: EGAB = z Card,l(Ptc) Z_&"e%(ﬁc).
pic B—A




2.3 Point-coutact Ata:l-imma atates,
Cousider He Mwlaufw.& stwation 0{, a Mu.a!_a Pm'u.{- (',oud:ac.f) C:

7 «"M © A where /\lz = u«{a A{'o.ﬁmm.ra Aco.ﬂzriua Atate )

_<_jc < aud. Vet © = S«[J.;.._(C),
A '\l’«'.n(c) T with S /.\ca.{l-e,rina “natrix" S € U(1) .

® Precise :f«oruu?.cx:l:im: fileoxe. %uwd.o.;a cownditiows . ]z oﬁ?oii—dz:k ﬁr

- twcmiug—wm b.c. («[a = «[a":, @.=1—P) J 4

pr=QUAT +1- ¢, — i

S owl;a_o-in&— wove b.c. ('\{J = ‘\l’_) ! 4

ol  dn

'\[a_ = @_u_1«|)-+ 1-e, < 1" . o--

~ A 4

Remork, A7) = S4*®) (forane), [S[=1.

® Randowm varabie of duterest :
2 . 2 - 2
e ®" = 4t = |[(1-T) g, 0|, T=Qu.

Lomme. |4 @ ‘E G0, G=T0-T)"+0-TH)"

Pr&Of- G = «"c ('\l’c) ) owbc 1,,-1 -1
= (¢7,) = QU-TH"UPU(-T)"qQ.

Wwe WP = 1-TH = (1-TH0-T) + (1-TH T+ TT(1-7),

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

Coml{a_.na. E |4, = 1 foral e,



Lechue 3 : Methoods o{ AIA.;O.%/M'A

3.0 Weguer—Efetor SUSY satieod (fint atep) .
R -1 2
ExPreM E |(E iA‘i.E—H) (x,a,)l ‘(Ja

Det(A) Tl 3%7 g—(;,A«,)?(x)w )

O.Wd. take di/.\ordu' o.vu-aée. .
T, Hulbtrard —Stratourwich -I-rm{omod-im , ete.

3.2 Variout: "C,O(’.or—fi’.mror -I-romforw.ai-im"

2] <1

E | (1 - zu)_(x,a) |1 = SB S:F YR Sp(d) 9aK) $a(8)

< E op (= (30, (- 2W9) = (3a) A= ZUD ga) - Yoeus® ).
Now ,for U=UUs, U, e UN)x eoe x U(N,), -l:ahiu% overoges
w.rt. Hoor weaswre o U(N,) Ceads to an uume?.old expression
(w-o-oli{—itd Dessel -fﬂm(‘.fim) . What b do 2
— (dere in achematic 1’0"““) :
E, op ("Fnu"{’p."' "Fﬂw"h) = E; op ("FRZ"{’A + Aba Z"I’R)
[nrv_PE,a.ws the HS--I-rw-fomai-im Of Nt&w—E.fcto\r].

\:Ja.miﬂ : CowPlico.l-im 41-01' Nc=1 !



3.3 Read's wetlsd ("Amd quantization!).

¢ € End (A(V)) “erwicuic' SQ,
e By o (AW))  “ferwi

T~ e End(S(V)  wsouic’ Sa.

ﬁf = :['fiHié@:[-é
/ #lo=eley) | # =1(e)

H = e, I-‘{"'3 X Q’a' P&J‘hdb ureatiow auwililatiow
\ b, /L(et) bt = 3(ef)
Hy= b H o b .

® Cluorocker .‘[-ormu?.aas .

A _ H
— STrAM Q = Det (1 +e ) STrAM = TrA ¥ 'rrAmw) .

— Teg, e78=Det” (1-eM), i ReH = F(H+H) <O.

~~

— Z=STee =1, F=sweAw), H=H+H,.
Note. The Lie oﬂ&c.ﬂrro.&Pthaﬁm H— ﬁx (Xx=19,7)

I)

I)

exp oueutiote 4o (oeui—) group fefmm{:&fm , e We oy Pass to
U g (W), g(eM) =e™ (x=8,¥).

o Koy relationn. Lot 9(U) = gg (L) gf (U).
— (1-W ',y = STz (W) 401 #1),
— (WU = o(U,) o(Us),
— E (W) = JT P), whue P(U) projech ou ker (An—ila )0
for Ne=1: P g@g}@(nn WG = 6ottty (Y=R)A).

Rewark . Leads to SUSY vertex wodl repw o1t He wetwork wodel.



Coroﬂ.a%. ({—row. SUSY vertex wodel ).
E 4@ = E |40 (qeteir).

Question, Tha wo.ra.iwol {-id.al ot o{r He H'— wodet corruloowd/s +o
(-Hm. classical versiow o{) BTB > 0) B = b'R."' QA . Cam oue {»Ludﬂ..e,
wo.ra{u.af. distri Futiow of teo Catter 2

Gmr—aﬁna funcﬁtm.. E (1+ 'l:l'\}fc(")|z)-1= \S’rro. H(C)R(ﬁs) E(Q—_ﬂ’(r)))
afer projectine F— U by E g(U,) = TT P1), aud with Y=DB'D.

3.4 Coucly tramforu.
Lt A, = T2 Thew if all of 1-g, 1-4 , and 1- gh are inverkible
b e BB (1-gh) " = (14 (1A AY) " (1-g)”

= (1-g) " g(1-g) " (£(Ag+A) " (1-g)™"
APPQQ} this to the N =1 watwork weodel, AOJ'Hu.g g=U,, h=Us.
’ﬂu.u.-for X#Y

(- U ) el = 900 [(TV) o] g,

_ 1+U.s _ 1+u.r _ yi
T = 1-Us V=T 90 S [1-ei®@|*

Note .

T woulowal, deterministic, Hrouslotion—iwrariant ;
V lowal, randru with Cawcly—dishitruded motrix elewsut o)

_+e

—> matlods o_‘- I,Je%w.r— E-fd:mr available {ese !



(_Q.C{:ut& L. Couﬂ'wturexs
0 Pruickew— Khwelnitsbii /Jca.&'na / ‘Faow dia&rau:

Gx
[e/n] A ¢ (Aad-ltw. aize L — o0,
h.w.fnmiw& 1—0)

" > Oyx
Oxx
:Ls this Ha reworwalization a_muf, {-Low d_ia.&t-a,m. —f'or G wouliveor
o —model (Prmhm/ 1983) with REG—Leta vector {—LJL&
)

06y

_ 1 « \_0 .
fb ST (Gxg-gxg) %"3_ i (Gxx-ﬁxx)

Note, Tilwre exinh wo Cowsewsws ow Ha values o{, the /Jco.tiua txPau.auds
v,y +‘0wm nuunerical Mwulatious .

Como.crm.m. e wmetalic Pko/u. 1 a(’rsw:t) i.e. oll Atates oﬁ o{r the

critical Line Oy = Oy = 1 (or|o |*-|ag|*#0) are oratized.

Tn Pa,r'l:ic.uf,a.r‘} He Po-iui-—c,m’co.c{- couductouce hoa expouewtiol d"caﬂ ,
—|ea-c
EG,g ~ o | ca 5|/7)
wnth T—>00 ap |Q.L|z- |0.R|J'—> 0.

Tha CFT predictin. for He decay ot crificality is EG,p ~ Ica-csl

1
8.

g: “490.'{' “ 'HI.LAC,QQ.l'Ka {J‘QL.O.,\I'I'.OF 0{, 3 g 3,, ||0"L|z- |QR|)_|-V ?"2"



o Gaumian Free Fild Hypotiesio .
Tn ta Acaﬁiug Linit of criﬁca.u-%( , tie Law of the roudowm variable
n |«|»c(r)|1 io expected 1o be that of o Baussion Free Field @
(g~ eP) wite "background charge’ Q= 1. This meous hot

E l4.@I* ~r-c| =29,

and He APe,dm.w 0{- wd.ﬁf—ra.cl-af. /.)CO.QJM& ewami:\ 0 Pa,t-o.b-ouc

1
The renorwalization- goup -fixui Pa‘iuf: {‘ol—m‘:b, eritical model fos besw G.t—aun.d
to be & Wess—Zuwino— Wikew awodel GL!’L,B (111) witlh curreut- alygebra

lovel n = 4 ond Abelian current—cwrent daf—oma:l-im 5=1. Tl f—ixuﬂ—Paiwl:
d.wufm{-ivz ceuducﬁvit% -follom‘u& {—rOw. Hus CFT aa

ok = 1""—“ = 0.6360 ...
o &Luauﬁa: countinuous AFo.c:h-o,Q. weQaure,
Difine o Aload—ral W 0oure .ior the cose of 2 = 2" aa maual fra, (IA1> 1)

-1 - d}*u;c(e)
(A1=U) (o) = @—%_ew ,

C‘l"a‘ ecbure, At c:—iﬁco.ﬂ.i’cg ) He {ui:v.&u-a:h& Loral &tmf& of atates |
)

eggef |en (0-01)| |1(9) —I(e')| <o .



	Lecture-1A
	Lecture-1B
	Lecture-1C
	Lecture-2A
	Lecture-2B
	Lecture-2C
	Lecture-3A
	Lecture-3B
	Lecture-3C
	Lecture-4A
	Lecture-4B

