


LMaLL:k stodes ouw RKewoun surlaces

Semyon Klevtsov

University of Cologne

bd[ F. Ferrarr . X. Na) G. Mowitascum

)

No. NQ,W\L{W) P. W[egwclxvm.,) D. foau,k,.'m,g

July 18, 2019



G G ”
v )= (a2 X? _%i
néwa “ * S -
l2.§ e’
ﬁez : :
. Jo is " illiuy bockiou”

R >o ' wostedic  eld”
o,a c {'\Q_‘A



Quontum Hald I ook (AHE)

Pre G Se

Ry [ h/e?]

Magnetic Field (T)

un'I:i Lok Ou 6-'— H UM M &AC‘!‘O\MQ{ €H= E‘S

— \-owal.b'u stode

Oovveswnuds {o

flig Phdeuu

CH= VF



Trackvonal QH c

S«brohaea -~ (:wl:arad-[ua ( vie Cmu(Ou«L .?-arwg ) gas‘)—mq

Laughlln 1983 Ass;a“ o 'LrinJ wavd ﬁauc\koa ("Séa.ée,lr)
to 2&0‘1 Pla/élc«.u-

" " L é ENh
/\_\)_L (1”..‘,%”3 = C. \:\m (- 2w) - ¢
* \A.O‘OWOYPLM;C.
A&:O
* \Ienw\'s\n;ua cou htioug "’W@
X% F:{ N S!Me( MQYI&«'{I&M (‘F(-LZ. lﬁ.,a/’b;déS) @:\ QCLSQ
lﬁl Gy = 2»\,-. is olso celhed
e “lukager GH

Slate N



Awollher QW E stake

Moore-Read 1991:

\
/\k (2...2.)=¢ PR ( ( D) () - e
MR S DO

1"'- T new

/

PLAQR'IO\M ol o.u{-.'.—sau«. wadhv i

Peimy= {len



Dedive QA stodes (eg3 Lma\«ﬂiu SJruJe> ou

cAg(.,foc,{ e Squauas oud S-,Lac/? low  Jo +u5

iﬂruu,_d ou  greweh ic deta (gﬂms, ma/dv,‘c)wociu&‘._-j

@o\r éa-rﬁj_ N .

Haldane 1983 zo

Haldane-Rezayi 1985 q = (

Wen-Niu 1991 a1

Avron-Seiler-Zograf 1995, p=t Joe (£), M,

N. Read 2009 (5 21, Mo



Novweohizokion owmd QMYL N

OM woue 4—0\/«:4\'0\-.5 sk @0_ war wa Uzed

N
\/\-‘(-L(}\v"\“\"“\\'L r} Az%\.

BN i

. S Qﬁy{-% ?\z“\1 *e “Z;w Qoé \%h-%w\]

2D Codowb  ges frocki b Dowchion .

0
M A’lzk

w=t



MOVQ aﬂ.\hﬂ—fﬂzbta/)

i 2
Z: g Qf\) i—N i‘\/(lh,ih\_\.? b QDA \%h—Zhlg ) ‘:l‘ Az“
QN

niw

qrowakric sk (S=1 T pare Coulowb 6os)

[ —
\/ = ¢ (2,%) - L2 g g eut)
} & Volume Lorwm %Al% o C
v Nagu@.k( (\O-Lau‘:;a*"

B=NAP >0 _— 2
? c S
—~
Coulomb gas v
Random normal/complex matrices
[ A
d2 Sg é"z

Beta ensembles



Mokl vesule

Leblé-Serfaty 2015
T\/‘_\M Bauerschmidt et al 2016

Qog%=—(sN1-I\,()w)+%Nla3t\l- MC(?)_

N (-8 S . Z"é% + o(N)
C

L. = _§§ Vi dpcrdpee) # S\/é/m
Y C~<CO\25 C

w\/\au’e

| 500 . "
omd }44 ks u-udc?b.l WL wa L ev ( ‘ Qtlwl.!or.uu-. wlasdve )



‘)\Ajs\ cs vesult

Can, Laskin, Wiegmann 2014 Loop equaXous
F. Ferrari, SK 2014 Tren Keld

@Og z - _PN'L Ty(p) - N(S‘%\gﬁv Q“&%
C_u 8&\9&5%\1-7— &A% oY) 008}«0) + oousk & (R.
T

2 /\
Liouville functional

Camonndar Lorwms

‘/N

25 \* = 5 s Gaul wh gos
_ _ . == =1 . Q 0
( S - 3 (% = ( s ™ ) )

Ql“icibuks w YUs expavnsiaon ave ol roderest.

R

/ a loeod -Q-uuc-i. ol B owd ovvokore R ol 3

AS



'FTJLL e—\dé TOJ?YQSMAJ—( ou

CET u( eso.t.‘A%/rthl wNV & "'*'L(S"*ch g‘dé

S ()= L g (lVGG-& %lQ_cP + E%—GE)A\/%
2 5

— S(e)

. = S.,, e égg
EL..J 2

6CTL)
r e : Sgi :[ Moore-Read 1991

| ¥, (2 = Bl

C . - Q‘« C‘ (} ' W) oty
E@R) el )J ~ e ~ l2-w)
e =



= Q.og Es( SQRST*GJ‘%)N — @og E3° ( §4;$€ivj.)N

(
CO\«'JGQJNJ{ Ferrari-SK R\/M = 8 ( /N)

as N =00



O\\—l S-Loc\-es ow V{{u«a\uv\ SJV-QAULS

RM '+ha:‘r tlhae  oue - WL.‘dZQ woN 2 Quu%-‘ous on C
N = %lz\‘

Pol;)w:wials on € 2"~ Sa() L“DQ"’M\'VL& Sedions

Y a 'Aneawrfkc lbove  duudle L. o#’ J.zar.z.z N? € Z7_'_ .

(L'L\> ) Ru:‘ 2 Lﬂa‘« >0 &~ \Mo.aw;l—fc, ?—f&(i

(=
( S.ﬂ.d“d“"
S(?) L s bo wear plac brauns i diou
-puua-(-iws -td\l on UNYV
2
\J
A L ~ O)



Iu/lu.ﬁ,o./ QA H stode ( Sloder J,!.J-zru.:qmul:>

Cousidey T2 T wmc X  N= i H(Z0)
N
N

N
’\\: (2),--, 2u) = Lt S, (2.

M"‘ﬂ—l

Tis L° - nwovw ds gvem 43

N
Z - g || &t Sv(%“)\li' ‘[2' Jvé(zn
ZH



Pﬂ Lek  R= Ne |
SK 2014 2

on y
SK-Ma-Marinescu

% WS oM M@\]’“Ma $\NVOOJ([/\ wA_ v C

r.wa,wn.l-e_vc’zed. as 3 = Jo 'a':acp oun d
_? .

‘Wiegmann 2017 ke wibion wadvic Wz hoe Thew the ‘£°LL°W'“J

ASa MF-'—GJ—-Q Qfloqu.gt'eo\ IA.()':J_S

&g 2= - Ny Spy (g, 9) + “%“?SI“ (gorp) +
1 é- < (40,0) + O( '/w?)
whae g, = L sz( 21y + 4 Ddvy Aubiu - You
=L T(EeR % %>évgo M bueks
S, = L SZQ'MQB % ‘;‘L R, & %:)5\/30 L ouvilte



Pr@ae N o tokiounad 0—(0_

sl 2= -5 § (ng R, Se- L 8B 89) Gi=

\:J\.\Q(Q Buawku \Lo—runﬂ 2—01' £l HOCZ,L\

N
R(2,7)= & NS @I, = Ny £ g R (g) -+ 8(‘/mﬂ,)

N* w=\

Cowy P(L{-& &sawr\HHc QX"\O«MS\'ou a.,‘— éwa,t N?

( Bowled L Howel = Sieshrwd, 2eldtch, Cod bou | ... )



LQM(SLL\A states ou Z?(

¥ Heldow- Eelach (85)

(3_ J_a,a,eyuuracé] D‘ﬂ LM&L’(A«U\ S‘)La:t';es Oh {tovus

Brea.lblua of  tramslotiou Sawwaérgz,

*  Wan -Niu ( 9)
Topo\o%zico.\ h%kw.ra(a
Fs LQMXLLJ(‘_ staley ow  grumsS- 4 2 ( c,auJ'ec#ure)_

" Ta\ooto%,{col PL&SLS ol wotten “



D%w £ ou 049 LMJL-C'L. stodeg fo1 g

Ou.a Wa.a Ul,uooge
__F Z G‘ [%a,zm\)

0] hdCw

| ¥, (2,20 = e

LocouLLJ bools 4ille [ [ 2 - 2w | “f

N m

bu+t wo  daider mau anct re/aresew{q#‘oq at ,6:1

-2 Gz, 2
o + ot S (2.)
V-1 Wvroes  <u 2, N-“g Terpes 4w 2,

( ﬂf&mwa - BJLA “MW-)



LMALL\A s{-,a.-(:e_g ow 2:3"

&\) (%n“)EN\ = ‘:\ (- 2w) .@

Do Cous{i.w l,«.otoumr':l»;c Luwe Qoudla (L]I,..) ol Jpawlm Ne .

C'JULS;JJL( ZNz Zx “-"Z

=) -\gNT + \—a ( aSSV wl P \N*)
* T \\J c HO (E‘L\ ( vastrickion fo  w-th Qadqor Tu 2*1(1)
§
* X L}/ = (2“- %\.\) ] Weor J-Co.aﬁua.l (%h‘v -2...‘\

ww

* Yoois t,ow\?\z-\—e_hl Doy uaw. (av\)cisamw.\ Lav F.e Quw(odé)



T\'\‘M\ \:‘o\( N»g )‘U,\L Lo\\owlug s +la Qasis
Q.Q_ RN veckoy spol 0-@ L&Mala/bu stodeg

(Wen-Niu 1990 conjecture)

v= (O, P)%

- @['ﬂ (@Z% - g A -pgD, pr)

N y
) r-] E (1“‘ zw) . r] S (1k)

W <Ew

Tt Nem

¥

SK, Commun. Math. Phys. 2019; SK-Zvonkine to appear




Prood \

{. Prive - Lovie 0w T x5

12

E(%,g): 6(2\“_8’%’) 2 -y
J wg(2) Jwgigd Jd_zld_a

3
g § € (?/zz) ( won- g.’u&Mlow 8 - hovackerishc ) 5.t



F:( N = N‘P+|_g [SMS GHDCZ.'L_)

AN = dt S, (20
N
= [ E(,2) P (2, 2)
Fo.»é xMLa
-'F (z,)_,.) -’ZN\ = C. 0 ( %QM-A_D"'C) ((833)

0 -@ 1s @ 58M;C S gu OAQ— -plf@ — Sav«NZ

_QL: 2ot =2 T 20D ¢ Jac (€)

(Pvcm-?— L:S C;OU»FM\-SOV\ o<e 2208 ou  betl sides)



N

‘v oo I (E(zh,z«.))ﬁ A (2y-20)

Lot L= gl ad S5 e ¥ (I, L)

S

T"“"M (iU(Z Su(im)) {s G Lowa‘«‘ew\ stofe

=D ,@F[gl'___)ln) fS G 53ww~u-v\'c, SeLb oy o&l
N @F A
@L* G ) = ‘(HL @F
L‘w.ovr
N - Syshens I Dyl
(P 3 - - T ?N—-s
N

Qoc ()



T\MA'Q ow o fi% '\\A'Ln-ru.hi,u*-\' sackous O‘L é\[s )

%/;VQM 63 ordo - F O - -QchA{ouug

@['ﬁ](@‘{,g’t) Ve C°p

¢
¢ = (4oyp)

Yo fil (E(z.d,zh))ﬁ . (9[:/’?] (PZ%h-pA-pb, BT )

v hew

-e-OV N>,3 ( ‘33 Jowbi  dlhw. I(D5)= Jac (f\)



SO Yoo ,:EL i3 a d_a.,arQL —-é-_ &5(“-’) 2 ov on eads T \

_3_. - lo\rm w i Ha

2

8
- S' w, (2) bo E(%,p)> Wo polas| ge.0eq
G (p) exp ( 4_, a J
G (p) &VQS
O\, XQ

o= @['ﬂ (EZ% - p A gD, p)

N % P(N 1)
.1 E (g 2l) N w8

h=t

W<wm




Q‘LOW\Q)EVHL adi o bokic Erwv«s’vow{

QHE wove QUMQ‘L‘,;OKS aw e chr;ca,ua &J}LW&(:Q

o

(E& LWa\«Uu slales ou ?Ums-} sur—ﬂa@,) aud J;-ydud

PW&\M@":U spees M (4-3. moduls s pacd u/uj.u)

TI/\N‘S we lADLVQ a HA[@M{T él/u J,'Q VQH—’ /.(

o dhocba tic Jo—rowtsruort :

é /\_{/N —a U”, (\&)Y,.

7
Ir\o[ouowa \AaA-v; X




Cowjechure  N.Read 2008 Voo, 2quals  mowode ovy
N = .0 )

\!QH 15 Fro\]ec,‘l:iveia Rt (o last as

IS Y = Q'-K— 5 v Q1u§va(a.u40\6

(ie. Barvy wurvoakuve
odiobatbic {—«'omus':‘ae"E 15 l‘u&fuw o tla FML w M
up to J(O) p'uxse >

\
%uwa town A gw Vv: PV = L (v)

YLV, Y> = T Y Yoy, ge o .
J L L L

Prosu)gu Qlodiass 1w CFT Axelrod-della Pietra-Witten’90
Hitchin’90



* Lma\«hu\ omd ?Qaﬂ—’rim stodes ave P/onc‘l'{\/-Q (\a

2'{4*)( Oun Mm

; ’ ( (24- 2
VAR R T wniNg 9 - 2 ¥ w2pp0 Z T )

w/ N. Nemkov

¥ Is ‘Ha ( 7:) Ld) Prajeq-l-{s/dz) LlaA

Over Ma'” 5 ’pl'C-a (i ) 2



The Eud




