C
(©) Sbvwwxd'v% profeched. fopdogy o LLEHM

(% .
M@{(ﬁ)zwjfév\ ﬁaf 7(0\/ (41/)1/‘6 U e S N WVI&E(/ )Oﬁ(//\‘C/C‘L
4 m@hﬂg (d*;a(/@e C@Mdu‘ug@/\\aﬂq ) Ju SLEH.

S0 cohat profats the fopolugy ok faxs D Cyafou d

H‘:”7[1 Q\L 2
2 Y St N
: Jt Ty \Fa ZO!J_M ctJ. +L O - -t.a ccf}?c@,a

J 0%,
J (A—O)

consder toiske d Hon: T

H- > Ilr? \} (3 %/&VHA/"((]W@M O(JF M d’J, 6——(‘3\J

_ —— 3 34t 35~
(e e e e e'Poa @ v Takas

56\'\(1!!%5\% A ™ ’ |

| Fis]=v
(32 ~
S=ITK

T i Gaush =
0 (e STV a(i\Om{ J=0 | Wk~ comple @md‘m(?ah‘m/,
(3 [E, D= e S £,
Alp)= 1 CBollaEy) = 1<SEo[dpSE0) o
T B
| <KEO\9@KE0>—9P)§3 = ’<E‘(§F‘9@E§> /0/)(3)[
L

(Cébftcs



= | <9@€O| E’()v “‘9(3%/3

T
5= o fo (BlEN- [fpBlEd

F LY %@5 ARG
0
(435 . @Fo P o
— T2

e g = Zg, Wod 2T

(426) Dne= O,

AS}V\ e Y%V\/\x\\dw\\C‘ SSﬁ (/V\deé’( The }/1/[6\\\6 f-bgd%»
Zal phese P ethey O ov TC

0.3 The extendcd S(BHHM ! froch'onal
topd ggical Chavee S

As iw e FHE 6Wd pPhaser WS ﬁqé‘dvxa( o~
/C?aa!\CCB.\ C(/)@\/ﬁ{/\ can qlko SPpEav Jan 1D (af @
Mmodes



Qv
Tty fhe I e
C
NS
&(I(CVW(
b
OCL WO I
I | —
| | /

I{\/\Ik‘fl‘O\C/\:\d‘W
| | S
@%H;#
\ SR
ey T V.
A
1D o
ue } + V5
M hic ?
0 rach o :JGJ . § V\J
UK/
| (e
(4} | | G
‘/’f&()\‘@‘/\@( |
Ua
Y P&n@“ﬂ NS \adﬂo\\i/] |
m 1
: ~
awnol
fva
c/'\\ona(

phose &
apaw
Lt




The. KT phase of fYo:cA(a%cc( A }(('wj il
p(cge\/\cf&‘”e

6 @;8‘@\/\/\\((\ [‘(W\Hx —|—2_ > \/’1\ \/2 > +’|

o0 o\c\/&% ey possible G

Qspned Man ’10(9&% Sfetan (ot (rech i 74/11‘(/\8
RUE dz%e\/\cfc‘ﬂe ank QPOV\V\@V\C’&L&[Q b(cal

A AR avele &6w\w/\edw@ (heare (afR o frondlahth ng
4 cell S (Lich-Schul2~TlaH )2 )

Que b

=S '\V\ﬁ(e C6C(€ Thouless pamp wifl i geyerz( ndf
refum the bulh Stabe LS, /‘v{&eﬂ{ but
(Lf:k% Ep) — =4 (Eg2D  pognbls



D - deqree &k degenelacy D Thowles %C <
Needad $o fefom 9 fnihalale

’)tﬂ‘au_&@dﬂ( i admic fimt

:
)
?

mg

4



Niw Thowless, W PRB 19¢s

(@m&}&c\/d) {cqlo( (qcop
(‘Ffﬁ) V= 2 J&@— Jir <15% E(;/A> Jv//,(:m..P

Wﬁm\c(ﬂ\dy\@i H@M_S(B(ﬁw‘t C]V\ INE. C&C(C\

(499) An =

AT
'F

(B) fopological exafahious: domain wallt

J%Hchf GNE &zagvxc\/&\% ﬁ@mv\o( Sfabey then loco
*e?pd@afccu oxaltahoys exislh af & $pahal

b@cm jcwg beturean Fwo diferent Faowncl §rbeg




6N guo‘\s? @64/{/\\0(40 6\62.5 G\ €><OJ\OJ\\0V €V\O/8CG( ’Vu\\/f. 1‘@\/3_

Fov R Sgnbeen b Ph peraduie ﬁé)cmdcw?d. CExndh BOUC Fhe
PBC Vn(,aé, Ak e commensSware Gafh The frachomaf

@f(?w%( N Vv\&a CV\\((?\/CQ dom an wall @@\J\@h‘mg

p\«&&z d)/iacpam A (h CommenSavale cgge

doman Wall are a 1D &V\Q(W@Uf o q_l/\ and Qp n ke
s =



CV\C\/@@L{ ll
O(‘C?c\/)m\-(

B P
delpeall2e

(91 open boondanes (DG ) s S e

A vcened
pathc\e

| '—_@pcﬁlvgfca( 0 vanawy v

(quasi) degenede Syolews

W the extrnden SCEHN Gue have Seey Thart-
Inevachov - 1de cod (f@p@f@gf(\a( Frovnd Sfates



G\MLV\ ﬁ‘o\C(ﬁ\d\/l@ (<<\f (vg bc&v\o O‘(’ﬁ@h@/&afi 77&5
|S xPehenc feature of-Sgafems anrth frachingf
Fpdlagtcal C%@_Mg@x (e thos teed S0 dnSaugs
Fic gencrah2ahon ¢f fopalogical ingenansd Sud
ay fhe S{ngfégf- ov Mang -bedy Ealc phage o
S%/@v\& borth degen evades, Which allp 6] 21 Yo
o du&&f;(‘ak\(w) o The NTW rnuanmad, SREN]
(A) From Bary phase Yo Uloy (oope

hon Regenarate Shate {fe))

Bcn% pV\@&é

(%01\ = fd@_ L) | 9&¢//1X>

T 35 comedrd bnth fhe M(T\ Famnge ﬁ’m&(ﬁ/lﬂ
AL MS anssed v St 0.3, AP@:\/]C ﬁOW( R ddj na |

phése on adiabahc Chonge in paramche
Lpo (G/r\olé\S i

ooy 106=0)=0G=0) —> lw@d= & o)

/Cﬁ(/?/-F)))
(Jilzcle and Lee (PRL &2, 201 (13¢%) have geve -
ebizod +hus conept-+o the case CZ[ G\ VB—{@(O(

degencvare (o pavhally decenevale ) Sub ~Spaw



Lohsch has o ((n) g Grge precdous Sthe szid\aé,
5o fgrmahtme Gobhin the SubSpaw @ ngw

possible | So
() 1pH=0)=(¢ ), (=0> = [P = /n () /¢B/(2/+)))
toheee T
L
(L&QL(B _E,—A 4 = TQ%P{ }JO\T, le% __lAy_ (‘/1(3)>§

O
A ()5 row fhe (in geneval ) on—Abeltay
(?.e. mab x oaluzd.) Bc\fy% (D edh it

(C(é?—) (7<{3 =1 | \ Q 0(, Koy
y Ay | <CPD< (2 \9}1(?@(&33 o

jy[(wé ceonsidev aclosed /wf " pa@mc&v Snaw
the exponenhal Of the Ferg phade

Sk AQ:—& a3 (P Q;L(ﬁ )
IS replawd fé&( fhe So~called (Iikov loan

@é%} Ll/ = Péxp {/\@d&é /%\5

N < 11 mah' <




() W = 1
The muaaaue 0%7'—14& (cloted — [oop J Ecwa Phale
bonde AT — foogo's  (Motdlo 22 ) Frayhfey
it a A(n) G@uﬁe MU&V\\@MC( OyLaLfve C\Qf\k@u/@f)w

(bs¢) W — Lv(: _Q_(‘LW U

q——

e—————

Noofe et l/\/ :7& W /n %zvzcm oot Hu's /Soccud
Fhe /znzaélcsuu I choiw@ i > Fhe h—d>menpug|
/ﬂkcf(chcmw oM S . @am%( o ayyant Qe

o0 | dbl W Ogencalus (W)

(B) Halh -band Chem number and
W5 ]sown [wap

Jh The case of a hon-degencrake grosnd Sheke
boe chyca_v)d CorThe adnalpalht Trasaspasf

T TC
" :2;@2 Jd\*:(é% jmJoKB <{:\‘o\9(3 EoD
% L

@‘io)



L <
= &

Lo heve A((Spl:\ s The (1D V}/lw&'!’)c’)da &va~
(ONRECTHM .

J{ Thee e Sl ( n SOWME [D@V‘@W\dtv V)c)(\m(ﬁj
dégcv\cm:l—c G20 d Shohog Fhe danvahd) oL Ay
VK&&WL be V‘Cu{seok }7

(JC L’M ‘(‘U C/L]@;p S Sef\ (91 (/(/\Qf@nﬂ(&w&aws ) 6{?@\—

e
ol /1———()/U\>
Lo o,
r
([‘fﬁ/‘) <EO/ ( E%B <EW | J Ea;,D o J/:V

Thi€ 35 7w 007’2;1\0«\@6’ passiblc. Sudo e von Ageltain
Bc:hg coniechs NS o harmiblay madhx

(12 Ay = (Eo O Bo> = Al
The hravtpest in She GThete @gem(fhfm n o
m@jg [oop O ox Thownless pamp /s hosserev



V?C?’J( Ne CO&SC\Y}\/ %b{@/\/\;’\\&a{ (’(\V\Cﬂ @//y[a_/ ME /&Qﬂ
the Sfote /6D may nIf Teform Yoo ifelf ]

Nosscrev f (e cndidey The Jola| ot ¥
0 all dzgev\evake bowd §

Gs) 4=~ Javc by fd@ EEN L=
c? # T _—
the sifealion IS different a8 Fhen

_ a4 QR
(e A :&jinlt@—%JA{@ T4 AuS

And Fhe {7@(,@ ( NN dimanSea( \mlw/wcA )L
10 Ugwn Gt bandee o] wmkwa. frafols OHEAn Fro

6‘(@6@6@@:&? Sobepacy .

B e can Jnbaduw a non <Abelay Gl evahie-
&JB\O\V\ (%L +he 8@L<—pha&e (Uf\vsd(\(/\g

|
(9| C= =188 Jor T A @]
=1




bz CGaw exp/z‘sj C /. fous cgl The LIrIKou /@p

T
\/:\:/: Pexp{f(fa(ﬁ é(@&j P@-’H\
— e

Ofﬂm
nﬁcwpé

T
T?Jd\@ é(@> T JW\ _J? @J\(__(/\;/> OLMM(\V\&
—

(636) | Tr dn (W= bn deb (W)

(e ﬁh& jQ)J C%ﬂSM

(Lf@-) C — /27_ \é}di o Jm D (dd‘__,_(’\_/ > A=Q6)

(o/ & 4D Sgoéern  (ath - pengdic (hme
PAAINC ) Hawa fer aw,

YN O!QJS?lA_/_ 7S garg (hOIaneY e

U (v FONge ﬁu(@‘&@ T



CC) P[/\%_s(\(“@\ imJefPreaLaHdvx d (Jilson loop
Cov non-interackng  Sgxfem S

Ty 8,¢{~Sc9v\469 pﬁxgs?(‘a\ ms 8),){- /ni The L on /@@p e
aco bacl o mh—-l\mfa/c&.c}w‘m& S‘Zofz:uuu :

o jV\ the h@\/lbcﬁcg,wc\/@\*c Sauahom v heire {dmf\otﬂqg
King ~Sm i Vandevbildd relabov bftoeen Zalc
ohase @ad Cenfer dfmass of-(onnies For A ¢

Grp) L9\ X 1D :Zi(—mjmz All\ = Zi Jo\Q (c&&\(ﬁwbg\mg

Se B2
Coheve AL 1N Fhe thﬁ/e—P@V Wele Ecma COV\V\FGBW,

s P-fold Aegenevocy (in = Blodh tndex )
oy LAIOD == IWIWYD =12, p
Al = K (W) = | ludaadld,, Uy

fet 08 how? s8e a basis
[0 ()
N el /A(\Y—Dgﬁ v g M Magsval They



- AT - o
(500) LIS < \WRD = z_g%j"m(“” (W [ & U, (W
AS nofed &10690(, A e G\O\/\(Gbalr\‘mf/& C’_L\Cihﬁ(_p The
parander 2 a 1D Haws | onka, HEA)
8 aSingle fenod , the (Jannicy Shfer /a

MCQ‘L TC‘{?SLVY\ 7(@ M%Sééfa\ a ol G Isnvn ) e Cawnfel
Mag exchavige Placzi

SV =
Wil AL D K

T ~ ~9 A | ~2
(SRS <X W)

At one C(csc(e o the pamp the Uannior canters have
to & thew vefooan o Fretr Ao pas b wodely g
Aol S(M.dmcd ov fo Q(C(/\&V\%{ plac .

Affer P cudes fre Wannie anke/s neasf



Come back 1o thetr iy al plecey n@anlo N berer
nowbet of-lafiiw constanh - Ths

b/d\@
L
p=2

O # .

CXG\/\Gm%e (9{ Uamm:@/ Pc&/(‘wc(/ﬁ Ot'H’TV

O NS CBQ

Thes
C=, L JCM = jd\(B Tr{z“s ((3\3 =

(So2] Ca TP



(503)|C = L jm_ Ja(p AR | Yuo

Jotel Chem pamn bev

CD) U‘,'SOV\ (0@() SNA VV)&V\(i—bOOL%
POlan 2a o

The rlahou betwean Uannras canbers and WlG((A,(? —Qdo%
PO 2l mMust Now be %@ﬂc‘:@ 2d 1 ( parhally J
a@@wmw Sub-band § o H(=A\=H(2=0)

e
— 4 s 2 T G det W
AT j * o o =
(So%)
As shacon b8 Aligia v Crhe  PRL &2 o5fe (1953)
s cou be Gavken an fems H-q Feherahed
POlsazabs,

(so) C*-—xﬁdla JWZMQWﬂaﬁwﬁﬁﬁ

\ (74C><=1(2(.-P
Lohere The nwomenfan S ff O@C@U/ (S repfﬂcw(



(5T8) T 5 e=Tf

¢ One can Comchucf o completr b Sishy
n the p—-JCQDlo\ O(Q&el/\o/ccff Sobbhand chdh

N\

(56 2= = C % (32 L=1,4-p
Gohere § rs Fhe (affiw &Jﬁﬂ @pﬁfwfb/ fD@ e

tumt céll .
% I PO L VA Ani 57 (j+a)ola;
(ct8) S e T S= 7T 7% J
2wl ! 2N
=gl | & |-
(JE See ’H")O»if _
2 Xp A« 4 FIP

Sf\/\qg The Cp@w\d\ Qe ‘/\G\S é”\m&(

JZBNU

Ju)

e
& 7T = 4 aed (505 applies Fo eng of
The degenevele TOerd Zfaten



(E ) an?ff = fQW\ p@m:anr\e R)PO‘O%"\CD( l\h Uc:vx\omai
f@nf dl%(@\e\/a}re S%A/SMS

3 2. (S03) con I\W\W\QC&L\Q“C[&* be exlfended Yo i xed
&((75\(‘6’ +9 A HV\G S %@/\@/@L{&@d Cl/]_j@Wll’)/@ %Wﬁ\c

p['\c.ge Lo 7niiV&aA\ma éga\le\mﬁ

| 21 X
5oy P Jvm A Jrfgéi T P§

E6P

Q)['\@gé C;o?ﬂo(?na /S G—“Jt)/)dOa}C@( /\OU&D\@/\((”.
Exgrapler [T ExSLBHM v=1 (p=2)

) e (b)1.00
| e L 0.75
: T T li
50.50 L e
—T=0A,, I —T =0 Dgap
0.25 il O 0.25 i g A
— T = 0.83 Agap DY
0 1 2 0.0 0.5 1.0
time in units of T time in units of T

ch Zin t?(;; '6'@!\/\ UV\@myce«/\ ztal PP—L@ZTY%4 (202@>

(&\ parcie Jﬁtsw\&@o\% (b\ EEP oa\mdk\l’)g



