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1) ,roaﬁ:{-} baked inks e Sef up.

1) TaPinke A s subble  (well try 4 Stk h Finite A)
We will assume: (Fon S;WQ;CHJ)
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|)(an+:-)un-‘+«~}: Ur= u" (wetl  retnck b unidaries )
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rﬁ“ ?"O\IP
A G-'Srmc;lv\l 5 a collation {U;})e o of S;MW:J") operators

Satis FJJ”}/

t) Group Devss : uauh - e;eq'”ujh.
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1) Tomeate 4 o ket T =0 jp]

1. ‘r‘x
$=dL

1) Conjugate  H:

f71|4f17I = H +22 L2t 22‘“2“
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Tuisted  dranslations

T2THe= X, X, T o Ta= X | T

dL ka‘ dRJ-I
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— SatisPies (1-&;'27) =
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2) every U; 3 a PPQRC ™ auomstic e for Puite G
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by
Note : Agrus with He clessifickion oF 4 Hoft anomelies
in C?Ff

(Su(’”“"}: The Sathce 7 nom-reledivistic, No contituum Limit nealecl,)
EXaM(’ﬂ{/'- Cz¥X Syumd-r}

Coniider |4Id Latkice S;_?“'eM of even L sites with o Zu),hl.
per Site, andk & FDQC

L -
w= T2 X

=1 =
— Conbrelled -2 gale €3, = L(1eZv2¢-32 )

1.
(CZM X C2ye = X 2,

U  SatisFies :
ut = . 2. +
u xau = ZJ-! XJ ZJ'H ¢ Uz‘u = - ZJ
D U=l D U geeates

% Zz SuM"'C"""}/
A Bymd-n;c HamiLhonian :

H=< LZ(><-+z X 2
LJ:I 4 =t JH)

Fun Bacts: 1) IR Limit iy R:J—" Compact boson CFT

2) Crikiel foin-'— Letiren iueguwc\ﬂeﬂf ZLXZQ_ SPT P‘mief




u = Sarme"'r) Ae&;{.

|) Teumeate R+ intecval I- [d‘- 'JRJ

e
Up = .”, CZ, i .l. X;
=4, =4

7—) Con}v.}a“t H.-
UgH Uz = H o+ SH + SHq
With |, eq.,

- - X . - 2. X 2
SHe X“Q%HCZ-,R_,';RH Jaxée"' dtt

G
3) Defuck HamiQomiang * HJR): H + SRR-

— Movement operator

+
M. 2 u X u = CZ_ x-
dp EJL 132”:’ * 421514-' JR+'

Aromaly of 7. Sigrmedry {ungnez,_.

L {-l)ltl“ z 2 _ ( | III"Z } )mn
ur - do AR mn - = b de
= == 2™
7 La T

- ahowla% l'coca,cﬁe,
f
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=Y The Cnhono% clags ofF [w] is nontriviel .
Since every Normaellized 3~ cobomdary  Satisbies Su(1,1,1) =

=S U «)enm-l-ef an  anomelovs 2, S;mw!r; ,
Cbecom( He o?iaﬁ}m\ﬂ Z_:()( ZLU S;n in He CM-#inwm)
Re,mar K J

‘) The ammaﬂ‘] of « Sa_mad'r} i  not  a  Feature
of a Spe<i Fic “&M:'l"‘oln iag

Z) Onsite Snmmvl'm—a are anon«aﬁﬂ ~Free
= If every U= TuP o ewy Nguadl = W)=l
4
3) For every QCA W, +he amhqf/l S invarant  ander
+ _ ~

~ R +
—> Can Use U;= WU,;:W* = "n'j,h = WJIR),.‘W which  bas

Same Z-Cq;?ctf_ W a§ -Q—R),h .
"') The aMowA@J of Z Uﬁ ® Uj? i He em’mf" [UJ [4:3]
)3 « 244 qenerali 2ation (Kapuskin , Xu ‘25 ; Kawagse , Shicdey '25)

- Classified by ®'(6um)



This 1Hd anomaly  on He fathice implies:
l) obttretion o ?avg.‘n)/ (SQ]‘P'\Q:L\PI 2023)

Z) C)IOH-NQ-HM + "‘r.’Viuﬂ? gapfed th‘e_ Lkapusl».‘n 8 Sofenl(o 1029)

3) Avlowoﬂa mlow with o zHd SPT
(Eﬂf@ £ NG}QK 2014 quag_oe, & Levin 2OL|)

Generdl QCAg

Sppore.  Jitcrete G-—s;«ne,#; i“’ﬂ;e& with  each Uy
a GCA but  uot necesrar.'ﬂe} an Fbac

— e, U cwfd be fabice dranabion

The amm,@’ can  be  calevlateld UJ-'n} e Follovsmg Arck,
(kaeuskn 2 Sofenko ?.02,’4)

1) Double, +he  Syidem : ‘WJ — ‘Hj@‘i[’}g
1) Consider Synmetry  operators
Uy ® 75"
For prme dimy=p , ecch U= T"VC, et
T = T
(Gonodizes  basedl on price foctors of c!m%)

=) From GNVW ey :

T;T“ = ’\Cat‘ y L{j ® ’t‘l i an  FDacC



7) The i"r:,]wr Symetry it ManiReHy anomoly  Fre
—')7 A-uomnfla of inO'Bg'}geG is the  Same  ayg Hhat
of Eu;,};w.

Exmp!l(, LM anma@)

DPm.'Jc, gﬂ“'f% with ZXG— S;mmyl»r} o'?em"’ord‘:

) Lurice +runs Lation T Cnot  an FDQC)
G)

2)onsile G- ngwd-r} operators u‘,l = TT l,(.3

{

= ) (J7 ) _ & v: Gz—ﬁlllt)

= Bach unt-cell  agocted  with projeckive  representation L[v].

Shackling +nick - =
K T— TeT"™

uii—-—-» u5®zﬂ_.
Can Show that e ahonaf/} Cpctsc,ﬁ& i)
n3
(4)( Ln"%')l (ﬂ,_,j_,,)/ (ﬂ),%:)) = v (;%4131.)

= L[w] #1 £F LCv] #1

= Rebebed kb H'(T,Houn)) & HH(GU0) i He  Kamels
Rrmida of ’M‘(Zkfr,um)




= Finde - System  method. PNS““'& represeytation  of 5“}}366*
at L Sikes diPPrt From +hat ot Lol Sifeg by Cv],

Callled. o Lieb-schulbz-Mattis (LM ) anomall,

= Gereralizabig of 4o LSM  fheorem .



Lecture 3

Losk  4uwo  fectures: Ui bary Sg_mw,%a opm%f!, their  defects,
and anomalies

This  Lectore : Yeneralized S}me}.«:a o He faftce

— Non-invertible  and h:;ho—— Form 3)"”’e’+'],

— CU"'MHU} Lacks o generaJL undersh.l:n}
= Fcor o exam([eJ‘.

Non-inver £:b 4 S}uﬂd’f} in L

Contides— Lo brice on 8'. with L Sites andl for o
Jf.',‘,-lt ‘J""’f G ( Cell ol G 'Zue‘i‘l’l’)

ﬂd = SP‘"‘Q?';> '?GG} with 43“‘) = Sj)h o

- Hon(G,U(I)) Ousite S:Jvmez{-l'g_ OW““

W, = Z F’“ii] 13X3|
3
Lith .5: (3,‘37-/ .. /34.) am‘. A e uow (6!”(1)7

eq., G=7,1: Each ﬂi @ zubﬂ— and
=
h 2.

WH‘N =1L w&c’)ﬂ = J -

i=t
Bach X it o 4 rep of G What abet 3euera£,
U.Mikr]’ "”‘e—f
r:¢c — GL("?M(L)



— 33”9‘2"2'33 ﬂle, Wy oPam{'ot\;_
Suppore. T, @ T, = @ N, T, (N, € Z,/O\)

— Rllous  Frm represen 4atim -l-l«eot-}

_ c
‘l\lr!q wr‘l, = w’;@ﬁ, - % NQ“J W‘-!‘ 0
= {Wr}pe;"(“ are ReFCG) = Sjmme-’—r}/ OPU“‘/’W‘J.

Non-invent:hle Synm%} if G i non-abefign:

= For Mon-abelan G, I a iep T owibh dpol
=2 Madh Fack: va} P with dp>l hes ot feard one
g66 with Tr,(3) =0
=) Wy with M oadk dpsl G5 won—inverhble .
Ly simple Statemeyt abant a Matrsy!

Eyompf2 G=53=<r,5| rl=s=1, srg'z Y

= Hiree  irreps:
1) 4riviel - 1(r) =1 1(s)=(
1) Siyn: P(r) =1 P(s) =-1

3) 24: Elr) = (‘"(’”/’) 'S“(“fs)) E(s) = (c‘: -

Sin(2w(3) cos(2r(3) -




- Symmedny operabors Wyl , W, We Sakithy,

W, =1 Wp We = wg Wy = W, W51= 1 +Wp W
Non-investibiliby Tre(8) 20 = We 55 non-inverkib2

Thee  are inP:nH—J} wang,  Rep (6]-Symmetric  focel  Hawiflonaus .
Exampll. -

ek X3y = gy, XU = 1gwy | Flgys 8, 195,
Rep(6) Potts  madel

(-U-J Ch) L
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