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1. Anomalies of fin . grp . sym. of 1 + 1d &FT
-

obstruction to ganging , orbifold

1. 1
.

Bosonic case

lattice

Hamiltonian formalism I phys: Else-Nayak (2014) , Seifnashri (2013)AGFT , local (fr ,
net

math :

Muger (2004)

· I+1d &FT

region
-
> A (l) = (op · alg .

on I

#I space = Sop .

1 Hilb
. sp . (-1 = 3

A : = YA(2)

sym . action of 8EG on I (G : fin · grp . syn .)
autom

. Pg : A - A
N# + Vg0(2)+I

nbhd.

left bit

fusion op.

PrPu(0) = UghPgn(0) (Uga)
Ugin = Un : Usin unitary "fusion op.

"

A ↑

A(L) A(R)

VgVn = UghUgh .

&

If Of A (2) s .t . E ,

then by locality · PgPh(0) = Pgn(0).S



e
. g. G = 22 = Lei , eith < Uk)

·
Pein(0) = Vein 0 Nein)

↑Weinreid
PeinPeir (0) = U

, ., 4 , -,
0MI

-
1)"(H2-1)

#
U

1 ,
- 1

step function



anomaly
For any Of A (L) ,

DEALI , I Un
,
12Pull It commute

Pa(PhPk(0)) = Py(4n
.
kPak(0) Mn)

= P(knk) Ug .
nkPank(0)
~

MeinkPg (4n
,

k)

(PaPn)(Plos)=(P(0) Ut
= UginUgn ,kPghk (0) Ugh,

k"Ugin
- -

↓ A(c) : factor (UgnUgh.
k]" Pg (Un

,k)Ygnk commutes with FOEA()

Ex : GxGxG + V(1) St
.

PlUnk)Ughk = < 18
.

4
, k) UgnUgh ,k .... ( D )

· Pe on BHS of (*) -> Sa = 0
.

Labusing notation ! x = e2ic)

(pentagon identity
& (8

, h .
k) & (19,

h
.
k)"d(1 . 8h .k)d(l, J,hk)< (1

.
8. h) = 1

· redefinition Egn := [(gh/Ugh m 5 = X + ST

In this way ,
a cohomology class (d) EH3(GiV(1))

"anomaly"
is associated to the RFT

.

obstruction to ganging DA

US
.
4k

&

-Unik = <(8 ,
h

, k)Many
Shk Gh

I (3 = 0
,

then G is anomaly-free ·
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2. Fermionic case

I+1d bosonic anomalies are classified by H3(G :W(l)

I 3 Sfermionic SH(G) "supercohomology"

S (G) + (G : -(1) x H2(Gizx2) x H (Gi2x2)

(e.z. G = 22 g 2z 2 Cy "ermionic Iibosonic part parity when real form
. is odd

of fusion op. (not considered
in our study

When 0 E A(L)
,

101 -> 9113 : ferm · parity of 0

PgPa(o = Un Un Par 104 (12)"(ren)!
= IUu/ligh (04/ Usin Ogu 104 (hign)

↓ Pylo)
= Ugo Vg" Vg : bosonic (hrinkto be

=> Ingul = Insul
,
1Ogn1041 = 10%

= (Hen(10-1 Ugin PuloY

v (8 . h) : = lugin

Discussion Similar to (*) -> SV = 0
-

redefinition Eg = zgIgVg m> F = V + &3 (3(8) := 1581)

. (v) < H
*

(Gi *2)

(SC = 0 and da + St are modified by r and 3. )

(Sx)" = v . W



2. Values of C and V for G <U(1)

It is often the case that

the cohomology class ((9 , v1] ESH(G) is known

but the values of cocycles d .
V are not known.

-> cause croblems in calculation of the partition functions of orbifoldsI

lganged theory)

In the case of GCUCI) ,
we succeeded in calculating &

,
V.

To do so
,

we introduce U(f) : = e
: St(1J(x)di

- 3 (k) : level - t U (1) current

f(x)
> (J(k)

, ](y)) = k GyS(x-y)

In particular , to calculate d
,

r
,

we need the commutator (

U(f)n(g) = Vu(8)u(f).
v(1)

because we need Pg(Unk = UgUnkVg" for (D).

Main difficulty compactified (because f(-0) = f(0)
F

When :St (1) has non-zero winding number,

it is difficult to make U(f) well-defined.
f : /R- V(1) += 2 Stdx = 0 += L

- : S' + V (1) 2532 St (0 , 2 m) theI"prm . L=El: /5 "jumpFE



Strategy 1 : Introduce patches to S' and make U(f) wall def.

Strategy 2 : Impose some requirements from physics on V,

and determine & uniquely.

requirements

T := S' + U(1) conti.

U :* XF -> V(I) satisfies

bilinear and alternating UCf
, f) = 0

.I · locality U(f
, g) <9113 if suppf-supp8 = %.

· r(fo ,
80) = exp(2n : ESs (to % - 80fi)da]

for fo
. 80 : winding number 0.

Both strategies lead to the same results. winding number

/ ↓
W

1 W(f , g) = exp2i(9?*

(fg' - 8f'(d + flo)Wg-we 8(0)]

↓
Coust . func . (nontrive elem of E2CU(1) on entire space

e
. g. U(z) u(f)u(t)" = V (t

,
f) u(f)

= (- 1)kW+ u(f)

~> (-1)
F

= u(E)
,
u(f) is fermionic if K and We odd-



&n (V(1)

F fu(k)

Pa(O) = Ulak)0ulak)! 0[a < n

fusion op .

Us = U (fz)P(b.

carryP(b .2) :=201
↓ (A)

& (a ,
b

,
2) = exp2ii(E * P(b . <)] k= 2

->a(a,
b

,2) is a rep . of
the generator of H3 (EniVIII)E En

.

(1)FU (-1)F = V (b ,2) Upc

E

v(b , c) = (- 1)kP(b -)

future directions :

other abelian case ? En
.
x Enz < U(1) X ((1) etc.

· non-ab
. case ? Coo Spin (24) etc.


