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Def Roughly speaking.

Given a MTC CI : 2 - dim'l closed surface
, M : 3-dinil mfd

Anyon : simple objects of I at Simple) 1. V(I) : = (2) finite dimil
recsp on I

Fusion rule : decompositions of tensor products of
anyons. 2. VII, [r) = V(I.

) QUIr)(= V(b) = 4)
a b = Ac

* Ni Nabe zo 3. Z(M) =VCAM) ( =ECMIEC w, M : closed
CE Sinp(t)

4. V(z) = VCI) *

Recall

R DD = 10 B

Addition of spin-Y2 particles in &M (representation of sucn)(

i1
.
D .

Be Irreducible rep

N = N = 2

↑

V([2H -[ . ) = V([z) @V(l, )
Y

[
,

Rmk t
z([y) = m =V)i)

Bulk-bdry correspondence btw 3D TRFT & 2D RCFT &

Chern-Simons-
Wess-Zumino-Witten

z))) = ( (A(4) = V(b) = c

-> MTC dim formula

z([XS) = TrZ([x[0. 1])

52
.

Def of TRFT =Tr)
Def [2 , 3] = Tr idvcIs

3-dimil bosonic TRFT is a symmetric
= IIIaYCIal

monoidal functor :
= dim VII)

Z : Bonds(e)--Vect

where Bord (e) : Bordism cat decorated byI

with a tangential structure It.
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Rmk Rough sketch of construction

Def+ construction Try to construct in for 3-mfd M

93
e

.g.

Reshetikhin- Turner
1

(m) = (i) -⑯
Turner-Viro bult-bdry(
Crane-Yetter

L =
i

Data to evaluate Link in

- MTC does the job .?

53
.

Reshetikhin-Turner invariant . [2 , 3] Fact cuniversal construction (

RT inv
: M- & invariant of closed oriented 3-mfd < < : inv of 3-mfd m, (m)

,
(i)

num

s We can construct TRFT (functor = E ! Quantization function from <(

here,

Thm (Lickorish - Wallece (m) : < M4 M) = < M >< MY

-

- closed connected 3-mfd M 2 : 1 : < - My = < M)

ELCS' framed Link st
.

SEM ·<) : RT inv = TRFT &

S2 : 3-mfd obtained from So via surgery along L

framed link = link w
, framing number K 54

. Basics of Time reversal.

e.g.@ Time reversal : Anti-unitary L
grp

- MTC

S3/p
-xs Fact [9]

"Theory with time wer sym" = "Spacetime is nonorientable"
mussige e.g. Mobius strip , Klein bottle

giti Rut [7]

Background for time wer = m HCMiL2)
m

first Stiefel Whitney class
(S3 (12xS') (n(Sx D

? I

=: Si obstruction for orientability
.
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Grp action in general [8] RmE

I
G : finite

grp
·2* ) always holds forbelian TAFT II

2 : MTC · 13 obstruction vanishes for " [16]

* Subcat of invertible objects (axb = c <unique) · e
.g. for noutricial 13 is known [12]

P : G + Au+ (e)

& Try to construct... "Def"

22 : = g Igo Cid = 2 Canyon · Time ver on 2

· Zg : branchsfest encoding gap action 7) T : 2 + 1 st. Tide
,

&Ita) =as

↓ 4

-since t
a 1 Ta

9, Ps(a) E Simple)

·

local Kramers degeneracy (sym fractionalization
,

Frobenius Satur indicator)

E) 7 : 2 + (0 . E 1)I · oka

Eg
s .t . Y(a) Gt1] a = Ta

· (1(g@7(a) & T(k = (ga(x2072h) 1 (9) = 0 2 Ta

H2 obstruction (postnikov class) Fact

Obstruction(HECG ,
A) for constructingDay · Vorientable surface i

-> Associativity does not hold ? = S2#T# · #Th =
(((go)(2) b) =

(1)g0(20(a))
·

V nonorientable surface

E

[13 . 14] = IRIP2# · #IRIDH# D-> Sym str is

capturedbygoS sym e .g. Klein bottle D

· et
-

Fact [12] ·See
Necessary conditions for H3 for time ver to vanish. -> Analysis of T & RIP2 is fundamental ?

(* ) Ma := ZCRIPiac +$1) [20 Nat Simples

I Zc(RIP") =St 14

&a
= const . Vat Simp(E) s .

t . Mate
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. Analysis of Crosscap state Obs

Construction of VCT" (
2(x + S') = S'+ S = Th

We need 3-mfd M s .
t. yM = + : ((( > =VCT2)

& z(M) EV(IM) = VITY) ~ 1C4) can be expanded by (1933 ,
[S14338

~ solid torns 2():

~ M = D
*xS'

,
S'x D

2

~ 144) = [Malay

= [((a) Slay

Fact here Ma
,

Y(a) are introduced as coeff.

VCT2) = span, (19s1 a Simples] -> What are they ?
= span (S1a) 1 at Simp(e)]

where 19) : = z(Daixs) = z (D* x s) :z About Ma

S1a) : = z (S'x Dial) Ma = < a((k) ( = [Sabibs]
= z(0) + S')z( + 9)

RmE = z(ID" - S'(

dimV(T2) = # (anyon)
= z(D)x" x S')

Cf
.

dim (sp of cont block on T2) = # <primary fld = "dimV(IRIas)" w, RPEas := DDa

Crosscup state Rmk

((() : = z( + S') Why "dim" ?

Obs -> Ma can be interpreted as dimVIRIPEc1]

Di = Mobius stript only if T&FT exists
.

· -> MatIso is necessary coud ? (stated above

=
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About 7(a)

Y(a) : local Kramers degeneracy
Y(a) = (a)5'1kk)

=z() [ ]

nonorientable - Key for the rigoura

formulation of nonorientable TRFT &

Anomaly inflow

EAnomaly in d-div't theory) t & SPT phase in del-dirit theory 3

In our case
,

we should check

& cu (IRIP") =St 13

Zai(412) =G + 1) (x(p + ) = [2x42)u

Anomaly formula [10 ,
15

,
16]

zcp(RIP") · Ec(KIP2) = &M

where Om = @a satisfying Mate

Toward the
rigourous formulation

Construction of RT inv.

Sor> mageryorientable 3-mfd) -> [ <L>

Surprisingly...
(2017) X

*

- -> now ( ---- ?

[6] #

why unknown..

2(a) to only for a = Ta

-> We need: 222 [

I
·"I)

"

2 ?

-> Wait for the future works


