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The following are the video link and slides for Eric Rowell’s Lecture 5. 
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Farther topics .

1. Quantum Error Correcting cotes : Embedding

the (d)
④ (E)*→

④II.¢4k
Am

= 7- Idn
,
for art m- local Am

,
lie .

Am= Id
"

④ U ④ Idb: U acts on m qndits .
"

corrects m - local errors!

Expect : ground state spaces A 1- Pms are

QE Ccs
.

he Cui
,

etat & Qin - Wang . .
.



2. Measurement Enhanced TQC
Mita plecticanyohs : Labels { 91,2, 3,4}
dim (A) =t.int/zj--rdimlK)--2.SVl2)ydimlU-)--dinlXx1=1
Fusion : 1×01=0+02 2×02=0+02+04

Encode a qatrit :
1 '

I

g b 14
, b) c- { 44,194,1301?

2
0
,

I
,

2

Besides braiding add : Measure lift pair to
determine a. Projects onto {1031273? non-topologyThis yields universal model

.

( Cui
, Wang )

( adds a single qntrit galt . . .)



3. Beyond bosonic LDTPMS
.

- 12+1)tQFTs UMTCS
( Turner

. .. )

1- IF Spintdfts Super -MTG

1- 1) F
( Gaiolto - Kapustin)

€§ (31-1) TQFTS Spherical fusion
2-categories



Now ts include fermions ? Extra layer of
non- locality .3 choices : Super- Modular .

Spin - Modular

Fermionic Modular

Let 8 be a BFC ( braided fusioncat
.

e. E- ✗ { ✗ : Cxycyx
-

- Id it Yee }) snbcat .
yen 'd by .

.
.

The symmetric or Minger center .
G
'

is symmetric .

Modular : f
'

z Vee =TH> trivial .

Super- Modular/ slightly degenerate : G' Is
Vec

.



Svec : symmetric UBFC 2 simples : A,f

f- Ett
,

Cf,f=
- Idf# , 4=-1

,

tinct)=1
.

E-graded vector spaces 5- ( Y) , F- (ti)
.

So super- modular contains one transparent fermion
Thm:_ Let 8 be a VBFC & I c- f

'

mail
TannaKian : TE Rep (G)

. leg is either
modular or super- modular.

⇐ To classify ①BFCS
, study bird /super - mrd .

M_MEs : suppose B super - write . I 8 ME W/
BEG

.
Then dim (8) 32 dined .

When sharp ?



G MTC
,

Ba super- MTC .

6 is a minimal

modular extension AB it B c- 6
,
tim 181 --21dm (B)

.

NMEs exist? Yes ! Johnson- Freyd / Reutter 1 ' 211
.

How Many ? Exactly 16
.

Lan - Kang -Wen
A MTC G ? she is called spin - modular

.

Rank bounds ? BEE MME : 3¥B)srk( f) e2rHB) .

*Ian :
6 fold way : 62s Vee NMEs are

2 Cocky,Q ) & e. ( 74,25
"

I TC = 6174×74 , Q , ) twists : 1,51 , -1

I 3 F = 8174×74
.
Q2) twists = 1

,
-1
,

-1
,

-1

8 Galois conjugates of Ising .

4 prods .



If B is super- MTC ,

Spi §④f , ;) .tp=F④ / III.

(In partie : rk (B) even) 5
,

F invertible

but I ambiguous sign , however F- is well-

defined .

Do 5. F
'

give arep
A something ? Yes !

In SLC 2,23=442-3 index 3 subgp :

2s
,
E) = To

.

Topological Interpretation ? Yes !



Consider spin structure on T
'

Anti -periodic on both cycles :
-

A

snbgp d- MCG ( t)
preserving spin - structure : P

G .

Image ?

Th [Ng- Schauenburg] 5h12, 2) rep .

from MTC has
congruence kernel

: ? PINI
.

7
411 -=Im

.TN/Tb?-(Bonlarsoa,R,2hang.Wang)ChnsMME)
.

Also true for tf rep from 5hpm-MR



classification ?

Morrison - Jones - Nikshgch- R : rank - finiteness
for super - MTG

Examptes : split super
- MTG :D ☒ she

,

DMK
.

Let t be
any

fermion in a spin-14K
.

{ f- 5 : = { { ✗ : cafe# = It } ) is

super- Mtc .

MME thin ⇒ all of them .

E± SUH 12+44*2,501212+1

)2m+§ spin
- Mtg

split)m : rm=2modt

50124m : r -=m=zmod 4

(F- 7)4m11



Complete classification for rk 46 :( non - split ) :
PSU (2) 5- SVU , PSV( 4g ,

PSV ( 4
,,

vk : i t 6

Rank_8 : at least 3 : PSV(2)
µ ,
(F) £50114

,

& [ Psat
,
☒ Pslllljzz . ( prop ably complete)

condense fermion's?

Suppose we try
to condense fermions

.

5- =Atf

is a non-commutative algebra
.

f- ④ ✗ I ✗ or → E- graded Hom spaces .

f- ④ ✗ # ✗ Not linear
,
super - linen

.

I
fermionic - MTC

. pair of dims lily)



E PSU CDG : rank 4 super - modest .

{ 11
,

X
,
f. f- ☒× } → { 1,15} ( objet)

I
☒ '

=D +111111T

super- MTC → spin - MTC

which to use ?
fermionic - MR

g
Moore- Read

-
. .



Loop - like excitations pts in 423
. . . boring .

Loops in IR
>
: interesting .

Any (3+1) TAFT : M
'
→ HIM

' )

In analogy w/ 2☐ : motions of

points in Sims reps .

Motions of 1- manifolds mi M
}
my

reps .

I ¥0



MA ion Groups Dahm
'
62
,

Goldsmith
'
80,

NEM submanifold
A main A N in M y

'

an
ambient isotopy fth, ⑤

A Nin M set
.

⑦

1. to = Idm
2 . f

,
CN ) = N as a submanifold

f- is stationary if FINK
N ft

ft g if g-
'

of ~ a stationary motion .

In : homotopic )

M ( M
,
Nl motions le

.



Example l ( McCool
,

Fenn
-O
'

Roarke - Rimand is . . .)

or S

Loop Braid group

size

'

MCD?
"

s
'

) 3 Bn h

:



Example 2 ( Bellinger -Bodin)

MCs ?N) =NBn3Bn

H- I

i
'

-

. . . T

Necklace Braid Group
Levin-Wang
PRL ' 14

TP Ms t



Example 3 ( Goldsmith
,
Qiu-Wang)

Torn} Links TL /hp
,
how

0¥
Ji : interchange i. it , components

ri : rotate ith comp . by Zitlp

satisfy Bnrels .

!



Work w/ P
. Martin & others

.
.
.

Study reps d- Motion gps .

key : usually Bn is a snbgp . So lift
known reps .

1. Getting reps directly from (3+1) TQFT is

hard
. . -

2
.

We can get non - S.s. reps , which could

be more powerful . . .
Thank You !


