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Flavors of Any ons

Let # c- E be a simple / End (HEE) object .

HI
✗ ✗ . . -

✗

y
) Bn

✗ is

Abelian if pl Bn) is abelian for all n, Y.
Von- abelian otherwise

,

flow to detect this ?



Let 8 be UMTC ( just fusion is fine)
,

Irr/ 61=914. }
.

✗ c- 8 : ✗④ Xi=~¥m×ijXj .
Define fN×] = my;j

the fusion Matrix AX
.

ji

Kolb)=(Irr 111
,
④ +0,111) is a ⇐ ring 1 commutative )

(X) /→ Nx is a rip .

Ko(e) → Match

[ ✗
*]→ Nxt

Define :
FPdim(✗)=maXSpedN× ) : the

Frobenius - Perron dimension
.



form properties :

FP dim ( X ) is an algebraic integer
( charm,i✗ ) is monic )

FP dim IX) c- R
,

31
.

fpf : Ny is not nilpotent

FPD ;m(X) = dim 1×1 for unitary f. Denali : d×

Define FP dim 161=84%12
✗i

Fpdiml b) is totally positive (all Galois conjugates /
are so

dim (Hom 111 , ✗7) ICHI
asymptotically .



E± Fib : Vn= Homctt, ¥4 has dimly / =fn
Fibonacci numbers

.

d-
E- Y

= 1T¥
fnac.ph

Suppose d×=1 .

Then dim / Homo
,

✗
*

4) c- {o, B.
(✗ is simple & so is ✗

☒n

th
.

)

so
. . . Bn action is abelian ( 1- dint rip.)

hence ✗ is abelian
.

Conversely ? Yes !
Thm:_ [ Kwang] ✗ is abelian if d×=1 .
(Deth : bis pointed if all simples are abelian)



Assume a Ia? If da > I
t b -1-11 S.t. Naba -1-0 . so #

"

c- Hmla, a④b)

(axon -1=1.1

⇐Eros

b b

1choicest basis •

= Ria ☒SI
.

•

9 a 9 9



Suppose fléioirzrp = 8- Id
.

Jt Is
appose

gig
orbit'm)then :

V. Id
.

->

Degeneracy of
9 g

- q•

A contradiction ! grinndst④
Since da > I dimtl.nl/s.Xa*Y-xano#?abe1isn



Given ✗ c- 8 simple
,

set HE,= Hom 1×74,1

t
so Bn hits as follows : prer . lec

. switchedleft us
. right

¢Bn→ End ( ✗
④Y action

9- I→ II c,×☒I✗④lh
- i - 1)

End ( MY acts via 0 on ⑦ this
b

Bn ITUIH
"

)
b

h
,
b
.

Define : a <→ 4=11 has prop .

Fit Ipt 1<6
th

.



Generally
,
if a does not have prop .

F then it

yields universal Tac
.

Abuse notation : a is

quasi - universal if MY Bn) / =D .

( ✗ = ✗a)
.

E± G a finite gp , we 2
>

( G
,

V11 )) a 3- cocych .

quasi -Hopf alg . DWG has Rep ( DWG) an MTC .

Associated ts Dijkgraaf -Witten TQFT.
f- Pdiml Rep DWG) =/ GI ? d.

✗
e-Z H ✗ c- Rep ( DWG) .

Thin:[F- tiny A-Witherspoon- R] Each ✗ c- Rip / DWG)

has prop .
F.



Jones : 5427,2 : 121=1,34 gen . obj . is quasi- universal

12=1,2 ort all objects have prop .

F

Easy : abelian any ons have prop . F.

quasi - universal prop .

F

General pattern ?

Conj . 12007,12- Naidu) : ✗ c- 8 simple has prop .
F

if 4×14-2 .



DI± ✗ c- 8 simple is weakly integral if
4×14-2

.

conj : weakly integral if prop .
F.

A major source A examples :

oy simple Lie alg . q=e
"""

a root of unity
Uqoy → Ploy, e) a modular category .

→sky , some restrictions)
Also use kac - Moody → level preserving ④

Faire



Interesting case : 501µL .

( Uqtocn , q=e*%" Nott . .)
simple objects have d

✗
c- { 1,2

,VN.VE}
( called Metathetic anyone) [ if
THT:[ R-Wente] All ✗ c- 501N)

,
Neven

.

Have prop .
F.

TI:( Various) If ✗ c- flag
,

e) is not weakly

integral then
✗ is quasi - universal .

Th / Green - Nikshych) .

If 6 is weakly group -

theoretical then all ✗ c- 8 have prop . F.



Weakly Group Theoretical : Obtained from
pointed or Ising categories via symmetry
ganging ( defined later)

.

Grip (Drinfel d)Weakly Group Theoretical Iff
weakly integral .

Upshot : We can conjecturally characterize
sources A Universal Tac by a simple
measurement : (lax )?



One More connection

Perspective : Fault - tolerance A TQC is

the to non- locality .
Simulating TQC on

QCM uses a hidden locality Sn⑦Snt=Y④
"- ")
[ non -

comp .When is there direct locality ?
space

E± Rep ( DWG) : objects are ector
spaces !

2 actions d- Bn : on V④h & on ?⃝ Hom/V54)
these give essentially the same reps !



Local Bn reps ? Yang - Baxter operators !

( R ,W ) Rt Antar 2) S.t.

a. ↳ I
R④I④ "

-" "
gives a Bnrep .

( check for A- 3)

Braided Vector space .



✗ c- 8 is local izabk if 3 a localization of

Hi
,
Hi )

.

Ising r is local izabk

Fibonacci c- is hot localitabk
.
. .

Conjecture Anions are either

local izabk non-bcalizabk

Weakly integral
OR non- weakly integral

quasi - universal

prop .
F hard invariants

classical invariants



In fact
,

ts prove ✗ c-501N)< ( d✗=rNrÑ¥ ) ispnpy
.

We show : ✗ is localizabk w/ ( take Nodd )

R=¥ÉiqFvii-i.ge#iYUeixoej--fei+YejHj--o
which gives finite Bn images .

To verify universal from quasi- universal :
Use Lie Theory :p :B , → UM irred

.

what is plBnT ?

Look at eigenvalues of peril .ms/V- eigenvalue
problem .

[ FLW
,
LRW]

.
.

.



Set ↳ = PCBNT
, g =p 191 . . .

classify pairs w/ N- eigenvalue prop .

E± c- Fib
. anyone Vn=H.in/M-,t*YdinfVn)=fnp:Bn-UlVn1

plop has 2- eigenvalues : f- 1,43 95=1
.


