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Abstract: | will describe a framework for the study of symmetry-enriched topological order using graded matrix product operator algebras. The
approach is based upon an explicit construction of the extrinsic symmetry defects, which facilitates the extraction of their physical properties. This
allows for asimple analysis of dual phase transitions, induced by gauging a global symmetry, and condensation of a bosonic subtheory.
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A Motivating Example
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Toric code
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Defects in a topological phase

(Unitary G-Crossed Braided
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arXiv:1410.4540 Barkeshli, Bonderson, Cheng, Wang
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Pentagon
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Toric code with twists Z(Vecyz, )z,
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Double Ising: Z(Ising)
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Back to the lattice
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String-net models
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(r-graded SET String-net models
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E.g. Toric code
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E.g. Toric code
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E.g. String-net
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Double Ising
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With a global symmetry
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Toric code w/ twists
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What about an\éons and
defects:
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Defect tube algebra
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Finding the emergent SE
(GXMTC)
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Gauging and Rep(G)-condensation
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Gauging an SPT - Vecg — Z(Vecg)
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Rep(G)-condensation via MPO symmetry breaking
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Examples

Pirsa: 17080013 Page 85/94




Toric Code

— i i
| R _
I
- I I I
— i i
i i i i
i i i i
[ I I I
o O o o
o o o <)

Page 86/94

Pirsa: 17080013



Pirsa: 17080013

Double Ising

(L,1) =

(0,1) =

Ann + 224 As010 + Aryay)

al/d %t | 1
‘errl + 2 / €S’ A‘LTImfr 2 / 'im oo + €2 -lmeTL'-‘)

_L'rm'rl +21/'1f_8 _l lo rr+ )l/l( 8 _lm ('rrr“l’f -“)_ _L‘mf"'f;")

(

1 (

=1 (;

(m TR e D 41)
( Aywus + 24 Ayoyo — 4,)

( Hl”f‘f(rl o 21/1]"_%4401(70' v x 21”(‘%‘40‘3‘%0’ = ()7;14'41'7(7"’"5’)

( TPRRRNE LT S SRR, L T O «’-Z‘Am,,,,,.)
il

3/
Ay — 224 A0 + Ay 1:)

( _lllll = -l! nppl = *;llt,"'l-r," + *—1{,"‘1_1;’I?f_‘)

[\J|'—|-—|D—‘4——\'—H— r—-J—l—A— >—=4—|0—A— i—*.-—lo—

Page 87/94




Pirsa: 17080013

Condensing Z,

(1.

1)

/ al/d  If 9l/4, '-‘i_
“errl -+ 2 / €s m i 2 4 opoa +e2 -lrrm'nj-')

Asool +21/ '_8—%—_“{" )l/l( L3 erf 3 “lrrrrt‘!'f;")

flm‘ml +2]/l tr‘rlnan )I/I( £3 erszmmﬁ)

. .-1.-1m,* .-1.-1J’L",i .
4400('?] = 2 / e 8 Agige T+ 2 / e 9 aaa Te ¢ 44000{,')

Page 88/94




Pirsa: 17080013

Condensing Z,

L =

(0,1) =

——
.
o~
—

(41111 + Ayppypl

r\.al—'.‘—!v—'-u—\—'.-'— — s | o | s | | |

A al/4 3 ~Zi
SAsTes + 2/ e Anyes + o7

trn aa +ed '{nmﬂ,'!)

1 3 i

flrrrrrrr,r)

l,ﬁ_ 1/4 %5
Slnlnn+)/ mna+’z{nnm)

91/4, T 4 91/4 , = e -
~{rr(r(rl “F 2 / e 8 Agice + 2 /e 3 aaa TE ¢ 4{nmfn_')

e *;l L)1) + »—1 1) )

Page 89/94




irsa: 17080013

A1111

Ayt
A1y
A1y

A1111 + Ayyyr T Arp1y T Apayy
Ar111 + Ayyyr — Ay — Apryy

Ar1111 = Ayyyr T A1y — Apryy
A1111 — Ayyyr — Arp1y T Ayayy

Page 90/94




U: e m

Ar111 — Ay > Ayyyr T Aypayy

Aj111 A1111 + All)lj)lf)l 53 Alww g Awww

A'I“P'Pl A + A — A — A

i 1111 Y1 1Y 1y Y1y
Y1y A1111 — Awwwl ik A11,b11p = Al/JlW

A1y Ar111 — Ayyyr — Ay T Apayy

irsa: 17080013 Page 91/94




Looking forward

* Constructing transversal gates in topological
codes

* More general boson condensation transitions




* Tensor networks describing SET states have
matrix product operator symmetries

* By studying these MPOs we extract a graded
fusion algebra

* From this we can construct a dube algebra to
extract (all) information about the SET order
in the system




Questions?

"Dad whys my sisters name rose"
"Because ur mother loves roses"
"Thanks dad!"

"No problem, Ocneanu's tube algebra "
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