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Phases with non-invertible symmetry

What: study gapped and gapless phases in (1+1)d with
non-invertible (categorical) symmetry S

a®b:ZN§bc,

Why: to understand exotic new phases and their
phase transitions = Categorical Landau paradigm!

How: using the SymTFT which is a (2+1)d TFT 3(S)

a,b,cec S

e Anyons: topological lines

e Condensable algebras

sym %phys
of anyons <+ phases B =S
e Maximal condensation of 3(S5)
anyons on both boundaries
= gapped phases
phys
Bs' LA B

e Non-maximal condensation

of anyons: interface 14 3(S) 3(S")
=- gapless phases

Symmetric gapped phases
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Symmetric gapless phases

Gapless phases ++ non-maximal anyon consensation on Z 4
n = number of anyons condensing on both BY™ and Z 4

e gSPT: gapless symmetry preserving phasen =1
e gSSB: gapless spontaneous symmetry breaking phase n > 1

e Intrinsically gapless (igSPT or igSSB) phases: can only flow
to gapped phases by spontaneously breaking symmetry

gSPT vs. igSPT for Rep( Ds)

There are 16 gSPT phases + 1 igSPT phase

e A gSPT is given by a subalgebra of both SSB and SPT phases
= it can become gapped while preserving the full Rep(Dsg)

e An igSPT can only flow to an SSB

igSPTn =1 gSPTn=1

. — |

gSSB vs. igSSB for Rep( Ds)

n = number of anyons ending on both 8™ and %g*;ys

e SPT: symmetry protected topological phase

n = 1 symmetric ground state w0 3 S
e SSB: spontaneous symmetry breaking phase o
n > 1 ground states related by S v\S/

Non-invertible Rep(Dg) symmetry

Dy (a,b| a*=0b*=1, bab = a”)
Rep(Ds) : 1, 1., 1p, 1pg, 2
2R2 =191,91, 1, <+ non-invertible fusion
Anyons are labelled by (|g], R).
The symmetry algebra for Rep(Dy) is:
Arep(py) = ([1],1) @ ([a], 1) @ ([a”],1) @ ([b],1) ® ([ba], 1)

We computed all possible condensations of anyons for
S = Rep(Dsg). There are 38 possible phases!

Gapped Rep(Dg) phases

o 3 ZogSSBswithn = 2

e 4 Rep(Dsg)/(Zs X Z3) gSSB with n = 2
e 3 IsingigSSBs withnn = 3

all gapped phases have n # 3 = n must increase
only these phases can flow to the Rep(Dg) SSB withn = 5

Ising IgSSB n = 3 Z.5 8SSB n = 2

Full Rep(Dg) phase diagram

Canonical Rep(Dg) gSPT

L T

gSPT gSPT gSPT gSSB gSPT gSPT gSPT
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gSPT | gSPT | igSSB | igSSB | gSSB | igSSB | gSPT | gSSB | gSPT | gSSB | gSPT | gSPT | gSSB | gSPT | gSSB | gSPT | igSPT | gSSB | gSPT

There are 11 gapped phases:

e 3 SPTswithn =1

e 3 7-SSBswithn =2

e 1 Rep(Dsg)/(Zy X Zs) SSB withmn = 2
o 3 7o X Z2SSBswithn =4

1 Rep(Dg) SSBwithn =5

SSB Rep(Ds) SSB SPT SSB SSB SPT SSB SSB SSB SSB SPT
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