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Abstract: <p>The condensation of bosons can induce transitions between topological quantum field theories (TQFTS). This as been previously
investigated through the formalism of Frobenius algebras and with the use of Vertex lifting coefficients. | will discuss an alternative, algebraic
approach to boson condensation in TQFTSs that is physically motivated and computationally efficient. With a minimal set of assumptions, such as
commutativity of the condensation with the fusion of anyons, we can prove a number of theorems linking boson condensation in TQFTs with
algebra extensions in conformal field theories and with the problem of factorization of completely positive matrices over the positive integers. | will
present an algorithm for obtaining a condensed theory fusion algebra and its modular matrices. In addition, | will discuss how this formalism can be
used to build multi-layer TQFTs which could be a starting point to build three-dimensional topologically ordered phases. Using this formalism, |
will also give examples of bosons that cannot undergo a condensation transition due to topological obstructions.</p>
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Primer on category theory

Axioms for condensation transitions

Algorithm for condensation

CFT interpretation

No-go theorem for condensing bosons
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Finite set of anyon types: a,b,c... 0 b
aXb= IEE::: (tb (!b = 22::>()
.
Unique vacuum O: Oxa=a, Va
Unique antiparticle: axa=0+...
Commutativity axb=0bxa
Associativity (axb)xc=ax(bxc)
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Topological spin =0,
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exm=f
exe=mxXxm=fXxXf=0
de =dm =df =1
be=0n=1, 6;=-1

ocxXxo=0+4+1Y non-Abelian

oXY=0
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1. ldentify some boson(s) with vacuum

2. Derive new consistent T
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required for anyons in U

Consistent spin assignment % t =Y (X} an'
r

|

Z ()(,,‘H..:".(.Z”, qdif:  for anyons in U

(¢

=0 for confined anyons in T /U

We can prove this under reasonable assumptions (U is modular

tensor category, ...) for
1. “Simple current condensate” (abelian Boson condenses)

2. theories with one confined particle
3. ... soon more?
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nonnegative, symmetric integer matrix M,. := E n'n'
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Given modular tensor category A

Find nonnegative symmetric integer M with

(M,S]=0 (M, T]| =0 Myip=1

Find n that satisfy M =nn" Integer matrix
factorization is hard

-~ -~

Find unitary solutions S, T to

Sn =nS Tn =nT
Confirm that solutions describe modular tensor category
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|
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M’[’b] =0 : 1 100 0000
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] V2 o1 .
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Algorithm might find spurious solutions, but will find all possible
condensations

Central charge is conserved under condensation (mod 8)

Total quantum dimensions are constrained by “size” of condensate q

q:DA/DU Dy > Dy
¢ = D%/D7
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Can show that some bosons cannot condense

Known example: TXT=04+T7
; 1 h _ Hidm/5 — =
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P e = ) 2

r -
In 5 layers, 77777 is boson, for 9'7’ =1

Consider the (00000), (70000) element of
]\"{ts']p'])(.")) == LSF“)(.";) A[

1

1
Es@ ) __}:_ . |
g "SFH)(”):u,(T(}{){)()) _' D ('l”‘]\'[fl-.(TUU(}U)
acA a€A

n? H4
((ff) ~ Nirrrrn)? ) > 0

Pirsa: 15100065 Page 18/20



Pirsa: 15100065

Proof for

Our formalism

Fibonacci is SO(3)s.

of layers of Fibonacci

Journal of Algebra 355 (2012) 176-204
Contents lists available at SciVerse SclenceDirect
A
prenrgd Journal of Algebra

www.alseviar.com/locate/jalgebra

Commutative algebras in Fibonacci categories

Thomas Booker®!, Alexei Davydov?*?

We generalized the proof:
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of condensation in category theory
“numerically” tractable
relates to problem of factorizing integer matrices

analytically useful (e.g., proof of noncondensability)

understand layer-graded condensation for topological order,
e.g., on the surface of topological superconductors

non-modular theories and fermion condensation

bulk-boundary correspondence in topologically ordered states
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