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» Phases in open systems
» Matrix product density operators (MPDO)
» Renormalization fixed point MPDO

» Results:

» Examples for RFP MPDO
» Some of the examples are in the trivial phase
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» States, not Hamiltonians

» Same phase = equally hard to prepare
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» Operational definition: classification of states
Coser, Perez-Garcia, Quantum. 3, 174 (2019)

» Same phase < equally hard to prepare

» Operations: local Lindbladian for short time

“L1(p1)
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pr—p2 if ppme

pL<p2 if p1 A et

> Same phase: p1 ¢ p2
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> p— (Id/d)®N for all p:

1d®"/d" = T®"(p) with

T(X) = Tr{X} - 1d/d.

> If (Id/d)®N — p, then p is MPDO:
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> p— (Id/d)®N for all p:

1d®7/d" = T®"(p) with T(X)=Tr{X} Id/d.
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» Trivial phase: MPDO



So far...

» Phase: shallow circuit of local channels
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» What are the MPDOs in the trivial phase?
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Renormalization fixed point MPDO

Cirac, Perez-Garcia, Schuch, Verstraete, Ann. Phys. 378:
ZCL # No length scale ~ RFP

Def.: an MPDO is a RFP if 4 CPTP maps T, S:

b ST =

RFP = No length scale = ZCL
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So far...
» RFP MPDO: 3 CPTP maps T, S:

T 4 4 T

» What are the RFP MPDOs in the trivial phase?

» Prepare w/ shallow circuit of local channels
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» Boundaries of topological order
» String-net: Unitary fusion category
» MPO tensors: Sahinoglu, et. al., 1409.2150
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Renormalization fixed point MPDO: Examples

» Boundaries of topological order
» String-net: Unitary fusion category
» MPO tensors: Sahinoglu, et. al., 1409.2150
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» Bimodule categories: Lootens et al., Scipost Physics, 10, 3
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Pentagon equation:
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Renormalization fixed point MPDO
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Renormalization fixed point MPDO

e

» Sand T are CP, but not TP
» The MPO is not ZCL
» After normalization, MPO is ZCL, and S, T are CPTP




So far...

» RFP MPDO from string-nets
» Which ones are in the trivial phase?

» Which ones can be prepared w/ shallow circuit of local
channels?
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Creating RFP MPDOs with local channels

» Depth-2 channel

» Throw away and prepare: X — TrX - p,
> Glue
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» Gluing only works in special cases:

» 1D vacuum sector
» Only vacuum sector
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On the structure of the MPO tensor
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» {a,b,c,...}: objects in unitary fusion category. Fusion rules:
axb= Z N5,
Cc

» Vacuum:
exa=axe=a

» MPO is block-diagonal, each block is injective

R AR

» 1D Vacuum: O, = Id®"
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The gluing map (1D vacuum)

» Special self-adjoint projector MPO:

pzzz’;.%... ﬁ

» Pulling-through equation:

da a a a da a a a
a a

Bultinck et al., Ann. Phys. 378 183-233




The gluing map (1D vacuum)

The gluing map:
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The way it works:
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Conclusion

Phase classification for mixed state
Renormalization fixed point MPDO
Examples from string-net

A subset of them is in the trivial phase

Conjecture: MPDO from Fibonacci is not in the trivial phase



