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Abstract: The Floquet code implements a periodic sequence of two-qubit measurements to realize the topological order. After each measurement
round, the instantaneous stabilizer group can be mapped to a honeycomb toric code, thus explaining the topological feature. However, the code aso
possesses a time-crystal order distinct from a stationary toric code - an e-m exchange after every cycle. In this work, we construct a continuous path
interpolating between the Floquet and toric codes, focusing on the transition between the time-crystal and non-time crystal phases. We show that
this transition is characterized by a diverging length scale. We also add single qubit noise to the model and obtain a two-dimensional parametric
phase diagram of the Flogquet code.
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* Introduction
* Floquet to non-Floguet phase transition
* Floquet - toric phase diagram

* Open question
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Introduction

Condensed matter phases

Emergent behavior
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Introduction
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Introduction

Effective toric code on the superlattice
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Floguet to non-Floquet phase transition
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e-m automorphism that breaks the
time translational symmetry!
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Floguet to non-Floquet phase transition

Xe Xm
How to see the e-m exchange?
Ze
|. Circuit preparationt = 0:
+ measure all the plaquettes
+ measure an e-type loop along x-direction and an
el Z
e-type loop along z-direction s
Il. Circuit evolution:
+ measure all the red and blue links
+ skip random green links with probability p,,
event odd t event
[ll. Circuit monitor:
+ measure the original x-direction e-type loop G(t) = (E(t))? XesZed —» XmZm} - (Xe Ze)
after every red round a l 1

(Xg} = =+1 (Xe) =0
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Floquet side non-Floquet side
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Floquet side non-Floquet side
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G.(2t) = G(2t) — G(2t + 1) ~ A e Pt
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Floguet to non-Floquet phase transition
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Percolation in triangular lattice
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Percolation in triangular lattice
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Damping at the critical point

......... Blue round
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Floguet to non-Flogquet phase transition

What happens at the critical point?

1) Dominant cluster ceases to exist

-> impossible to find a long -path -> e-m exchange is destroyed

2) Distribution of domain wall length P(l) ~ e~!/¢.
+ Away from the critical point, ¢ finite -> P(L) exponentially suppressed
+ At the critical point, & — oo -> P(L) is size invariant

3) Critical properties agree with percolation transition on a triangular lattice
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Floguet — toric phase diagram
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Floguet — toric phase diagram

single-qubit error: measurement X; X, -> two measurements X; and X,

anti-commute with plaquettes!
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Flogquet — toric phase diagram

Tripartite entanglement entropy (L =24)
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observe the non-trivial Floquet —@— Uncorrected
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Better way: Floquet topological invariant

Band topology Topological order

Static2D  Topological entanglement entropy
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Open guestion

observe the non-trivial Floquet
properties w/ single-qubit noise?
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Floguet — toric phase diagram

Tripartite entanglement entropy (L =24)
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