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Floguet time crystal

Decomposition of Floquet cycle: Floguet Hamiltonian (MBL)

«— Floguet period
Up = e_iHFTX
/ t

Floquet unitary (one period) Zx symmetry action (X"=1, [X,H]=0)

Example: 1D Ising model: [Khemani2016, Else2016]
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Floguet time crystal

Decomposition of Floquet cycle: Floguet Hamiltonian (MBL)

«— Floguet period
Up = 6_iHFTX
/ t

Floquet unitary (one period) Zx symmetry action (X"=1, [X,H]=0)
Example: 1D Ising model:

Hp =Y Jiojoj |+, X=]]o}

local integrals of motion

R N U I e




Chiral Floquet phases



Chiral Floquet phases

Integer chiral Flogquet phase:



Chiral Floquet phases

Integer chiral Flogquet phase:

buk _L—+e Ur
gubit > T:I




Chiral Floquet phases

Integer chiral Flogquet phase:

boundary qubit shift by 1 site
\A. O—>-0

buk _—>® Ur

qubit > 1 T:I *

<4



Chiral Floquet phases

Integer chiral Flogquet phase:

boundary qubit shift by 1 site
\A. O—>-0

buk _—>® Ur

qubit > 1 T:I *

<4

“Fractional” (radical) chiral Floguet phase:

boundary qubit shift by 1 site
N

® O—r-0




Chiral Floquet phases

“Fractional” (radical) chiral Floquet phase:

How to shift “half a boundary qubit” per cycle on a bosonic lattice?

every gubit shifts by 1 site
= every 2 Majoranas shift by 1 site

boundary : : :
. = every Majorana shifts by 2 sites
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Chiral Floquet phases

“Fractional” (radical) chiral Floquet phase:

How to shift “half a boundary qubit” per cycle on a bosonic lattice?
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Chiral Floquet phases

“Fractional” (radical) chiral Floquet phase:

We can shift “half a boundary gubit” per cycle on a bosonic lattice.
What about the bulk?
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“Fractional” (radical) chiral Floquet phase:

We can shift “half a boundary gubit” per cycle on a bosonic lattice.
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Chiral Floquet phases

“Fractional” (radical) chiral Floquet phase:

We can shift “half a boundary gubit” per cycle on a bosonic lattice.
What about the bulk?

Single Majoranas are not "physical”
and does not exist without the bulk!
/‘.‘N
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Chiral Floquet phases

“Fractional” (radical) chiral Floquet phase:

We can shift “half a boundary gubit” per cycle on a bosonic lattice.
What about the bulk?
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Z Symmetry action
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Radical CF phase as time crystal

Without boundary:

X = 1,m:e,f

With boundary:
es B
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Xobc — 1,m’,*e,f

Z Symmetry action

Up = e "rl X «— o1 xm)-0)

\
Floquet Hamiltonian (MBL)

2 Indeed a time crystal
X7 =1 with N=2
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Radical CF phase as time crystal

- Z Symmetry action
UF — 6_ZHFTX “« (XA:L[XaHF]:O>

Without boundary:

X = 1,m:e,f

With boundary:
es B

O ®

Xobc — 1,m2e,f

\
Floquet Hamiltonian (MBL)

2
X7 =1 with N=2
O—>-e
Xo2bc:¢ \ 7&1

Indeed a time crystal
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Radical CF phase as time crystal

Without boundary:

X = 1,m:e,f

With boundary:
es B

O ®

Xobc — 1,m’,*e,f

Upr =e°

X’ =1

Z Symmetry action

HFTX “ (XV=1,[X,H{=0)
Floquet Hamiltonian (MBL)

Indeed a time crystal
with N=2
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Anomaly of a lattice symmetry

A G-rep is a group homomorphism
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Anomaly of a lattice symmetry
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A G-rep is a group homomorphism
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Conclusions

 Anomalous time crystals fail to be time crystals (of the same N) on OBC.

* The radical chiral Floquet phase is an example.

« They are classified by the anomaly of the Zy-rep X characterized by the
group cohomology H?[Zn,mo(QCA,_,)]
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