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Phases of matter

● Same phase↔continuously connect
● 1937: Landau theory 

Image: https://web.stanford.edu/~peastman/statmech/phasetransitions.html

Ising model



  

Phases of matter

● Same phase↔continuously connect
● 1937: Landau theory
● 1972: Topological order 

Toric code

Image: https://en.wikipedia.org/wiki/Toric_code, https://web.stanford.edu/~peastman/statmech/phasetransitions.html



  

Phases of matter

● Same phase↔continuously connect
● 1937: Landau theory
● 1972: Topological order
● More recent: SPT (symmetry-

protected topological) phases

→ continuously connect without 
breaking symmetry 

Image: https://en.wikipedia.org/wiki/AKLT_model

AKLT model



  

MPUs (Matrix-Product Unitaries)

 J Ignacio Cirac et al, J. Stat. Mech. (2017) 083105
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MPUs (Matrix-Product Unitaries)

Each MPU                            has a standard form with unitaries u,v

unique up to blocking & gauge transformations. 

 J Ignacio Cirac et al, J. Stat. Mech. (2017) 083105



  

Connecting MPUs without symmetries

 J Ignacio Cirac et al, J. Stat. Mech. (2017) 083105



  

Connecting MPUs without symmetries

Definition index

MPUs continuously connectable
⇔ same indices

 J Ignacio Cirac et al, J. Stat. Mech. (2017) 083105



  

Connecting MPUs without symmetries

Definition index

MPUs continuously connectable
⇔ same indices

Bonus: u, v continuous along path

r=2, l=1:

 J Ignacio Cirac et al, J. Stat. Mech. (2017) 083105



  

MPUs with symmetry G

=

Acts on MPU as a linear
representation
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=
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MPUs with symmetry G

Acts on MPU as a linear
representation

Acts on standard form with a
linear representation

=



  

Equivalence & cohomology class

MPUs are equivalent

⇔

can continuously connect them
without breaking symmetry, after
• blocking
• adding ancillas with arbitrary rep. of our choosing



  

Equivalence & cohomology class

Definition cohomology class

linear rep.

is a projective rep.:

Each set of [ θ(g,h) ]
(up to absorption into x)
is a cohomology class

MPUs equivalent
⇔ same indices & same
cohomology classes



  

Example: nontrivial cohomology class

“topological time crystal”



  

Example: nontrivial cohomology class

ind 0, no SPIs

nontrivial
cohomology

“topological time crystal”



  

Strong equivalence & SPI

MPUs are strongly equivalent

⇔

can continuously connect them
without breaking the symmetry, after
• blocking
• adding ancillas with same rep. as original MPU



  

For                :

Strong equivalence & SPI
Definition SPI

(symm. protected index)
MPUs strongly equivalent
⇒ same SPIs & same
cohomology classes



  

For                :

Strong equivalence & SPI
Definition SPI

(symm. protected index)
MPUs strongly equivalent
⇒ same SPIs & same
cohomology classes

Can measure the relative SPI
 
with a Lohschmidt echo
experiment



  

Example: trivial ind, nontrivial SPI

bilayer SWAP circuit



  

Example: trivial ind, nontrivial SPI
has three irreducible reps:

for t=0,1,2 and g∈G
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Example: trivial ind, nontrivial SPI
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Example: trivial ind, nontrivial SPI
has three irreducible reps:

for t=0,1,2 and g∈G

equivalent
to identity

not strongly equivalent
to identity



  

Applications beyond MPUs
● Quantum cellular automata
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Applications beyond MPUs
● Quantum cellular automata
● Inhomogeneous locality-preserving unitaries
● Finite time dynamics of 1D local Hamiltonians
● Edge dynamics of many-body localised Floquet systems

→ find new class of 2D SPT
      phases characterised by SPI

fractional symmetry charge
pump picture



  

Summary arXiv:1812.09183

MPU standard form
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Summary arXiv:1812.09183

MPU standard form

Symmetry action

Symmetry protected index (SPI)

Equivalence of MPUs
⇔ same indices & same cohomology

Strong equivalence of MPUs
⇒ same SPIs & same cohomology



  



  

Details bilayer
SWAP circuit
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