
Comments
on Clifford QCA Symmetries

(work in progress with Shu-Heng Snow

Consider a Itld quantum lattice system :

->QM system I; & site j with dimtlj = finite.

-> Total system : (Forms spatial lattice)
Hj Hj+#·

…⑧·

Hilbert space of finite region ↑ is

eg) qubit system : Hj =
2

=> onsite operator algebra : Aj = Mc (4) = Spane [2 .
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What is a symmetry operator ? (Nat's talk

#rictly locality-preserving Unitary symmetrics => a QCA &

->X is a A-automorphism of the operator algebra St a (02)
has support on [j-R - -R +

.
...tRY (R = range of a

->> Finite lattice => a(Oj) = UnOjH] for unitary Ua
.

Examples in gubit Systems (assume Finite lattice /
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Yesnononsite FDQC II CEj. s+ 1 ↑mononsite
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YesLattice translations
non-FDQC
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(localitypreserving with tails(finite time evolution(

Question : How much of the QCA landscape is compatible
with ou usual perspectives of symmetry
eg) gauging ,

anomalies
, onsiteability

Consider Simple Scenario :

1) qubit system with Clifford GCA Sym op

-> a QCA that mays Pauli Strings (cXz) to Pauli strings.

-> Interesting case
.

2) Cyclic Sym grong
G = 1 = En 02

/

Example : x(Xj) = Zj α (Zj ) = Zj- eXiZzt

->
unitary U = TEHTTHy => clearly a FOQC.

↓ Hadamard gate *(X + zj)

-> operator spreading under &" (ignoring overall phase
-
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↑
Won't show groofs. It all matches intuition.

->Can grove the following :

1 infinite lattice
」

<∞ = 흉{ even L sites,

다 odd L Sites.

2) There are no local symmetric operators .

(besides 1

-> like lattice translations. but a is a FDQC-

3) There are gliders (local operator Of St. <(02) = Ofty

glider

=Vi/
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= Z
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、 j

-> all gliders constructed from Lj , Rj .

4) Each Symmetric local Hamiltonian takes the form

He([L) + Haldris

with tur translation - invariant

→ Eramgle : トにななにくなな ↓+なa )

= Unitarily equivalent to( + YYi/
=> It is R= 15 compact boson

. (9) becomes I?
↳ A reason to care !Interesting

:

5 No symmetric gapped Hamiltonian with unique ground state

It1d <) Sym.



- EverySymmetric H also commutes with Y=YI
and (Y)x(x)=x4 has an anomaly.

Expectation : There is an SPT Hamiltonian after tensoring in

ancillas. May require as-dim ancillas.

6 A is not onsiteable b gliders

7) Conjecture: (1) cannot be garged

-> Intrition : no local symmetric operators
(More detail : obstruction to find commuting gauss operators

Generalizations

There are 3 types of translation - invariant cQCAs

(Gütschow et al 0906. 3195)

1) Periodic cQCA => α
"

= し

2) glider cQCA = a has gliders

3) Fractal cQCA = a"transformation is diffusive.

(generic transl-inv CQCA is
a Fractal cQCA

-> Example: a(X) = zg x(zj) = zj-Yjzj+

Uç=TSi SezzjmZj→

(d) = 1 and H= const is only sym Hamiltonian.
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;.Symmetric local of
Sometimes↑ Sometimes ?Gauge-able !

* อOnsiteable? Sometimes

Yes No-nontrivial Sym Ham?

I SPT Sometime SometimesHamiltonian ?


