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What is a Quantum Cellular Automaton? Why?

o Algorithms for simulating Quantum Physics;
e Quantum Theory from principles of information processing;

QCA: most general
e Unitary

e local ' e Discrete Quantum Field Theory model?
o time-discrete
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Free Theory: Dirac QCA . Introducing interactions: Thirring QCA

Assumptions:

e isotropy

e homogeneity

« minimal internal dimension

Update rule: either flip or shift e QCA counterpart of Thirring model;

« most general on-site number preserving interaction.
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In the low-mass (1) and low-momentum (k) regime, it recovers the dynamics
described by the Dirac equation of Quantum Field Theory.

Bethe Ansatz solution
Aim: Find eigenstates of the interacting S S
What is quantum integrability? eigenvalue equation for the massless S8S 0 " interaction ntemction
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No formal definition, loosely speaking, we call a Thirring QCA. W= - X N ==== EBXEE
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Many-body H ( Pairwise )
interactions interactions
Ansatz: Anti-symmetric superposition of Pk, a)) = [0), + ) s + [0) s, + 1) o

same-energy free eigenstates (i.e. plane waves).
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Consistency condition:

: P and artition the coordinate space, based
Yang-Baxter equation Qp p

on the relative ordering of the particles.
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Solutions: We map the solutions on a directed graph 1’5 = {Ta(o, ) }a,res N .
Traditional approach (e.g. Hubbard model)

Each sub-graph is associated with a particle ordering and a permutation of spins and momenta:

Closed spin chain with Hamiltonian La(o,7) = (V,E)

V' := { particle orderings } FE := {orderings connected by a single QCA step }

H = Hopping term + Local interaction

N TN Edges encode relations between

bulk and boundary coefficients:
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The composition rule v=e;+ej — (T,7yT) = (T, Te;Te,T)
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guarantees that multiple interactions

Approach: exploit symmetries to make an educated guess :
PP P ym 5 factorise as:

about the form of the wave function; then plug it into
the Schrodinger equation to find its parameters.

Main differences of the QCA framework:
o time-discrete evolution;

e (quasi)-energy invariant mod 27;

e spin-dependent dynamics;

e infinite open chain.
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