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QIP with QCAs

QCAs evolve under a translation-invariant update rule.

L
C_holces:

e In the initial statel.

4]

L

e INn a temporal sequence of pulses~.

e In the boundary shape of the QCA world.
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QIP with QCAs

QCAs evolve under a translation-invariant update rule.

e In the initial statel.
e In a temporal sequence of pulses?.

e In the boundary shape of the QCA world.
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Where a boundary helps ...

Consider an infinite chain of gubits, with transition function
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Ising Hadamard

The state |v) of the chain changes as |v(f+ 1) =T |¥(¢);.
Look at observable algebra:
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Where a boundary helps ...
Now consider a finitely extended chain

end of chain

oo o olilde

right-mover
———

The boundary
e Reflects movers
e lurns local observables into mover

L

Transmission - ves!
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Outline

How can we use boundary effects in quantum cellular automata

for quantum information processing?
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More general lime-dependent
boundaries: transition function:
Encoded transmission Universal QC via

ranslation-invariant ops.
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1. Translation-invariant universal QC

Consider a chain of N qubits. The set of transiation-invariant
operations

T = (ﬁﬁl ;“\tiZ)_.+l) (é} H,) .

=1 J=1
-‘f | (2)
[ X \ o
Ui(a) = @ex;z}[r—{;j
i
S> — measurement

IS universal.

4, e{X,.Y,. Z} (Same operation at each location).
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Converting temporal Iinto spatial control

WTHTHTHTHTHTHT AT

time

2(N+1) clock cycle

e [ ime evolution of the QCA is iteration of transition function
I, Interlaced by global pulses
Uz{e) = exp(—i3Z:1) @ exp(—i52:2) ® ... 9 exp (—i52x)

U knf2) = YS8HhR)ze¥Y,® ... .8 ¥y

e All universal gates implemented within a clock cycle.
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The

N
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length

workhorse

space space
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fime

TR =g (4)
of chain,. T': transition function, R: spatial reflection
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Converting temporal into spatial control

7 N\
- ——
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Converting temporal Into spatial control

identity
v (a)

e Note: sign factor in X;2 = 23 X, depends on location :.

_|_

o I X;¥ — { iIs performed on qubit z.

2_X; then {

Pirsa: 06060031 Page 12/18



Pirsa: 06060031

Converting temporal into spatial control

In this scheme use

e Check

7% (T1)
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kil I
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Converting temporal into spatial control

space sign under
Y -pulse
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e Sign Tlip is conditioned on initial location of the observable
and time of the Y -pulse.
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Converting temporal into spatial control

Q. How much spatial control does one get?

A: Can implement all unitaries from a universal gate set. Only
limitation: can not discriminate a qubit at site i from its
mirror image at site N + 1 — i

Why? - [00..0) = R|00..0), T = RTR', Uj(e) = RUs(a)R".

e Consequence: Run a circuit on the left half of the chain and
its mirror image on the right half.

e Readout is also efficient.
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Translation-invariant universal QC

e Universal guantum computation on a chain of qubits via
translation-invariant operations onlv.

e Overhead as compared to circuit model:
space. x4, time: x16.\N.

e Relevant tfor QC implementations with limited spatial control:
- Cold atoms in optical lattices,
- Solid state qubits coupled to microwave field.

|[RR, PRA 72, 052301; and quant-ph /0505122
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2. Encoded transmission
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e Circuit for encoded transmiission. including encoding and de-
coding is specified by the shape of the QCA boundary.
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Summary

e | he boundary shape of a quantum cellular automaton can
be used as a computational tool.

e Examples:
— Universal QC on a qubit chain via translation-invariant
operations.

— Clircult for encoded transmission.

e Open: Depending on the QCA transition function, which
computational problems can be encoded in the shape of the
QCA boundarv?
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