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Big Question: Can we demonstrate

coherent transport in the solid state?
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Parallel Computing

I Scalable quantum simulator

I 1 Google-sized classical simulator ∼ 66 qubits.1

I 100 Googles ∼ 72 qubits. 1 million Googles ∼ 86 qubits.

Lanyon, B. P. et. al, Nat Chem 2, 106�111 (2010)

110^20 bytes = 1 million machines, each with 100 terabytes of storage.

This is �1 Google�.
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Quantum Sensors

I SQUIDs � Ridiculously sensistive quantum device.

I But what else can we do with quantum sensors?

I Spin-based sensors (Diamond, trapped ion...)
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Possible Architectures

Architecture Coherence Scalability Transport Interact Manipulation Manufacture

Kane type 9 9 1 3 4 2

NMR liquid 3 1 1 8? 8 9

Photonic 3 3 9 5 9 8

GaAs QDs 2 8 5 7 9 8

P in Si - e−spin 7 9 3 7 7 3

Ion Traps 9 6 8 6 9 7

Superconductors 5 7 3 5 8 6

Diamond NV 8 7 5 3 7 6

For a more thorough treatment, see the ARDA

Quantum Computation Roadmap, last updated in 2004
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Coherent Transport by Adiabatic Passage
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Greentree, Hamilton & Hollenberg, PRB 70, 235317 (2004)



Solid State

Coherent

Transport

Jonathan

Newnham

Motivation

Quantum
Simulation

Quantum Sensors

Architectures

Coherent

Transport

CTAP

Spin Bus

Photonic coupling

Nanowires

EDMR

Embedded
Nanowires

Freestanding
Nanowires

Summary

CTAP in practice
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Spin Bus
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I At very low temperatures,

with an odd number of

spins, bus state ↑↓↑↓↑ or
↓↑↓↑↓

I Much coupling to outside

world?

I Possibility of coupling to

many spins at once (good

for initialisation)

Figure from: Frieson et. al., PRL 98, 230503 (2007)
Original idea: Mehring and Mende, PRA 73, 052303 (2006)
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Photonic Coupling and the Flying Qubit

M. Abanto, L. Davidovich, Belita
Koiller and R. L. de Matos Filho, PRB
81, 85325 (2010)

Yamamoto et. al., Physica Scripta

T137, 014010 (2009)
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EDMR
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Figure: EDMR Band Structure, and �rst-order transitions in a

spin-1/2 donor.

I Very sensitive, but no single atom yet.

I Laurens van Beverens is a pro!
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Bottom Up Nanowires
UNSW

I Measured positive (1D Hopping Model) and negative

(???) magnetoresistance.

�����
Reuÿ et. al., APL 92, 052101 (2008)

I Can we do this with implanted nanowires?
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Nanowires

with Paul Spizziri
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I-V curve
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Oops

�Well, at least we know it was conducting!�
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For comparison purposes
(Before the wire melted)
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Summary

I Quantum Computing is very exciting and worthwhile

I Solid State methods need to demonstrate coherent

transport

I Next steps

I Something interesting with nanowires in the next month

or so
I EDMR on a single donor
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Appendix

De�nition of quantum teleportation
Let's have a discussion

...
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Appendix

De�nition of quantum teleportation
Some more references
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