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What’s One-Way Quantum Computing?

one-bit teleportation

~~basis measurement:
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Universal for single-qubit unitaries
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Efficient Generation of Cluster States

Cold collisions in optical lattices
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SOLUTION: Combine two imperfect links

- “stochastic teleportation”

Success Is flagged in advance by measurement outcome |mz)
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SOLUTION: Combine two imperfect links

CS(z +6) won't work! Need [I X k‘S(ﬂ: - QII QX ]
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Natural with cold collisions. Also possible with Ising:

(J’) ~ (1)
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SOLUTION: Combine two imperfect links

...or N+1 impertfect links (odd N measured qubits)

\-basis measurements of all but first and last qubits

Larger sequences constructed from smaller sequences:

01001
Composition rule: ‘OION x}|1> ( Oli)lli

“0-0dd-0” rule: \o);m)}o) — \01110)

1 N 6 1
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PROBLEM: Where did the Hadamard go???
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Beyond LOCC: Selective Entanglement
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Beyond LOCC.: Selective Entanglement

COOOOOOOOOOOO

Pirsa: 07060055  Page 97/135



Beyond LOCC: Selective Entanglement
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I I Single qubit rotations
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Beyond LOCC.: Selective Entanglement

OOOOOOOOOOOOO

Imperfect entanglement
(eigenstates |+)[1), |0)+). [1)0)

and |0) 0) are unaffected)
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Beyond LOCC: Selective Entanglement

\-basis measurements
(assume success)

5000000050000

Untrapped Hadamards!
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Beyond LOCC: Selective Entanglement

5000000050000
H H

| | Hadamards, single-qubit rotations

clolololelelelelelololole

2-qubit cluster states!
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Beyond LOCC: Selective Entanglement
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Beyond LOCC: Selective Entanglement
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Beyond LOCC: Selective Entanglement

é@@@@Qg9é®©©é
B
ﬂ \-basis measurements
(assume success)

5000500000000

Trapped Hadamard!
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Beyond LOCC: Selective Entanglement
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Beyond LOCC: Selective Entanglement
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Beyond LOCC: Selective Entanglement
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Beyond LOCC: Selective Entanglement

é@@@é@@&E@@@é

\-basis measurement
(arbitrary outcome)

clojololelelelelelololole

3-qubit cluster state!
(generalizes to N qubits)
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Beyond LOCC: Selective Entanglement
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Beyond LOCC.: Selective Entanglement
“If at first you don't succeed, try, try again”

clolololelelelelelololore

if |mgm,mg)={010),]101),|111)}, then re-initialize,

clolololelelelelelololole

re-entangle,

clolololerelorerelololore

oooooooooooooooooooooooo

and re-measure. Repeat until successful!




Beyond LOCC: Selective Entanglement
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Beyond LOCC: Selective Entanglement

“If at first you don't succeed, try, try again”

\-basis measurements can be performed simultaneously
(constant depth)

Average fraction of successful G 3 4[6)
FE_=P =—cos|—
outcomes per step: mee . osee g

Average number of steps to
- oaskaln desired success fraction: 1;1(1 S page 1231135




Beyond LOCC: Selective Entanglement

'

“If at first you don't succeed, try, try again’
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Average number of steps to —
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Beyond LOCC: Selective Entanglement
Generalizes to 2D & 3D

1) Entangle checkerboard pattern of 5-qubit chains
2) Convert desired fraction into 2-qubit cluster states
3) Entangle chains linking 2-qubit cluster states

4) Convert desired fraction into perfect links
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Bonus Features

Constant overhead (32 physical qubits * \)

Direct construction of perfect real-space quantum circuits for
one-way quantum computing (without Z-basis measurements)

Direct construction of various other perfect graph states
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CONCLUSION

PROBLEM: imperfect entanglement / systematic phase errors
SOLUTION (part 1). combine imperfect links via measurement

SOLUTION (part 2): selective entangling via state preparation
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CONCLUSION

PROBLEM: imperfect entanglement / systematic phase errors
SOLUTION (part 1). combine imperfect links via measurement

SOLUTION (part 2): selective entangling via state preparation

FUTURE WORK

Construction of encoded cluster states (in 3D?)

Use of multi-qubit addressing
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A better understanding of why this works!?!?



THARNEK YOUS

David Feder (PhD supervisor)

Pirsa: 07060055



End of slide show, click to esdt.




