Title: Perfect Cluster States from Imperfect Entanglement in Optical Lattices
Date: Jun 15, 2007 12:35 PM

URL: http://pirsa.org/07060055

Abstract:

Pirsa: 07060055 Page 1/135



What’s One-Way Quantum Computing?

1) Remove unwanted qubits: Z-basis measurements
- real-space quantum circuit

2) Computation via \'l’ measurements

o-o{e\e-o-o-a-afo\e-e—¢
® 0 C Ol N N
o-ooro-ofere-eere-o—-<
.........00

. horizontal chains = quantum wires & 1-qubit gates ...

e e I el e



What’s One-Way Quantum Computing?

1) Remove unwanted qubits: Z-basis measurements
— real-space quantum circuit

2) Computation via \'l’ measurements

A

O-OErO-0-6-0-C1SH-C-0-€
.0 ol N N
Oie::é::::::
...........
O-O—6-5-0F6-60-6-60-6-€

N horizontal chains = quantum wires & 1-qubit gates ...

e il N R e



What’s One-Way Quantum Computing?

1) Remove unwanted qubits: Z-basis measurements
- real-space quantum circuit

2) Computation via \'l measurements

A A

D-O+OVE—-0—-E—-EC—-CHEV-0-6-E
O. oll N N
it@::é::::::
00000 0O0OCDOOGOOOS
O-O-O—E—-OH6-6-0-6-6-C

\/
. horizontal chains = quantum wires & 1-qubit gates .......

S e SR N [ Oy el e (SRS



What’s One-Way Quantum Computing?

1) Remove unwanted qubits: Z-basis measurements
- real-space quantum circuit

2) Computation via \'l measurements

O—O>

.. horizontal chains = quantum wires & 1-qubit gates ...

o mlb e s e S I e i e



What’s One-Way Quantum Computing?

1) Remove unwanted qubits: Z-basis measurements
—) real-space quantum circuit

2) Computation via \'l measurements

7, {=O=O=OFO-C O-0SF€
.........
0-0-0-0-09 s

- horizontal chains = quantum wires & 1-qubit gates ...

EOTE e L S o DRI T RTE [e T S



What’s One-Way Quantum Computing?

1) Remove unwanted qubits: Z-basis measurements
- real-space quantum circuit

2) Computation via \'l measurements

. horizontal chains = quantum wires & 1-qubit gates ...

SR S IR = ot VY gy e (e IR S



What’s One-Way Quantum Computing?

1) Remove unwanted qubits: Z-basis measurements
- real-space quantum circuit

2) Computation via \'}l’ measurements

Jeesess

00.00@"000:

N horizontal chains = quantum wires & 1-qubit gates .......

S o P TN (o IRy Carei (e (SO



What’s One-Way Quantum Computing?

1) Remove unwanted qubits: Z-basis measurements
- real-space quantum circuit

2) Computation via \'l measurements

O

o horizontal chains = quantum wires & 1-qubit gates ...

I e L T el RIS oy e e TSN T



What’s One-Way Quantum Computing?

one-bit teleportation

Pirsa: 07060055  Page 10/135



What’s One-Way Quantum Computing?

one-bit teleportation

Pirsa: 07060055



What’s One-Way Quantum Computing?

one-bit teleportation

~~basis measurement:

Pirsa: 07060055  Page 12/135



What’'s One-Way Quantum Computing?

one-bit teleportation

Pirsa: 07060055  Page 13/135



What’s One-Way Quantum Computing?

one-bit teleportation




What’s One-Way Quantum Computing?

one-bit teleportation

~~basis measurement:

L{0)xe" 1)}

Universal for single-qubit unitaries

Pirsa: 07060055

Y bv-products handled bv feedforward



What’'s One-Way Quantum Computing?

one-bit teleportation




What’s One-Way Quantum Computing?

one-bit teleportation




What’s One-Way Quantum Computing?

one-bit teleportation




What’s One-Way Quantum Computing?

one-bit teleportation

Pirsa: 07060055  Page 19/135



What’s One-Way Quantum Computing?

one-bit teleportation

Pirsa: 07060055  Page 20/135



What’'s One-Way Quantum Computing?

one-bit teleportation

Pirsa: 07060055



What’'s One-Way Quantum Computing?

one-bit teleportation

HHR, (é') HR, (U)HRZ (g )‘ W)

R, (é’) Ry (ﬂ)Rz (§)| W)

Pirsa: 07060055



What’'s One-Way Quantum Computing?

one-bit teleportation

HHR, (é') HE, (U)HRZ (5 )I W)

R, (O R (m)R,(O)w)
— R(Z nQlw)



Pirsa: 07060055

Efficient Generation of Cluster States



Pirsa: 07060055

Efficient Generation of Cluster States

Ising interaction
(g. dots, SC circuits, optical lattices)



Efficient Generation of Cluster States

Ising interaction
(g. dots, SC circuits, optical lattices)

e

Pirsa: 07060055



Pirsa: 07060055

Efficient Generation of Cluster States

Ising interaction
(q. dots, SC circuits, optical lattices)

(;) &(jﬂ) 1
B
il 2]

PPPPPPPPPP



Efficient Generation of Cluster States

Ising interaction
(g. dots, SC circuits, optical lattices)

e
2
o]

p=x

g1

Pirsa: 07060055

PPPPPPPPPP



Pirsa: 07060055

Efficient Generation of Cluster States

Cold collisions in optical lattices

0) ¥ 0) j+l
0) i 1) jtl
1) _j| 0) g+l
1) |1)




Efficient Generation of Cluster States

Cold collisions in optical lattices

»
»
¥
d

™ - - a : L3 "
- & : - -' -
“ 'l' 5 ‘_'_ : - :
™ - - - L - -

- - 1 “ - - L3 . - . ’

o L -

am _':) . .1 ; L .!@ g q,
= ‘g A\ U A\ - /
¥y v - " -

'; '4 Lo




Efficient Generation of Cluster States

Cold collisions in optical lattices

Pirsa: 07060055 1) 1) Page 31/135
1 4 | - |



Pirsa: 07060055

Efficient Generation of Cluster States

Cold collisions in optical lattices

o o W e
ig ig ig i9
€ € € e
0) ' 0) j+l
0) J 1> sl
1) j 0> Fi
1) |1)




Efficient Generation of Cluster States

Cold collisions in optical lattices




Pirsa: 07060055

Efficient Generation

of Cluster States

Cold collisions in optical lattices

' 0> Jtl
11, > 0).
j 0>j+1 g g‘“ 1 _j|0>_j+1

1) |1) I TIY

1>}+1



Efficient Generation of Cluster States

Cold collisions in optical lattices

0),10),..
0>}- 1),
“11),10),..
ll) 1




PROBLEM: Imperfect Timings

Pirsa: 07060055  Page 36/135



PROBLEM: Imperfect Timings
- Systematic phase errors ¢ =z +6

Pirsa: 07060055  Page 37/135



PROBLEM: Imperfect Timings
- Systematic phase errors ¢ =z +6

CZ —>CS(z +0)

Pirsa: 07060055  Page 38/135



PROBLEM: Imperfect Timings
- Systematic phase errors ¢ =z +6

CZ —>CS(z +6)

1 00 0) (1 00 0)
010 0| [01 0 O
%

001 0|l [001 O
0 00 -1 (0 0 0 —¢,

Pirsa: 07060055



Pirsa: 07060055

PROBLEM: Imperfect Timings
- Systematic phase errors ¢ =z +6

CZ —>CS(z +6)

1 00 0 (1 0 0 0
010 0 010 O
_)

001 0 0 01 O

ig
0 0 0 -1) (0 0 0 —e,



PROBLEM: Imperfect Timings
- Systematic phase errors ¢ =z +6

Pirsa: 07060055  Page 41/135



PROBLEM: Imperfect Timings
- Systematic phase errors ¢ =z +6

) —e—{HR, () HEA|m)
+) —o—

Pirsa: 07060055  Page 42/135



PROBLEM: Imperfect Timings
- Systematic phase errors ¢ =z +6

Pirsa: 07060055  Page 43/135



PROBLEM: Imperfect Timings
- Systematic phase errors ¢ =z +6

Fidelity loss is small if
24| m) % <<

Pirsa: 07060055



PROBLEM: Imperfect Timings
- Systematic phase errors ¢ =z +6

Pirsa:

00000000

Fidelity loss is small if
Za|m) % O<<m

- Y

M S Tame efal PRAT2 012319 (2005}



SOLUTION: Combine two imperfect links

PPPPPPPPPP



SOLUTION: Combine two imperfect links

PPPPPPPPPP



SOLUTION: Combine two imperfect links

PPPPPPPPPP



SOLUTION: Combine two imperfect links

Qutcome: :mz =

PPPPPPPPPP



SOLUTION: Combine two imperfect links




SOLUTION: Combine two imperfect links

5555555555



SOLUTION: Combine two imperfect links

Outcome: !mz =

5555555555



SOLUTION: Combine two imperfect links




SOLUTION: Combine two imperfect links

~ ® ZH )CZ|y)|+)

ge
Harmlece alohal nhaca




SOLUTION: Combine two imperfect links

Outcome: !mz = 1‘

SUCCESS!

5555555555




SOLUTION: Combine two imperfect links

Outcome: imz = Ii

SUCCESS!

5555555555




SOLUTION: Combine two imperfect links

{7

) 2R, )w)

Qutcome: ‘mz =1

SUCCESS!

5555555555




SOLUTION: Combine two imperfect links

-3 ‘stochastic teleportation”

Pirsa: 07060055  Page 58/135



SOLUTION: Combine two imperfect links

- ‘stochastic teleportation”

Success Is flagged in advance by measurement outcome [mz>



SOLUTION: Combine two imperfect links
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Beyond LOCC.: Selective Entanglement
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Imperfect entanglement
ﬂ (eigenstates |+)]1), |0)+) [1)0).
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Beyond LOCC.: Selective Entanglement

\-basis measurements
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Beyond LOCC: Selective Entanglement
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H H

| | Hadamards, single-qubit rotations
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2-qubit cluster states!
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