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Simple Exchange Pulses



Three-Spin Qubit Encoding

nalcomputatio

non−
=

1
2/3

DiVincenzo et al., Nature (2000) Medford et al., Nature Nanotechnology (2013)

1=

0=

1
2/1

2/1
0

1 μm



Three-Spin Qubit Encoding

nalcomputatio

non−
=

1
2/3

DiVincenzo et al., Nature (2000) Medford et al., Nature Nanotechnology (2013)

1=

0=

1
2/1

2/1
0

1 μm

Transitions to this state 

are leakage errors.



Single-Qubit Gates
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Two-Qubit Gates
DiVincenzo, Bacon, Kempe, Burkard & Whaley, Nature (2000)

19 pulse sequence found numerically 

...,..753.1,..303.1,..581.2 321 === ttt

a

b

21

21

=



Two-Qubit Gates

1 Gives a CNOT (up to single qubit operations) if the 
total spin is 1

=

19 pulse sequence found numerically 

DiVincenzo, Bacon, Kempe, Burkard & Whaley, Nature (2000)

a

b

21

21



Two-Qubit Gates

=

19 pulse sequence found numerically 

DiVincenzo, Bacon, Kempe, Burkard & Whaley, Nature (2000)

Does not give a CNOT if the total spin is 00

a

b

21

21



Two-Qubit Gates

=

g

19 pulse sequence found numerically 

Question:  Can we find a pulse sequence which gives 
identical entangling two qubit gates in the g=0 and 
g=1 sectors?

? 

DiVincenzo, Bacon, Kempe, Burkard & Whaley, Nature (2000)

a

b

21

21



Two-Qubit Gates

=

g

19 pulse sequence found numerically 

? 

DiVincenzo, Bacon, Kempe, Burkard & Whaley, Nature (2000)

a

b

21

21

“… our numerical studies have failed to identify 
an implementation (even a good approximate 
one) for sequences of up to 36 exchanges…”



Answer: Yes









ie

1

D. Zeuch, R. Cipri, NEB, Phys. Rev. B (2014)

39 pulse sequence found analytically

=

Give same gate for g=0 and 1g

a

b

21

21



Answer: Yes









ie

1

D. Zeuch, R. Cipri, NEB, Phys. Rev. B (2014)

=

a

b

21

21

39 pulse sequence found analytically



Fong-Wandzura Sequence
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• P generalizes a SWAP
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Generalization leading to new sequences:

1) Can we prove Fong-Wandzura sequence is truly optimal? 

2) More efficient general gate constructions?

3) Can these tools be used to construct more “robust” sequences?

Zeuch Cipri, NEB. Analytic Pulse Sequence Construction for Exchange-Only Quantum Computation, Phys. Rev. B 90, 045306 (2014)

Zeuch, NEB, A Simple Derivation of the Fong-Wandzura Pulse Sequence, Phys. Rev. A 93, 010303(R) (2016)

Zeuch, NEB, Efficient Two-Qubit Pulse Sequences Beyond CNOT, In preparation.

Open questions:


