Superconducting qubits

Fundamental requirements for good qubits

i) well-defined two state systems

ii) accuracy in preparing the initial state

iii) long phase coherence ; order of 10* coherent operations

iv) controllable effective fields

v) quantum measurement to read out the quantum
information



Model hamiltonian H = Hp+ Hpeas + Heno
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We consider only 1 qubit coupled to its environment.



Flux qubit

This is the model we introduced before to study quantum
coherent tunnelling of the flux
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When the external flux bias is about half flux quantum
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This represents the bistable potential at half flux quantum.

We have addressed this problem before.



Charge qubit

Charging energy
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if Ng = 5 our hamiltonian becomes

Hegp = 3, [4Bc(n —ng)°[n)(n] — 3B (In)(n + 1| + |n + 1) {n])]

Within the two-dimensional subspace
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Band structure of the CPB
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FI1G. 2, The charging energy of a superconducting electron box
15 shown as a function of the gate charge », for different num-
bers of extra Cooper pairs n on the island (dashed parabolas).
Mear degeneracy points the weaker Josephson coupling mixes
the charge states and modifies the energy of the eigenstates
isolid lines). In the vicinity of these points the system effec-
tively reduces to a two-state quantum systeni.




Transverse field can be tuned with a new circuit design

FICi 30 A charge qubil with tunable effective Tosephson cou-
pling. The ""1||'|"|L Tosephaon junction is replaced by oa Nux-
threaded SOUID. The Nux in turn can be controlled by &
currenb-carrying loop placod on Lopal Lhe struclure.



Phase qubit and transmons
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E(m, ng)

Er > Eo
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Decoherence \ \
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B.  Experimental results

Cooper Pair Box

A
preparation E "guantronium" circuit
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Rabi oscillation and
Ramsey fringe
experiments to
measure the
Switching probability

E;=0.865kpK
Ej/Ec =1.27
T =15mK
Ty ~ 0.00us

1/vp1 =~ 60ps

Switching probabllity p (%)

Switching probabliity p (%)

I I
| N
-
40E
i 17 &
®
=]
. d 205
=
-]
1=
| | 0
40 :
A\
'. "
. 4 %/
35 | 3 |
| ' -
Y
30 |- At -
| | | | |
0.0 0.1 0.2 0.3 04 0.5 0.6

Time between pulses At (ys)



Measurement of the decay rate of the excited state of a
CBJ]J via rabi oscillations

T =8mK To 2 4.9us

Far off-resorance
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