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The phase qubit
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Phase qubit tunneling measurement

R. McDermott et al, Simultaneous State Measurement of Coupled Josephson Phase Qubits Science 307 1299 2005
F. Altomare et al, Measurement crosstalk between two phase qubits coupled by a coplanar waveguide Physical Review B
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Dispersive measurement

Two-level: ω̃Cav = ωCav ± g2

∆01

Three-level: ω̃Cav = ωCav ±
(

g2

∆01
− g2

∆12

)
= ωCav ± g2

∆01

(
1 + ∆01

α

)−1

∆01 � g , ∆01 = ω01 − ωCav , ∆12 = ω12 − ωCav

J. Koch et al, Charge-insensitive qubit design from the Cooper pair box Physical Review A 76 042319 2007
Frederick W. Strauch, Quantum logic gates for superconducting resonator qudits Physical Review A 84 052313 2011
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The Purcell effect

T1 = 1
γP+γQu

, γP = 2πfCav
QCav

g2

∆2
01

, γQu = 1/TQu

A. A. Houck et al, Controlling the Spontaneous Emission of a Superconducting Transmon Qubit Physical Review Letters
101 080502 2008
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The tunable cavity

fmax = 6.78GHz
QCav = 280
TCav = QCav

ωCav
= 6.5ns

Qint = 8970
Qext = 290

T. Wirth et al, Microwave readout scheme for a Josephson phase qubit Applied Physics Letters 97 262508 2010
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The device
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Cavity spectroscopy

Jed Whittaker (NIST/CU) APS March meeting 2013 March 21, 2013 8 / 15



Qubit spectroscopy
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Rabi oscillations
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Rabi oscillations
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Dispersive shifts

δf = 2 g2

∆01
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)−1
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The Purcell effect

K. Geerlings et al, Improving the quality factor of microwave compact resonators by optimizing their geometrical
parameters APL 100 192601 2012
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Conclusions

Summary

Designed and fabricated a long-lifetime phase qubit

Dispersively measured a phase qubit

Observed and changed Purcell effect with tunable cavity

Future work

Design improvements

Perform bifurcation measurement, compare to tunneling measurement

Swap cavity and qubit roles in one device; exploit tunable
anharmonicity

Multiplex multiple devices
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