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Two-cavity architecture

Cavity QED equivalent:
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Two-cavity architecture
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Coherent Operations

storage cavity
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* Qubit Rotation (conditional & unconditional)
e Cavity displacement (conditional & unconditional)



Manipulating the qubit
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Qubit Spectroscopy
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Query the qubit: ‘Are there m photons in the cavity?’

Johnson B.R. et al. Nature Phys. 6, 663-667 2010

Kirchmair G. et al. Nature 495 205-209 2013
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Manipulating the cavity
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Create superposition of cavity state depending on the qubit.



Deterministic qubit-cavity mapping | sessee |
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Transfer arbitrary state from qubit to cavity
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Theory: Experiment:

Leghtas et. al PRA 87, 042315 (2013) Vlastakis et. al Science 342, 6158 (2013)



Measurement of Qubit & Cavity
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Dispersive qubit state readout
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Single-shot qubit state detection, (£

— Readout fidelity: 95%
— Readout repetition rate: 600ns



QND Measurement of Qubit!

Results from Devoret group, Yale: Hatridge et al., Science 2013*

dispersive circuit QED readout + JJ paramp
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Many groups now working with JJ paramps & feedback, including:
Berkeley, Delft, JILA, ENS/Paris, IBM, Wisc., Saclay, UCSB, ...

*First jumps: R. Vijay et al., (UCB)



Measurement of Cavity

* Density Matrix:
(in discrete Fock basis)

(6)-[ov]

An example cavity density matrix:

* “Distribution” function
(continuous variable)

<(5> = j O(a)P(a)d’a

An example of “distribution” functions

m=3




Cavity Q-function Lg L}
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Ca\lity Wigner funCtion l storage cavity l
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Mean value of photon parity for a
displaced cavity state

Q-Circuit for measuring W («)

Displace Encode parity ‘
onto qubit Measure qubit



Photon number parity detection
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Kirchmair, RS, et al, Nature 495, 205 (2013)



Photon number parity detection
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Photon number parity detection
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Kirchmair, RS, et al, Nature 495, 205 (2013)



Photon number parity detection
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* Detect photon number parity, (IT = '™ )
— Ideally no direct cavity detection
— Readout fidelity: ~80%

Kirchmair, RS, et al, Nature 495, 205 (2013)



Wigner tomography of a cat state

Cavity state

Wigner function: W (Ot)
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Expt’l. Wigner tomography:

Monroe, et al., 1996 ion traps (NIST)
Haroche/Raimond , 2008 Rydberg (ENS)
Hofheinz et al., 2009 in circuits (UCSB)






