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Reduce Decoherence using Symmetries
a Cooper pair box with a small charging energy

standard CPB: transmon:
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J. Koch et al., Phys. Rev. A 76, 042319 (2007)
J. Schreier et al., Phys. Rev. B 77, 180502 (2008)




The Transmon: A Charge Noise Insensitive Qubit
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Reduce Decoherence Dynamically: Spin Echo

pulse scheme: At l9)
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One-Qubit Tomography

Bloch sphere: pulse sequence:
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Coupling Superconducting Qubits and
Generating Entanglement
using Sideband Transitions




Sideband Transitions in Circuit QED

» System in dispersive limit (~uncoupled)

v

Weak dispersive coupling still allows joint excitations to be driven

» Use sidebands to generate entanglement between qubit and resonator

» Sideband transitions forbidden to first order: use two photon transition
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Bell State Preparation
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Bell state preparation sequence
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Bell state preparation sequence
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Bell state preparation sequence
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2-Qubit Circuit QED with Selective Control
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2-Qubit Circuit QED Chip with Selective Control

500 um
3 EEI * Two near identical

e S e . - superconducting
~8 mm | : qubits
6 A * Local control of
a magnetic flux allows
50 um independent selection

of qubit transition
frequencies

* |[ocal drive lines allow
selective excitation of
individual qubits

selective qubit drive line

Spectroscopy on selective drive lines =

rspectral lines observed halfway between qubits and resonator
=> 2-photon blue sidebands
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Blue Sideband Rabi Oscillations
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» Matrix is Hermitian, trace 1 => for 2 qubits, 15 independent parameters

» Full measurement of density matrix possible with repeated experiments
and state tomography with 15 combinations of single qubit rotations




Joint Two-Qubit State Measurement
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Resonator Hamiltonian: H = A(A + x16L + x262)aTa

Two-qubit state dependent resonator frequency shift:
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A phase gate with 4 pulses
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Population of |S,1> - |D,2> remains unaffected

R(0,4) = R} (742,7/2)R} (7,0)R} (72, 7/2) R (7,0)
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The 5 (+2) divincenzo Criteria for Implementation of a Quantum Computer:

in the standard (clrewlt approach) to quantum tnformation processing (RIP)

#1. A scalable ‘PI/MS/LCML system with well-chavacterizeol oubits.

#2. The abitltg to initialize the state of the qubits to a sbmple flducial state.

#2. Long (relative) decoherence thmes, much longer than the gate-operation time.
#4. A unlversal set of quantum gates.

#5. A oqublt-specific mensurement ca]zab’LLLtg.

#6. The ab’LLL’cg to Lnterconvert stat’wwa% and mobile (or ﬂg’u/bg) qubits.

#7. The ability to falthfully transmit flying qubits between specified Locations.




