Cavity QED with superconducting qubits
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® Superconducting qubits

® Superconducting resonators

® sQubits + sResonator: Cavity QED?

— Dressed states
— Lifetime enhancement
— Measurement

— Entanglement




Cooper Box Hamiltonian

Charge on the box acts as pseudo-spin Vz:
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Relaxation and dephasing
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Superconducting resonator

Coplanar waveguide transmission line

| =X/2 @10 GHz
hw = 500 mK
(n~y) =~ 0 @ 50 mK

Q’s of 104-106 are possible




Cavity QED with superconducting qubits
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29 = vacuum Rabi freq.
K = cavity decay rate

7Y = “transverse” decay rate

Jaynes-Cumming Hamiltonian

C @ the degeneracy point:
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Strong Coupling Possible?

g = 200MHz = g/wp ~ 3 x 1073 wg = 27 X 10GHz

v=Qus)"IMHz = y/wp~ 105 Q= 10%= k/wp ~ x10~4
t

10ps 100ps 1ns 10ns 100ns 1us 10us 100 ps

(Lehnert et al.)

Timescales: g > [H‘,, 'Y] B

Dressed Atoms: Resonant Case
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Off-Resonant Case: Lifetime Enhancement
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=) Can learn more about non-EM part of 7Y

Dispersive Measurement of a Qubit?

Frequency pulling:
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Dispersive Measurement of a Qubit?
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Entanglement via resonator
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In the large detuning case:

_ Pt
Hepp = gK(Ul oy t+0y 02)
Operation time: ~ Top = A/g? ~ 10-100ns

= Qop ~ Top'/Max |y, v(9/2)?]




Summary
Strong coupling regime of cavity QED appears to
be achievable
Cavity-enhanced qubit lifetime

Dispersive read-out of qubit state
(@ degeneracy point)

Entangle qubit through resonator bus




