Qubit Spectroscopy
with Dispersive Read-Out
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CW Spectroscopy of Cooper Pair Box
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Line Shape

excited state population (steady-state Bloch equations):
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Excited State Population

e
o

<
=

population, R
e

N W

—s

0

50 —
o

8]
405

o peak depth — population (saturation):
30 =

—

20 8 p_{_p_l G
x € 7214+ ATV,
10 0
o
0

0 05

15 2

spec. power, Pg [W]

D. I. Schuster, A. Wallraff, A. Blais, L. Frunzio, R.-S. Huang, J. Majer, S. Girvin, and

R. J. Schoelkopf, Phys. Rev. Lett. 94, 123062 (2005)

Line Width

10

2

5V ywhm® [MHZ)?
[#)]

0

0 05

1

> . line width — coherence time:
L
= 1 1 T
) g 2ndvawHM = T’é = 1—,22 + 9%1—12
3
; : Min(dvawam) ~ 750 kHz — T3 > 200ns

spec. power, Pg [ W]

D. I. Schuster, A. Wallraff, A. Blais, L. Frunzio, R.-S. Huang, J. Majer, S. Girvin, and

R. J. Schoelkopf, Phys. Rev. Lett. 94, 123062 (2005)




AC-Stark Effect & Measurement Back Action

ac-Stark (light) shift
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AC-Stark Effect: Line Shift
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AC-Stark Effect: Line Broadening

photon shot noise:

e quantum fluctuations dn in coherent field with n photons

e random fluctuations in qubit level separation (ac-Stark)
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Coherent Control ...

... of a superconducting charge qubit.




Coherent Control and Read-out in a Cavity
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e simultaneous control
and measurement

Coherent Control of a Qubit in a Cavity
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e qubit state represented on a Bloch sphere
e NMR style operations

e vary length, amplitude and phase of pulse to control qubit state




Qubit Control and Readout
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Varying the Control Pulse L
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High Visibility Rabi Oscillations

Rabi oscillations:
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for superconducting qubits:
¢ high visibility

e well characterized and
understood measurement

e good control accuracy

A. Wallraff, D. |. Schuster, A. Blais, L. Frunzio,
J. Majer, S. M. Girvin, and R. J. Schoelkopf,
Phys. Rev. Lett. 95, 060501 (2005)

Rabi Frequency

pulse scheme: g ~ 0a
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Measurements of Coherence Time

Ramsey Fringes: Coherence Time Measurement
pulse scheme: “’3“ '5'?5" ORF ~ Oy
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