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Looks nice...but can it
factor prime numbers?

United by our desire to implement quantum machines...
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AN INDUSTRY BUILT ON SAND...
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Bardeen, Brattain, Shockley 1956 Nobel Prize






HOW TO MAKE A CIRCUIT QUANTUM?
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QUANTUM LC OSCILLATOR
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JOSEPHSON JUNCTION:
“LOSS-LESS” NONLINEAR INDUCTOR
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SUPERCONDUCTING TRANSMON QUBIT
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TRANSMON QUBIT
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HOW TO MEASURE
THIS ARTIFICIAL ATOM?






DISPERSIVE MEASUREMENT:
ATOM ON A LOADED SPRING
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MEASUREMENT
OSCILLATOR: SPRING
(no amplitude dispersion)









NONLINEAR DISPERSIVE MEASUREMENT:
ATOM ON A PENDULUM
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ATOM LIKE MEASUREMENT
SYSTEM OSCILLATOR

(with amplitude dispersion)

Frequency changes with quantum state and the
oscillation amplitude!
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CLASSICAL & QUANTUM JOSEPHSON
OSCILLATORS
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CLASSICAL OSCILLATOR

: harmonic osc.




PERIODIC DRIVE: DYNAMICAL BIFURCATION

: harmonic osc.
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LETTERS
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Single-shot qubit readout in circuit quantum
electrodynamics

Francois Mallet, Florian R. Ong, Agustin Palacios-Laloy, Francois Nguyen, Patrice Bertet,
Denis Vion* and Daniel Esteve
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BUT...

GAIN ISN'T EVERYTHING IN
QUANTUM MECHANICS
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SINGLE STAGE READOUT: COMBINED
MEASURE AND RECORD FUNCTIONS

(probe with large photon number N’
to overcome system noise)

LINEAR
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QUBIT ) W Amplifier
0) 4 Toys ~ 7-10K
NONLINEAR
OSCILLATOR

(probe with large photon number N’
to access nonlinearity in low Q system)

HIGHLY EXCITED OSCILLATOR COUPLED TO QUBIT
- RELAXATION (DEGREE VARIES WITH QUBIT TYPE)



TWO STAGE READOUT

HEMT
—s Amplifier
Tgys ~ 250mK

LINEAR . NONLINEAR

QUBIT <> s L LATOR 7 OSCILLATOR

(probe with N = 1) (drive strongly:

parametric gain)

- QUBIT OSCILLATOR PROBED WITH A FEW PHOTONS
- SUERCONDUCTING PARAMETRIC AMPLIFIER SETS T

sys



PERIODIC DRIVE
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PARAMETRIC AMPLIFICATION
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tunnel junctions nanobridges




EXPERIMENTAL SETUP
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Parametric amplifier

- high gain (~20 dB)

- large bandwidth (>20 MHz)

- tunable center freq (4-8 GHz)
-~ 0 - 0.5 added photons



QUBIT MEASUREMENTS: HOMODYNE SIGNAL

Digitizer Voltage (mV)
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SYSTEM NOISE TEMPERATURE
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System noise temperature (K)

SYSTEM NOISE TEMPERATURE

Signal power at paramp (dBm)
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SINGLE SHOT MEASUREMENTS
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Real time observation of quantum jumps

due to spontaneous decay



SINGLE SHOT HISTOGRAMS

vary amplitude:
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JUMP STATISTICS
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Transmitted Phase (deg)

JUMPS FROM HIGHER QUBIT LEVELS

Paramp in phase insensitive mode
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MEASUREMENT PINNING
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vs. qubit evolution
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= FLUX QUBIT
=i (with J. CLARKE, UCB)







QUANTUM JUMPS IN A FLUX QUBIT

n ~10 T2=2MS
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BACKACTION OF THE TANK
CIRCUIT



Measurement traces

0.0

NON-IDEALITIES IN MEASUREMENT

Qubit prepared in ground state

Blue: Ground state
White: Excited state
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QUBIT EXCITATION RATES
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AVERAGE QUBIT EXCITATION WITH
ADDITIONAL FLUX SIGNAL
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Spectroscopy signal (bits)

EXCITATION OBSERVED AT

CAVITY DETUNING FREQUENCY
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* Model for noise upconversion ? (dressed dephasing)

» Measure noise ~ 1 GHz
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FUTURE DIRECTIONS

 DRESSED DEPHASING & QUANTUM ZENO
* QUANTUM FEEDBACK/CONTROL
 MULTIPLEXED QUBIT READOUT

* ON-CHIP PARAMP

- BACKACTION OF NONLINEAR TANK CIRCUIT
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