PROBING AND MANIPULATING ANDREEV STATES

3. cQED EXPERIMENTS on ATOMIC CONTACTS
a. Spectroscopy
b. Coherent Manipulation of ABS
c. Continuous monitoring of quantum jumps



Spectroscopy of ABS using JJ spectrometer
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DETECT TRANSITIONS: 3. c-QED SETUP

cQED setup




DRIVE AND MONITOR STATE

Cavity/circuit Quantum Electrodynamics setup
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ANDREEV QUANTUM DOT IN CAVITY

M-wave cavity

NO CONNECTION WIRES



QUANTUM STATE BASIS
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TWO COUPLED SYSTEMS
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LEVEL REPULSION
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CAVITY DISPERSIVE SHIFTS
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AQD IN CAVITY: STATE READ-OUT
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AQD STATE ENCODED IN RESONATOR FREQUENCY

H-wave cavity
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AQD COUPLED TO COPLANAR MICROWAVE RESONATOR

Cc r =~ 10 GHz

A/4 resonator

Implementation in a flexible substrate

Janvier et al., Science 349, 1199 (2015)
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MICROWAVE COMPATIBLE SETUP
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cw RESONATOR CHARACTERIZATION
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GETTING ONE-ATOM CONTACTS
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HOMODYNE MEASUREMENTS
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HOMODYNE MEASUREMENTS
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DISPERSIVE READ-OUT
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MEASUREMENTS AT 6=r WITH NO DRIVE

DENSITY PLOT
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TWO-TONE SPECTROSCOPY
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COHERENT MANIPULATION AT 0=mt

RABI OSCILLATIONS
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COHERENT MANIPULATION AT 0=m

RABI OSCILLATIONS
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COHERENT MANIPULATION AT 0=mt

RABI OSCILLATIONS
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RELAXATION TIME
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COHERENCE TIMES
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COHERENCE TIMES
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MONITORING WITH QUANTUM LIMITED AMPLIFIER

measurement tone
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CONTINUOUS MONITORING WITH NO DRIVE
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f,=6.33 GHz
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f,=6.33 GHz
<ng,e> ~ 220
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ANDREEV QD DYNAMICS
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TRANSITION RATES
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f,=6.33 GHz
<ng,e> ~ 220
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f,=6.33 GHz
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f,=6.33 GHz
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EFFECT OF MEASUREMENT POWER
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EFFECT OF MEASUREMENT POWER
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POPULATION INVERSION
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CONCLUSIONS

* SPIN-LIKE DEGREE OF FREEDOM IN JOSEPHSON WEAK LINKS

« CAN COHERENTLY MANIPULATE A LOCALIZED MICROSCOPIC EXCITATION
OF THE SUPERCONDUCTING CONDENSATE : ANDREEV QUBIT ?

« Lifetime of excited state : < 14 us

« Coherence time of superpositions: T,,<180ns T,<1.8uys
LIMITATION OF LIFETIME ? SOURCES OF DECOHERENCE ?
* photons « flux noise
* phonons « atomic motion (tunneling)
* poisoning by single QPs * poisoning by single QPs

 LONG LIVED TRAPPED QUASIPARTICLES



PERSPECTIVES

MANIPULATE THE SPIN OF A SINGLE TRAPPED QUASIPARTICLE
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Observation of Andreev bound states in a S-NW-S
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Future direction: apply B-field
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Majorana signatures in ABS spectrum
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