
PROBING AND MANIPULATING ANDREEV STATES

1. JOSEPHSON EFFECT

a) Josephson Junction

b) Mesoscopic description of Josephson effect

c) Andreev bound states (ABS)

d) Andreev Quantum Dot (AQD)

2. dc EXPERIMENTS on ATOMIC CONTACTS

a. Supercurrent

b. Current-phase relation

c. Spectroscopy of ABS

3. cQED EXPERIMENTS on ATOMIC CONTACTS

a. Spectroscopy

b. Coherent  Manipulation of ABS

c. Continuous monitoring of quantum jumps 
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CONDUCTANCE OF ATOMIC CONTACTS IN THE NORMAL STATE
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Agraït, Levy-Yeyati, Ruitenbeek
Physics Reports 2003



I-V  OF  A  SUPERCONDUCTING  ONE-ATOM  CONTACT

-600 -300 0 300 600
-60

-30

0

30

60

V (µV)

 

 I 
(n

A
)

-4 -2 0 2 4

V / (/e)

 

V (µV)
4



-600 -300 0 300 600
-60

-30

0

30

60

V (µV)

 

 I 
(n

A
)

-4 -2 0 2 4

V / (/e)

 

V (µV)

-0.6 -0.4 -0.2 0.0 0.2 0.4 0.6

-60

-40

-20

0

20

40

60

 

I 
(n

A
)

V (mV)

ATOMIC CONTACTTUNNEL JUNCTION

I-V  OF  A  SUPERCONDUCTING  ONE-ATOM  CONTACT
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Dissipation through
creation of quasiparticle

excitations
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ELECTROMAGNETIC ENVIRONMENT
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PARTICLE IN TILTED WASHBOARD POTENTIAL
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PLASMA OSCILLATIONS
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Slow phase-diffusion leading to supercurrent peak at low voltages



FINITE TEMPERATURE SUPERCURRENT PEAK

THE BEST ONE CAN DO!

Goffman et al. (2000)
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Dissipation through
electromagnetic excitations

in the environment



ON-CHIP DISSIPATIVE ENVIRONMENT
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MAXIMUM SWITCHING CURRENT
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SUPERCURRENT PEAK
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Chauvin et al.
PRL 2006, 2007
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Chauvin et al., PRL 2007

Two different mechanisms
for inelastic

transfer of Cooper pairs

MAR: create quasiparticle excitations

Phase diffusion: create electromagnetic
excitations in environment
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PHASE AND VOLTAGE BIASING A CONTACT
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MEASURING CURRENT-PHASE RELATION
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0.957 ± 0.01

0.992 ± 0.003

AC3

AC2

AC1

0.089
±0.06

0.185
±0.05

0.12
±0.015

0.115
±0.01

0.088
±0.06

0.11
±0.01

0.11
±0.01

0.62 ± 0.01

Della Rocca et al., PRL 2007

MEASURING CURRENT-PHASE RELATION
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1. USE JOSEPHSON SPECTROMETER
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JOSEPHSON  JUNCTION  EMITTER

VOLTAGE-BIASED JOSEPHSON JUNCTION

 SOURCE OF PHOTONS OF ENERGY 2eVJ

J
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Dayem& Grimes, APL 1966
Lindell et al., PRB 2003
Billangeon et al., PRL 2003



EMITTER CAPACITIVELY COUPLED TO ATOMIC SQUID

2EA
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BIASING CIRCUIT
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JOSEPHSON  JUNCTION  DETECTOR

For a photon to be absorbed, a Cooper pair has to tunnel 

2 2J AeV E

2EA

J
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CURRENT IN JOSEPHSON  JUNCTION  DETECTOR

DETECT ENERGY ABSORPTION
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SAMPLE
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10 µm

Coupling capacitor
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SPECTRUM  CONSTRUCTION
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COMPARISON WITH CALCULATED ANDREEV ENERGIES
AC2: {0.985, 0.37}
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Bretheau et al.
Nature 2013



TWO COUPLED DEGREES OF FREEDOM

Plasma mode

22GHzP

Andreev doublet

 0 2 / 85GHzAE h

 2 AE 

Ph

36



hp
22 GHz

2EA

up to 

85 GHz

ENERGY  LADDERS

0

1

2

3

0

1

2

3

…

…
- +

|-,n>

|+,n>

37



2eVJ = 2EA

2EA

EXPECTED  TRANSITIONS: 1-PHOTON  PROCESSES
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Plasma transition
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2eVJ = 2EA + hp
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BARE  TRANSITIONS
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ENERGY  SPECTRUM FOR  CONTACT {0.985, 0.37,...}
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EXPERIMENTAL  VS  THEORETICAL  SPECTRUM

2eVJ

45

Bretheau et al.
PRB 2014

THEORYEXPERIMENT



SPECTRA  OF DIFFERENT  CONTACTS

many {0.985, 0.37,...}{0.942,0.26,...}

2eVJ
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detect energy absorptiondetect change in supercurrent

switching measurements
of the atomic SQUID
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MEASURE  SUPERCURRENT CHANGE
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Rev. X 3, 041034 (2013)
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Detect
energy absorption

Detect
Supercurrent change
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