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• 4He: Sukhatme et al, 2001 
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PROBING THE JOSEPHSON COUPLING IN
ATOMIC CONTACTS

Model systems for quantitative tests
of the mesoscopic theory of the Josephson effect (~ 1990’s)

1 µm

I

V



V
I

Transmission probabilities { }t i

CONDUCTION CHANNELS

Landauer,Büttiker

Collection of independent channels

r r’
t

t’



ANDREEV REFLECTION
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ANDREEV BOUND STATES
in a short reflective channel

Central prediction of the mesoscopic theory
of the Josephson effect

Andreev spectrum
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GROUND STATE PROPERTIES
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GROUND STATE PROPERTIES
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GROUND STATE PROPERTIES
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ATOMIC CONTACTS
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A few independent conduction channels
of measurable and tunable transmissions
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Scheer et al. 1997

D = 190  µeV
t = {0.47, 0.24, 0.05}
G = 0.77  G0

{ tttt 1111,..., ,..., ,..., ,..., tttt NNNN}I-V characteristic

FINGERPRINT OF MESOSCOPIC P.I.N.



PHASE BIASING A CONTACT

I( )d measurement

Small superconducting loop
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VOLTAGE BIASING A CONTACT

I(V) measurement
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Open the loop!
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A SUPERCONDUCTING REVERSIBLE SWITCH

I(V) measurement
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Metallic bridge
(atomic contact)

Josephson
junction

“ATOMIC SQUID”
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PROBING THE CURRENT-PHASE RELATION
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SWITCHING CURRENT
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Direct access to the current-phase relation
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DIRECT MEASUREMENT OF I((((dddd))))

Theory: thermal switching using the global Josephson energy
for each P.I.N. code
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PROBING THE JOSEPHSON INDUCTANCE
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REFLECTOMETRY MEASUREMENTS
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CONCLUSIONS
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Unified description of the Josephson effect

OUTLOOK: 
•Andreev level spectroscopy
•Coherent manipulation of Andreev states
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REFLECTOMETRY MEASUREMENTS
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Theory at T=0

Grey scale : phase of reflection coeficient Rn



I-V MEASUREMENT IN SQUID CONFIG.

1) Measure            only

2) Measure            and          together

3) Substract
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Two different contacts



I-V MEASUREMENT IN SQUID CONFIG.

1) Measure            only

2) Measure            and          together

3) Substract
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