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PROBING AND MANIPULATING
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1. JOSEPHSON EFFECT
2. dc EXPERIMENTS on ATOMIC CONTACTS

3. cQED EXPERIMENTS on ATOMIC CONTACTS



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)



BCS SUPERCONDUCTOR

Coupling of time-reversed states
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ELEMENTARY EXCITATIONS
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JOSEPHSON EFFECT

“WEAK-LINK” n
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THE JOSEPHSON JUNCTION
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JOSEPHSON EQUATIONS
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-V CHARACTERISTICS OF JOSEPHSON JUNCTION
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A NON-LINEAR INDUCTOR
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KINETIC INDUCTANCE
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THE JOSEPHSON JUNCTION, A NON-LINEAR INDUCTOR
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QUANTUM ANHARMONIC OSCILLATOR

Matrtinis, Devoret, Clarke (1985)

2
H=-E, 0055+Q—
2C

[(005’Q]:ih

Quantized excitations of
a collective electromagnetic mode
(plasma mode)

NO microscopic excitations!
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SUPERCONDUCTING QUBITS

Josephson junction
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THE JOSEPHSON JUNCTION, A MICROWAVE SOURCE
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THE DC SQUID

SUPERCONDUCTING QUANTUM INTERFERENCE DEVICE
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EXTREMELY SENSITIVE MAGNETOMETERS
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Elekta, Sweden

NIST, Colorado

JOSEPHSON CIRCUITS
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AND YET...

THERE IS MORE TO THE JOSEPHSON EFFECT THAN
THE JOSEPHSON RELATIONS

JOSEPHSON WEAK LINKS HAVE
AN INTERNAL, FERMIONIC DEGREE OF FREEDOM

A NEW RESOURCE FOR
QUANTUM PHYSICS EXPERIMENTS IN ELECTRICAL CIRCUITS
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JOSEPHSON EFFECT IN A

L TYPES OF WEAK LINKS
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JOSEPHSON EFFECT IN ALL TYPES OF WEAK LINKS
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MESOSCOPIC DESCRIPTION OF JOSEPHSON EFFECT

JOSEPHSON JUNCTION
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2 ingredients:

- conduction channels
- Andreev reflection
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SCATTERING APPROACH TO TRANSPORT
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MESOSCOPIC DESCRIPTION OF JOSEPHSON WEAK LINKS
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COHERENT SCATTERING REGION
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PHASE-BIASED ELEMENTARY WEAK-LINK
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SUPERCONDUCTIVITY LOCALLY FRUSTRATED
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ANDREEV BOUND STATES
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LOCALIZED RESONANCE
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BALLISTIC ANDREEVY BOUND STATES
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FINITE REFLECTION CHANNEL
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ABS FOR ARBITRARY TRANSMISSION
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ENERGY

CURRENT

ABS & SUPERCURRENT

1—

AN INTERNAL
FERMIONIC
DEGREE OF FREEDOM

1-7
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FROM ABS TO STANDARD JOSEPHSON EFFECT

Weak link = tunnel junction
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LOCALIZED

STATES
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ANDREEV QUANTUM DOT
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3 STATES, 3 CURRENTS
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ANDREEV QUBIT
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GROUND STATE

SINGLE PARTICLE REPRESENTATION
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SINGLE QP EXCITATION
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SINGLE QP EXCITATION
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EXCITED PAIR STATE
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ATOMIC CONTACTS:
A TEST-BED FOR ANDREEV PHYSICS

2|,
-2 1(0)
= E,(0,7)

>[g).e).lo)

42



