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PROBING AND MANIPULATING

ANDREEV STATES

1. JOSEPHSON EFFECT

2. dc EXPERIMENTS on ATOMIC CONTACTS

3. cQED EXPERIMENTS on ATOMIC CONTACTS
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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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SUPERFLUIDS
• 3He:  Avenel & Varoquaux 1987

• 4He: Sukhatme et al, 2001 

SUPERCONDUCTORS
Anderson & Rowell 1963

B.E.C.
Albiez et al, 2005
Levy et al, 2007
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THE JOSEPHSON JUNCTION

COOPER PAIR TUNNELING
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SIS Tunnel Junction
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JOSEPHSON EQUATIONS

COOPER PAIR TUNNELING
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I-V CHARACTERISTICS OF JOSEPHSON JUNCTION
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A NON-LINEAR INDUCTOR

inertia of Cooper pairs

tunneling across insulator
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QUANTUM ANHARMONIC OSCILLATOR
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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

IF LOOP INDUCTANCE << JOSEPHSON INDUCTANCES 
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JOSEPHSON  CIRCUITS

METROLOGY RADIO-ASTRONOMY

MAGNETOENCEPHALOGRAPHY QUANTUM  COMPUTING
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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

AND YET…
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J.-P. Cleuziou et al., 
Nature Nano. 1, 53 (2006)

P. Jarillo-Herrero et al.,
Nature 439, 953 (2006)

Carbon nanotube Graphene

Hubert B. Heersche et al., 
Nature 446, 56 (2007)

InAs nanowire

Yong-Joo Doh et al.,
Science 309, 272 (2005)
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H. Courtois, M. Meschke, 
J. T. Peltonen, and J. P. Pekola
Phys. Rev. Lett. 101, 067002 (2008)

SNS junction

A. G. P. Troeman et al., 
Phys. Rev. B 77, 024509 (2008)

(Nb) nanobridge

V. M. Krasnov et al., 
Phys. Rev. B 76, 224517 (2007)
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M.F. Goffman et al., 
Phys. Rev. Lett. 85, 170 (2000)
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MESOSCOPIC DESCRIPTION OF JOSEPHSON EFFECT
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COHERENT CONDUCTOR = “WAVEGUIDE FOR ELECTRONS”
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MESOSCOPIC  DESCRIPTION  OF JOSEPHSON   WEAK  LINKS

COHERENT SCATTERING REGION

 DECOMPOSE  INTO INDEPENDENT CHANNELS

WITH TRANSMISSIONS 1 ,2 , 3 , 4 …

TUNNEL JUNCTION
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PHASE-BIASED ELEMENTARY WEAK-LINK

SINGLE CONDUCTION CHANNEL

SHORT (L < x)  

TRANSMISSION PROBABILITY 

SUPERCONDUCTIVITY LOCALLY FRUSTRATED
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L R
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ANDREEV BOUND STATES
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BALLISTIC  CHANNEL
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BALLISTIC ANDREEV BOUND STATES
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d

FINITE REFLECTION CHANNEL
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ABS & SUPERCURRENT
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FROM  ABS  TO  STANDARD  JOSEPHSON  EFFECT
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LOCALIZED  STATES

E

D

-D

0

 
2

1 AE

x


- D

L R

WELL LOCALIZED AS LONG AS

AE D

1 and d 

32



 o SINGLE EXCITATION

 e DOUBLE EXCITATION

 g NO EXCITATION

 o

 e

 g

E

-D

D

EA(d)

-EA(d)

LEVELS
OCCUPATION

CONFIGURATION
ENERGY OF STATES

 

 

-D

D

0

d

0  2

Chtchelkatchev & Nazarov, 
Phys. Rev. Lett. 90, 226806 (2003)

ANDREEV QUANTUM DOT

33



3 STATES, 3 CURRENTS
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ANDREEV QUBIT
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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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ANDREEV QUANTUM DOT
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ANDREEV QUBIT
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ATOMIC CONTACTS: 
A TEST-BED FOR ANDREEV PHYSICS
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