Lecture 3:
Andreev reflection

(doubling of the noise, crossed AR, MAR)
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Time-resolved Andreev processes
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Andreev conductance of a point contact
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Metallic to tunneling transition in Cu-Nb point contacts
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FIG. 6. Region-II I-V curves at T/T,=0.138. Solid
lines are the experimental results, dotted lines are the fit
to theory. Scaling of the current axis is roughly in units
of A/eRy, but selected in each case so as to prevent
crowding of the curves. Where the experimental and
theoretical curves overlap, only the experimental result is
shown. '
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ballistic N/S junction
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Quantized conductance doubling and hard gap in a
two-dimensional semiconductor-superconductor

heterostructure
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Figure 1 | Epitaxial aluminium on InGaAs/InAs and device layout.

(a) Cross-sectional transmission electron micrograph of epitaxial Al on
InGaAs/InAs. On the wafer imaged here, the height of the InGaAs barrier is
b=5nm and Al film thickness a~5nm. Scale bar, 5 nm. (b) False-colour
scanning electron micrograph of Device 1 (see main text for details). Scale
bar, Tpm.
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F/S junction

Measuring the Spin Polarization
of a Metal with a

Superconducting Point Contact
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Crossed Andreev reflection and elastic cotunneling
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FIG. 3 (color online). (a) Nonlocal voltage V2! measured at
T = 1.6 K on three samples with different thickness of the
superconducting layer (d = 15, 50, 200 nm, with a normal state
resistance of 4.8, 1.7, and 0.9 ) respectively). Panels (b) and (c)
show the tunneling characteristics of junctions, measured in two
devices with d = 15 and 50 nm, respectively. The solid line is a
fit based on the BCS density of states and shows that good
agreement is found with A =0.9 and 1.45 mV for the two
different thicknesses of the Nb layer [22]. The suppression of
the gap in the d = 15 nm sample is typical of these thin super-
conducting films [16].



Doubling of the noise

Detection of doubled shot noise
in short normal-metal/
superconductor junctions
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F-92225 Bagneux, France

S; (10722 A2 Hz-1)

_uf T=1.35K

N C

T C

S C

% N

N

q

o 3

s  f

o) -

@2 -

o

< C

= [ 2eV = 2T ]

5 [ ]

o ;l ]
16 1.27mv .
i PR IR S S T RS S S R S SR
0 0,5 1 15 2

Current (MmA)



Multiple Andreev reflections
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Conduction Channel Transmissions of Atomic-Size Aluminum Contacts
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