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Transmission probability
in the n-th channel:
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Conductance: Landauer formula
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Reflection probability
in the n-th channel:
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Shot noise: Khlus et al. formula:
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Interaction Shot noise
correction ﬁ (Fano factor)

Experiments on break junctions: Altimiras et al. PRL'07
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Interaction Shot
correction ﬁ noise
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Electron charge
discreteness
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Non-local effects in normal structures ﬂ("‘
a Golubev, A.D.Z., PRB 2012
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Non-local shot noise ﬂ(“.
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Andreev reflection
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NS conductance: Blonder, Tinkham, Klapwijk
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Andreev transmission:
T.=T./2-T,)".
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Shot noise: de Jong-Beenakker
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Detection of doubled shot noise
in short normal-metal/
superconductor junctions

X. Jehl*, M. Sanquer*, R. Calemczuk* & D. Mailly+

* DRFMC-5PSMS, CEA-Grenoble, F-38054 Grenoble, France
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Observation of Photon-Assisted Noise in a Diffusive Normal Metal-Superconductor Junction

A. A. Kozhevnikov, R. ]. Schoelkopf, and D. E. Prober

Departments of Physics and Applied Physics, Yale University, New Haven, Connecticut 06520-82584
(Received 12 November 19949)
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FIG. 1. SEM picture of the device and device schematic.
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Fig. 3 — (a) The dI/dV ws. V curves for sample B at T' = 0.28 K. Comparisons to the GZ theory are
shown with g.yy = e (dashed line), gefyr = 1.29¢ (solid line), and gefy = 2e (dotted line). (b) The
dI/dV ws. V curves for sample E at T' = 0.3 (deepest dip), 0.5, 0.75, 1.0, and 1.5 K (shallowest dip).
gess = 1.53e. (c) The dI/dV ws. V curves for sample D at two different magnetic fields. At B =0
the leads are superconducting and g.fs = 1.70e whereas at high field (B = 9T) the leads are driven
normal and g.ss drops to 1.05e. Solid lines are fits to the GZ theory.
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The interaction correction 0G = dI /dV —G n for short
diffusive conductors at T' = G /27C. The upper and lower
curves correspond to normal and NS structures respectively.
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Diffusive NS structures:
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Non-local shot noise in NSN heterostructures :ﬂ(“.
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Theory, tunneling limit (Bignon, Houset, Pistolesi, Hekking'04):
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Ballistic NSN structures:
NO contribution of CAR
to non-local conductance
at full transmissions



Arbitrary interface transmissions + disorder SN<IT
Golubev, Kalenkov, A.D.Z., PRL'09
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Real time dynamics:
Keldysh contour

Effective action
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Non-local shot noise -ﬂ(“
and e-e corrections
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Model and key assumptions ﬂ(“'
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Our non-local action is equivalent AT
to the following Langevin equations:

C]U] +(CNh+ G|])U| —GIJUJZG];I1V] 4+ -h+§l

1U1 + (G\h + G:E)Uj — GIZUI = G'Ehv: + (fzh + g:.

which describe the current balance in our system. Here &"
are stochastic variables with pair correlators

(EOEN))=G"M(t-1").

describing Gaussian current noise in the shunt resistors while

the variables &, with the correlators i S
J= N
C, » B C x G
*” 117 7] 11 2T 7] 2
(g.i" r) gf ) normal
T metal
i i 5 - sh sh
describe shot noise in NS barriers. G B
I T Vv,
— p—
48 A.D.Zaikin - Coulomb blockade and anti-blockade of non-local electron transport Institute of Nanotechnology

Ginzburg Conference on Physics, Lebedev Inst., Moscow, May 28 - June 2, 2012



Non-local shot noise: AT
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Full transmissions, zero frequency limit: ﬁ(“.
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only positive cross-correlations
due to CAR at T=0!
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Electron-electron interactions AT
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Interaction corrections: tunneling limit AT
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Preliminary comparison ﬂ(lT
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Preliminary comparison

with Beckmann's experiments
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Summary T
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I

« Fundamental relation between shot noise and Coulomb
effects in NS (local transport) and NSN (non-local transport)

* NSN structures: positive cross-correlations of shot noise due to
CAR, dominate at large transmissions

» Non-local transport in NSN structures in the tunneling regime:
(a) no effect in the linear in voltage regime and (b) S-shaped
non-local conductance beyond linear regime

* Non-local transport in NSN structures with high transmissions:
Coulomb anti-blockade due to CAR

» Good agreement with recent experiments '
Thank yev-
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