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Subject description:
The nanophysics team of CPT is looking for a motivated M2 student to study the non-equilibrium
noise generated by a thermal gradient in hybrid superconducting systems. This constitutes the
so-called “Delta T noise problem”, which was recently studied in atomic normal metal break
junctions at the Weizmann institute as in ongoing research of the team. In the absence of voltage
and in the presence of electron-hole symmetry, no net charge current flows through the device,
but charge carriers are nevertheless exchanged stochastically between the two leads, giving rise
to current fluctuations.
For such systems, we have in mind either a normal metal – quantum dot – BCS superconductor
junction, or a single junction between a normal metal and a topological superconductor, which
bears Majorana fermions at its extremities. Indeed, transport is characterized by the charge or
spin current, but also by more involved quantities giving additional information, like the currentcurrent correlations in time, called noise, and in full generality the higher current moments. The
study of hybrid structures containing BCS superconductors or new materials like topological
superconductors offers new perspectives in this domain.
In hybrid structures containing superconductors, when voltage biases are applied to the leads,
one has to resort to specific methods, in particular the Keldysh Green’s function formalism issued
from Quantum field theory. The CPT nanophysics team has a strong tradition in using these tools
to study the current and noise correlations in superconducting hybrid structures, where a special
transport channel called Andreev Reflection operates (the reflection of an electron incident on the
superconductor into a hole).
In topological superconductors, a lot of attention was drawn recently to the possibility for
detecting the presence of Majorana fermions: excitations which are their own antiparticle. Such
excitations have been studied a century ago in the context of particle physics, but they are now
believed to occur in the collective phenomena of condensed matter systems. It is therefore
natural for the nanophysics team to study Delta T noise in a device consisting of a topological
superconductor nanowire and a normal metal lead. The manifestation of Majorana fermions could
possess a particular signature.
During the internship, the first part of the work will be to get familiar with the bibliography on BCS

and topological superconductors as well as to familiarize oneself with the non-equilibrium
methods of quantum field theory. The average current and zero frequency noise can then be
computed using the Keldysh Dyson equation. The boundary Green’s function of the topological
superconductor can be determined from the microscopic model of the Kitaev chain.
It will be relevant to compare the two systems because for a normal metal - quantum dot – BCS
superconductor junction, when the dot level corresponds to the chemical potential of the
superconductor, a zero energy Andreev bound states arises, which gives rise to a similar zero
bias anomaly than that of a junction between a normal metal and a topological superconductor.
We therefore hope that Delta T noise will allow to differentiate the behavior of the two systems,
allowing yet another manifestation of the presence of Majorana fermions
This internship involves analytical as well as numerical calculations.
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Duration: the normal duration of a CPT internship
Any self-financial support? NO this internship would be financed by the CPT.
Specify whether the internship project may naturally lead to a PhD thesis.
Yes. The complete program of the internship is ambitious and is likely to continue if a thesis
contract is available. However, it depends on the level of other CPT students who apply to the
PhD program via the doctoral school ED 352.

