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Noise is a fundamentally inescapable ingredient of any electronic device and manifests itself, for
instance,  in  a  non-equilibrium  situation,  when  current  flows  through  a  conductor,  as  a
consequence of electrons being transmitted or reflected. While at first it may be regarded as a
nuisance,  it  has now been broadly  accepted  as a  key  tool  to  improve our  understanding  of
nanoscale conductors. For instance, in the framework of the fractional Hall effect, studying shot
noise allowed experiments to reveal the fractional (anyonic) nature of the excitations at the origin
of the transport at the edges, a hallmark of the topological nature of the quantum Hall effect.  

Topology in quantum systems corresponds to  a hidden (nonlocal) symmetry of the (groundstate)
wavefunctions, allowing us to classify them. Unlike standard symmetries (translation, rotation)
which  are  easily  broken  by  defects,  the  topological  ones  are  usually  immune  to  small
perturbations due to a quantized topological invariant, protecting thereby the properties of the
system . For instance, within the context of the quantum Hall effect, it explains the position of the
transverse conductance at precisely integer (the well-known Chern number) or fractional values
of $e^2/h$ and the vanishing longitudinal resistance, i.e. a perfect electronic conduction along the
edges.  It turns out that, topology is not just found in quantum Hall systems, but, during the past
ten  years,  it  has  been  found  to  govern  many  more  systems  such   as  Chern  insulators,
unconventional superconductors, and interacting bosonic and fermionic systems.

In the context of transport in nanowire, it has been recently shown that  Majorana bound states at
the each of the ends of a topological superconductor lead  to unique transport properties, having
well defined signatures in the finite frequency noise of a biased junction between a normal metal
and such a topological superconductor nanowire. However, in this system, it is still unclear how to
quantify the respective impact of the two specific properties, i.e. the Majorana aspect and the
edge localization (topology) on the shot noise.  

In order to address this question, we propose to study the shot-noise properties in a different
system, namely a tight-binding model in the Creutz lattice (see figure). This system has a peculiar
band structure: both bands are flat,  which means that the eigenstates are localized (the blue
plaquette in the figure), contrary to the Bloch states for usual bands which are fully delocalized.
Furthermore, the two bands are topological, i.e. exhibiting a non-vanishing winding number (a
quantity similar to the Chern number,  but for one-dimensional system) In particular, this implies
that, for open boundary conditions, the lattice has two edge states localized at each end of the
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lattice. Furthermore, playing with the values of the different hopping amplitudes, one can tune the
system properties at will: changing the symmetry class of the topological insulator, controlling the
localization size of the edge states, the flatness of the bands. This would allow us, in principle, to
understand much more clearly how the shot noise properties depend on the different aspect of
the system (topology, localization, bandwidth). 

In this project, we will want to study the shot noise in the transport properties for a biased junction
between a normal metal (a regular ladder geometry) and the Creutz lattice. We will use the non-
equilibrium Keldysh formalism to compute the finite frequency emission and absorption noise as
functions of the bias voltage and the parameters of the tight-binding model. The project will have
both analytical and numerical aspects.
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Motivational letter for internship in CPT 

 

Marseille, February 2022 

 

To whom it may concern, 

 

My name is Panagiotis Tselifis and I am conducting this letter first in order to express my interest in 

the M2 internship (stage) Shot-noise in a normal-topological junction, supervised by T. Jonckheere 

and the Nanophysics team of CPT, and second to apply for the CPT internship grant. I am currently 

registered in the 2nd year of the Fundamental Physics Master program in Aix-Marseille Université.  

First, a few words about my background. I obtained my B.Sc. in Physics on October 2020 from the 

University of Athens, Greece. During my undergraduate studies, I showed great interest in theoretical 

and more mathematically challenging courses, which deepened during the process of writing my 

bachelor thesis. On September 2021, I began my graduate studies in Marseille, where I had the chance 

to be acquainted with (quantum) statistical field theory methods and many-body physics, mainly 

through the lectures of T. Martin. Furthermore, I had to write a brief bibliographic report on random 

matrix theory and the replica technique, while now I am working on a numerical project on the Kitaev 

chain (topological-normal-topological junction).  

Second, my motivation. My ambition is to follow an academic career in the interplay of Mathematics 

and Theoretical Physics. For that, I believe that many-body problems (quantum transport, 

superconductivity, quantum Hall effect, etc.) provide an excellent arena for both development and 

application of rigorous mathematical methods on physically interesting phenomena, while the 

numerical techniques one needs to employ are of invaluable importance. Besides, in recent years, one 

cannot but notice a significant interest of the scientific community in topological condensed matter 

systems, especially in view of Majorana-modes associated aspects. The pioneering work of the 

Nanophysics team of CPT in that matter, namely the study of the properties of quantum noise in 

mesoscopic systems that potentially carry Majorana modes, is highly motivating. 

Finally, the possibility of working under the supervision of researchers whose work is already familiar 

to me accounts for a supplementary reason for asking for this internship. Surely, a collaboration with 

the Nanophysics team will offer me an invaluable insight to the applications of both analytical and 

numerical methods in topological condensed matter and quantum transport topics and eventually form 

my career as a theoretician. At the same time, applying my previous knowledge, while acquiring new 

skills will hopefully benefit the entire team. For all of the above reasons, I believe that I am an excellent 

candidate for the aforementioned internship. 

I look forward to your positive response. Thank you for your time and consideration. 

 

Sincerely, 

Panagiotis TSELIFIS 

M2 FunPhys student 

21226974 

panagiotis.tselifis@etu.univ-amu.fr 
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graduate student in Physics

 panagiotis.tselifis@etu.univ‐amu.fr

 +30 6984455306  Marseille, France

Date of birth: 15/02/1997 Nationality: Greek

DIGITAL COMPETENCE

MS Office ○ ○ ○ ○

Python ○ ○ ○ ○

C++, Mathematica, R ○ ○ ○ ○

LANGUAGES

Greek ○ ○ ○ ○ ○ ○

Mother tongue

English ○ ○ ○ ○ ○ ○

TOEFL iBT (C1)  2021

University of Michigan (C2)  2012

French ○ ○ ○ ○ ○ ○

Erasmus+ OLS (C1)  2019

Paris‐Sorbonne (B2)  2017

German ○ ○ ○ ○ ○ ○

primary & secondary
education classes

ACADEMIC INTERESTS

Field theoretical topics in Condensed
Matter:
• superconductivity, superfluidity
• quantum transport, quantum noise
• bosonization of fermionic systems

Mathematical methods in Th. Physics:
• groupoids, reduction and integrability
• topological aspects in cond. matter
• random matrix theory

EDUCATION

M.Sc. in Physics
Aix‐Marseille Université
 Sept 2021 ‐ Jul 2022  Marseille, France

program: Fundamental Physics

B.Sc. in Physics
National and Kapodistrian University of Athens
 Sept 2015 ‐ Oct 2020  Athens, Greece

section of Nuclear and Particle Physics
overall grade: ”Very Good” [8.11/10]
thesis title: Poisson Geometry, groupoids and Poisson σ‐models

Erasmus+ for Studies
Université Grenoble‐Alpes
 Sept 2018 ‐ Feb 2019  Grenoble, France

with courses from Master 1 and Master 2

High School Diploma
 June 2015  Athens, Greece

overall grade: ”Excellent” [19.5/20]

ACHIEVEMENTS

M.Sc. Scholarship
State Scholarships Foundation, Embassy of France in Greece
 2021‐2022

B.Sc. Scholarship
Hellenic Ministry of Economics
 2018‐2020

Panhellenic Student Tournaments
Hellenic Mathematical Society
 2007, 2010, 2011



Fait à Aix-Marseille, le 28-01-2022, La Directrice de l'UFR Sciences Laurence MOURET  
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ÉLÉMENTS & ÉPREUVES
Code Libellé Rang ECTS Session 1 Résultat Session 2 Résultat

SPHCSABC      Semestre 3 M2 Physique : Physique (Relevé
1partiel)

SPHCX01C      PTP Choix S3 (18 crédits) 16.233/20

SPHCUD1C                Advanced Quantum Statistical Physics 6 16.4/20 ADM

SPHCU07C                Quantum Field Theory 6 18.3/20 ADM

SPHCU09C                General Relativity 6 14/20 ADM

INFORMATIONS
Signification des codes résultats :
ADM : Admis
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Athens 4-2-2022 
 

Dear members of the selection committee, 

 

It is a pleasure to recommend Mr. Panagiotis Tselifis to do his thesis to your 

University. 

 

Panagiotis was my student in the course “Qunantum Mechanics II”, a compulsory 

course in which about 200 students enroll yearly. He did quite well in the exams, 

being in the top 8% of the class. He did his diploma thesis in the math department 

under the supervision of  I. Androulidakis. I accepted to serve as a co-supervisor  due 

to administrative regulations. His thesis was on Poisson geometry and Poisson σ-

models. Due to my own research interests I guided his in certain aspects relevant to 

Theoretical and Mathematical Physics, in particular on index theorems. He loves pure 

Mathematics. I am glad that he is now interested in doing a thesis on a Theoretical 

Physics topic. 

 

My impression of Panagiotis is that he is hard working and capable of being an 

excellent graduate student. The fact that he has a Physics background but at the same 

time he has acquired a deeper knowledge of pure mathematics than most physics 

students will be an asset for him.  

 

I recommend his admittance to the programme strongly.   

If you need additional information/clarification please do not hesitate to contact me. 

          
 
                                                                                                  Sincerely yours                                                                                               

                                                                                                   
                                                                                                Professor Konstantinos Sfetsos 
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