
Project title: 

Topology at Interface in Graphene HeTerostructures 

Position:  

PhD-scholarship 

Number of positions: 1 

City: Toruń 

Website: https://www.fizyka.umk.pl/en 

Requirements: 

Education: A Master’s degree (M.Sc.) in physics, technical physics, materials engineering, or related fields (completed at the time of starting work in the 
project). 

Theoretical Background: Very good knowledge of quantum mechanics, solid-state physics, and the fundamentals of nanophotonics, quantum optics, or 
topology. 

Numerical Skills: Very good proficiency in Python and experience in conducting numerical quantum simulations on computational clusters or workstations 
(experience with object-oriented programming techniques tailored for list-based simulations is welcome). 

Research Profile: A documented scientific interest or experience in the field of modeling low-dimensional nanostructures, electronic and transport 
properties, as well as phenomena involving light-matter interaction. 

Language: Fluency in written and spoken English, essential for literature review, writing scientific articles, and communicating with international project 
partners. 

Programming & Modeling: A documented scientific interest or experience in the microscopic description of light-matter interaction in 2D systems (e.g., 
relaxation dynamics of open systems, coupling of emitters/adatoms to nanoantennas, local density of states (LDOS) calculations). Readiness to develop 
and optimize the open-source computational framework GRANAD. 

Description of duties: 
The PhD student will be involved in the theoretical and numerical execution of tasks within the project TIGHT (Topology at Interfaces in Graphene-based 
HeTerostructures). The main objective of the stipend holder’s research will be the investigation of interface and edge states in heterostructures based on 
graphene and boron nitride (hBN), with a specific focus on their optoelectronic properties and modifications under the influence of an electromagnetic 
field. All numerical simulations will be performed at the atomistic level using the tight-binding approximation. 

A key and unique element of the PhD student's work will be the application, adaptation, and original development of our open-source, Python-based 
computational framework GRANAD (dedicated to simulations of graphene structures interacting with adatoms). Using this tool, the stipend holder will 
model the relaxation dynamics of excited systems, investigate the optical coupling of quantum emitters (adatoms) with modes localized at the interfaces, 
and analyze the microscopic response of low-dimensional systems to spectral and spatial perturbations. 

The tasks will be carried out in close collaboration with the Principal Investigator and the research group of Prof. Karolina Słowik, as well as with leading 
international partners from Germany and Spain. The results of the conducted research will serve as the foundation for the student's doctoral dissertation. 

Tasks: 

- Modeling of Interface Structures (Tight-Binding): Constructing atomistic tight-binding (TB) Hamiltonians for various geometric configurations of 
interfaces and edges in graphene/hBN heterostructures, taking into account structural defects, topological phases, and the presence of adatoms. 

- Light-Matter Interaction Simulations (Python/GRANAD): Utilizing, optimizing, and extending the original GRANAD code to simulate nanophotonic 
processes, including the study of system relaxation dynamics within single-particle approaches and strong coupling of light with edge modes. 

- Optoelectronic Analysis of Adatoms at the Interface: Modeling the behavior of quantum emitters (adatoms) coupled to nanoantennas and graphene 
interfaces with non-trivial topology, with particular emphasis on modifications of the local density of states (LDOS) and optical response spectra. 

- Scientific Collaboration and Model Validation: Coordinating calculations and maintaining an ongoing exchange of numerical data within the team 
(including scientific consultations with the group of Prof. Karolina Słowik) as well as with international theoretical and experimental partners. 

- Dissemination of Results and Dissertation Preparation: Processing the obtained numerical data, preparing manuscripts of original scientific articles for 
peer-reviewed international journals, and presenting findings at scientific conferences. 

Competition type: Sonata 

Field of science: ST 

Deadline for submitting applications: August 28, 2026, 11:59 p.m.  

Application form: mpelc@umk.pl 

Employment conditions:  

A scholarship of 5,000 PLN per month for up to 12 months. 



Planned employment period: October 1, 2026, through September 30, 2027  

Additional information: 

The scholarship is awarded in accordance with the rules set out in the Regulations on the Award of Research Scholarships of the National Science Centre, 
adopted by Resolution No. 25/2024 of the Council of the National Science Centre dated 4 March 2024. 

Required documents (send to mpelc@umk.pl with annotation 2024/55/D/ST3/02384): 
 Cover letter (optional) 
 CV 
 Copies of obtained diplomas and certificates (if any) 
 Copy or scan of candidate’s publications (if any) 
 Information about scientific awards, scholarships and other distinctions (if any) 
 Description of current research activity (if applicable) 
 Consent to the processing of personal data 

(https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fwww.umk.pl%2Fen%2Fjobs%2Fdocs%2Fen_os4.docx&wdOrigin=BROWSE
LINK). 

 Certificate of PhD student status 
 
Applicants will be evaluated by a selection committee appointed by the Dean of the Faculty of Physics, Astronomy and Informatics. The committee will 
recommend the awarding (or rejection) of the scholarship no later than September 10, 2026. 
Candidates will be notified of the outcome of the competition by e-mail. 
In the event of resignation of the selected candidate, the right to indicate the next candidate from the ranking list is reserved. 
All documents should contain the candidate's signature or its scan. 
Language of application: Polish or English. 
 


