
Detect and track dislocation loops under electron irradiation: in-situ TEM and deep learning 
approaches

F. Mompiou - CEMES-CNRS, 29 rue J. Marvig, 31055 Toulouse

The strength of metals and alloys is largely determined by their underlying microstructure. In modern
structural materials subjected to intense irradiation at high temperature (especially in nuclear power 
plants), the creation of point defects lead to the formation of nanoscale defects called dislocation 
loops. The way loops nucleate and grow collectively under thermal and mechanical solicitations is of 
crucial importance to understand and predict the mechanical performance of materials.
This internship has two objectives. First we would like to carry out in-situ Transmission Electron 
Microscopy experiments in a model metal (Al) that can be easily irradiated under the electron beam 
and follow the growth of dislocation loops at different temperatures and under stress. This technique
consists in observing the microstructure at nanoscale while imposing a stimulus [1]. Such 
experiments lead to a considerable amount of data of the microstructure evolution that are usually 
manually analyzed. Hence, we would like in the main part of the internship to use a deep learning 
approach in order to detect and track automatically the loops. 
To that aim we would take benefit of state-of-the art approaches in deep learning [1] in order to 
provide first an accurate loop detection. We will used our experiments to build an appropriate 
database to train the model. Based on that we will propose a way to track the evolution of loops in 
time, in order to derive experimental parameters influencing growth: stress selectivity on loops, loop 
orientation and environment, temperature, … 
Apart from deriving quantitative data, the results are expected to be compared to Monte-Carlo  
simulations developed at CEA Saclay by F. Onimus & T. Jourdan. 

This internship will be performed at CEMES-CNRS, in Toulouse, within the nanoX project Distrack. 
Taste for image processing and skills in programming (Python) will be appreciated.
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A TEM image of a dislocation loop microstructure after irradiation. Loop size is about 10 nm


