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Abstract: The IVEM-Tandem Facility at Argonne National Laboratory is a leading user facility for in-situ TEM study 

  of the radiation effects on material microstructures. It interfaces a 500 kV ion accelerator and a 20 kV helium 

  ion source to a 300 kV Hitachi H-9000NAR TEM, allowing real-time microscopy under dual-beam ion  

  irradiation damage/implantation with well-controlled conditions (specimen orientation, temperature, ion type, 

  ion energy, dose, dose rate, applied strain). The superior electron brightness of LaB6 filament of the H9000  

  microscope makes it suitable for diffraction contrast imaging, permitting effective real time observation of  

  the irradiation-induced defects in nanoscale. The IVEM-Tandem Facility was commissioned in 1995 in  

  Material Science Division as part of the Electron Microscopy Center. Currently, it was transitioned to  

  Nuclear Science and Engineering Division, supported by DOE Office of Nuclear Engineering. In FY17- 

  FY20, it provided access to more than 20 user groups worldwide (65 awarded proposals) through Nuclear  

  Science User Facility Program. The first part of the presentation today will give an overview of the capability 

  of IVEM-Tandem Facility and the research conducted here, including fundamental studies of defect  

  formation and evolution, tomography of defect distribution, phase stability and computer modeling and  

  simulation in basic materials, advanced alloys, accident tolerant fuels and storage of spent nuclear fuels. The 

  second part of the presentation is about our recent efforts to implement computer vision (CV) in in-situ TEM 

  studies. TEM videos of in-situ ion irradiation experiments provide dynamic information of microstructural  

  evolution that cannot be obtained from post-irradiation examinations. However, a dauntingly huge amount of 

  video data has practically inhibited manual analysis, often leaving valuable dynamic information under- 

  utilized in the past. To overcome the challenge, we took advantage of the recent advance in CV to fully  

  exploit TEM video data. We will talk about two projects under development using semantic segmentation  

  and multi-object tracking, respectively, to automatically analyze the evolution of irradiation-induced voids  

  and cascade-induced vacancy clusters in nickel irradiated with 1 MeV krypton ions at between 550ºC to  

  700ºC. The nucleation, growth, coarsening and shrinkage of individual defect clusters were analyzed frame  

  by frame. The application generates a unique data set that is rarely available before, and it enables a new way 

  to measure the dynamic properties of materials under irradiation environments. 
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