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Abstract

CosiPy is a custom-written data analysis Python package for the
upcoming Compton Spectrometer and Imager (COSI) - a gamma-ray
space telescope set for satellite launch in the near-future. The
CosiPy data processing library will provide data retrieval and
analysis functionality to astrophysicists, allowing them to make
observations of nucleosynthesis, black hole accretion, and other
gamma-ray band events using the COSI instrument's observational
dataset.

This Independent Study represents a theoretical investigation into
imaging algorithms, libraries and physical theory for Compton space
telescopes in general and the COSI in particular. Theoretical work is
done to explain de-convolution algorithms and the principle of
image recovery from raw image datasets. Experimental work is
done with the Compton experiment, to contextualize the raw COSI
detector dataset and understand the Compton data space.
Engineering work is done to accelerate the Cosipy library and meet
performance requirements for the astrophysics community; in
particular, | contribute memory and compute time optimizations to
two different CosiPy modules.
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Summary

* Theoretical exploration:
* Image Data structures for computer science
* Image Deconvolution algorithms for satellites
* Physics of Compton scattering in detectors
* Experimental results:
* Measuring the fundamental physics required for these
detectors (rest energy of the electron)
* Software Engineering contributions:
* Optimizing expensive components in cosipy (time, RAM)

Future Work

* Techniques
 Automate runtime profiles with PyTests
* |Image processing on GPUs with CUDA
 Other Python accelerators (Numba, JAXopt)
* Library methods
* GRB localization module
* Long-term goals
* On-device processing for multi-messenger astrophysics
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