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Uncertainty & Degeneracy

C-stat:     𝐶 = 2σ𝑖[𝑀𝑖 −𝑁𝑖 +𝑁𝑖𝑙𝑜𝑔 Τ(𝑁𝑖 𝑀𝑖)]

Chi-squared:    2 = σ𝑖
[𝑁𝑖,𝑆−𝑀𝑖 𝑥𝑖,𝑝𝐵,𝑝𝑆 ]2

𝑖
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Objective (fitness) function



Evolutionary Algorithms

Based on the principles of natural selection.

Gradient-free:
• Weak dependence on initial conditions
• Less tendency to get stuck in local minima
• Discontinuous/non-differentiable functions

Multi-agent: 
• Evaluation of large numbers of patterns 

simultaneously
• Capable of outputting families of degenerate 

solutions 



Case Study: G41.1-0.3 (3C 397)

• Type Ia SNRs tend to be significantly less ionized than CC remnants.

• Different species and ions can populate the same line 
intensities → degeneracy 

• Centroids dependent on position within 
the PWN.

• More sensitive diagnostics need to be 
explored.

G41.1-0.3 Western Lobe 
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