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We explore the interplay between statistical physics and machine learning, emphasizing 
the role of random matrix theory in analyzing neural network weight matrices. We will 
commence with insights into the behavior of ultra-wide networks from the viewpoint of 
neural network Gaussian processes. Taking into account realistic properties of 
stochastic gradient descent dynamics, a modification of the fluctuation dissipation 
theorem is found, giving rise to suppressed weight fluctuations in the direction of small 
Hessian eigenvalues. Lastly, we will discuss some aspects of feature learning, 
emphasizing its centrality in modern machine learning paradigms. 
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