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Abstract：
Atomic hydrogen (HI) plays a pivotal role in the evolutionary cycle of the 
multi-phase interstellar medium (ISM) in the Milky Way. Following supernova 
explosions, warm turbulent gases cool down into cold HI gases through 
radiative cooling, subsequently recombining into cold hydrogen molecules 
via dust catalysis, and ultimately fueling new star formation. Observationally, 
the cold HI phase is magnetically aligned with the magnetic field, supersonic 
turbulent, highly filamentary, and accounts for half of the ISM's HI mass 
fraction. Given its ubiquity and key role in star formation, understanding the 
physics of the cold HI phase is essential. Unfortunately, the physical 
processes in the ISM are very complex and hard to separate, such as 
magnetized turbulence, shocks, gravity, thermal instability, and the interplay 
with cosmic rays. Recent advancements in turbulence theory, state-of-the-
art numerical simulations, and high-resolution interferometric observations 
have made modeling cold filaments in the ISM feasible. This presentation 
will discuss the most recent analytical models of the cold atomic phase in 
the ISM, present some of the largest to-date fully resolved ISM multiphase 
multiphysics simulations, and compare these models to observational data, 
and highlight emerging research directions. In particular, I will highlight some 
frontier research related to magnetic field diagnostics in molecular clouds 
and star formation, cosmic ray transport and feedback due to cold filaments, 
and cosmological foreground predictions that my team recently made.
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