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Precipitation in Smaller Galaxies 
The simplicity and generality of the physical principles that appear to produce a precipitation 
limit in galaxy-cluster cores suggest that the precipitation limit might apply more broadly, 
perhaps even to galaxies regulated primarily by supernova feedback.  At its most general, the 
precipitation hypothesis simply states that ambient circumgalactic gas with tcool/tff < 10 cannot 
persist without producing a rain of cold clouds that fuel feedback, thereby heating the CGM, 
raising tcool, and diminishing the precipitation.  Galactic systems with this feature inevitably 
regulate themselves so that their gaseous halos remain near the threshold for precipitation.  And 
if this principle applies to galaxies of all masses, then it may be at the root of many other patterns 
observed among galaxies, including the mass-metallicity relation, the relationship between stellar 
mass and circular velocity, and the correlation between stellar velocity dispersion and central 
black-hole mass [41]. 

 
Observations are just beginning to probe whether galaxies less massive than those in cluster 

cores adhere to the precipitation limit.  Some examples are shown in Figure 2, which illustrates 
electron density as a function of r/r500, where r500 is the radius encompassing a mean mass 
density 500 times the cosmological critical density.  Panel (a) shows the galaxy-cluster 
observations that first drew attention to the precipitation limit.  Panel (b) shows how the 
precipitation limit relates to observations of ne(r) around early-type galaxies in halos of mass 
~1013 MSun. Panel (c) shows a recent compilation of constraints on ne(r) around the Milky Way.  
Panels (d), (e), and (f) show ambient CGM densities inferred from absorption-line observations 
of photoionized clouds around galaxies with stellar masses in the range 109.5 to 1011.5 MSun.  
Collectively, they indicate that the precipitation limit may be a general feature of the CGM on all 
mass scales, and this intriguing finding stands as an important benchmark for future simulations 
of feedback, suggesting that regulation via precipitation ought to emerge naturally as those 
simulations achieve greater realism. 
 
Precipitation Predictions for the CGM 
During the coming decade, observations of the CGM around lower-mass galaxies will be critical 
for furthering our understanding of how feedback regulates galaxy evolution through its impact 
on the CGM (see the white papers led by Chen, Oppenheimer, and Peeples).  Several predictions 
of precipitation-limited models will be testable, given the proper resources: 
 

• Limiting Pressure. The strongest prediction is that feedback should place an upper limit 
on ambient CGM pressure corresponding to tcool/tff ~10 across the entire mass range of 
galaxies. It can be tested by seeking correlations between Sunyaev-Zeldovich CMB 
distortions, X-ray luminosity, and galaxy mass [42,43] as well as pressure measurements 
derived from UV observations of photoionized CGM clouds [44]. 

• Kinematics. Ambient gas in the CGM of a precipitation-regulated galaxy is expected to 
be circulating at sub-Keplerian speeds, with a 1D velocity dispersion roughly half that of 
the central galaxy’s stars.  High-resolution UV, optical, and radio spectroscopy will be 
indispensable for mapping the CGM velocity field and deconvolving multiphase 
structures projected along the line of sight, while X-ray spectroscopy with XRISM [45], 
and eventually Athena, will radically advance our understanding of the hot-gas 
kinematics. 








