
Project Objective:
Context
Most of the normal matter (baryons) in the universe does 
not make stars.  The vast majority (~90%) are found in 
the gaseous phases known as the circumgalactic medium 
(CGM) around galaxies and more diffuse  intergalactic 
medium (IGM).  At their characteristically low densities, 
the CGM and IGM are not easily seen.  A visible galaxy is 
therefore only the “tip of an iceberg” (see Fig. 1).  

Determining  the physical state of the CGM/IGM is critical 
to understanding feedback and galaxy evolution.  This is 
a difficult observational and modeling problem.

Study of the CGM/IGM is the focus of a number of 
missions and modeling efforts spanning the X-ray to the 
radio bands.   It involves numerous techniques employed 
by different communities.  

Objectives
Our overall objective is to combine these techniques in a 
comprehensive framework to determine CGM/IGM 
properties and their relation to the global properties of 
host galaxies.  Specific objectives are to:
1. bring different communities together
2. combine techniques and methodology
3. develop realistic simulations 
4. evaluate the science reach of possible mission 

portfolios in the coming decade. 
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FY19 Results:
Our project is organized around the following three tasks, with our FY19 results:

Simulations. 1) Set-up simulation framework and post-processing steps to enable predictions of new CGM/IGM 
observables and relations between CGM/IGM and host galaxy properties. 2) Preliminary extraction of CGM 
properties from Galacticus semi-analytical model (Benson et al. 2012, New Astron. 17, 175) and comparison to 
observational data (see Fig. 2). 3) Roadmap for Galacticus runs to identify the impact of different galaxy formation 
parameter choices on the observable multi-wavelength/multi-mission properties of the CGM.

Methods. 1) Exhaustive listing of imaging and spectral techniques for observing the CGM/IGM.  2) Construction of 
an Observation Matrix identifying possible connections between these techniques.  3) Grouping of techniques 
according to the information they provide on the physical conditions in the CGM/IGM (see Fig. 1).

Mission Portfolio Scenarios. 1) A list of possible mission portfolios for the coming decade; 2) Contribution to white 
papers and experimental concepts (see Fig. 3)

Benefits to NASA and JPL (or significance of results):
Our results will contribute to NASA’s and JPL’s ability to identify new opportunities in 
detector development and to propose new mission concepts. Our comprehensive 
approach will optimize interpretation and exploitation of a diverse array of JPL mission 
data sets, both current (e.g., Herschel, Planck, Spitzer, WISE) and anticipated 
(e.g, Euclid, WFIRST). Our program will improve understanding of the CGM/IGM, a key 
component of galaxy formation and evolution that is now only very poorly 
understood. Our program will unify diverse efforts into a comprehensive assault on a 
fundamental scientific question, and it will provide JPL with the technical means to lead 
major discoveries in astrophysics.

National Aeronautics and Space Administration
Jet Propulsion Laboratory
California Institute of Technology
Pasadena, California

www.nasa.gov

National Aeronautics and Space Administration

Copyright 2019. All rights reserved.

AA55CH10-Tumlinson ARI 3 August 2017 11:35

Recycling gas

Diffuse gas

Accretin
g gas

15 kpc

300 kpc

Outflow
s

Figure 1
A diagram of the CGM. The galaxy’s red central bulge and blue gaseous disk are fed by filamentary accretion from the IGM (blue).
Outflows emerge from the disk in pink and orange, whereas gas that was previously ejected is recycling. The diffuse gas halo in varying
tones of purple includes gas that is likely contributed by all these sources and mixed together over time. Refer to Supplemental
Figure 1 for an alternate version of the figure, which illustrates the different observing techniques we discuss in Section 3.
Abbreviations: CGM, circumgalactic medium; IGM, intergalactic medium.

time, τdep ∼ M gas/Ṁ sfr changes by only ∼2× over the factor of 30 between sub-L∗ and super-L∗

galaxies. More generally, sub-L∗ galaxies generally have extended bursty star-formation histories,
as opposed to the more continuous star formation found in more massive galaxies, suggesting
differences in how and when these galaxies acquire their star-forming fuel. As this fuel is from the
CGM, we must explain how sub-L∗ and L∗ galaxies fuel star formation for longer than their τdep.

2.1.2. What quenches galaxies, and what keeps them that way? How galaxies become and
remain passive is one of the largest unsolved problems in galaxy evolution (Figure 2b). Proposed
solutions to this problem involve controlling the gas supply, either by shutting off IGM accretion
or keeping the CGM hot enough that it cannot cool and enter the ISM. Low-mass galaxies tend
to continue forming stars unless they are a satellite of or near a more massive galaxy (Geha et al.
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Warm/hot thermal: Absorption: UVOIR lines, dust, FRBs
Emission: tSZ, kSZ, soft x-ray, x-ray lines, dust
Non-thermal: sync, IC

Diffuse hot outflows/inflows/shocks:
emission: MIR PAHs, dust, 
UVOIR recomb. lines (res+non-res), 
UVOIR coll. exc. forbidden lines;
Absorption: dust

Dense cold/warm 
outflows/inflows/shocks:
Emission: HI, CO, HCN, HCO+, 
C I, MIR H2, MIR silicates, 
FIR/MIR fine struc., dust;
Absorption: FIR OH/H2O, dust, 
grain-depleted species

Figure 1. The picture, from Tumlinson et al. 2017, ARA&A 55, 389, 
depicts, in schematic fashion, the movement of gas, energy, and 
momentum between galaxies, their CGM, and the IGM, via 
outflows, accretion, and gas recycling. We indicate on the figure a 
list of multi-wavelength observational tracers relevant for the key 
regions in galaxies and their surroundings.

Figure 2. Preliminary extraction 
of CGM properties from 
Galacticus model. The blue 
points show the predicted SZ 
signal from the CGM around 
central galaxies in the local 
universe as a function of their 
host halo mass. The red line 
indicates measurements made 
by the Planck satellite (Planck 
Collaboration 2013, A&A 557, 
A52).

Figure 3. Schematic showing the 
halo mass and redshift ranges 
over which different techniques 
can observe CGM signatures. A 
key mass range is 1012 – 1013

Msun, where feedback 
mechanisms likely change 
(Battaglia et al. 2019).  Our 
program aims to combine these 
techniques into a comprehensive 
view of the CGM/IGM and its 
relation to host galaxies.


