
3. ISM Structure in Early-type Galaxies 

X-rays from Galaxies in the 2020s and Beyond 

Hot gas in and around galaxies plays an important and possibly dominant role in 
determining the mass and appearance of most galaxies. This gas includes 
intergalactic material that is shock-heated as it falls into the gravitational radius of 
a galaxy, as well as outflows driven by supernovae or AGN. The hot circumgalactic 
medium contains at least as much mass as the disk, a comparable amount of 
angular momentum, and may also be the main reservoir of metals produced over 
the lifetime of a galaxy. Meanwhile, supernova feedback from individual star 
clusters to intense nuclear starbursts regulates galactic growth. These supernovae 
leave behind compact objects whose populations are also important to 
understanding radiative feedback at the peak epoch of star formation. 
 
New observatories will revolutionize our view of galaxies over cosmic time and 
flesh out how structures formed at all scales. We need X-rays to tell the full story. 

Advanced X-ray Imaging Satellite (AXIS) 

1. Galaxies at z>1 2. Galaxies at d>100 Mpc 

4. Late-type Galaxies and Starbursts 

AXIS and Athena 

Galaxy Science with AXIS  
Edmund Hodges-Kluck (U. Michigan), Andrew Ptak (GSFC), and the AXIS Science Team  
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Massive Galaxies Dwarf Galaxies Feedback 
profoundly affects 
galaxies, which 
may be why they 
are “missing” most 
of the baryons 
expected from 
ΛCDM. X-rays are 
needed to 
understand these 
processes. 

AXIS is a probe-class mission concept that 
will build on Chandra’s legacy through 
similar or improved resolution (0.3”-0.5”) 
and more than 10x the effective area in the 
soft X-ray band (see poster by Mike 
Loewenstein, talk by PI Richard Mushotzky). 
AXIS meets the challenge of the larger 
distances and smaller scales needed to 
characterize feedback over cosmic time and 
establish the physics by which it operates.   

Chandra 

AXIS 

Luminosity needed to get 
100 counts in 100 ksec 

ULIRGs 

Chandra 
at launch 

VLA on HST 

X-ray luminosity increases with star-formation rate, and ultra-luminous infrared 
galaxies (ULIRGs) are common at z>1. AXIS can resolve outflows at z=1-2 with 100-
200 ksec exposures, which will allow observers to define samples of high-z galaxies. 

With a total LX=1044 erg/s (10% from gas) AXIS defines the morphology and 
recovers the temperature, metallicity, and X-ray binary power-law and luminosity. 

Radio jets inflate cavities in the hot ISM with a size 
proportional to the bubble distance from the core. 
Large and powerful bubbles are seen in clusters, 
but AGN feedback also operates in big galaxies. 
 
Small bubbles are hard to detect because they are 
fainter and the contamination from X-ray binaries 
is more severe near the center. However, AXIS can 
do this out to d<200 Mpc in 50-200 ksec. 

Shin et al. 2016 

AXIS can find cavities smaller than 1 kpc across (here in a galaxy at 50 Mpc) 
through characteristic surface-brightness decrements. Point sources must be 
carefully removed, which makes this impossible for θ≥1”.  
 
AXIS will also see other structures, such as gas cooling via the thermal instability, 
clumps of metals, and the surface-brightness profile for supernova winds. 

Chandra often sees extended X-ray emission, but is too photon-starved to 
characterize it, such as in the image of the Teacup AGN at top left. AXIS will bring 
the X-rays into parity with other wavelengths to form a complete picture.  
 
The 100 ksec exposure here assumes that the hot gas follows the ionized gas seen 
with HST, and allows the temperature to be measured in sub-kpc bins.  

Real Data 

simx 
simulation 
using the HST 
data as a guide 

Nearby starburst galaxies 
exhibit diffuse X-ray emission 
over a range of scales, which 
currently requires multiple 
telescopes to see. AXIS will 
obtain good photon statistics 
(S/N>10-20) for filaments 
with sub-arcsec widths while 
also resolving structure in the 
wider X-ray nebula, as shown 
here for NGC 3079.  
 
AXIS images can match X-ray 
data with optical, IR, or radio 
images, which are needed to 
understand the origin of soft 
X-rays in galactic superwinds. 

NGC3079 

The temperatures of the knots associated with 
Hα can be determined to within 5% accuracy, 
and offsets to <0.1”, allowing robust tests of the 
origin of the hot gas (radiative cooling, shock-
heating, or charge exchange).  

With a launch date in the late 2020s, AXIS will overlap with 
Athena and provide sub-arcsec resolution images of fields 
observed with the Athena XIFU calorimeter.  
 
This will allow us to measure the 3D structure of galactic 
outflows, interpret spectra from high-z objects, and obtain 
accurate temperatures and abundances from the XIFU.  
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We sketch four examples in this poster, using Randall Smith’s simx code to 
simulate observations based on models and data. These are not exhaustive! We 
encourage you to think about how high-resolution X-rays can help your science!  


