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• Fuel 

– Hot CGM 

• Feedback 

– SNe winds 

– AGN 

– Reionization 

? 

• Formation 

– X-ray binaries, 
hot ISM 

Why X-rays?  



Dai et al. 2010, ApJ, 719, 119 

Hot 
Atmospheres 



Moster et al. 2010, ApJ, 710, 903 

Stellar Mass/Halo Mass vs. Halo Mass 

Milky Way 

Massive Galaxies Dwarf Galaxies 
SNe winds? AGN Feedback? 



Why AXIS? 



L* Hot Halos Wind Filaments High-z SFR 

LLMXB/M* Lyα Emitters AGN Feedback 



L* Hot Halos 



Li, J. et al. 2018, ApJ, 855, L24 
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How does gas get 
into galaxies? 
 
ΛCDM predicts 
massive hot halos 
around ≥L* 
galaxies.  
 
These have been 
detected around 
massive galaxies, 
but, for L* galaxies, 
only in stacks. 





Stellar Feedback: Winds 



(Anti-)correlations between X-ray, Hα filaments (<1-5” across) 
indicate the origin of the soft X-rays. With Chandra, only M82 
and NGC 253 are possible, but the optical sample is much larger. 

Chandra H-alpha on 



Chandra struggles to detect filaments in most winds, but 
AXIS makes M82-quality maps in modest exposures.  



Hα AXIS 100 ks 

Each X-ray knot has >1000 counts, sufficient to measure n, 
kT, Z/Z


, and search for nonthermal or CX emission. 



NGC 6240  (gaseous LX≈1043 erg/s) is a 
local analog to galaxies common at z>0.5 





LX/SFR 



Zhang, D. et al. 2011 8 kpc/arcsec 
6 kpc/arcsec 

Madau & 
Dickinson 

2014 

LHMXB = K×SFR  is an independent tracer of star formation 
that is insensitive to obscuration.  

Visible 
with AXIS 

ULIRGs 



AXIS can detect galaxies to z>2 and resolve HMXBs from hot 
gas. Lensed galaxies are particularly good targets.  

SDP 81 (z=3.04) 

ALMA Partnership 2015, ApJL, 808, 1 



LX/M* 



AXIS 50 ks AXIS 100 ks 

AXIS 200 ks 

d=50 Mpc 

MARX 200 ks 

ISM:  kT=0.8 keV, Z=1, LX=2x1040 erg/s, β=0.5, rc=2 kpc 
XRBs:  Gilfanov et al. (2004) XLF, Ltot=1040 erg/s (1011 M


), Sérsic n=4, Γ=1.8, NH=1021 cm-2 

AGN:  1040 erg/s, Γ=1.8, NH=1021 cm-2 
Bkg:  Snowden SXRB (Local Bubble, Galactic Halo, CXB) 

LLMXB = K×M*  is 
an independent 
tracer of stellar 
mass. 
 
High resolution 
and sensitivity 
are required to 
probe the XLF. 



Van Dokkum et al. 2016, ApJL, 828, 6 

Ultra-diffuse galaxies like Dragonfly 44 are an important 
proving ground to determine how much LMXB formation 
depends on globular clusters.  
 



Agents of Reionization 



Hot winds may clear 
paths for ionizing 
photons to escape 
galaxies. But 
reionization happened 
at z>4… 
 
Lyman-break analogs 
are local systems where 
mechanical feedback 
and ionization from 
XRBs can be measured. 
<1” is needed to probe 
Lyα-emitting knots. 

Haro 11 

Prestwich et al. 2015, ApJ, 812, 166 



Mrk 71 (d=3 Mpc) hosts super-star clusters that are analogs to 
young, LyC-emitting dwarf galaxies.  
 
X-rays (LX, kT) determine the age and clearing stage of the 
SSC, and thus fesc. kT<0.3 keV requires strong soft response. 
Compact size requires high resolution. 

Micheva et al. 2017, ApJ, 845, 165 



AGN Feedback in Galaxies 



Fabian 2012 

Cavity “power” is correlated 
with X-ray luminosity (in 
groups and clusters) 

Shin+2016 

Cavity size is correlated with 
distance from the AGN 
(including in individual 
galaxies) 



Terrazas et al. 2017, ApJ, 844, 170 

Black hole growth appears to quench central galaxies. 
Successful models use continuous heating of CGM by a SMBH, 
but AGN outbursts are smaller in galaxies than clusters.  





Summary 

• X-rays are essential probes of galaxy formation 

• High resolution, high sensitivity observations are 
indispensible to 
– Detecting the hot CGM that fuels large galaxies 

– Measuring the build-up of stellar populations 

– Computing the power of galactic winds 

– Understanding reionization 

– Determining how AGN quench galaxies 

• These sketches are by no means a complete 
picture. Additional input is welcome!  


