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The Advanced X-ray Imaging Satellite (AXIS) is a probe mission concept under 
study to the 2020 Decadal survey that builds on the legacy of the Chandra X-ray 
Observatory, utilizing breakthroughs in the construction of light-weight X-ray 
optics from mono-crystalline silicon blocks, and in the fabrication of large 
format, small pixel, fast readout detectors, to attain a similar or higher angular 
resolution over a 24’ field of view and an order of magnitude more collecting 
area in the 0.3-10 keV band. Our work is supported by NASA Astrophysics Probe 
Mission Concept Study, ROSES/SAT, ROSES/APRA, and GSFC IRAD programs, 
and by The UMCP College of Computer, Mathematical, & Natural Sciences. 

Introduction Imaging SMBHs with Quasar Microlensing 

Hierarchical Structure Formation, SMBH Growth
AXIS Optics and Detector

Alternative technologies to CCDs, such as hybrid CMOS, are under consideration. 

Additional AXIS Science and More Information
axis.astro.umd.edu 

AXIS will (1) detect dual AGN in 
obscured nuclear environment of 
mergers with Lx~1043 erg s-1, and 
~kpc separation out to moderate z, 
(2) identify likely gravitational wave 
precursors in the  population of dual 
AGN, and (3) look for X-ray 
counterparts of offset AGN 
candidates at other wavelengths at a 
wide range of separations and 
distinguish these from X-ray binaries.  

Activity is more frequent, and more luminous, as separation decreases 

•  May: Single pair of mirrors aligned, bonded, and X-ray tested. 
•  December: Multiple pairs of mirrors aligned, bonded, and X-ray tested. 
   The (log scale) image (right), obtained with 4.5 keV Ti Kα X-rays has  a 2.2" HPD that agrees well  
   with predictions, and that  translates to 1.6” at 1 keV based on measured micro-roughness of the  
   mirror, which will be improved. 
•  Mirrors that can achieve 0.5" images at 1 keV are in hand, and will be tested. 
•  Aligning and Bonding the shells to a mirror assembly, and integration of mirror assemblies  
  into telescope in progress. 

Additional details on the AXIS mission and 
science may be found on our website (or scan 
the QR code below, right).

Imaging the gravitational sphere of influence in SMBHs 

Chandra resolves the Bondi radius in only 3 galaxies. With ten times the Chandra effective area and 
a similar, or better, PSF AXIS will detect hot gas within the Bondi radius in ~60 nearby galaxies with 
measured BH masses, and map the density and temperature structure of the accreting hot gas in 
15-20 of the X-ray brightest. 

Above: Fe K emission map from disc at i=82° around black hole with a=0.3. Measurement of gravitational 
redshift of this line spectrum constrains the Innermost Stable Circular Orbit, and hence the spin. 

Analysis of LSST image light-curves will provide reliable microlensing triggers for caustic crossing events that 
enable the source size to be derived from the magnification factor. These triggers allow dense X-ray monitoring 
of caustic crossings by utilizing AXIS rapid response and target planning flexibility. 

Chandra image of RX J1131-1231 

AXIS Science areas not covered in this poster include:  
•  X-ray jet flaring, proper motion 
•  High-z jets as galaxy evolution drivers   
•  Ultra Luminous X-ray Sources 
•  X-ray binary population studies 
•  Deep surveys and high redshift clusters  
•  Supernova remnants (poster by B. Williams) 
•  Galaxy halos and CGM (poster by E. Hodges-Kluck) 
•  Time domain science (poster by L. Winter) 
•  Chemical evolution in galaxies and galaxy clusters 
•  Solar system (planets, comets) and protoplanetary disks 
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Large Scale Structure and Cluster Physics: Cluster Outskirts and the Cosmic Web 

Figure of merit for background limited (low surface brightness source) observations: A/(F2B); 
A=effective area, F=focal length, B=detector background. AXIS, with its high sensitivity that 
enables point source and clump excision and low background, can study IGM filaments connected 
to clusters beyond the virial radius  as well as shock front and other fine structures and 
discontinuities. 
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Surveys may be used to 
discover new dual AGN 
and complement other  
missions in investigating 
the growth of high-
redshift AGN.  

Recent Milestones and Refinements

•  Small (8-16 µm = 0.17-0.34″) pixels to sample PSF, help reduce pileup 
•  2x2 Backside-Illuminated DCCDs, total 4.2 cm (12-24′) FOV (15-30 Mpixels) for redundancy and to 
cover the focal plane 
•  50–100 µm depletion, readout noise <4e- to optimize sensitivity over 0.1-10 keV, reduce effects of 
charge splitting 
•  32 outputs at 2.5 MHz, 20 frames/sec (60x Chandra) to minimize pileup and enable fast timing 
•  Charge injection to reduce Charge Transfer Inefficiency 

•  Expected energy resolution: ~150 eV at 6 keV 
•  Expected QE: with Optical Blocking Filter: 25% (0.2 keV), 75% (0.5 keV), >90%(>1 keV)  
•  Expected Background (in LEO) ~0.001 ct s-1 arcmin-2 (0.3-12 keV) (~ 5 times lower than for Chandra) 

Focal length = 9 meters 
Inner mirror diameter =0.3 meters 
Outer mirror diameter = 1.7 meters 
Number of meta-shells = 6 
Number of mirror shells = 298 
Number of mirror segments = 16,568 
Effective area @ 1 keV [inc QE] = 7700 [6920] cm2 

Effective area @ 6 keV  [inc QE] = 1626 [1484] cm2 

Effective area @ 12 keV  [inc QE] = 184 [62] cm2 

The imaging grasp, defined as the number 
of resolution elements (PSF half-power 
diameter) within the field-of-view, based on 
the latest AXIS design exceeds that of 
Chandra by ~50. The increase in sensitivity 
to low surface brightness emission is a 
similar factor (see panel below). 

The AXIS sensitivity to fine structure is illustrated in 
this AXIS simulation based on the HST image of the 
Teacup Quasar  
(arXiv:1803.00009). 

•  Instrument (IDL) and Mission (MDL) runs completed in Feb and 
March 2018 (see AXIS CAD model and block diagram below).  

•  Recent test results from mirror shells and mirror pairs confirmed that   
   progress towards the AXIS requirements is on track. 

• The mirror effective area was refined, resulting in a ~30% increase in 
area at 1 keV, and enabling the detection of X-ray luminous elliptical 
galaxies and ULIRGs to z>1, and Milky-Way-like halos to z~0.1. 


