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The Advanced X-ray Imaging Satellite (AXIS) is a probe-class mission concept (PI- R. 
Mushotzky) selected by NASA for further study for the 2020 Decadal Survey. It is 
designed to follow in the footsteps of the spectacularly successful Chandra X-ray 
Observatory with similar or higher angular resolution and an order of magnitude more 
collecting area in the 0.3-15 keV band, with a background level five times lower than 
Chandra’s. For a detailed overview of the observatory, see accompanying poster 
140.03. Here, we overview the potential supernova remnant (SNR) science that can 
be achieved with AXIS beyond what is possible today. 

Overview

nonthermal

thermal

Shock Physics and Particle Acceleration
Shocks are ubiquitous in the universe! SNRs offer the chance to observe shock fronts on small scales (sub parsec)

Example: Remnant of 
SN 1006

- 30’ in diameter, but 
only 1,000 yrs old

- If 2.2 kpc distant, 0.5” 
corresponds to 1.6e16 
cm, or 0.005 pc

- Shocks produce both 
thermal and non 
thermal emission; not 
entirely clear why

- Theory predicts that some non 
thermal emission should be present 
ahead of the shock from particles that 
have diffused upstream

- Efforts to find this with Chandra have 
been unsuccessful, but this pushes 
limits of Chandra (need lower bkgd)

Figures from Winkler et al. (2014) 

Other examples

- Uchiyama et al. 
(2007) used Chandra 
to observe rapid (~yr) 
variations of 
synchrotron emission 
on small scales

- Interpreted as 
evidence for 
extremely high B-
field - In studies of energy-dependence of width of synchrotron 

emitting rims, Ressler et al. 2014 and Tran et al. 2015 tested 
models of post-shock B-field damping

- Results were relatively inconclusive, mostly due to running up 
against Chandra’s resolution and effective area limitations

SNe and SNRs in Nearby Galaxies

- The large effective area of AXIS enables systematic 
studies of SNRs in nearby galaxies, such as M31 (778 
kpc), or M83 (4.6 Mpc).

- Deep Chandra survey of M83 detected 378 point 
sources, 87 identified as SNRs (compared with 225 
optical SNRs)

- Count rates generally not high enough to do detailed 
spectroscopy

- Effective area of AXIS would make this possible, could 
compare SNR population with star-formation history at 
localized locations within galaxy. Would capture lots of 
other science as well!

Chandra 700 ks observation of M83 (Long et al. 2014)

Theoretical light curves from Nakar & Sari 
(2010), showing X-ray luminosity at >0.2 
and >0.5 keV for various models of core-
collapse supernovae. Note the importance 
of the soft energy response, particularly 
for the red supergiant case.

Supernovae

Supernova Remnants

Type Ia supernovae are less likely 
to be seen from their light curves, 
unless a dense circumstellar 
environment is present (see 
Bochenek et al. 2017 for a recent 
claim of the first ever detection of 
such an event). 

A more likely way to detect SNe Ia 
is through the Mn Kα emission line 
at 5.9 keV following the radioactive 
decay of 55Fe -> 55Mn. This decay 
has a half-life of 2.7 yr, and due to 
opacity of ejecta, the line reaches 
peak flux at ~6 yr post explosion. 
Seitenzahl et al. (2015) calculate 
line fluxes for single-degenerate 
(delayed-detonation) and double-
degenerate (violent merger) 
models. Shown at right are 
simulations with AXIS and 
Chandra.

Proper Motion Studies

Difference image of SN 1006 from Chandra 
observations in 2003 and 2012. Expansion 
velocities in this remnant are between 3000 and 
5000 km/s (Winkler et al. 2014). Sub-arcsecond 
resolution allows for detailed proper motion 
studies of shock waves propagating into the ISM.

Number of SNRs with at least some X-ray proper 
motions measured is perhaps a dozen… but this 
number only grows with time. 

Era of precision astrometry in X-rays began with 
Chandra, but needn’t end there. With sufficient point 
sources for WCS alignment, cross-mission proper 
motion studies are absolutely doable. 

Shown at right are 3D simulations of Si ejecta from 
two different SNe Ia models (Seitenzahl et al. 2013). 
At bottom right, 3D measurements of Tycho’s SNR 
from Williams et al. (2017). Studies like this for other 
remnants (and other ejecta species) are possible, 
but observationally expensive for Chandra. 

Mapping of Ejecta Products
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Suzaku detected Fe-peak elements from young SNRs…

… but cannot reveal their distribution. AXIS will.

Current/previous missions

· Chandra/XMM ➔ Revealed 
detailed distribution of α-elements 
(plus Fe in several bright SNRs).
   ➔ SN explosion mechanism, SNR 
dynamics.

· Suzaku ➔ Detected weak 
emission from Fe-peak elements in 
spatially-integrated spectra.
    ➔ SN Ia physics, plasma 
diagnostics.

AXIS will do both

Chandra data (450 ks) ATHENA simulation

Spatial resolution crucial for small remnants in Galaxy
and particularly Magellanic Clouds (like N103B, below)
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Energy resolution requirements

Need < 180 eV
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More Information
Visit our public website at axis.astro.umd.edu, or scan this QR code


