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The Advanced X-ray Imaging Satellite (AXIS)
The NASA concept mission AXIS will achieve high sensitivity (10 times the Chandra count
rate) and high angular resolution (0.3 arc sec) X-ray observations. AXIS will achieve rapid
response follow-ups in its 15 arc min FOV for transient phenomena after the conclusion of
the successful Swift Gamma-ray burst mission. In the up-coming decades, AXIS’s fast slew
rate may provide the only rapid X-ray capability to study explosive transient events that
will be detected with next-generation ground-based survey telescopes, such as the Large
Synoptic Survey Telescope (LSST).
The technical capabilities of AXIS include:

Supernova Shock Breakout Winds
For supernova (SN) studies, the most important observations catch the first glimpses following the explosion.
Short duration X-ray bursts occur seconds to hours after the explosion, signaling the break-out of the su-
pernova shock wave through the stellar surface. Swift discovered the first supernova shock breakout wind,
placing constraints on the radius of the progenitor star, stellar mass loss rate, and early shock speed (Soder-
berg et al. 2008, below the Swift X-ray light curve is shown). Like Swift, AXIS will have the capability to
rapidly slew to locations of candidate SN detected from ground-based surveys. LSST is expected to discover
3-4 million new SN over ten years. AXIS will also have the advantage of increased sensitivity at low energies
(< 1 keV) compared to current X-ray observatories, allowing tighter constraints on the X-ray light curves and
thereby better constraints on the progenitor star and shock speed.

Gamma-ray Burst X-ray Afterglows

Example GRB light curves from Swift XRT are
shown from Levan et al. 2013.

X-ray afterglows from gamma-ray bursts (GRBs) indi-
cate clues to their driving processes. X-ray afterglows
are seen following most GRBs, often lasting for several
days. Afterglows originate from the expanding shock
interacting with material it collides with and sweeps
up as it moves through the surrounding interstellar
medium. AXIS will quickly catch these afterglows,
characterizing the soft X-ray light curves with unprece-
dented sensitivity.

Optical GRB afterglow, detected by Los Alamos
National Laboratory’s RAPTOR.

Black Hole Tidal Disruption Events
Black hole tidal disruption events (TDEs) occur when
a star is pulled apart by the gravitational tidal effects
close to the event horizon. TDEs are important probes
of strong gravity and accretion physics near supermas-
sive black holes. Discoveries of TDEs in the age of large
area time-domain surveys like LSST will require high-
energy follow-ups with an observatory like AXIS. While
only a handful of TDEs are currently known, van Velzen
et al. (2011) estimate LSST to detect 4000 per year.
AXIS’s high sensitivity at soft X-rays will be important
to distinguish TDEs from low luminosity AGN, whose
spectra are harder.

(Above) UV detection of a TDE from GALEX (Gezari et al.
2006).
(Right) Optical through X-ray lightcurves from Swift of a
TDE (Miller et al. 2015).

Stellar Flares

UV image of a powerful X9.3 flare on Sept 6, 2017
from the Solar Dynamics Observatory. This was
the strongest recent flare, but more extreme super-
flares 100-1000 times this level are possible and
have been detected on nearby stars with Kepler.

Stellar flares (SFs) are energetic releases of energy driven
by magnetic reconnection. AXIS’s high effective area below
1 keV will allow detailed studies of flaring stars. Surveys
by NASA’s Kepler Space Telescope recently detected super-
flares over 100 times the largest recorded solar flare in his-
tory – with a total of 1500 super-flares on 300 solar-type
stars (Shibayama et al. 2013). With larger surveys of flares
from telescopes like LSST and the Transiting Exoplanet Sur-
vey Satellite (TESS), new super-flares on solar-analogs will be
identified. AXIS can rapidly follow-up the optical detections
with X-ray observations and track the coronal stellar-cycle
behavior of these stars. This science will allow us to de-
termine expectations for extreme space weather in our solar
system and in those of extra-solar planetary systems.

Super-flares are rare (e.g., Maehara et al. 2012 and Karoff et al. 2016), but large-area surveys will uncover a
larger number of these explosive events.

More Information on AXIS Science

This work is presented on behalf of the AXIS science team. More details on the proposed
NASA mission are available at http://axis.astro.umd.edu or by scanning this QR code:

Additional AXIS Transient studies:

• Soft X-ray Transients

• Changing Look AGN
• Pulsars

• Gravitational Wave Counterparts

• Orphan Afterglows

• And More ...


