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Abstract

Death of massive stars (i.e., larger than 8M⊙) comes with a cataclysmic explosion known as core-collapse
supernova that releases high power electromagnetic radiation, in which the “first light” triggered by the
shock breakout from the stellar surface is thought to carry important information about the progenitor
interior. Here we report results of a MAXI archival search for the early shock breakout X-rays from a
Type IIb supernova 2013df. Although an X-ray excess is seen from the lightcurve produced by the MAXI
on-demand service, the excess is likely caused by a bad background subtraction.
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1. Introduction

Massive stars more massive than eight solar masses ter-
minate their stellar evolution by a high power explosion,
that leaves an extremely compact nuclear core in the
remnant as a neutron star, or a black hole (Smartt 2009).
These so-called core-collapse supernovae (SNe) are trig-
gered when the nuclear fuel in the progenitor stellar cores
is exhausted and consequently leads to a catastrophic
gravitational collapse. Such a collapse, often termed
implosion, generates a lot of heat causing a neutrino
burst that releases about 99% of the gravitational bind-
ing energy (Scholberg 2012) and is eventually halted and
rebounded by an “incompressible” neutron-degenerate
core, producing a strong outward-moving blast shock
that finally breaks out from the stellar surface and con-
verts the implosion into a luminous explosion (Janka
2012). While the shock breakout precursor emissions are
closely related to the stellar interior, physical parameters
of the progenitor envelope could be extracted theoreti-
cally through the stellar models, however, the progenitor
of a shock breakout event has not hitherto been seen.

In terms of observations, a SN shock breakout phe-
nomenon refers to a short-lived explosive ultra-violet
transient event powered by the shock when it reaches the
stellar surface (Gezari et al. 2008). In some rare cases,
UV lights could be inverse-Compton scattered by the en-
ergetic electrons in the shocked region to produce X-rays
(0.2–10.0 keV), which has been seen once by Swift/XRT
from SN 2008D (Soderberg et al. 2008). The timescale
of the transient brightening mostly depends on the pro-
genitor size (i.e., the shock-travel time), varying from
seconds for a Wolf-Rayet stars to kiloseconds for a red

Fig. 1. MAXI/GSC lightcurves of SN 2013df from 3–5.keV, covering
the interval between 8 days before and after the SN discovery,
and with the time axis referenced to that of the discovery image
(2013 June 7.87 UT). Upper panel: MAXI/GSC lightcurve with
a time resolution of 0.2 day. The X-ray excess is clearly visible
just (about 10 hours) before the SN discovery. The photon flux
is 0.079 ± 0.021 ct s−1 cm−2 (S/N ratio ∼ 3.7σ) and the detec-
tion significance is more than 5.8σ, equivalent to a false alarm
probability less than 10

−8; lower panel: The same MAXI/GSC
lightcurve with a time resolution of 0.1 day.

supergiant, and even extending to hours if an outer dense
circumstellar wind or an extended envelope is present
(Gezari et al. 2008).

2. Searching X-ray signal from SN 2013df

Motivated by the long-term shock breakout X-rays, we
aim to target supernovae with a known supergiant pro-
genitor and search the MAXI database for any strong X-
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Fig. 2. The figure shows a 16 degree × 16 degree MAXI field-of-view
of SN 2013df (energy range: 2–20 keV) during our time of inter-
est. Red/green regions are the background/source regions chosen
by the MAXI on-demand server for the aperture photometry. From
the figure, it is clear that the extraction regions are contaminated
by an instrumental black belt pattern (indicated by a white box)
causing an apparent X-ray excess in the lightcurve.

ray variabilities at the SN location. We picked a nearby
(i.e., D = 16.6 Mpc) Type IIb SN 2013df with a yellow
supergiant progenitor identified (Van Dyk et al. 2014)
as the first test sample of the shock breakout survey. All
MAXI/GSC data used in this analysis were extracted
by the MAXI on-demand server using a 2 degrees radius
circular region centered at the SN optical position with
an annulus background region but excluding two bright
AGNs in the field (i.e., 1ES 1218+304, ON 231). From
a lightcurve of energy range 2–20 keV with a time bin of
0.2 day, a marginal X-ray excess is found with a signal-
to-noise (S/N) ratio of ∼ 1.8σ started from 10:47:56 on 7
June 2013 UT, which is about 10 hours before the super-
nova discovery. The X-ray excess disappeared in the next
0.2 day data bin. While two nearby AGNs in the field
did not show significant X-ray flare in the same period
of time, the excess at the SN position is likely a real sig-
nal from the SN rather than from any background flares
or the nearby sources. However, a further check by the
nova-detecting-system developed by the official MAXI
team (T. Mihara, private communication, February 25,
2014) suggested the detection is fake. After a detailed vi-
sual inspection, we concluded that the detection is likely
caused by a bad background subtraction by the MAXI
on-demand robot, instead of a strong outburst from the
SN.

3. Possible detection in the Future

Although the MAXI detection of SN 2013df is probably
unreal, it is worth noting that MAXI is still a powerful
instrument to catch such hourly timescale (for super-
giant progenitors) X-ray transient events from nearby
supernovae. Together with the huge HST data archive
consisting of hundreds of nearby galaxies, it is expected
that X-ray shock breakout events with progenitor iden-
tifications will be eventually found in the future and the
discovery could provide a more complete picture of the
last stage of stellar evolution.
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