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Finding Supernova | a Progenitor s with the
Chandra X-ray Observatory
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Abstract. We examine pre-supernova Chandra images to find X-ray lusitias of type la super-
nova progenitors. At present, we have one possible dirdettien and upper limits for the X-ray
luminosities of a number of other supernova progenitore method has also yielded a possible
detection of a X-ray binary Wolf-Rayet system as the progef a type Ib supernova.
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Supernovae (SNe) la are highly luminous stellar explosibascan be used as cos-
mological distance indicators. They are also the main soaf@ron in the Universe. As
such, they are an important phenomenon in both cosmologgaladtic astrophysics.
However, the exact nature of their progenitor systems nesnaiusive. SNe la are be-
lieved to arise when white dwarfs (WDs) accrete matter aptegeh the Chandrasekhar
mass. At around 1.37 Mthey explode in a thermonuclear runaway as carbon is rapidly
fused into heavier elements.

Currently, two progenitor scenarios are considered: thglsidegenerate (SD) and
double degenerate (DD) scenarios. In the SD scenario, a \Wi2tas mass from a com-
panion star and eventually explodes. In the DD scenario simChandrasekhar mass
WDs merge to form a single WD above the Chandrasekhar mas$hwhbsequently
explodes. Both scenarios face considerable problems Jemynand a full understanding
of the properties of SNe la progenitors is sorely needed [1].

A sufficiently massive WD accreting mass from a companionwithburn accreted
material at its surface. The energy produced in this prdecasdeen shown to dominate
over the acceleration of the infalling mass (unlike for mooenpact X-ray accretors,
i.e. neutron stars or black holes, where the acceleratianatfer dominates) and will
produce soft X-rays at luminosities arourd103’ — 10% erg/s. DD progenitors likely
have no or weaker X-ray emission. Therfore, we examine ppéssion archival images
from the Chandra satellite to find the X-ray brightness ofghegenitors and thereby
determine whether they are SD or not.

By this approach Voss & Nelemans [2] found evidence of an Kemitting pro-
genitor of SN20070n. However, later analyses indicate wiight have been a chance
alignment between the progenitor and an unidentified X-cayce [3]. At present, it is
unclear whether the X-ray source in question was in fact tbggnitor of SN20070n.
More SNe need to be studied.

Pre-SN Chandra images of nearby SNe la allow upper limitetodiculated for X-
ray luminosities of progenitors (see table 1). We note thas¢ are close to theoretical
predictions for accreting white dwarfs. More nearby SNeé¢diely to further constrain


http://arxiv.org/abs/1101.5949v1

TABLE 1. 30 upper limits on X-
ray luminosities of SN la progeni-
tors

SN Lx

2008fp 15-10%8erg/s
2007sr  19-10%"ergl/s
2007on 51-10%erg/s
2007gi 36-10%erg/s
2006mr 48-10%%erg/s
2006dd 31-10%erg/s
2006X 25-10%erg/s
2004W  40-10%erg/s
2003cg 16-10%*°erg/s
2002cv  19-10%erg/s

these values and/or provide a direct detection of a progenit

To generate our sample we use the list of SNe provided by thwakth CfA
(http://ww. cfa. harvard. edu/i au/lists/ Supernovae. ht m ). Chan-
dra became operational in October 1999 so we only consider|&tdr than this time.
Since luminosities of- 10°7 erg/s are unlikely to be detectable at larger distances than
25 Mpc we use NEDHKt t p: / / nedww. i pac. cal t ech. edu/) to give us only
those SNe la whose host galaxies are within this distance.

The total number of SNe la with known distances is 608. Fidupéots the number
of SNe la as a function of NED distance and for a cut-off distaof 25 Mpc we arrive
at a sample of 34 SNe la. Of this sample, we find 10 with pre-Shges (figure 3).
This corresponds to approximately one SN la having pre-S&gas per year, although
this number is obviously subject to large uncertainties usmall number statistics.
Completeness is also an issue of some concern, see figure 2.

In our work, we have also examined Chandra archival imagesvialence of pro-
genitors of other types of SNe (lb/c, Il). Evidence for an&+isource was found for
SN20100, and this has been interpreted as an X-ray binarj\lolaRayet system [4].

Our conclusion is that the method works and have alreadyyoextia possible direct
detection in addition to interesting upper limits to X-rayrlinosities of the progenitors
of nine SNe la. The method may prove helpful in the field of ecotlapse SNe as well.
As time progresses we expect more SNe la to occur that hav8Nienages available
and it appears likely that this will happen soon.
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number of SNe, by distance
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FIGURE 1. SNe lain host galaxies at known distances.

SNe la apparent magnitude vs. distance
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FIGURE 2. Distance to nearbyd(< 25Mpc) SNe la as a function of apparent magnitude. We note
the large scatter in apparent magnitudes, from 12.4 as thbtbst (SN2006ce) to 19.0 as the dimmest
(SN2002cv). Nearby SNe are often discovered by amatewrastrers whose telescopes are hard pressed
to detect anything below magnitude 17 or so, hence we expgghéicant number of dim, undiscovered
nearby SNe. This raises serious concerns with respect tmthpleteness of our sample.



SNe la covered by Chandra observations
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FIGURE 3. Timeline of SNe la covered by Chandra. Each horizontal linettee plot corresponds
to a nearby SN for which Chandra data is available: 2002b02@@ 2003cg, 2003if, 2004W, 2004ab,
2005ke, 2006X, 2006dd, 2006mr, 2007gi, 20070n, 2007sr, @880 Squares mark the date of SNe la
while triangles mark observations covering the positiorthef SN. Hence, triangles to the left of the
square on the same line indicate pre-SN images. As can betheeais a roughly constant distribution
of observations. We note that there is a curious absencearid@h-covered SNe from 1999 to 2002. We
would expect there to be at least a couple of SNe with postrsadies in this region.



