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ABSTRACT

Preprint 12 October 2016

Compiled using MNRAS IATEX style file v3.0

This manuscript presents information for all supernovae discovered by the All-Sky
Automated Survey for SuperNovae (ASAS-SN) during 2015, its second full year of op-
erations. The same information is presented for bright (my < 17), spectroscopically
confirmed supernovae discovered by other sources in 2015. As with the first ASAS-SN
bright supernova catalog, we also present redshifts and near-UV through IR magni-
tudes for all supernova host galaxies in both samples. Combined with our previous
catalog, this work comprises a complete catalog of 455 supernovae from multiple pro-
fessional and amateur sources, allowing for population studies that were previously
impossible. This is the second of a series of yearly papers on bright supernovae and
their hosts from the ASAS-SN team.

Key words: supernovae, general — catalogues — surveys

1 INTRODUCTION

In recent decades, systematic searches for supernovae have
progressed into the era of large projects that survey some or
all of the sky for supernovae and other transient phenomena
using varying degrees of automation. These projects include
the Lick Observatory Supernova Search (LOSS; Li et al.
2000), the Panoramic Survey Telescope & Rapid Response
System (Pan-STARRRS; Kaiser et al. 2002), the Texas Su-
pernova Search (Quimby 2006), the Sloan Digital Sky Sur-
vey (SDSS) Supernova Survey (Frieman et al. 2008), the
Catalina Real-Time Transient Survey (CRTS; Drake et al.
2009), the CHilean Automatic Supernova sEarch (CHASE;
Pignata et al. 2009), the Palomar Transient Factory (PTF;
Law et al. 2009), the Gaia transient survey (Hodgkin et al.
2013), the La Silla-QUEST (LSQ) Low Redshift Supernova
Survey (Baltay et al. 2013), the Mobile Astronomical System
of TElescope Robots (MASTER; Gorbovskoy et al. 2013)
survey, the Optical Gravitational Lensing Experiment-IV
(OGLE-IV; Wyrzykowski et al. 2014), and, recently, the As-
teroid Terrestrial-impact Last Alert System (ATLAS; Tonry
2011), among numerous others.

Prior to 2013, however, there was no rapid-cadence op-
tical survey that surveyed the entire visible night sky to
find the bright, nearby supernovae that can be studied most
comprehensively, and thus have the largest impact on our
understanding of supernova physics. This changed with the
creation of the All-Sky Automated Survey for SuperNovae
(ASAS-SN'; Shappee et al. 2014), a long-term project de-
signed to find bright transients, such as nearby supernovae
(e.g., Dong et al. 2016; Holoien et al. 2016¢; Shappee et al.
2016), tidal disruption events (Holoien et al. 2014a; Brown
et al. 2016b,a; Holoien et al. 2016a,d), flares in active galactic
nuclei (Shappee et al. 2014), stellar outbursts (Holoien et al.
2014b; Schmidt et al. 2014; Herczeg et al. 2016; Schmidt
et al. 2016), and cataclysmic variable stars (Kato et al.
2014a,b, 2015, 2016).

ASAS-SN accomplishes this using 8 telescopes with 14-
cm aperture lenses and standard V-band filters which have
a 4.5 x 4.5 degree field-of-view and a limiting magnitude
of my ~ 17 (see Shappee et al. (2014) for further techni-
cal details). The ASAS-SN telescopes are divided into two
units, each consisting of four telescopes on a common mount
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hosted by the Las Cumbres Observatory Global Telescope
Network (LCOGT; Brown et al. 2013). Our northern unit,
Brutus, is hosted at the LCOGT site on Mount Haleakala
in Hawaii, while our southern unit, Cassius, is hosted at the
LCOGT site at Cerro Tololo, Chile. These two units give us
roughly 20000 square degrees of coverage per clear night,
and we cover the entire observable sky (~ 30000 square
degrees on a given night) with a 2 — 3 day cadence. All
data are processed and automatically searched in real-time,
which allows for rapid discovery and response, and discover-
ies are announced publicly, sometimes within a few hours of
data collection. For a more detailed history of the ASAS-SN
project, see the introduction of Holoien et al. (2016b).

Though some professional surveys have more numerous
discoveries, all transients discovered by ASAS-SN are bright
and relatively nearby, which allows them to be observed over
wide wavelength ranges and long time baselines using fairly
modest resources. Spectra of ASAS-SN discoveries are often
easily obtainable with a 1-m telescope, and all ASAS-SN
supernovae have been spectroscopically confirmed and clas-
sified. ASAS-SN also uses an untargeted survey approach,
which allows us to provide a less biased tool than other sur-
veys for studying the populations of nearby supernovae and
their host galaxies.

This manuscript is the second of a series of yearly cat-
alogs provided by the ASAS-SN team and presents the col-
lected information on supernovae discovered by ASAS-SN
in 2015 and their host galaxies. As was done in our 2013
and 2014 catalog (Holoien et al. 2016b), we provide the
same information for bright supernovae, defined as those
with mpeqar < 17, discovered by other professional surveys
and amateur astronomers in 2015 in order to construct a
full sample of bright supernovae discovered in 2015. The
analyses and information presented here supersedes our dis-
covery and classification Astronomer’s Telegrams (ATels),
all of which are cited in this manuscript, and the infor-
mation publicly available on the ASAS-SN web pages. We
also examine simple statistical properties of the combined
supernovae sample from this manuscript and from Holoien
et al. (2016b). Throughout our analyses, we assume a stan-
dard ACDM cosmology with Hy = 69.3 km s~! Mpc™*,
Qar = 0.29, and 24 = 0.71 for converting host redshifts into
distances.

In §2 we detail the sources of the information presented
in this manuscript. In §3, we give statistics on the supernovae
and hosts in the full, cumulative sample, provide analyses of
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the data, and discuss the overall trends seen in the sample.
Finally, in §4, we conclude with remarks about the overall
findings and look at how future ASAS-SN catalogs will be
an integral tool in nearby supernova rate calculations that
will be done by the ASAS-SN team.

2 DATA SAMPLES

Here we describe the sources of the data collected for our
supernova and host galaxy samples, which are presented in
Tables 1, 2, 3, and 4.

2.1 The ASAS-SN Supernova Sample

The ASAS-SN supernova sample is listed in Table 1 and
includes all supernovae discovered by ASAS-SN between
2015 January 1 and 2015 December 31. As in Holoien
et al. (2016b), we collected the names, discovery dates, host
names, and host offsets for ASAS-SN discoveries from our
discovery Astronomer’s Telegrams (ATels), which are cited
in Table 1. TAU names are also listed for those supernovae
that had one assigned. As we note in our ATels, we view the
ASAS-SN names as having priority due to the failure of the
TAU system to provide proper credit to the discovery team.
We use the TAU system only to avoid temporal reporting
conflicts, and encourage others to refer to our discoveries by
their ASAS-SN designations.

Redshifts have been spectroscopically measured from
classification spectra in all cases. For cases where a redshift
had been previously measured for a supernova host galaxy
and is consistent with the transient redshift, we list the red-
shift of the host obtained from the NASA /TPAC Extragalac-
tic Database (NED)?. For cases where the measurements are
not consistent or where a host redshift was not available, we
typically report the redshifts given in the classification tele-
grams.

Supernova classifications are taken from classification
telegrams, which we have also cited in Table 1. For those
supernovae that had best-fit ages reported in their classi-
fications, we also give the approximate ages at discovery,
measured in days relative to peak. Supernovae were typi-
cally classified using either the Supernova Identification code
(SNID; Blondin & Tonry 2007) or the Generic Classification
Tool (GELATO?; Harutyunyan et al. 2008), both of which
compare the observed input spectra to template spectra in
order to estimate the best supernova type and age match.

Two supernovae, ASASSN-15da and ASASSN-15hx,
never had a redshift announced publicly, and we report red-
shift measurements here. Using the classification spectrum
taken with the Ohio State Multi-Object Spectrograph (OS-
MOS; Martini et al. 2011) mounted on the MDM Obser-
vatory Hiltner 2.4-m telescope we measured a redshift of
0.048 4+ 0.003 for ASASSN-15da using SNID. We measured
a redshift of 0.0081 for ASASSN-15hx using the host-galaxy
Ha line detected in a nebular spectrum obtained on 2016
March 11 with the Inamori Magellan Areal Camera and
Spectrograph (IMACS; Dressler et al. 2011) mounted on the

2 nttps://ned.ipac.caltech.edu/
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Magellan-Baade 6.5-m telescope at Las Campanas Observa-
tory.

Based on checking archival classification and late-time
spectra of the 2015 ASAS-SN supernova discoveries, we
also update a number of redshifts and classifications from
the values reported in the discovery and -classification
telegrams. ASASSN-15al, ASASSN-15az, ASASSN-15bm,
ASASSN-15bo, ASASSN-15jm, ASASSN-15lo, ASASSN-
15mg, ASASSN-15mx, ASASSN-15nx, ASASSN-150u,
ASASSN-15rg, ASASSN-15sh, ASASSN-15um, ASASSN-
15u0, ASASSN-15up, and ASASSN-15ug have updated
redshifts that have been remeasured from supernova or
host spectra obtained with OSMOS on the MDM 2.4-m
telescope, IMACS on the Magellan-Baade 6.5-m telescope,
the FAst Spectrograph for the Tillinghast Telescope (FAST;
Fabricant et al. 1998), and the Wide Field Reimaging CCD
Camera (WFCCD) mounted on the 2.5-m du Pont telescope
at Las Campanas Observatory. Based on a re-examination
of the classification spectra, we have updated the classi-
fications of ASASSN-15fa, ASASSN-15fr, ASASSN-15fs,
ASASSN-15ga, ASASSN-15hy, ASASSN-15jm, ASASSN-
15kg, ASASSN-15kj, ASASSN-15mi, ASASSN-150g,
ASASSN-150u, ASASSN-15tg, ASASSN-15um, ASASSN-
15u0, ASASSN-15us, and ASASSN-15ut. We also report
an updated redshift for ASASSN-15ed from Pastorello
et al. (2015a) and an updated redshift and classification of
ASASSN-15n0 from Benetti et al. (in preparation). These
redshifts and classifications are reported in Table 1.

For all ASAS-SN supernovae we solved the astrometry
in follow-up images using astrometry.net (Barron et al. 2008)
and measured a centroid position for the supernova using
IRAF, which typically yielded errors of <170 in position.
This is significantly more accurate than measuring the co-
ordinates directly from ASAS-SN images, which have a 770
pixel scale. Follow-up images used to measure astrometry
were obtained using the LCOGT 1-m telescopes at McDon-
ald Observatory, Cerro Tololo Inter-American Observatory,
Siding Springs Observatory, and the South African Astro-
nomical Observatory (Brown et al. 2013); OSMOS mounted
on the MDM Hiltner 2.4-m telescope; the Las Campanas
Observatory Swope 1-m telescope; IMACS mounted on the
Magellan-Baade 6.5-m telescope; or from amateur collabo-
rators working with the ASAS-SN team. In most cases, we
reported coordinates measured from follow-up images in our
discovery telegrams, but we report new, more accurate coor-
dinates in Table 1 for supernovae that were announced with
coordinates measured from ASAS-SN data.

We have re-measured V-band, host-subtracted discov-
ery and peak magnitudes from ASAS-SN data for all ASAS-
SN supernova discoveries, and report these magnitudes in
Table 1. In some cases, re-reductions of the ASAS-SN data
have resulted in differences between the magnitudes given in
Table 1 and those in the original discovery ATels. Here, the
“discovery magnitude” is defined as the magnitude on the
announced discovery date. We also performed a parabolic
fit to the measured magnitudes for cases with enough de-
tections, and we use the brighter value between the peak of
the fit and the brightest measured magnitude as the “peak
magnitude” reported in Table 1. For cases with too few de-
tections for a parabolic fit, we use the brightest measured
magnitude as the peak magnitude.

One supernova, ASASSN-15kn, was announced by
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ASAS-SN in an ATel and was later announced by the
Italian Supernovae Search Project? in a the Central Bu-
reau for Astronomical Telegram (CBAT) with the name
PSNJ12415045-0710122. The ISSP discovery image was ob-
tained prior to the ASAS-SN discovery image, but since we
announced it first, we list it as an ASAS-SN discovery with
its ASAS-SN name in Table 1.

All supernovae discovered by ASAS-SN in 2015 are in-
cluded in this catalog, including those that were fainter than
my = 17, but in the comparison analyses presented in §3
we exclude those supernovae with my,pear > 17 so that our
sample matches the non-ASAS-SN sample.

2.2 The Non-ASAS-SN Supernova Sample

Table 2 gives information for the sample of bright super-
novae that were not discovered by ASAS-SN. This sample in-
cludes all spectroscopically confirmed supernovae with peak
magnitudes mpeqr < 17 discovered between 2015 January 1
and 2015 December 31.

Data for these non-ASAS-SN discoveries were compiled
from the “latest supernovae” website® maintained by D. W.
Bishop (Gal-Yam et al. 2013). This page provides a reposi-
tory of discoveries reported from different channels and at-
tempts to link objects reported by different sources at differ-
ent times, and thus provides the best available source in 2015
for collecting information on supernovae discovered by dif-
ferent sources. The names, IAU names, discovery dates, co-
ordinates, host names, host offsets, peak magnitudes, types,
and discovery sources that are listed in Table 2 were taken
from this page when possible. Redshifts for host galaxies
were retrieved from NED when available, and were taken
from the latest supernovae website when previous host mea-
surements were not available. For cases where the website
did not list a host name or host offset for the supernova,
this information was taken from NED. We define the offset
in these cases as the difference between the reported super-
nova coordinates and the galaxy coordinates in NED. For all
supernovae in both samples, we give the primary name of
the host galaxy from NED, which sometimes differs from the
name listed on the ASAS-SN supernova page or the latest
supernovae website.

We list the name of the discovery group for all super-
novae discovered by other professional surveys. For super-
novae discovered by non-professional astronomers, we list
a discovery source of “Amateurs” in order to distinguish
these supernovae from those discovered by ASAS-SN and
other professional surveys. As was the case in 2014, ama-
teurs accounted for the largest number of bright supernova
discoveries after ASAS-SN in 2015.

Lastly, we note in Table 2 whether these supernovae
were independently recovered while scanning ASAS-SN data
so that we can quantify the impact ASAS-SN would have on
the discovery of bright supernovae without the presence of
other supernova searches. In §3.2, we examine the cases of
the two very bright (mpeqr < 15) supernovae from 2015 that
were not recovered by ASAS-SN in order to determine why

4 http://italiansupernovae.org/
5 http://www.rochesterastronomy.org/snimages/

ASAS-SN missed these supernovae despite its large coverage
area and high cadence.

2.3 The Host Galaxy Samples

We have collected Galactic extinction values and magni-
tudes in various photometric filters spanning from the near-
ultraviolet (NUV) to the infrared (IR) for all host galax-
ies of the supernovae in both the ASAS-SN and the non-
ASAS-SN samples. These data are presented in Tables 3
and 4 for ASAS-SN hosts and non-ASAS-SN hosts, respec-
tively. The Galactic Ay is taken from Schlafly & Finkbeiner
(2011) and was gathered from NED for the supernova posi-
tion. We obtained NUV magnitudes from the Galaxy Evo-
lution Explorer (GALEX) All Sky Imaging Survey (AIS),
optical ugriz magnitudes from the Sloan Digital Sky Sur-
vey Data Release 12 (SDSS DR12; Alam et al. 2015), IR
JHKs magnitudes from the Two-Micron All Sky Survey
(2MASS; Skrutskie et al. 2006), and W1 and W2 magni-
tudes from the Wide-field Infrared Survey Explorer (WISE;
Wright et al. 2010) AIIWISE source catalog. For cases where
the host is not detected in 2MASS data, we adopt an upper
limit which corresponds to the faintest detected host magni-
tude in our sample (my > 16.5, my > 15.7) for the J- and
H-bands.

For the Kgs-band, we estimate a host magnitude for
those hosts that are not detected in 2MASS but are de-
tected in the WISE W1-band by adding the mean K, — W1
offset from the sample to the WISE W1 data. We calcu-
lated this offset by averaging the offsets for all hosts that
were detected in both the Ks- and W1l-bands from both su-
pernova samples, and it is equal to —0.64 magnitudes with
a scatter of 0.05 magnitudes and a standard error of 0.002
magnitudes. This agrees well with the offset calculated with
the 2014 sample in Holoien et al. (2016b). For hosts that are
not detected in either 2MASS or WISE, we again adopt an
upper limit corresponding to the faintest detected host in
that filter, mxg > 15.6.

3 ANALYSIS

Here we provide some basic statistical analyses of the super-
nova samples and examine reasons why ASAS-SN does not
recover some very bright supernovae.

3.1 Sample Analyses

Combining all the bright supernovae from both samples dis-
covered between 2014 May 1, when ASAS-SN became op-
erational in both hemispheres, and 2015 December 31 pro-
vides a total sample of 425 supernovae, after excluding those
ASAS-SN discoveries with mpeqr > 17.0. Of these, 57%
(242) were discovered by ASAS-SN, 25% (105) were discov-
ered by amateurs, and 18% (78) were discovered by other
professional surveys. By type, 278 were Type la supernovae,
115 were Type II supernovae, and 31 were Type Ib/Ic su-
pernovae. Following Li et al. (2011), we include Type IIb
supernovae in the Type II sample to allow a more direct
comparison with their results. ASASSN-151h is classified as a
Type I superluminous supernova (SLSN-I; Dong et al. 2016;

MNRAS 000, 000-000 (0000)
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Full Sample (424)

7% (31)
13% (23) Ib/Ic
Tb/I

Figure 1. Left Panel: Pie chart breaking down the ASAS-SN sample of supernovae discovered between 2014 May 01 and 2015 December
31 by type. The fractional breakdown is quite similar to that of an ideal magnitude-limited sample from Li et al. (2011). Center Panel:
The same breakdown of supernova types for the Non-ASAS-SN sample from the same time period. Right Panel: The same breakdown
of supernova types for the combined sample. Type IIb supernovae are considered part of the “Type II” sample for this analysis.

Godoy-Rivera et al. 2016), and we do not include it in anal-
yses that look at trends by type. ASAS-SN discovered 66%
(183) of the Type Ia supernovae, 43% (50) of the Type II
supernovae, and 26% (8) of the Type Ib/Ic supernovae. Am-
ateurs discovered 20% (55), 31% (36), and 48% (15) of the
Type la, Type II, and Type Ib/Ic supernovae, respectively,
while other professional surveys accounted for the remaining
15% (41), 25% (29), and 26% (8) of each.

In Figure 1 we show a breakdown by type of the su-
pernovae in the ASAS-SN sample, the non-ASAS-SN sam-
ple, and the combined sample. As would be expected from a
magnitude-limited sample, Type Ia supernovae represent the
largest fraction of supernovae in all three samples (e.g., Li
et al. 2011). The ASAS-SN sample has the highest fraction
of Type Ia supernovae of the three samples, and matches the
“ideal magnitude-limited sample” breakdown (79% Type Ia,
17% Type 11, and 4% Type Ib/Ic) predicted from the LOSS
volume-limited sample in Li et al. (2011) almost exactly. As
was the case with just the 2014 sample, the non-ASAS-SN
sample and the overall sample have higher fractions of Type
IT and Type Ib/Ic supernovae (Holoien et al. 2016b).

Although ASAS-SN discovers fewer supernovae over-
all than other professional surveys, ASAS-SN has been the
dominant source of bright supernova discoveries since be-
coming operational in both hemispheres in May of 2014.
Trends seen in the 2014 sample (Holoien et al. 2016b) con-
tinue in the 2015 sample as well. ASAS-SN often discovers
supernovae shortly after explosion due to its rapid cadence:
217 of the ASAS-SN supernovae have approximate measured
ages at discovery, and 70% (151) were discovered prior to
reaching their peak brightness.

ASAS-SN also continues to be less affected by host
galaxy selection effects than other bright supernova searches:
24% (57) of the ASAS-SN bright supernovae were discov-
ered in catalogued host galaxies without known redshifts,
while only 14% (26) of the supernovae discovered by other
sources were found in such hosts. An additional 3% (7) of
the ASAS-SN supernovae were found in uncatalogued hosts
or have no apparent host galaxy compared to 1% (2) of the

MNRAS 000, 000-000 (0000)

non-ASAS-SN discoveries, indicating that ASAS-SN is less
biased against finding supernovae in uncatalogued hosts.

ASAS-SN discoveries continue to stand out from bright
supernovae discovered by other sources with regards to their
offsets from their host galaxy nuclei. In Figure 2 we show
the host Kgs-band absolute magnitude and the offset from
host nucleus for all supernovae in our sample, with the me-
dian values for each source (ASAS-SN, amateurs, or other
professionals) marked with horizontal and vertical lines. To
help put the overall magnitude scale in perspective, a typ-
ical L, galaxy has M, ko = —24.2 (Kochanek et al. 2001),
and a corresponding luminosity scale is given on the upper
axis of the Figure.

Amateur surveys are significantly biased towards lu-
minous galaxies and larger offsets from the host nucleus,
which is unsurprising given that they tend to observe bright,
nearby galaxies and use less sophisticated detection tech-
niques than professional surveys. This approach allows am-
ateur observers to obtain many observations of such galaxies
per night, increasing their chances of finding supernovae, but
it biases them against finding supernovae in fainter hosts.
Other professional surveys in our comparison sample do dis-
cover supernovae with smaller angular separations than am-
ateurs (median value of 1272 vs. 15”0), but in terms of phys-
ical separation both samples exhibit a similar median offset
(4.8 kpc for professionals, 5.1 kpc for amateurs). Conversely,
ASAS-SN discoveries have median offsets of 479 and 2.6 kpc,
indicating that ASAS-SN is less biased against discoveries
close to the host nucleus than either comparison group. The
three other professional groups with the most discoveries
in our comparison sample are CRTS (Drake et al. 2009),
MASTER (Gorbovskoy et al. 2013), and LOSS (Li et al.
2000), which either do not use difference imaging or ig-
nore central regions of galaxies in their searches, and this
likely contributes to their larger offsets. As we pointed out
in Holoien et al. (2016b), however, ASAS-SN continues to
find a higher rate of tidal disruption events than other sur-
veys (see Holoien et al. 2016a,d), including those that do use
difference imaging, which implies that the avoidance of the
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Figure 2. Upper Panel: Absolute Kg-band host galaxy magnitude versus the offset from host nucleus in arcseconds for our total bright
supernova sample. The upper axis gives the log (L/Lx) values corresponding to the magnitude scale for M, r, = —24.2 (Kochanek et al.
2001). Supernovae discovered by ASAS-SN are shown as red stars, those discovered by amateur observers are shown as black circles,
and those discovered by other professional surveys are shown as blue squares. Filled points indicate supernovae that were independently
recovered by ASAS-SN. Triangles are used to indicate upper limits on host galaxy magnitudes for hosts that were not detected by either
2MASS or WISE. Median offsets and magnitudes for ASAS-SN, Amateurs, and other professionals are indicated by dashed, dotted,
and dash-dotted lines, respectively, in colors matching the data points. Upper limits are included in computing the median magnitudes.
Lower Panel: As above, but with the offset measured in kiloparsecs rather than arcseconds.

central regions of galaxies is still fairly common in surveys
other than CRTS, MASTER, and LOSS.

The median host magnitudes for supernovae discov-
ered by ASAS-SN, other professionals, and amateurs are
Mgy ~ =227, Mgy ~ —22.6, and Mkg ~ —23.9, respec-
tively. While the median host magnitude for other profes-
sionals’ discoveries is slightly fainter than that for ASAS-
SN discoveries, the measurements are consistent given the

uncertainties. There is however a clear distinction between
professional surveys (including ASAS-SN) and amateurs.
ASAS-SN has had a significant impact on the discov-
ery of bright supernovae. One way this can be seen is by
looking at the number of bright supernovae discovered per
month in 2013, 2014, and 2015. Figure 3 shows a histogram
of supernovae with mpeqr < 17 discovered by ASAS-SN and
those discovered by other sources in each month of 2013,
2014, and 2015. As was the case in Holoien et al. (2016b),
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Figure 3. Histogram of bright supernovae discoveries in each month of 2013, 2014, and 2015. ASAS-SN discoveries are indicated in red,
supernovae discovered by other sources and independently recovered by ASAS-SN are indicated in green, and supernovae that were not
recovered by ASAS-SN are indicated in blue. Significant milestones in the ASAS-SN timeline are also indicated. The impact of ASAS-SN
becoming operational in both hemispheres in 2014 May is clearly seen by a large increase in discoveries in all following months. ASAS-SN
accounts for at least half of the bright supernova discoveries in every month after 2014 April, and also recovers a significant fraction of

the supernovae it does not discover, particularly in 2015.

we include information for all bright supernovae discovered
in the early months of 2014 for completeness, and we add
the same information for all of 2013 as well to expand our
comparison. To help show the impact of various improve-
ments to the ASAS-SN hardware and software, we indicate
certain milestones, such as the deployment of our southern
unit Cassius and its upgrade to 4 telescopes, on the figure
as well.

Before our southern unit Cassius became operational,
other supernova searches were discovering the majority of
bright, nearby supernovae. However, as can be seen in Fig-
ure 3, the addition of Cassius and improvements to our
pipeline had a major impact on our detection efficiency. For
every month of 2014 and 2015 after the deployment of Cas-
sius, ASAS-SN discovers or independently recovers at least
half of all bright supernovae, and often this fraction is sig-
nificantly larger. The average number of bright supernovae
discovered per month has also increased substantially since
ASAS-SN became operational in both hemispheres, from 14
with a scatter of 4 supernovae per month to 21 with a scat-
ter of 5 supernovae per month. This implies that the rate of
bright supernovae discovered per month has increased from
~ 13 4 2 supernovae per month prior to Cassius becoming
operational to ~ 21 4 2 supernovae per month afterwards,
providing roughly 40 evidence that the discovery rate has
increased since Cassius was deployed. This suggests that
ASAS-SN is discovering supernovae that would not other-
wise be discovered by other supernova searches, and thus
that we can now construct a more complete sample of bright,
nearby supernovae.

ASAS-SN is also less biased in terms of the locations of
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its discoveries. Figure 4 shows a cumulative normalized his-
togram of supernovae with respect to the sine of their dec-
lination. The green dashed line represents what would be
expected if supernovae were discovered at all declinations
equally. As can be seen in the figure, supernovae discov-
ered by non-ASAS-SN sources have a clear bias towards the
northern hemisphere: the non-ASAS-SN histogram falls sig-
nificantly below the “no bias” expectation except at very low
(sin (Dec) < —0.8) and very high (sin (Dec) 2 0.6) declina-
tions. This is not unexpected, as many professional searches
are based in the northern hemisphere. The ASAS-SN dis-
coveries make the combined sample (the black line) follow
the expected distribution very closely. The primary bias re-
maining in sky coverage is the Galactic plane.

The redshift distribution of our full sample, divided
by supernova type, is shown in Figure 5. There is a clear
distinction between the redshifts of Type la and Type II
supernovae in our sample, with the Type II distribution
peaking at z < 0.01 and the Type Ia distribution peak-
ing closer to z ~ 0.03. This distribution is not unexpected
for a magnitude-limited sample, as Type Ia supernovae are
typically more luminous than core-collapse supernovae. As
was the case in our 2014 sample (see Holoien et al. 2016b),
the Type Ib/Ic distribution peaks between z = 0.015 and
z = 0.02. This trend is not as clear, due in part to the com-
paratively small number of Type Ib/Ic supernovae in the
sample.

Finally, Figure 6 shows a cumulative histogram of su-
pernova peak magnitudes with 13.5 < mpeqr < 17.0. ASAS-
SN discoveries, ASAS-SN discoveries and recovered super-
novae, and all supernovae from our sample are shown in
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Figure 4. Cumulative normalized histogram of supernova dis-
coveries with respect to the sine of their declination. ASAS-SN
discoveries are shown in red, non-ASAS-SN discoveries are shown
in blue, and the combined sample is shown in black. The green
dashed line represents what would be expected if supernovae were
equally likely to be discovered at all declinations. Non-ASAS-SN
discoveries have a clear northern bias and fall well below the ex-
pectation except near the poles, while ASAS-SN discoveries cor-
rect this trend.

red, blue, and black, respectively. As was the case in the
last 8 months of 2014, amateur observers account for a large
number of very bright discoveries (those with mpear < 14.5;
Holoien et al. 2016b). However, in 2015, ASAS-SN discov-
ered a fairly significant fraction of these very bright super-
novae as well, showing that it can be competitive with am-
ateurs who observe the relatively small number of very low-
redshift galaxies with high cadence. ASAS-SN discovers or
recovers every supernova with mpeqr < 14, and accounts for
a large fraction of the supernovae overall. We discuss the
non-recovered cases with mpear < 15 in §3.2. At m ~ 16.5
the distribution flattens, as such supernovae spend less time
at magnitudes bright enough to be found by ASAS-SN.

A full discussion of supernova rates is being deferred
to an upcoming manuscript (Holoien et al., in prep.), but
Figure 6 illustrates the magnitude completeness of our sam-
ple. We fit a broken power-law in magnitude (shown with a
green dashed line) to the unbinned magnitudes of the theo-
retically observable SN brighter than m = 17.0 assuming a
Euclidean slope below the break magnitude and a variable
slope for fainter sources, deriving the parameters and their
uncertainties using Monte Carlo Markov Chain (MCMC)
methods. For the SN discovered by ASAS-SN, the num-
ber counts are consistent with a FEuclidean slope down to
16.30 + 0.08 mag, which is about 0.3 mag fainter than we
found for the 2013/2014 sample and another indication of
improvements in our survey and pipelines. For the samples
adding SN later found by ASAS-SN or the sample of all
bright SN, we find similar break magnitudes of 16.26 4+ 0.07
and 16.27 £ 0.07 mag, respectively.

The integral completenesses of the three samples rela-
tive to the Euclidean predictions are 0.954+0.03 (0.6440.04),
0.934+0.03 (0.60+0.03), and 0.9440.03 (0.64+0.03) at 16.5
(17.0) mag, respectively. The differential completenesses of
the three samples relative to the Euclidean predictions are
0.62 + 0.09 (0.19 £ 0.05), 0.54 4+ 0.06 (0.15 £ 0.03) and
0.60 £ 0.07 (0.20 + 0.04) at 16.5 (17.0) mag, respectively.
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Figure 5. Histograms of the supernova redshifts with a bin width
of z = 0.005. The red, blue, and green lines show the Type Ia,
Type II, and Type Ib/Ic redshift distributions, respectively. Sub-
types (e.g., SN 1991T-like Type Ia supernovae) are included as
part of their parent groups. Type la supernovae in our sample are
predominantly found at higher redshifts, while the Type II su-
pernovae are found at comparatively lower redshifts, as expected
from a magnitude-limited sample.

These results vary little between the three sample defini-
tions and a rough characterization is that 2/3 of the SN
brighter than 17 mag are being found, but only one in 5-
6 of the 17 mag SN are being found (relative to the Eu-
clidean extrapolation from the brighter < 16 mag SN). The
Euclidean approximation modestly underestimates the true
completeness for the faint SN because of deviations from a
Euclidean geometry, the effects of time dilation on rates, and
K-corrections. We will include these higher order corrections
when we carry out a full analysis of the rates.

3.2 Examination of Missed Cases

In Holoien et al. (2016b) we performed a retrospective ex-
amination of all bright supernovae that were not discovered
or recovered by ASAS-SN in a single month (2014 August)
in order to better understand some of the reasons ASAS-SN
would not recover supernovae that should be bright enough
to be detected. Our conclusion was that many of the missed
cases in 2014 would be recovered by ASAS-SN today, due
to factors such as better cadence, Galactic plane coverage,
and an improved detection pipeline.

This is born out in the observations. From 2014 May
1 through 2014 December 31, ASAS-SN recovered 24%
(19/80) of the supernovae discovered by other sources. In
2015, this fraction increased dramatically, to 55% (57/104),
indicating that our recovery rate has indeed improved since
2014. Of the 47 supernovae that were not recovered, roughly
half (23) had peak magnitudes of mpeqr > 16.5, which makes
them more likely to be missed in our data due to factors such
as peaking between ASAS-SN observations or occurring dur-
ing the full moon, when our survey depth is reduced. While
it is clear that there is still room for improvement, ASAS-SN
is now recovering more than half of the supernovae recovered
by other supernova searches, and we expect this fraction to
continue to increase in the future.

A similar analysis of missed cases to the one performed
in Holoien et al. (2016b) is unlikely to reveal additional use-
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Figure 6. Cumulative histogram of supernovae with respect to
peak magnitude, using a 0.1 magnitude bin width. The black line
shows the distribution for all supernovae in our sample, while the
red line shows only those supernovae discovered by ASAS-SN,
and the blue line includes both ASAS-SN discoveries and those
supernovae that were independently recovered in ASAS-SN data.
The green dashed line shows a broken power-law fit normalized
to the complete sample assuming a Euclidean slope below the
break magnitude and a variable slope for fainter sources, while the
lavender dashed line indicates an extrapolation of the Euclidean
slope to fainter magnitudes. The fits indicate that the sample is
roughly 2/3 complete for mpeqr < 17.

ful information regarding the reasons that ASAS-SN does
not recover bright supernovae in our data. We expect that
the majority of missed cases in 2015 would have been missed
for similar reasons to those discussed in the 2014 catalog.
Instead, here we focus on the very bright (mpeer < 15.0)
supernovae from 2015. These are supernovae that should be
detectable in ASAS-SN data regardless of observing con-
ditions, and are also the most interesting supernovae for
follow-up study due to their brightness. Understanding the
reasons why we missed such supernovae is important to en-
sure than we miss as few of them as possible going forward.
Of the supernovae discovered by other professional searches
and amateurs in 2015, 13 had mpear < 15.0. Of these 13,
only 2 (SN 20151 and MASTER OT J141023.42-431843.7)
were not independently recovered in ASAS-SN data. We ex-
amine these two cases in detail here.

SN 20151 was discovered in NGC 2357 on 2015 May
02 by amateur astronomers (CBET 4106), and peaked at a
magnitude of 14.0. Unfortunately, the field containing this
supernova was not observable due to Sun constraints from
either of our telescope sites for a significant portion of 2015:
we were unable to observe the field between 2015 April 22
and 2015 August 29. While the host galaxy had not quite
set for the season at the time of discovery, our northern unit
Brutus is constrained in how far west it is able to observe
due to the presence of the LCOGT 2-m telescope in the same
enclosure. Since the supernova was discovered at the begin-
ning of this timeframe, it had faded beyond our detection
limit by the time we were able to observe it. While it is un-
fortunate that we were not able to observe this supernova,
there is little that could be done to allow us to discover or
recover cases like these.

MASTER OT J141023.42-431843.7 was discovered in
NGC 5483 on 2015 December 15 by MASTER (Gorbovskoy
et al. 2013), and peaked at a magnitude of 14.4. This su-
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pernova occurred in an observing field that was transferred
to one of the new Cassius cameras in the summer of 2015,
when we upgraded our Cassius unit to 4 telescopes. Before
performing image subtraction in a field, we first construct a
reference image by co-adding numerous high-quality expo-
sures. Because of weather and technical issues at the start
of operations with four cameras, almost no images were ob-
tained in good conditions prior to the field setting in 2015
September. When the field was again observable in 2016
January, the supernova was present, but we did not have
enough high-quality images to build a proper reference im-
age. As a result, new images (containing the supernova)
would have been rapidly incorporated into the reference im-
age, preventing detection. The supernova faded below our
detection limits on 2016 January 16. Essentially, this was a
case of bad timing, as the supernova occurred in a field that
was not ready for searching at the time it was observable.
The field now has a very good reference image built from
images spread over the last year, and the supernova is triv-
ially found in multiple epochs if we analyze the data from
2016 January using the current reference image.

While we never want to miss any of the brightest super-
novae, neither of these cases was observable by ASAS-SN,
and the number of very bright supernovae we have missed
has decreased over time: in the latter 8 months of 2014 we
missed 4 supernovae with mpeqr < 15.0. This indicates that
we have improved our efficiency with very bright supernovae
to the point where we are now highly unlikely to miss them
in the future if they are observable by ASAS-SN.

4 CONCLUSION

This manuscript provides the second comprehensive catalog
of spectroscopically confirmed bright supernovae and their
hosts created by the ASAS-SN team. We now have collected
information on two and a half years of ASAS-SN discov-
eries and 20 months of discoveries from other professional
surveys and amateurs. The full combined sample comprises
454 supernovae, 271 of which were discovered by ASAS-SN.
We also include an analysis of trends with supernova type,
location, peak magnitude, sky position, and redshift, as well
as with host galaxy luminosity and supernova offsets from
host nuclei. The analyses suggest that the sample closely
resembles that of an ideal magnitude-limited survey as de-
scribed by Li et al. (2011), but with a smaller-than-expected
proportion of Type Ia supernovae relative to core-collapse
supernovae.

ASAS-SN remains the only professional survey attempt-
ing to provide a complete, all-sky, rapid-cadence survey of
the nearby universe, and as such it has had a significant
impact on the discovery and follow-up of bright supernovae
in its first 2.5 years of operation. Even today ASAS-SN op-
erates in a region of parameter space that is largely moni-
tored by amateur astronomers, who focus on bright, nearby
galaxies for their supernova searches, and it operates with
fewer biases. The analysis presented in this paper indicates
that ASAS-SN is finding supernovae that otherwise would
not be discovered (e.g., Figure 3), that it eliminates much
of the northern hemisphere bias in supernova discoveries
(Figure 4), and that it systematically discovers supernovae
closer to galactic nuclei than both amateurs and other pro-
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fessionals and in significantly less luminous galaxies than
amateurs (Figure 2). Compared to our performance in 2014
(Holoien et al. 2016b), we independently recovered a signif-
icantly higher fraction of non-ASAS-SN discoveries in 2015,
and we recovered all very bright (mpeqr < 15.0) supernovae
that were observable by our telescopes in 2015.

The completeness of our full sample has also improved
since the end of 2014. In Figure 6 we show that the mag-
nitude distribution of the bright supernovae discovered be-
tween 2014 May 1 and 2015 December 31 is roughly com-
plete to a peak magnitude of mpeqar = 16.3, and is roughly
66% complete for mpeqar, < 17.0. While we still must ad-
dress the absolute normalization of the expected number of
supernovae (by accounting for factors such as sky coverage
and time windows) in order to determine nearby supernovae
rates, this analysis serves as a precursor to rate calculations
which will be presented in future work by the ASAS-SN
team (Holoien et al., in prep.). As noted in Holoien et al.
(2016b), such nearby rate calculations have the potential to
impact a number of fields, including the nearby core-collapse
rate (e.g., Horiuchi et al. 2011, 2013) and multi-messenger
studies ranging from gravitational waves (e.g., Ando et al.
2013; Nakamura et al. 2016), to MeV gamma rays from Type
Ia supernovae (e.g., Horiuchi & Beacom 2010; Diehl et al.
2014; Churazov et al. 2015) to GeV-TeV gamma rays and
neutrinos from rare types of core-collapse supernovae (e.g.,
Ando & Beacom 2005; Murase et al. 2011; Abbasi et al.
2012). These joint measurements would greatly increase the
scientific reach of ASAS-SN discoveries.

This is the second of a yearly series of bright supernova
catalogs provided by the ASAS-SN team. It is our hope that
by collecting and publishing these data on supernovae and
their hosts that we will create convenient and useful repos-
itories that can be used for new and interesting population
studies. These catalogs also provide a tool for other profes-
sional supernova surveys to perform similar analyses of their
data pipelines as we have done for ASAS-SN. While ASAS-
SN may discover fewer supernovae than other professional
surveys because it is limited to only bright supernovae, it
does find the best and the brightest, and these catalogs are
one way in which we can fully leverage the unbiased ASAS-
SN sample to impact the field of supernova science now and
in the future.
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