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Abstract

Spectral Observations and Analyses of Low-Redshift Type Ia Supernovae
by

Jeffrey Michael Silverman
Doctor of Philosophy in Astrophysics

University of California, Berkeley

Professor Alexei V. Filippenko, Chair

The explosive deaths of stars, known as a supernovae (SNe), have been critical to our under-
standing of the Universe for centuries. From the first evidence of a changing Universe beyond
the Moon (Brahe 1573) to the first evidence of the accelerating expansion of the Universe
(Riess et al. 1998; Perlmutter et al. 1999), SNe — and often a specific subclass of SNe called
Type Ia SNe (SNe Ia) — have been integral to astronomical research. An introduction to
SNe, their importance in astronomy, and how we observe them is given in Chapter 1. How
SNe Ia explode, what progenitor systems give rise to them, and how different initial condi-
tions affect the observed outcomes of these objects are understood only at a relatively basic
level. In other words, a detailed understanding of the physics behind SNe Ia is still lacking.
One way astronomers can begin to solve these problems, and others involving SNe Ia, is to
obtain and analyze a large, self-consistent dataset of SN Ia observations. This is the goal of
the Berkeley SN Ia Program (BSNIP) which comprises the majority of this Thesis.

In the second Chapter, I present the full BSNIP sample which consists of 1298 low-
redshift (z < 0.2) optical spectra of 582 SNe Ia observed from 1989 through the end of
2008. Many of the SNe have well-calibrated light curves with measured distances as well
as spectra which have been corrected for host-galaxy contamination. Most of the data were
obtained using the Kast double spectrograph mounted on the Shane 3 m telescope at Lick
Observatory with typical wavelength coverage of 3300-10400 A, which is significantly larger
than that of most previously published SN Ia spectral datasets. I also present the BSNIP
observing and reduction procedures used during the two decades over which the data were
collected. In addition, I describe our spectral classification scheme (using the SuperNova
[Dentification code, SNID; Blondin & Tonry 2007), utilizing my newly constructed set of
SNID spectral templates. These templates allow me to accurately spectroscopically classify
the entire BSNIP dataset, and by doing so I am able to reclassify a handful of objects as bona
fide SNe Ia and a few other objects as members of some of the peculiar SN Ia subtypes. In
fact, the BSNIP dataset includes spectra of nearly 90 spectroscopically peculiar SNe Ia. T also
present spectroscopic host-galaxy redshifts of some SNe Ia where these values were previously
unknown. The sheer size of the BSNIP dataset and the consistency of the observation and
reduction methods makes this sample unique among all other published SN Ia datasets and is



complementary in many ways to the large, low-redshift SN Ia spectra presented by Matheson
et al. 2008 and Blondin et al. 2011.

I present measurements of spectral features of 432 low-redshift (2 < 0.1) optical spec-
tra within 20 d of maximum brightness of 261 SNe Ia from the BSNIP sample in the third
Chapter. I describe in detail my method of automated, robust spectral feature definition and
measurement which expands upon similar previous studies. Using this procedure, I attempt
to measure expansion velocities, (pseudo-)equivalent widths (pEWSs), spectral feature depths,
and fluxes at the center and endpoints of each of nine major spectral feature complexes. A
sanity check of the consistency of the measurements is performed using the BSNIP data (as
well as a separate spectral dataset). I investigate how velocity and pEW evolve with time
and how they correlate with each other. Various spectral classification schemes are employed
and quantitative spectral differences among the subclasses are investigated. Several ratios
of pEW values are calculated and studied. Furthermore, SNe Ia that show strong evidence
for interaction with circumstellar material or an aspherical explosion are found to have the
largest near-maximum expansion velocities and pEWSs, possibly linking extreme values of
spectral observables with specific progenitor or explosion scenarios. A discussion of the rela-
tive merits of various classification schemes is presented and I find that purely spectroscopic
classification schemes are useful in identifying the most peculiar SNe la. However, in almost
all spectral parameters investigated the full sample of objects spans a nearly continuous range
of values. Comparisons to previously published theoretical models of SNe Ia are made and
some of the predictions of these models match the observations presented here. 1 conclude
with a brief discussion of how these measurements and the possible correlations presented
will be crucial to future SN surveys.

The fourth Chapter of this Thesis presents comparisons of spectral feature measure-
ments to photometric properties of 115 low-redshift (z < 0.1) SNe Ia with optical spectra
within 5 d of maximum brightness. The spectral data come from the BSNIP sample de-
scribed in Chapter 2, and the photometric data come mainly from the Lick Observatory
Supernova Search (LOSS) and are published by Ganeshalingam et al. (2010). The spectral
measurements come from BSNIP II (Chapter 3 of this Thesis) and the light-curve fits and
photometric parameters can be found in Ganeshalingam et al. (in preparation). A variety
of previously proposed correlations between spectral and photometric parameters are inves-
tigated using the large and self-consistent BSNIP dataset. We also use a combination of
light-curve parameters (specifically the SALT?2 stretch and color parameters z; and ¢) and
spectral measurements to calculate distance moduli. The residuals from these models is then
compared to the standard model which only uses light-curve stretch and color. The pEW
of Si IT A4000 is found to be a good indicator of light-curve width and the pEWs of the
Mg II and Fe II complexes are relatively good proxies for color. However, a distance model
only using these spectroscopic measurements performs worse than the standard model which
uses only light-curve parameters. When using a distance model which combines the ratio of
fluxes near ~3600 A and ~4300 A with both z; and ¢, the Hubble residuals are decreased
by 12%, which is found to be significant at the 2.40 level. The weighted root-mean square



of the residuals using this model is 0.130 £ 0.019 mag (as compared to 0.146 + 0.019 mag
when using the same sample with the standard model). This Hubble diagram fit has one of
the smallest scatters ever published and at the highest significance ever seen in such a study.
Finally, these results are discussed with regard to how they can improve the cosmological
accuracy of future, large-scale SN Ia surveys.

Finally, I conclude this Thesis with an in-depth study of a quite peculiar SN Ia, not
included in the BSNIP sample. Chapter 5 presents and analyzes optical photometry and
spectra of the extremely luminous and slowly evolving Type Ia SN 2009dc, and offers evidence
that it is a super-Chandrasekhar mass (SC) SN Ia and thus had a SC white dwarf (WD)
progenitor. Optical spectra of SN 2007if, a similar object, are also shown. SN 2009dc had
one of the most slowly evolving light curves ever observed for a SN Ia, with a rise time of
~23 d and Amy5(B) = 0.72 mag. I calculate a lower limit to the peak bolometric luminosity
of ~2.4 x 10*3 erg s7!, though the actual value is likely almost 40% larger. Optical spectra
of SNe 2009dc and 2007if obtained near maximum brightness exhibit strong C II features
(indicative of a significant amount of unburned material), and the post-maximum spectra
are dominated by iron-group elements. All of the spectra of SNe 2009dc and 2007if also
show low expansion velocities. However, I see no strong evidence in SN 2009dc for a velocity
“plateau” near maximum light like the one seen in SN 2007if (Scalzo et al. 2010). The
high luminosity and low expansion velocities of SN 2009dc lead to a derived WD progenitor
mass of more than 2 My and a °°Ni mass of about 1.4-1.7 M. I propose that the host
galaxy of SN 2009dc underwent a gravitational interaction with a neighboring galaxy in
the relatively recent past. This may have led to a sudden burst of star formation which
could have produced the SC WD progenitor of SN 2009dc and likely turned the neighboring
galaxy into a “post-starburst galaxy.” No published model seems to match the extreme
values observed in SN 2009dc, but simulations do show that such massive progenitors can
exist (likely as a result of the merger of two WDs) and can possibly explode as SC SNe Ia.
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Chapter 1

Introduction

Since the beginning of time, man has yearned to destroy the Sun.
—Charles Montgomery Burns, Billionaire and Owner of the Springfield Nuclear Power Plant

Observational astronomy is unique among all other sciences. The vast majority of
astronomical observations are done with telescopes that gather light which has travelled
mind-boggling distances through the Universe. It is the job of the observational astronomer
to observe the Cosmos and attempt to explain what they find. Nature alone presents the
observational astronomer with objects to study and thus the observational astronomer has
no laboratory. Other scientists often create experiments to test their hypotheses and then
alter the experimental conditions in a (relatively) controlled way to investigate the outcomes
of these alterations. Observational astronomers have no such luxury; they are at the mercy
of whatever Nature reveals to them. I am an observational astronomer.

Furthermore, observational astronomy is one of the oldest professions. Since ancient
times humans all over the planet have gazed upon the heavens in wonder and seen images in
the stars (i.e., constellations). Nearly all ancient cultures associated the Moon, Sun, planets,
and constellations with characters and objects from their mythology and thus observational
astronomy has almost always been integral to the heritage, culture, and sociology of mankind.
The science of observational astronomy is almost as old. Many ancient civilizations studied
the motion of the Moon, Sun, planets, and stars and used this knowledge to create calendars
and track the seasons, allowing these civilizations to thrive and progress technologically and
culturally.

Transient astronomical phenomena were observed in ancient times as well. A cliff paint-
ing by the Ancient Pueblo Peoples known as the “Supernova Platograph” (see Figure 1.1)
near Chaco Canyon, NM, USA is likely a representation of a new star that appeared in the
sky in July of the year 1054. This new object was the explosive death of a star known as
a supernova (SN) and these objects are the main focus of this Thesis. Despite its relative
closeness, this exploding star had no detrimental impact on the Earth. However, SNe closer
to Earth or other types of stellar explosions or outbursts (including some from our own Sun)



Figure 1.1: A cliff painting by the Ancient Pueblo Peoples known as the “Supernova Plato-
graph” near Chaco Canyon, NM, USA. This is likely a representation of a new star (actually
a supernova) that appeared in the sky in July of the year 1054. The supernova is represented
by the starburst toward the lower left. The relative position of the Moon and its phase is
represented by the crescent. The hand gives a sense of scale on the sky. Image Credit: James
Dale.

can disable Earth-orbiting satellites, disrupt electrical power grids on the ground, damage
the planet’s atmosphere, and possibly destroy life on Earth.

Nonstellar astronomical objects can also have a catastrophic affect on the planet. The
Chicxulub crater underneath the Yucatan Peninsula in Mexico was likely created by a mete-
orite that was at least 10 km in diameter and is thought to be responsible for the extinction of
the dinosaurs roughly 65 million years ago (see Figure 1.2). Such a disaster may be avoided
in the future through careful astronomical observations. However, observational astronomy
is not just about protecting the Earth, it is also about finding our place in the Cosmos.
Where do the Sun, Earth, and humans fit into the Grand Scheme of the Universe? Where
did we come from and where are we going? How did it all start and how will it all end?
These are just a few of the biggest and deepest questions one can ask, and observational
astronomy is one of the most direct scientific ways to answer them.
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Figure 1.2: An artist’s conception of the impending extinction of the dinosaurs about 65
million years ago due to a 10 km meteorite. Image Credit: Lee Krystek.

1.1 What are Light, Photometry, and Spectroscopy?

1.1.1 Light

Electromagnetic (EM) radiation (i.e., light) is the how most observational astronomers
study the Universe. Telescopes capture light from astronomical objects which is then
recorded and analyzed. Light comes in a variety of flavors classified by wavelength (or,
equivalently, frequency or energy) which is collectively referred to as the EM spectrum (see
Figure 1.3). There is of course the familiar “visible,” or optical, part of the spectrum (i.e.,
the colors of the rainbow that humans are able to see) and this is the main part of the EM
spectrum which this Thesis is concerned with. However, much of the data presented herein
cover parts of the ultraviolet and infrared regions of the EM spectrum as well. A small

amount of data from other parts of the EM spectrum are also presented and discussed in
this Thesis.

1.1.2 Photometry

Spectroscopy is not photometry. In astronomy, photometry is a way of measuring the
intensity of EM radiation observed from an object. In essence this is currently done by
attaching a camera to a telescope and taking a picture using charge-coupled devices (CCDs),
which are at the heart of most digital cameras (see Figure 1.4). While some of the work
herein involves photometry, that is not that main thrust this Thesis.
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Figure 1.3: The electromagnetic spectrum showing each region and its wavelength (with size
comparisons), frequency, black-body emission temperature, and whether or not the majority
of the wavelength regime penetrates the Earth’s atmosphere. Image Credit: NASA.

1.1.3 Spectroscopy

Spectroscopy is the main observational technique used in this Thesis. It involves dis-
persing the light from astronomical objects using a prism (or similar optical element) into its
constituent wavelengths. The brightness at each wavelength is then recorded, thus producing
a “spectrum.” A rainbow is a crude form of spectroscopy where water droplets in the air act
as the dispersive element. When looking at a rainbow with the naked eye, all colors seem
to be approximately the same brightness. This is referred to as a continuous spectrum (see
Figure 1.5, Top).

However, if one uses a more sensitive spectrometer to look at a rainbow, one would
see that some very specific colors (or wavelengths) would be darker than others. These
are referred to as absorption lines (see Figure 1.5, Bottom). The opposite case, where
certain wavelengths are much brighter than others, is referred to as emission lines (see
Figure 1.5, Middle). FEach element in the Periodic Table produces a very specific set of
absorption or emission lines and thus they can be used much like a fingerprint to identify
which elements (or molecules) are present in an astronomical object. This is one of the
biggest strengths of spectroscopy. Further information about what can be measured and
inferred from astrophysical spectra is discussed in Chapter 3.
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Figure 1.4: Faceplate of the CCDs on the main imaging camera of the Sloan Digital Sky
Survey (SDSS) telescope. Image Credit: SDSS.
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Figure 1.5: The three basic kinds of spectra. The left column shows “2-dimensional spectra”
while the right column shows “1-dimensional spectra.” Image Credit: Adapted from graphics
by Wikimedia Commons.
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1.2 Why Study Supernovae?

As mentioned above, SNe are the explosive deaths of stars and have been observed since
ancient times. Accounts of SNe from the 16'"" century demonstrated that the Heavens were
not unchanging beyond the Lunar Sphere. At the end of the 20" century, observations of
SNe led to the discovery of a form of anti-gravity known as “dark energy” which is responsible
for the acceleration of the expansion of the Universe. In even more recent years they have
been used to accurately measure cosmological parameters of our Universe. Furthermore, the
energy in SNe can trigger nearby clouds of gas to begin to collapse, which is the first step in
forming new generations of stars (and planets and life). Thus the death of one star can lead
to the birth of new stars, thereby completing the Cosmic Circle of Life.

Many of the elements that are built up through nuclear fusion during the life of a star
are released only in a SN explosion and it is only in this explosion that most of the elements
in the Periodic Table are formed naturally. Thus the Earth and all the life it supports would
not exist without a generation of stars older than the Sun having already gone supernova
and expelled their atoms into clouds of gas and dust, one of which would later form the Solar
System. Without supernovae, we would not be here. As the great American astronomer and
author Carl Sagan said, “We are made of star stuff.” This statement could not be more true.

1.3 What are Supernovae?

The classification of SNe has a long and tortured past. The first distinction made
between different types of SNe was based on whether the optical spectrum showed evidence
for hydrogen (Type II) or not (Type I). Eventually it was noticed that many Type I SNe
had spectra with strong silicon features, while some had weak or no evidence for silicon
in their optical spectra. The latter were refereed to as Type I-peculiar objects. By the
1980s astronomers had further subdivided the Type I SNe into three broad categories: Ia,
Ib, and Ie. The Type Ia SNe (SNe Ia) are the original Type I objects with strong silicon
features and are the main focus of this Thesis. The Type Ib SNe (SNe Ib) and Type Ic SNe
(SNe Ic) are the Type I-peculiar objects with little to no silicon in their spectra. Under
the modern classification, SNe Ib are objects which show strong helium features, while the
SNe Ic are objects that do not show evidence for helium in their spectra. As is discussed
later in this Thesis, these four major subclasses can be further subdivided into many other
sub-subclasses.

1.3.1 Core-Collapse Supernovae

SNe II, Ib, and Ic are collectively known as core-collapse SNe (CCSNe), and it is thought
that most high-mass stars ( > 8 Mg, where 1 M, is the mass of the Sun, or ~2 x 10** g) end
their lives as CCSNe. As a high-mass star evolves it fuses heavier and heaver elements in its
core until the center of the star becomes predominantly made of iron. Since iron fusion is
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an endothermic process, this iron core is inert and produces no new energy, and eventually
there is insufficient outward pressure to balance the inward pressure of gravity from the
other layers of the star. This leads to a collapse, rebound, and explosion that we observe as
a CCSN.

As discussed above, the three subclasses of CCSNe are distinguished based on the
strength of hydrogen and helium in their optical spectra. If a star still has its outermost layer
of hydrogen intact at the time of explosion then it is likely that strong hydrogen features
will be observed in its spectrum and it would be classified as a SN II. If the star loses most
or all of its outer hydrogen layer, but retains its helium layer, then helium (but little to no
hydrogen) will be seen in its spectrum and it would be called a SN Ib. Finally, if the star
loses both its hydrogen and helium layers before core collapse, then neither of these elements
would be observed in a spectrum and it would likely be classified as a SN Ic. It is thought
that stellar outflows and eruptions or mass transfer to a binary companion before explosion
are responsible for the removal of the hydrogen and helium layers in SNe Ib and Ic.

1.3.2 Thermonuclear Supernovae

SNe Ia (the focus of this Thesis), sometimes called thermonuclear SNe, do not come
from the collapse of a massive star. Broadly speaking, SNe Ia are the result of thermonuclear
explosions of extremely dense stellar remnants known as white dwarfs (WDs). WDs are the
end state of stellar evolution for stars <8 My and are composed of electron-degenerate
matter. Most WDs are made mainly of carbon and oxygen, though lower mass WDs may
be made primarily of helium and higher mass WDs are comprised of oxygen, neon, and
magnesium. They have masses comparable to that of the Sun but volumes comparable to
that of the Earth, and they glow through emission of stored thermal energy.

In 1930, Indian astrophysicist Subrahmanyan Chandrasekhar predicted that WDs should
have a maximum mass, above which a WD cannot support itself against its own gravity. This
so-called “Chandrasekhar Limit” is calculated today to be about 1.4 My. If a WD grad-
ually gains mass through accretion from a nondegenerate binary companion, the WD will
shrink and its core temperature will rise. As the mass of the WD approaches the Chan-
drasekhar Limit, the core becomes hot enough to ignite carbon fusion. This results in the
WD undergoing a runaway thermonuclear explosion which unbinds the star and a SN Ia is
born.

Instead of slowly accreting mass from a nondegenerate companion, a WD could instead
merge with another degenerate object. If the combined mass is above the Chandrasekhar
Limit then an explosion similar to the one described above could result. This would also
give rise to a SN Ia, but perhaps with different observational signatures. Specifically, the
total mass in an explosion with this type of progenitor system could be as large as almost
twice the Chandrasekhar Limit (if both WDs are slightly less massive than the limit). It is
possible that astronomers have seen a handful of these so-called “super-Chandrasekhar mass
SNe [a” and one such object is the focus of the last chapter of this Thesis. Despite the very
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general descriptions given above for two different progenitor scenarios for SNe Ia, the exact
nature of the binary companion and the details of the explosion itself are both still quite
uncertain.

The cosmological utility of SNe Ia comes from the fact that they can be calibrated as
precise distance indicators. To do this, astronomers need to standardize their luminosity
(i.e., the amount of energy they produce). In 1993, it was shown that the width of a
supernova light curve (i.e., how long it takes a supernova to brighten and then fade away)
is well correlated with luminosity at peak brightness for most SNe Ia. This is the so-called
“Phillips relation” and it helps astronomers calculate distances to SNe la. However, nearly
two decades after this observation was first published, astronomers are still searching for
other parameters in SN observations which could make our measurements of the distances
to SNe Ia even more accurate.

1.4 Why Write this Thesis?

How most of the heavy elements are formed and disbursed through the Cosmos is
intimately tied to how SNe explode. The progenitors and explosion physics of SNe la are still
not very well understood. Distances to SNe la must be more accurate in order to perform
better “precision cosmology” and to better understand dark energy and the accelerating
expansion of the Universe. To make improvements on all of these fronts and to understand
SNe Ia themselves better, one needs a large dataset of well-observed objects. The Berkeley
SN Ia Program (BSNIP) is just such a dataset.

BSNIP is two decade’s worth of spectra of SNe Ia, many of which have companion
photometry. It is one of the largest datasets of its kind and the observations, data reduction,
and analysis have been extremely self-consistent over the years. The data are all low redshift
(z < 0.2), meaning that the SNe Ta are closer than ~800 Mpc a~ 2.5 x 10" ¢cm. This may
sound like a huge distance but in the world of SN research it is considered quite nearby. SNe
that are further away will usually be detectable for less time than the nearer ones and thus
a more complete dataset can be compiled using observations of only the nearest SNe Ia.

However, lots of data alone are not enough to make good scientific progress. One must
actually analyze the data in order to gain any understanding from them. By carefully,
consistently, and robustly measuring various aspects of the spectral features seen in SNe Ia
one can hope to learn more about the explosions themselves and the environments in which
they occur. These spectral measurements should then be combined with photometric data
to paint a more complete picture of SNe Ia. While huge datasets are all well and good, one
should not underestimate the importance of detailed studies of individual objects. These
types of studies are invaluable when the object under investigation is peculiar, and it is
often by studying the most extreme objects that one learns the most about the bulk of the
population.

The construction and collation of the BSNP dataset, its analysis (both with and with-
out photometric data), and an in-depth study of an extremely peculiar SN Ta make up this
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Thesis. In Chapter 2, I present the full BSNIP sample as well as the observing and reduction
procedures used to create the dataset. I also discuss the automated spectral classification
scheme used to reclassify a handful of objects as bona fide SNe Ia and a few other objects
as members of some of the peculiar SN Ia subtypes. Chapter 3 presents measurements of
spectral features of a subset of the BSNIP data, focusing on spectra within 20 d of max-
imum brightness. There I also describe my method of automated, robust spectral feature
definition and measurement, and I investigate how the spectral parameters evolve with time
and correlate with each other. The final BSNIP chapter (Chapter 4) combines the results
from Chapter 3 with photometric data and presents evidence for correlations between spec-
troscopic and photometric observables. I also show some of the most accurate distances to
SNe Ia ever calculated and describe how this is achievable using the combination of light-
curve measurements as well as spectral measurements. Finally, as mentioned previously, I
conclude (Chapter 5) with a detailed study of a possible super-Chandrasekhar mass SNe Ia
not included in the BSNIP sample: SN 2009dc. There I present and analyze optical photom-
etry and spectra of this extremely luminous and slowly evolving SN Ia, and offer evidence
that it is indeed a super-Chandrasekhar mass SN Ia.
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Chapter 2

Berkeley Supernova Ia Program I:
Spectroscopy of 582 Type Ia
Supernovae

It’s been said that Astronomy is a humbling, and I might add, a character-building experience.
—Carl Sagan

2.1 Introduction

Throughout the history of astronomy, supernovae have been integral to our understand-
ing of the cosmos—from demonstrating that the Heavens were not unchanging beyond the
lunar sphere (Brahe 1573) to the discovery of the acceleration of the expansion of the Uni-
verse (Riess et al. 1998; Perlmutter et al. 1999). Type la supernovae (SNe Ia) have been
particularly useful in recent years as a way to accurately measure cosmological parameters
(Astier et al. 2006; Riess et al. 2007; Wood-Vasey et al. 2007; Hicken et al. 2009a; Kessler
et al. 2009; Amanullah et al. 2010). Broadly speaking, SNe Ia are the result of thermonuclear
explosions of C/O white dwarfs (WDs) (e.g., Hoyle & Fowler 1960; Colgate & McKee 1969;
Nomoto et al. 1984; see Hillebrandt & Niemeyer 2000 for a review). However, we still lack a
detailed understanding of the progenitor systems and explosion mechanisms, as well as how
differences in initial conditions create the variance in observed properties of SNe Ia. To solve
these problems, and others, detailed and self-consistent observations of many hundreds of
SNe Ia are required.

The cosmological application of SNe Ia as precise distance indicators relies on being able
to standardize their luminosity. Phillips (1993) showed that light-curve decline is well corre-
lated with luminosity at peak brightness for most SNe Ia, the so-called “Phillips relation”.
Additionally, people have searched for a “second parameter” in SN observations which would
make our measurements of the distances to SNe Ia even more precise. Recently, Foley &
Kasen (2011) found that the intrinsic maximum-light color of SNe Ia depends on their ejecta
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velocity at maximum brightness. After accounting for this color difference, the scatter in
residuals to the Hubble diagram is decreased from 0.190 mag to 0.130 mag for a subset of
SNe Ia. This observation was only possible with a large set of spectroscopically observed
objects, with many of the spectra coming from the sample described in this Chapter (Wang
et al. 2009a).

Until now there have been several statistical samples of low-redshift SN Ia photome-
try (e.g., Hamuy et al. 1996b; Riess et al. 1999b; Jha et al. 2006b; Hicken et al. 2009b;
Ganeshalingam et al. 2010), but only one large sample of low-redshift SN Ta spectroscopy
(Matheson et al. 2008; Blondin et al. 2011). Until the publication of over 432 spectra of 32
SNe Ia by Matheson et al. (2008), large samples of SN Ia spectra were typically constructed
by combining datasets published for individual objects, usually from many different groups.

The Berkeley Supernova Ia Program (BSNIP) is a large-scale effort to measure the prop-
erties of low-redshift (2 < 0.2) SNe Ia, focusing on optical spectroscopy and photometry (see
Ganeshalingam et al. 2010, for the companion photometry paper to much of the spectro-
scopic sample presented here). One aspect of our strategy for the last two decades has been
to observe as many SNe Ia as possible in order to dramatically increase the number of objects
with spectroscopic data. We have also attempted to obtain good temporal spectral coverage
of peculiar objects as well as objects which were also being observed photometrically by our
group. In addition, we strove to spectroscopically classify all SNe discovered by the 0.76 m
Katzman Automatic Imaging Telescope (KAIT; Filippenko et al. 2001). By observing and
reducing our spectra in a consistent manner, we avoid many of the systematic differences
found in previous samples constructed from data from various groups.

In this chapter we present the low-redshift SN Ia spectral dataset. This sample consists
of a total of 1298 spectra of 582 SNe Ia observed from 1989 through the end of 2008. The
SNe, along with information about their host galaxies, is presented in Table 2.1. Information
regarding the SN Ia spectra in the dataset is listed in Table 2.2. Many spectra presented
in this chapter have complementary light curves from Hamuy et al. (1996b), Riess et al.
(1999b), Jha et al. (2006b), Hicken et al. (2009b), and Ganeshalingam et al. (2010), which
have all been compiled and fit by Ganeshalingam et al. (in preparation). Other spectra have
complementary unfiltered light curves from Wang et al. (in preparation).

In this chapter, we describe our observations and data reduction procedure in Sec-
tions 2.2 and 2.3, respectively. We present our methods of data management and storage
in Section 2.4 and our spectral classification scheme in Section 2.5. The sample of objects
and spectra is described in Section 2.6, and there we also show our fully reduced spectra
as well as (for the objects with multi-band SN and galaxy photometry) galaxy-subtracted
spectra. In this section we also present our reclassifications of a handful of SNe as well as
previously unknown spectroscopic host-galaxy redshifts. Finally, we present our conclusion
in Section 2.7. Future BSNIP chapters will examine the correlations between spectroscopic
properties and other observables (such as photometry and host-galaxy properties).



Table 2.1: SN Ia and Host Information

SN Name SNID Host Host CZhelio E (B — V)MW Discovery Discovery Classification # of First Last JDmax
(Sub) Type® Galaxy Morp.?  (km s~ 1) (mag)? Date (UT)  Reference Reference Spec. Epoch® Epoch® Ref.f
SN 1989A Ta-norm NGC 3687 Sbc 2506 0.020 1989-01-19 TAUC 4721 TAUC 4724 1 83.80 cee 1
SN 1989B Ta-norm NGC 3627 Sb 728 0.030 1989-01-30 IAUC 4726 IAUC 4727 4 7.54 152.19 2
SN 1989M Ta-norm NGC 4579 Sb 1520 0.039 1989-06-28 TAUC 4802 IAUC 4802 4 2.49 297.42 3
SN 1990G Ia-norm IC 2735 Sab 10727 0.021 1990-03-19 TIAUC 4982 IAUC 4984 1 cee s o
SN 1990M Ta-norm NGC 5493 SO 2710 0.036 1990-06-15 TIAUC 5033 IAUC 5034 5 o cee ..
SN 19900 Ia-norm MCG +03-44-3 Sa 9192 0.095 1990-06-22 TAUC 5039 TAUC 5039 3 12.54 54.50 2
SN 1990N Ta-norm NGC 4639 Sbhc 1019 0.025 1990-06-23 TAUC 5039 IAUC 5039 5 7.11 160.16 2
SN 1990R Ta-norm UGC 11699 Sd/Irr 4857 0.096 1990-06-26 TAUC 5054 IAUC 5054 3 s s ..
SN 1990Y Ia-norm FCCB 1147 E 11702 0.008 1990-08-22 TAUC 5080 IAUC 5083 1 16.78 2
SN 1991B Ta-norm NGC 5426 Sc 2572 0.028 1991-01-11 TAUC 5163 IAUC 5164 3 cee ..
SN 1991K Ia-norm NGC 2851 SO 5096 0.059 1991-02-20 TAUC 5196 Matheson01 2 cee s -
SN 1991M Ta-norm IC 1151 Sc 2170 0.036 1991-03-12 TAUC 5207 IAUC 5207 4 18.06 152.09 2
SN 19910 Ia-91bg 2MASX J14243792+6545294 s cee 0.012 1991-03-18 TAUC 5233 IAUC 5233 1 cee s -
SN 19918 Ta-norm UGC 5691 Sb 16489 0.026 1991-04-10 TAUC 5238 IAUC 5245 1 31.05 s 2
SN 1991T Ia-91T NGC 4527 Sbe 1736 0.023 1991-04-13 TAUC 5239 IAUC 5251 9 —10.10 347.19 2
SN 1991lam Ta-norm MCG +06-37-6 Sb 18353 0.018 1991-07-14 TAUC 5312 IAUC 5318 1 cee cee .-
SN 1991ak Ta-norm NGC 5378 Sa 3043 0.013 1991-07-15 TIAUC 5309 IAUC 5311 3
SN 1991at Ta-norm UGC 733 Sb 12306 0.068 1991-08-19 TAUC 5336 IAUC 5347 1
SN 1991as Ia [M91k] 224610+0754.6 cee cee 0.107 1991-08-19 IAUC 5336 IAUC 5347 1
SN 1991ay Ta-norm 2MASX J00471896+4032336 Sb 15289 0.062 1991-09-09 TIAUC 5352 IAUC 5366 1
SN 1991bd Ta-norm UGC 2936 Sd/Irr 3813 0.449 1991-10-12 TAUC 5367 IAUC 5367 1
SN 1991bc Ta-norm UGC 2691 Sb 6401 0.071 1991-10-12 TAUC 5366 IAUC 5366 2
SN 1991bb Ta-norm UGC 2892 Sbhc 7962 0.331 1991-10-13 TAUC 5365 IAUC 5365 2
SN 1991bf Ta-norm MCG -05-56-027 SO 9021 0.016 1991-11-13 TAUC 5389 IAUC 5404 1 s s ..
SN 1991bg Ta-91bg NGC 4374 E 1061 0.037 1991-12-03 TAUC 5400 IAUC 5403 8 0.14 161.88 2
SN 1991bh Ia-norm [M91o] 024216.24+145713.4 s cee 0.102 1991-12-07 TAUC 5401 IAUC 5404 1 o s ..
SN 1991bj Ta-02cx 1C 344 Sb 5441 0.052 1991-12-30 TAUC 5420 TAUC 5420 1 cee s ..
SN 1992G Ia-norm NGC 3294 Sc 1586 0.018 1992-02-09 TAUC 5452 IAUC 5458 8 23.41 126.76 2
SN 1992M Ta-norm 2MASX J07150996+4525556 E 15589 0.086 1992-02-25 TAUC 5473 TIAUC 5473 2 cee s ..
SN 1992ah Ta-norm 2MASX J17374476+1254168 s cee 0.149 1992-06-27 TIAUC 5559 IAUC 5559 1
SN 1992ap Ta-norm UGC 10430 Sbe 8958 0.009 1992-07-29 IAUC 5573 IAUC 5601 1
SN 1993C Ta-norm NGC 2954 E 3819 0.037 1993-01-27 IAUC 5699 IAUC 5701 3 s .-
SN 1993Y Ta-norm UGC 2771 S0 5990 0.186 1993-09-18 IAUC 5870 IAUC 5870 1 28.33 4
SN 1993aa Ia-91bg APMUKS(BJ) B230046.41-063708.1 . cee 0.041 1993-09-19 TAUC 5871 IAUC 5871 1 o e ..
SN 1993Z Ta-norm NGC 2775 Sab 1355 0.041 1993-09-23 TAUC 5870 IAUC 5870 9 28.92 232.69 4
SN 1993ab Ta-norm NGC 1164 Sab 4176 0.155 1993-09-24 TIAUC 5871 IAUC 5877 1 cee cee ..
SN 1993ac Ta-norm CGCG 307-023 E 14690 0.162 1993-10-13 TIAUC 5879 IAUC 5882 2 12.68 28.66 2
SN 1993ae Ta-norm IC 126 Sb 5711 0.039 1993-11-07 TIAUC 5888 IAUC 5888 2 18.99 68.87 2
SN 1993ai Ta-norm UGC 3483 Sbc 10193 0.120 1993-12-10 IAUC 5912 IAUC 5912 1 o cee o
SN 1993aj Ta-norm 2MFGC 09481 Sb 23264 0.025 1993-12-27 TAUC 5915 TAUC 5921 3
SN 1994B Ia-norm [P94a] 081751.354+155320.5 s 26682 0.044 1994-01-16 TAUC 5923 IAUC 5923 2
SN 1994E Ia SDSS J113207.01+4552138.0 19148 0.010 1994-03-05 TAUC 5952 IAUC 5952 1
SN 1994J - [P94] 095815.514544427.4 s 16788 0.013 1994-03-05 TAUC 5971 IAUC 5974 1 s s ..
SN 1994D Ia-norm NGC 4526 SO 447 0.023 1994-03-07 TAUC 5946 IAUC 5946 20 —12.31 114.73 2
SN 1994Q Ta-norm CGCG 224-104 SO 8863 0.018 1994-06-02 TAUC 6001 IAUC 6001 3 9.68 69.79 2
SN 1994S Ta-norm NGC 4495 Sab 4551 0.017 1994-06-04 TAUC 6005 IAUC 6005 1 1.11 s 2
SN 1994T Ta-norm CGCG 016-058 Sa 10390 0.020 1994-06-11 TIAUC 6007 IAUC 6007 1 33.09 5
SN 1994U Ta-norm NGC 4948 Sd/Irr 1124 0.056 1994-06-27 IAUC 6011 IAUC 6011 1 cee ..
SN 1994X Ta-norm 2MASX J00152051-2453337 Sb 16668 0.013 1994-08-15 IAUC 6056 IAUC 6068 1
SN 1994ab Ta-norm MCG -05-50-8 Sb 10373 0.102 1994-09-17 IAUC 6089 IAUC 6094 1 s cee .-
SN 1994ae Ta-norm NGC 3370 Sc 1280 0.027 1994-11-14 TAUC 6105 IAUC 6108 3 87.37 218.55 2
SN 1995A Ta-norm MCG +04-16-6 Sb 9476 0.085 1995-01-02 TAUC 6131 IAUC 6141 1 o s ..
SN 1995C Ta-norm 2MASX J12040140-3135542 cee 8158 0.069 1995-02-08 IAUC 6133 IAUC 6138 1 s cee . .
SN 1995D Ta-norm NGC 2962 SO 1967 0.061 1995-02-10 IAUC 6134 IAUC 6135 4 3.84 92.02 2
SN 1995E Ta-norm NGC 2441 Sb 3472 0.026 1995-02-20 IAUC 6137 IAUC 6137 2 —2.46 53.88 2
SN 1995L Ta-norm NGC 5157 Sa 7321 0.011 1995-03-26 IAUC 6165 IAUC 6165 1 cee s o
SN 1995T Ta SDSS J222712.66-092941.9 . 16913 0.053 1995-07-25 TIAUC 6195 IAUC 6195 1 o s o
SN 1995ac Ia-91T 2MFGC 17122 Sb 14960 0.042 1995-09-22 TAUC 6237 TAUC 6237 2 —6.34 24.71 2
SN 1995ak Ta-norm 1C 1844 Sbc 6811 0.038 1995-10-27 TAUC 6254 IAUC 6254 1 26.38 s 5
SN 1995al Ia-norm NGC 3021 Sbc 1541 0.017 1995-11-01 TAUC 6255 IAUC 6256 2 22.15 39.06 2
SN 19960 Ia-norm MCG +03-41-115 Sbc 11167 0.050 1996-03-21 TAUC 6352 TAUC 6352 1 o s ..
SN 1996P Ta-norm NGC 5335 Sb 4650 0.019 1996-03-25 TAUC 6357 IAUC 6357 1
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Table 2.1 — Continued

SN Name SNID Host Host CZhelio E (B —V)yw Discovery Discovery  Classification # of First Last JDmax
(Sub)Type® Galaxy Morp.”  (km s~ 1) (mag)9 Date (UT)  Reference Reference Spec. Epoch® Epoch® Ref.f
SN 1996ai Ta-norm NGC 5005 Shc 947 0.014 1996-06-16 TAUC 6422 TAUC 6422 5 e cee cee
SN 1996bv Ta-norm UGC 3432 Scd 4998 0.105 1996-11-03 TAUC 6508 IAUC 6508 1 20.30 2
SN 1997E Ta-norm NGC 2258 SO 4059 0.127 1997-01-14 TAUC 6538 IAUC 6538 1 20.40 2
SN 1997T Ta-norm UGC 6896 ce 12561 0.079 1997-01-19 TAUC 6543 IAUC 6557 1 e .
SN 1997Y Ta-norm NGC 4675 Sb 4758 0.019 1997-02-02 TAUC 6556 IAUC 6557 1 1.27 2
SN 1997bp Ta-norm NGC 4680 Sd/Irr 2491 0.044 1997-04-06 TAUC 6613 IAUC 6613 1 5.49 s 2
SN 1997br Ia-91T ESO 576-40 Sd/Irr 2081 0.113 1997-04-10 TAUC 6623 IAUC 6623 5 —4.84 79.37 2
SN 1997cn Ia-91bg NGC 5490 E 4857 0.021 1997-05-14 TAUC 6661 IAUC 6667 1 18.38 s 2
SN 1997cw Ia-norm NGC 105 Sab 5291 0.074 1997-07-10 TAUC 6699 IAUC 6699 2 32.77 65.16 2
SN 1997do Ta-norm UGC 3845 Sbc 3034 0.062 1997-10-31 TAUC 6766 IAUC 6766 2 —5.67 74.35 2
SN 1997fb Ta-norm 2MASX J05011474-3838135 Sb 16118 0.023 1997-12-31 TAUC 6807 IAUC 6809 1 cee s ..
SN 1997fc Ia APMUKS(BJ) B045816.80-385931.0 16189 0.021 1997-12-31 TAUC 6807 IAUC 6809 1 s .-
SN 1998V Ta-norm NGC 6627 Sb 5273 0.197 1998-03-10 TAUC 6841 IAUC 6844 1 7.20 s 2
SN 1998aq Ia-norm NGC 3982 Sb 1109 0.008 1998-04-13 IAUC 6875 IAUC 6878 3 51.34 86.13 2
SN 1998bn Ta-norm NGC 4462 Sab 1793 0.101 1998-04-17 IAUC 6886 IAUC 6888 3 e cee ..
SN 1998bp Ta-91bg NGC 6495 E 3127 0.078 1998-04-29 IAUC 6890 IAUC 6890 5 18.87 163.06 2
SN 1998bu Ta-norm NGC 3368 Sab 896 0.025 1998-05-09 TAUC 6899 IAUC 6905 5 29.58 338.73 2
SN 1998cd Ta-norm 2MFGC 08366 cee 7491 0.014 1998-05-17 TAUC 6909 IAUC 6945 1 cee cee ..
SN 1998cl Ta-norm MRK 0261 Sb 9129 0.036 1998-06-03 TAUC 6934 IAUC 6946 1
SN 1998cm Ta-91T MSACSS J134412.964030039.9 cee 23983 0.018 1998-06-10 TAUC 6943 IAUC 6943 1
SN 1998cs Ta-norm UGC 10432 Sb 9761 0.012 1998-06-29 TAUC 6957 IAUC 6960 3 o cee ..
SN 1998dh Ta-norm NGC 7541 Sbhc 2689 0.067 1998-07-20 TAUC 6978 IAUC 6980 4 18.77 71.00 2
SN 1998de Ta-91bg NGC 252 SO 4938 0.059 1998-07-23 TAUC 6977 IAUC 6980 3 29.49 73.56 2
SN 1998dj Ia-norm NGC 788 SOa, 4077 0.027 1998-08-08 TAUC 6986 IAUC 6990 1 s s ..
SN 1998dk Ia-norm UGC 139 Sc 3963 0.045 1998-08-19 TAUC 6991 TAUC 6997 4 —7.24 43.83 2
SN 1998dm Ta-norm MCG -01-4-44 Sc 1961 0.045 1998-08-22 TAUC 6993 IAUC 6997 5 —12.48 79.70 2
SN 1998dw Ta-norm 2MASX J01091133-1529471 Sb 14787 0.026 1998-08-28 TAUC 7007 IAUC 7018 1 cee s ..
SN 1998dx Ta-norm UGC 11149 Sb 16255 0.040 1998-09-10 TIAUC 7011 IAUC 7011 2 5.13 27.84 2
SN 1998eb Ta-norm NGC 1961 Sc 3933 0.124 1998-09-17 IAUC 7016 IAUC 7018 1 . K ..
SN 1998ec Ta-norm UGC 3576 Sb 5966 0.084 1998-09-26 IAUC 7022 IAUC 7024 1 11.86 e 2
SN 1998ef Ia-norm UGC 646 Sb 5318 0.074 1998-10-18 IAUC 7032 IAUC 7032 5 —8.62 84.83 2
SN 1998eg Ta-norm UGC 12133 Sc 7423 0.121 1998-10-19 IAUC 7033 IAUC 7037 1 30.60 2
SN 1998en Ta-norm UGC 3645 Sbc 6386 0.070 1998-10-30 IAUC 7045 IAUC 7070 1 cee cee . .
SN 1998es Ta-99aa NGC 632 SO 3169 0.032 1998-11-13 TAUC 7050 IAUC 7054 7 0.28 106.04 2
SN 1998fc Ta-91bg 2MASX J02591406+0329563 cee 32078 0.116 1998-12-20 TAUC 7082 IAUC 7091 1 e cee ..
SN 1999C Ta-norm WOOTS J100851.034+711042.9 37474 0.082 1999-01-14 TAUC 7088 IAUC 7092 1 oo cee ..
SN 1999X Ta-norm CGCG 180-022 7546 0.034 1999-01-23 TAUC 7105 IAUC 7105 2 15.76 26.60 2
SN 1999aa Ta-99aa NGC 2595 Sc 4329 0.041 1999-02-11 TAUC 7108 IAUC 7108 7 —10.58 281.51 2
SN 1999aq Ta-norm NGSS B093540.48-045523.2 ce 14990 0.033 1999-02-20 TAUC 7125 IAUC 7125 1 s s ..
SN 1999ac Ta-norm NGC 6063 Scd 2848 0.044 1999-02-26 TAUC 7114 IAUC 7122 4 —3.70 116.87 2
SN 1999bh Ia-norm NGC 3435 Sb 5159 0.015 1999-03-29 TAUC 7135 IAUC 7138 1 o s ..
SN 1999bv Ta-norm MCG +10-25-14 Sb 5594 0.030 1999-04-19 TAUC 7148 Matheson01 1 o s
SN 1999by Ia-91bg NGC 2841 Sb 639 0.018 1999-04-30 TAUC 7156 IAUC 7158 1 183.50 s 2
SN 1999cl Ta-norm NGC 4501 Sb 2281 0.035 1999-05-29 TAUC 7185 IAUC 7190 4 7.90 183.95 2
SN 1999cp Ta-norm NGC 5468 Scd 2842 0.025 1999-06-18 TAUC 7205 IAUC 7206 2 4.91 13.85 2
SN 1999cw Ta-norm MCG -01-2-1 Sab 3708 0.036 1999-06-28 TAUC 7211 IAUC 7216 5 14.79 132.08 2
SN 1999da Ia-91bg NGC 6411 E 3804 0.051 1999-07-05 IAUC 7215 IAUC 7219 5 —2.12 66.89 2
SN 1999dg Ta-norm UGC 9758 S0 6613 0.033 1999-07-23 IAUC 7229  IAUC 7239 2 15.08 38.52 2
SN 1999dk Ta-norm UGC 1087 Sc 4485 0.050 1999-08-12 IAUC 7237 IAUC 7238 5 —6.60 72.16 2
SN 1999do Ta-norm MCG +05-54-3 Scd 6574 0.054 1999-08-20 IAUC 7242 IAUC 7252 1 9.96 cee 6
SN 1999dq Ta-99aa NGC 976 Sc 4296 0.109 1999-09-02 IAUC 7247 IAUC 7250 4 —-3.93 51.03 2
SN 1999ee Ta-91T I1C 5179 Sbhc 3421 0.020 1999-10-07 TAUC 7272 IAUC 7272 1 17.65 cee 2
SN 1999ek Ta-norm UGC 3329 Shc 5252 0.568 1999-10-20 TAUC 7286 IAUC 7300 1 5.66 2
SN 1999fz Ta-norm UGC 8164 Shc 6637 0.041 1999-11-18 TAUC 7314 IAUC 7328 1 o o
SN 1999gd Ta-norm NGC 2623 Sd/Irr 5549 0.042 1999-11-24 TAUC 7319 IAUC 7328 1 —1.12 2
SN 1999gf Ta-norm UGC 5515 E 13293 0.044 1999-11-27 TAUC 7321 IAUC 7328 1 o cee ..
SN 1999gh Ta-norm NGC 2986 E 2302 0.058 1999-12-03 TAUC 7328 IAUC 7328 4 4.12 117.97 2
SN 1999gm Ta-norm 2MASX J08351095-0823132 SO 12706 0.041 1999-12-15 TAUC 7334 IAUC 7334 1 s s ..
SN 2000J Ta-norm UGC 8510 Sbc 14369 0.014 2000-02-04 TIAUC 7362 (this work) 1
SN 2000al Ia-norm SDSS J133201.08-021136.6 59958 0.026 2000-03-01 TAUC 7387 TAUC 7388 1
SN 2000Q Ia 2MASX J16051100+6939493 s 5996 0.027 2000-03-12 TAUC 7380 IAUC 7380 2 cee ..
SN 2000bk Ta-norm NGC 4520 SO 7627 0.026 2000-04-11 TAUC 7402 TAUC 7408 1 14.84 2
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Table 2.1 — Continued

SN Name SNID Host Host CZhelio E (B —V)yw Discovery Discovery  Classification # of First Last JDmax
(Sub)Type® Galaxy Morp.”  (km s~ 1) (mag)9 Date (UT)  Reference Reference Spec. Epoch® Epoch® Ref.f
SN 2000ce Ta-norm UGC 4195 Sb 4890 0.057 2000-05-08 TAUC 7417 TAUC 7422 1 27.05 oo 2
SN 2000cn Ta-norm UGC 11064 Scd 7042 0.057 2000-06-02 TIAUC 7436 IAUC 7437 2 14.25 23.09 2
SN 2000cp Ta-norm 2MFGC 12921 Sb 10254 0.047 2000-06-21 TAUC 7441 TAUC 7442 2 2.92 11.70 2
SN 2000cv Ta-norm CGCG 292-085 E 6071 0.014 2000-07-11 TAUC 7456 TAUC 7464 1 e s .
SN 2000cu Ta-norm ESO 525-G004 Sa 6595 0.088 2000-07-12 TAUC 7453 TAUC 7454 2 9.63 38.87 2
SN 2000cw Ta-norm MCG +05-56-7 Sbc 9033 0.072 2000-07-14 TAUC 7456 IAUC 7457 2 4.81 63.02 2
SN 2000cx Ia-pec NGC 524 SO 2377 0.082 2000-07-17 TAUC 7458 IAUC 7463 23 —4.46 448.22 2
SN 2000dd Ta-norm MCG -04-48-19 SO 12726 0.042 2000-08-10 TAUC 7477 TAUC 7483 1 cee s ..
SN 2000df Ia-norm CGCG 051-070 E 11754 0.051 2000-08-17 TAUC 7478 IAUC 7483 1 cee s ..
SN 2000dg Ta-norm MCG +01-1-29 Sb 11539 0.092 2000-08-22 TAUC 7480 TAUC 7484 2 —5.09 4.66 2
SN 2000dk Ta-norm NGC 382 E 5228 0.070 2000-09-18 TAUC 7493 IAUC 7494 4 1.00 36.32 2
SN 2000dm Ta-norm UGC 11198 Sab 4506 0.185 2000-09-24 IAUC 7495 IAUC 7497 4 —1.63 33.76 2
SN 2000dn Ta-norm I1C 1468 S0 9614 0.048 2000-09-27 TAUC 7498  IAUC 7499 2 —0.94 16.38 2
SN 2000dp Ta-norm NGC 1139 SOa 10349 0.038 2000-10-02 TIAUC 7503  IAUC 7505 2 s s .-
SN 2000dr Ta-norm I1C 1610 SO 5636 0.021 2000-10-05 TIAUC 7505 IAUC 7506 1 6.78 2
SN 2000dx Ta-norm UGC 1775 Sb 9108 0.039 2000-10-30 IAUC 7514 IAUC 7514 1 —9.26 6
SN 2000ej Ta-91bg IC 1371 SO 9102 0.066 2000-11-02 TIAUC 7517 IAUC 7532 1 cee oo ..
SN 2000ey Ta-norm IC 1481 Sb 6119 0.077 2000-11-11 TAUC 7531 IAUC 7531 3 7.90 61.76 6
SN 2000fa Ta-norm UGC 3770 Sd/Irr 6377 0.067 2000-11-30 TIAUC 7533 IAUC 7535 2 —8.25 6.86 2
SN 2000fo Ta-norm CGCG 475-012 Sb 7152 0.068 2000-12-21 TAUC 7547 IAUC 7557 1 o cee ..
SN 2001A Ia-91T NGC 4261 B 2239 0.019 2001-01-01 TAUC 7554 IAUC 7579 1
SN 2001C Ia-norm CGCG 285-012 Sb 3280 0.070 2001-01-04 TIAUC 7555 TAUC 7563 2 s ce
SN 2001E Ta-norm NGC 3905 Sc 5774 0.039 2001-01-05 TIAUC 7557 IAUC 7566 1 15.01 2
SN 2001G Ia-norm MCG +408-17-43 s 5028 0.018 2001-01-08 TAUC 7560 IAUC 7564 1 11.57 2
SN 2001L Ia-norm MCG -01-30-11 Sb 4566 0.036 2001-01-18 TAUC 7566 IAUC 7566 1 21.57 6
SN 2001N Ia-norm NGC 3327 Sb 6302 0.025 2001-01-21 TAUC 7568 IAUC 7569 1 13.05 2
SN 2001P Ia-91bg NGC 3947 Sb 6197 0.035 2001-01-31 TAUC 7576 IAUC 7576 1 cee -
SN 2001U Ta-norm NGC 5442 Sb 8583 0.045 2001-02-15 TAUC 7583 IAUC 7604 1 cee s -
SN 2001V Ta-norm NGC 3987 Sb 4503 0.013 2001-02-19 TIAUC 7585 IAUC 7585 6 15.86 71.04 2
SN 2001ay Ta-norm IC 4423 Sb 9066 0.022 2001-04-18 IAUC 7611 IAUC 7612 2 6.79 22.72 7
SN 200laz Ta-norm UGC 10483 Sb 12202 0.051 2001-04-27 IAUC 7614 IAUC 7615 1 —3.24 cee 2
SN 2001ba Ta-norm MCG -05-28-1 Sb 8820 0.064 2001-04-27 IAUC 7614 IAUC 7614 1 —4.64 cee 2
SN 2001bf Ta-norm MCG +04-42-22 cee 4647 0.099 2001-05-03 IAUC 7620 IAUC 7625 2 1.22 72.06 2
SN 2001bg Ta-norm NGC 2608 Sb 2135 0.042 2001-05-08 TAUC 7621 IAUC 7622 2 13.70 18.91 2
SN 2001br Ta-norm UGC 11260 Sa 6185 0.065 2001-05-13 TAUC 7629 IAUC 7629 2 3.47 3.48 2
SN 2001bp Ta-norm SDSS J160208.91+4364313.8 cee 28438 0.021 2001-05-15 TIAUC 7626 IAUC 7626 2 0.51 12.34 2
SN 2001bs Ta-norm UGC 10018 Sbhc 8751 0.031 2001-05-22 TIAUC 7631 IAUC 7636 1 o cee ..
SN 2001cg Ta-91bg 1C 3900 SO 7114 0.004 2001-05-28 TAUC 7637 IAUC 7637 1 o ..
SN 2001cj Ia-norm UGC 8399 Sb 7264 0.012 2001-05-30 IAUC 7640 IAUC 7640 1 23.14 s 2
SN 2001ck Ta-norm UGC 9425 Sb 10409 0.010 2001-06-03 TAUC 7641 IAUC 7645 2 16.39 32.77 2
SN 2001cp Ia-norm UGC 10738 Sbc 6715 0.157 2001-06-19 TIAUC 7645 IAUC 7649 3 1.39 28.62 2
SN 2001da Ta-norm NGC 7780 Sab 5153 0.058 2001-07-09 TIAUC 7658 IAUC 7664 2 —1.12 9.72 2
SN 2001de Ia-91bg UGC 12089 Sbc 9312 0.219 2001-07-13 TAUC 7664 IAUC 7671 1 cee s ..
SN 2001dd Ia-norm UGC 11579 Sc 5828 0.199 2001-07-13 TAUC 7663 IAUC 7663 1 cee s ..
SN 2001dl Ta-norm UGC 11725 Sd/Irr 6203 0.054 2001-07-30 TIAUC 7675 IAUC 7680 2 13.84 33.22 2
SN 2001dm Ia NGC 749 SOa 4362 0.017 2001-08-07 TIAUC 7679 IAUC 7685 1 cee s -
SN 2001dn Ta-norm NGC 662 Sd/Irr 5654 0.054 2001-08-14 IAUC 7681 IAUC 7716 1
SN 2001ds Ta-norm UGC 1654 Sc 10870 0.054 2001-08-14 IAUC 7684 IAUC 7699 1
SN 2001ei Ta-91bg LOTOSS J235102.95+271050.6 e e 0.038 2001-08-19 IAUC 7718 IAUC 7721 2 S .-
SN 2001dt Ta-norm UGC 12558 Scd 8946 0.208 2001-08-23 IAUC 7689 IAUC 7716 1 13.60 6
SN 2001dw Ta-norm NGC 1168 Sb 7627 0.264 2001-08-25 IAUC 7691 IAUC 7716 1 11.06 6
SN 2001leg Ta-norm UGC 3885 Sb 3807 0.049 2001-08-29 TIAUC 7712 IAUC 7716 1 cee ..
SN 2001ec Ta-norm KUG 0209+4-313A Sb 13599 0.082 2001-08-31 TIAUC 7702 IAUC 7716 1
SN 2001ed Ta-norm NGC 706 Shc 4980 0.058 2001-09-02 TIAUC 7703 IAUC 7714 1 o cee ..
SN 2001eh Ta-99aa UGC 1162 Sb 11104 0.064 2001-09-09 TIAUC 7712 IAUC 7714 6 —5.63 59.90 2
SN 2001leu Ia-91T 2MASX J02375888-0101390 s 40544 0.030 2001-09-21 TIAUC 7731 IAUC 7754 1 s s ..
SN 2001len Ta-norm NGC 523 Sd/Irr 4758 0.054 2001-09-26 TAUC 7724 TAUC 7732 3 10.09 35.64 2
SN 2001lep Ia-norm NGC 1699 Sb 3900 0.047 2001-10-03 TAUC 7727 IAUC 7731 7 2.83 114.91 2
SN 2001ler Ia-norm UGC 5301 Sd/Irr 4863 0.012 2001-10-04 TIAUC 7728 IAUC 7737 1 S s ..
SN 2001es Ia-norm 2MASX J02020834+1905246 s 20086 0.082 2001-10-07 TAUC 7729 (this work) 2
SN 200lew Ia-norm 2MASX J03125120+4122342 E 9294 0.188 2001-10-09 TIAUC 7734 IAUC 7737 1
SN 2001fg Ta-norm SDSS J211245.44-005232.2 s 9324 0.061 2001-10-15 TAUC 7744 TIAUC 7754 1
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Table 2.1 — Continued

SN Name SNID Host Host CZhelio E (B —V)yw Discovery Discovery  Classification # of First Last JDmax
(Sub)Type® Galaxy Morp.”  (km s~ 1) (mag)9 Date (UT)  Reference Reference Spec. Epoch® Epoch® Ref.f
SN 2001ex Ta-91bg UGC 3595 Sb 7909 0.053 2001-10-16 TIAUC 7735 TAUC 7736 1 —1.82 cee 2
SN 2001fe Ia-norm UGC 5129 Sa 4059 0.021 2001-11-02 TIAUC 7742 IAUC 7752 1 —0.99 cee 2
SN 2001fh Ta-norm 2MASX J21204248+44423590 Sb 3894 0.746 2001-11-03 TAUC 7744 IAUC 7748 2 5.93 7.84 5
SN 2001fu Ta-norm MCG -03-23-11 SO 1694 0.195 2001-11-05 TIAUC 7746 TAUC 7748 1 e s ..
SN 2001gc Ta-norm UGC 3375 Sc 5783 0.210 2001-11-21 TIAUC 7759 IAUC 7761 1 43.27 s 6
SN 2001ic Ta-norm NGC 7503 E 13263 0.068 2001-12-07 TIAUC 7770 IAUC 7783 2 10.24 21.64 2
SN 2001ib Ia-norm NGC 7242 E 5789 0.151 2001-12-07 TIAUC 7768 IAUC 7773 2 S s ..
SN 2001iq Ta-norm UGC 12032 Sb 5521 0.143 2001-12-14 TAUC 7780 IAUC 7784 2 ..
SN 2002G Ta-norm CGCG 189-024 E 10114 0.010 2002-01-18 TAUC 7797 IAUC 7802 1 19.31 2
SN 2002ar Ta-norm NGC 3746 Sb 9021 0.023 2002-02-03 TAUC 7819 IAUC 7825 1 cee -
SN 2002av Ta-norm ESO 489-G7 E 14702 0.042 2002-02-08 TAUC 7823 IAUC 7825 3
SN 2002bk Ia 2MASX J09022690-0917450 ce 16788 0.048 2002-02-09 TIAUC 7842 IAUC 7846 1 s .- ..
SN 2002aw Ta-norm 2MFGC 13321 Sb 7838 0.007 2002-02-15 TIAUC 7831 IAUC 7834 2 2.10 15.84 2
SN 2002bf Ta-norm CGCG 266-031 Sb 7254 0.014 2002-02-22 TAUC 7836  IAUC 7846 2 2.97 6.90 2
SN 2002bg Ta-norm MCG +02-38-31 Sb 12813 0.028 2002-02-23 IAUC 7836 IAUC 7844 1 e cee ..
SN 2002bi Ta-norm UGC 8527 Sd/Irr 6985 0.025 2002-02-25 IAUC 7837 IAUC 7846 1
SN 2002bp Ta-02cx UGC 6332 Sa 6227 0.017 2002-03-08 TAUC 7847 (this work) 1 cee oo ..
SN 2002bo Ta-norm NGC 3190 Sa 1271 0.024 2002-03-09 TAUC 7847 IAUC 7848 8 —11.94 227.44 2
SN 2002bs Ta-norm I1C 4221 Sc 2890 0.081 2002-03-11 TIAUC 7861 IAUC 7868 1 o cee ..
SN 2002bz Ta-norm MCG +405-34-33 Sb 11137 0.022 2002-04-03 TIAUC 7866 IAUC 7874 1 4.92 2
SN 2002cc Ta-norm SDSS J083402.21+4553906.7 ce 19786 0.071 2002-04-04 TIAUC 7871 IAUC 7877 1 o cee ..
SN 2002cd Ia-norm NGC 6916 Sbc 3100 0.405 2002-04-08 TIAUC 7871 IAUC 7873 3 1.10 58.40 2
SN 2002cf Ta-91bg NGC 4786 E 4647 0.036 2002-04-13 TAUC 7877 IAUC 7878 2 —-0.75 15.95 2
SN 2002ci Ia-norm UGC 10301 Sb 6664 0.032 2002-04-19 TIAUC 7881 IAUC 7881 1 S s ..
SN 2002ck Ia-norm UGC 10030 Sb 8952 0.092 2002-04-23 TAUC 7884 TAUC 7893 1 3.64 2
SN 2002cr Ia-norm NGC 5468 Scd 2842 0.025 2002-05-01 TIAUC 7890 IAUC 7891 5 —6.78 85.98 2
SN 2002cs Ta-norm NGC 6702 E 4728 0.108 2002-05-05 TAUC 7891 TAUC 7894 8 —7.76 172.24 2
SN 2002cu Ta-norm NGC 6575 E 6991 0.063 2002-05-11 TAUC 7898 IAUC 7898 2 —5.28 16.62 2
SN 2002cx Ta-02cx CGCG 044-035 v 7184 0.027 2002-05-12 TAUC 7902 IAUC 7903 8 19.78 277.25 8
SN 2002cv Ta-norm NGC 3190 Sa 1271 0.024 2002-05-13 TIAUC 7901 IAUC 7911 2 —1.40 18.53 9
SN 2002db Ta-norm NGC 5683 S0a 10858 0.030 2002-05-18 IAUC 7906  IAUC 7915 1 9.21 e 6
SN 2002de Ta-norm NGC 6104 Sd/Irr 8430 0.018 2002-06-01 IAUC 7914 IAUC 7915 2 —0.32 8.37 2
SN 2002df Ta-norm MCG -01-53-6 Sab 8598 0.053 2002-06-02 IAUC 7915 IAUC 7916 1 6.55 cee 6
SN 2002di Ia-91bg MCG +05-40-2 SO 10909 0.031 2002-06-09 IAUC 7917 IAUC 7920 1 cee cee
SN 2002dj Ta-norm NGC 5018 E 2815 0.095 2002-06-12 TAUC 7918 IAUC 7919 1 —7.98 2
SN 2002dk Ta-91bg NGC 6616 Sab 5555 0.146 2002-06-13 TAUC 7919 IAUC 7920 1 —1.23 6
SN 2002do Ia-norm MCG +07-41-1 E 4761 0.314 2002-06-17 TIAUC 7923 IAUC 7927 1 23.09 cee 2
SN 2002dp Ta-norm NGC 7678 Sc 3490 0.049 2002-06-18 TAUC 7924 IAUC 7927 5 15.55 134.73 2
SN 2002dr Ta UGC 12214 SO 6610 0.077 2002-06-24 TIAUC 7927 IAUC 7953 1 s s ..
SN 2002dx Ta-norm UGC 12861 Sab 7099 0.053 2002-07-08 TAUC 7933 IAUC 7953 1 s s .
SN 2002eb Ta-norm CGCG 473-011 Sb 8255 0.061 2002-07-22 TIAUC 7937 IAUC 7953 3 1.68 59.75 2
SN 2002ec Ia-norm NGC 5910 E 12256 0.104 2002-07-23 TAUC 7937 IAUC 7946 2 S s ..
SN 2002ef Ta-norm NGC 7761 SO 7189 0.032 2002-07-30 IAUC 7943 IAUC 7945 2 4.70 28.93 2
SN 2002eh Ia-norm NGC 917 Sab 5387 0.076 2002-08-01 TAUC 7947 IAUC 7953 1 6.88 s 6
SN 2002ep Ta-norm 2MASX J21572200-0751253 s 16806 0.035 2002-08-06 TIAUC 7959 IAUC 7964 1 cee s ..
SN 2002el Ta-norm NGC 6986 SO 8613 0.087 2002-08-12 TIAUC 7953 IAUC 7954 3 11.82 38.94 2
SN 2002er Ta-norm UGC 10743 Sa 2569 0.161 2002-08-23 TIAUC 7959  IAUC 7961 4 —4.58 60.64 2
SN 2002et Ta-norm MCG -04-47-10 Sc 8217 0.141 2002-08-24 IAUC 7959  IAUC 7967 1 11.92 e 6
SN 2002gb Ta-norm SDSS J224321.26-000654.5 cee 22185 0.064 2002-08-28 TIAUC 7983 IAUC 7988 1 cee cee ..
SN 2002eu Ta-norm 2MASXI J01494274323730 11280 0.045 2002-08-30 IAUC 7963 IAUC 7965 5 —0.06 63.12 2
SN 2002ey Ta-91bg 2MASX J23101188+0732541 oo oo 0.059 2002-09-03 IAUC 7964 IAUC 7964 1 cee cee ..
SN 2002fb Ta-91bg NGC 759 E 4668 0.089 2002-09-06 IAUC 7967 IAUC 7967 3 0.98 55.83 2
SN 2002fi Ta-norm MCG -04-7-10 Sa 17139 0.023 2002-09-13 TAUC 7972 IAUC 7979 1 e cee ..
SN 2002fk Ta-norm NGC 1309 Sbhc 2138 0.040 2002-09-17 IAUC 7973 IAUC 7976 5 7.74 148.74 2
SN 2002gf Ta-norm 2MASX J20551849-0004243 E 25853 0.093 2002-09-27 TAUC 7990 IAUC 8016 1 o cee ..
SN 2002gc Ta-norm UGC 1394 Sa 6389 0.105 2002-10-03 TIAUC 7983 IAUC 7988 4
SN 2002gg Ta-norm NEAT J222745.65+065548.9 s 32977 0.126 2002-10-05 TIAUC 7990 IAUC 8016 1
SN 2002gx Ta-norm NEAT J023144.16+401646.5 s 23983 0.055 2002-10-13 TAUC 7995 IAUC 8013 1 s s ..
SN 2002ha Ia-norm NGC 6962 Sab 4212 0.102 2002-10-21 TIAUC 7997 IAUC 7999 5 —0.85 63.11 2
SN 2002hd Ta-norm MCG -01-23-8 SO 10493 0.038 2002-10-24 TAUC 7999 IAUC 8002 2 6.48 12.72 2
SN 2002he Ta-norm UGC 4322 E 7363 0.040 2002-10-28 TAUC 8002 IAUC 8004 4 —5.91 3.22 2
SN 2002hl Ia NGC 3665 SO 2048 0.018 2002-11-05 TAUC 8008 TAUC 8011 1 cee s -
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Table 2.1 — Continued

SN Name SNID Host Host CZhelio E (B —V)yw Discovery Discovery  Classification # of First Last JDmax
(Sub)Type® Galaxy Morp.”  (km s~ 1) (mag)9 Date (UT)  Reference Reference Spec. Epoch® Epoch® Ref.f
SN 2002hv Ia UGC 4974 SO 7024 0.017 2002-11-05 TIAUC 8012 TAUC 8013 1 e cee cee
SN 2002hu Ia-99aa MCG +06-6-12 Sb 11002 0.045 2002-11-07 IAUC 8012 IAUC 8013 1 —5.81 cee 2
SN 2002hw Ta-norm UGC 52 Sc 5255 0.105 2002-11-09 TIAUC 8014 IAUC 8015 2 —6.27 24.42 2
SN 2002jg Ta-norm NGC 7253 Sb 4719 0.066 2002-11-23 TAUC 8022 IAUC 8023 1 10.11 cee 2
SN 2002jm Ia-91bg I1C 603 Sa 5399 0.050 2002-12-07 TIAUC 8030 IAUC 8031 1 s ..
SN 2002jo Ta-norm NGC 5708 Sd/Irr 2752 0.017 2002-12-11 TAUC 8031 IAUC 8031 1 s s .
SN 2002jy Ia-norm NGC 477 Sc 5876 0.053 2002-12-17 TAUC 8035 IAUC 8037 2 11.86 39.46 2
SN 2002kf Ia-norm CGCG 233-023 s 5786 0.117 2002-12-27 TAUC 8040 TAUC 8041 1 6.81 s 2
SN 2003D Ia-norm MCG -01-25-9 E 6628 0.065 2003-01-06 TAUC 8043 IAUC 8043 2 9.98 59.88 2
SN 2003F Ta-norm UGC 3261 Sd/Irr 5168 0.329 2003-01-08 TAUC 8045 IAUC 8045 2 cee s -
SN 2003K Ia-91T IC 1129 Scd 6541 0.028 2003-01-11 CBET 04 IAUC 8048 2 13.43 20.18 5
SN 2003M Ia-91bg UGC 7224 E 7267 0.022 2003-01-13 TAUC 8048 IAUC 8059 2 S s -
SN 2003V Ta-norm APMUKS(BJ) B030310.79-013550.9 13491 0.070 2003-01-16 IAUC 8060 IAUC 8083 1 s -
SN 2003ae Ta-norm 2MASX J0928225742726402 9850 0.024 2003-01-23 TAUC 8066 IAUC 8066 1 31.69 5
SN 2003P Ta-norm MCG +09-13-107 cee 10103 0.067 2003-01-23 IAUC 8057 IAUC 8060 1 e .
SN 2003S Ta-norm MCG +09-22-94 Sb 11962 0.011 2003-01-24 IAUC 8058 IAUC 8058 1 cee ..
SN 2003U Ta-norm NGC 6365 Sb 7885 0.033 2003-01-27 TIAUC 8059 IAUC 8061 1 —2.55 cee 2
SN 2003W Ta-norm UGC 5234 Sc 6017 0.049 2003-01-28 TAUC 8061 IAUC 8061 3 —5.06 56.56 2
SN 2003X Ta-norm UGC 11151 Sb 7018 0.090 2003-01-28 TAUC 8062 IAUC 8065 1 oo cee ..
SN 2003Y Ta-91bg 1C 522 SO 5078 0.064 2003-01-29 TAUC 8062 IAUC 8063 2 —1.74 21.63 2
SN 2003af Ta-norm KUG 11074236 Sb 6157 0.014 2003-02-03 TAUC 8067 IAUC 8071 1 o s ..
SN 2003av Ta-norm NEAT J080132.34+024826.7 cee 41971 0.030 2003-02-04 TIAUC 8077 IAUC 8083 1 s .
SN 2003ai Ta-norm IC 4062 10493 0.015 2003-02-08 TAUC 8068 IAUC 8074 1 7.25 5
SN 2003ah Ta-norm LOTOSS J044309.014004553.4 s 8994 0.092 2003-02-08 TAUC 8068 IAUC 8083 1 s ..
SN 2003an Ia MCG +05-32-22 Sb 11104 0.015 2003-02-09 TAUC 8069 IAUC 8085 1
SN 2003ax Ia-norm 2MASX J08083589+0746399 s 16189 0.029 2003-02-09 TIAUC 8079 IAUC 8083 1
SN 2003au Ia-91bg NGC 6095 SO 9246 0.012 2003-02-17 TAUC 8075 IAUC 8085 1
SN 2003bf Ta-norm 2MASX J08082660+1219571 s 10068 0.027 2003-02-18 TAUC 8082 IAUC 8083 1
SN 2003ay Ta-norm NEAT J040726.40+280748.4 21885 0.592 2003-02-19 TIAUC 8079 IAUC 8085 1
SN 2003bh Ia-norm NEAT J100006.84+4-281650.0 26682 0.020 2003-02-21 TAUC 8084 IAUC 8084 1
SN 2003bi Ia-norm 2MASX J10440556+1231293 e 27666 0.024 2003-02-22 TAUC 8084 IAUC 8084 1 S .-
SN 2003cq Ta-norm NGC 3978 Sbhc 9977 0.022 2003-03-30 IAUC 8103 IAUC 8106 1 —0.15 cee 2
SN 2003du Ta-norm UGC 9391 Sd/Irr 1913 0.011 2003-04-22 TIAUC 8121 IAUC 8122 6 17.61 80.98 2
SN 2003dw Ta-norm MCG +10-24-51 Sb 9003 0.018 2003-04-26 TIAUC 8124 IAUC 8129 1 cee cee ..
SN 2003ek Ta-norm FGC 2126 Sc 10804 0.023 2003-05-20 TIAUC 8134 IAUC 8136 4 cee oo ..
SN 2003fa Ta-99aa ARK 527 Sb 11800 0.039 2003-06-01 TIAUC 8140 IAUC 8142 3 —8.15 39.78 2
SN 2003fd Ia-norm UGC 8670 Sd/Irr 18054 0.006 2003-06-09 IAUC 8147 IAUC 8158 1 o cee ..
SN 2003gj Ta-norm NGC 7017 SO 10118 0.065 2003-06-30 IAUC 8161 CBET 26 1 o cee ..
SN 2003gn Ia-norm CGCG 452-024 Sab 10328 0.050 2003-07-22 TIAUC 8168 TAUC 8170 2 —5.38 3.26 2
SN 2003gq Ta-02cx NGC 7407 Sbc 6431 0.069 2003-07-24 TAUC 8168 IAUC 8170 2 —0.69 60.99 2
SN 2003gs Ta-norm NGC 936 SO 1430 0.035 2003-07-29 TIAUC 8171 IAUC 8171 2 30.46 199.51 2
SN 2003gt Ia-norm NGC 6930 Sab 4695 0.110 2003-07-29 TAUC 8172 IAUC 8175 2 —5.07 17.61 2
SN 2003he Ia-norm MCG -01-1-10 Sbc 7645 0.039 2003-08-11 TAUC 8182 IAUC 8196 2 2.71 8.54 2
SN 2003hj Ta-norm MCG +05-36-28 s 22595 0.024 2003-08-19 TAUC 8184 IAUC 8189 1 cee s ..
SN 2003hm Ta-norm UGC 2295 Sb 4173 0.061 2003-08-20 TIAUC 8185 IAUC 8189 1 cee ..
SN 2003hs Ta-norm UGC 11149 Sb 16255 0.040 2003-08-31 TIAUC 8191 IAUC 8196 1 —5.49 6
SN 2003hw Ia 2MASX J03014982+3544343 cee 12680 0.221 2003-09-08 TAUC 8198 IAUC 8211 1 S S .-
SN 2003hv Ta-norm NGC 1201 S0 1679 0.015 2003-09-09 IAUC 8197 IAUC 8198 3 21.85 77.29 2
SN 2003hx Ia-norm NGC 2076 S0 2144 0.084 2003-09-12 TIAUC 8199  IAUC 8200 1 21.89 e 10
SN 2003ij Ta-99aa UGC 3336 Sb 5510 0.099 2003-09-25 IAUC 8210 IAUC 8214 1 v ..
SN 2003ik Ta-norm MCG +11-10-56 Scd 7114 0.067 2003-09-29 TIAUC 8212 IAUC 8214 1
SN 2003in Ta-norm IC 1956 Sbhc 6401 0.245 2003-09-30 IAUC 8214 IAUC 8214 1
SN 2003im Ta-norm 2MASX J00445922-0853228 Sa 5804 0.032 2003-09-30 TIAUC 8214 IAUC 8214 1 cee cee ..
SN 2003iv Ta-norm MCG +02-8-14 Sd/Irr 10286 0.137 2003-10-17 TIAUC 8226 IAUC 8228 2 1.76 6.58 2
SN 2003iz Ta-norm UGC 638 cee 14453 0.077 2003-10-21 TAUC 8230 TAUC 8231 1 o cee ..
SN 2003kc Ta-norm MCG +405-23-37 Sc 10004 0.022 2003-11-21 TAUC 8242 TAUC 8242 1
SN 2003kd Ta-norm UGC 2468 SOa, 9050 0.209 2003-11-23 TAUC 8243 IAUC 8245 2
SN 2003kh Ia UGC 11491 Scd 10013 0.104 2003-11-27 TAUC 8245 IAUC 8246 1
SN 2003kg Ta-norm I1C 1427 E 7804 0.044 2003-11-27 TAUC 8245 IAUC 8246 1 s s ..
SN 2003kf Ta-norm MCG -02-16-2 Sb 2215 0.313 2003-11-27 CBET 53 CBET 53 2 —7.50 40.94 2
SN 20031s Ia-norm APMUKS(BJ) B025836.01-110449.4 13011 0.069 2003-12-22 TAUC 8271 IAUC 8271 1 cee s ..
SN 20031b Ta-norm UGC 2850 Sd/Irr 5426 0.226 2003-12-25 TAUC 8260 TAUC 8260 1
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Table 2.1 — Continued

SN Name SNID Host Host CZhelio E (B —V)yw Discovery Discovery  Classification # of First Last JDmax
(Sub)Type® Galaxy Morp.”  (km s~ 1) (mag)9 Date (UT)  Reference Reference Spec. Epoch® Epoch® Ref.f
SN 2003lc Ta-norm UGC 934 Sb 10493 0.054 2003-12-26 TAUC 8260 TAUC 8260 1 e cee cee
SN 2003lq Ta-norm UGC 5 Sbc 7270 0.040 2003-12-28 TAUC 8262 IAUC 8268 1 o o
SN 2004E Ta-norm KUG 13144-318B E/So 8944 0.013 2004-01-15 TIAUC 8271 IAUC 8271 1 5.26 2
SN 2004W Ta-91bg NGC 4649 E 1118 0.024 2004-01-28 TAUC 8286 IAUC 8286 1 e s .
SN 2004S Ta-norm MCG -05-16-21 Sc 2809 0.100 2004-02-03 TAUC 8282 TAUC 8283 2 8.26 311.57 2
SN 2004Y Ta-norm 2MASX J11432825+2140266 E 20746 0.015 2004-02-12 TAUC 8288 TAUC 8288 1 s s ..
SN 2004as Ia-norm SDSS J112538.81+4224952.2 Sd/Irr 9300 0.011 2004-03-11 TAUC 8302 IAUC 8302 1 —4.36 s 2
SN 2004bd Ta-norm NGC 3786 Sa 2677 0.024 2004-04-07 TIAUC 8316 IAUC 8317 3 10.76 42.68 2
SN 2004bg Ia-norm UGC 6363 Sb 6308 0.018 2004-04-07 TIAUC 8317 IAUC 8321 2 10.34 28.01 2
SN 2004bj Ta-norm MCG +01-34-13 E 15035 0.026 2004-04-22 TAUC 8329 TAUC 8331 1 cee s -
SN 2004bk Ta-norm NGC 5246 Sb 6931 0.022 2004-04-22 TAUC 8329 IAUC 8331 2 6.13 38.32 2
SN 2004bl Ta-norm MCG +00-31-42 Sd/Irr 5192 0.036 2004-04-29 TAUC 8334  IAUC 8337 2 4.61 19.38 6
SN 2004bp Ia-91bg MCG +06-25-14 S 8913 0.011 2004-05-03 TIAUC 8335  IAUC 8339 1 s e .-
SN 2004bq Ta-norm ESO 597-G32 Sa 8394 0.059 2004-05-05 TAUC 8336  TAUC 8339 1
SN 2004cb Ta-norm ESO 445-G20 Scd 4128 0.058 2004-05-12 IAUC 8350 IAUC 8353 1 e cee ..
SN 2004br Ta-99aa NGC 4493 E 6943 0.020 2004-05-15 IAUC 8340 IAUC 8343 3 3.50 26.90 2
SN 2004bv Ta-91T NGC 6907 Sbhc 3181 0.063 2004-05-24 TAUC 8344 IAUC 8345 7 —7.06 161.68 2
SN 2004bw Ta-norm MCG +400-38-19 Scd 6356 0.142 2004-05-26 TAUC 8345 IAUC 8353 2 -—10.03 6.59 2
SN 2004ca Ta-norm UGC 11799 Sb 5342 0.449 2004-06-02 TIAUC 8350 IAUC 8350 1 o cee ..
SN 2004bz Ta-norm MCG +402-56-25 Sb 10232 0.058 2004-06-02 TIAUC 8350 IAUC 8353 1
SN 2004cv Ta-norm MCG +03-41-120 Sbhc 11017 0.044 2004-06-24 TAUC 8362 IAUC 8364 1
SN 2004db Ia-norm NGC 7377 SO 3340 0.028 2004-06-28 TAUC 8367 IAUC 8372 1
SN 2004da Ta-norm NGC 6901 Sab 4761 0.124 2004-07-06 IAUC 8370 IAUC 8371 3
SN 2004di Ia-91bg UGC 10097 SO 5963 0.017 2004-07-26 IAUC 8376 IAUC 8390 2
SN 2004eq Ia-norm ESO 404-G12 Sc 2650 0.022 2004-07-30 TAUC 8407 TAUC 8420 1 o s ..
SN 2004dt Ta-norm NGC 799 Sa 5915 0.027 2004-08-11 TIAUC 8386 IAUC 8387 9 —6.46 168.93 2
SN 2004ef Ta-norm UGC 12158 Sb 9288 0.055 2004-09-04 TAUC 8399 IAUC 8403 6 —5.52 84.60 2
SN 2004fa Ia MCG -05-48-5 s cee 0.088 2004-09-05 TAUC 8420 IAUC 8437 1 cee s ..
SN 2004eo0 Ta-norm NGC 6928 Sab 4707 0.108 2004-09-17 TIAUC 8406 IAUC 8409 3 —5.57 44.40 2
SN 2004ev Ta-norm ESO 459-G13 Sc <o 0.123 2004-10-06 IAUC 8417 IAUC 8420 1 oo cee ..
SN 2004ey Ta-norm UGC 11816 Sc 4734 0.137 2004-10-14 TAUC 8419  IAUC 8420 3 —7.58 51.39 2
SN 2004fd Ta-norm NGC 1060 SO 5189 0.195 2004-10-21 TIAUC 8423 IAUC 8437 2 e cee ..
SN 2004fg Ia MCG +05-56-7 Sbc 9033 0.072 2004-10-31 TIAUC 8425 IAUC 8437 1 cee cee . .
SN 2004fu Ta-norm NGC 6949 Sc 2761 0.388 2004-11-04 TAUC 8428 IAUC 8436 3 —2.65 25.28 5
SN 2004fw Ta-norm UGC 4633 Sb 5777 0.031 2004-11-06 TAUC 8431 IAUC 8437 1 e cee ..
SN 2004fy Ta-norm MCG +15-1-10 cee cee 0.257 2004-11-10 TAUC 8435 TAUC 8437 2 o cee ..
SN 2004fz Ta-norm NGC 783 Sc 5189 0.061 2004-11-14 IAUC 8437 IAUC 8440 3 —5.18 22.28 2
SN 2004go Ta-norm 1C 270 SO 8745 0.041 2004-11-18 TAUC 8448 IAUC 8450 1 26.08 cee 6
SN 2004gc Ta-norm ARP 327 Sd/Irr 9204 0.206 2004-11-18 TAUC 8442 TAUC 8449 1 31.33 11
SN 2004gl Ta-norm MCG +408-16-31 s 11782 0.032 2004-11-21 TAUC 8446 IAUC 8453 1 s s
SN 2004gs Ia-norm MCG +403-22-20 SO 7986 0.035 2004-12-12 TAUC 8453 IAUC 8453 1 0.44 2
SN 2004gu Ia-norm FGC 175A s 13748 0.024 2004-12-13 TAUC 8454 TAUC 8454 1 —4.65 11
SN 2004gw Ia-02cx CGCG 283-003 Sb 5102 0.305 2004-12-27 TAUC 8459 IAUC 8465 2 cee ..
SN 2004gz Ta-norm MCG +10-23-45 s cee 0.014 2004-12-28 TAUC 8460 TAUC 8468 1 cee s
SN 2005A Ta-norm NGC 958 Sc 5738 0.030 2005-01-05 TAUC 8459 TAUC 8461 1 5.55 11
SN 2005F Ta-norm MCG +02-23-27 Sb 8544 0.042 2005-01-13 TAUC 8465 IAUC 8465 1 cee ce
SN 2005G Ta-norm UGC 8690 Scd 6937 0.019 2005-01-14 TAUC 8465 IAUC 8468 1 s s -
SN 2005M Ta-norm NGC 2930 Sb 6598 0.032 2005-01-19 TAUC 8470  IAUC 8474 5 —1.41 35.50 2
SN 2005as Ta-norm NGC 3450 Sb 4026 0.056 2005-01-21 TAUC 8493  IAUC 8493 1 S e -
SN 2005P Ta-02cx NGC 5468 Scd 2842 0.025 2005-01-21 TAUC 8472 JhaO6a 2
SN 2005X Ta-norm cee cee 22335 0.023 2005-01-24 IAUC 8476 TAUC 8482 1 cee cee ..
SN 2005W Ta-norm NGC 691 Sbhc 2665 0.072 2005-02-01 TIAUC 8475 IAUC 8479 3 0.59 28.36 11
SN 2005ag Ta-norm 2MASX J14564322+0919361 cee 23804 0.033 2005-02-10 TAUC 8484 TAUC 8484 1 0.52 cee 11
SN 2005am Ta-norm NGC 2811 Sa 2368 0.054 2005-02-22 IAUC 8490 IAUC 8491 4 4.47 41.04 2
SN 2005a0 Ta NGC 6462 E 11515 0.052 2005-03-07 CBET 114 TAUC 8492 2 —1.29 0.52 12
SN 2005bc Ta-norm NGC 5698 Sb 3678 0.012 2005-04-02 TAUC 8504 CBET 132 2 1.55 7.37 2
SN 2005be Ta-norm 2MASX J14593310+1640070 s 10493 0.032 2005-04-05 TIAUC 8506 CBET 134 2 10.96 16.71 11
SN 2005bl Ia-91bg NGC 4070 E 7213 0.024 2005-04-14 TAUC 8512 CBET 139 2 —5.56 18.07 2
SN 2005bo Ia-norm NGC 4708 Sab 4104 0.046 2005-04-17 TIAUC 8514 IAUC 8517 1 27.71 s 2
SN 2005bu Ta-norm CGCG 117-019 s 8754 0.055 2005-04-21 CBET 144 CBET 150 1 cee s ..
SN 2005cf Ia-norm MCG -01-39-3 SO 1937 0.097 2005-05-28 CBET 158 CBET 160 7 —10.94 610.27 2
SN 2005de Ta-norm UGC 11097 Sb 4551 0.102 2005-08-02 CBET 191 CBET 193 4 —0.75 40.49 2
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Table 2.1 — Continued

SN Name SNID Host Host CZhelio E (B —V)yw Discovery Discovery  Classification # of First Last JDmax
(Sub)Type® Galaxy Morp.”  (km s~ 1) (mag)9 Date (UT)  Reference Reference Spec. Epoch® Epoch® Ref.f
SN 2005do Ta-norm UGC 2495 SO 9135 0.131 2005-08-08 CBET 206 CBET 206 1 e cee cee
SN 2005dh Ia-91bg MCG +-04-37-55 Sb 4375 0.064 2005-08-10 CBET 196 CBET 199 2 o o
SN 2005di Ta-norm MCG -04-52-46 Sb 7585 0.032 2005-08-12 CBET 198 ATEL 581 1 0.49 6
SN 2005dm Ia-91bg I1C 219 E 5049 0.026 2005-08-26 CBET 203 ATEL 596 1 5.23 2
SN 2005dv Ta-norm NGC 5283 SO 3118 0.020 2005-09-04 CBET 217 CBET 218 1 —0.57 5
SN 2005ec Ia NGC 1690 E 8763 0.076 2005-09-16 CBET 228 ATEL 610 1 s .
SN 2005ej Ia-norm CGCG 323-004 Sb 11354 0.057 2005-09-23 CBET 231 CBET 234 3 s s -
SN 2005el Ta-norm NGC 1819 SO 4470 0.114 2005-09-25 CBET 233 CBET 235 3 —6.70 8.09 2
SN 2005gj Ta-csm SDSS J030111.99-003313.5 s 17988 0.121 2005-09-26 CBET 247 CBET 302 5 46.32 460.35 13
SN 2005er Ia-91bg NGC 7385 E 7849 0.076 2005-09-29 TAUC 8608 CBET 243 3 —0.26 5.64 6
SN 2005eq Ta-99aa MCG -01-9-6 Scd 8688 0.074 2005-09-30 TIAUC 8608 IAUC 8610 4 —6.01 51.16 2
SN 2005ew Ta-norm NSF J033923.74+4350249.0 ce 899 0.500 2005-10-04 CBET 244 CBET 244 2 18.23 40.03 5
SN 2005eu Ta-norm NSF J022743.32+4281037.6 10463 0.131 2005-10-04 CBET 242 ATEL 620 4 —10.06 44.91 2
SN 2005hc Ia MCG +00-6-3 13491 0.033 2005-10-12 CBET 259 CBET 259 1 14.26 [ 2
SN 2005hj Ta-norm SDSS J012648.45-011417.3 oo 17250 0.039 2005-10-26 CBET 266 CBET 266 1 7.51 v 2
SN 2005hk Ta-02cx UGC 272 Sd/Irr 3894 0.023 2005-10-30 IAUC 8625 CBET 268 12 —8.29 454.74 14
SN 2005iq Ta-norm MCG -03-1-8 Sa 10205 0.022 2005-11-05 TAUC 8628 CBET 278 1 —5.86 cee 2
SN 2005kc Ta-norm NGC 7311 Sab 4533 0.132 2005-11-09 TAUC 8629 CBET 286 2 10.28 12.25 5
SN 2005ke Ta-91bg NGC 1371 Sa 1463 0.025 2005-11-13 TAUC 8630 IAUC 8631 6 7.80 362.11 5
SN 2005ki Ta-norm NGC 3332 SO 5879 0.031 2005-11-18 TAUC 8632 CBET 296 3 1.62 35.80 2
SN 2005l1s Ta-norm MCG +07-7-1 Sb 6332 0.093 2005-12-09 TAUC 8643 CBET 324 3 26.29 56.66 2
SN 20051t Ta-norm MCG +03-30-51 Sbhc 5975 0.012 2005-12-10 TIAUC 8645 CBET 319 1 s s ce
SN 20051u Ta-norm MCG -03-07-40 Sd/Irr 9650 0.026 2005-12-11 TAUC 8645 CBET 321 1 27.88 s 11
SN 2005mc Ta-norm UGC 4414 SOa, 7561 0.045 2005-12-23 CBET 331 CBET 334 2 6.64 25.16 2
SN 20051z Ia-norm UGC 1666 Sd/Irr 11992 0.090 2005-12-24 CBET 329 CBET 337 1 0.58 s 2
SN 2005ms Ta-norm UGC 4614 Sb 7555 0.034 2005-12-27 CBET 343 CBET 345 2 —1.88 14.62 2
SN 2005na Ta-norm UGC 3634 Sa 7891 0.078 2005-12-31 CBET 350 CBET 351 5 0.03 31.19 2
SN 2006D Ta-norm MCG -01-33-34 Sab 2557 0.046 2006-01-11 CBET 362 CBET 366 5 3.70 126.46 2
SN 2006E Ta-norm NGC 5338 SO 815 0.020 2006-01-12 CBET 363 CBET 366 3 R K ..
SN 2006H Ia-91bg 2MASX J032601054-4041403 Sa 4195 0.206 2006-01-15 CBET 367 ATEL 699 1 7.01 s 5
SN 2006N Ta-norm MCG +11-8-12 cee 4281 0.096 2006-01-21 CBET 375 IAUC 8661 4 —1.89 27.54 2
SN 2006S Ta-99aa UGC 7934 Sb 9623 0.018 2006-01-26 CBET 379 CBET 382 3 —3.93 18.45 2
SN 2006X Ta-norm NGC 4321 Sbc 1571 0.022 2006-02-04 IAUC 8667 CBET 393 9 3.15 358.37 2
SN 2006ac Ta-norm NGC 4619 Sb 6928 0.016 2006-02-09 TIAUC 8669 CBET 398 2 7.96 35.39 2
SN 2006ak Ta-norm 2MASX J11093314+2837393 Sb 11422 0.028 2006-02-17 CBET 408 CBET 408 1 8.43 oo 2
SN 2006ay Ta-norm HCG 079:[PZH2002] 2.05 Sd/Irr 26292 0.057 2006-02-24 CBET 436 CBET 486 1 e cee ..
SN 2006ax Ia-norm NGC 3663 Sbhc 5019 0.050 2006-03-20 CBET 435 CBET 437 3 —10.07 33.01 2
SN 2006az Ta-norm NGC 4172 Sb 9276 0.010 2006-03-23 TAUC 8691 CBET 447 1 26.30 cee 2
SN 2006bq Ta-norm NGC 6685 SO 6568 0.059 2006-04-23 CBET 479 CBET 481 4 6.97 44.94 2
SN 2006br Ta-norm NGC 5185 Sb 7372 0.018 2006-04-25 CBET 482 CBET 487 2 3.87 10.62 2
SN 2006bt Ta-norm CGCG 108-013 SOa, 9640 0.051 2006-04-26 CBET 485 CBET 485 5 —5.30 52.59 2
SN 2006bu Ia-norm 2MASX J13524703+0518496 s 25183 0.019 2006-04-27 CBET 490 IAUC 8707 1 4.22 s 5
SN 2006bw Ta-norm SDSS J143358.05+4034750.3 s 8994 0.033 2006-04-27 CBET 497 CBET 499 2 8.90 31.26 2
SN 2006bz Ia-91bg IC 4042A SO 8366 0.006 2006-05-04 TAUC 8707 IAUC 8707 1 —2.44 s 2
SN 2006cc Ta-norm UGC 10244 Sb 9752 0.016 2006-05-06 CBET 505 CBET 506 1 17.67 2
SN 2006ch Ta-norm NGC 7753 Sbc 5168 0.099 2006-05-09 CBET 510 CBET 525 2 cee -
SN 2006ce Ta-norm NGC 908 Sc 1508 0.025 2006-05-10 IAUC 8709 CBET 541 3 s e -
SN 2006cf Ta-norm UGC 6015 Scd 12456 0.012 2006-05-11 IAUC 8710 CBET 514 3 6.28 18.69 5
SN 2006¢j Ta-norm 2MASX J12592407+2820498 cee 20241 0.008 2006-05-17 CBET 515 CBET 517 1 3.43 cee 2
SN 2006cm Ta-norm UGC 11723 Sb 4899 0.048 2006-05-24 CBET 521 CBET 526 4 —1.15 35.29 2
SN 2006ct Ta-norm 2MASX J12095669+4705461 cee 9432 0.019 2006-05-25 CBET 537 CBET 537 2 cee cee . .
SN 2006¢cp Ta-norm UGC 7357 Sc 6682 0.023 2006-05-28 CBET 524 CBET 528 1 —5.30 2
SN 2006cq Ta-norm I1C 4239 Sb 14492 0.013 2006-05-29 CBET 527 CBET 529 1 2.00 2
SN 2006cs Ta-91bg MCG +4-06-30-79 SO 7099 0.011 2006-06-03 CBET 536 CBET 539 1 2.28 5
SN 2006da Ta-norm 2MASX J23274876+1428315 ce 12345 0.065 2006-06-12 CBET 545 CBET 550 4 o cee ..
SN 2006cz Ta-99aa MCG -01-38-2 Scd 12531 0.083 2006-06-14 TAUC 8721 CBET 550 5 1.12 36.60 6
SN 2006dh Ta-norm UGC 8670 Sd/Irr 18054 0.006 2006-06-21 TAUC 8725 CBET 562 1 s s ..
SN 2006di Ta-norm NGC 439 SO 5804 0.031 2006-06-24 TAUC 8726 CBET 587 1 o s ..
SN 2006dm Ia-norm MCG -01-60-21 Sc 6601 0.039 2006-07-03 CBET 568 CBET 569 5 —7.90 36.06 2
SN 2006do Ia ESO 470-G18 SOa, 8523 0.020 2006-07-05 CBET 572 ATEL 854 4 S s ..
SN 2006dv Ia-norm UGC 12461 SO 9884 0.071 2006-07-20 IAUC 8733 CBET 585 5
SN 2006eb Ta-norm UGC 771 Sa 5165 0.029 2006-07-22 CBET 590 CBET 592 2
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Table 2.1 — Continued

SN Name SNID Host Host CZhelio E (B —V)yw Discovery Discovery  Classification # of First Last JDmax
(Sub)Type® Galaxy Morp.”  (km s~ 1) (mag)9 Date (UT)  Reference Reference Spec. Epoch® Epoch® Ref.f
SN 2006dw Ta-norm 2MASX J16174359+3457534 cee 8107 0.021 2006-07-23 TAUC 8733 CBET 587 4 e cee
SN 2006dy Ta-norm NGC 5587 SOa, 2302 0.018 2006-07-25 CBET 586 CBET 587 5 o cee ..
SN 2006ef Ta-norm NGC 809 SO 5360 0.024 2006-08-18 CBET 597 CBET 604 3 3.20 34.56 2
SN 2006gr Ta-norm UGC 12071 Sb 10373 0.085 2006-08-21 CBET 638 CBET 642 3 —8.70 25.03 2
SN 2006ej Ta-norm NGC 191 Sc 6077 0.035 2006-08-23 CBET 603 CBET 604 4 —3.70 27.54 2
SN 2006em Ta-91bg NGC 911 E 5765 0.059 2006-08-25 CBET 605 CBET 612 3 4.16 26.70 2
SN 2006en Ia-norm MCG +05-54-41 Sc 9575 0.064 2006-08-26 CBET 606 CBET 608 3 8.55 30.75 2
SN 2006es Ta-norm UGC 2828 Sbc 12303 0.229 2006-09-01 CBET 613 CBET 613 2 cee s -
SN 2006eu Ta-norm MCG +08-36-16 E 7072 0.194 2006-09-03 CBET 618 CBET 622 2 10.17 16.02 2
SN 2006et Ta-norm NGC 232 Sa 6646 0.019 2006-09-03 CBET 616 CBET 619 3 3.29 43.34 2
SN 2006ev Ta-norm UGC 11758 Sbc 8613 0.090 2006-09-12 TAUC 8747 CBET 622 2 10.54 16.36 5
SN 2006gj Ta-norm UGC 2650 Sab 8482 0.084 2006-09-18 CBET 631 CBET 634 1 4.70 cee 2
SN 2006gt Ia-91bg 2MASX J00561810-0137327 cee 13422 0.037 2006-09-18 CBET 641 CBET 641 1 3.08 2
SN 2006ha Ta-norm IC 1461 Sc 9189 0.045 2006-0