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We present an extensive set of optical spectra of type Ia supernovae (SNe Ia) obtained by the Carnegie Supernova Project (CSP) between 2009 and 2014, along with
additional spectroscopic observations mainly gathered during the course of the Calán-Tololo survey, starting in 1981. This work intends to be a continuation of the
first release of CSP SNe Ia optical spectroscopy by Folatelli et al. (2013). From these data we derive spectroscopic parameters such as expansion velocities and pseudo
equivalent widths for selected SNe Ia features and compare their behavior at maximum light as well as their correlation with photometric properties. The present work
in progress involves 450 spectra of 264 SNe Ia obtained by the CSP (I and II) and not published in Folatelli et al. 2013 and 180 spectra of 44 SNe Ia obtained prior to
the CSP campaigns, mostly during the Calán-Tololo survey.

Introduction
The Calán-Tololo survey (Hamuy et al 1996) collected, between 1990
and 1993, BVRI lightcurves for 29 type Ia supernovae (SNe Ia), most
of them discovered by their own blind search. Optical spectroscopy
was also obtained for most of the targets. Twenty six among those 29
SNe have been observed at or near maximum light. Their spectra are
presented here along with 18 SNe Ia observed by members of the team
outside the frame of the Calán-Tololo project.
The Carnegie Supernova Project I (CSP I, Hamuy et al. 2006) conducted between 2004 and 2009, was devoted to obtaining detailed optical and NIR light curves of nearby ( z < 0.07) supernovae of all types.
Among them, more than 100 were SNe Ia.
Optical spectroscopy was a key complement of the CSP I. As soon
as possible after a new supernova was announced, a spectrum was
obtained in order to determine its type, phase and redshift. Further
spectral observations, in combination with the photometric follow up,
were obtained as often as possible (always prioritizing the typing of new
candidates) in order to study the spectroscpic evolution of targets.
Between 2011 and 2015 the Carnegie Supernova Project II (CSP II)
conducted 4 campaigns, observing 230 SNe Ia, which were followed
photometrically and spectroscopically, focusing on the NIR. Many of
the CSP II targets were located in the smooth Hubble flow (0.03 < z <
0.10) constituting the “cosmology sample”, intended to build a low-z
reference for future rest-NIR observations of SNe Ia at higher redshifts.
A number of optical spectra were needed for typing new targets, and
building combined NIR and and optical spectral time sequences of
selected nearby targets (what was called the “physics sample”).

Figure 1: Spectral sequences for 3 of the Calán Tololo targets. Note that SN1990O was not discovered by the Calán Tololo survey, but was
included in the follow-up observations. The labels indicate the phase relative to B maximum.

Figure 2: Examples of CSP I spectral sequences. Two shallow-silicon (SS): SN2009dc and SN2009ds and one normal (CN) supernova:
SN2008hj. Spectrographs are identified on the right of each spectrum.

Most of CSP I targets came from targeted supernova searches like those
carried out at Lick (LOSS) or Chile (CHASE), while the CSP II sample
consists of SNe discovered by blind surveys such as La Silla/QUEST
(LSQ), the OGLE-IV experiment, the Kiso Supernova Survey (KISS),
the Catalina Real-Time Transient Survey (CTRS) and the All-Sky Automated Survey for Supernovae (ASAS-SN). A number of nearby bright
supernovae were provided by amateur searches, like the BOSS collaboration.
The aim of this work is presenting and making publicly available the
complete set of SNe Ia spectra obtained during the course of the CSP
I and CSP II campaings, along with data obtained previously, mainly
by the Calán-Tololo survey.

Figure 3: Examples of CSP II spectral sequences. Two normal (SN2012hr and SN2013gy) and one peculiar (SN2013gr) SNe.

Observations and their Analysis
The Calán-Tololo and other targets prior to CSP have been spectroscopically observed
moslty with CTIO facilities. Some examples of spectral sequences are presented in
Figure 1.
Most of the CSP optical spectroscopic observations have been carried out using the
facilities available at LCO, i.e. the du Pont telescope (+WFCCD and Boller and
Chivens spectrographs), as well as both Magellan telescopes (+LDSS3, IMACS, and
MagE spectrographs). Additional observations were obtained at the CTIO 60” (+
Cassegrain Spectrograph, operated by SMARTS); ESO-La Silla NTT (+EMMI and
EFOSC) and 3.6-m telescope (+EFOSC); SOAR (+ Goodman spectrograph); Gemini
(+GMOS); and NOT (+ALFOSC).
The first release of CSP I optical spectra of SNe Ia (Folatelli et al. 2013) presented
604 previously unpublished spectra of 93 SNe Ia. As a continuation, we present here
108 spectra of 26 SNe Ia, of which 18 have been observed at or near maximum light.
Examples of CSP I spectral sequences can be found in Figure 2.

Figure 4:

Definitions of pseudo equivalent
widths (pW) for the features considered in this
work for SN spectra near maximum and after two
weeks. Figure taken from Folatelli et al. 2013.

Figure 5: Branch et al. (2006) subtypes for CSP I
SNe Ia not previously published and older data including Calán-Tololo targets. Symbols are as follows: black
circles: core normal (CN); blue diamonds: shallow silicon (SS); green triangles: broad line (BL); cyan squares:
cool (CL).

The CSP II optical spectroscopic data set comprises 336 spectra of 183 SNe Ia. Many
of the CSP II targets were classified by the PESSTO collaboration using the NTT at
ESO-La Silla, making a total of 158 CSP II targets with optical spectroscopy near
maximum light. We give examples of CSP II optical spectroscopy in Figure 3.
Our plan is to reproduce with the present dataset the analysis presented in Folatelli et
al. 2013 for the first CSP I SNe Ia spectroscopic data release.
From the near maximum spectra we measured line expansion velocities for the following
features: Ca II H&K and the IR triplet, Si II λ4130, λ5872 and λ6355; S II λ5449 and
λ5622. We avoided the O I λλ7772,7775 doublet because of its likely contamination
with telluric A-band residuals. Pseudo-equivalent widths (pW) of apparent absorption
features in the SNe spectra were also measured following the prescription in Garavini
et al. 2007. as indicated in Figure 4. As spectra obtained exactly at maximum
light are uncommon, we derived values for the pseudo-equivalent widths and expansion
velocities at maximum, and velocity decline rate for the Si ii λ6355 line after 20 days
from maximum light (∆vSi ) following the procedures described in Folatelli et al. 2013.
Figures 5-8 show some of the correlations between parameters at maximum light for
the Calán-Tololo and ohter SNe Ia previous to CSP, and CSP I targets not included in
the our first spectroscopic data realease. Work on the CSP II sample is underway.

Figure 6: Pseudo-equivalent width at

Figure 7: Si II λ6355 expansion veloc-

Figure 8: Pseudo-equivalent width of

maximum light for Si II 5972 (pW6) as a
function of decline rate. Symbols are as
in Figure 5.

ity variation after 20 days from maximum
as a function of decline rate. Symbols are
as in Figure 5.

Si II λ6355 (pW7) vs. expansion velocity
of the same line, as in Wang et al. 2009.
Symbols are as in Figure 5.
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