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SN 2012fr in NGC 1365

from http://apod.nasa.gov/apod/ap121124.html

SALT + RSS SN Ia spectrum
14 days before maximum light

UT 2012-Oct-28

Childress et al. (2013, submitted)
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Figure 1. Representative sample of SN 2012fr spectra, labeled by
phase with respective to B-band maximum light.

component, but beginning around −12 days a second
distinct component at lower velocities begins to develop.
By −9 days the HVF and the lower velocity component
exhibit equal strength, but by −5 days the HVF becomes
difficult to distinguish visually.
While such Si ii λ6355 HVFs have been observed in

other SNe Ia, notably SN 2005cf (Wang et al. 2009b)
and SN 2009ig (Foley et al. 2012; Marion et al. 2013)
(see also § 6.1), the distinction between HVF and pho-
tospheric components is cleaner in SN 2012fr than ever
seen before. In this section we follow the evolution of
the two components in a quantitative way by fitting the
Si ii λ6355 line as a simple double-Gaussian profile.
We show in Figure 3 some example fits of the

Si ii λ6355 line at several epochs. We first begin by
defining regions of the blue and red pseudo-continuum,
then perform a simple linear fit between the two re-
gions. The flux in the line region is next divided by the
pseudo-continuum, and the normalized absorption pro-

Figure 2. The Si ii λ6355 feature of SN 2012fr (thick blue line)
at +8 days in velocity space centered at the velocity minimum.
Plotted for comparison are SN 2005hj (Quimby et al. 2007) at +9
days in red, SN 1994D at +11 days (from Blondin et al. 2012) in
magenta, and SN 2002bo (Benetti et al. 2004) at +5 days in green,
in order of thickest to thinnest lines.

file is fitted with two Gaussians. The fit parameters are
the center, width, and depth of each component, and the
only constraints imposed are that the HVF component be
above 14,000 km s−1 and the low-velocity photospheric
component be below that same threshold. This threshold
between the two fitted velocity components was chosen
because it is higher than the velocities observed in most
SNe Ia, and provided favorable separation between the
two velocity components.
In Table 2 we present the fitted parameters for our

two-component Si ii λ6355 fits including velocity center
(v), velocity width (∆v; i.e., FWHM), and calculated
pseudo-equivalent width (pEW). In Figure 4 we show
the velocity evolution of the two components compared
to the vSi evolution of other SNe Ia from Benetti et al.
(2005). The HVF component shows a strong velocity
gradient (v̇Si = 353 km s−1 day−1) but at velocities much
higher than those seen in most SNe Ia, even at early
times. The photospheric component, on the other hand,
remains virtually constant in velocity even to late times
(see § 3.2), except for tentative evidence for higher veloc-
ity at the earliest epochs. However, we caution that the
photospheric component is much weaker than the HVF
component at those phases, so the velocity is more un-
certain.
The relative strength of the two components is most

clearly captured by examining the absorption strength
of each component as quantified by the pEW. This can
be trivially calculated as the area of the normalized ab-
sorption profile. We show in Figure 5 the pEW of the two
fitted components from the earliest epoch (−13 days) to
the latest epoch (−1 days) at which both features have
a significant detection, and for the full Si ii λ6355 profile
for all epochs before +10 days. As previously noted, the
strength of the HVF fades very quickly while that of the
photospheric component slowly rises, with the equality
point occurring between −10 and −9 days. The total
pEW of the Si ii λ6355 line declines until a few days
before maximum light, when it remains nearly constant
at around 65 Å. As we discuss below (§ 5), the pEW of
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cluster SN sample

• SN Ia rate: progenitor models, metal enrichment, stars in ICM

• far down SN luminosity function: faint SN Ia, core-collapse SNe (SFR)

lensed SN sample

• measure absolute magnification 
through cluster

• test cluster-scale CDM predictions: 
mass profile, substructure; e.g., plot 
measured SN magnification vs. θ/θE

• possibility of highly-magnified SN,
strong lensing with multiple images,
or even microlensing

CluLeSS: Cluster and Lensed Supernova Search
target z ~ 0.2 clusters with Magellan + SALT

NOAO Proposal Page 3 This box blank.
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Total SNe Ia
All: 35.5 

Lensed >30%: 1.188 
Lensed >100%: 0.157 

Clusters: 2.9 

Figure 1: Expected yield of SNe Ia per cluster (left) and per search night (right; assuming 30 clusters
can be observed in one night), using an average cluster with σ = 1250 km s−1 and z = 0.15, and a
limiting magnitude r = i = 24.5. The histograms shown are: cluster SNe Ia (brown; 2.9 per night),
all field SNe Ia (black; 35.5 per night), background SNe Ia magnified by more than 30% (blue; 1.2
per night), and background SNe Ia magnified by more than 100% (red; 0.16 per night). With 4
search nights this semester, our yield will be 4 times higher, and we plan to continue this survey
into the future.

Figure 2: Simulated magnification distribution for a source behind a massive cluster (with log
(M/M") = 14.5) in magnitudes versus projected radius (scaled by the Einstein radius), assuming
an spherical NFW mass profile. The solid line shows the expected magnification (in magnitudes) for
a typical concentration appropriate to the mass of the cluster, while the dashed lines show the effect
of changing the concentration by 1σ in the mass-concentration relation. The typical uncertainty
we can expect from a single well-measured SN Ia is shown as the vertical error bar.
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Magellan IMACS f/2 RXCJ0529−5725
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Offsets from Object to Transient 
Obj      RA   (J2000)   Dec        dE(")    dN(")     r(")      PA      mag
−−−  −−−−−−−−−−−−  −−−−−−−−−−−−    −−−−−    −−−−−    −−−−−    −−−−−    −−−−−
Tran 20:11:32.815  −57:32:49.96     0.00     0.00      0.0      0.0     22.0

O1

O1

O1   20:11:34.154  −57:32:29.64   −10.78   −20.32     23.0   −152.0     17.2

O2

O2

O2   20:11:37.377  −57:32:19.15   −36.72   −30.81     47.9   −129.9     18.0

O3

O3

O3   20:11:30.907  −57:33:06.90    15.36    16.94     22.9     42.2     18.0

O4
O4

O4 O4

O4   20:11:32.878  −57:32:41.67    −0.51    −8.29      8.3   −176.5     18.5

O5

O5

O5   20:11:35.424  −57:32:02.68   −21.00   −47.28     51.7   −156.0     18.8

O6
O6

O6   20:11:37.727  −57:32:59.91   −39.54     9.95     40.8    −75.8     19.2

O7 O7

O7 O7

O7   20:11:32.884  −57:32:51.31    −0.56     1.35      1.5    −22.4     21.0

O8
O8

O8   20:11:33.698  −57:33:02.61    −7.11    12.65     14.5    −29.3     22.1

O9
O9

O9   20:11:35.023  −57:32:58.37   −17.77     8.41     19.7    −64.6     22.2

O10 O10

O10 O10

O10  20:11:32.808  −57:32:50.00     0.06     0.04      0.1     54.5     22.2

O11 O11

O11  20:11:31.490  −57:32:51.17    10.67     1.21     10.7     83.6     23.6

CLULESS r2011a2c88:  20:11:32.815 −57:32:49.96 2000.0    r band 

rapid turnaround/follow-up 
with queue scheduled SALT 
data is a major advantage

2013-May-19 1200s RSS

Magellan search occurs 
approximately monthly; 
we need light curve 
followup (SALTICAM), not 
just followup spectroscopy!


