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No. 2, 2009 LUMINOUS TRANSIENT IN NGC 300 L155

Figure 1. BVRIJHK light curve of the NGC 300 OT. SMARTS 1.3 m data
are shown as open and filled circles; Bronberg discovery observations and the
prediscovery detection are shown as crosses (these broadband magnitudes are
close to Landolt R), and the downward arrow on the left shows the upper limit
in 2008 February.

space-based optical and IR images of the transient. This Letter
presents an overview of our results, along with a preliminary
discussion of the nature of this remarkable object. Subsequent
publications will give fuller details. We designate the object as
the “NGC 300 optical transient,” hereafter “NGC 300 OT.”

2. DISCOVERY AND OUTBURST LIGHT CURVE

The outburst of NGC 300 OT was discovered by Monard
(2008) during his SN search program with the Bronberg Obser-
vatory 0.3 m telescope equipped with a CCD camera. The OT
was detected at broadband magnitude 14.3 on a frame obtained
on 2008 May 14 (all dates in this paper are UT). Subsequent
inspection of an image from 2008 April 24, taken in morning
twilight shortly after NGC 300 had emerged from behind the
Sun, showed that the OT was already rising, at ∼16.3 mag. It
was fainter than 18 mag on 2008 February 8, and on all previous
Bronberg observations.

NGC 300 is an SAd spiral in the Sculptor Group, located
just outside the Local Group. The OT lies in a spiral arm
with active star formation. We adopt a distance modulus of
(m−M)0 = 26.37 (d = 1.88 Mpc), based on Cepheids (Gieren
et al. 2005) and the red-giant tip (Rizzi et al. 2006).

At maximum the OT was much fainter than a typical SN,
but brighter than any CN. Because of our interest in luminous
red transients, we began a program of photometric and spectro-
scopic monitoring, using the 1.3 and 1.5 m telescopes at Cerro
Tololo Inter-American Observatory operated by the SMARTS
Consortium.7 The photometric monitoring in particular was in-
tensive at first, because of our expectation that the OT might
exhibit periodic spikes, like those during the outburst of V838
Mon (Bond et al. 2003).

We used the ANDICAM optical/near-IR direct camera
(DePoy et al. 2003) on the SMARTS 1.3 m with CCD and
IR detectors, operated simultaneously, for the BVRI and JHK
photometry. The BVRI magnitudes of the OT were determined
differentially with respect to a nearby comparison star, cali-
brated on photometric nights using Landolt (1992) standard

7 SMARTS is the Small and Medium Aperture Research Telescope System;
see http://www.astro.yale.edu/smarts/.

Figure 2. Low-resolution (∼17.2 Å) SMARTS 1.5 m spectra of the OT on 2008
May 15 and August 23. In the May 15 observation, note strong emission lines of
H, Ca ii, and [Ca ii], superposed on an F-type absorption spectrum. By August,
the continuum had faded dramatically and the spectrum is dominated by the
emission lines.

fields. The JHK magnitudes are differential with respect to the
same star, calibrated using its Two Micron All Sky Survey pho-
tometry. The J2000 position of the OT, based on astrometry of
ANDICAM frames calibrated against the USNO-NOMAD cat-
alog, is R.A. = 00:54:34.51, decl. = −37:38:31.4, with errors
in each coordinate of about ±0.′′2.

Figure 1 shows the BVRIJHK light curve. Unfortunately, the
rise to maximum was poorly covered, but it appears that it
was more rapid than the subsequent slower decline. The bright-
est V magnitude we measured was 14.69, on the first night
of SMARTS observations (2008 May 15), corresponding to
MV,0 = −12.0 to −12.9 for the adopted distance and a redden-
ing lying in the range E(B − V ) = 0.1–0.4 (see Section 3.1).
Following maximum light, the OT has declined smoothly in
brightness at all wavelengths, while becoming steadily redder.
For example, V−K evolved from 3.1 in mid-May to 7.4 at the
beginning of 2008 December. The rate of decline in the optical
lessened around the beginning of 2008 September, but at this
writing the brightness continues to decrease in both the optical
and near-IR. The R magnitudes are not fading as rapidly as in
the other filters, due to strong Hα emission.

3. SPECTROSCOPY

3.1. Low Resolution

We obtained low- and moderate-resolution optical spec-
troscopy of NGC 300 OT throughout its outburst, using
the SMARTS 1.5 m Cassegrain spectrograph. Our first low-
resolution spectrum was observed on 2008 May 15 (Bond et al.
2008) and is shown in Figure 2 (top spectrum; resolution
17.2 Å). This spectrum exhibits strong emission at Hα, Hβ,
the Ca ii triplet at 8542–8498–8662 Å, and the unusual for-
bidden [Ca ii] doublet at 7291–7323 Å. The Balmer lines are
only slightly resolved at the velocity resolution (790 km s−1)
of the spectrum. The underlying continuum resembles a high-
luminosity F-type supergiant, with Ca ii H and K seen in ab-
sorption along with several weaker luminosity-sensitive lines
such as the O i triplet at 7774 Å. Our photometry at maxi-
mum and shortly afterwards yields B − V $ 0.8, implying
that the inter- and circumstellar extinction could be as high as
E(B−V ) $ 0.4, since a mid-to-late F-type supergiant normally

Bond+09

R - K ~ 4 → 10 mag
NGC300 OT:

progenitors appear to 
be heavily obscured

also, M85-OT, “SN” 2005S, 
PTF10fqs

progenitor < 20 M⊙◉☉⨀
spectra similar to IIn

Peculiar Red Extragalactic Events

Note: all found with <1m telescopes in the optical
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Pastorello et al. 2007; Bond et al. 2009; Berger et al. 2009). More-
over, in NGC 300 OT2008-1 He I (in emission), and Ca H&K and
OI λ8446 (in absorption) are visible while M 85 OT2006-1 showed
also prominent K I lines. The velocity width of Hα is very similar
in SN 2008S and NGC 300 OT2008-1, while in M 85 OT2006-1 is
narrower.

Smith et al. (2008) have interpreted SN 2008S as a SN impos-
tor analogous to the eruptions of LBVs. They proposed that SN
2008S was a super Eddington outburst of a star of about 20M!,
highly obscured because an outburst which had occurred shortly
after the recent blue loop transition. However, a 20M!star has a lu-
minosity of log L/L! ! 5.0− 5.3 which is not consistent with the
total MIR luminosity of the progenitor of log L/L! ! 4.6 derived
from the analysis of the pre-explosion images. Smith et al. (2008)
also suggested that the spectral similarity of SN 2008S in outburst
with the hypergiant IRC+10420 might indicate that SN 2008S was
also a star of similar evolutionary state. However, the similarity be-
tween the SN 2008S and IRC+10420 spectra only points to similar
physical conditions of the regions where the emission lines form.
The fact that the Teff of the continuum of SN 2008S decreases dra-
matically, while the emission-line spectrum does not evolve, sug-
gests that the lines are not formed in a stellar like expanding pho-
tosphere. IRC+10420, in its quiescent phase, has a luminosity 20
times higher than that of the MIR progenitor but 50 times lower
than that of SN 2008S at maximum. Finally IRC+10420 is not en-
shrouded by a dusty shell and likely has a different mass loss his-
tory with respect to that of progenitors of these transients. Overall, a
physical or evolutionary link between possible LBV-like outbursts
and SN 2008S does not seem convincing to us.

In contrast Thompson et al. (2008) compared the MIR prop-
erties of known LBVs in M 33 to the progenitors of SN 2008S
and NGC 300 OT2008-1 and claimed that a LBV explanation is
unlikely for these transients since the LBV luminosity is higher
and the LBV MIR colours are much bluer than those of the two
transients. Moreover, they stressed that the time scale of the LBV
variability is not consistent with the lack of variability of the MIR
progenitors. We would agree that this is an evidence against the
stellar eruption scenario, at least in any LBV or LBV-like event.

As an explanation for NGC 300 OT2008-1, Berger et al.
(2009) and Bond et al. (2009) also favour a stellar eruption which
is not unlike that proposed by Smith et al. (2008). But nevertheless,
the issues discussed above still argue against this interpretation for
SN 2008S.

Bond et al. (2009) proposed as the SN 2008S-like transient
progenitors heavily dust enshrouded luminous stars of about 10–
15M!, likely an OH/IR sources, which have begun to evolve on
a blue loop toward warmer temperatures. During this transition
progenitor stars reached a state in which they exceeded the Ed-
dington limit for their luminosities and masses and suddenly initi-
ated outflows. The reason of these eruptions nevertheless remains
uncertain. Berger et al. (2009) explained the nature of NGC 300
OT2008-1 and SN 2008S as an eruption of a blue supergiant or
pre-WR star with a mass of 10–20M! likely in a binary system.

7.4 Comparison with SN 1998S and SN 1979C

The optical light curves of SN 2008S are surprisingly similar to
those of type IIn SN 1998S and type II-L SN 1979C (Fig. 22),
although these were much more luminous (MB = −19.6 from
Fassia et al. (2000) and MB = −19.4 from Panagia et al. (1980),
respectively). In the NIR bands the decline rates of SN 2008S at
∼ 170 days after the explosion are similar to those of slowly de-
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Figure 21. Comparison between light curves of the transients SN 2008S,
M85 OT2006-1 (Kulkarni et al. 2007), NGC 300 OT2008-1 (Bond et al.
2009), the subluminous type II-P SN 1999br (Pastorello et al. 2004) and SN
2005cs (Pastorello et al. 2006; Tsvetkov et al. 2006; Pastorello et al. 2009),
and the SN impostor SN 1997bs (Van Dyk et al. 2000).

clining CC SNe templates of Mattila & Meikle (2001) based on
SN 1979C and SN 1998S at the same epoch (J ∼ 0.9mag/100d,
H ∼ 0.3mag/100d and K ∼ 0mag/100d). In Fig. 22 the R band
and UBV RIJHK quasi-bolometric light curves of SN 2008S are
compared with those of SN 1998S, while in Fig. 23 the evolution of
the B −V , V −R and V −K colours is shown for SN 2008S and
SN 1998S. The result of this comparison is intriguing: the overall
photometric evolution of these events is very similar, the only two
differences being the absolute luminosity and a broader peak for
SN 2008S.

Hydrodynamical modelling of type II-L SNe has suggested
three quite different evolutionary scenarios and explosion mech-
anisms. Swartz et al. (1991) modeled the collapse of a O-Ne-Mg
star, suggesting the electron capture as a mechanism for II-L SNe.
Blinnikov & Bartunov (1993) proposed a large supergiant progeni-
tor, while Young et al. (2005) presented a two component model of
a GRB afterglow with underlying SN ejecta. However, there is still
not a clear consensus on the bright type IIn and II-L events such as
SNe 1998S and 1979C.

The spectral evolution of SN 1979C and SN 1998S is quite
different with respect to that of SN 2008S but there are some
common characteristics. Both SN 1979C and SN 1998S showed
strong emission lines and absence of P-Cygni profiles during the
first months after the discovery (Fassia et al. 2000; Branch et al.
1981). The high density of the CS shell in the case of SN 1998S
implies that a cool dense shell (CDS) forms at the interface of SN
ejecta and the CSM. The absence of broad P-Cygni profiles was ex-
plained with obscuration by the CDS (Chugai 2001). Fassia et al.
(2001) showed that absorption troughs appeared in the spectra of
SN 1998S after only 12 days, and suggested that the SN ejecta had
over-run the inner CS by that point.

SN 1998S and SN 1979C have been suggested to be the results
of explosions of a red supergiant with an extended envelope, R∼

c© 0000 RAS, MNRAS 000, 000–000

Models:
- electron-capture 
SNe of  dust-
enshrouded AGB 
star?
- binary accretion
(Eta Car-like)
- extreme LBV?
- RSG → BSG transition

Prieto et al. 2008b; Thompson et al. 2008; 
Botticella et al. 2009, Gogarten+09, Smith et al. 
2009
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Figure 1: Top: Time series of the expanding light echo from the outburst of V838 Mon, as
captured by Bond et al. (2003) with HST. The echos reveal the complexity and asymmetry of the
interstellar environment surrounding V838 Mon. Bottom: Three panel image showing PTF09epi
in the g-, i-, and z-bands. The images clearly show PTF09epi as a very red star compared to
other stars in the field of view. We detect PTF09epi at g = 23.2 ± 0.2 mag on 2010 May 6 UT,
the uncertainties are large because calibrations do not currently exist for the field. While we do
not detect a light echo in our Keck image, the superior PSF and deeper images available with HST
would improve our search.

3
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- stellar collisions?
- planet cannibalism?
- thermonuclear shell event?
- accretion-induced thermal event?
- ... 

M/L-type supergiant 
(MR = -10 mag; ~2000 K)
w/ B-type companion?

Tylenda, Soker & Szczerba, 2005; Retter & Marom, 2003; van Loon et 
al., 2004; Lawlor, 2005
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PAIRITEL SUPERNOVA  PROJECT DATA  CENSUS Last Updated 10/17/07 Only includes data with at least 4 epochs

2004-05 mosaics on disk 2005-06 mosaics on disk 2006-07 mosaics on disk 2007-08 mosaics on disk

SN.ID Name
SNT
EMP
. ID

J H K Tem
p

SN.I
D

Name
SNT
EMP
. ID

J H K Tem
p

SN.I
D

Name
SNT
EMP
. ID

J H K Temp
SN.I

D
Name

SNT
EMP
. ID

J H K Tem
p

04-
05

05-
06

06-
07

07-
08

Tot

147 n4012 16 16 16 18 05el 24 38 40 40 4 53 06gr 59 5 5 5 2 79 07fb SN 14 14 15 SN 9 20 12 6 47 64%

148 05m 8 8 8 21 05ek 21 23 23 23 1-2 54 06fo 47 26 25 26 1 81 07gr SN 15 17 17 SN 5 6 9 1 21 28%

1 16 17 17 24 05eo 22 31 31 20 6 55 06is 48 52 52 52 2 82 07hj SN 7 7 7 SN 3 0 2 0 5 7%

## 2 3 4 25 05M006 8 40 40 40 1* 56 06jc 62 91 91 91 active 83 07if SN 9 9 9 SN 0 1 0 0 1 1%

2 3 3 3 26 05eq 25 27 28 27 3-4 57 06lc 54 22 22 22 1 up 84 07hu SN 1 1 1 SN 17 27 23 7 74 100%

## 8 8 8 27 05eu 37 35 35 35 5 58 06ld 55 19 19 19 1 up 87 07ir SN 10 10 9 SN 15 27 10 0 52

## 1 1 1 28 05hf 34 31 31 31 8-9 59 06le 49 50 49 50 4 93 07kk SN 7 6 7 SN 88% 100% 43% 0% 70%

3 25 25 25 29 05hg 6 40 40 34 5-6 60 06lf 50 47 48 47 2 95 07le SN 2 2 2 SN

## 0 0 0 30 05hk 36 30 30 30 5 61 06mq SN 21 21 22 Nov

4 45 45 45 31 05iq 38 16 16 16 5 62 07C 56 24 24 23 Jan

## 71 68 72 32 05ke 26 36 35 36 6 63 07D 57 3 3 4 up-Mar

5 16 19 19 33 05kl 30 25 24 22 4 64 07I 58 30 30 28 Dec

## 1 1 1 35 05ls 28 27 28 29 2 65 07S SN 23 23 23 Oct/Nov

6 05ak 11 35 36 36 11 36 05mf 7 13 13 11 5 66 07aa 51 28 29 28 Dec

8 05ay 13 12 12 12 5* 37 05mc 29 48 48 47 10 67 07af 52 36 37 37 Jan

10 05bl 14 20 20 20 5* 38 05na 40 # # # 1 68 07ag SN 14 13 14 Oct/Nov

11 05bf 3 33 33 33 5 39 06D 32 30 30 30 4 69 07av SN 10 10 9 Oct/Nov

12 05bo 15 17 17 17 4* 40 06E 33 33 33 33 6 70 07bj 53 41 41 39 1 Feb

13 05az 16 22 22 22 5* 41 06N 31 31 31 31 6-7 72 07bz SN 15 15 15 Dec

14 05cc 17 26 26 26 10 42 06X 42 77 76 78 3 73 07ca SN 14 14 14 Dec/Jan

15 05cf 18 26 27 27 13 43 06ac 35 41 42 42 4~/5$ 74 07ce SN 4 4 4 Nov

16 05ch 19 12 12 12 6 44 06aj 39 8 8 8 3 76 07co 60 11 11 11 1

17 05cs 20 7 7 7 3 45 06ax 43 18 18 18 1-2 77 07cq 61 5 5 6 2

46 06az 44 24 24 24 4

SN Type Color Codes 48 06bq 41 17 18 18 2 Bold=p2.0 mosaics

Ia Ib/Ic I I ??? 49 06cp 45 5 5 5 6

50 06cz 46 4 4 4 4

SN.ID - some SNe have multiple 
ID #s

Name - sn name (06aj = 
grb060218 )

SNTEMP.ID - different from 
SN.ID

mosaics on disk # of J,H,K 
mosaics rsynced to CfA, bad 
images included

(excludes unreduced data 
on lyra)

Temp: includes both good and 
bad quality templates rsynced 
to CfA

*1 = 1 hr template (the rest are 
30 min)

$ = late time images where the 
SN has faded can serve as 
templates

# some with bad K band, but at 
least 1 with JHK all acceptable

???

Temp.

% temp.

Ia

Ib/Ic

I I

04gk 1*

04gt 3*

11

4

5

10

05a
m

3*9

4-
5*

204gq

05ao

c. 2007
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Ia SNe
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Table 3
Summary of Posterior Inference: Population Hyperparameters

ψ i MJ MH MKs d/α r/β α β

µ(·) −18.25 (0.03) −18.01 (0.03) −18.25 (0.04) 0.95 (0.03) 0.97 (0.03) 1.04 (0.03) 1.01 (0.04)
σ (·) 0.17 (0.03) 0.11 (0.03) 0.19 (0.04) 0.15 (0.03) 0.13 (0.03) 0.15 (0.02) 0.22 (0.04)

ρ(MJ , ·) 1.00 0.73 (0.03) 0.41 (0.09) −0.14 (0.29) 0.52 (0.03) −0.07 (0.46) −0.28 (0.18)
ρ(MH , ·) 0.73 (0.03) 1.00 0.53 (0.04) −0.03 (0.47) 0.59 (0.03) 0.24 (0.20) −0.21 (0.35)
ρ(MKs, ·) 0.41 (0.09) 0.53 (0.04) 1.00 −0.16 (0.34) 0.76 (0.01) 0.07 (0.39) −0.48 (0.11)
ρ(d/α, ·) −0.14 (0.29) −0.03 (0.47) −0.16 (0.34) 1.00 0.55 (0.02) −0.77 (0.00) 0.07 (0.41)
ρ(r/β, ·) 0.52 (0.03) 0.59 (0.03) 0.76 (0.01) 0.55 (0.02) 1.00 −0.50 (0.02) −0.43 (0.07)
ρ(α, ·) −0.07 (0.46) 0.24 (0.20) 0.07 (0.39) −0.77 (0.00) −0.50 (0.02) 1.00 −0.04 (0.47)
ρ(β, ·) −0.28 (0.18) −0.21 (0.35) −0.48 (0.11) 0.07 (0.41) −0.43 (0.07) −0.04 (0.47) 1.00

Notes. Top: population means and variances of the absolute parameters. Values in the parentheses are the standard deviations of the
marginal posterior density in each parameter. The estimates of the σ (·) are modal values. Bottom: population correlation matrix for
the absolute parameters. Estimates of the correlations ρ(·, ·) are the modal values. The parentheses contain the tail probabilities as
described in Equation (30).
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Figure 8. JHKs light-curve data and model fits (black curves) to SN 2005cf.
The light-curve data are adequately sampled in the early part of the light curve
up to second rise, but ends before reaching the second peak and decline.
The BayeSN method estimates the second maximum and late-time decline
using a combination of the constraints imposed by the data and the population
distribution of the training set. For example, the final data point provides a
lower bound for the time of the second maximum. This makes the posterior
distribution of the β parameter non-Gaussian.

between −1 and 1 and are typically asymmetric. The probability
densities of variance parameters are also non-Gaussian, since
they are forced to be positive, and have fat tails toward higher
variance. This captures the intuition that for a finite sample with
fixed scatter, it is more difficult to discount the hypothesis that
it arose from a high- variance distribution rather than a low
variance one.

The population mean absolute magnitudes are µ(MJ ) =
−18.25 ± 0.03, µ(MH ) = −18.01 ± 0.03, and µ(MKs) =
−18.25 ± 0.04 mag (on the scale of h = 0.72), and the
population standard deviations are σ (MJ ) = 0.17 ± 0.03,
σ (MH ) = 0.11 ± 0.03, and σ (MKs) = 0.19 ± 0.04 mag. In
Figure 9, we show the bivariate joint posterior density of the
mean and variance for the absolute magnitude in each band, and
the bivariate modal values. The skews in the posterior densities
for the variances are visible. The absolute magnitude in the H-
band clearly has much less intrinsic dispersion than in the J-
and K-band and is the best constrained. We have used bivariate
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Figure 9. Joint posterior probability densities in the population mean µ and
population variance σ 2 of the peak absolute magnitudes in each NIR band.
The crosses and the numbers in each panel denote the mode of the bivariate
probability density. The contours contain the 68% and 95% highest posterior
density regions. These estimates were obtained directly from the BayeSN
MCMC chain of the trained statistical model. The univariate marginal estimates
of the population variances are σ (MJ ) = 0.17 ± 0.03, σ (MH ) = 0.11 ± 0.03,
and σ (MKs ) = 0.19 ± 0.04.

kernel density estimation with the MCMC samples to compute
the 68% and 95% highest posterior density contours and the
mode, as shown in the figure.

Figure 10 shows the marginal posterior estimates of the
individual SN H and J absolute magnitudes (obtained from, e.g.,
P (J s

0 − µs |D,Z)) plotted with contours representing the 68%
and 95% probability contours of the bivariate population density
P (MJ ,MH | µψ ,Σψ ) estimated using the modal values of the
covariance matrix Σψ (Table 3). We also show the marginal
posterior density of the correlation coefficient for the pair of
absolute magnitudes.

We see that the absolute magnitudes in J and H are highly
correlated (ρ ≈ 0.73) with strong evidence for positive correla-
tion (P (ρ > 0) > 0.97). The data also suggest that intrinsically
brighter SNe are typically bluer in the J − H color. Interestingly,
this parallels the “brighter-bluer” relation seen in optical light
curves (e.g., Guy et al. 2005; Jha et al. 2006). There is also evi-

10-15% rms luminosity
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Figure 14. Hubble diagram constructed by resubstitution of training set NIR
SN Ia light curves into the trained statistical model. The dotted lines indicate the
uncertainty in distance modulus due to peculiar velocities. The average residual
at cz > 2000 km s−1 is an excellent 0.10 mag. The three open circles are the
SNe with AV > 2 as measured from the optical light curves with MLCS2k2.

the prediction error and to test the sensitivity of the statistical
model to the training set SNe.

To estimate the out-of-sample prediction error and to avoid
using the light-curve data twice for training and evalua-
tion, we performed bootstrap cross-validation (Efron 1983;
Efron & Tibshirani 1997). We sample SNe with replacement
from the original training set to simulate the generation of al-
ternative training sets of the same size. Because of the ran-
dom resampling, each bootstrapped training set will typically
contain duplicate SN data sets and will be missing the others.
Each bootstrapped training set of size n SNe will be missing
approximately (1 − 1/n)n ≈ 37% of the SNe in the origi-
nal training set. The SNe missing from the bootstrap training
set form a prediction set, on which we assess the predictive
error of a model trained on the complementary training set.
Let DB,ZB be a training set bootstrapped from the original
D,Z . Then the prediction set is D\DB . To train the statistical
model we compute P (µψ ,Σψ |DB,ZB ) as in Equation (18).
For each SN light curve Ds ∈ {D\DB}, we compute the pre-
dictive density P (µs |Ds ,DB,ZB ). This random process is re-
peated so that each SN distance is predicted several times from
different bootstrapped training sets. This process avoids using
each SN light curve simultaneously for both prediction and
training.

We repeated this process 50 times for the original training set
in Table 2. On average, each SN is held out of the training set
and its distance modulus µs is predicted about 18 times. For
each SN, the average over all predictions µ̄pred and the standard
deviation spred over all predictions are listed in Table 4. We also
list the sum of the variance over predictions s2

pred and the average
uncertainty of a prediction (the variance of P (µs |Ds ,DB,ZB ))
as σ 2

pred. Often the uncertainty of a single prediction is larger than
the scatter of the predictions from different bootstrapped training
sets, although this is not always true. In Figure 15 we show the
Hubble diagram of mean predicted distance moduli µ̄pred and
their total scatter σpred. Because we do not use the data twice for
training and prediction, the scatter about the Hubble line is less
tight than in the resubstitution Hubble diagram, Figure 14.
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Figure 15. Hubble diagram constructed using predicted distances of NIR
SN Ia light curves obtained by inferring the statistical model from 50 boot-
strapped training sets. The error bars include both the predictive posterior un-
certainty and the scatter over multiple bootstrapped predictions. The estimate of
the prediction error for cz > 2000 km s−1 is an excellent 0.15 mag. The three
open circles are the SNe with AV > 2 as measured from the optical light curves
with MLCS2k2.

The “leave-one-out” bootstrap error is computed as an
uncertainty-weighted average of squared prediction errors:

Err2
(1) =

∑50
B=1

∑
s∈{D\DB } wB

s ×
[
µs

pred,B − E(µs |zs)
]2

∑50
B=1

∑
s∈{D\DB } wB

s

, (32)

where µs
pred,B ≡ E(µs |Ds ,DB,ZB ) and the weights are

(wB
s )−1 = σ 2

µ,s + Var[µs |Ds ,DB,ZB ]. This bootstrap error es-
timate is known to be upwardly biased. Efron (1983) and Efron
& Tibshirani (1997) have shown that a better estimate of pre-
diction error is obtained by averaging the bootstrap error with
the resubstitution error, using the “0.632 bootstrap estimator”:

Err2
.632 = 0.632 × Err2

(1) + 0.368 × err2
resub. (33)

For the Hubble flow SNe (cz > 2000 km s−1) in our sample, we
compute this estimate of prediction error: Err.632 = 0.15 mag.
This is a larger error than the resubstitution error computed
above, as expected. However, it is a more realistic estimate of
predictive performance of distance estimation with our JHKs
light-curve model and the current SN sample. This result
confirms that NIR SNe Ia are excellent standard candles.

This process of resampling of alternative training set tests
how sensitive the predictions are to the composition of the finite
training set. If the statistical model is reasonable, and we had an
infinite training set, we would expect the original training set to
be representative of the population of NIR SNe Ia and we would
expect the resampled training sets (and also the complementary
held out sets) to look like the original, and also be representative
of the population. We would expect that the prediction error and
the resubstitution error to be almost the same. Our actual training
set is finite, so the resampled sets will not look exactly like the
original set. This procedure tests the sensitivity to the finite
sample in addition to making predictions without double use of
the light-curve data.

The gap between the estimated prediction error (0.15 mag)
and the resubstitution error (0.10 mag) tells us that the trained

5% distance errors in the 
Hubble diagram

Friedman, JSB+08; Mandel+09; also Krisciunas+04
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IIP SNe

• Scatter of  ∼ 10% in distance using optical 
bands.

• Mystery best RV ∼ 2. 

optical
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IIP SNe

Maguire+10 find a factor of 2 improvement in IR.

> 15 SN II-P light curves with PAIRITEL.

Kisklak, Miller, Poznanski...10
10



Dust Obscured SNe

Which SNe are we missing in 
the optical because of dust?

Are there intrinsically red 
SNe out there?

A better mapping of 
progenitor star to SN type.

Better constraining SN cosmic 
rates.

11



Characterizing the IR Transient Sky

Ramirez-Ruiz, Kasen; also Heger, today
12



Project Description 2

in Baade’s window and the Galactic Center [57, 58, 89, 98, 130]. The more recent Plavchan et al. [116]
work on the 35 2MASS calibration fields (total of 6 sq. deg.) revealed 247 variables out of the 7554 reddest
sources studied. The primary science in that project was to find transiting low-mass stars and exoplanets
(small occulting objects around small red stars provide a favorable geometry for eclipse discovery), but the
authors also found a host of intrinsically variable stars, young stellar objects, and AGN. A recent study [78]
of 2-epoch overlapping 2MASS images in the 100 sq. deg. centered on the Galactic bulge found 130 new
large-amplitude variables, likely dominated by AGB stars such as Mira and OH/IR variables.

Figure 1 Comparison of previous time domain surveys in the optical to the surveys proposed herein. IR surveys are
denoted with circles: filled, for already completed surveys with available data and open for projects we have proposed
through NOAO. The radius of the circles is proportional to the square root of the total number of observations, and
hence provides a rough metric of the timescales probed by each survey. The surveys are: 2MASS 2-epoch overlap
(2MASS 2 overlap), 2MASS 3 or more epoch overlap (2MASS 3+ overlap), the 2MASS calibration fields (2MASS
calibration), the WHIRC/WIYN pulsating variable survey (WHIRC PVS), the NEWFIRM medium-band survey (NEW-
FIRM mbs), and the NEWFIRM local galaxy cluster survey (NEWFIRM galC). Optical surveys are shown as black
crosses, including the Bright Star Variability Survey (BSVS), Faint Sky Variability Survey (FSVS), Deep Lens Survey
(DLS; [5]), and the repeated scans of stripe 82 by SDSS (SDSS stripe 82).

We aim to extend our understanding of NIR variability to depths and areas which previously have not
been explored. Several optical studies serve as the point of departure, informing our methodology and
providing a grounding of our expected results. One generally interesting pursuit, sharpened by precision
photometry measurements on open clusters that show an astonishing 50% variability incidence at the few
mmag level [69, 70], is tomeasure the fractional variability as a function of variability amplitude, timescale,
and source color. Plavchan et al. [116] found 3.5% variability incidence with ∼1 day cadences over the K
= 5–16mag range, but that was restricted to the reddest catalog stars. There are simply no metrics of
stellar variability on longer timescales at a fainter level. The Deep Lens Survey (DLS; [5], 20 sq. deg.
optical survey carried out over a 5 year period) revealed a number of faint extragalactic transients (and
foreground M-dwarf flares [82]) that changed on a variety of timescales (from hours to years). Highly
transient sources, particularly those that rise to brightness and fade to obscurity without a detected quiescent

relative to optical: shallow & small

Characterizing the IR Transient Sky
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http://sasir.org

S A S I R
T H E  S Y N O P T I C  A L L - S K Y  I N F R A R E D  S U R V E Y

SCIENTIFIC, EDUCATIONAL & TECHNOLOGICAL

PARTNERSHIP ACROSS BORDERS 
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 The SPMT 6.5 meter 
telescope 

(Magellan inspired)

SASIR, in a Nutshell

• Filters: Y, J, H, K (3 dichroics)
• Detectors: 124 2k × 2k IR arrays
• ~1.05° diameter field of  view
➡ 2 sq. deg. on-sky

• autonomous/robotic surveying
• Survey: cover entire sky in ~2-3 
months;
  4-5 year survey

๏“shallow” (~2.5 π; 6-12 visits)
๏“medium” (0.5 π; ~200 visits)
๏ “deep” (~1000 sq deg; 103+ 
visits) surveys
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 The SPMT 6.5 meter 
telescope 

(Magellan inspired)

SASIR, in a Nutshell

• Filters: Y, J, H, K (3 dichroics)
• Detectors: 124 2k × 2k IR arrays
• ~1.05° diameter field of  view
➡ 2 sq. deg. on-sky

• autonomous/robotic surveying
• Survey: cover entire sky in ~2-3 
months;
  4-5 year survey

๏“shallow” (~2.5 π; 6-12 visits)
๏“medium” (0.5 π; ~200 visits)
๏ “deep” (~1000 sq deg; 103+ 
visits) surveys

New Phase Space: 
Aperture + wavebands + Field of  View + Time

15



SPMT/SASIR site

1.5m/RATIR site

2.2m
EN

SASIR/SPMT:
in progress

16



 ´ 

étendue-couleur© (m2 deg2  × number of  simultaneous bands)

Comparison to Other Surveys
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Comparison to Other Surveys

other survey data compiled by D. Stern (JPL)
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- Unveiling the Lowest Temperature Neighbors:
finding the local brown dwarf  & Y dwarf  population 
   (candidates for exoplanet imaging)

- Probing the Epoch of  Reionization w/ Quasars

SASIR Impact Across Astrophysics

- Multi-messenger Probe: 
Gravity Wave & Particle Counterparts

- IR cosmology/distance ladder: 
supernovae, RR Lyrae, Mira, etc.
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Improved
photometric 
redshift 
errors

from A. Stanford
19



Supernovae

D. Poznanski

20



Gravitational Wave & Neutrino Follow-up
E&M connection to the next generation observatories

Advanced LIGO Rate: 40/yr 
but localization accuracy ~10 deg2 radius

SASIR: unique 
FOV + aperture, 
well-suited to 
rapid follow-up 

advanced LIGO
(300 Mpc) LIGO

(30 Mpc)

NS-NS inspiral 
Volume
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MBH-MBH mergers: 
Periodic transients prior 
to coalescence, infrared 
afterglows afterwards

EM event discovery (via time 
variability) breaks the ~deg2 
GW localization problem

Schnittman & Krolik 08
Haiman+08

LISA localization

typical

best

worse
LSST

SASIR
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MBH-MBH mergers: 
Periodic transients prior 
to coalescence, infrared 
afterglows afterwards

EM event discovery (via time 
variability) breaks the ~deg2 
GW localization problem

Schnittman & Krolik 08
Haiman+08

LISA localization

typical

best

worse
LSST

SASIR

GW chirp gives dL to 1% (@ 
z=1) + host redshift:
   new precision cosmology tool
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Summary

New progenitor populations that are IR rich

Very promising utility for IR SNe as 
cosmographic tool

(IR only glimpe to SNe from first stars...)
Heger, Fryer, ... today

Important role of  theory in motivating science 
of  new IR Surveys (e.g. SASIR)
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Funding

Design phases:  
       50/50 US/Mexico Federal Funding (90%)
       Institutional & Private (10%)
Construction phases:

Significant private funding (~70%), Institutional (5%), 
Mexican Federal (25%), US Federal (0%)
US partners responsible for camera ($50M)
Mexico responsible for telescope & observatory

Survey phase:
       50/50 US/Mexico Federal Funding (90%)
       Institutional & Private (10%)

As Proposed:
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