
Type Ia Supernovae in the 
Coming Decade

Michael Wood-Vasey
Cosmic Acceleration Workshop

Carnegie Mellon University
2012 August 25

Saturday, August 25, 12



Current and Future SN Surveys

SuperNova 
Legacy 
Survey

Pan-STARRS 1

Dark 
Energy 
Survey

photo: Rich Talcott

photo: John Tonry

photo: Tom Kerr

LSST

photo: LSST Corporation

+SkyMapper, DES, KAIT, PTF, ...

Saturday, August 25, 12



Current and Future SN Surveys

SuperNova 
Legacy 
Survey

Pan-STARRS 1

Dark 
Energy 
Survey

photo: Rich Talcott

photo: John Tonry

photo: Tom Kerr

LSST

photo: LSST Corporation

+SkyMapper, DES, KAIT, PTF, ...

Saturday, August 25, 12



242 SNLS SNe Ia 
123 Low-z SNe Ia

93 SDSS SNe Ia 
14 HST SNe Ia

472 SNe Ia total

Latest SNLS SNIa Hubble diagram

SNLS; Courtesy of Reynald Pain
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Acceleration detected 
at >99% CL including 

systematic effects

SNLS; Conley et al. 2011.

SNIa only constraints on Energy Density 
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SNIa only constraints on w 

SNLS; Conley et al. 2011.
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+0.15             +0.07
-0.21             -0.14

SNIa only constraints on w 

w = -0.91          (stat)                (syst) 
SNLS; Conley et al. 2011.
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SNLS (stat. only) +WMAP7+BAO/DR7+H0 

SNLS; Sullivan et al. 2011.
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Pan-STARRS 1 Observes Nightly
10 Medium-Deep FieldsPS1 PSDC-230-002-00

Figure 3: Celesitial sphere in Mercator projection showing extinction map from WMAP. The proposed Medium Deep

Fields are marked as black boxes, the white circle is one of the stellar transit fields, and the white square is M31. The

black line at -30 degrees Declination shows the southern limit of the PS1 Steradian Survey pointing centers.

Figure 4: Left: Outside view of the celestial sky tesselated into 6252 fields. Of these fields, 5464 have boresight centers

degrees Declination. Center, the 3 degree field of view of PS1 with an inscribed hexagon of 5.84 square degrees.

Right, the twenty percent overlap from a single tesselation due to the circular field of view.

PS1 MCS 12 September 25, 2006
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PS1-1000023 SNIa @ z=0.03

Challis et al. (2010), ATel #2448
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We can type SNe with 
multi-color lightcurves

SN Ia model SN Ibc model

Sako et al.
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PS1 Hubble diagram

Consistent 
photometry

Small dispersion!

Armin Rest (STScI)
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DES SN Survey

10 DES fields
Visit once every ~4 days.
2 deep + 8 shallow (30 deg2)

deep: 6600 sec per visit (griz)
shallow: 800 sec per visit (griz)

Fields to overlap with 
existing and near-future deep 
imaging (e.g., CDF-S, SNLS, 
VIDEO) and spectroscopic 
surveys (DEEP2, VIPERS, 
VVDS, WiggleZ, GAMA I/II).

Survey Strategy I: Strategy

- 1650 hexes cover the survey area = a tiling

- 2 tilings/year/bandpass

- 1st year has all filters, later years drop filters 

and increase exposure times

- exposure time in 1st year: 80 seconds

Supernova Fields
                      RA               Dec     

CDF South      52.5              -27.5    deep

Stripe 82         55.0                 0.0    deep

Elias S1              0.5             -43.5    wide

XMM-LSS        34.5               -5.5     wide

SNLS/VIRM     36.75              -4.5     wide

- 5 SN fields

- a SN field visit has

- z: 10 exposures

- i:    6 exposures

- r:    4 exposures

- g:   2 exposures

- 3 deep fields, 2 shallow fields

- deep: 300 sec exposures

- shallow: 100 sec exposures 2

3

good z-band efficiency (~4x higher than 
CFHT/MegaCam) and target high-z SN Ia

good rest-frame g-band light curves of
z~1 SN Ia.

→

Saturday, January 8, 2011
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Future SN Surveys Will Cover 
the High-z Sky

LSST 
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SNeIa are Standard in the NIR
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NIR type Ia SNe 3

Supernova RA(J2000) DEC (J2000) z
helio

z
CMB

mH,max mJ,max

PTF09dlc 21:46:35.5 +06:23:23.5 0.0678 0.0666 19.010+0.016
�0.018 18.782+0.015

�0.020

PTF10hdv 12:07:43.4 +41:29:27.9 0.0534 0.0542 18.521+0.031
�0.037 18.453+0.026

�0.026

PTF10hmv 12:11:33.0 +47:16:29.8 0.0320 0.0327 17.431+0.009
�0.008 -

PTF10mwb 17:17:50.0 +40:52:52.1 0.0313 0.0312 17.371+0.007
�0.007 17.213+0.010

�0.009

PTF10ndc 17:19:50.2 +28:31:57.5 0.0818 0.0817 19.330+0.085
�0.133 19.337+0.051

�0.043

PTF10nlg 16:50:34.5 +60:16:35.0 0.0560 0.0559 18.634+0.018
�0.020 18.720+0.032

�0.029

PTF10qyx 02:27:12.1 -04:31:04.8 0.0660 0.0652 19.122+0.031
�0.027 19.016+0.042

�0.053

PTF10tce 23:19:11.0 +09:11:54.2 0.0410 0.0398 17.988+0.016
�0.011 17.868+0.018

�0.021

PTF10ufj 02:25:39.1 +24:45:53.2 0.077± 0.005 0.0762± 0.005 19.276+0.036
�0.047 19.306+0.063

�0.051

PTF10wnm 0:13:47.26 +27:02:26.0 0.0656 0.0645 18.941+0.028
�0.037 18.764+0.022

�0.021

PTF10wof 23:32:41.8 +15:21:31.7 0.0526 0.0514 18.567+0.025
�0.024 18.458+0.022

�0.021

PTF10xyt 23:19:02.4 +13:47:26.8 0.0496 0.0484 18.379+0.026
�0.023 18.450+0.036

�0.037

Table 1. The sample of SNe Ia showing their redshifts and J- and H band peak apparent magnitudes. PTF10ndc, PTF10tce, PTF10ufj,
PTF10wof, PTF10xyt were located by the citizen science Galaxy Zoo: Supernovae project (Smith et al. 2011).

Figure 1. The upper panels shows the Hubble diagrams of our sample of 12 SNe (green) in the H -band (left) and the J -band (right),
including the Wood-Vasey et al. (2008), Folatelli et al. (2010) and Krisciunas et al. (2004) samples (blue) for comparison. The red line
represents the apparent magnitude that would be observed assuming a constant absolute magnitude of �18.36 (H -band) and �18.39
(J -band). The lower panels show the Hubble residual, i.e. the deviation from the red line. The shaded red region, z < 0.03, is the region
excluded in our sample due to the associated peculiar velocity errors. The solid black lines represent the change in the distance modulus
due to a peculiar velocity of ±300 km s�1

which we derive MH = �18.37± 0.07, MH = �18.29± 0.04,
and MH = �18.43 ± 0.06, respectively. The errors on the
median are computed by jackknife resampling. In part, the
di↵erence in magnitudes comes from the limited number of
supernovae in each of the samples. The di↵erences may also
be due to the di↵erences in the photometric systems that
each author adopts. These di↵erences are generally smaller
than 0.04 mag.

In the J-band, the variations between samples are larger
and more di�cult to understand. We find a median magni-
tude of MJ = �18.39 ± 0.06, compared to median mag-
nitudes of MJ = �18.48 ± 0.05, MJ = �18.29 ± 0.10,

and MJ = �18.73 ± 0.05 for the supernovae in Folatelli
et al. (2010), Wood-Vasey et al. (2008) and Krisciunas et al.
(2004). The errors were calculated as for the H-band. The
largest source of uncertainty is due to sample size. Di↵erence
due to photometric systems are generally smaller. In order
to constrain the dark energy equation of state beyond limits
currently derived using supernovae observed in the optical,
the mean magnitude needs to be determined to a level of
accuracy that is better than 0.01 mag.

The J- and H-band Hubble diagrams are shown in
Figure 1. Our results are compared with the surveys of
Wood-Vasey et al. (2008) and Folatelli et al. (2010). Our

c� 0000 RAS, MNRAS 000, 000–000

Wood-Vasey et al. (2008) Barone-Nugent et al. (2012)
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Let’s get more NIR-SNeIa

WIYN

CSP Gemini

RAISINS HST
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NOAO WIYN Survey : 
72 nights for a Gross of NIR-SNeIa 
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