
MAT SMITH & THE DES SN TEAM  

THE DARK ENERGY SURVEY:  
3 YEARS OF SUPERNOVA

IN <15

….SUMMARY: WE ROCK!



THE DARK ENERGY SURVEY: THE OVERVIEW SLIDE

AIM: “WHAT IS DARK ENERGY?”

DES-Wide 
• 5000 deg2 in grizY:  rAB ~ 24.3, iAB ~23.5 (10σ) 
• Large Scale Structure, Weak Lensing & Galaxy Clustering

DES-SN 
• ~ 6-day cadenced griz survey over 27 deg2 

• Type Ia supernovae & other transients

• See plenty of other talks…. (DES is great!) 

One survey, comprised of multiple probes, to determine the nature of cosmic acceleration

Overall 
• Probes of both Distance v Redshift & Growth of Structure
• Multiple probes to break degeneracies & minimise systematics
• Lots of ancillary science (understatement alert)
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THE DARK ENERGY SURVEY: THE “HOW DOES IT WORK” SLIDE

ONE LARGE, RED, SURVEY IN THE SOUTH

Dark Energy Camera (DECam) on 4m Blanco Telescope at CTIO
• 520 Mpx camera; 3 deg2 FoV; deep-depleted LBNL CCDs
• Allocated 525 nights over 5 observing seasons (Aug - Feb)

• DESY4 starts 13 August 2016

But this is a supernova talk….



~750 SNIA, ALL SPECTROSCOPICALLY CONFIRMED, FROM DIFFERENT SURVEYS 

TYPE IA SUPERNOVA TODAY

Betoule et al. (2014)



~750 SNIA, ALL SPECTROSCOPICALLY CONFIRMED, FROM DIFFERENT SURVEYS 

TYPE IA SUPERNOVA AFTER DES

Betoule et al. (2014)

DES

ALL IN ONE SURVEY: LIMITED CROSS-CALIBRATION SYSTEMATICS 

~5 TIMES MORE
DARK ENERGY (W) FROM ~7% TO <1%
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TO FIND, CHARACTERISE & FOLLOW 3000+ SN TO Z>1  
THE DARK ENERGY SURVEY: SUPERNOVA PROGRAM

• 10 fields (8 shallow, 2 deep) in 4 filters (griz)
• Every 7 nights,  for 5+ months for 5 years }~3500 SNIA

r/i~24.5

r/i~23.5
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OZDES: REDSHIFTS FOR EVERYTHING

Host Galaxy Follow-up 
(Yuan et al 2015) 

-AAT field-of-view same as DECam field-of-view 

-6000 redshifts measured over AAT-OzDES follow-up  

-Improved efficiency with stacking

Reliable 
Very Reliable

AAT FOV on DECam FOV

 Exp=7200 s

 Exp=14400 s

 Exp=32400 s

 Exp=51600 s

DES-SN: SPECTROSCOPIC FOLLOW-UP: THE WAY FORWARD

• 100 night survey on the AAT, overlapping with the DES fields
• Target the host galaxies of DES transients (and plenty of other things)
• Repeat observations gives an effective limiting magnitude of r~24.0

3048 F. Yuan et al.

of retargeting faint objects across many observing runs has allowed us to measure redshifts for
galaxies as faint as mr = 25 mag. We outline our target selection and observing strategy, quan-
tify the redshift success rate for different types of targets, and discuss the implications for our
main science goals. Finally, we highlight a few interesting objects as examples of the fortuitous
yet not totally unexpected discoveries that can come from such a large spectroscopic survey.

Key words: techniques: spectroscopic – surveys – supernovae: general – galaxies: active –
cosmology: observations.

1 IN T RO D U C T I O N

The Australian Dark Energy Survey (OzDES)1 has been designed
to provide efficient spectroscopic follow-up of targets identified
from imaging by the Dark Energy Survey (DES; Flaugher 2005;
Diehl et al. 2014). OzDES extends DES by enabling new science
goals that cannot be achieved without spectroscopic information –
such as supernova (SN) cosmology and reverberation mapping of
active galactic nuclei (AGN). We also enhance DES by providing an
important source of calibration data for photometric redshifts, which
are the cornerstone for the majority of the DES science programmes.

The 3.9 m Anglo-Australian Telescope (AAT) used by OzDES
and the Cerro Tololo Inter-American Observatory (CTIO) 4 m
Blanco telescope used by DES are ideal partners for spectroscopy
and imaging because they have well matched ∼2◦ diameter fields
of view (see Fig. 1). The AAT and CTIO 4 m are similar in several
respects – both are 4 m class telescopes that were commissioned
in 1974 and both have recently been rejuvenated with powerful
new instrumentation: in the case of CTIO, it is the 570 mega-pixel
Dark Energy Camera (DECam; Diehl et al. 2012; Flaugher et al.
2012), while on the AAT it is the new efficient AAOmega spectro-
graph (Smith et al. 2004) coupled with the Two Degree Field (2dF)
400-fibre multi-object fibre-positioning system (Lewis et al. 2002).

The DES programme consists of a wide-field survey covering
5000 square degrees, as well as a rolling survey of 10 fields that
cover a total of 30 square degrees (Diehl et al. 2014). These 10 fields
(see Table 1 for the sky coordinates) are targeted repeatedly over the
course of the survey with a cadence of approximately 6 d in order
to find transient objects, such as supernovae (SNe), and monitor
variable objects, such as AGN. OzDES repeatedly targets these 10
fields, selecting objects that range in brightness from mr ∼ 17 to
mr ∼ 25 mag, a range of more than a thousand in flux density. Once
a redshift is obtained, we deselect the target except for monitoring
and calibration purposes. Objects that lack a redshift are observed
until a redshift is measured. This tactic allows us to obtain redshifts
for targets far fainter than ever previously achieved with the AAT.
Together this means we can run an efficient survey of bright objects
while simultaneously acquiring spectra for much fainter objects.

OzDES has a total of 100 nights distributed across five years
during the DES observing seasons (August to January). The first
season of OzDES began in 2013B (2013 August to 2014 January)
with 12 nights (designated as Y1). Allocations will progressively
increase each year, to accommodate the increasing number of SNe
host galaxies that DES will have accumulated in subsequent years.

In the 2012B (2012 August to 2013 January) semester, a year
before the start of DES and OzDES, the DECam was used to execute
the DES SN program as part of its science verification (SV) phase of
commissioning. In parallel, AAT/AAOmega-2dF time was awarded
for the observation of the DES SN fields in a precursor programme

1 Or: Optical redshifts for the Dark Energy Survey.

Figure 1. The 2dF spectrograph has 392 optical fibres to be placed at
positions across a field of view 2.◦1 in diameter (large orange circle). This is
well matched to the DECam field of view (image mosaic in the background),
making spectroscopic follow-up very efficient. The small orange circles
represent the locations of targets selected for one set of AAT observations.

Table 1. Centre coordinates of the 10 DES SN fields. The same field centres
are used for the AAT observations and do not change. The area covered by
the targets is about 3.4 square degree per field.

Field Name RA (h m s) Dec (◦ ′ ′′) Commenta

E1 00 31 29.9 −43 00 35 ELAISb S1
E2 00 38 00.0 −43 59 53

S1 02 51 16.8 00 00 00 Stripe 82c

S2 02 44 46.7 −00 59 18

C1 03 37 05.8 −27 06 42 CDFSd

C2 03 37 05.8 −29 05 18
C3 (deep) 03 30 35.6 −28 06 00

X1 02 17 54.2 −04 55 46 XMM-LSSe

X2 02 22 39.5 −06 24 44
X3 (deep) 02 25 48.0 −04 36 00

Notes. aOverlap with areas covered by other surveys.
bEuropean Large-Area ISO Survey.
cAn equatorial region repeatedly imaged by SDSS.
dChandra Deep Field South survey.
eX-ray Multi Mirror Large Scale Structure survey.

to OzDES. Supplementary observing time (one night during SV
and two nights during Y1) was also obtained through the National
Optical Astronomy Observatory (NOAO).

In this paper, we present an overview of OzDES and the results
obtained during the SV and Y1 seasons. Non-DES fields and targets
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OZDES: REDSHIFTS FOR EVERYTHING

Host Galaxy Follow-up 
(Yuan et al 2015) 
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DES-SN: SPECTROSCOPIC FOLLOW-UP: THE WAY FORWARD

• 100 night survey on the AAT, overlapping with the DES fields
• Target the host galaxies of DES transients (and plenty of other things)
• Repeat observations gives an effective limiting magnitude of r~24.0
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OzDES Y1 3053

Figure 2. Sample spectra for targets of typical magnitude and redshift, with flux on a linear scale. Spectra are truncated at the blue end and smoothed by a
Gaussian filter of sigma 1 pixel. Key features used to measure the redshifts are marked. The spectra are not flux calibrated and the relative variance is plotted
in grey. The discontinuity at 570 nm in the variance marks the dichotic split.

priority list of targets (Cluster galaxy II) is made for centrals and
bright satellites of clusters at z < 0.6.

(vii) Radio galaxy: galaxy selected from the ATLAS survey. Al-
though these are labelled ‘Radio galaxy’ for convenience, about
half the objects are star-forming galaxies or radio-quiet AGN. As
for cluster galaxies, we allow two priority settings, for Radio galaxy
I and Radio galaxy II. During Y1, category II was rarely used (only
two objects), so it is not listed in Table 3.

(viii) F star: F star candidate in Y1 (from 2013 November), to ob-
tain spectroscopic classification. The goal is to have approximately
10 to 15 high signal-to-noise F stars per field to be used as flux
calibrators. Candidates were selected in the Northern fields using
photometry from SDSS that included u-band.

(ix) Sky: sky regions with no detectable sources in DES imag-
ing. 25 fibres are used per field, following the recommendation of
the AAOmega users’ manual.2 For each observation, positions are
selected from a catalogue of 100 sky locations.

(x) LRG: luminous red galaxy used to calibrate DES photometric
redshifts. The high-z (median∼0.7) population is selected based on
DES+VHS photometric data (Banerji et al. 2015).

(xi) ELG: emission line galaxy used to calibrate DES photometric
redshifts. Colour selections similar to Comparat et al. (2013) are
used. For bright targets (19 < mi < 21.3), −0.2 < (mg − mr) < 1.1

2 http://www.aao.gov.au/science/instruments/current/AAOmega/manual

and −0.8 < (mr − mi) < 1.4; for faint targets (21.3 < mi < 22),
−0.4 < (mg − mr) < 0.4, −0.2 < (mr − mi) < 1.2 and mg − mr < mr

− mi.
(xii) photo-z: galaxy target, selected using the DES i-band mag-

nitude cut 17 ≤ mi < 21, used to calibrate DES photometric red-
shifts.

3.4 Data reduction

We process the data from AAOmega soon after they have been taken
so that we are able to quickly determine redshifts, usually within
48 h of them being observed and often before the next night’s
observations. This gives us the chance to deselect targets if a secure
redshift (see below) has been obtained and therefore free up fibres
to observe other targets later in the run.

All data from AAOmega are processed with 2DFDR (Croom,
Saunders & Heald 2004). The procedure is broken into a number of
steps, each of which is discussed below.

(i) Bias subtraction and bad pixel masking. For data taken with
the blue CCD, this consists of using the overscan region to subtract
the bias, subtracting a master bias to remove features that cannot
be removed by using a fit to the overscan region, and subtracting
a scaled version of the master dark. For the red CCD, this simply
consists of using the overscan region to remove the bias. Cosmic
rays are detected with LA COSMIC (van Dokkum 2001). This step

MNRAS 452, 3047–3063 (2015)
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DOES IT WORK?
DES-SN: SPECTROSCOPIC FOLLOW-UP: THE WAY FORWARD

SPECTRA

• Chris L will explain all in <10!, but this takes 5 years….. 



LOTS OF SUPERNOVA, TOO FEW (BUT STILL LOADS OF) TELESCOPES
DES-SN: SPECTROSCOPIC FOLLOW-UP: IN THE MEANTIME…

Instrument Time S Targets DESY4+

AAT AAOmega/2dF 48n Y123 1027/544 52n over Y4+Y5

VLT X-Shooter 14n+13h Y23 91/89 7n + 7n (2016/7:A/B)

Magellan LDSS-3, IMACS 14.5n Y23 88/86 6n (2016B)

SALT RSS 79h Y123 52/44 17h (to Oct31)

Gemini GMOS-N/S 53.2h Y3 32/29 95.1h (2016B)  
 LPP: 99h 2017B

MMT BCS 8n Y23 31/28 2n (2016B)

Keck LRIS, DEIMOS 6n Y123 23 2n (2016B)

GTC OSIRIS 55h Y123 19/18 12h (2016B)
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Instrument Time S Targets DESY4+
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 LPP: 99h 2017B

MMT BCS 8n Y23 31/28 2n (2016B)

Keck LRIS, DEIMOS 6n Y123 23 2n (2016B)

GTC OSIRIS 55h Y123 19/18 12h (2016B)

Faint hosts & high-z

Representative & mid-z

Representative & high-z

~Complete z<0.3

~Complete z<0.3

Weirdos!

Representative & mid-z

Weirdos & high-z

• Spectroscopy needed, at least, to test photometric classification…



DES-SN @ AGE 3

• We can find supernova…

lowish-z high-z



DES-SN @ AGE 3

• We can find supernova… and confirm that they are Ia’s!

lowish-z high-z



Betoule et al. 
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TO RE-CAP:

2014

DES-SN @ AGE 3 - IN SUMMARY

DES: “ALL OF THIS AND MORE WITH ONE SURVEY”



TRANSIENT SURVEYS = COOL STUFF: SUPER-LUMINOUS SN 
V. RARE & IN NEED OF UNDERSTANDING
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Smith et al (2016)

DES-SN @ AGE 3 - AN ASIDE

• 13 total; 6 @ z>1 & new physics! 



‣ TRANSIENT DETECTION:                      KESSLER ET AL (DIFFIM) + GOLDSTEIN ET AL (ML)  

‣ CALIBRATION:                                     BIGGEST SYSTEMATIC (CURRENTLY): LASKER ET AL 

‣ PHOTOMETRY:                                     “SCENE MODELLING”: BROUT ET AL (IN PREP) 

‣ HOST IDENTIFICATION / TARGETING:   GUPTA ET AL (IDENT) + YUAN ET AL (OZDES)  

‣ CLASSIFICATION:                                PSNID: SAKO ET AL &/OR KESSLER+SCOLNIC 

‣ SPECTROSCOPY / BIASES:                  D’ANDREA ET AL 

‣ HOST GALAXY PROPERTIES:               SMITH EL AL (IN PREP) 

‣ COSMOLOGICAL ESTIMATION:            BAYESIAN-NESS: HINTON ET AL (IN PREP) + OTHERS

DES-SN: THE ROUTE TO A COSMOLOGY…

PLENTY OF STEPS BEFORE WE REACH “W”

• Some outstanding issues, but things are moving forward….



SPEC-CONFIRMED COSMOLOGY 
DES-SN @ AGE 3 - WHERE WE ARE



DO WE KNOW HOW WE GOT HERE? 
DES-SN @ AGE 3 - WHERE WE ARE

• Data broadly matches simulation and “evolves” with redshift as 
expected - this still needs to be corrected for!!! 

• Cosmology to come shortly!



DES Y1-3: >1500 SNIA’S; 900+ CURRENTLY WITH SPEC-Z

DES-SN @ AGE 3 - WHERE’S NEXT: PHOTOMETRIC CLASSIFICATION

Currently modelling biases, selection 
functions & contamination



▸ DES-SN is great!  

▸ 3 years down, 2 to go! 

▸ 250+ spectroscopically-confirmed SNe Ia 

▸ 13 SLSNe, inc. highest redshift ever!   

▸ 1500+ photometrically-classified SNe Ia 

▸ Twice as many as largest published sample! 

▸ we just need redshifts & time ;)  

▸ New techniques for calibration, photometry,  
classification & cosmology   

▸ Stay tuned! 

DES-SN @ AGE 3 - MY SUMMARY



CHEERS MATE!

DES-SN @ AGE 3 - FEEL FREE TO CLAP!


