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DES-SN Survey Strategy Simulations Paper
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Supernovae Simulations and Strategies:
Application to the Dark Energy Survey
(Draft: April 15, 2010)

J. P. Bernstein!, R. Kessler®®, S. Kuhlmannl._ R. Reis?,
I. Crane'®, D. A. Firlley‘i, J. A. Frieman®®*, T. Hufford', A. G. Kim®, J. Marriner*,
P. Mukherjee™, R. C. Nichol®, P. Nugent®, D. R. Parkinson”, M. Sako”, H. Spinkal. . .

ABSTRACT

We present an analysis of Type Ia supernova light curves simulated for the upcoming Dark
Energy Survey (DES) supernova search. Employed is a code suite that generates and fits realistic
supernova light curves in order to obtain distance modulus,/redshift pairs which are passed to a
cosmology fitter. We harnessed the fit results to investigate several different survey strategies
including field selection, supernovae selection biases, and photometric redshift measurements. We
forecast that the DES supernova search will discover on the order of 6000 Type la supernovae,
with ~3000 passing selection cuts, with planned tull spectroscopic host galaxy follow-up out to
a redshift of 1. Thus, the DES will provide by far the largest self-contained, high-redshift Type
Ia sample to date, and will significantly improve z-band coverage relative to SNLS due to the
heightened red sensitivity of the DES camera. Prior to obtaining host spectra, our analysis during
survey operations will rely on photometric redshifts. Our simulations predict that for the DES,
the distribution of photometric minus true supernova redshift will have a width of less than 3
percent and minimal non-Gaussian tails when the host galaxy photometric redshift is used as a
prior. We further present estimates of 1) systematic effects on DES supernova observations and
2) the Dark Energy Task Force figure of merit.

Subject headings: supernovae — cosmology: simulations

http://des-docdb.fnal.gov:8080/cgi-bin/ShowDocument?docid=2685
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SNANA: SuperNova ANAlysis package for DES @
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R. Kessler (U. Chicago), J. P. Bernstein, S. Kuhlmann, & H. Spinka (ANL)

" Also used by SDSS & LSST

® Software suite for simulating and fitting SN light curves

® Motivation was a more accurate and complete study of DES-SN capabilities
including DES CCD and filter characteristics, CTIO sky fluctuations using
Essence data inputs, dust extinction effects, etc.

® Uses various models (e.g., MLCS2k2, SALT-II, stretch, etc.)

" Models and fits both la and non-la SNe

® Public URL: http://www.sdss.org/supernova/SNANA.html

(currently forwards to http://sdssdp47.fnal.gov/sdsssn/SNANA-PUBLIC)
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Transmission Comparison to SNLS @
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SNLS data from Regnault et al 2009, A&A., 506, 999
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DES Supernovae @
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® DES time allocation fixes total supernovae (SNe) exposure time
— 1260 hr planned (73% non-photometric) over 5-year survey
— maximal use of non-photometric time (~920 hr) planned

® Considered time per field & number of fields:
— ultra-deep strategy (3 square degrees = 1 DES field)
— deep strategy (9 square deg.)”
— shallow but wide strategy (27 square deg.)

— hybrid strategy, e.g., 2 deep + 3 wide (15 square deg.)
® Hybrid griz strategy is the current favorite (more later)

* Highlighted in DES DOE proposal
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Currently Favored DES-SN Fields @
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® Chosen to maximize:

— visibility from DES site
— past observation history
— visibility from, e.g, Hawaii

Field Pointing RA&Dec
(3 deg® area) (deg., J2000)
Chandra Deep Field 5. 52.57, 2757
Sloan Stripe 82 55.0°, 0.0°
SNLS D1/Virmos VLT 36.75°, —4.5°
XMM-LSS 34.5°, -5.5°
ELAIS S1 0.5%, -43.0°

From a study by Peter Nugent
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True Distance Recovery
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(a) MLC32kZ fiv for hybrid strategy
with full priors.
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{d) MLC52k2 fit for hybrid strategy
with partial prior without efficiencies
applied.
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(b) MLC32k2 fit for hybrid stravegy
with flat priors.
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(e) MLC32k2 fit for deep strategy with
partial prior without efficiencies ap-
plied.
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Photometric Redshifts
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Updated Spectroscopic z Cutoff Plot @
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Statistical uncertainties only
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Input Core Collapse SN Rate & Relative Fractions l

» Use . with

= Determining «

(same as SFR)
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* Use SNLS CC/la ratio of 4.5 for z<0.4

" Gives

|;:I"fl_"'|‘|_'-'|'||-|_-.
Li et al. (2007)

van den Bergh et al. {2005)

Ih/c fraction

Smartt et al. (2004

Pricto of al, (20008

Leaman et al. (2009)
Cappellaro et al. (19949)

[able 3: Various referemces for the relative fraction
of type Ih/c supernovae,

AAAAAAAAAAAAAAAAAA

Bume (b~ 8p el

Fig. 13, The mesyured mbe of M o o Fancbon of meclahaef®,
Thae SMNLS poant includes a 1 5% commection for host abssgion
ns cemcrphed m fhe ext, The smor hers porreEpm o riafiziscal
and sysiematio unoemsinises sdded in ogeadrabare . The ling is the
besr fit for mees {1 = 0" Le. propononal is the SFE.

J. P. Bernstein — DES SN Strategy — April 16, 2010



Forecasted Contamination

PTF magnitude limited
(Nugent) (12% Ib/c)

&M Ih/c Ui | i T ozl
Flg 1%

Snippet from Masao's
RIO presentation

Taataal af 1408 She (728 SN L+ BB ron-k) with
speciioscopc redshits and FoDd II-gl'l'. CLINVES,

704 pase photo SN la cuts with 1188 7-poor (P_la =
B b &F o> P_Il& x* <200,

G0 SM la — 670726 = 82.3% completanass
3 mon-la — 34704 = 4.B% contamination

&
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Sample fp=00| f, =01 f, =05
Ia 2376 2TTT 2104
[h/e %21 (20%) 309 Gl
[In 2465 20 0
ITP GO 21 0
1L 175 21 2
Contamination 11.5% 2.9%

l.Zl..l”.-I]_:lH' LY es.

Table h: Number of simmlated supernovae passing

cuts and using a single gaussian for all of the core

Sample fo =001 fo=01 | fo =05
[a 2RTH 2777 2100
[h/e 2301 594 137
[In 2046 ) (l
ITP T24 21 0
1L 506 14 3
Contamination 23.8% b2

Table 6: Number of simulated supernovae passing
cuts and using a double gaussian for Ibh/c and 1IL.
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SNANA IR Simulations <—/‘
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" New IR model for SNANA: mlcs2k2.IR paper
— UBVRIYJHK filters
— uses UBVRI data from mlcs2k2.v006b
— vectors by J. Marriner, currently -10 to +71 days only

— uses new 9-filter genmag_mics.c routine

— UBVRI works as mlcs2k2.v006b if YJHK templates do not exist
" NB: A, -prior dominates YJHK fits b/c sim has no lever arm on color
" IR sims & DES-SN sim paper

— introduce VIDEO connection & show SNANA IR capability
— branch full IR study off in separate paper
— IR meaty subject (e.g., Alex Kim's preliminary IR SNR results)

— allows for our VIDEO external collaborators to be co-authors

“ Strategy — April 16, 2
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Zeropoint shifts

— 0.01 (DES spec) leads to 0.03 change in w

— linear: 0.02 (too large) leads to 0.06 change in w

Other systematics still under evaluation

— mostly “community-wide”, e.g., dust, with many working to reduce

— we can improve zeropoint systematic with PreCam

4 J.P. “ Strategy — April 16,




4

DARK ENERGY
SURVEY

Example DES+ VIDEO SN la Light Curves

. DES g-band sim, z=0.24
MLC52k2 fit error band

DES i-band sim

* DES r-band sim
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Example DES+VIDEO SN la Peak Mags & SNR @
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Summary & Conclusions <—/l

" DES will compile a sample of ~3000 well-measured SNe to z~1
" Hybrid strategy of “deep” and “wide” fields currently favored
® Simulated DES photoz performance encouraging
® Contamination significant but manageable
® DES-SN Strategy simulation paper nearing submission
® Ongoing/Future work
— further systematics studies
— optimization of griz exposure time split
— model spectroscopic follow-up strategy

— follow-on DES+VIDEO IR SN paper
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