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Deep (g~23.5 in single exposure) and wide (~5000 deg?)

photometric survey in Southern Celestial hemisphere
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DES Collaboration 2018 6

Photo Credit: H. T. Diehl, Fermilab



'DES Satellite Candidates
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Variable
Stars
in M3

Observers:
Krzysztof Stanek &
Andrew Szentgyorgyi

Video by:
Joel Hartman



https://www.astro.princeton.edu/~jhartman/M3_movies.html

RR Lyrac (RRL) Stars

e Old pulsating ~solar-mass stars

e Identified by light curve shapes & _
periods 20+

. . . . RR
e Distance indicators (PLZ relation) BHE Lyme
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Stringer et al. 2019 CMD of Fornax dSph in DES Y3



RR Lyrae as Tracers

e Luminosities are perfect range to detect to edge of Galactic halo
e Small statistical distance uncertainty, ~3% (Sesar et al. 2017)

e Can be used to trace structure Portion of Fig. 11

from Sesar et al. 2010

<,. 1,269 vanabfllty -selected RR Lyrae candldates with |Dec|<1 25
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Detection with RRL Groups. |

e >1RRL hasbeen found in MW Deet Nam Nom FRL R o —
e 3 o Forna 396 119 0.23 Bersier & Wood (2002)
every Satelllte Wlth pU.thhEd ngllllptf)r 134 88 0.40 Kaluzny et al. (1995)
raco ; 3 : Kinemuchi et al. (2008)
. . Leo II 3: : Siegel & Majewski (2000)
time-series data Ursa Minor 35 R Nemec et al. (1988)
Leo I A .13 Held et al. (2000)
. Sextans 10 ; Mateo et al. (1995)
(except Carina III) Canes Venatici I 5 . Kuehn ot al. (2008)
Bootes I T 8 o Siegel (2006)
Hercules 6 3 .33 Musella et al. (2012)
° . Ursa Major I 5 2 : Garofalo et al. (2013)
Baker & Wlllman 2,0]_5 : LoV 3 0 0.0 Moretti ot al. (2009)
Coma Berenices 1 1 0.5 Musella et al. (2009)
: . Canes Venatici II 1 1 0.5 Greco et al. (2008)
2 RRL Wlthln 500 pC Uitas Major. I 1 0 0.0 Dall'Ora et al. (2012)
Segue 2 1 0 0.0 Boettcher et al. (2013)
. . Bootes II 1 0 0.0 Sesar et al. (2014)
lndlcates Stellar structure Segue 1 1 0 0.0 Simon et al. (2011)

Table 2 from Baker & Willman 2015
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“Antlia 2 o

Found via overdensity of Gaia DR2 RRL
filtered with proper motions
(RRL from Holl+ 2018 & Clementini+ 2018)

o

Portion of Fig. 3 from Torrealba et al. 2018
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Figure: Hernitschek et al. 2018

imulations predi
Simulations predict using RRL from Sesar et al. 2017

)
1000’s Of RRL at PS1 37 RRab stars within R, >20 kpc, [b|>10° with best-fit halo profiles
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DES Y3 Li-ght Curas '

e Deep (g~23.5 in single exposure) and wide (~5000 deg?) coverage

e Sparsely sampled and multiband
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nght Curve Challenges

gatspy (Vanderplas & Ive2|c 2015) |

Time series data are sparsely sampled oy 076074 _]
over several years and in multiple filters / '
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Initial Cuts to DES Data -

e > 2 observations in a single band griz

e Star-Galaxy separation
e Coadd magnitudes within limiting magnitudes

e Errors < 0.3 (removes artefacts)

Reduces # of objects by a factor of ~10 (~2 billion — ~150 million)

18



Error Rescaling

e Most objects should be constant

. ——\2
— trends are nonphysical 2 | Z (myp — M)
e Remove these by rescaling vib Ny —1 - 02-26
magnitude errors
il = FEdeon . |4 g e T
E e Outliers excluded from fit E E E
~ 2~ — Quadratic fit p -~ 2F 7]
e N
N 20 N =20
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' Training'Set

Labeled RRL, variables and standard sources from SDSS stripe 82
+60° / S S~

238 RRab!'
58 RRc!

16752 variables? |
641,710 constant?

sources overlap with DES

+120° 460° 0O 60 120

1. Sesar et al. 2010 2. lvezic et al. 2007 20



RRab 0.4<P<1d 0.5 < Ag <1.5 Most common
RRc 0.2<P<o0.5d 0.2 < Ag <0.8 Less numerous
RR Lyrae Type ab 15.6 RR Lyrae Type c
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'RRL Subtypes

Data from Sesar+ 2010

RRab 0.4<P<1d 0.5 < Ag <1.5 Most common
RRc 0.2<P<o0.5d 0.2 < Ag <0.8 Less numerous
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'In1t1al Varlablllty Cuts
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Initial Variability

Training set that passed cuts:

RRab

~08%

Variables +
RRc

~31%

Standards
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‘Template Free Parameters.

my = pu+ My(P) + Ay(t/P — ¢)

P :Period [days] (restricted to 0.44- 0.89 d)

¢ : Phase offset of maximum light [ phase = (t/P)%1 ]
A : Amplitude in g [mag]
| S

Distance modulus [mag]

25



mp = [+ M b )

Stringer et al. 2019 Phase



P_LRelation '

M, = {8()’5 —+ 51,b(50910(P) + 02) -+ 52,5(50910(P) + 02)2

—0.35 —0.30 —0.25 —0.20 —0.15 —0.10 —0.05
Logy(P)

27
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Classification - % =

e Fit template to > 700,000 light curves— far too many to
examine visually!

e Estimated template parameters are not enough to separate
RRab from non-RRab

e Need an automated way to identify likely RRab candidates...

29



Random Forest Classifiers.
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‘Features *
Features based on:
e Quality of RRab template fits (RSS)

e Observational properties of RRab (amplitude, proximity to Oosterhoff relations)

: : _ 2
e Light curve properties (concentration in phase, Xu5)

Stringer et al. 2019
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e Train random forest classifier on labeled S82 objects

e Choose cutoff score to maximize purity & completeness
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Stringer et al. 2019
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e
X

At a score of 0.35:
Purity ~ 85%

Completeness ~ 76%
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Visual Validation =~ .

e ~8000 objects passed the Random Forest score cut

e A visual check provides further validation and a clean set for
Galactic studies

* Used LineA SkyViewer extensively

33



Compelllng Candldates
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‘Ambiguous Candidatés
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—— RRab found in DES

—— External RRab recovered

External Overlap B
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505 Stringer et al. 2019
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Distance Uncertainties

Estimated distance accuracy depends on metallicity

SyS ~ 4*20/0 0.10;— . ™ _
Stat ~ 2.8% 005 e

0.00F
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—0.15F o

0.05 F

0.00F
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-0.4 -0.2 0 —0.05] R w ]
log(P) [days] B R R

O
o

Marconi et al. 2015 Stringer et al. 2019 using data from Torrealba et al., 2015 A



Estimated distance accuracy depends on metallicity

SyS ~ 4*20/0 0.10;— | . ™ _
Stat ~ 2.8% 0.05f e

0.00 F

AD/Drs

—0.05F

What about =%

=015

o.osi e ':..l ”’ |
the Other T 0.00 R Ao
uncertainties? ..

Stringer et al. 2019 using data from Torrealba et al., 2015 45
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SimulatingLight 8

Magnitude Magnitude

Magnitude
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Stringer et al. 2019 using data from Sesar et al.
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2010 in the gatspy package (Vanderplas & lvezic 2015)
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Classifier Performance .

Classifier doesn’t always recover RRab even when the

period is correct — Future work

Stringer et al. 2019
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Data Products Available

RRab Template & Fitting Algorithm available at
https://qithub.com/longjp/rr-templates

Data and documentation located at
https://des.ncsa.illinois.edu/releases/other/y3-rrl

Thank you Science Release Team!
(Matias Carrasco Kind, Aurelio Carnero Rosell & Keith Bechtol)
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Nore DES Data Incoming

Year 6 observations have concluded

Additional observations — improved performance
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e Set to begin full science ops late
2022/early 2023

e Expected ~80 observations in
ugrizY combined/ year

e This method useful within first
year

e Other excellent methods available
(e.g. Vanderplas & lvezi¢ 2015,
Hernitschek+ 2016, Sesar+ 2017,

Huijse+ 2017) Credit: LSST Project/NSF/AURA 51



‘Summary
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Thank you!



