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 Imaging data from the first year
of the survey:
August 2013 to February 2014

e ~12,000 science exposures

e Coadded image catalog
covering ~1800 deg?

e ~200 deg? overlapping with
SDSS Stripe-82

« ~1600 deg? overlapping with
the South Pole Telescope

e Stellar completeness >50%
down to g,r ~ 23

e Calibration uncertainty:
2% (relative), 0.5% (absolute) 1

tilings
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Satellite galaxies tend to be more spatially extended and have a stronger
correlation between size and luminosity.

Satellite galaxies also tend to be more elliptical.
Reticulum Il is consistent with the population of satellite galaxies.
Spectroscopy necessary to definitively dlstlngmsh satellite gaIaX|es from

globular clusters I o
a T —— @ Ultra-faint Dwarf Galaxies Martin et al 2008
L @ Goloct|c sub group . McConnachie, 2012 - % Classical Dwarf Galaxies
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Newest Dwarf Galaxy
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* Velocity peak indicative of a gravitationally bound object
 Dynamical mass calculated from the width of the
velocity dispersion (width of the velocity peak) Systemic Velocity b 698 4 0.5 ks

* Metallicity spread also indicative of deep gravitational
potential

 Every measured characteristic of Reticulum Il is
consistent with the known population of dwarf galaxies Metallicity Dispersion 0./ = 0.28 £ 0.09

1 — 5%
Simon et al. 2015 (DES Collaboration) Dynamical Mass Myjs = 5.6 2.4 x10° Mg
(see also Walker et al. 2015) Mass-to-Light Ratio  M/L = 470 + 210 Mg/ Lo,

Velocity Dispersion 0y =3.3£0.7Tkms™!
Metallicity [Fe/H] = —2.65 £ 0.07

arXiv:1504.02889 arXiv:1504.03309
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’ Dark Matter Searches
R in Gamma Rays ST e

Gamma-ray Counts

e Search for discrete gamma-ray Map (E > 1 GeV)

sources coincident with the DES

dwarf galaxy candidates

 No significant gamma-ray sources —46°
detected over background

 Most significant excess coincident _48°
with Reticulum i .
« LAT Collaboration, Pass8: (59 o

individual p-value = 0.06 (1.50)

e Geringer-Sameth+, Pass 7:
individual p-value = 0.01 (2.30) —52°

" 3FGL J0314.3-51C

How does the expected dark matter - 270° 265° 260°
annihilation signal from Reticulum GLON

Il compare to other dwarf galaxies? LAT & DES Collaborations
(see also Geringer-Sameth et al. 2015)
3
arXiv:1503.02632 § | arXiv:1503.02320
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Dark Matter Searches
in Gamma Rays
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Dark Matter Searches B 0
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Table 1. Reticulum II

20.0
Quantity
19.5}
- J-Factor (0.2°) log,yJ = 18.8 £ 0.6 GeV? cm™®
|
= 19.0} J-Factor (0.5°) log,, J = 18.9 £ 0.6 GeV? e~
=
5 1851 :
= Some disagreement between
= a0l groups about median J-factor...
< G that th ted
: roups agree that the expecte
175 Reticulum Ii | ps 2aree pece
dark matter signal from Ret Il is
170 . . . _ | smaller than that expected from
1.0 ' ' ! —| some other dwarf galaxies
E 05} i
S 0.0 AH-H } T F—+ ¥H )
g s 1 Unlikely to see a dark matter
= By signal from Ret Il without also

100 150 200 | seeing it from other galaxies.

50
Distance (kpc)
arXiv:1504.02889 arXiv:1504.03060
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e Alarge spectroscopic campaign is
necessary to classify and characterize
the newly discovered systems

 Future sky coverage:
e DES Y2:>4,000 deg?

e DES Y3+: 5,000 deg?
(and greater sensitivity)

e LSST: 10,000 deg?
(and much greater sensitivity)

* Increased sensitivity: stellar systems
with larger spatial extent tilings

Do galaxies extend to even lower ® 1
surface brightness?

 Nearby ultra-faint dwarf galaxies
can be very spatially extended.

2
3
o 4

S5+
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TTITTE T [Shapley (1930)]
LT ] [rohnson 8 Sandage (1956)],

20}
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’ Maximum Likelihood Analysis e

ENERGY SURVEY Fermilab

Spatial Model “Spectral” Model “Exposure”

Region of Interest
_g_Composite Isochrone Color-coded by Log(PDF) r band mangle mask for ylcl_coadd_BulletClusters

]

=%
o
=]
=1
—

x
o
=]
=]
=

0.12 ‘/pix,

(266.309,-21.062)

. — ]
0.00000042 0.00652235

Membership Probability: pD. = i (ui = sig prob, bi = bkg prob)
Au, +b,
Richness: ] — l Z D, (A = normalization = number of stars)
f . l (f = observable fraction)
ieStars

Log Likelihood: log L =— Zlog(] — pl,) — f/l 20

[eStars



’ Maximum Likelihood Analysis e
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Spatial Model “Spectral” Model “Exposure”

Region of Interest

_g_Composite Isochrone Color-coded by Log(PDF) r band mangle mask for ylcl_coadd_BulletClusters

Important for spectroscopic
follow up observations

Richness: _ - Z D (A = normalization = number of stars)
f . l (f = observable fraction)
ieStars
Log Likelihood: Jog [, = — Zlog(l —p.)— fA .

[eStars
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’ Dark Energy Camera (DECam)

e 570 megapixel camera

e < 20s readout time

e ~3 deg? field-of-view

e Unprecedented sensitivity

\ 4

------

}

DECam
HSC
LSST

i
l .E . Il
e = 42
Skyscrapers Pixels




<’/ The Dark Energy Survey (DES) e
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* Fist full of fives:

525 nights over 5 years N A A SV

5,000 deg? | Lo

o Sfilters: g,ri,z,Y : Combined -
 Constrain the dark energy . \

equation of state with: N

e Supernova 'Z \

* Weak Lensing

e Large Scale Structure Al

 Galaxy Clusters [oEs conavoration]
 Unprecedented sensitivity e s e o

can lead to unexpected

discoveries... SESSION Y2
1:30PM Holiday 1
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BEASTS OF THE SOUTHERN WILD. DISCOVERY OF A LARGE NUMBER OF ULTRA FAINT SATELLITES
IN THE VICINITY OF THE MAGELLANIC CLOUDS.

SERGEY E. Korposov, VASILY BELOKUROV, GABRIEL TORREALBA, AND N. WYN EVANS DE S Data
Institute of Astronomy, Madingley Road, Cambridge CB3 OHA, UK
(Dated: March 10, 2015)
Draft version March 10, 2015
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Galaxy more abundant than
stars a faint magnitudes.
Require better star-galaxy
separation
More sensitive and robust
search techniques

20 ————
-| Willman (2010)

22

V 24

26

Small, well characterized
signal in a strong,
structured background.

-0.5 0

—— Dotter theoretical isochrone 300 kpc, 10 Gyr, [Fe/H] = -2
o Stellar sources in the HUDF 47
Galaxies with fwhm < 0.8 arcsec in the HUDF



Reticulum lI:
Newest Dwarf Galaxy?
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Membership probabilities will play an
important role targeting spectroscopy
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e Alarge-scale spectroscopy
campaign will be necessary to —12 5 T
classify and characterize newly @ @ o
. s 1
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