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The Milky Way is
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e CDM simulations predict thousands of
dark matter substructures

 Only dozens of dwarf galaxies are found

* Tension reduced by better characterizing
observational completeness and

theoretical modeling of galaxy formation. | springel et al. (2008)

* Expect dwarf galaxies to populate the L — 1.3 %10211 3
. v ©
most massive dark matter subhalos. 407 < 300 kpe: 12 failures |

e Circular velocities of known dwarf
galaxies are significantly smaller than
predicted by simulations.

e Baryonic effects in the cores of dwarf
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<’ Indirect Detection of
Dark Matter Annihilation
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. ) Particle Detection
Dark Matter Distribution Particle Propagation
Dark Matter Annihilation
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THE DARK Satelllte GaIaXies Fermilab

ENERLCY SURVEY

Koposov et al. (2008)
Walsh et al. (2009)
Willman et al. (2010)
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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)
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Small, well characterized
signal in a strong,
structured background.
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—— Dotter theoretical isochrone 300 kpc, 10 Gyr, [Fe/H] = -2
o Stellar sources in the HUDF 15
Galaxies with fwhm < 0.8 arcsec in the HUDF
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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
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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 =— Z]()g(] — pl,) — f/l 18
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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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 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)

tilings

| Eric Neilsen .
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Reticulum Il Eridanus Il
(DES J0335.6-5403) (DES J0344.3-4331)
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(see also Koposov et al. 2015)
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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

A NEW FAINT MILKY WAY SATELLITE DISCOVERED IN THE PAN-STARRS1 37 SURVEY

BENJAMIN P. M. LAEVENS'?, NicoLAas F. MARTIN"'?, RODRIGO A. IBATA', HANS-WALTER Rix?, EDOUARD J. BERNARD?,
Eric F. BELL*, BRANIMIR SESAR?, ANNETTE M. N. FERGUSON®, EDWARD F. SCHLAFLY?, COLIN T. SLATER*, WILLIAM S.
BURGETT®, KENNETH C. CHAMBERS®, HEATHER FLEWELLING®, KLAUS A. HopAPP®, NicHOLAS KAISER®, ROLF-PETER
KuDprITZKI®, ROBERT H. LUPTON", EUGENE A. MAGNIER®, NIGEL METCALFE®, JEFFREY S. MORGAN®, PAuL A. PRICE,

Joun L. ToNRY®, RICHARD J. WAINSCOAT®, CHRISTOPHER WATERS®
Pan-STARRS

Draft version March 20, 2015
A HERO’S DARK HORSE: DISCOVERY OF AN ULTRA-FAINT MILKY WAY SATELLITE IN PEGASUS

DoncwoN KiM, HELMUT JERJEN, DOUGAL MACKEY, GARY S. DA C0OSTA, AND ANTONINO P. MILONE
Research School of Astronomy and Astrophysics, The Australian National University, Mt Stromlo Observatory, via Cotter Rd, Weston,

ACT 2611, Australia
Draft version March 31, 2015 DECam Data

HYDRA II: A FAINT AND COMPACT MILKY WAY DWARF GALAXY FOUND IN THE SURVEY OF THE
MAGELLANIC STELLAR HISTORY

NicoLas F. MARTIN'?, DaviD L. NIDEVER?, GURTINA BesLA?, KNUT OLSEN®, ALISTAIR R. WALKER®, A. KATHERINA
Vivas®, ROBERT A. GRUENDL”®, CATHERINE C. KALEIDA®®, RicARDO R. MuN0z”?°, ROBERT D. BLUM®, ABHIJIT SAHA®,
Brair C. Conn'®, Eric F. BeELL?, You-Hua Cuu'*®, Maria-Rosa L. Cront'®13 Tuomas J. L. bDE BOER'®, CARME
GALLART'®1'" Snoko JIN'®, ANDREA KUNDER'?, STEVEN R. MAJEWSKI'?, DAVID MARTINEZ-DELGADO?", ANTONELA
MONACHESI?', MATTEO MONELLI'®!" LARA MONTEAGUDO'®!'” NoOELIA E. D. NoEL??, EDWARD W. OLSzEWSKI?, Guy S.

STRINGFELLOW??, ROELAND P. VAN DER MAREL?**, DENNIS ZARITSKY"
Draft version April 3, 2015 DECam Data
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Membership probabilities will play an
important role targeting spectroscopy
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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.
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E —58'8;— . b’ . . o . ..... :.’ ..’ .;; (C)
: : ] 6
19 -54.0F .
a0 1 =
1 af
20 F g -54.1¢ E
- 1 _sasb. L oile s T @00 i
E . SRR ol easprel T e E %H H H HH
2Q2Lb 1 PR R ST E 4 T 0 T o ] 0 R TR R [ % S ,
300

-04 -02 00 02 04 06 08 1.0 94.40 54.16 93.92 53.68 93.44 0 100

g -—r RA (J2000) V (km s™)

* Velocity peak indicative of a gravitationally bound object
 Dynamical mass calculated from the width of the Quantity

Value

velocity dispersion (width of the velocity peak)
» Metallicity spread also indicative of deep gravitational Systemic Velocity

pOtentiaI Velocity Dispersion
 Every measured characteristic of Reticulum Il is Metallicity
consistent with the known population of dwarf galaxies e
Metallicity Dispersion

Simon et al. 2015 (DES Collaboration) Dynamical Mass
(see also Walker et al. 2015)
Mass-to-Light Ratio

v=1628+0.5kms™!

0, =3.3+0.7kms™!
[Fe/H] = —2.65 + 0.07
Opre/m) = 0.28 = 0.09

My =56x24X 10° Mg
M/L =470+ 210 M/ Lg

arXiv:1504.02889 arXiv:1504.03309
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Reticulum ll: Ultra-faint

Dwarf Galaxy

|—band Luminosity [L@,u]
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Milky Way Satellite Galaxies -
Discovery Timeline e

Fermilab

Known Satellite Galaxies
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’ Dark Matter Searches L, 1
'

Lo in Gamma Rays

Fermilab

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

local pvalue = 0.06 (1.50)

e Geringer-Sameth+, Pass 7:
local pvalue = 0.01 (2.30) —52°

" 3FGL J0314.3-51C

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

Reticulum Il compare to other LAT & DES Collaborations
dwarf galaxies’? (see also Geringer-Sameth et al. 2015)
40
arXiv:1503.02632 | JarXiv:1503.02320
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Dark Matter Searches
in Gamma Rays
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’ Dark Matter Searches L, 1
‘ '

/e onve in Gamma Rays

Fermilab

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...
5 . |

Groups agree that the expected
dark matter signal from Ret Il is
17.0 . . . _| smaller than that expected from

175 Reticulum Ii |

- | some other dwarf galaxies
= 05|
= 1 ) ;
E _82 _ { H{ . T { 1 1 Unlikely to see a dark matter

1.0 signal from Ret Il without also

100 150 200 | seeing it from other galaxies.

50
Distance (kpc) ;
arXiv:1504.02889 arXiv:1504.03060



<’/ Looking Forward e

ENERGCY SURVEY Fermilab

e Alarge-scale spectroscopy
campaign will be necessary to
classify and characterize 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

e Do galaxies extend to even " tilings
lower surface brightness? 1
e Ultra-faint dwarf galaxies very Eric Neilsen 2
nearby will be very spatially
3
extended.

o 4

S5+



THE DARK

Looking Forward

TC
M

SURVEY Fermilab
e Alarge-scale spectroscopy
campaign will be necessary to —12 5 T
classify and characterize newly @ @ o
. s 1
discovered systems s 7 .\ 29w O g0
+7+ O - A //
 Future sky coverage: few T T L 860 B A
—8F +-#L- ﬁj-i- + s O D/ DD = A
e DESY2: >4,000 deQZ . i #+¢1_ N ;10/344.3-4335./% ///
+  DES Y3+: 5,000 deg? EIR A P
Egm = + // // s’
(and greater sensitivity) 8 T T T AT -
¢ LSST: 10,000 deg? S —4r ++ ¥ 123:;;;r42‘?335'6_5}163A 0l .
- , eJg o N N E J'oﬁg.g_gg K 4 ~J025547 12251.2-5836 ?
(and much greater sensitivity) * Jomerpmt NN D L7 ?
cys —2F £12108.8-5109 -+~ .7 2 2
* Increased sensitivity:stellar RO SN .
systems with larger spatial extent | A -
i // &° // & // &°
* Are there ultra-faint dwarf R G ? o 7
galaxies very nearby? 24 < e ? — 4

with extremely low surface
brightness?

Are there more distant galaxies

Half-light Radius (pc)
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Backup Slides
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1503.02320 1504.03309

1504.03060

1503.02584
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ENERLDY SURVEY Fermilab

’ 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 = 47
Skyscrapers Pixels




<’/ The Dark Energy Survey (DES) e

ENERGY SURVEY Fermilab

* 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




