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stars to trace it,

and not much else

• there are many (20+ so far) 
• they are nearby (<250 kpc) 
• can achieve high sensitivity by 

combining many of them

D W A R F  S P H E R O I D A L S
A S  D M  L A B O R A T O R I E S

high dm content,

10s to 1000s

~105-107 solar masses
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(no gamma-ray emission)

dwarf spheroidals 
as DM laboratories
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ESO DSS2



W I M P  PA R A D I G M
A B U N D A N C E  &  O B S E R VA B I L I T Y

χ

χ

W- / Z / q

W+/ Z / q

π0

γ

γ

(primary process in LAT search)

• annihilation with weak cross section (~2e-26 cm3 s-1 ) gives ΩDM 
• same process would make it visible in high density areas today
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WIMP paradigm 
abundance + observability
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M O T I VAT I O N
W H A T  K E E P S  T H I S  I N T E R E S T I N G ?

• no significant detections 
• very low systematics —> 
• factor of 2-3 drop in upper 

limits over the last years

excluded

J-factor Diffuse IRFS

33% 8% 9%
@ 100 GeV 
WIMP Mass

b-quark channel
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arXiv:1111.0320 
arXiv:1503.02641

motivation 
what keeps this interesting?
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Combined Known dSphs

Thermal Relic Cross Section
(Steigman et al. 2012)

M O T I VAT I O N
W H A T  K E E P S  T H I S  I N T E R E S T I N G ?

thermal relic 
cross section

a thermal relic WIMP with 
mass below this point 

cannot account for all DM
excluded

b-quark channel
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arXiv:1111.0320 
arXiv:1503.02641

(Steigman et al. 2012)

motivation 
what keeps this interesting?
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constrains critical theoretical parameter space 



M O T I VAT I O N
W H A T  K E E P S  T H I S  I N T E R E S T I N G ?

GC fits 
e.g. arXiv:1402.6703

b-quark channel

(similar for τ)
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arXiv:1111.0320 
arXiv:1503.02641

(Steigman et al. 2012)

motivation 
what keeps this interesting?

6

constrains critical theoretical parameter space 
& 

cross-checks phenomenological models



sensitivity 
improvements

Statistics 
• observation time 
• additional targets 
• instrument response (effective area)

Systematics 
• dm mass profile 
• background model 
• instrument response (point spread function)

�sys

�
N
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8

• all-sky gamma-ray monitor 
• public data 
• ~1 m2 effective area 
• 6+ years of observation 
• energies from 30 MeV to over 300 GeV

Fermi Large Area Telescope

Effective Area Angular Resolution Point-Source 
Sensitivity

+25% +10-15% +40%

>  1  G E V @  1 - 1 0  G E V>  1  G E V

T H E  L AT instrument
UPGRADED

Pass 8
• complete event reconstruction 
• applied to all prior data 
• available this month!!

x
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x

ACD

silicon 
strips + 

tungesten

CsI calorimeter

γ

xγ→e+e-
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• all-sky gamma-ray monitor 
• public data 
• ~1 m2 effective area 
• 6+ years of observation 
• energies from 30 MeV to over 300 GeV

Fermi Large Area Telescope

Effective Area Angular Resolution Point-Source 
Sensitivity

+25% +10-15% +40%

>  1  G E V @  1 - 1 0  G E V>  1  G E V

T H E  L AT instrument
UPGRADED

Pass 8
• complete event reconstruction 
• applied to all prior data 
• available this month!!
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x x
x x xx x x

x

ACD

silicon 
strips + 

tungesten

CsI calorimeter

γ

xγ→e+e-

silicon strips 
+ tungsten Effective Area Angular Resolution Point-Source 

Sensitivity

+25% +10-15% +40%

> 1 GeV > 1 GeV @ 1-10 GeV

Pass 8 
• complete event reconstruction 
• applied to all prior data 
• available to use!

the LAT 
upgraded

�
N

�sys
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instrument

9

PA S S  8  
E V E N T  T Y P E S

• energy 
• incoming angle 
• event class (probability to be a photon)

each event PSF is a parameterized function of

Alex Drlica-Wagner   |   LHC Results Forum

Pass 8 PSF Classes

31Brandon Anderson, Stockholm University | 5th Fermi Symposium

Pass 8

4

effective area
angular 

resolution
point-source 

sensitivity

+25% +10-15% +40%
>  1  G E V @  1 - 1 0  G E V>  1  G E V

M O R E  DATA ,  M O R E  AC C U R AC Y,

A N D  M O R E  I N F O R M AT I O N !

(for more information see P. Bruel’s talk from Wednesday)

containment 
in psf classes

Brandon Anderson, Stockholm University | 5th Fermi Symposium

Pass 8

4

effective area
angular 

resolution
point-source 

sensitivity

+25% +10-15% +40%
>  1  G E V @  1 - 1 0  G E V>  1  G E V

M O R E  DATA ,  M O R E  AC C U R AC Y,

A N D  M O R E  I N F O R M AT I O N !

(for more information see P. Bruel’s talk from Wednesday)

containment 
in psf classes

• Events can be divided into classes 
based on the quality of the event 
reconstruction. 

• Combine events from all PSF event 
classes into a joint likelihood fit to avoid 
loss in effective area. 

• Results in another ~10-20% gain in 
point-source sensitivity.

x x
68% PSF

did this 

come from 
this?

• what tracker layer it converted in 
• if it passed through any gaps/cracks

averaged over, e.g.

new feature, PSF types
• uses deeper instrument info to 

subdivide events by angular uncertainty 
• each set (4) gets its own PSF

spatial information 
event types

9
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J O I N T  L I K E L I H O O D
J O I N T  L I K E L I H O O D

technique

(combine information from all PSF types)

(combine information from all targets)

(term accounts for uncertainty in J-factor)
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background model 
sub-threshold sources

visual inspection (latest candidates) 
• no stand-out targets 
• 3FGL sources marked with + 
• can spot a few potential sub-threshold sources

too weak 
for catalog

11
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T Y P E  I  E R R O R S
S U B - T H R E S H O L D  S O U R C E S

3FGL:  4 years, 3033 sources

2FGL:  2 years, 1873 sources

background
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FIG. 6. Cumulative distribution of TS from 7500 randomized blank-sky regions fit with a 25 GeV DM particle annihilating
through the bb̄ channel. The solid black line shows the distribution obtained from analyzing Monte Carlo simulations of blank-
sky regions. The solid blue and red lines show the distributions for LAT data analyzed with the 3FGL and 2FGL point-source
catalogs, respectively. Shaded bands indicate the one sigma uncertainties on the cumulative fraction, which are highly correlated
between bins.

Canes Venatici II, Coma Berenices, Hercules, Leo IV, Segue 1, Ursa Major II, Willman 1) and classical (Carina,
Draco, Fornax, Leo II, Sculptor, Sextans, Ursa Minor) galaxies. For soft annihilation spectra (e.g., the bb̄ channel for
DM with mass < 100 GeV), the classical and ultra-faint populations yield comparable limits, each ⇠ 40% worse than
the combined limit. For harder annihilation spectra with spectral energy distributions that peak above 10GeV, the
limits from the ultra-faint population are roughly comparable to the combined limits, while the classical dSphs yield
limits up to five times weaker. Considering only the classical dSphs, models with the thermal relic cross section are
excluded for slightly lower masses (<⇠ 80 GeV).

Annihilation Channels

WIMPs may annihilate through a variety of Standard Model channels. For the quark and boson channels, the
resulting gamma-ray spectra are all similar and largely depend on mDM. The three leptonic channels have harder
spectral energy distributions with a peak in energy flux that is closer to mDM. We perform our analysis for six
representative annihilation channels (bb̄, ⌧+⌧�, µ+µ�, e+e�, W+W�, and uū) and for each we assume a 100%
branching fraction. The resulting constraints, shown in Figure 8, are similar to the bb̄ and ⌧+⌧� channels depicted in
the main body of this work, except for the e+e� and µ+µ� channels which are somewhat higher.

• blank field analysis.  number of type I errors decreases with updated catalog 
• implies we had some un-modeled background (could still be more) 
• direct increase in sensitivity

11

arXiv:1503.02641

background model 
sub-threshold sources
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j-factors 
levels of certainty

13

Gold (prior-independent spectroscopic) 
• fewest possible assumptions 
• maximum likelihood: profile everything

Silver (spectroscopic) 
• determine stellar velocity distribution  
• fit mass distribution with NFW profile 
• priors on scale radius/density

Bronze (photometric) 
• assume all dphs have similar DM properties 
• scale J-factor with distance

fornax 
ESO DSS2

43

Segue 1 !
Credit: Marla Geha

segue 1 
marla geha

Moore (2009)

• Dark matter content determined from 
stellar velocity dispersion 
– Classical dwarfs: spectra for several 

thousand stars 
– Ultra-faint dwarfs: spectra for fewer 

than 100 stars 
• Fit stellar velocity distribution of each 

dwarf (assuming an NFW profile) 
• Calculate the J-factor by integrating 

out to a radius of 0.5 deg. 
– Comparable to the half-light radius of 

many dwarfs 
– Minimizes uncertainty in the J-factor 
– Large enough to be insensitive to the 

inner profile behavior (core vs. cusp) 
• Include the J-factor uncertainty in the 

gamma-ray analysis

Dark Matter Content
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No. 1, 2007 dSph VELOCITY DISPERSION PROFILES L55

TABLE 1
Summary of dSph Velocity Samples and NFW Parameters

Galaxy Nnew Ntot Ndsph b
Mvir

(107 M,)
Mrmax

(107 M,)
M600

(107 M,)

Carina . . . . . . . . 1833 2567 899 !0.5 20 3.5 2.0
Draco . . . . . . . . 512 738 413 !1 400 9.0 6.9
Fornax . . . . . . . 1924 2085 2008 !0.5 100 18 4.6
Leo I . . . . . . . . . 371 483 416 !0.5 100 7.3 4.5
Leo II . . . . . . . . 128 264 213 0 40 4.3 2.8
Sculptor . . . . . . 1089 1214 1091 !0.5 100 8.2 4.3
Sextans . . . . . . . 947 1032 504 !2 30 5.4 2.5

Fig. 2.—Left: Projected velocity dispersion profiles for seven Milky Way dSph satellites. Overplotted are profiles corresponding to mass-follows-light (King
1962) models (dashed lines; these fall to zero at the nominal “edge” of stellar distribution), and best-fitting NFW profiles that assume b p constant. Short, vertical
lines indicate luminous core radii (IH95). Distance moduli are adopted from Mateo (1998). Right: Solid lines represent density, mass, and profiles correspondingM/L
to best-fitting NFW profiles. Dotted lines in the top and middle panels are baryonic density and mass profiles, respectively, following from the assumption that
the stellar component (assumed to have ) has exponentially falling density with scale length given by IH95.M/L p 1

equal numbers of dSph members. Thus the number of stars,
including interlopers, in each bin may vary, but for all bins,

. We use a Gaussian maximum-likelihoodN 1/2bin ˆS P ∼ (N )ip1 dsph dsphi

method (see Walker et al. 2006a) to estimate the velocity dis-
persion within each bin.
Left-hand panels Figure 2 display the resulting velocity dis-

persion profiles, which generally are flat. The outer profile of
Draco shows no evidence for a rapidly falling dispersion, con-
trary to evidence presented by Wilkinson et al. (2004) but

consistent with the result of Muñoz et al. (2005).6 In fact the
outer profiles of Draco, Carina, and perhaps Sculptor show
gently rising dispersions. While it is likely that at least in Carina
this behavior is associated with the onset of tidal effects (Muñoz
et al. 2006), McConnachie et al. (2007) point out that the
tendency of some dSphs to have systematically smaller velocity
dispersions near their centers is perhaps the result of distinct
and poorly mixed stellar populations (Tolstoy et al. 2004; Bat-
taglia et al. 2006; Ibata et al. 2006). Either explanation com-
plicates a thorough kinematic analysis; in the present, simplified
analysis we assume all stars belong to a single population in
virial equilibrium.
Dashed lines in Figure 2 are velocity dispersion profiles

calculated for single-component King models (King 1962) con-
ventionally used to characterize dSph surface brightness pro-
files. The adopted King models are those fit by Irwin & Hatz-
idimitriou (1995, hereafter IH95) and normalized to match the

6 We have not included the unpublished data of Wilkinson et al. (2004) or
Muñoz et al. (2005) in our calculations of the velocity dispersion profiles of
Draco.

(Walker et al. 2008)

J - FA C T O R S signal

• spectroscopic velocity measurements 
• fit mass distribution with NFW profile 
• integrate to get J-factor

• mass profile 
• priors on parameters (scale radius, 

density, etc.) 
• can we reduce the prior dependence? 

Uncertainty 

Determination
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Non-informative Priors

Burkert Profile

Thermal Relic Cross Section
(Steigman+ 2012)
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FIG. 7. Change in the limits derived for the DM annihilation cross section under the assumption of alternative sets of J-factors.
Alternative J-factors are taken from Geringer-Sameth et al. [9] and Charbonnier et al. [58]. Non-informative priors are used
to derive J-factors following the procedure of Essig et al. [59]. Burkert J-factors are derived using the multi-level modeling
approach of Martinez [8] and are taken from Ackermann et al. [13].

12
arXiv:1503.02641

priors affect constraints 
by up to 40%

dsph classes 
• classical:  up to 1000s of stars 
• ultra-faint:  can be just a handful

�sys



D A R K  E N E R G Y  S U R V E Y

• expanded on 12 ‘classical’ dsphs 
• added 15 in a ~14,000 deg2 patch 
• 95% complete to r=22 mag  
• can see faintest dsphs out to 50 kpc

SDSS
• will cover 5,000 deg2 
• sensitive to r=24 mag 
• faintest to 120 kpc 
• 1,600 deg2 so far

DES

– 5 –

Fig. 1.— Locations of 27 known Milky Way satellite galaxies (blue; McConnachie 2012a) and eight

DES dwarf galaxy candidates (red) in Galactic coordinates (Mollweide projection). The coordinate

grid shows the equatorial coordinate system with solid lines for the equator and zero meridian.

The gray scale indicates the logarithmic density of stars with r < 22 from SDSS and DES. The

large contiguous region in the northern equatorial hemisphere shows the coverage of SDSS (Ahn

et al. 2014). The full DES footprint is outlined in red, and is now partially filled in by a region of

⇠ 1,600 deg2 near to the Magellanic Clouds and a region of ⇠ 200 deg2 overlapping with the SDSS

Stripe 82 field along the celestial equator. Both fields were observed during the first year of DES

and that compose the Y1A1 data set.

• expect 5+ from isotropy 
• 20+ from N-body simulations 

and sensitivity

targets
COMPARAT I VE LY

13

arXiv:1503.02584v2 

Milky Way Companions 
Found in Two Years of DES Data

12

Blue = Known prior to 2015 
Red triangles = DES Y2Q1 candidates 

Red circles = DES Y1A1 candidates 
Green = Other new candidates

Stellar density field from 
SDSS and DES

DES footprint in Galactic coordinates (~5000 deg2)

Drlica-Wagner et al. 2015 
arXiv:1508.03622

new targets 
des overview

14

�
N



A Recent Flurry of Discoveries

13

D A R K  E N E R G Y  S U R V E Y

• expanded on 12 ‘classical’ dsphs 
• added 15 in a ~14,000 deg2 patch 
• 95% complete to r=22 mag  
• can see faintest dsphs out to 50 kpc

SDSS
• will cover 5,000 deg2 
• sensitive to r=24 mag 
• faintest to 120 kpc 
• 1,600 deg2 so far

DES

– 5 –

Fig. 1.— Locations of 27 known Milky Way satellite galaxies (blue; McConnachie 2012a) and eight

DES dwarf galaxy candidates (red) in Galactic coordinates (Mollweide projection). The coordinate

grid shows the equatorial coordinate system with solid lines for the equator and zero meridian.

The gray scale indicates the logarithmic density of stars with r < 22 from SDSS and DES. The

large contiguous region in the northern equatorial hemisphere shows the coverage of SDSS (Ahn

et al. 2014). The full DES footprint is outlined in red, and is now partially filled in by a region of

⇠ 1,600 deg2 near to the Magellanic Clouds and a region of ⇠ 200 deg2 overlapping with the SDSS

Stripe 82 field along the celestial equator. Both fields were observed during the first year of DES

and that compose the Y1A1 data set.

• expect 5+ from isotropy 
• 20+ from N-body simulations 

and sensitivity

targets
COMPARAT I VE LY

13

arXiv:1503.02584v2 

new targets 
recent additions

15

�
N

as of year twok. bechtol 2015

covers!



new targets 
des year 1 results
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8 Candidates 
• nothing statistically significant in 

either individual or joint analyses 
• 3 confirmed dsphs 
• reticulum II has the highest TS

A Guess at Limits 
• use photometric J-factors 
• none seem likely to significantly 

improve (or worsen) current limits
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Combined Known dSphs

Thermal Relic Cross Section
(Steigman et al. 2012)

targetsD A R K  E N E R G Y  S U R V E Y

18

arXiv:1503.02632

E F F E C T  O N  C O N S T R A I N T S ?



new targets 
reticulum II

17 * Segue I is 23 kpc

~15 GeV -> τ+τ- Local Significance Post-Trials Global 
Significance

Data Version

Fermi+DES 
(arXiv:1503.02632)

2.3 σ 1.66 σ ~0 σ 8

Geringer-Sameth 
(arXiv:1503:02320)

2.8 σ 2.3 σ Ret II Only 7

Hooper-Linden 
(arXiv:1503.06209)

3.2 σ No Trials (Use GC) Depends On 
Relative J-Factor

7

why all the attention? 
• *nearby — 32 kpc.   
• means high J-factor ~ 19 
• most significant DM fits

relevant facts 
• blazar PMN J0335-5046 is a hard 

spectrum emitter 15’ away  
• there is a comparable TS from a 

candidate with 1/10 the J-factor 
• Segue I has TS=0.33 for this WIMP



Search for Gamma Rays

35

new targets 
year 2 des+panSTARRS

18

15 New Candidates 
• nothing statistically significant in either 

individual or joint analyses 
• a few with 2-3σ local significance 
• none spectroscopically confirmed yet

�
N

willman I (19.1)

ursa major II (19.3)
segue I (19.5)



new targets 
year 2 des+panSTARRS

19

The Importance of Context 
• cannot evaluate dSphs outside of the continuum  
• a guess at new J-factors can indicate if we are trending

�
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LAT Combined dSphs (15 dSphs, 6 Years)

H.E.S.S. GC Halo

CTA GC 500h, No Syst. (Carr et al. 2015)

CTA GC 100h, 1% Syst. (Silverwood et al. 2014)
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hargis et al. 2014 
arXiv:1407.4470

outlook 
time+targets

Thinking Further Ahead

36
DES LSST DES LSSTHargis et al. 2014 

arXiv:1407.4470

Tens to hundred+ of additional dSphs expected

LSST:  100s

DES:  10s

How Many Can We Expect? 
• combination of increased sky coverage and 

sensitivity 
• DES will be done in 3 more years.  some time 

afterwards needed for spectroscopy 
• LSST should be a ~complete survey
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In lieu of detection 
we can realistically hope to: 

• confirm / refute GC models 
• exclude thermal production for WIMP masses 

10 GeV — 100’s of TeV (with the aid of ACT’s)
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Abazajian et al. 2014 (1�)
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Thermal Relic Cross Section
(Steigman+ 2012)

outlook 
time+targets
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excluded?

outlook 
time+targets

�
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In lieu of detection 
we can realistically hope to: 

• confirm / refute GC models 
• exclude thermal production for WIMP masses 

10 GeV — 100’s of TeV (with the aid of ACT’s)
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summary 

dsphs are great DM labs 
• few uncertainties involved 
• yield some of the most robust constraints to 

date

the list is growing! 
• new surveys are rapidly increasing the 

number of known targets 
• gives a big boost to sensitivity

milestones approaching 
• possible to exclude a huge swath of DM 

masses with thermal cross section (when 
combined with CTA) 

• could always get lucky and find a very nearby 
dsph with detectable signal
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BACKUP
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pass 8 
improvement



Pass8vs. Pass 7: HowStatistically (In)Dependent are
They? AndWhyYouShouldCare. . .

Luca Baldini

1
and Matthew D. Wood

2

on behalf of the Fermi Large Area Telescope Collaboration

1
Università and INFN-Pisa, SLAC National Accelerator Laboratory

2
SLAC National Accelerator Laboratory

Pass 8, publicly released in June 2015, improves over the previous iterations of the Fermi-LAT event-level analysis in all the metrics
relevant for high-level science analysis. Particularly, compared to the "equivalent" Pass 7-reprocessed event class, the Pass 8 SOURCE
selection provides a 25–30% acceptance increase between 1 and 100 GeV.
This is not equivalent to, for any given integration time, Pass 8 adding 25–30% more events to the corresponding Pass 7-reprocessed
data set. Since the Pass 8 event reconstruction is fundamentally different, the basic characteristics of individual events—including
direction, energy and photon-likeness—can change, causing photon candidates to migrate in and out of ROIs and/or energy bins and
across the threshold for any specific photon selection (the latter being true particularly for misclassified cosmic rays). One interesting
consequence is that the fraction of shared events between "equivalent" event classes in Pass 8 and Pass 7 can be significantly lower
than one might naively expect based on the ratio of the relative acceptances.
We illustrate the concept using the LAT combined dwarf analysis, where the 6-year Pass 8 constraints at 100 GeV for the representative
bb̄ channel are 5 times lower than the 4-year Pass 7 reprocessed one.

Improvements to Pass 8 in a Nutshell

The Pass 8 event-level analysis enhances the capabilities of the LAT in all
metrics relevant for high-level science analysis.

I Significant increase of the gamma-ray throughput (at least 25%)

. And significantly more at low and high energies

I Narrower point-spread function (⇥ 0.7 at 10 GeV)

. And more accurately modeled by the Monte Carlo simulation

I Event-by-event reconstruction quality fully integrated in the analysis
framework

. PSF event types (improving point-source sensitivity by ⇠ 10%)

. Energy dispersion event types (searches for spectral lines, ALPs)

I The P8R2_SOURCE event class has a 30–40% better point-source sen-
sitivity than the P7REP_CLEAN event class between 1 and 10 GeV.

A Case Study: search for � rays from dSphs

I Maximum-likelihood analysis combines the four P8R2_SOURCE_V6 PSF
event types in a joint likelihood [1].

I Pass 8 improvements, and two additional years of data, expected to
improve constraints by ⇠ 1.7 below 10 GeV and ⇠ 2.2 above 100 GeV
relative to the 4-year Pass 7 analysis.

I For the bb̄ channel, Pass 8 constraints ⇠ 5 times lower at 100 GeV
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I Since the basic event reconstruction in Pass 8 is fundamentally differ-
ent, the characteristics of individual events change

. Event direction: migrate in/out of the ROI

. Event energy: migrate between adjacent energy bins

. Events near the threshold of any of our analysis cuts can migrate
in/out of our data selection

I For a pure �-ray sample (the Earth limb) the overlap is in line with (1),
indicating that P8R2_SOURCE selection has a high �-ray efficiency

. Misclassified charged-particle background plays a role
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Object Classification Photometry Spectroscopy arXiv

Reticulum II dSph DECam (DES)
Magellan/M2FS,!

Gemini South/GMOS, 
VLT/GIRAFFE

1503.02079, 1503.02584, 
1504.02889, 1504.03060, 

1504.07916

Horologium I dSph DECam (DES) VLT/GIRAFFE 1503.02079, 1503.02584, 
1504.07916

Hydra II dSph DECam (SMASH) Keck/DEIMOS 1503.06216, 1506.01021
Kim 2 / Indus I / !

DES J2108.8−5109! Star cluster?
DECam (Stromlo Milky 
Way Satellite Survey, 

DES)!
1502.03952, 1503.02079, 

1503.02584

Eridanus II dSph? DECam (DES) 1503.02079, 1503.02584
Tucana II dSph? DECam (DES) 1503.02079, 1503.02584
Pictor /!

DES J0443.8 −5017! ? DECam (DES) 1503.02079, 1503.02584

Phoenix II /!
DESJ2339.9−5424! ? DECam (DES) 1503.02079, 1503.02584

Eridanus III /!
DESJ0222.7−5217! ? DECam (DES) 1503.02079, 1503.02584

Grus I ? DECam (DES) 1503.02079
Pegasus III dSph? SDSS + DECam 1503.08268
Laevens 2 / !

Triangulum II ? PanSTARRS, !
Large Binocular Camera 1503.05554

Status of 2015  
Milky Way Companions
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Object Classification Photometry Spectroscopy arXiv

Horologium II dSph? DECam (DES) 1505.04948

Laevens 3 Star cluster? Pan-STARRS 1507.07564
Draco II / Laevens 4 ? Pan-STARRS 1507.07564

Sagittarius II / 
Laevens 5 ? Pan-STARRS 1507.07564

DES 1 Star cluster? DECam (DES) 1508.02381
Grus II dSph? DECam (DES) 1508.03622

Tucana III dSph? DECam (DES) 1508.03622
Columba I dSph? DECam (DES) 1508.03622
Tucana IV dSph? DECam (DES) 1508.03622

Reticulum III dSph? DECam (DES) 1508.03622

Tucana V / !
DES J2337-6316 ? DECam (DES) 1508.03622

Indus I dSph? DECam (DES) 1508.03622
Cetus II / !

DES J0117-1725 ? DECam (DES) 1508.03622

Status of 2015  
Milky Way Companions
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