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Theoretical predictions

• Current theory has a strong prediction as to the 
total number and the Mass Function of DM Sub-
halos 

• Current theory has no strong prediction as to the 
total number and the Mass Function of Dwarf 
Galaxies



SDSS DR7 11,663 sq deg 20 satellites discovered



après Sloan
PanSTARRS 30,000 sq deg

VST 2,700 sq deg

2,100 sq deg DES

but before 06.03.2015

1 satellite discovered

1 satellite discovered



Dark Energy Survey
Bechtol et al 2015 

Drlica-Wagner et al 2015 
Simon et al 2015

Koposov et al 2015 
Geringer-Sameth et al 2015 
Walker et al 2015



ApJ, in press



From images to catalogs

• DES images released to public with 1 year delay 

• Available at NOAO science archive 

• InstCal products (DECam pipeline) 
single-frame images, bias, dark and flat-field 
calibrated as well as cross-talk corrected



From images to catalogs

• 1st SExtractor run to get PSFEx parameters 

• PSFEx run 

• 2nd SExtractor run

Big thanks to Bertin et al!



From images to catalogs

• Database ingestion 

• Duplicate removal 

• Photometric calibration 

• Band merging 

• Final spatial indices created



9 new objects in DES



Reticulum 2



Eridanus 2



Star/galaxy separation
comparison with CFHTLS Wide



Horologium 1



Radial density profiles



Structural parameters



Structural properties



Indus 1 and Eridanus 3

co-discovered by Kim et al 2015

Most likely star clusters



Eridanus 2 at 350 kpc

zoom-in

The faintest dwarf to host a globular cluster!



Eridanus 2



Luminosity vs distance

pre DES



Significant overdensity?
Blue density - 
position vectors of 
ALL satellites are 
rotated while 
keeping the 
Galactocentric 
radius fixed



In the LMC orbital plane



Planar or not?



W.r.t. the Magellanic Stream

Magellanic Stream’s HI column density from Putman et al 2003





Possible gamma-ray excess 
at Reticulum 2

• 2.3σ - 3.7σ  
• Small white dots - points for 

background estimation 
• Crosses - known gamma ray 

sources 
• Green dots - points with higher 

significance



Spectroscopic Follow-up

• Simon et al 2015 

• Walker et al 2015 

• Koposov, Casey et al 2015





Spectroscopy of Reticulum 2



Selecting Members



Dynamics & Chemistry



Scaling Relations



3 quick additions

• Pegasus 3 (SDSS+DECam, Kim et al 2015) 

• Triangulum 2 (PanSTARRS, Laevens et al 2015) 

• Hydra 2 (SMASH, Martin et al 2015)

All appear to be in associations



Conclusions 
(there are many)



Conclusions. 8 vs 9

• Bechtol et al 2015 (DES) reports 8 satellites 

• Koposov et al 2015 reports 9. Grus 1 (the extra 
satellite) lies in the area not available to DES 
collaboration

• But! There are (at least) 2 very clear star clusters, 
Indus 1 and Eridanus 3. 



Conclusions. Magellanic  
Clouds Association

• Estimate foreground and hence the excess above 
(Koposov et al 2015) ~4 objects associated 

• Or, look at the fraction of satellites as a function of 
distance away from the previous host during group 
accretion in simulations



being submitted to ApJL



The scatter correlates with 
the infall time

See also Sales et al  2011



Given the infall time, predict 
the associated number 

See also Sales et al  2011



Have we found “stealth 
galaxies” (Bullock et al 2010)?

• No.



Formation of UFDs with Mv> -4



• Many of the faintest UFDs appear to be associated 
with a larger accretion event. 

• Sometimes, the previous host is still intact,e.g. 
LMC, sometimes it is not. 

• For example, Segue 2 and Triangulum 2 appear to 
be embedded in Tri-And stream.

Formation of UFDs with Mv> -4



• Are the faintest UFDs preferentially produced in 
groups? 

• Why? 

• Are they pre-processed?

Formation of UFDs with Mv> -4



The End


