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Springel+ 2008



Dwarf Galaxies



Sloan Digital Sky Survey

Albareti+ 2016



PanAndromeda Archaeological 
Survey

Richardson+ 2011



Dark Energy Survey

Abbott+ 2016



Large Synoptic Survey 
Telescope

LSST Consortium





T H E  L O C A L  G R O U P

M E E T  T H E  N E I G H B O R S :  I R R E G U L A R S

IC 1613; ESO

Sextans A; van Dyk IC 10; Lowell Obs.

WLM; ESO/VLT Leo A; HST Sextans B; HST LGS 3; D. Hunter NGC 3109; GALEX



T H E  L O C A L  G R O U P

M E E T  T H E  N E I G H B O R S :  D W A R F S

Various; HST, ESO, SDSS A N D  D O Z E N S  M O R E …



T H E  L O C A L  G R O U P

100,000 light-years

14,000 ly

10,000 ly

750 ly



D A R K  M AT T E R  M A S S  =  5 6 , 0 0 0 , 0 0 0  M S U N 
S T E L L A R  M A S S  =  2 0 , 0 0 0 , 0 0 0  M S U N 

G A S  M A S S  =  < 1 0 , 0 0 0  M S U N  

7 4 %  D M  /  2 6 %  S TA R S  
D I A M E T E R  =  1 0 , 0 0 0  LY

L E O  TF O R N A X

D A R K  M AT T E R  M A S S  =  6 , 3 0 0 , 0 0 0  M S U N 
S T E L L A R  M A S S  =  1 0 0 , 0 0 0  M S U N 

G A S  M A S S  =  4 0 0 , 0 0 0  M S U N  

9 2 . 5 %  D M  /  6 %  G A S  /  1 . 5 %  S TA R S  
D I A M E T E R  =  7 5 0  LY



D A R K  M AT T E R  M A S S  =  9 , 5 0 0 , 0 0 0  M S U N 
S T E L L A R  M A S S  =  2 9 0 , 0 0 0  M S U N 
G A S  M A S S  =  0  M S U N  

9 7 %  D M  /  3 %  S TA R S  
D I A M E T E R  =  6 0 0  LY

U R S A  M I N O R



D A R K  M AT T E R  M A S S  =  6 , 3 0 0 , 0 0 0  M S U N 
S T E L L A R  M A S S  =  3 8 0 , 0 0 0  M S U N 
G A S  M A S S  =  0  M S U N  

9 4 %  D M  /  6 %  S TA R S  
D I A M E T E R  =  8 0 0  LY

C A R I N A



S E G U E  1
D A R K  M AT T E R  M A S S  =  2 6 0 , 0 0 0  M S U N 
S T E L L A R  M A S S  =  3 4 0  M S U N 
G A S  M A S S  =  0  M S U N  

9 9 . 9 %  D M  /  0 . 1 %  S TA R S  
D I A M E T E R  =  1 0 0  LY



D A R K  M AT T E R  M A S S  =  2 6 0 , 0 0 0  M S U N 
S T E L L A R  M A S S  =  3 4 0  M S U N 
G A S  M A S S  =  0  M S U N  

9 9 . 9 %  D M  /  0 . 1 %  S TA R S  
D I A M E T E R  =  1 0 0  LY

S E G U E  1



T H E  L O C A L  G R O U P

L O O K I N G  F O R  N E W  D W A R F  G A L A X I E S

I F  S O M E  D W A R F  G A L A X I E S  H AV E  G A S ,  L E T ’ S  L O O K  F O R  
N E W  O N E S  W H E R E  W E  S E E  A  L O T  O F  G A S !



T H E  L O C A L  G R O U P

N E U T R A L  H Y D R O G E N  G A S



T H E  L O C A L  G R O U P

T H E  A R E C I B O  R A D I O  T E L E S C O P E



ALFALFA

• Arecibo Legacy Fast ALFA Survey 

• ALFA: Arecibo L-band Feed Array 

• Blind HI survey 

• Complete catalog covers  ~7000 deg2 
of the sky (Haynes et al. 2018) 

• 3.5 arc minute beam makes it possible 
to detect and resolve compact objects 

• Detect sources with 2 x 107
^7 Msun of HI 

at Virgo Cluster distance, and < 105
^5 

Msun  in Local Group 

• More sensitive and broader coverage 
than previous blind HI surveys
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ALFALFA source map (Haynes+ 2018)
~13,500 sources with -2000 km/s < cz < 18,000 km/s (z < 0.06)



T H E  L O C A L  G R O U P

L I T T L E  B L O B S  O F  G A S



T H E  L O C A L  G R O U P

C A N  W E  S E E  A N Y T H I N G  T H E R E ?



T H E  L O C A L  G R O U P

C A N  W E  S E E  A N Y T H I N G  T H E R E ?



SDSS



T H E  L O C A L  G R O U P

T H E  W I Y N  T E L E S C O P E



T H E  L O C A L  G R O U P



T H E  L O C A L  G R O U P



T H E  L O C A L  G R O U P

CWRU Burrell Schmidt



T H E  L O C A L  G R O U P

500 Megapixel Camera



Rhode+ 2013



Leo P with HST—McQuinn+ 2015Rhode+ 2013



Leo P with HST—McQuinn+ 2015

active star formation

galaxies = dark matter + stars + gas (sometimes)

D A R K  M AT T E R  M A S S  =  2 5 , 0 0 0 , 0 0 0  M S U N 
S T E L L A R  M A S S  =  5 6 0 , 0 0 0  M S U N 
G A S  M A S S  =  8 1 0 , 0 0 0  M S U N  

9 5 %  D M  /  3 %  G A S  /  2 %  S TA R S  
D I A M E T E R  =  1 , 7 5 0  LY

L E O  P



UC

HV

C

Ultra-Compact

High Velocity

Cloud

Small <0.5 deg

Nearby, but not in 
the Milky Way

Neutral Hydrogen

Giovanelli+ 2010



Giovanelli+ 2010

• Cosmological simulations 
predict low mass dark 
matter “minihalos” 

• UCHVCs match their 
predicted properties,  
but don’t appear to have 
stars in SDSS/DSS/etc. 

• gas + dark matter 
together?



Selecting a UCHVC sample

36

α.40 sources from Adams+ 2013 & additional ALFALFA sources 
from subsequent observations (100 total)



SDSS DR14



Leo P with HST—McQuinn+ 2015Rhode+ 2013



Leo P with HST—McQuinn+ 2015



Properties of Leo P
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•Distance: 1.62 +/- 0.15 Mpc 
  MV = -9.27 +/- 0.2 Optical Diameter = 704 pc 
  B-V = 0.36+/-0.02, V-R = 0.49+/-0.01 

• Mass: Mstars = 5.6 x 105 M⊙ 

     MHI      = 8.1 x 105 M⊙ 

      Mdyn    = 2.5 x 107 M⊙  (to HI radius) 

• Abundances:   
log(O/H) + 12 = 7.17 +/- 0.04 (1/42nd solar) 
He Abundance (Y) = 0.251 +/- 0.015 
(consistent with primordial: YP = 0.248)

Rhode+ 2013

Table data from Rhode+ 2013,  
Skillman+ 2013, McQuinn+ 2015 McQuinn+ 2015



Why study UCHVCs?
• We can learn about lots of things 

from low mass, gas rich galaxies  
 
star formation 
chemical evolution 
stellar feedback  
galaxy assembly 
dark matter 
cosmological theories 

• and help resolve tensions 
between models and 
observations

Leo P (Giovanelli+ 2013; Rhode+ 2013) Image: HST—McQuinn+ 2015



• Galaxies  
=  
dark matter 
+ 
gas 
+ 
stars

Why study UCHVCs?

Leo P (Giovanelli+ 2013; Rhode+ 2013) Image: HST—McQuinn+ 2015



• Galaxies  
=  
dark matter  
+ 
gas 
+ 
stars?

Why study UCHVCs?

Leo P (Giovanelli+ 2013; Rhode+ 2013) Image: HST—McQuinn+ 2015



Defining a color-magnitude filter

Janesh+ 2015

isochrones 
from  

Girardi+ 2003
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• Select stars 
likely to belong 
to a range of 
stellar 
populations



CMD filter technique

Janesh+ 2019 45

• Step filter 
through range 
of Local Volume 
distances (0.25 
- 2.5 Mpc) 

• Make smoothed 
density maps of 
stars selected 
by CMD filter 
and normalize 
to background 
star counts

AGC 198606 — “Friend of Leo T”



Overdensity significance
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• Generate random uniform distributions of stars, 
track distribution function of highest density;     
how likely this is a random superposition? 
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AGC 198606 — “Friend of Leo T”








