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Cosmic reionization introduces a characteristic halo mass scale in 
galaxy formation, below which luminous galaxies may not form 

This reconciles the relative scarcity of dwarf galaxies with the 
plentiful low-mass halos predicted in LCDM



Sawala+14, Fattahi+15
•Twelve LG candidates have been re-simulated using the same code used for 
the EAGLE project 
•Any success on LG scales does not come at the expense of failures on large 
scales
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Oman+15

•CDM predicts 
a single mass/
circular velocity 
profile for a 
given velocity 
scale 

•Vmax is 
another way of 
specifying the 
mass of the 
system
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Halo mass-stellar mass in APOSTLE/EAGLE
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Fattahi+17

•Cosmic reionization 
(together with 
feedback from 
evolving stars) 
imposes a sharp 
cutoff in the mass of 
halos that can host 
luminous galaxies

•This predicts that 
most faint galaxies 
are formed in halos of 
similar mass

•Faint dwarfs should 
have similar 
characteristic circular 
velocities
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The “missing satellites” problem

Sawala et al 2016

•The Local Group re-
simulations match 
quite well the observed 
number of satellites of 
each primary and the 
number of dwarfs 
within ~2 Mpc from 
the LG barycentre, 
down to stellar masses 
of order ~105 Msun



The ‘too-big-to-fail problem’

Fattahi+2016

APOSTLE 
predicts masses 

for MW dwarf 
spheroidals in 

good agreement 
with observational 

estimates

APOSTLE satellites are in good agreement in both number and 
structure with observed MW satellites



Halo mass-stellar mass in APOSTLE/EAGLE

Galaxy stellar mass

N
um

be
r 

de
ns

ity

Fattahi+17

•Cosmic reionization 
imposes a sharp 
cutoff in the mass of 
halos that can host 
luminous galaxies

•This predicts that 
most faint galaxies 
are formed in halos of 
similar mass

•Faint dwarfs should 
have similar 
characteristic circular 
velocities

Halo Mass~Vmax3

G
al

ax
y 

St
el

la
r 

M
as

s



Halo mass-stellar mass in APOSTLE/EAGLE

Fattahi+17

•Best data available are 
for nearby Local Group 
satellites

•Dwarf galaxies span a 
relatively wide range of 
circular velocities, but 
lower than predicted

•This is the source of 
many of the alleged 
problems for LCDM on 
the scale of dwarfs

•Offset may be due to (i) 
small size of dwarfs or 
(ii) the effects of tidal 
stripping
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Crater 2: the cold feeble giant
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Fattahi+17

•Crater 2 is an unusual 
dwarf galaxy (Mstar~105 
Msun) because of its 
large size (~ 1 kpc) and 
extremely low velocity 
dispersion (σ~ 3 km/s)

•Both properties are 
extremely unusual 

•Galaxies this large tend 
to be much more 
luminous

•Galaxies this large 
should have much 
higher velocity 
dispersion.
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Credit: Vassily Belokurov

Crater 2 x1000



Halo mass-stellar mass in APOSTLE/EAGLE
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Fattahi+17

•Galaxies this faint 
should live in halos 
with characteristic 
velocities of order ~20 
km/s

•They could have 
lower velocities if they 
are physically small, 
so that they probe the 
rising part of the 
circular velocity curve 

•Crater 2 is too large 
for that.
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Halo mass-stellar mass in APOSTLE/EAGLE
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Fattahi+17

If stripping was 
not important 

there should be 
a strong 

correlation 
between radius 
and velocity for 
dwarf galaxies. 

If stripping is 
the cause of the 
deviation from 
this prediction, 
we can use that 
to recover their 

progenitors

Tidal stripping and dwarf galaxy scaling laws

Radius
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SUMMARY

Julio F. Navarro

• APOSTLE provides compelling solutions to puzzles arising 
on the scale of dwarf galaxies 

• The missing satellites problem 
• Explained largely by reionization and feedback 

• “Too-big-to-fail” problem 
• a result of abundance matching failures, baryon 

effects, and a low Milky Way halo mass 

• Cold Feeble Giants? 
• A result of tidal stripping of satellites in LCDM


