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Figure 10. Comparison between the SFHs of the LCID galaxies shown as
cumulative stellar mass fraction. The upper panel shows only the statistical
uncertainties, The lower panel accounts for estimated systematic uncertainties
as discussed in Dolphin (2012, 2013). A redshift scale is given on the top axis.
(A color version of this figure is available in the online journal.)

shows the larger uncertainties encountered when trying to ac-
count for systematics and, even with the larger uncertainties, the
six galaxies are shown to each have distinctive features in their
SFHs.

Portraying the SFHs as cumulative stellar mass fractions (as
opposed to SFR as a function of time) is the optimal way to
compare observations to theoretical models for several reasons.
Variations in observed SFRs can be strongly affected by time
binning and the changing time resolution as a function of
look-back time. Often, it is possible to have very different
impressions of a single SFH simply by changing the time
binning. It is possible to match the observational time binning by
reducing the resolution in the models, but using the cumulative
stellar mass fraction as the diagnostic avoids this problem
altogether. It is also possible to compare galaxies at any arbitrary
value of the cumulative stellar mass fraction, as opposed to
choosing particular values to focus on. In the comparisons that
follow, we will use the cumulative stellar mass fraction as the
sole diagnostic. Note that there is one obvious failing of the
cumulative stellar mass fraction as the sole diagnostic, and that is
the lack of information about the absolute masses of the systems.
In the following comparisons, we will provide information about
the masses of both the observed and modeled systems.

5. THE EARLY EVOLUTION OF IC 1613 AND THE
OVER-COOLING PROBLEM

5.1. Background

Recently, Orban et al. (2008), Sawala et al. (2011), Weinmann
et al. (2012), and Kuhlen et al. (2012) have all highlighted
the difficulty of producing dwarf galaxies in simulations with
properties comparable to those observed in the current universe.
Together, the introductions to their papers give a comprehensive
overview of the problems with modeling dwarf galaxy evolution.

To summarize, there are two major problems. The first
problem is the observed abundance of low-mass galaxies. The
observed slope of the low-mass galaxy luminosity function is
shallow relative to the slope of the halo mass function and this
difference seems to be a result of an extreme inefficiency of
galaxy-scale star formation over cosmic times. The well-known
problem of “the missing satellites” (Kauffmann et al. 1993;
Klypin et al. 1999; Moore et al. 1999) is one manifestation of
this problem at very low luminosities/halo masses.

The second problem relates to when stars are formed in
galaxies. A natural assumption is that the timescale for global
star formation is related to the timescale of baryonic accretion
onto galaxies. However, low-mass halos assemble almost all
of their (dark matter) mass at high redshift (e.g., Fakhouri
et al. 2010), while essentially all field dwarf galaxies show
star formation continuing to the present day (e.g., Weisz et al.
2011). IC 1613 and Leo A are extreme examples of this, with
essentially a constant SFR across cosmic time for IC 1613 and
delayed star formation in the case of Leo A.

In order to suppress the abundance of low-mass galaxies,
most theoretical models impose strong feedback in small halos
(e.g., Mac Low & Ferrara 1999; Gnedin 2000; Bullock et al.
2001; Stoehr et al. 2002; Kravtsov et al. 2004; Ricotti &
Gnedin 2005; Strigari et al. 2008; Sawala et al. 2010, 2013;
Busha et al. 2010). Two processes can dramatically affect the
formation and evolution of dwarf-sized halos: heating from
the ultraviolet radiation arising from cosmic reionization and
feedback from internal SNe. Both processes are, in principle,
capable of completely halting the star formation in a dwarf halo
and even fully removing all of the galaxy’s gas. Employing
these feedback mechanisms while tying star formation to the
collection of baryons has the effect of predicting that essentially
all star formation in low-mass halos happens at early times.
Both semi-analytic models and hydrodynamical models fail to
satisfactorily reproduce the evolution of low-mass galaxies in
the sense that stellar mass is over-produced per dark matter halo
mass. Stars are produced too quickly at early times, resulting in
stellar mass fractions that are too high by an order of magnitude.
Model galaxies usually do not have the high gas mass fractions
commonly observed in present day dwarfs (e.g., Begum et al.
2008), and, as a result, star formation falls off too fast and the
colors of simulated dwarf galaxies are too red at z = 0. This
is a manifestation of the “over-cooling” problem which is a
challenge for all modeling efforts, but which is exaggerated at
low masses.

The missing satellites problem is largest at the lowest masses,
and IC 1613 is massive enough that it could be expected to
emerge from reionization with its gas intact. Thus, IC 1613
does not provide as strong a test of models for this problem as
the other, less massive, galaxies in the LCID sample. However,
our deep HST observations have produced SFHs for IC 1613
and Leo A with small uncertainties even at earliest times and
have completely ruled out the possibility of an early, dominant
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Figure 10. Comparison between the SFHs of the LCID galaxies shown as
cumulative stellar mass fraction. The upper panel shows only the statistical
uncertainties, The lower panel accounts for estimated systematic uncertainties
as discussed in Dolphin (2012, 2013). A redshift scale is given on the top axis.
(A color version of this figure is available in the online journal.)

shows the larger uncertainties encountered when trying to ac-
count for systematics and, even with the larger uncertainties, the
six galaxies are shown to each have distinctive features in their
SFHs.

Portraying the SFHs as cumulative stellar mass fractions (as
opposed to SFR as a function of time) is the optimal way to
compare observations to theoretical models for several reasons.
Variations in observed SFRs can be strongly affected by time
binning and the changing time resolution as a function of
look-back time. Often, it is possible to have very different
impressions of a single SFH simply by changing the time
binning. It is possible to match the observational time binning by
reducing the resolution in the models, but using the cumulative
stellar mass fraction as the diagnostic avoids this problem
altogether. It is also possible to compare galaxies at any arbitrary
value of the cumulative stellar mass fraction, as opposed to
choosing particular values to focus on. In the comparisons that
follow, we will use the cumulative stellar mass fraction as the
sole diagnostic. Note that there is one obvious failing of the
cumulative stellar mass fraction as the sole diagnostic, and that is
the lack of information about the absolute masses of the systems.
In the following comparisons, we will provide information about
the masses of both the observed and modeled systems.

5. THE EARLY EVOLUTION OF IC 1613 AND THE
OVER-COOLING PROBLEM

5.1. Background

Recently, Orban et al. (2008), Sawala et al. (2011), Weinmann
et al. (2012), and Kuhlen et al. (2012) have all highlighted
the difficulty of producing dwarf galaxies in simulations with
properties comparable to those observed in the current universe.
Together, the introductions to their papers give a comprehensive
overview of the problems with modeling dwarf galaxy evolution.

To summarize, there are two major problems. The first
problem is the observed abundance of low-mass galaxies. The
observed slope of the low-mass galaxy luminosity function is
shallow relative to the slope of the halo mass function and this
difference seems to be a result of an extreme inefficiency of
galaxy-scale star formation over cosmic times. The well-known
problem of “the missing satellites” (Kauffmann et al. 1993;
Klypin et al. 1999; Moore et al. 1999) is one manifestation of
this problem at very low luminosities/halo masses.

The second problem relates to when stars are formed in
galaxies. A natural assumption is that the timescale for global
star formation is related to the timescale of baryonic accretion
onto galaxies. However, low-mass halos assemble almost all
of their (dark matter) mass at high redshift (e.g., Fakhouri
et al. 2010), while essentially all field dwarf galaxies show
star formation continuing to the present day (e.g., Weisz et al.
2011). IC 1613 and Leo A are extreme examples of this, with
essentially a constant SFR across cosmic time for IC 1613 and
delayed star formation in the case of Leo A.

In order to suppress the abundance of low-mass galaxies,
most theoretical models impose strong feedback in small halos
(e.g., Mac Low & Ferrara 1999; Gnedin 2000; Bullock et al.
2001; Stoehr et al. 2002; Kravtsov et al. 2004; Ricotti &
Gnedin 2005; Strigari et al. 2008; Sawala et al. 2010, 2013;
Busha et al. 2010). Two processes can dramatically affect the
formation and evolution of dwarf-sized halos: heating from
the ultraviolet radiation arising from cosmic reionization and
feedback from internal SNe. Both processes are, in principle,
capable of completely halting the star formation in a dwarf halo
and even fully removing all of the galaxy’s gas. Employing
these feedback mechanisms while tying star formation to the
collection of baryons has the effect of predicting that essentially
all star formation in low-mass halos happens at early times.
Both semi-analytic models and hydrodynamical models fail to
satisfactorily reproduce the evolution of low-mass galaxies in
the sense that stellar mass is over-produced per dark matter halo
mass. Stars are produced too quickly at early times, resulting in
stellar mass fractions that are too high by an order of magnitude.
Model galaxies usually do not have the high gas mass fractions
commonly observed in present day dwarfs (e.g., Begum et al.
2008), and, as a result, star formation falls off too fast and the
colors of simulated dwarf galaxies are too red at z = 0. This
is a manifestation of the “over-cooling” problem which is a
challenge for all modeling efforts, but which is exaggerated at
low masses.

The missing satellites problem is largest at the lowest masses,
and IC 1613 is massive enough that it could be expected to
emerge from reionization with its gas intact. Thus, IC 1613
does not provide as strong a test of models for this problem as
the other, less massive, galaxies in the LCID sample. However,
our deep HST observations have produced SFHs for IC 1613
and Leo A with small uncertainties even at earliest times and
have completely ruled out the possibility of an early, dominant
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Figure 10. Comparison between the SFHs of the LCID galaxies shown as
cumulative stellar mass fraction. The upper panel shows only the statistical
uncertainties, The lower panel accounts for estimated systematic uncertainties
as discussed in Dolphin (2012, 2013). A redshift scale is given on the top axis.
(A color version of this figure is available in the online journal.)

shows the larger uncertainties encountered when trying to ac-
count for systematics and, even with the larger uncertainties, the
six galaxies are shown to each have distinctive features in their
SFHs.

Portraying the SFHs as cumulative stellar mass fractions (as
opposed to SFR as a function of time) is the optimal way to
compare observations to theoretical models for several reasons.
Variations in observed SFRs can be strongly affected by time
binning and the changing time resolution as a function of
look-back time. Often, it is possible to have very different
impressions of a single SFH simply by changing the time
binning. It is possible to match the observational time binning by
reducing the resolution in the models, but using the cumulative
stellar mass fraction as the diagnostic avoids this problem
altogether. It is also possible to compare galaxies at any arbitrary
value of the cumulative stellar mass fraction, as opposed to
choosing particular values to focus on. In the comparisons that
follow, we will use the cumulative stellar mass fraction as the
sole diagnostic. Note that there is one obvious failing of the
cumulative stellar mass fraction as the sole diagnostic, and that is
the lack of information about the absolute masses of the systems.
In the following comparisons, we will provide information about
the masses of both the observed and modeled systems.

5. THE EARLY EVOLUTION OF IC 1613 AND THE
OVER-COOLING PROBLEM

5.1. Background

Recently, Orban et al. (2008), Sawala et al. (2011), Weinmann
et al. (2012), and Kuhlen et al. (2012) have all highlighted
the difficulty of producing dwarf galaxies in simulations with
properties comparable to those observed in the current universe.
Together, the introductions to their papers give a comprehensive
overview of the problems with modeling dwarf galaxy evolution.

To summarize, there are two major problems. The first
problem is the observed abundance of low-mass galaxies. The
observed slope of the low-mass galaxy luminosity function is
shallow relative to the slope of the halo mass function and this
difference seems to be a result of an extreme inefficiency of
galaxy-scale star formation over cosmic times. The well-known
problem of “the missing satellites” (Kauffmann et al. 1993;
Klypin et al. 1999; Moore et al. 1999) is one manifestation of
this problem at very low luminosities/halo masses.

The second problem relates to when stars are formed in
galaxies. A natural assumption is that the timescale for global
star formation is related to the timescale of baryonic accretion
onto galaxies. However, low-mass halos assemble almost all
of their (dark matter) mass at high redshift (e.g., Fakhouri
et al. 2010), while essentially all field dwarf galaxies show
star formation continuing to the present day (e.g., Weisz et al.
2011). IC 1613 and Leo A are extreme examples of this, with
essentially a constant SFR across cosmic time for IC 1613 and
delayed star formation in the case of Leo A.

In order to suppress the abundance of low-mass galaxies,
most theoretical models impose strong feedback in small halos
(e.g., Mac Low & Ferrara 1999; Gnedin 2000; Bullock et al.
2001; Stoehr et al. 2002; Kravtsov et al. 2004; Ricotti &
Gnedin 2005; Strigari et al. 2008; Sawala et al. 2010, 2013;
Busha et al. 2010). Two processes can dramatically affect the
formation and evolution of dwarf-sized halos: heating from
the ultraviolet radiation arising from cosmic reionization and
feedback from internal SNe. Both processes are, in principle,
capable of completely halting the star formation in a dwarf halo
and even fully removing all of the galaxy’s gas. Employing
these feedback mechanisms while tying star formation to the
collection of baryons has the effect of predicting that essentially
all star formation in low-mass halos happens at early times.
Both semi-analytic models and hydrodynamical models fail to
satisfactorily reproduce the evolution of low-mass galaxies in
the sense that stellar mass is over-produced per dark matter halo
mass. Stars are produced too quickly at early times, resulting in
stellar mass fractions that are too high by an order of magnitude.
Model galaxies usually do not have the high gas mass fractions
commonly observed in present day dwarfs (e.g., Begum et al.
2008), and, as a result, star formation falls off too fast and the
colors of simulated dwarf galaxies are too red at z = 0. This
is a manifestation of the “over-cooling” problem which is a
challenge for all modeling efforts, but which is exaggerated at
low masses.

The missing satellites problem is largest at the lowest masses,
and IC 1613 is massive enough that it could be expected to
emerge from reionization with its gas intact. Thus, IC 1613
does not provide as strong a test of models for this problem as
the other, less massive, galaxies in the LCID sample. However,
our deep HST observations have produced SFHs for IC 1613
and Leo A with small uncertainties even at earliest times and
have completely ruled out the possibility of an early, dominant
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Figure 10. Comparison between the SFHs of the LCID galaxies shown as
cumulative stellar mass fraction. The upper panel shows only the statistical
uncertainties, The lower panel accounts for estimated systematic uncertainties
as discussed in Dolphin (2012, 2013). A redshift scale is given on the top axis.
(A color version of this figure is available in the online journal.)

shows the larger uncertainties encountered when trying to ac-
count for systematics and, even with the larger uncertainties, the
six galaxies are shown to each have distinctive features in their
SFHs.

Portraying the SFHs as cumulative stellar mass fractions (as
opposed to SFR as a function of time) is the optimal way to
compare observations to theoretical models for several reasons.
Variations in observed SFRs can be strongly affected by time
binning and the changing time resolution as a function of
look-back time. Often, it is possible to have very different
impressions of a single SFH simply by changing the time
binning. It is possible to match the observational time binning by
reducing the resolution in the models, but using the cumulative
stellar mass fraction as the diagnostic avoids this problem
altogether. It is also possible to compare galaxies at any arbitrary
value of the cumulative stellar mass fraction, as opposed to
choosing particular values to focus on. In the comparisons that
follow, we will use the cumulative stellar mass fraction as the
sole diagnostic. Note that there is one obvious failing of the
cumulative stellar mass fraction as the sole diagnostic, and that is
the lack of information about the absolute masses of the systems.
In the following comparisons, we will provide information about
the masses of both the observed and modeled systems.

5. THE EARLY EVOLUTION OF IC 1613 AND THE
OVER-COOLING PROBLEM

5.1. Background

Recently, Orban et al. (2008), Sawala et al. (2011), Weinmann
et al. (2012), and Kuhlen et al. (2012) have all highlighted
the difficulty of producing dwarf galaxies in simulations with
properties comparable to those observed in the current universe.
Together, the introductions to their papers give a comprehensive
overview of the problems with modeling dwarf galaxy evolution.

To summarize, there are two major problems. The first
problem is the observed abundance of low-mass galaxies. The
observed slope of the low-mass galaxy luminosity function is
shallow relative to the slope of the halo mass function and this
difference seems to be a result of an extreme inefficiency of
galaxy-scale star formation over cosmic times. The well-known
problem of “the missing satellites” (Kauffmann et al. 1993;
Klypin et al. 1999; Moore et al. 1999) is one manifestation of
this problem at very low luminosities/halo masses.

The second problem relates to when stars are formed in
galaxies. A natural assumption is that the timescale for global
star formation is related to the timescale of baryonic accretion
onto galaxies. However, low-mass halos assemble almost all
of their (dark matter) mass at high redshift (e.g., Fakhouri
et al. 2010), while essentially all field dwarf galaxies show
star formation continuing to the present day (e.g., Weisz et al.
2011). IC 1613 and Leo A are extreme examples of this, with
essentially a constant SFR across cosmic time for IC 1613 and
delayed star formation in the case of Leo A.

In order to suppress the abundance of low-mass galaxies,
most theoretical models impose strong feedback in small halos
(e.g., Mac Low & Ferrara 1999; Gnedin 2000; Bullock et al.
2001; Stoehr et al. 2002; Kravtsov et al. 2004; Ricotti &
Gnedin 2005; Strigari et al. 2008; Sawala et al. 2010, 2013;
Busha et al. 2010). Two processes can dramatically affect the
formation and evolution of dwarf-sized halos: heating from
the ultraviolet radiation arising from cosmic reionization and
feedback from internal SNe. Both processes are, in principle,
capable of completely halting the star formation in a dwarf halo
and even fully removing all of the galaxy’s gas. Employing
these feedback mechanisms while tying star formation to the
collection of baryons has the effect of predicting that essentially
all star formation in low-mass halos happens at early times.
Both semi-analytic models and hydrodynamical models fail to
satisfactorily reproduce the evolution of low-mass galaxies in
the sense that stellar mass is over-produced per dark matter halo
mass. Stars are produced too quickly at early times, resulting in
stellar mass fractions that are too high by an order of magnitude.
Model galaxies usually do not have the high gas mass fractions
commonly observed in present day dwarfs (e.g., Begum et al.
2008), and, as a result, star formation falls off too fast and the
colors of simulated dwarf galaxies are too red at z = 0. This
is a manifestation of the “over-cooling” problem which is a
challenge for all modeling efforts, but which is exaggerated at
low masses.

The missing satellites problem is largest at the lowest masses,
and IC 1613 is massive enough that it could be expected to
emerge from reionization with its gas intact. Thus, IC 1613
does not provide as strong a test of models for this problem as
the other, less massive, galaxies in the LCID sample. However,
our deep HST observations have produced SFHs for IC 1613
and Leo A with small uncertainties even at earliest times and
have completely ruled out the possibility of an early, dominant

8

The Astrophysical Journal, 786:44 (12pp), 2014 May 1 Skillman et al.

0.0 0.2 0.4 0.6 0.8 1.0
0.0

0.2

0.4

0.6

0.8

1.0

C
um

ul
at

iv
e

S
te

lla
rM

as
s

Fr
ac

tio
n

10 5 2 1 0.5 0.1 0
Redshift (z)

0.0

0.2

0.4

0.6

0.8

1.0

Cetus
Tucana
LGS3
Phoenix
Leo A
IC1613

024681012
Lookback Time (Gyr Ago)

0.0

0.2

0.4

0.6

0.8

1.0

Figure 10. Comparison between the SFHs of the LCID galaxies shown as
cumulative stellar mass fraction. The upper panel shows only the statistical
uncertainties, The lower panel accounts for estimated systematic uncertainties
as discussed in Dolphin (2012, 2013). A redshift scale is given on the top axis.
(A color version of this figure is available in the online journal.)

shows the larger uncertainties encountered when trying to ac-
count for systematics and, even with the larger uncertainties, the
six galaxies are shown to each have distinctive features in their
SFHs.

Portraying the SFHs as cumulative stellar mass fractions (as
opposed to SFR as a function of time) is the optimal way to
compare observations to theoretical models for several reasons.
Variations in observed SFRs can be strongly affected by time
binning and the changing time resolution as a function of
look-back time. Often, it is possible to have very different
impressions of a single SFH simply by changing the time
binning. It is possible to match the observational time binning by
reducing the resolution in the models, but using the cumulative
stellar mass fraction as the diagnostic avoids this problem
altogether. It is also possible to compare galaxies at any arbitrary
value of the cumulative stellar mass fraction, as opposed to
choosing particular values to focus on. In the comparisons that
follow, we will use the cumulative stellar mass fraction as the
sole diagnostic. Note that there is one obvious failing of the
cumulative stellar mass fraction as the sole diagnostic, and that is
the lack of information about the absolute masses of the systems.
In the following comparisons, we will provide information about
the masses of both the observed and modeled systems.

5. THE EARLY EVOLUTION OF IC 1613 AND THE
OVER-COOLING PROBLEM

5.1. Background

Recently, Orban et al. (2008), Sawala et al. (2011), Weinmann
et al. (2012), and Kuhlen et al. (2012) have all highlighted
the difficulty of producing dwarf galaxies in simulations with
properties comparable to those observed in the current universe.
Together, the introductions to their papers give a comprehensive
overview of the problems with modeling dwarf galaxy evolution.

To summarize, there are two major problems. The first
problem is the observed abundance of low-mass galaxies. The
observed slope of the low-mass galaxy luminosity function is
shallow relative to the slope of the halo mass function and this
difference seems to be a result of an extreme inefficiency of
galaxy-scale star formation over cosmic times. The well-known
problem of “the missing satellites” (Kauffmann et al. 1993;
Klypin et al. 1999; Moore et al. 1999) is one manifestation of
this problem at very low luminosities/halo masses.

The second problem relates to when stars are formed in
galaxies. A natural assumption is that the timescale for global
star formation is related to the timescale of baryonic accretion
onto galaxies. However, low-mass halos assemble almost all
of their (dark matter) mass at high redshift (e.g., Fakhouri
et al. 2010), while essentially all field dwarf galaxies show
star formation continuing to the present day (e.g., Weisz et al.
2011). IC 1613 and Leo A are extreme examples of this, with
essentially a constant SFR across cosmic time for IC 1613 and
delayed star formation in the case of Leo A.

In order to suppress the abundance of low-mass galaxies,
most theoretical models impose strong feedback in small halos
(e.g., Mac Low & Ferrara 1999; Gnedin 2000; Bullock et al.
2001; Stoehr et al. 2002; Kravtsov et al. 2004; Ricotti &
Gnedin 2005; Strigari et al. 2008; Sawala et al. 2010, 2013;
Busha et al. 2010). Two processes can dramatically affect the
formation and evolution of dwarf-sized halos: heating from
the ultraviolet radiation arising from cosmic reionization and
feedback from internal SNe. Both processes are, in principle,
capable of completely halting the star formation in a dwarf halo
and even fully removing all of the galaxy’s gas. Employing
these feedback mechanisms while tying star formation to the
collection of baryons has the effect of predicting that essentially
all star formation in low-mass halos happens at early times.
Both semi-analytic models and hydrodynamical models fail to
satisfactorily reproduce the evolution of low-mass galaxies in
the sense that stellar mass is over-produced per dark matter halo
mass. Stars are produced too quickly at early times, resulting in
stellar mass fractions that are too high by an order of magnitude.
Model galaxies usually do not have the high gas mass fractions
commonly observed in present day dwarfs (e.g., Begum et al.
2008), and, as a result, star formation falls off too fast and the
colors of simulated dwarf galaxies are too red at z = 0. This
is a manifestation of the “over-cooling” problem which is a
challenge for all modeling efforts, but which is exaggerated at
low masses.

The missing satellites problem is largest at the lowest masses,
and IC 1613 is massive enough that it could be expected to
emerge from reionization with its gas intact. Thus, IC 1613
does not provide as strong a test of models for this problem as
the other, less massive, galaxies in the LCID sample. However,
our deep HST observations have produced SFHs for IC 1613
and Leo A with small uncertainties even at earliest times and
have completely ruled out the possibility of an early, dominant
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these feedback mechanisms while tying star formation to the
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all star formation in low-mass halos happens at early times.
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mass. Stars are produced too quickly at early times, resulting in
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Model galaxies usually do not have the high gas mass fractions
commonly observed in present day dwarfs (e.g., Begum et al.
2008), and, as a result, star formation falls off too fast and the
colors of simulated dwarf galaxies are too red at z = 0. This
is a manifestation of the “over-cooling” problem which is a
challenge for all modeling efforts, but which is exaggerated at
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and IC 1613 is massive enough that it could be expected to
emerge from reionization with its gas intact. Thus, IC 1613
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•  All galaxies have same halo mass of ~1010 M¤ 
•  No cores for halos with M★< ~106 M¤ (Governato et al. 2012, Di Cintio et al. 2014, 

Dutton et al. 2016) 
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CONCLUSIONS 
•  12 high-resolution gizmo + FIRE simulations of isolated dwarf 

galaxies, all with Mvir(z=0) ~ 1010 M¤  

•  Good agreement between simulations and observed isolated 
dwarfs for M★(z=0), SFH, R1/2, Mdyn/M★ 

•  Strong correlation between early dark matter mass assembly 
and present-day stellar mass 
•  higher concentration, higher Vmax halos build up more stellar 

mass earlier 
•  M★(z=0) correlates well with density reduction 

•  No modification from dark-matter-only simulations below 
M★~106 M¤, increasingly large density reduction and dark 
matter cores at higher stellar masses 

•  Future work: dwarfs in WDM, SIDM (including 
hydrodynamics; see talk by V. Robles) 
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