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What we know...

• how the number of stars evolves
• how those stars are distributed over different galaxies

Perez-Gonzalez et al. (2008)
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This talk

• How was this formation history measured?
• Why do we believe it?
• Along the way: a few recent results

• Bonus part







Stellar Population Synthesis modeling
•  Single/simple stellar populations (SSPs):

IMF  x  spectra(stellar mass)

IMF

Stellar
evolution

t=106.6 yrs

t=1010 yrs

star clusters

Stellar Population Synthesis - I
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Widely used models: 
Bruzual & Charlot (2003); Maraston (2005);  PEGASE (Fioc & Rocca-Volmerange (1999); 

Starburst99 (Leitherer 1999); Vazdekis (1999)

Slide from C. Conroy

Estimating galaxy masses ...
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•  Composite stellar populations (CSPs):

SFR x SSP x dust

galaxies

Stellar Population Synthesis - II

An example:  a galaxy made of two populations:

Integrate over
stellar ages t’

Widely used models: 
Bruzual & Charlot (2003); Maraston (2005);  PEGASE (Fioc & Rocca-Volmerange (1999); 

Starburst99 (Leitherer 1999); Vazdekis (1999)
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Colors

Stellar population (mass, age, Z, ...)



Colors

Stellar population (mass, age, Z, ...)

Colors

Photometric redshift



Uncertainties in the SPS models
Uncertainties from fitting/degeneracies



Uncertainties in the SPS models
Uncertainties from fitting/degeneracies



Estimating galaxy masses ...

from kinematic measurementsIntegral-field Spectroscopy 
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• Total flux 
Morphology, photometry 

• Absorption lines 
Stellar kinematics 

LOSVD (V,!,h3,h4) 

Line strength index 
H", Mgb, Fe5015, Fe5270 

• Emission lines 
Gas distribution 

H", [OIII], [NI] 
Line ratios 

Gas kinematics 
V(H"), V([OIII]), FWHM(H"), 
FWHM([OIII]) Reconstructed image Stellar velocity map Mgb line index [OIII] line intensity Gas velocity map 
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taken from R. Davies’ slide



Light Velocity
Velocity

dispersion

NGC7332; Falcon-Barroso et al. (2004)

Model of stellar orbits

Gravitational potential (mass) 

Kinematics

Estimating galaxy masses ...

Dynamical modeling
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∼15 per cent of the observed tilt. For the more reliable correlations

involving σ , comparison of the virial prediction of equation (15) and

the modelling result of equation (7) indicates that non-homology can

account for at most ∼7 per cent of the tilt. Both relations consistently

imply that the FP tilt reflects essentially a real variation of the total

M/L in the central regions of galaxies, which can be due to vari-

ations in the galaxies’ stellar population and/or in the dark matter

fraction. A similar conclusion was reached by Lanzoni et al. (2004)

from general considerations about the observed scaling relations of

early-type galaxies. The comparison of this section, however, in-

volves uncertainties due to the fact that the tilt may depend on the

sample-selection criteria. To assess if this plays an important role

we perform in the next section a direct comparison of the virial

predictions for the M/L derived from our own galaxy sample.

4.5 Comparison with virial predictions of M/L

An alternative way to test the validity of the virial and homology

assumptions and their influence on the FP tilt is to compute the ‘ob-

served’ virial (M/L)vir ∝ R eσ
2
e/L and to compare it directly to the

M/L derived from the dynamical models. This has the advantage

that it can be performed on our own galaxies and does not involve

any choice of FP parameters or selection effects. We fitted the cor-

relations of (M/L)vir, in the I band, with σ and with luminosity,

obtaining:

(M/L)vir ∝ σ 0.82±0.07
e , (16)

(M/L)vir ∝ L0.27±0.04. (17)

Equations (16) and (17) have an observed rms scatter of 19 per cent

and 27 per cent, and are fully consistent with the FP determina-

tions in equations (15) and (14), respectively. The scatter in these

correlations of virial determinations is comparable to the scatter de-

rived using the full dynamical models and, as in that case, appears

dominated by the intrinsic scatter in M/L.

Finally, the most direct way of measuring the accuracy of the

homology assumption is to compare (M/L)vir with the M/L from

the dynamical models. The correlation is shown in Fig. 13 and has
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Figure 13. Comparison between the (M/L)vir = β Reσ
2
e/(L G) derived

from the virial assumption and the M/L obtained from the Schwarzschild

models. The values of (M/L)vir were scaled to match the dynamical M/L,

and the best-fitting factor is β = 5.0 ± 0.1. The solid line is a fit between

the two quantities, while the dotted line represents a one-to-one correlation.

the form

(M/L) ∝ (M/L)1.08±0.07
vir . (18)

The observed slope is consistent with the determination based

on the FP (Section 4.4), implying that both the structural and

the orbital non-homology contribution cannot represent more than

∼15 per cent of the FP tilt (neglecting possible selection effects in

our sample, which are very difficult to estimate). Contrary to all

correlations shown before, the scatter in this correlation is not influ-

enced by the errors in the distance, as both M/L estimates use the

same distance. Adopting an intrinsic accuracy of 6 per cent in the

M/L determinations (Section 4.1), the scatter in (M/L)vir required

to make χ 2/ν = 1 is 14 per cent. The correlation between the virial

and the Jeans estimates gives (M/L)Jeans ∝ (M/L)0.94±0.06
vir with very

similar scatter to the correlation (18).

Comparing the virial and Schwarzschild M/L estimates we can

provide a direct ‘calibration’ of the virial mass, and M/L estimator

(which are often used only in a relative sense):

(M/L)vir =
β Reσ

2
e

(L G)
. (19)

The best-fitting scaling factor is β = 5.0 ± 0.1. We can compare this

value with the predictions from simple dynamical models, as done

by a number of previous authors (e.g. Michard 1980). For this we

computed the theoretical predictions for β from spherical isotropic

models described by the Sérsic profile R1/n , for different values

of n. The computation was performed using high-accuracy MGE

fits to the Sérsic profiles, obtained with the routines of Cappellari

(2002). From the fitted MGE models, which reproduce the profiles

to better than 0.05 per cent, the projected σ values can be computed

with a single one-dimensional numerical integration. The projected

luminosity-weighted σ was then integrated within a circular aper-

ture of radius Re to compute σ e which is needed to determine the

scaling factor β. In the range n = 2–10 the predicted β parameter

is approximated to better than 3 per cent by the expression

β(n) = 8.87 − 0.831n + 0.0241n2. (20)

(cf. Bertin, Ciotti & Del Principe 2002). The precise value predicted

for a R1/4 profile is β = 5.953 [the value becomes β = 5.872 with a

BH of 0.14 per cent of the galaxy mass as in Häring & Rix (2004)],

while the observed value of β ≈ 5.0 would correspond to a Sérsic

index n ≈ 5.5. However, the predictions of equation (20) only apply

in an idealized situation and do not take into account the details

in which (M/L)vir is measured from real data and the fact that

galaxies are not simple one-component isotropic spherical systems.

From our extended photometry (Section 2.2) we measured the n

values for the 25 galaxies of our sample by fitting the observed

radial surface-brightness profiles. The derived Sérsic indices span

the whole range n = 2–10 and will be presented in a future paper.

From the observed variation in the profiles β should be expected to

vary by a factor of ∼2.5 according to the idealized spherical model.

In practice, we find no significant correlation (linear correlation

coefficient r ≈ −0.13) between the measured β [the value required

to make (M/L)Schw = β R e σ 2
e/(L G)] and the one predicted by

equation (20). This shows that the idealized model is not a useful

representation of reality and cannot be used to try to improve the

(M/L)vir estimates. An investigation of the interesting question of

why the β parameter appears so constant in real galaxies and with

realistic observing conditions goes beyond the scope of the present

paper.

The results of this section show that the simple virial estimate of

M/L, and correspondingly of galaxy mass, is virtually unbiased, in

C© 2006 The Authors. Journal compilation C© 2006 RAS, MNRAS 366, 1126–1150
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M ~ β r1/2 σ2 / G

Cappellari et al. (2006)

It doesn’t have to be complicated...



The ultimate test...
comparing dynamical and stellar mass estimates

Dynamical mass
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Taylor et al. (2010)



Dynamical structure

Shape ~ rotation/’diskiness’



Dynamical structure

Ellipticity: Projected shape on sky
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Emsellem et al.  (2011)

Shape ~ rotation/’diskiness’



The shape distribution of early-type galaxies

van der Wel et al. (2009)

~10k SDSS galaxies at 0.04 < z < 0.08 w/o emission lines
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sequences of five exposures.We used the sequence closest in time
to the science observation. Cosmic rays were removed using the
L.A.Cosmic task (vanDokkum 2001). Afterward, all frameswere
checked manually. We subtracted a two-dimensional sky spec-
trum from each exposure, obtained by median averaging the four
dithered exposures in a sequence, masking the target and second-
ary or serendipitous objects, if present. The atmospheric emission
lines, which are bright and abundant in the observed wavelength
range, were used to perform the wavelength calibration. We cor-
rected for distortion in the spatial direction by tracing the target.
All individual exposures were optimally weighted to obtain max-
imum S/N.

There are various atmospheric absorption features in the
observed wavelength range. Because the strength and shape of
these features change with air mass and atmospheric conditions,
we needed to correct each exposure separately. To this end, we
included a blue star in each of our masks, which was reduced

along with the galaxy spectra. After the final combination, the
regions in the galaxy spectra with atmospheric features were
divided by the normalized spectrum of the blue star. Spectro-
scopic standard stars were used to do a relative flux calibration.
One-dimensional spectra were extracted by adding those pixel
rows with more than 25% of the flux of the brightest row,
weighting optimally.

The smoothed one-dimensional spectra are shown in Figures 1
and 2. The coordinates of the objects for which we measured ve-
locity dispersions (see x 2.3) are given in Table 1. Redshifts, S/N,
and emission lines are given in Table 2.

2.3. Velocity Dispersions

Velocity dispersions are obtained by fitting template spectra
to the observed galaxy spectra. The fitting method is exten-
sively described by van Dokkum& Franx (1996). The continua
of both the observed and the template spectra are filtered out in

Fig. 1.—Rest-frame spectra in 8 8 bins of the galaxies in our sample with early-type morphologies, used in the analysis in the subsequent sections. The area around
76008 (observed wavelength) and the positions of bright skylines are excluded from the binning. The wavelength range differs from object to object due to differences
in redshift and slit position. Every spectrum is labeled with the redshifts and an ‘‘e’’ if the spectrum shows one or more emission lines.

EARLY-TYPE GALAXIES AT z ! 1 147No. 1, 2005

How about masses at high redshift?

Deep spectroscopy from ESO’s VLT and high-resolution imaging from HST/ACS:

van der Wel et al. (2005)
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Stellar masses vs. dynamical masses at z = 1

Dynamical mass
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van der Wel et al. (2006)



M ~ β r1/2 σ2 / GIs valid at higher z?



van der Wel & van der Marel (2008)



M ~ β r1/2 σ2 / G

still valid

At z = 1...



M ~ β r1/2 σ2 / G

still valid

Shape ~ rotation/‘diskiness’

At z = 1...

still valid



No evolution in shape distribution of early-types at z < 1

Holden et al. (2011)



z > 1 work: near-infrared observations



HST/NICMOS imaging + Gemini/GNIRS spectroscopy: Kriek et al. (2007); van Dokkum et al. (2008)

Massive early-type galaxies at z ~ 2 are small

also see, e.g., Daddi+05;Trujillo+06; Zirm+07; Toft+07



HST/NICMOS imaging + Gemini/GNIRS spectroscopy: Kriek et al. (2007); van Dokkum et al. (2008)

Massive early-type galaxies at z ~ 2 are small

also see, e.g., Daddi+05;Trujillo+06; Zirm+07; Toft+07



van de Sande et al. (2011)

Stellar masses vs. dynamical masses at z = 2



Compact, massive early-type galaxies at z ~ 2 often have prominent disks

HST/WFC3 imaging: van der Wel et al. (2011)



Early-type galaxies evolve in size gradually

van der Wel et al. (2008)



• Interpretation of high-z galaxy observations is robust

• This is thanks to the complementary approaches of 
dynamical measurements and observationally cheaper 
photometric measurements

Summarizing ...



STARBURSTING DWARF GALAXIES

Bonus part:

a recent result based on
HST imaging/spectroscopy

(van der Wel et al. 2011)
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CANDELS mosaic of GOODS-S



69 candidates in 280 sq. arcmin4 Extreme Emission Line Galaxies

Fig. 3.— Broad-band SEDs of the 12 emission line galaxy can-
didates selected from the GSD field. Units on the y-axis are ar-
bitrary, and the SEDs are incrementally offset by 0.4 dex in the
vertical direction for clarity, sorted by continuum slope, indicated
by the dotted lines. The objects are characterized by flat SEDs
in Fν over the entire range from U band to H band. The J band
noticeably deviates from this trend as the result of strong emission
line contributions, mostly [OIII] at z ∼ 1.7. The observed wave-
lengths for z = 1.7 of various emission lines are indicated by the
vertical dashed lines.

Fig. 4.— WFC3 grism spectra of the four candidates with grism
coverage. The IDs refer to those in Table 1. GSD18 is object
402 from Straughn et al. (2011); the 3 objects in the UDS are
from CANDELS grism observations (Weiner et al., in prep.). The
dashed lines indicate the wavelength of the various emission lines
in the observed frame. These spectra strongly suggest that the ma-
jority of the objects in our sample are [OIII] emitters at z ∼ 1.7.

with what we inferred solely from photometry. We con-

Fig. 5.— Rest-frame V-band absolute magnitude vs. rest-frame
equivalent width of the [OIII] emission line at 5007Å as calculated
from the broad-band photometry as explained in the text and as-
suming that all emission-line galaxy candidates are at z = 1.7.
They span a range in luminosity, Mv = −17 to MV = −20, and
have EW[OIII],5007 between 500Å and 1200Å. See also Table 1.

clude that our sample of extreme emission line galaxies
(EELGs) form the high-EW tail of the general population
of emission line galaxies seen in ACS and WFC3 spec-
troscopic grism observations (e.g., Straughn et al. 2008,
2009; Atek et al. 2010; Straughn et al. 2011).
In principle, Hα emitters at 0.9 < z < 1.1 should also

be included by our selection technique. The spectroscopy
and UV photometry indicate that those must be far fewer
than [OIII] emitters. Whether this is due to selection ef-
fects or evolution in the number density of such objects
remains to be seen. Still, even though our working hy-
pothesis is that all 69 candidates are [OIII] emitters at
z ∼ 1.7, we should keep in mind that some fraction of
our 69 candidates are likely Hα emitters at z ∼ 1.

3.3. Emission Lines and Broad-Band Photometry

We have shown that selecting objects which are much
brighter in J than in I and H works as a rather clean
method for finding strong [OIII] emitters at 1.6 < z <
1.8. Emission line galaxies with such excesses in other
bands also exist, but a systematic search is more compli-
cated as at most redshift ranges, multiple lines (most no-
tably [OIII] and Hα) affect multiple photometric bands.
Therefore, we refrain from conducting such a systematic
search here.
The existence of such emission-line dominated galax-

ies complicates the interpretation of SEDs, which is es-
pecially relevant in the case of the search for and SED
modeling of rare, high-redshift objects. Although con-
tamination by emission lines is often considered to be
a factor (e.g., Labbé et al. 2010), the extremely bright
lines we observe suggests that their effect may be un-
derestimated. Ono et al. (2010) explicitly showed that
red colors in Lyα emitters and z = 7 Lyman break



Slitless grism spectroscopy

direct image dispersed image– 13 –

Fig. 3.— Three example grism spectra for ELGs with detected emission lines only in the

IR grisms. Of note in the sample are intermediate redshift galaxies with extremely faint
continuum fluxes and strong emission lines, as exemplified by Objects 402 and 397 here.

The higher resolution of the WFC3 grisms allows detection of the two [O iii ] λλ4959Å,
5007Å lines (though not resolved) along with Hβ , providing a line identification for these
faint sources with no previously–measured redshifts.

Extracted spectrum



4 confirmed with WFC3 grism spectroscopy

4 Extreme Emission Line Galaxies
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mass ~107-8.5 Msol;   age 5 - 40 Myrvan der Wel et al. 7

Fig. 6.— Masses, ages and star formation rates for the 69
emission-line dominated objects in our sample, derived with the
SB99 model, assuming that all are at z = 1.7, adopting a con-
tinuous SF model with 0.2 times solar metallicity and a Chabrier
IMF. The SFRs indicated by the diagonal lines are simply obtained
by dividing the mass (x-axis) by the age (y-axis). The galaxies
in our sample typically have 108 M! stellar masses with young
ages (5 − 30 Myr), or, equivalently, extremely high specific SFRs
(∼ 5× 10−8 yr−1, or ∼ 50× t−1

Hubble).

nosity from the observed H band magnitude. We cor-
rect the luminosity and the derived mass estimate for
extinction by comparing the continuum slope derived
from the ACS photometry at rest-frame 2500Å, typi-
cally β2500 ∼ −2 (see Table 1), with the SB99 model
prediction (rather constant at β2500 ∼ −2.6 for the ages
of these bursts). If we adopt the Calzetti et al. (2000)
extinction law for starbursting galaxies the typical ex-
tinction is E(B − V ) = 0.2.
The median mass we infer is 8 × 107 M! (see Table

1 and Figure 6). Mass estimates inferred from the in-
stantaneous burst model are only slightly smaller, by
less than 0.1 dex on average. Internal consistency lends
our modeling approach strong credibility: given the in-
ferred ages, masses, and extinction corrections, the SB99
model predicts dust-attenuated rest-frame UV luminosi-
ties that are consistent with the observed rest-frame UV
luminosities – the latter are not used in our modeling
model. Thus, the model successfully describes the ob-
served rest-frame UV and optical continuum spectral en-
ergy distributions as well as the observed emission line
luminosities.
Full modeling of the spectral energy distributions that

includes emission line contributions will be presented in
forthcoming studies that will also include objects with
less prominent emission lines. As a consistency check
with the results presented above we already applied
the method outlined by Finkelstein et al. (2011) to the
galaxies in our sample. This method compares the ob-
served photometry with model spectral energy distribu-
tions that include contributions from nebular and stel-

lar continuum radiation as well as all nebular emission
lines. Free parameters in this modeling procedure in-
clude redshift, stellar mass, extinction and metallicity.
We find photometric redshifts that are consistent with
1.6 < z < 1.8 for the vast majority of the sample. More-
over, the inferred stellar masses and ages are very similar,
even though this model is based on a different stellar pop-
ulation synthesis model (CB07 Bruzual & Charlot 2003).
The implied star-formation rates (see Figure 6) may

lead one to expect that these galaxies have significant
24µm detections. However, we have verified that none of
the 29 candidates in the GSD, which has very deep 24µm
from GOODS, is detected. A possible explanation for
this is the presumably low metallicity, which would result
is relatively small dust masses and, hence, low infrared
luminosities.
The observed IRAC flux densities at 3.6µm and 4.5µm

from GOODS and SEDS21 are in most cases – there are
two exceptions – fully consistent with the expected flux
densities for the bursts observed in the UV. In addition,
the galaxies have the same sizes in the J and H bands, in-
dicating that the spatial extent of the region from which
the line emission originates roughly follows the stellar
light. Hence, there is no evidence for underlying older
stellar populations. However, we cannot rule out their
existence: maximally old stellar populations have mass-
to-light ratios that are up to ∼ 50 times larger than those
of the bursts, even in the near infrared.
If we assume a past star formation rate that is con-

stant after averaging over > 100 Myr time scales we find
upper limits for the mass in older stars that is ∼ 5× the
burst mass. The implied total stellar mass upper limits
are then ! 5 × 108 M!. This caveat notwithstanding,
we assume in the remainder of this paper that there is
no significant population of older stars in these galaxies,
and that the observed bursts account for the total stellar
mass. However, the bottom line is that the total stellar
masses of these objects are well below 109 M!, in the
regime of dwarf galaxies.

5. DISCUSSION

5.1. Comparison with Other Samples

Galaxies with similar properties have previously been
identified through broad-band photometry at z < 0.4 in
the Sloan Digital Sky Survey (Cardamone et al. 2009),
and have been shown by Amoŕın et al. (2010) and
Izotov et al. (2011) to constitute the most strongly star-
forming and most metal poor tail of the well-known class
of blue compact dwarf galaxies (e.g., Sargent & Searle
1970; Thuan & Martin 1981; Griffith et al. 2011), which
have very low metallicities and extremely high, spatially
concentrated star-formation activity (Guzman et al.
1998; Overzier et al. 2008).
Cowie et al. (2011) (also see Scarlata et al. 2009))

recently studied the Lyα properties of high-EW Hα
emitters, providing a direct connection between higher-
redshift searches of Lyα (e.g., Ouchi et al. 2008; Hu et al.
2010), and find Lyα EWs ranging from 20Å to 200Å.
Combining this with the findings of Nilsson et al. (2011),
who show that Lyα emitters at z ∼ 2 are objects with a

21 GOODS and SEDS (Spitzer Extended Deep Survey) provide
the deepest IRAC imaging ever obtained, an excellent probe of
stellar populations at high redshift
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several previous studies, there are two favored scenar-
ios for the origins of dTrans, namely that they are ei-
ther in the last throes of SF or are observed during tem-
porary lulls between episodes of massive star formation
(e.g., Côté et al 1997; Mateo 1998; Grebel et al. 2003;
Skillman et al. 2003a; Côté et al. 2009).
dTrans in the ANGST sample have characteristics

consistent with both scenarios. Those with low gas
fractions (Mgas/Mbaryonic ! 0.4; ESO294-010, ES410-
005, and ESO540-032) typically have positive tidal in-
dices, indicating a higher likelihood of gas loss via in-
teractions (Figure 11). These three galaxies may be
examples of galaxies genuinely transitioning from gas-
rich to gas-poor states. In contrast, the most isolated
dTrans (KK 230, KKH 98, KKR 25, and UA 438) typi-
cally have high gas fractions (" 0.9) and stellar masses
among the lowest in the ANGST sample (Figure 10).
These dTrans have properties consistent with other low
mass dIs, and could simply be low mass dIs lacking
Hα, which can be attributed to a wide range of ef-
fects including temporary episodes between massive star
formation (e.g., Skillman et al. 2003a), a stochastically
sampled or systematically varying IMF (e.g., Eldridge
2010; Weidner & Kroupa 2005), and/or leakage of ioniz-
ing photons (e.g., Ferguson et al. 1996). The remaining
dTrans (Antlia, KDG 2, DDO 6, KDG 52, KDG 73)
appear to be have masses and tidal indices close to the
genuinely transitioning group, but gas fractions similar
to the low mass dIs. It is possible that these galaxies
may have had few interactions, resulting in less gas loss.
Detailed multi-wavelength studies of these galaxies could
provide insight into gas loss mechanisms in dwarf galax-
ies.

6. DWARF GALAXIES IN A COSMOLOGICAL CONTEXT

As the smallest and most pristine galaxies in the Uni-
verse, dwarf galaxies occupy a critical, but poorly con-
strained role in cosmological models of galaxy forma-
tion and evolution (e.g., Moore et al. 1999; Klypin et al.
1999). Because of their intrinsic faintness, dwarf galax-
ies have been difficult to directly detect at cosmologically
significant redshifts (e.g., Mathews et al. 2004).
As an alternate approach to observing high redshift

dwarf galaxies, we present a comparison between the
mean cumulative SFHs of the ANGST sample dwarfs
and the cosmic SFH, as derived from observed UV fluxes
in high redshift galaxies (e.g., Reddy et al. 2008). In the
top panel of Figure 12, we see good agreement between
the cosmic SFH (grey shaded region) and the mean cu-
mulative SFHs of the ANGST dwarf galaxies at z ∼ 2
(10 Gyr ago). At more recent times, the cosmic SFH
increases sharply, while the cumulative SFHs of dwarf
galaxies increase at a slower rate.
This comparison suggests that the largest differences

between SFRs in dwarf galaxies and massive galaxies
studied at higher redshifts are at intermediate and re-
cent epochs. This finding is generally consistent with
the expectations of galaxy ‘downsizing’, where high mass
galaxies preferentially stop forming stars at higher red-
shifts (e.g., Cowie et al. 1996). The precise role of dwarf
galaxies in theories of downsizing is highly uncertain,
making this result difficult to interpret in the context
of current models (e.g., Mouri & Taniguchi 2006). We
also caution that the physical significance of this find-

Figure 12. The mean cumulative SFHs for dSphs (red), dIs
(blue), and dTrans (purple). The error bars represent the
uncertainties in the mean , while the dot-dashed line indi-
cates 50% of the total stellar mass. In the top panel, the
grey shaded region represents the cosmic SFH as measured
by Reddy et al. (2008). We see general good agreement be-
tween the lifetime SFHs of dwarf galaxies and the cosmic
SFH, with some discrepancies at intermediate times (see §6
for further discussion). In the bottom panel, the grey shaded
region represents the expected cumulative SFH for an expo-
nentially declining SFH model, for a range of τ values from
0.1 to 14.1 Gyr. Notice that single valued τ models are not
good representations of the observed SFHs.

ing is still ambiguous due to a several factors including
uncertain AGB star models and redshift dependent dust
corrections applied to the cosmic SFH (e.g., Girardi et al.
2010; Marigo et al. 2010; Reddy et al. 2010). A compar-
ison of SFHs from the entire ANGST sample (including
the most massive galaxies) and the cosmic SFH is pre-
sented in B. Williams et al. (in Prep).
The cumulative SFHs can also provide insight into the

validity of model SFHs often used to describe the evo-
lution of dwarf galaxies. As an illustrative example, we
have selected a simple exponentially declining SF model
(SFR ∝ e−t/τ ; a τ model), and show the cumulative
SFHs for a range of τ values (grey shading) in the lower
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Many or even most stars in present-day dwarf galaxies 
may have formed in strong, short-lived bursts at z > 1

The new observations imply ... 



Thank you!


