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Spectral models for high-redshift galaxies

  Emission by stellar populations 
Evolution of ‘young’ stellar populations 
Star formation histories 

 The interstellar medium: dust & ionized gas 
    Dust attenuation, self-consistent infrared emission 
    Nebular emission & impact on SEDs 

 Active galactic nuclei 
    Correct for contamination in the mid-IR (and other wavelengths) 
    

 ‘Cosmological effects’ 
    UV absorption by the IGM 
    Effect of the CMB in (sub-)mm observations  
    

 Statistical constraints on physical parameters 
    Fitting SEDs using a Bayesian approach

Recent & ongoing developments / challenges:
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emission by stellar populations



 Stellar evolution prescription 
HR evolutionary tracks for stars of different initial masses & metallicities.

Spectral evolution of a simple stellar population

computed using evolutionary tracks by Marigo et al. (2008)



Spectral evolution of a simple stellar population

 Stellar evolution prescription 
HR evolutionary tracks for stars of different initial masses & metallicities. 

 Spectral libraries 
assign spectrum to a star of given mass, age and metallicity.
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Fig. 1 Evolutionary tracks of solar composition low mass stars
(0.9 - 10 M�) demonstrating the di�erences between four di�erent
models (as labelled): MPA08 (Weiss and Schlattl 2008), BaSTI04
(with/without overshoot; Pietrinferni et al. 2009), and Padova08
(Marigo and Girardi 2007; Marigo et al. 2008) [Courtesy S. Char-
lot].
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Fig. 2 Optical spectra from both theoretical and empirical stellar
libraries (as labelled) demonstrating the improvement of spectral
resolution over time with the associated improvement in library
size [Courtesy S. Charlot].

in GRASIL) and Leitherer et al. (1999) and Vázquez et al.
(2007) (both Starburst99), Vazdekis (1999), Schulz et al.
(2002), Cerviño et al. (2002), Robert et al. (2003), Bruzual
and Charlot (2003, GALAXEV, also commonly referred to
as BC03), Le Borgne et al. (2004, PEGASE-HR), Maraston
(2005, M05, based on fuel consumption theorem), Lançon
et al. (2008), Mollá et al. (2009). Currently less frequently
used are fully theoretical stellar population models such as
González Delgado et al. (2005); Coelho et al. (2007). How-
ever, as recently shown by Walcher et al. (2009), a combi-
nation of semi-empirical and fully theoretical models holds
great promise for the future. As a result of the improve-
ments in stellar evolutionary tracks and stellar libraries, as
well as the codes themselves, stellar population synthesis
models today can recreate broad-band UV to NIR SEDs and
high-resolution spectra in the optical remarkably well.

2.1.2 Validation of SSP predictions

As SSP spectra form the basis of all fitting of galaxy SEDs
and as the complexities of real galaxies may introduce de-
generacies and further uncertainties in the resulting inter-
pretations, it is of primary importance to validate directly
the predictions of the stellar population synthesis models for
SSPs (see e.g. Bruzual A. 2001). For the impact of uncer-
tainties in the stellar parameters e�ective temperature, sur-
face gravity, and iron abundance on the final SSPs see Per-
cival and Salaris (2009).

The ideal testbed for such validations are simple stellar
populations occurring in nature, i.e. co-eval stellar popu-
lations such as globular clusters (GCs), open clusters, and
young star clusters. These objects have been used as such
for some time (e.g. Renzini and Fusi Pecci 1988; González
Delgado and Cid Fernandes 2010), but unfortunately, the ex-
act equivalence between star clusters and SSPs breaks down
for a number of reasons:
1) In star clusters, the stellar populations are a�ected by the
dynamical evolution of the cluster, which leads to mass seg-
regation, and evaporation of low-mass stars in GCs and, in
young star clusters, the expulsion of gas early in their life
time may lead to dissolution (open clusters) or to the loss of
a significant number of stars (though see Anders et al. 2009,
for recent work on dealing with this in SSP models).
2) Clusters also contain exotic stars (e.g. blue straggler stars,
discussed in the following section) which influence the inte-
grated light of the cluster but are not accounted for by most
population synthesis models (though see Xin et al. 2007, for
a discussion on how to account for these).
3) Finally, star clusters only have a finite number of stars.
In a less than 105 M� star cluster, the number of bright stars
is so small, that stochastic fluctuations in the photometric
properties of the cluster are common (Barbaro and Bertelli
1977; Lançon and Mouhcine 2000a; Cerviño and Luridiana
2004, 2006; Piskunov et al. 2009).

(credit: S. Charlot)



 Stellar evolution prescription 
HR evolutionary tracks for stars of different initial masses & metallicities. 

 Spectral libraries 
assign spectrum to a star of given mass, age and metallicity. 

 Initial Mass Function 
how many stars of each mass form in each generation.

Spectral evolution of a simple stellar population
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Figure 4:

Fractional contribution to the total number, mass, and bolometric luminosity as a function of
stellar mass for a 13.5 Gyr solar metallicity model. Lines correspond to different IMFs: a
bottom-heavy with logarithmic slope x = 3.0 (blue line); Salpeter (x = 2.35; black line); MW IMF
(specifically a Kroupa IMF; red line); a bottom-light IMF (specifically of the form advocated by
van Dokkum (2008); green line). The inset in the right panel shows the cumulative luminosity
fraction in logarithmic units. Low mass stars dominate the total number and mass in stars, but
contribute a tiny fraction of the luminosity of old stellar populations.

the stellar mass and number of stars in a galaxy, but contribute only a few percent to the

bolometric light of an old stellar population. At younger ages the light contribution from
low mass stars is even less.

Tinsley (1980) demonstrated that the evolution in M/L for a passively evolving stellar

population is sensitive to the logarithmic slope of the IMF, x, at the main sequence turnoff
point. The logarithmic evolution of the luminosity per logarithmic time (dlnL/dlnt) scales

linearly with x, at least for plausible values of x (see also van Dokkum 2008, Conroy, Gunn & White

2009). This dependency arises because the giant branch dominates the luminosity for all
plausible values of x, and so the IMF determines the rate at which the giant branch is

fed by turnoff stars. Steeper IMFs imply that the giant branch is more richly populated
with time, and therefore the natural luminosity dimming is reduced. For sufficiently steep

IMFs (e.g., x ! 5), the unevolving dwarfs would dominate the light, and so the integrated

luminosity would be approximately constant over time.
It is somewhat less-well appreciated that the IMF above 1M⊙ also strongly affects the

shape of the SED of composite stellar populations. In composite populations the SED is

influenced by stars with a range of masses (see Section 2.3), and so the IMF must play an
important role (see e.g., Pforr, Maraston & Tonini 2012).

2.2 Dust

Interstellar dust is a component of nearly all galaxies, especially those that are actively

star-forming. Dust plays a dual role in SPS, both as an obscurer of light in the UV through
NIR and as an emitter of light in the IR. For both historical and theoretical reasons these

two aspects are often modeled independently of one another. Indeed, these two aspects

are sensitive to different properties of a galaxy (e.g., dust obscuration is highly sensitive to
geometry while dust emission is more sensitive to the interstellar radiation field), and so it

is not unreasonable to decouple the modeling of these two components.

14

Conroy (2013)



Bruzual & Charlot (2003)

spectrum of a SSP 
at a given age 

= 
IMF-weighted sum 
of the spectra of 
stars along the 
isochrone at that 
age

Spectral evolution of a simple stellar population



TP-AGB stars: a closer look

 Can be important for stellar populations with ages 0.5 to 1.5 Gyr 

 Maraston (2005) models predicted NIR fluxes up to 3x higher than BC03 
models, and also sharp absorption features at 1.1 - 1.8 µm 

 Systematic differences in M/L from 0.2 to 0.4 dex

Zibetti+2012:

ISAAC spectroscopic follow-up of a 
sample of z~0.2 post-starburst galaxies 
(where contribution by TP-AGB stars 
should be maximal)

NIR spectroscopy of post-starburst galaxies 3

Figure 1. Comparison between SSPs at the peak of the TP-AGB phase, as derived from Ma05 models (black lines) and BC03 (red lines).
Three different ages, 0.5, 1 and 1.5 Gyr from top to bottom, and three different metallicities, 0.5, 1 and 2 Z⊙ (the highest metallicity
for BC03 is actually replaced by 2.5 Z⊙), from left to right, are considered. Shaded regions correspond to the rest-frame spectral ranges
covered by the H and K band ISAAC spectroscopic setups for the z ≈ 0.2 galaxies presented in this work and include the strong features
at 1.41 and 1.77 µm.

from the NEWFIRM medium band survey (NMBS) to have
ages around 1 Gyr, according to both BC03 and Ma05 mod-
els. Also in this case it is found that BC03 models can re-
produce the observed SEDs much better, in particular the
observed blue optical-NIR colours, which are not reproduced
by Ma05.

In this paper we present the results of the experiment
that we designed to test for the two main predictions of
Ma05 models, namely the presence of sharp NIR spectral

features and the boosted NIR flux, on a sample of PSBs
carefully selected from optical spectroscopy and newly ob-
served in NIR spectroscopy (H and K band) with ISAAC at
the ESO-VLT. The selection criteria and properties of the
sample are fully detailed in Section 2. Here we would like
to stress the uniqueness of this work. i) For the first time
we cover both the optical and the NIR range of PSBs with
flux calibrated spectra to look directly for the NIR spectral
features at 1.41 and 1.77 µm predicted by the Ma05 mod-

c⃝ 2012 RAS, MNRAS 000, 1–21
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18 S. Zibetti et al.

Figure 10. Example of how different models perform in reproducing the SED of a PSB galaxy, specifically PSBJ1006+1308, whose
observed spectrum is shown in black. In the left-hand panel models based on BC03 are overplotted, while models based on Ma05 are
shown in the right-hand panel: the blue lines are used for pure SSP, red solid lines for CPS-S (90% 10-Gyr old component at solar
metallicity) and green dashed lines for CSP-Y (90% 10-Gyr old component at the same metallicity as the young component). The models
plotted here are chosen from each of the simple grids presented in the text and in Fig. 5, 7 and 9 as those that best fit the set of
five optical stellar absorption features sensitive to age and metallicity defined in Gallazzi et al. (2005). All models can reproduce the
spectral absorption features remarkably well (see insets) and agree on the presence of a young component approximately at the peak
of the TP-AGB contribution. However their extrapolations to the NIR regime differ significantly. Most notably, while the inclusion of a
substantial contribution from an old component can help reduce the strong NIR features predicted by Ma05 models, the NIR-to-optical
ratio predicted by these models remains nevertheless too high.

4 SUMMARY AND CONCLUDING REMARKS

We have presented the first spectroscopic study of post-
starburst galaxies covering both the optical (SDSS) and
NIR (our new VLT-ISAAC observations) wavelength ranges,
which was specifically designed to detect the two main sig-
natures of the presence of TP-AGB stars predicted by the
Maraston (2005) models in contrast to “TP-AGB light”
models (such as BC03): i) the strong NIR absorption fea-
tures caused by carbon composite molecular band-heads;
and ii) the boosting of the NIR flux. To this goal, we have
carefully selected a sample of 16 galaxies with post-burst
ages corresponding to the peak contribution by TP-AGB
stars to the NIR flux (0.5–1.5 Gyr), in a broad range of stel-
lar metallicities (≈ 0.2–2.5 Z⊙). These galaxies are at high
enough redshift (0.15–0.25) to allow clean measurements

of the NIR features at rest wavelengths 1.41 and 1.77 µm
through the atmospheric H and K windows. Despite these
ideal conditions for the detection of the characteristic signa-
tures of TP-AGB stars predicted by the Ma05 models, the
16 galaxies in our sample all display smooth, featureless NIR
spectra and blue optical-NIR colours. Interestingly, these ob-
served spectral properties are generally well reproduced us-
ing the BC03 models assuming simple (i.e. single-age) stellar
populations.

We have investigated whether the observations could be
reproduced with Ma05 models as well, by combining stellar
populations of different ages. We find that diluting the light
of a young (i.e. a few 100 Myr old) starburst with that of a
massive old component allows the Ma05 models to reproduce
the typical “E+A” optical spectra of post-starburst galax-
ies characterised by strong Balmer absorption lines and a

c⃝ 2012 RAS, MNRAS 000, 1–21

TP-AGB stars: a closer look

Zibetti+2012
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Figure 3. Composite post-starburst SED (black dots), derived from the individual SEDs (gray dots) of 62 post-starburst galaxies in the NMBS. The individual SEDs
are normalized at 5000 Å before combining. The best-fit Bruzual & Charlot (2003) and Maraston (2005) SPS models to the full spectrum, with the same resolution
as the data, are shown by the orange and purple curves, respectively. The red and blue curves show the respective best fits when excluding λ > 6000 Å in the fit. The
inset represents the minimum χ2 value per degree of freedom vs. the mean stellar age for both SPS models. In the top panel, we show the fractional offset between
the models and the data. The gray shaded area indicates the uncertainties on the composite SED. The Bruzual & Charlot (2003) models more accurately reproduce the
SED shape of post-starburst galaxies than the Maraston (2005) models.
(A color version of this figure is available in the online journal.)

star formation may have been missed (e.g., Miller & Owen
2001; Goto 2007). However, some contamination by a dusty
star-forming population will not compromise our results (see
Section 4.1).

To obtain a homogeneous sample and to avoid modeling
degeneracies, our selection intentionally excludes younger or
heavily dust-obscured post-starburst galaxies and specifically
targets galaxies with short star formation timescales, for which
the TP-AGB phase is most prominent. Therefore, our sample
is likely more restrictive than other spectroscopically selected
post-starburst galaxy samples (e.g., Quintero et al. 2004).
However, for the purpose of this Letter it is not relevant whether
our sample is complete, as long as the selection is not biased
toward any particular SPS model.

3. COMPOSITE SPECTRUM

In order to make a composite spectrum, we deredshift the
SEDs of all galaxies to rest frame, without changing the
observed fluxes. All SEDs are normalized at 5000 Å, the longest
wavelength for which the variations between the different SPS
models are negligible (see Figure 1). We create a composite SED
by averaging the rest-frame fluxes in wavelength bins of 20 data
points each. The uncertainties on the composite spectrum are
determined by bootstrapping.

Figure 3 shows the composite post-starburst galaxy SED in
black. The photometric data points of the individual galaxies are
represented by the gray dots. The uniformity of all individual
SEDs is remarkable and results in a high-quality, low-resolution

TP-AGB stars at higher redshifts

Kriek+2010 : Composite post-starburst SED at 0.7 < z < 2.0



Impact of rotation in the evolution of massive stars

 Rotational mixing affects stellar lifetimes (e.g. Ekstroem+2012) 
 Higher effective temperatures & luminosities (e.g. Leitherer+2008) 
 Stronger mass loss; more (& longer-lived) WR stars 

Levesque+2012: discussion of adding rotation to Starburst99 models

More hot massive stars at both early 
and later ages - stronger ionizing UV 
continuum over a longer lifetime.


Large impact in UV & nebular emission 
studies of high-z galaxies.

The Astrophysical Journal, 751:67 (8pp), 2012 May 20 Levesque et al.

Figure 4. Synthetic FUV spectra generated using Starburst99 when adopting the ROT (red), NOROT (blue), and Meynet94 (gray) stellar evolutionary tracks, showing
the evolution of the spectrum produced by a single coeval stellar population as it ages from 1 to 10 Myr. Key ionization potentials are marked on the x-axis.
(A color version of this figure is available in the online journal.)

Figure 5. As in Figure 4, but showing the evolution of the He ii/H i continuum
ratio with time.
(A color version of this figure is available in the online journal.)

Combined, our examination of these ionizing spectra high-
lights the enormous impact that stellar rotation can have
on a massive star population and its role as the primary
ionizing source in a star-forming galaxy. A rotating stellar
population produces far more high-energy photons and main-

tains this harder FUV spectrum for ∼2 Myr longer than a non-
rotating population. This hardening of the spectrum goes in the
right direction; Levesque et al. (2010) found that the FUV spec-
trum produced by the Meynet94 models was not hard enough to
reproduce observations of emission line fluxes in star-forming
galaxies, and suggested that rotating models might be one way
of improving this discrepancy. However, the current differences
in the models are quite extreme. The hardness of the ioniz-
ing radiation field (measured by the He ii/H i ratio and a key
component in production of emission lines and other properties
driven by a stellar population) changes by up to ∼3 dex when
comparing the NOROT and ROT models, showing that the ROT
population produces a much harder ionizing radiation field and
a substantially increased flux of ionizing photons. While it re-
mains to be seen whether this predicted increase agrees with
the properties of observed stellar populations, these results nev-
ertheless highlight the importance of including stellar rotation
treatments in models of stellar populations.

3.3. Bolometric Luminosity

In addition to its impact on the ionizing spectrum produced
by a stellar population, rotation also directly impacts the popu-
lation’s bolometric luminosity (Mbol). Comparing the evolution
of Mbol with age for our three models (Figure 6), we can see
that the population modeled with rotation is !0.4 mag more
luminous than the newly modeled non-rotating population from

5

Levesque+2012

rotating

non-rotating

Effects of rotational mixing on stellar 
evolution & new massive stellar spectra 
also being currently implemented in the 
newest version of the Bruzual & 
Charlot models (in prep.).



Bruzual & Charlot (2003)

spectrum of a SSP 
at a given age 

= 
IMF-weighted sum 
of the spectra of 
stars along the 
isochrone at that 
age

Spectral evolution of a simple stellar population



Galaxy = many stellar populations
Spectrum of all the stars in a galaxy i.e. ‘composite stellar population’

= ∫ SSP(age,metallicity) x SFR(t)
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Galaxy = many stellar populations
Spectrum of all the stars in a galaxy i.e. ‘composite stellar population’

= ∫ SSP(age,metallicity) x SFR(t)

Main parameters: 
 IMF 
 age (onset of SF) 
 star formation history 
 metallicity (evolution)



Star formation & chemical enrichment histories

Post-processing of the 
Millenium simulation by De Lucia 

& Blaizot (2007)
Constraining galaxy physical parameters 3

Figure 1. Example of galaxy star formation and chemical enrichment histo-
ries inferred from the semi-analytic post-treatment of the Millennium cos-
mological simulation: (a) star formation rate, �, and (b) interstellar metal-
licity, Z, plotted as a function of look-back time, for a galaxy with a present-
day stellar mass of 1.5�1010M⇥. The vertical dashed line marks the evo-
lutionary stage at which the galaxy is looked at in Fig. 3 (corresponding to
a galaxy age of 8.4 Gyr).

et al. 2006) to follow star formation and the associated metal pro-
duction by gas falling into these dark matter haloes. We com-
pute in this way the star formation and chemical enrichment his-
tories of 500,000 galaxies with present-day stellar masses com-
prised between M⇥ ⇤ 5 ⇥ 109h�1M⇥ (corresponding roughly
to the mass resolution of the simulation; Blaizot et al. 2004) and
5⇥1011h�1M⇥. Figure 1 shows an example of star formation and
chemical enrichment histories of a galaxy with present-day stellar
mass 1.5 ⇥ 1010M⇥. The spikes in both curves reflect the various
episodes of interactions and mergers that shaped the evolution of
the galaxy. As shown by Wild et al. (2008), star formation histo-
ries computed in this way account well for the observed properties
of galaxies at different redshifts in the VVDS (0.5 � z � 1) and
SDSS (0.05 � z � 0.1) samples.

About 35 percent of the 500,000 galaxies generated from the
semi-analytic post-treatment of the Millennium simulation do not
form stars at z = 0. These contain a negligible amount of interstel-
lar gas and correspond to the population of present-day early-type
galaxies. The remaining galaxies span a relatively narrow range of
star formation properties. Their specific star formation rates peak
around �S ⇤ 0.1Gyr�1, with a dispersion of only a factor of 2.
Furthermore, the interstellar metallicity Z in these galaxies corre-
lates significantly with �S, in the sense that the most metal-poor
galaxies form stars most actively. The galaxies also have roughly
similar recent histories of star formation, as quantified by the star
formation history parameter fSFH, which we define as the fraction
of the current galaxy stellar mass formed during the last 2.5 Gyr
(this time lag corresponds to the main-sequence lifetime of A-F

the detection threshold for a dark matter halo is 20 particles, i.e. about 1.7�
1010h�1M⇥ (see Springel et al. 2005, for detail).

stars with strong Balmer absorption features). This parameter has
a narrow distribution centred on fSFH ⇤ 0.15, with a dispersion
of only 0.1. The distributions of �S and fSFH are compatible with
roughly constant (overall) star formation over the past 2.5 Gyr in
galaxies more massive than 5 ⇥ 109h�1M⇥, given that 40 per-
cent of the stellar mass formed during this period is returned to the
ISM in the form of winds and supernovae (e.g. Bruzual & Charlot
2003). The above distributions of �S, Z and fSFH are consistent
with the observed properties of nearby, star-forming SDSS galax-
ies (e.g. Kauffmann et al. 2003a; Brinchmann et al. 2004; Tremonti
et al. 2004).

The relatively limited ranges of star formation histories and
interstellar metallicities described above, while appropriate to in-
terpret observations of nearby SDSS galaxies more massive than
5⇥109h�1M⇥, could bias statistical estimates of �S, Z and fSFH

in galaxies drawn from other samples or in different mass ranges
(e.g. Weinmann et al. 2006; see also Section 4.2 below). To avoid
such biases, we broaden the original prior distributions of these
parameters predicted by the semi-analytic recipes of De Lucia &
Blaizot (2007) in 2 ways. Firstly, we widen the range in fSFH by
randomly drawing the evolutionary stage (i.e. galaxy age) at which
a galaxy is looked at in the library. In practice, we draw this stage
uniformly in redshift between z = 0 and 1.7, i.e. the upper limit
beyond which fSFH reaches unity for a substantial fraction of the
galaxies (Fig. 4b below; this resampling makes the proportion of
early-type galaxies drop from 35 to about 10 percent in the library).
Secondly, for galaxies with ongoing star formation at the selected
stage, we broaden the distributions of the current star formation
rate and the current interstellar metallicity, as follows (we define
here as ‘current’ the average of a quantity over a period of 10 Myr
before a galaxy is looked at). We redistribute the specific star for-
mation rate over the interval �2 < log(�S/Gyr�1) < 1 using
the probability density function p[log(�S/Gyr�1)] = 0.05[1.55���log(�S/Gyr�1) + 0.5

��5], which is approximately uniform over
the logarithmic range from �S = 0.03 to 3Gyr�1 and drops to
zero at �S = 0.01 and 10Gyr�1 (Fig. 4c). We redistribute the cur-
rent interstellar metallicity Z logarithmically between 0.1 and 3.5
times solar (Z⇥ = 0.017).

The random resampling of �S and Z for star-forming galaxies
in the library is justified in part by the stochastic nature of star for-
mation and chemical evolution in hierarchical scenarios of galaxy
formation. Also, since the changes impact only the last 10 Myr of
evolution, they have a negligible influence on the global star for-
mation and chemical enrichment histories derived from the semi-
analytic post-treatment of the Millennium simulation. In return, the
use of wider and uncorrelated prior distributions of �S and Z, to-
gether with the broader sampling in galaxy age (and fSFH), greatly
enhances the usefulness of the model library to explore and inter-
pret the spectral properties of observed galaxy populations.

2.2 Galaxy spectral modeling

We now describe the way in which we compute the emission from
stars and gas and the attenuation by dust in the model galaxies gen-
erated in the previous section. The luminosity per unit wavelength
L�(t) emerging at time t from a galaxy can be expressed as (see,
e.g., Charlot & Longhetti 2001)

L�(t) =

⇥ t

0

dt⇤ �(t� t⇤)S�[t
⇤, Z(t� t⇤)]T�(t, t

⇤) , (2.1)

c⇥ 0000 RAS, MNRAS 000, 000–000

Pacifici+2012

Star formation rate

Metallicity

Looks nothing like a 
continuous tau-model! 

Increasing evidence that the 
SFHs of high-redshift galaxies 
need to increase with time. 

e.g. Maraston+2010, Lee+2010, 
Wuyts+2011, Pforr+2012, 
Behroozi+2013, Pacifici+2013
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Figure 2. Optical-NIR color-color diagrams comparing the two observed samples with the three model libraries. The photometric sample and the emission-
line sample (including galaxies with at least one emission line detected with S/N> 5 in equivalent width) are represented by gray filled circles and black
crosses, respectively; open circles indicate objects for which the error in at least one of the two colors is larger than 0.2 dex. The contours show the three
model libraries: ‘basic library’ (left-hand column, orange), computed with exponentially-declining SFHs, fixed metallicity, simple dust attenuation and no
nebular emission lines (Section 3.1.1); ‘P12 without emission lines’ (middle column, green), computed with physically-motivated star formation and chemical
enrichment histories, and sophisticated dust attenuation modelling (Section 3.1.2); ‘P12’ (right-hand column, blue), same as previous, but including nebular
emission lines (Section 3.1.3). In each panel, the three contours mark 50%, 16% and 2% of the maximum density. While the basic models span only a limited
range in color-color space, our most sophisticated model library (P12) can cover the datasets at all redshifts.

library without emission lines can cover reasonably well the bulk
of the observations at all redshifts, which shows the importance of
extending the SFH and dust attenuation parameter spaces (in par-
ticular compared to the basic library). Few observed galaxies fall
outside the contours of this model library, most likely because of
the contamination by the emission lines in the WFC3 bands. The
P12 library, which accounts for the contamination by the emission
lines in the broad bands, spans a very wide range in color-color
space compared to the other two libraries. This library allows us to

cover reasonably well the observed colours, with the exception of
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with detectable emission lines, it is not biased towards the strongest
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tinuum and relatively faint emission lines. The global properties of
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Figure 2. Optical-NIR color-color diagrams comparing the two observed samples with the three model libraries. The photometric sample and the emission-
line sample (including galaxies with at least one emission line detected with S/N> 5 in equivalent width) are represented by gray filled circles and black
crosses, respectively; open circles indicate objects for which the error in at least one of the two colors is larger than 0.2 dex. The contours show the three
model libraries: ‘basic library’ (left-hand column, orange), computed with exponentially-declining SFHs, fixed metallicity, simple dust attenuation and no
nebular emission lines (Section 3.1.1); ‘P12 without emission lines’ (middle column, green), computed with physically-motivated star formation and chemical
enrichment histories, and sophisticated dust attenuation modelling (Section 3.1.2); ‘P12’ (right-hand column, blue), same as previous, but including nebular
emission lines (Section 3.1.3). In each panel, the three contours mark 50%, 16% and 2% of the maximum density. While the basic models span only a limited
range in color-color space, our most sophisticated model library (P12) can cover the datasets at all redshifts.
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Figure 6. Comparison between constraints of physical parameters derived for all 1048 galaxies in the 3D-HST photometric sample using the CLSC (top
panels, in orange) and P12nEL (bottom panels, in green) model spectral libraries to those obtained using the most sophisticated P12 library. In each box, the
big panel show the comparison between the medians of the PDFs, and the small panel represents the difference between the uncertainties (half of the 16-to-84
percentile). The shades, from dark to light, mark 75, 50, 30, 10, and 1% of the maximum density. The black contours mark 50% of the maximum density. In
the top part of each big panel, we show also the average uncertainty in three bins. Each column represents a different physical parameter: stellar mass, star
formation rate, and optical depth of the dust from left to right. The use of simple exponentially declining SFHs (CLSC) can cause strong biases on both the
stellar mass and the star formation rate. The uncertainties on physical parameters estimated using this library may appear to be artificially narrow, hiding the
fact that the models span a too narrow range in specific SFR and mass-to-light ratio. Not including the emission lines in the broad-band fluxes (P12nEL) can
induce a slight overestimate of the SFR, but does not strongly affect the estimates of stellar mass.

Table 2. Differences between median-likelihood estimates and uncertainties of mass, star formation rate, and optical depth of the dust when comparing
constraints with different libraries as shown in Figure 6: P12 vs. basic (left) and P12 vs. P12 without emission lines (right).

P12 − basic P12 − P12 w/o EL
bias ∆ uncertainty bias ∆ uncertainty

16% 50% 84% 16% 50% 84% 16% 50% 84% 16% 50% 84%
log(M∗/M⊙) -0.37 -0.16 0.01 -0.01 0.03 0.08 -0.06 0.00 0.13 -0.08 -0.01 0.02
log[ψ/(M⊙yr−1)] 0.11 0.58 1.71 -0.01 0.17 0.55 -0.64 -0.13 0.15 -0.38 -0.07 0.11
τ̂V -0.91 -0.05 1.23 -0.07 0.13 0.62 -0.45 -0.07 0.15 -0.18 -0.01 0.19
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How should we parameterize the SFH?

Simha+2014
12 V.Simha et al

Figure 3. Galaxy SFR versus time in the winds simulation. Each panel shows an individual galaxy. The thick gray curve shows the
SFR in the simulation, the black solid curve shows the best-fit 4-parameter model (see text), the blue curve shows the best-fit lin-exp
model, and the red curve shows the τ -model. The first three columns from the left show central galaxies in three mass bins, with mass
increasing from left to right, and the right column shows satellite galaxies. The top row shows blue galaxies and each successive lower
row shows a redder colour.
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FIG. 5.ÈE†ective absorption curve (as deÐned by eq. [4]) of our stan-
dard model at di†erent e†ective starburst ages, as indicated. The dashed
curve is from Calzetti et al. (1994). For reference, the wavelength range
where the ultraviolet slope b is determined and the wavelengths of the Ha
and Hb lines are indicated at the bottom. All curves are normalized to
unity at 5500 A! .

in the birth clouds, therefore, has a major inÑuence on the
shape of the e†ective absorption curve.

It is worth pausing here to emphasize the important
implications of the Ðnite lifetime of the birth clouds. As
mentioned in ° 1, emission lines appear to be more attenu-
ated than the continuum radiation in starburst galaxies.
This led Calzetti (1997) to suggest that ultraviolet-bright
stars must be somehow physically detached from the gas
they ionize. In our model, the lines produced in H II regions
and the nonionizing continuum radiation from young stars
are attenuated in the same way by dust in the outer H I

envelopes of the birth clouds and the ambient ISM.
However, since the birth clouds have a Ðnite lifetime, the
nonionizing continuum radiation from stars that live longer
than the birth clouds is attenuated only by the ambient
ISM. The ultraviolet and optical continuum radiation,
therefore, appears to be less attenuated than the lines. This
can be seen clearly in Figures 3c and 4c from the rise in the
Ha/Hb ratio accompanying the drop in the Ha equivalent
width at nearly constant ultraviolet spectral slope as the
e†ective absorption optical depth of the birth clouds
increases above unity. Thus, the Ðnite lifetime of the birth
clouds is a key ingredient for resolving the apparent dis-
crepancy between the attenuation of line and continuum
photons in starburst galaxies.

Since each parameter in our model has a speciÐc inÑu-
ence on the various integrated spectral properties of star-
burst galaxies, we can gain insight into the physical origin of
the relations deÐned by these observed quantities. An
inspection of Figures 2È4 leads to the following conclusions.
(1) The wide observed range of ultraviolet spectral slopes
can be most naturally understood as a spread in the e†ec-
tive absorption optical depth in the ambient ISM, although
variations in the lifetime of the birth clouds could also play
some role. It is worth mentioning that the steep ultraviolet

spectra of the galaxies with largest b cannot originate from
old stars because these galaxies also have large (2) AsWHa.noted above, absorption in the birth clouds is required in
order to explain the large Ha/Hb ratios observed in galaxies
with intermediate ultraviolet spectral slopes. (3) The fact
that and b are all very low at one endL dust/L 1600, L Ha/L Hb,
of the observed relations and all very high at the other end
further suggests that variations in the e†ective optical
depths of the birth clouds and the ambient ISM may be
related (Figs. 2 and 3). To explore the e†ects of simulta-
neously varying and we assume that they areqü

V
BC qü

V
ISM,

related by and Ðx all other parameters at theqü
V
BC \ 2qü

V
ISM

standard values given by equation (30). The results are
shown in Figure 6. Evidently, the models reproduce well the
observed relations between and b inL dust/L 1600, L Ha/L Hb,
Figures 6a and 6b. They also fall roughly in the middle of
the observed ranges of and b in Figure 6c.WHa

FIG. 6.ÈSequences of models with di†erent dust content and qü
V
BC \

The solid curves correspond to di†erent exponents n in the relation2qü
V
ISM.

(as indicated). Dotted lines join models with 1.0, andqü jISM P j~n qü
V
BC \ 0.5,

2.0 (in order of increasing b) to indicate the scale. The dashed curve is a
sequence of models with and from Calzetti et al. (1994). Theqü

V
BC \ 0.0 qü jISMdata points in (a), (b), and (c) are the same as in Figs. 2, 3, and 4, respec-

tively.
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our model to compute the SED of the infrared emission from dust.
We calibrate this model using a sample of 107 nearby star-forming
galaxies observed by IRAS and ISO. In Section 2.3, we show exam-
ples of combined UV, optical and infrared SEDs of different types
of star-forming galaxies.

2.1 Stellar emission and attenuation by dust

We use the latest version of the Bruzual & Charlot (2003) stellar
population synthesis code to compute the light produced by stars in
galaxies. This code predicts the spectral evolution of stellar popu-
lations at wavelengths from 91 Å to 160 µm and at ages between
1 × 105 and 2 × 1010 yr, for different metallicities, initial mass
functions (IMFs) and star formation histories. We use the most re-
cent version of the code, which incorporates a new prescription by
Marigo & Girardi (2007) for the thermally pulsating asymptotic
giant branch (TP-AGB) evolution of low- and intermediate-mass
stars. The main effect of this prescription is to improve the pre-
dicted near-infrared colours of intermediate-age stellar populations
(Bruzual 2007; see also Charlot & Bruzual, in preparation). In all
applications throughout this paper, we adopt the Galactic disc IMF
of Chabrier (2003).

We compute the attenuation of starlight by dust using the simple,
angle-averaged model of Charlot & Fall (2000). This accounts for
the fact that stars are born in dense molecular clouds, which dissipate
typically on a time-scale t0 ∼ 107 yr. Thus the emission from
stars younger than t0 is more attenuated than that from older stars.
Following Charlot & Fall (2000), we express the luminosity per unit
wavelength emerging at time t from a galaxy as

Lλ(t) =
∫ t

0
dt ′ψ(t − t ′) Sλ(t ′) e−τ̂λ(t ′), (1)

where ψ(t − t′) is the star formation rate at time t − t′, Sλ(t′) is the
luminosity per unit wavelength per unit mass emitted by a stellar
generation of age t′ and τ̂λ(t ′) is the ‘effective’ absorption optical
depth of the dust seen by stars of age t′ (i.e. averaged over photons
emitted in all directions by stars in all locations within the galaxy).
The time dependence of τ̂λ reflects the different attenuation affecting
young and old stars in galaxies:

τ̂λ(t ′) =
{

τ̂ BC
λ + τ̂ ISM

λ for t ′ ≤ t0,

τ̂ ISM
λ for t ′ > t0.

(2)

Here τ̂ BC
λ is the effective absorption optical depth of the dust in

stellar birth clouds and τ̂ ISM
λ is that in the ambient ISM. We also

adopt the prescription of Charlot & Fall (2000) to compute the
emergent luminosities LHα(t) and LHβ (t) of the Hα (λ = 6563 Å)
and Hβ (λ = 4861 Å) Balmer lines of hydrogen produced by stars in
the birth clouds. This assumes case B recombination and includes
the possible absorption of ionizing photons by dust before they
ionize hydrogen.

The shape of the effective absorption curve depends on the com-
bination of the optical properties and spatial distribution of the dust.
We adopt the following dependence of τ̂ BC

λ and τ̂ ISM
λ on wavelength:

τ̂ BC
λ = (1 − µ)τ̂V (λ/5500 Å)−1.3, (3)

τ̂ ISM
λ = µτ̂V (λ/5500 Å)−0.7, (4)

where τ̂V is the total effective V-band absorption optical depth
of the dust seen by young stars inside birth clouds, and µ =
τ̂ ISM
V /(τ̂ BC

V + τ̂ ISM
V ) is the fraction of this contributed by dust in the

ambient ISM. The dependence of τ̂ ISM
λ on λ−0.7 is well constrained

by the observed relation between ratio of far-infrared to UV lu-
minosity and UV spectral slope for nearby starburst galaxies (see
Charlot & Fall 2000). The dependence of τ̂ BC

λ on wavelength is less
constrained by these observations, because stellar birth clouds tend
to be optically thick, and hence, stars in these clouds contribute very
little to the emergent radiation (except in the emission lines). For
simplicity, Charlot & Fall (2000) adopt τ̂ BC

λ ∝ λ−0.7 by analogy with
τ̂ ISM
λ . We adopt here a slightly steeper dependence, τ̂ BC

λ ∝ λ−1.3

(equation 3), which corresponds to the middle range of the optical
properties of dust grains between the Milky Way, the Large and the
Small Magellanic Clouds (see section 4 of Charlot & Fall 2000).
This choice is motivated by the fact that giant molecular clouds can
be assimilated to foreground shells when attenuating the light from
newly born stars. In this case, the effective absorption curve should
reflect the actual optical properties of dust grains. We emphasize
that the dependence of τ̂ BC

λ on wavelength has a negligible influence
on the emergent UV and optical continuum radiation. It affects
mainly the attenuation of emission lines in galaxies with large
τ̂ BC
V /τ̂ ISM

V and hence small µ (Section 3.4.2 below; see also Wild
et al. 2007).

The fraction of stellar radiation absorbed by dust in the stellar
birth clouds and in the ambient ISM is reradiated in the infrared.
We write the total luminosity absorbed and reradiated by dust as the
sum

L tot
d (t) = LBC

d (t) + L ISM
d (t), (5)

where

LBC
d (t) =

∫ ∞

0
dλ

(
1 − e−τ̂BC

λ

) ∫ t0

0
dt ′ψ(t − t ′)Sλ(t ′) (6)

is the total infrared luminosity contributed by dust in the birth
clouds, and

L ISM
d (t) =

∫ ∞

0
dλ

(
1 − e−τ̂ ISM

λ

) ∫ t

t0

dt ′ψ(t − t ′)Sλ(t ′) (7)

is the total infrared luminosity contributed by dust in the ambient
ISM. For some purposes, it is also convenient to define the fraction
of the total infrared luminosity contributed by the dust in the ambient
ISM:

fµ(t) ≡ L ISM
d (t)/L tot

d (t). (8)

This depends on the total effective V-band absorption optical depth
of the dust, τ̂V , the fraction µ of this contributed by dust in the
ambient ISM, and the star formation history (and IMF) determining
the relative proportion of young and old stars in the galaxy.

2.2 Infrared emission of the dust

We now present a simple but physically motivated prescription
to compute the spectral distribution of the energy reradiated by
dust in the infrared (i.e. the distribution in wavelength of L BC

d and
L ISM

d ). By construction, the infrared emission computed in this
way can be related to the emission at shorter wavelengths using
equations (1)–(7) above.

2.2.1 Components of infrared emission

The infrared emission from galaxies is generally attributed to three
main constituents of interstellar dust: PAHs, which produce strong
emission features at wavelengths between 3 and 20 µm; ‘very small
grains’ (with sizes typically less than 0.01 µm), which are stochas-
tically heated to high temperatures by the absorption of single UV
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The interstellar medium: ionized gas

 Zero-age ionization parameter 
 Gas-phase metallicity 
 Gas-to-dust ratio 
 Depletion of metals onto dust grains

Additional parameters (CLOUDY):

Ionizing radiation set by the stellar 
population model + SFH


Dust attenuation already 
implemented (CF00) 
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Figure 2. Optical-NIR color-color diagrams comparing the two observed samples with the three model libraries. The photometric sample and the emission-
line sample (including galaxies with at least one emission line detected with S/N> 5 in equivalent width) are represented by gray filled circles and black
crosses, respectively; open circles indicate objects for which the error in at least one of the two colors is larger than 0.2 dex. The contours show the three
model libraries: ‘basic library’ (left-hand column, orange), computed with exponentially-declining SFHs, fixed metallicity, simple dust attenuation and no
nebular emission lines (Section 3.1.1); ‘P12 without emission lines’ (middle column, green), computed with physically-motivated star formation and chemical
enrichment histories, and sophisticated dust attenuation modelling (Section 3.1.2); ‘P12’ (right-hand column, blue), same as previous, but including nebular
emission lines (Section 3.1.3). In each panel, the three contours mark 50%, 16% and 2% of the maximum density. While the basic models span only a limited
range in color-color space, our most sophisticated model library (P12) can cover the datasets at all redshifts.

library without emission lines can cover reasonably well the bulk
of the observations at all redshifts, which shows the importance of
extending the SFH and dust attenuation parameter spaces (in par-
ticular compared to the basic library). Few observed galaxies fall
outside the contours of this model library, most likely because of
the contamination by the emission lines in the WFC3 bands. The
P12 library, which accounts for the contamination by the emission
lines in the broad bands, spans a very wide range in color-color
space compared to the other two libraries. This library allows us to

cover reasonably well the observed colours, with the exception of
some fairly red galaxies with large photometric errors.

Although the emission-line sample includes only galaxies
with detectable emission lines, it is not biased towards the strongest
starbursts. Due to the selection in equivalent-width S/N, it includes
also those massive galaxies with good signal-to-noise of the con-
tinuum and relatively faint emission lines. The global properties of
the two sample are thus quite similar.
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Figure 8. The contamination by the emission lines in the broad band WFC3-F140 as a function of the equivalent widths measured in the WFC3 grism
spectra (left-hand side) and as a function of stellar mass (right-hand side). Crosses represent galaxies with measured Hα and [S II] in the redshift range
0.83 < z < 1.38 (which corresponds to where the two lines contaminate the WFC3-F140 broad band). Circles represent galaxies with measured Hβ and
[O III] in the redshift range 1.47 < z < 2.20. The points are color-coded in specific star formation rate [log(ψS/Gyr−1)]. On the left-hand side, the grey
lines show the same relation using the best-fit model equivalent widths instead of the observations. On the right-hand side, grey marks represent median and
16-to-84 percentiles of the contamination in bins (≃ 0.5 dex wide) of stellar mass for Hα and [S II] (squares) and for Hβ and [O III] (filled circles). For
this particular sample, the contamination of the emission lines in the broad-band WFC3-F140 filter increases from ≃ 0.01 to ≃ 0.5 dex as the stellar mass
decreases.

the results at all redshifts. This shows that the P12 library, com-
bined with 3D-HST data, recovers the known star-formation main
sequence, contrary to the result obtained using the basic library.

We can now use the emission-line sample to explore if the
main sequence is narrower when including emission-line EWs in
the fits compared to photometry alone. Figure 10 shows the SFR
as a function of stellar mass in the same redshift ranges as Fig-
ure 9 when fitting the photometry alone (left-hand panels) and the
photometry+emission-line EWs simultaneously (right-hand pan-
els). Already fitting the photometry alone the scatter is, to some
extent, reduced (≃ 0.5 dex) compared to what we see in Figure 9
for the photometric sample (right-hand side). The average uncer-
tainty on the SFR in the emission-line sample (which includes only
galaxies with well-detected emission lines) is slightly smaller than
that in the photometric sample, and so is the scatter in the relation
between stellar mass and SFR. When we also fit the emission-line
EWs, the uncertainty on the star formation rate is again reduced
(see Section 4.2) and the main sequence becomes tighter at all red-
shifts (with a scatter ≃ 0.4 dex).

6 SUMMARY AND CONCLUSIONS

How well we can extract the physical properties of galaxies from
multi-wavelength observations depends essentially on the assump-
tions in the spectral models we use to interpret the observations,
and on the quality/quantity of the available data. In this paper, we

have investigated how estimates of stellar mass, star formation rate
and dust optical depth are affected by both the use of different
spectral model libraries and the simultaneous use of photometric
and spectroscopic data as opposed to photometric data alone. To
do this, we compile a sample of 1048 GOODS-South galaxies at
0.7 < z < 2.8 from the 3D-HST survey, which provides accurate
photometry from the rest-frame ultraviolet to the near-infrared and
WFC3 grism spectroscopy sampling the rest-frame optical emis-
sion of our galaxies.

We found that widely-used exponentially-declining tau-
models describing the star formation histories of galaxies are not
suitable to reproduce the observed colours of medium-redshift
galaxies. Such models fail to reach low-enough stellar mass-to-
light ratios and thus cause an over-estimation of the stellar mass and
an under-estimation of the star formation rate in the redshift range
we explore. A more sophisticated library of galaxy star formation
histories, based on the semi-analytic post-treatment of a large cos-
mological simulation, succeeds in reproducing the colours of the
observed galaxies and allows us to extract meaningful estimates of
the physical parameters.

Neglecting the nebular emission when fitting broad-band pho-
tometry leads to an over-estimation of the star formation rate, while
it does not strongly affect the estimates of stellar mass in galax-
ies with M > 109M⊙. The bias would certainly be stronger on
both physical parameters for lower-mass galaxies characterized by

c⃝ 0000 RAS, MNRAS 000, 000–000

contamination by nebular emission 
can be important even at 

‘moderate’ redshifts!

[see also de Barros+2014]
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Figure 5. Best-fit models and parameter PDFs for one example galaxy when fitting the photometry alone (left-hand side) and when including the observed
emission-line equivalent widths (right-hand side). Top panels: Observed broad-band magnitudes (black crosses) and best-fit model spectra in full resolution
(blue solid line). Middle panels: Observed grism spectra (black solid line) and best-fit model spectra at the resolution of the observations (blue solid line).
Bottom panels: Probability density functions for (from left to right) stellar mass, star formation rate, gas-phase oxygen abundance, and optical depth of the
dust. 50 (solid line), 16, and 84 (dashed lines) percentiles of the PDFs are marked on top. The photometric fit looks reasonable in both cases, although the
best-fit model spectrum does not reproduce the observed grism spectrum in the first case. When including the observed emission-line equivalent widths as
additional constraints in the fit (right-hand side), the best-fit model spectrum reproduces the observed grism spectrum, and the uncertainties on the physical
parameters (specially SFR, dust attenuation and gas-phase metallicity) are significantly reduced, which shows the constraining power of the emission lines.

rate, and effective V -band attenuation optical depth of the dust) in
a more global way.

4 STATISTICAL CONSTRAINTS ON GALAXY
PHYSICAL PARAMETERS

The accuracy and uncertainty of the constraints on galaxy physical
parameters derived from statistical fits of observations depend both
on the type of observations considered (photometry, spectroscopy)
and on the model spectral library used to interpret these. In this
Section, we first explore the effects of using the three different
model spectral libraries of Section 3.1, which describe with differ-
ent levels of sophistication the stellar and interstellar components
of galaxies, to interpret the same set of observations (photometric
3D-HST sample). Then, we quantify the improvement introduced
by the ability with the P12 spectral library to fit a combination
of photometric and spectroscopic data (available for the 3D-HST
emission-line sample) compared to fitting broad-band photometry.

4.1 Fits to the photometry: classical vs realistic models

In Figure 6, we compare the constraints on stellar mass, SFR, gas-
phase metallicity and optical depth of the dust derived for all 1048
galaxies in the 3D-HST photometric sample using the CLSC (top
panels, in orange) and P12nEL (bottom panels, in green) model
spectral libraries to those obtained using the most sophisticated P12
library. In all cases, the constraints are derived from fits of the 9-
band photometry at observer-frame wavelengths between 0.35 and
3.6 µm, as described in Section 3.3.

Stellar masses. The left-hand panels of Figure 6 show the differ-
ences in the constraints derived on galaxy stellar mass. For each
set of spectral libraries, the top panel shows the comparison be-
tween the median likelihood estimates of stellar mass (color-coded
according to the number of galaxies falling into each bin of the dia-
gram), while the smaller panel at the bottom shows the difference in
the uncertainties associated to these median estimates (see caption
for detail). The results show that stellar-mass estimates derived us-
ing the CLSC spectral library are systematically ≃0.15 dex greater

c⃝ 0000 RAS, MNRAS 000, 000–000

3D-HST WFC3 grism spectrum

Spectral energy distribution

Parameter likelihood distributions

[see also Maseda+2014]Pacifici, da Cunha+2015
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AGN component challenging to compute: large dependence on 
torus parameters, viewing angle, accretion rate etc. 

Emission template: 
- models: large parameter space/ degeneracies 
(e.g. Nenkova+, Fritz+, Siebenmorgen+) 

- empirical: challenging to separate torus/SF contributions 

Start simple: empirical template (Mullaney+2011)

Challenges in modelling AGN contamination
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Challenges in modelling AGN contamination

da Cunha, Juneau, 
Charlot, in prep. 

[see also Berta+12, 
Ciesla+15]



‘cosmological effects’: 
the IGM and the CMB
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Effect of the CMB in (sub-)mm observations
da Cunha, Groves, Walter+2013

cool dust

~ 18 K



Effect of the CMB in (sub-)mm observations
da Cunha, Groves, Walter+20131. Extra heating by the CMB
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Effect on the far-IR/sub-mm dust SEDs
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Effect on the far-IR/sub-mm dust SEDs
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Temperature & emissivity index overestimated 
Dust luminosity & mass underestimated

Effect on the derived intrinsic dust properties



constraining the physical properties 
from observed SEDs



robust 
parameter 
estimate + 
error bar!

Kauffmann+2003, Gallazzi+2005, Salim+2007, da Cunha+2008

SED fitting: Bayesian Method



GOODS 
J123646.67+620833.3 

zspec=0.971

attenuated stellar & line 
emission

dust emission

un-attenuated stellar & 
line emission HST VJH composite

New MAGPHYS spectral energy distribution fit

Physical parameter likelihood distributions



Spectral models for high-redshift galaxies

 Evolution of ‘young’ stellar populations 
    The effect of TP-AGB stars - not as high as previously thought 
    Rotation changes the UV emission of young massive stars 

 Star formation histories 
    We need to do better than tau-models at high redshift 

 Nebular emission 
    Include self-consistently in the SEDs; contamination of broad-band photometry 

 Dust attenuation & dust infrared emission 
    Model dust attenuation and emission self-consistently 

 AGN contamination 
    Empirical template to correct SFRs, stellar masses for excess emission 

 ‘Cosmological effects’ 
    IGM absorption in the UV 
    CMB: heating source & strong observational background in the (sub-)mm

Coming soon at www.iap.fr/MAGPHYS
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