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Motivation

• Supernova Ia distances are one of two cosmological 
mainstay methods.


• The main uncertainty remains the host galaxy extinction.


• Evolution in the host galaxy dust extinction could mask or 
mimic cosmological results. 


• There is a tension with the CMB results.

2



Benne W. Holwerda Cosmology from home 2020

II. SNIa light curve fit

Dust Extinction

Pr
ob

ab
ilit

y
SN Intrinsic Color

Pr
ob

ab
ilit

y

Some kind of
probability fit

Distance modulus

?
Observed Lightcurve

+ color
Priors

3



Benne W. Holwerda Cosmology from home 2020

P(AV) scenario

Supernova - Host Galaxy Separation
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Dust Extinction Prior

τ0
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Inclination
x sin(i)

Jha+ (2007), Holwerda+, MNRAS, 2014, 446, 3768, MNRAS, 2015, 451, 2390

Exponential Drop-off Prior
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SNIa residual
• SDSS-III SNIa.


• Match SNIa host 
to occulting 
galaxy.


• mass-
matched 

• radius-
matched 

• The prior is 
stellar mass 
driven.

Holwerda+, MNRAS, 2008, 386, 475, MNRAS 2015, 451, 2390
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Need to know how the prior 
evolves with time

• Star formation peaks at z~1-2 


• Does dust content of galaxies?


• Does dust geometry? 
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Tale of Three Surveys6 Driver et al.

Figure 3. (main panel) Literature galaxy number-counts from
HST in the F160W band (Driver e tal. 2016) compared to those
from the 3D-HST dataset. (top panel) the deviation as a percent-
age between a spline fit to the literature values and the 3D-HST
data. We adopt a flux limit of F160W=26.0mag which equates to
an 20 per cent incompleteness level (i.e., comparable to cosmic
variance uncertainties).

able depth with some sub-regions deeper than others. To
explore the impact of this “ragged edge” we compare the
3D-HST galaxy number-counts to literature values assem-
bled by Driver et al. (2016) in the F160W band. Fig. 3
shows this comparison which agree well with the 3D-HST
data deviating only at very faint magnitudes. The upper
panel shows the deviation as a percentage. We see that 3D-
HST appears to be 90 percent complete at F160W=25.0
mag (in line with the conclusions of Skelton et al. 2014
and Bourne et al. 2016), reducing to 85 per cent complete-
ness at F160W=26.0 mag. Here we do not adopt a specific
flux limit, but note that our sample is e↵ectively limited to
F160W ⇡ 26.0 mag.

2.4 AGN contamination

AGN contamination of all three samples could result in er-
roneously high stellar masses, and star-formation rates for a
small number of interlopers. The impact on dust masses is
less obvious as the dust is fairly impervious to the heating
mechanism. For our star-formation and stellar mass census
it is therefore important to clean our catalogues of AGN.
First we remove significant outliers in stellar mass, i.e., all
systems with masses greater than 1012 M�, this equates to
32, 2, and 66 objects in GAMA, G10-COSMOS and 3D-HST
respectively. For each catalogue we then adopt the following
strategy to remove AGN contaminants:

GAMA: No AGN removal is attempted, beyond the mass
cut mentioned above, as the density at z  0.5 is extremely
low and any AGN component likely to be sub-dominant.

Figure 4. The observed redshift distributions of the final selected
GAMA, G10-COSMOS and 3D-HST datasets (as indicated).

G10-COSMOS: We implement an AGN selection using
the criteria described in Donley et al. (2012, see eqns 1 & 2)
using near and mid-IR selection. In addition we reject radio-
loud sources as identified using the criteria from Seymour et
al. (2008, see fig. 1) using cuts of log10(S1.4GHz/SKs) > 1.5
and log10(S24µm/S1.4GHz) < 0.0. Finally we reject any ob-
ject with recorded flux in any of the 3 XMM bands provided
in the Laigle et al. (2016) catalogue. The 1.4GHz fluxes
were obtained from the VLA-COSMOS survey (Schinnerer
et al. 2007; Bondi et al. 2008). Together these three cuts
should identify naked, obscured, and radio-loud AGN yield-
ing a superset of 849 AGN which we now remove from our
catalogue.

3D-HST: We downloaded the on-line 3D-HST panchro-
matic photometry and once again applied the Donley et al.
cut resulting in the removal of 7,403 AGN. This we recognise
is a conservative cut so we also expand the Donley criteria
adding either a 0.5 mag boundary or a 1.0 mag boundary
around the Donley criteria resulting in a selection of 13,896,
or 33,730 AGN. Later we will use the three AGN cuts (le-
nient, fair, extreme) to include an error estimate due to the
uncertainty in AGN removal.

2.5 N(z) distributions

Fig. 4 shows the final galaxy number-density for each of
our three catalogues versus lookback time, and includes a
combined total of 582,314 galaxies extending over the range
0 to 12 billion years in lookback-time (0 < z < 5). Each
dataset, after trimming and AGN removal, contains approx-
imately 125k galaxies, with GAMA dominating at very low
redshifts, G10-COSMOS at intermediate redshifts, and 3D-
HST at high redshift. The GAMA data dominates out to
z = 0.5, G10-COSMOS to z = 1.75, and 3D-HST to z = 5.
It is worth bearing in mind that the three samples are se-
lected in distinct bands, r, i and F160W for GAMA, G10-
COSMOS and 3D-HST respectively and that the distinctive
4000Å-break passes through these bands at z ⇡ 0.5, 1.0,
and 3.0 and one should expect more severe selection biases
to start to occur beyond these limits (see Table 1).

c� 2012 RAS, MNRAS 000, 1–??
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GAMA, G10, 3D-HST
GAMA, G10-COSMOS and 3D-HST 5

Figure 2. The GAMA, G10-COSMOS and 3D-HST (GOODS-N & -S, UKIDSS-UDS, EGS/AGEIS, COSMOS) survey regions shown on
an Aito↵ projection of the sky (as indicated). The lower zoom panel highlights the equatorial GAMA regions where blue denotes the full
survey regions, and red the distribution of galaxies with complete panchromatic coverage. Also shown in the lower zoom is the various
definitions of the COSMOS region, where COSMOS (purple) denotes ⇠ 2 square degree region covered by HST, G10-COSMOS the
central square degree with consistent spectroscopic coverage (emerald), and 3D-HST the sub-region with HST GRISM (G141) coverage
(cyan). The Aito↵ projection is generated via AstroMap: http://astromap.icrar.org/

http://3dhst.research.yale.edu and constitutes a sample of
207,967 galaxies, stars and AGN from five notable deep HST
studies. The 3D-HST fields are themselves subregions of the
AEGIS, COSMOS, GOODS-S, GOODS-N, and UKIDSS-
UDS HST CANDELS fields, for which there is GRISM
coverage (WFC3/G141 and/or WFC3/G800L), providing
coarse photometric or spectroscopic redshifts over a to-
tal of 0.274 sq arcmins (of which 0.174 sq deg is covered
by the GRISM data, see Momcheva et al. 2016). Overall
the sample has been shown to have a redshift accuracy of
�z/(1 + z) = ±0.003, with some expectation that this ac-
curacy will decrease somewhat below z = 0.7 and towards
fainter magnitudes where the bulk of the redshift estimates
are purely photometric (see Momcheva et al. 2016 their fig-
ures 13 and 14 in particular). In total the 3D-HST cata-
logue contains 204,294 galaxies and AGN with either a spec-
troscopic (3839), GRISM (15518), or photometric (185843)
redshift estimate. In addition the 3D-HST catalogues also

include stellar mass estimates based on SED fitting under
the assumption of a Kroupa (2001) IMF (see Skelton et
al. 2014). Unfortunately far-IR photometry and hence dust
mass estimates do not currently exist for 3D-HST but are
in progress as part of the Herschel Extra-galactic Legacy
Project (HELP; Hurley et al. 2016). Star-formation rates
are estimated via the FAST code of Kriek et al. (2009) as
described in Whitaker et al. (2014). These are based on a
Chabrier IMF and include consideration of both the UV and
mid-IR flux (24 µm). To be fully consistent with the GAMA
and G10-COSMOS datasets we download the panchromatic
photometry provided by the 3D-HST team for each field, re-
formatted and once again apply MAGPHYS to re-determine
stellar masses and star-formation rates in a manner consis-
tent with our GAMA and G10-COSMOS derived values.

Fig. 2 shows the location of the five 3D-HST fields on
the sky (see also Table. 1 of Momcheva et al. 2016 and their
figures 1 and 2). Note that the 3D-HST data is of vari-

c� 2012 RAS, MNRAS 000, 1–??
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MAGPHYS Spectral Energy 
Distribution Fit

2 E. da Cunha et al.

diffuse interstellar 
medium (older stars)

Birth clouds 
(young stars)

Figure 1. Schematic view of the two-component ISM by Charlot & Fall (2000) (top-right):
stars are born in dense molecular clouds – birth clouds – and later (after 107 yr) migrate to
the ambient di↵use ISM. The left-bottom plot shows an example total dust emission SED (in
black) in the infrared range, constructed using the emission components described in da Cunha,
Charlot & Elbaz (2008). The contributions by the birth clouds and the ambient ISM are plotted
in orange and grey, respectively.

clouds which dissipate typically on a time-scale of 107 years. As a result, the non-ionizing
continuum emission from young OB stars and line emission from their surrounding Hii
regions may be absorbed by dust in these birth clouds and then in the ambient ISM,
while the light emitted by stars older than 107 yr propagates only through the di↵use
ISM. This simple model successfully accounts for the di↵erent attenuation of line and
continuum emission in star-forming galaxies. We use this prescription to compute the
total energy absorbed by dust in the birth clouds and in the ambient ISM. We define
the total dust luminosity re-radiated by dust in the birth clouds and in the ambient ISM
as LBC

d and L ISM
d , respectively. The total luminosity emitted by dust in the galaxy is

L tot
d = LBC

d + L ISM
d . We distribute LBC

d and L ISM
d in wavelength over the range from 3

to 1000 µm using four main dust components: (i) the emission from polycyclic aromatic
hydrocarbons (PAHs); (ii) the mid-IR continuum from hot dust; (iii) the emission from
warm dust (30–60 K) in thermal equilibrium; (iv) the emission from cold dust (15–25 K)
in thermal equilibrium. In stellar birth clouds, the relative contributions to LBC

d by PAHs,
the hot mid-infrared continuum and warm dust are kept as adjustable parameters. These
clouds are assumed not to contain any cold dust. In the ambient ISM, the contribution
to L ISM

d by cold dust is kept as an adjustable parameter. The relative proportions of the
other 3 components are fixed to the values reproducing the mid-infrared cirrus emission
of the Milky Way. We find that this minimum number of components is required to ac-
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SED fits 
to all 

kinds of 
galaxies

8 Driver et al.

Figure 5. Four examples of GAMA galaxies at z ⇡ 0.1 processed with MAGPHYS. The left panels show the spectral energy distributions
showing the data points (black circles), limits (triangles) and the dust attenuated (red curve) and dust unattenuated (blue) MAGPHYS
fits, with residual values shown at the bottom. The right side panels show a KZr images from VISTA/VIKING and SDSS, the green
dotted ellipses denote the apertures used by LAMBDAR.

c� 2012 RAS, MNRAS 000, 1–??
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GAMA, G10-COSMOS and 3D-HST 13

Figure 10. (upper) The star-formation v redshift distributions for the three samples. (middle) The stellar mass redshift distribution of
our three complementary samples. (lower) The dust mass redshift distribution for the GAMA and G10-COSMOS datasets.

c� 2012 RAS, MNRAS 000, 1–??

Stellar 
Mass 

Star-
formation 

Dust mass

Back in time
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Star formation volume density18 Driver et al.

Figure 13. The cosmic star-formation history as a function of lookback time. Shown are literature compendia along with the recently
trends reported by Davies et al. (2016) and Madau & Dickinson (2014). Our new measurements from our combined sample are shown
in black with the three error components indicated by the distinct grey shading. The errors are shown as additive with the light grey
indicating statistical error, the grey as the cosmic variance, and the dark grey the AGN classification uncertainty. Note that a figure
showing the same data versus redshift is given in Appendix C. C1.

later epochs (although beware the logarithmic scaling). Very
slightly noticeable is the close agreement at high-redshift
combined with a slight tendency towards low stellar mass
densities at lower-redshift. The 50 per cent point is reached
at approximately 9±1 Gyr lookback time. We also note that
slump in data at z ⇡ 0.5 which cannot be physical (i.e., the
stellar mass density cannot actually decline and rise this
quickly), but is most likely due to cosmic (sample) variance
and an underdensity in the G10-COSMOS at this redshift.

The main advantage of the combined dataset comes
from two principle factors: the homogeneity of stellar mass
estimates across the three datasets, and the size of the sam-
ples, bringing the errors to a significantly narrower distribu-
tion than the assembled literature values.

Finally we also overlay a number of recent high-redshift
literature values (Duncan et al. 2014; Grazian et al. 2015
and Song et al. 2016). These align very closely to our high-
redshift data showing a complete record of the build-up of

c� 2012 RAS, MNRAS 000, 1–??
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Stellar mass volume densityGAMA, G10-COSMOS and 3D-HST 19

Figure 14. The stellar mass density versus lookback time. Shown are literature compendium and recently measurements along with our
measurements form our combined sample (black dots). The grey bands show the error budget, plotted in additive fashion with the light
grey representing the statistical uncertainty, the grey line the cosmic variance and the dark grey the uncertainty from AGN classification.

stellar mass from z = 8 to the present day (i.e, from when
the Universe was 1 Gyr old to the present time).

It is also worth noting that our dominant error at high-z
is due to uncertainty in the AGN identification (dark grey
shading), of course at some point this becomes moot as
galaxies are neither AGN or star-forming but both and ulti-
mately e↵ort is needed to separate the AGN-light from the
stellar emission prior to determining masses.

4.5 The recent decline in dust mass density

Fig. 15 shows our recovered dust mass density against look-
back time. Initially this trend is flat then rising slowly to
z ⇠ 1 with a hint of a decline at our G10-COSMOS redshift
limit of z = 1.75. However, we do not place any significance
in this turn-down at z = 1.75 given the associated errors
indicated by the grey shading.

One of the problems in establishing the veracity of this
result is that fairly little previous data exists at any redshift.
Driver et al. (2008) inferred an estimate from optical data

c� 2012 RAS, MNRAS 000, 1–??
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Dust mass volume density20 Driver et al.

Figure 15. The dust mass density versus lookback time. Shown are various measurements from the literature along with our measure-
ments from the combined GAMA/G10 sample (black dots). The error bands are shown in grey, are additive in indicate the statistical
error (light grey), the cosmic variance error (grey), and the error introduced from including objects with or without far-IR measurements
(dark grey).

combined with a radiative transfer model, while Dunne et
al. (2011) derived measurements from the Herschel-ATLAS
Science Definition Phase. Concurrently to this work, an up-
dated measurement of the low-z dust-mass function was ob-
tained by Beeston et al. (2017), also based on the GAMA
database and the MAGPHYS data presented here.

Compared to the Driver et al. data we find a marginally
(1.5�) lower dust mass density than they reported. This is
likely due to MAGPHYS recovering significantly lower than
expected opacities when compared to the Driver study. In

that study a single opacity value was derived and adopted
for the entire population (⌧o

v = 3.8 ; Driver et al. 2007).
Compared to Dunne et al. our data agree well (all values
are within the 1�-errors, but rather than seeing a rapidly
declining dust mass density we find a relatively flat dust
mass density. We note that Dunne et al. raise some concern
and caution in using their last data point, without which
they concluded a rapidly declining dust density. From an
orthogonal analysis of dust lanes in galaxies, Holwerda et
al. (2012) also concluded fairly flat evolution of the dust

c� 2012 RAS, MNRAS 000, 1–??
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Dust volume density 
evolution

22 Driver et al.

Figure 16. Our derived cosmic star-formation history (upper panels), stellar-mass build-up (middle panels) and dust mass build-up
(lower panels) versus lookback time. Overlain are model lines as described in the text with predictions from numerical simulations
(left-side panels), and our phenomenological model (right-side panels).

c� 2012 RAS, MNRAS 000, 1–??
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Dust Geometry

• MAGPHYS assumes a dust geometry wrt the stellar 
populations. 


• How to convert the changes in average dust density to a 
SNIa bias?

22
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Host Galaxy Prior
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Jha+ 2007

What drives 
evolution in 
the prior’s 

exponential 
drop-off?
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Models, Data and SNIa
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Dust properties?
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Each galaxy has an central 
optical depth measure!
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GAMA, G10-COSMOS and 3D-HST 13

Figure 10. (upper) The star-formation v redshift distributions for the three samples. (middle) The stellar mass redshift distribution of
our three complementary samples. (lower) The dust mass redshift distribution for the GAMA and G10-COSMOS datasets.

c� 2012 RAS, MNRAS 000, 1–??
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Magphys central optical depth 
 for every galaxy in the survey!τV
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Their distribution evolves with 
redshift i.e. P(τV, z)
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Correcting using P(τV, z)
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Eases CMB tension?

31

Holwerda, Mack, 
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Conclusions
• Supernovae are dimmed by 

their host galaxies.


• This likely skews distances.


• SED models of galaxies 
produce central optical 
depth measures.


• Their evolution accounts for 
some but not all discrepancy 
with CMB cosmology.
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