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Abstract

In this work we investigate the presence of young star-forming galaxies at redshifts z=0-7
using spectral energy distribution (SED) fitting. We use photometry in the CANDELS
GOODS-South field, the photometric redshift code Le PHARE and galaxy SED models
from the Yggdrasil package. The Yggdrasil templates have inferior performance than tra-
ditional galaxy models in estimating the redshifts of all galaxies in a flux-limited catalogue
like CANDELS GOODS-S. Nevertheless, the availability of young galaxy templates with
full incorporation of nebular emission in Yggdrasil is crucial to identify young galaxies with
these characteristics at different redshifts. Among the galaxies in our sample with good
redshift recovery, we identify 11.6% of them to be young and star-forming. Moreover, the
percentage of young star-forming galaxies decreases with increasing redshift. We explore
the possibility that this decrease is due to a degeneracy in the SED fitting, which may be
caused by a decline in the signal-to-noise ratio of the photometry in some bands. Simu-
lations suggests that our criterion for securely identifying young star-forming galaxies is
robust.
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1 Introduction

The goal of this work is to investigate the effect of using a family of spectral energy distri-
bution (SED) templates with a full treatment of nebular emission lines on the identification
of young star-forming galaxies at different cosmic times. To do this, we analyze photo-
metric observations of a deep field of galaxies from ultraviolet to near-infrared wavelengths.

Galaxy formation in the early Universe
In order to understand the nature of galaxy formation in the early Universe, we need to
learn about the amount and distribution of different galaxy populations. We can only
obtain this kind of information from a reliable classification of various types of galaxies.
The type we focus on in this work is a young galaxy in its star-forming phase. The earliest
galaxies formed in the Universe are believed to contain a large number of bright, short-lived
stars. These young, star-forming galaxies are characterized by a large amount of nebular
emission in addition to their stellar continuum. Taking such emission lines into account
when modeling galaxies at high redshift may be an essential addition to their SEDs. In
this work we explore a method to identify young star-forming galaxies within a flux-limited
catalogue from a blank field of the sky.

Galaxy SED fitting
Photometric observations in multiple bands can be used to determine the SED of a galaxy.
A redshift determined from this SED is called a photometric redshift. Combined photom-
etry in various bands with different wavelength ranges resemble a spectrum well enough
to distinguish certain spectral features such as the Lyman (912�A) break and the 4000�A
break. Naturally, these features are not seen as sharp as they would appear in a spectrum,
rather they are an addition to the flux on top of the stellar continuum in certain bands.
When we want to examine these features, taking a spectrum is naturally the preferred
method. However, with photometry it is possible to observe fainter objects than with
spectroscopy in less time. Therefore we use photometric redshifts for treating large galaxy
surveys.

In recent years the importance of the contribution of nebular emission lines to the SEDs
of young galaxies gained recognition. The effects studied include physical parameters such
as stellar mass, age and formation redshift (Schaerer & de Barros, 2009; Stark et al., 2014).
Zackrisson et al. (2011) developed a spectral synthesis code with a full treatment of nebular
emission lines, geared toward studying galaxies at high redshift.

In Section 2 I describe the datasets used and summarize my work methodology. In
Section 3 I present my results: photometric redshifts obtained by SED fitting, their de-
pendence on the signal-to-noise ratio of the photometry, and the identification of a robust
set of young star-forming galaxies. My conclusions are discussed in Section 4.
Throughout this work, we use AB magnitudes (Oke & Gunn, 1983), and assume a cosmol-
ogy with H0 = 70 km s−1 Mpc−1 and a flat Universe with Ωm = 0.3 and ΩΛ = 0.7.
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2 Data and Methodology

2.1 Photometric catalogue

All results in this work are based on the publicly available Cosmic Assembly Near-infrared
Deep Extragalactic Legacy (CANDELS ) survey (Grogin et al., 2011; Koekemoer et al.,
2011), in particular the South (’S’) field of the Great Observatories Origins Deep Survey
(GOODS ) (Guo et al., 2013). Among these Great Observatories are the Hubble Space
Telescope (HST ), Spitzer and Chandra, some of the world’s most high-end telescopes.
The observations in the CANDELS GOODS-S field are among the deepest and richest
to date, which makes it an excellent field to study cosmic star formation history, galaxy
formation and galaxy evolution.
In this study we use CANDELS photometry from 15 filters, ranging from ultraviolet (UV)
to near-infrared (NIR) wavelengths, which are listed in Table 1. In total, 17 filters were
used for the observations, including HST ’s infrared Wide Field Camera 3 (HST/WFC3 )
and optical Advanced Camera for Surveys (HST/ACS ). Data from two IRAC filters (5.8
and 8.0 µm) is left out of our analysis, because their photometry is less sensitive than the
other bands. Additionally, Le PHARE could confuse radiation of such wavelengths with
infrared dust emission at low redshift.
The CANDELS catalogue covers 173 arcmin2 centered at RA 03h32m30s, dec -27°48m20s

(Equatorial J2000), and contains 34930 objects.

Instrument Band Effective wavelength

CTIO U 3715 �A
VIMOS U 3766 �A
HST/ACS F435W 4316 �A

F606W 5733 �A
F775W 7634 �A
F814W 7864 �A
F850LP 8974 �A

HST/WFC3 F098M 9802 �A
F105W 1.04 µm
F125W 1.23 µm
F160W 1.58 µm

ISAAC Ks 2.15 µm
HAWKI Ks 2.13 µm
Spitzer/IRAC CH1 3.51 µm

CH2 4.44 µm

Table 1: Filters from the CANDELS survey of which the photometry is used in this re-
search. The bands cover UV (CTIO, VIMOS ), optical (HST/ACS ) and NIR (HST/WFC3
up to IRAC ) wavelengths.
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2.2 Software: photometric redshift computation

In order to obtain photometric redshifts for our sources, we use a public set of Fortran
programs called Le PHARE (PHotometric Analysis for Redshift Estimations) (Arnouts
et al., 1999; Ilbert et al., 2006). This software package calculates redshifts by combining
photometric data and models of spectral energy distributions.

Le PHARE is composed of three parts or phases, of which only the first two are relevant
for this research:

• A phase for the set-up, which includes selection of SED models, a set of filters and
computation of theoretical magnitudes using these settings;

• A program that computes the photometric redshifts of an input dataset;

• A simulation program for generating catalogues (not of interest here).

In the first phase, libraries containing the theoretical magnitudes are constructed using
galaxy SED templates and filter transmission curves. A transmission curve describes the
fraction of light received as a function of wavelength, and is instrument- and temperature-
dependent. Le PHARE comes with a standard package of transmission curves for various
filters. The remaining ones were found in the SVO filter profile service (Rodrigo et al.,
2012).

Emission lines
A key point in this research is to investigate how the contribution of nebular emission lines
affects photometric redshift determination. Le PHARE comes with the option to add the
most prominent emission lines1 to the provided templates. Because we want full control
about which lines are used, we choose to have Le PHARE not put emission lines into our
templates. In the next section we elaborate on which templates are used in this research.

Configuration
Before running Le PHARE, the input catalogue is formatted to fit how Le PHARE expects
it to be. Objects that are not observed in a band2 have their flux and error set to (-99.9,
-99.9) in that band, instead of the CANDELS standard of (-99.0, -99.0). Limiting magni-
tudes are applied on non-detections and the catalogue is corrected for galactic extinction.
We convert fluxes to magnitudes throughout the catalogue. In addition, we set a lower
limit on the error to avoid an overestimated accuracy. The minimum error is set to be 0.05
mag in the first 13 bands, and to 0.1 mag in the two IRAC bands. In Table 2 we list a
number of parameters that are used to configure Le PHARE.

1Hα, Hβ, [OIII] and [OII]
2i.e. there is a lack of coverage: not the entire area of the GOODS-S field was observed in all filters, so

there is an incomplete overlap.
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Parameter Values

Redshift [zmin, zmax, dz] [0, 7, 0.01]

Extinction law Calzettia

E(B-V) 0.0, 0.05, 0.1, 0.2, 0.3, 0.5, 0.8, 1.0

Metallicity Z�

Table 2: Parameters specified in Le PHARE for the calculation of photometric redshifts.
aCalzetti et al. (2000)

2.3 SED fitting

In this work we use a set of SED models from the Yggdrasil package (Zackrisson et al.,
2011), a spectral synthesis code aimed at modeling high-redshift galaxies which include a
more complex set of nebular emission lines than Le PHARE. The templates correspond to
galaxies with a constant star formation rate (SFR) up until a certain age, after which the
SFR drops to zero.
Despite their somewhat simplistic step-function star formation history (SFH), these SED
models carry an important advantage: unlike traditional templates such as those presented
by Bruzual and Charlot (2003), the Yggdrasil templates include an extensive set of emis-
sion lines (see Figure 1). The emission lines are a significant addition to the continuum
radiation, especially for young star-forming galaxies at high redshift. That is why the
Yggdrasil templates are well-suited for use on high redshift samples of galaxies which are
expected to be young, such as done by Ström (2012), Rydberg et al. (2015) and Bisigello
et al. (2017). Here, we extend the use of the templates to a wider range of redshifts, z=0-7,
to find out whether they produce sensible results with a more general sample, too.

Although we use the Yggdrasil templates throughout this work, we obtain photometric
redshifts both with Yggdrasil and Bruzual&Charlot templates to investigate the overall
performance of these template families in the determination of photometric redshifts.
The relevant properties of the Yggdrasil and Bruzual&Charlot templates we use are listed
in Table 4, and the templates’ ages ranging from 50 Myr to 12 Gyr can be found in Table
3. In order to be consistent in controlling the effect of emission lines, none were added to
the Bruzual&Charlot templates while running Le PHARE with them.

Model number 1 2 3 4 5 6 7 8 9 10 11 12

Age (Gyr) 0.05 0.2 0.4 0.6 0.8 1.0 1.2 1.5 2.0 4.0 8.0 12.0

Table 3: The age in units of 109 years of the SED templates used in this work.
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Figure 1: The SED of two Yggdrasil templates of age 50 Myr. The blue line is a template
with emission lines (fcov=1), the red line is one without emission lines (fcov=0). The most
prominent lines are indicated. Note that the Lyman α (Lyα) line extends above the figure
boundaries.

Parameter Values (Ygg a) Values (Ygg b) Values (BC03)

SFH type step-function step-function declininga

τSFH (Gyr) 0.1 0.1 0.1, 1, 10

fcov 1 0b -

Table 4: Properties of the SED templates. Ygg a denotes the run with the Yggdrasil
templates including emission lines, Ygg b the run without emission lines in the youngest
template, and BC03 are the Bruzual and Charlot (2003) templates.
aSFH ∝ exp−t/τ

bfcov = 0 only for the youngest template (model number 1, age 50 Myr)
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3 Results

In the following sections the results from Le PHARE ’s photometric redshift computation
are discussed, along with a number of criteria for the identification of a robust set of young,
star-forming galaxies.
The parameters of the output from Le PHARE that we use in this section, are:

1. ID: the identification number of the object, same as in the input catalogue.
2. zphot: the best estimate (best solution) for the photometric redshift.
3. χ2

red: the reduced value of χ2 corresponding to the best solution.
4. Model number: the SED template used to find the best solution.
5. Nbands: The number of photometric bands that were used to determine the best

solution.

Figure 2: Left: The photometric redshifts as computed by Le PHARE in run a, compared
to those computed by Dahlen et al. (2013). In green the identity line is shown. In red,
redshift bins of size 1 are indicated. The objects within those bins are selected for further
analysis.
Right: The same plot, but with the results of run b on the vertical axis.

3.1 Le PHARE photometric redshifts

In this section we compare photometric redshifts obtained with three different sets of
templates: Yggdrasil templates with emission lines, which we call “run a”, Yggdrasil tem-
plates without emission lines (“run b”) and Bruzual&Charlot templates (see Table 4).
Our photometric redshifts are plotted against a set of photometric redshifts by Dahlen
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Figure 3: Photometric redshifts as computed by Le PHARE in a reference run with tem-
plates from Bruzual and Charlot (2003) (see Table 4).

et al. (2013). They combine photometric redshifts found by 11 different studies in the
CANDELS GOODS-S field into a mean photometric redshift, creating a robust dataset
that we utilize here to compare our own results with.
The Dahlen et al. (2013) redshifts cover a range of zDahlen=0-10, while our research focuses
on the range z=0-7. Selecting the Dahlen reference redshifts in the range zDahlen=0-7, we
continue our analysis on 34587 out of the 34930 CANDELS objects.

Redshifts from “run a”
Figure 2 (left) shows the photometric redshift as determined by Le PHARE in run a
against the Dahlen set of photometric redshifts. The purpose of the red dashed lines plot-
ted around the identity line will be discussed in the next section.
A feature that stands out immediately in this plot is the collection of horizontal stripes at
redshifts zphot,a < 2.
Additionally, two ‘arms’ are extending above and below the main collection of redshifts
along the identity line. These features are probably originating from a degeneracy in the
identification of the Lyman and 4000�A break, two well-known spectral breaks in galaxy
SEDs. This degeneracy means that in the redshift fitting, either the Lyman break (at
912�A) is treated as being the 4000�A break, resulting in a slight systematic overestimation
of the redshift associated with that object, or the other way around, resulting in a system-
atic underestimation of the redshift. The lower arm shows most clearly, while the upper
arm has a more cloud-like appearance.
Moreover, our redshifts above z=5 are slightly overestimated, as they can be seen to lie
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just next to the identity line. This deviation may be explained by the fact that most of
the photometric redshifts in Dahlen et al. (2013) have been obtained without including
emission lines, while ours do include them.

The level of agreement between two samples of redshifts can be measured using the
fraction of outliers and the root mean square (rms) deviation (δz)rms, determined from the
scatter in redshift δz:

δz =
|zphot − zref |

1 + zref
, (1)

where zphot is the photometric redshift as calculated by Le PHARE, and zref is the refer-
ence redshift, in this case zphot,Dahlen. The fraction of ‘outliers’ is taken to be the fraction
of objects that satisfy δz ≥ 0.15. We determine an rms deviation of (δz)rms = 0.039 for
run a, calculated after excluding the 35.5% of objects that are outliers. We recognize that
this is a relatively large fraction of outliers, but want to remind the reader that this is an
exploratory study to investigate the overall performance of the Yggdrasil templates on a
blank catalogue.

Redshifts from “run b”
Figure 2 (right) shows the photometric redshifts as determined by Le PHARE in run b
against the Dahlen set of photometric redshifts. This run is performed to find out whether
the youngest template in run a with nebular emission lines is significantly better than a
young template without them. Run b has the same Le PHARE settings as run a (see
Table 4), except for a covering factor fcov = 0 in the template of age 50 Myr, effectively
letting interstellar gas absorb all line emission.
In the run b plot, we recognize the same systematic under- and overestimations where
the Lyα and 4000�A break are interchanged in the SED fitting. The horizontal features
at lower redshifts are less clear, while the cloud-like structure around 2 ≤ zphot,a ≤
3 and 0 ≤ zphot,Dahlen ≤ 1 is more pronounced. The slight overestimation of most red-
shifts at zphot,a ≥ 5 has disappeared. This strengthens our belief that the incorporation of
emission lines has an effect on the photometric redshift determination of at high redshifts.
The run b plot has a fraction of outliers equal to 32.4%. After excluding these objects, we
find that (δz)rms = 0.039 for the ‘good’ objects in this run as well.

Redshifts from Bruzual&Charlot
In Figure 3 we plot the photometric redshifts as determined by Le PHARE with the
Bruzual&Charlot templates (see Table 4) against the Dahlen redshifts. We recognize the
same supposed degeneracy between the identification of the Lyman break and the 4000�A
break, manifested as two arms extending above and below the identity line. Additionally,
we see some horizontal structure at low zphot,B&C , similar to the two Yggdrasil results.
The main difference between the results using the Yggdrasil templates and the Bruzual&Charlot
templates is the smaller amount of scatter at low redshifts. Indeed, we find a slightly lower
rms error of (δz)rms = 0.035, after excluding 17.8% of outliers, for the photometric redshifts
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determined using the Bruzual&Charlot templates. This indicates a better agreement of
the Bruzual&Charlot photometric redshifts with those from Dahlen et al. (2013).

Despite their higher fraction of outliers, we continue our analysis with the results from
the Yggdrasil templates. Although the traditional Bruzual&Charlot templates appear to
be the logical choice, we remind the reader that this work is a pilot study on how well we
can identify young star-forming galaxies in a general sample by SED fitting, using a family
of SEDs that include a full treatment of nebular emission lines.

3.2 Selection of young star-forming galaxies

We apply a number of selection criteria in order to identify young, star-forming galaxies
within our sample. After each step, the number of galaxies within our selection decreases,
until we get a reliably classified of ‘securely’ young, star-forming galaxies. The results of
this Section and Section 3.4 are summarized in Table 5.

First of all, we divide the results into seven redshift bins. An indication of the distri-
bution of photometric redshifts can be seen in Figure 2 for two runs with the Yggdrasil
templates, and in Figure 3 for a run with the more traditional Bruzual and Charlot (2003)
templates. Within the seven redshift squares indicated in Figure 2, 24547 objects are con-
tained, i.e. 71% of the original sample. Hereafter, this set of 24547 sources will be referred
to as our analysis sample.

Secondly, we consider ‘young’ galaxy candidates to be those that choose the youngest
Yggdrasil SED template with emission lines (run a) as best solution. This template is the
only one corresponding to a galaxy that is still in its star-forming phase. These sources
are the ones that we isolate for further analysis. 15503 out of 24547 galaxies in our sample
choose this template, i.e. 63% of the analysis sample. For the redshift distribution of these
young star-forming galaxies, see the fourth column of Table 5.

Moreover, we apply a third criterion to isolate a secure subsample of the young star-
forming galaxies described in the previous paragraph. We consider the set of securely
young star-forming galaxies to be those that prefer the youngest template with emission
lines significantly to all other templates. We quantify this criterion as follows. If the
reduced value of χ2 of the young solution (from run a) of a source is 1σ higher than χ2

red of
the second best solution (run b), then the source is a candidate for being a securely young
star-forming galaxy.

∆χ2
red ≡

χ2
b − χ2

a

Nbands − 1
≥ 1, (2)

where Nbands is the number of filters used to determine the best solution, here used to nor-
malize ∆χ2

red. The value of ∆χ2
red ≥ 1 then corresponds to a 1σ significance of the result.

We find that 3254 sources satisfy this condition, and therefore 13.3% of all galaxies in our
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Figure 4: The secure fraction (in %) of young star-forming galaxy candidates within our
sample, as a function of redshift. The error bars are derived from a binomial distribution,
treating the galaxies classified as securely young star-forming as ‘successes’, and the not-
securely young star-forming ones as ‘failures’.

sample are considered to be securely young star-forming galaxy candidates (see Table 5).
In the next paragraphs, we discuss the sample obtained from the aforementioned selection
criteria. Thereafter, in Section 3.4, we describe a final selection criterion that improves the
reliability of our classification even more.

In Figure 4 we plot the percentage of securely young star-forming galaxies in each red-
shift bin. From redshift 0 to 2, this percentage increases. At z > 2 the fraction starts to
decrease steadily until it reaches 0 in the highest redshift bin.
On the basis of galaxy evolution models we would expect the fraction of young, star-forming
galaxies to be highest at early cosmic times, or high redshift, and to decrease gradually
as the Universe grows older. Therefore we believe that the two points at lowest redshift
display the expected behaviour, especially considering the fact that those two bins encom-
pass 75% of the lifetime of the Universe (see the last column of Table 5).

The fractional decrease in star-forming galaxies with redshift instead is a somewhat
counterintuitive result, which we believe to originate from a degeneracy in the SED fitting.
At higher redshift, we suspect the signal-to-noise ratio (S/N) to be lower on average. For a
lower S/N, the photometric error bars are larger, the SED fitting becomes more degenerate,
or in other words, the classification of galaxies having a certain age becomes less effective.
This makes the identification of young star-forming galaxies more difficult, in the sense
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that it is harder to obtain a robust classification. This could explain the sudden drop
in the number of galaxies after the selection criterion with ∆χ2

red. In order to test this
hypothesis, we investigate the S/N of our securely young star-forming galaxy candidates
in the next section.

3.3 Dependence on the signal-to-noise ratio

In this section, we investigate the S/N of the securely young star-forming sample of galaxies
compared to the S/N of the full set. We aim to find an explanation for the decrease in the
fraction of young star-forming galaxies, as is shown in Figure 4. We use the photometric
data of the HST F160W and F435W bands in this comparison. The F160W filter (IR
wavelengths) is most representative of the photometry because the CANDELS catalogue is
based on observations in it. The F435W band (optical, mainly blue wavelengths) is chosen
because it reflects the behaviour of the photometry at shorter wavelengths.

Figure 5: The median S/N of each redshift bin in the F435W filter (left) and in the F160W
filter (right). Note that no value is plotted for the last redshift bin of the subsample, since
it does not contain any objects.

We find the mean S/N of the securely young star-forming set to be higher than the
mean S/N of the full sample (see Figure 5). This indicates that our securely young star-
forming sample has a higher overall quality of its photometry. The maximum S/N at which
the mean S/N of almost all securely young star-forming galaxies lie is explained as follows.
The minimum error in magnitudes applied to our photometric catalogue (see section 2.2)
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implies a maximum S/N for each object of(
S

N

)
max

=
1

10δm/2.5 − 1
≈ 21.2 for δm = 0.05. (3)

As a result, all sources with a S/N originally higher than 21.2 will be set to S/N = 21.2.

Comparing the two plots of Figure 5 we see that the S/N on average is much higher in
the F160W band than in the F435W band. In both filters, our sample of securely young
star-forming galaxies has a higher S/N on average. Objects beyond z=4 have a median
S/N of 1 in the F435W band, which suggests that the majority of objects in this band
are non-detections (we set the S/N of the non-detections to 1). This is a plausible result,
because at such redshifts the F435W band detects radiation with a rest-frame wavelength
below the Lyman break, where most of it is absorbed by neutral hydrogen gas. The fact
that a number of the bluer bands have such low S/N indicates that the SED fitting may
be more difficult at high redshifts, because there Le PHARE only uses a smaller number
of bands. This could in part explain the decreasing fraction of securely young star-forming
galaxies at high redshift.
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Redshift NDahlen Nin bins Nyoung Nsec. young Nrob. young Agea (Gyr)

0 ≤ z < 1 11377 9945 3259 1313 1177 5.75

1 ≤ z < 2 11546 7466 5694 1395 1225 3.22

2 ≤ z < 3 6780 3915 3554 353 295 2.11

3 ≤ z < 4 3238 2212 2080 147 118 1.51

4 ≤ z < 5 1031 650 611 38 34 1.15

5 ≤ z < 6 401 226 194 8 5 0.92

6 ≤ z ≤ 7 214 133 111 0 0 0.75

Total 34587 24547 15503 3254 2854 13.46b

Percentage 100% 63.2% 13.3% 11.6%

Table 5: The amount of CANDELS sources in seven equally sized redshift bins. The
NDahlen column contains the redshift distribution of objects according to Dahlen et al.
(2013). Nin bins is the column with objects contained in the red squares of Figure 2. Nyoung

are the objects with the youngest template with emission lines as best solution in run
a. Nsec. young are the objects classified as securely young star-forming (see Section 3.2).
Nrob. young are the objects classified as securely young star-forming in more than 50% of
the simulations, i.e. the ‘robust’ young star-forming objects (see Section 3.4).
aAge of the Universe at the redshift of the upper limit of the bin.
bCurrent age of the Universe, so at z=0.

3.4 Simulations

As a final method to improve the robustness of our results, we run a simulation of similar
photometry through Le PHARE, using the same configuration as described in Section 2.2.
We randomize the photometry by replacing the flux of the original CANDELS catalogue
with a random value inside its error bar, drawn from a uniform distribution. Because ob-
jects with a low S/N have a higher chance of their flux changing by a significant amount,
those objects are expected to be classified differently than in the original results.

A total of ten simulations are performed. The securely young star-forming objects are
isolated in the same way as before. After this, the IDs of these securely young galaxies in
the simulations are matched to the IDs of the original (real) securely young star-forming
candidates. We then count in how many of the ten simulations the original securely young
star-forming objects are classified as securely young and star-forming, again. a result of
1/10 means we don’t trust this classification at all, 10/10 means the classification is nice
and robust.

The results are plotted as histograms for the first six redshift bins in Figure 7. As can
be seen in Table 5, the seventh redshift bin does not contain any securely young objects.
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Figure 6: The robust fraction (in %) of young star-forming galaxy candidates within our
analysis sample, as a function of redshift.

Therefore this last bin is left out of Figure 7. The distribution of the amount of young,
star-forming galaxies does not change significantly in the lower three bins. However, at
higher redshift the amount of objects in the bins becomes small enough for the relation to
break down.
The majority of securely young star-forming galaxies are classified as such in each one of
the ten simulations, which leads us to believe that the selection made of the securely young
star-forming sources was a relatively robust one already.

Our last selection criterion will be to select all galaxies that (1) are securely young star-
forming in the original run, and (2) are classified as securely young star-forming in more
than half of the simulations. We consider the set of galaxies that satisfy these conditions to
be robust young star-forming galaxies. The resulting amount of robust young, star-forming
galaxies is 2854 out of our original set of 24547 objects, or 11.6%. The number of sources
per redshift bin can be found in Table 5, and the percentage per redshift bin is shown in
Figure 6.
Investigating this Figure and comparing its shape to that of Figure 4, we find that our last
selection criterion did not significantly change the distribution in redshift of our candidates
for young star-forming galaxies. This result indicates that our initial criterion based on
∆χ2

red is a robust method for selecting young star-forming galaxies from a blind sample.
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Figure 7: Histograms of the amount of times galaxies are found to be securely young and
star-forming out of the ten simulations. Only the first six redshift bins are shown. The
histograms are normalized to the total number of objects in each bin. Nbin denotes the
total number of objects in the corresponding redshift bin.
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4 Conclusions

In this study, we use the photometric redshift code Le PHARE (Arnouts et al., 1999; Ilbert
et al., 2006) and galaxy SED models from the Yggdrasil package (Zackrisson et al., 2011)
to determine photometric redshifts for 34587 sources in the CANDELS GOODS-S field
(Guo et al., 2013). We apply a number of selection criteria to identify a robust subsample
of young, star-forming galaxies.

A comparison of photometric redshifts obtained with Yggdrasil templates, both with
(run a) and without (run b) emission lines, to photometric redshifts obtained by Dahlen
et al. (2013) shows that the Yggdrasil templates perform well at redshifts z > 4 (see Figure
2). In the range z=0-7 we found rms deviations (see Section 3.1) of (δz)rms = 0.039 for both
Yggdrasil results (determined while excluding a fraction of outliers of 35.5% and 32.4%
for run a and run b, respectively). With a smaller outlier fraction of OLF = 17.8% and
(δz)rms = 0.035, our reference templates from Bruzual and Charlot (2003) show a better
overall performance. We conclude that the Bruzual&Charlot templates are better suited
for computing redshifts for general blank field catalogues than the Yggdrasil templates.

We select galaxies within seven redshift bins (see Figure 2) and isolate those satisfying
∆χ2

red ≥ 1 (see Section 3.2) in more than 50% of our simulations. We find that 11.6% of
the sources in our sample can be reliably classified as young star-forming galaxies. Our
results indicate that the fraction of supposed young star-forming galaxies decreases with
increasing redshift (see Figures 4 and 6). The different behaviors in S/N as a function
of redshift of the subsample of young star-forming galaxies and the analysis sample (see
Figure 5) suggest that this effect may in part be caused by degenerate SED fitting, rather
than a low S/N within the subset. Nevertheless, a more complete analysis of the photom-
etry and χ2

red of the different samples of galaxies needs to be done in order to confirm this.

Another possible effect that could cause the fractional decrease in young star-forming
galaxies as a function of redshift may be an incomplete representation of stellar mass
and galaxy luminosities at high redshift. Sources at high redshift have a fainter apparent
magnitude, which may cause us to only observe the brightest, most massive galaxies of a
population at high z, while we observe the full population at low z. In this work we did
not apply stellar mass or luminosity cuts, therefore this effect is not accounted for.

The relatively small difference in the fractions of young star-forming galaxy candidates
before and after the simulations criterion is applied (from 13.3% to 11.6%), indicates that
our initial selection criterion for the ‘securely’ young, star-forming galaxies is robust in
itself. We do not expect the fraction of securely young star-forming galaxy candidates to
change significantly if a larger number of simulations were done.
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