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Abstract

Context. The physical processes driving the evolution of star formation (SF) in galaxies over cosmic time still present many open questions. Recent galaxy surveys allow now to study these processes in great detail at intermediate redshift (0 ≤ z ≤ 0.5).

Aims. We build a complete sample of star-forming galaxies and analyze their properties, reaching systems with low stellar masses and low star formation rates (SFRs) at intermediate-to-low redshift.

Methods. We use data from the SHARDS multiband survey in the GOODS-North field. Its depth (up to magnitude ⟨m3σ⟩~ 26.5) and its spectro-photometric resolution (R ~ 50) provides us with an ideal dataset to search for emission line galaxies (ELGs). We develop a new algorithm to identify low-redshift (z < 0.36) ELGs by detecting the [OIII]5007 and Hα emission lines simultaneously. We fit the spectral energy distribution (SED) of the selected sample, using a model with two single stellar populations.

Results. We find 160 star-forming galaxies for which we derive equivalent widths (EWs) and absolute fluxes of both emission lines. We detect EWs as low as 12 Å, with median values for the sample of ~35 Å in [OIII]5007 and ~56 Å in Hα, respectively. Results from the SED fitting show a young stellar population with low median metallicity (36% of the solar value) and extinction (AV ~ 0.37), with median galaxy stellar mass ~108.5 M⊙. Gas-phase metallicities measured from available spectra are also low. ELGs in our sample present bluer colours in the UVJ plane than the median colour-selected star-forming galaxy in SHARDS. We suggest a new V-J colour criterion to separate ELGs from non-ELGs in blue galaxy samples. In addition, several galaxies present high densities of O-type stars, possibly producing galactic superwinds, which makes them interesting targets for follow-up spectroscopy.

Conclusions. We have demonstrated the efficiency of SHARDS in detecting low-mass ELGs (~2 magnitudes deeper than previous spectroscopic surveys in the same field). The selected sample accounts for 20% of the global galaxy population at this redshift and luminosity, and is characterized by young SF bursts with sub-solar metallicities and low extinction. However, robust fits to the full SEDs can only be obtained including an old stellar population, suggesting the young component is built up by a recent burst of SF in an otherwise old galaxy.
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1 Introduction
Understanding the key physical processes that govern the formation and evolution of galaxies is one of the most active and debated topics in modern astrophysics. Star formation (SF) is one of them, and its evolution along the history of the Universe still presents several open questions.
A plethora of studies have approached this problem by tracing the evolution with redshift of the star formation rate (SFR) density, obtained as the average SFR per unit comoving volume (see Madau & Dickinson 2014 for a review). These works provide a remarkably consistent picture of the cosmic star formation history (SFH) with an initial rising trend that peaks at z ~ 2, followed by a decline of an order of magnitude down to the values measured locally. We lack, however, a full understanding of the underlying processes that shape this behavior. From simulations, we know that, at least at z < 2, the cosmic SFH is governed by the physical characteristics of the SF in galaxies (gas fraction, feedback, efficiency, etc.; see Schaye et al. 2010).
The revolutionary imaging performed by the Hubble Space Telescope (HST) on the Hubble Deep Field (Williams et al. 1996) enabled the first high-resolution studies of morphology and other properties of galaxies across cosmological times (Abraham et al. 1996; van den Bergh et al. 1996;Elmegreen et al. 2004a,b). Interestingly, they revealed a different panorama of SF processes at low and high redshifts. In particular, distant star-forming galaxies are dominated by clumpy morphologies, with SF occurring in kiloparsec-size regions. These regions are orders of magnitude larger and more massive (M⋆ ~ 107−109, or larger) than typical local HII regions, although similar to those in local luminous and ultraluminous infrared galaxies (see e.g., Alonso-Herrero et al. 2006; Arribas et al. 2012; Piqueras López et al. 2016). However, in both simulations (e.g., Tamburello et al. 2015; Behrendt et al. 2016) and observational studies (Dessauges-Zavadsky et al. 2017), the intrinsic properties of these distant star-forming clumps, especially their mass and size upper limits, have been revisited, suggesting smaller typical values.
The formation mechanism of these massive high-redshift clumps is yet unclear, with several options being proposed: disk fragmentation in gravitationally unstable disks (Noguchi 1999; Bournaud et al. 2007; Elmegreen et al. 2008), intense inflow of cool gas, able to provide the high gas surface densities leading to the disk instabilities (Dekel et al. 2009; Cresci et al. 2010; Sánchez Almeida et al. 2013, 2014), or ex-situ clumps accreted by minor mergers into the galaxy disk (Mandelker et al. 2014). The different theoretical explanations can be tested studying the properties of both the star-forming clumps and the host galaxy.
Previous studies by our group (Hinojosa-Goñi et al. 2016) have compiled and analyzed starburst galaxies at z < 0.5 in the COSMOS survey. Their results show that starburst galaxies are also clumpy at that redshift, with SF knots showing properties somewhat intermediate between those of high-redshift and local starbursts, and with the more massive knots located closer to thegalaxy center. These results support the predictions of numerical simulations, claiming that clumps are caused by violent disk instabilities, that may coalesce together and form the central giant clumps/bulges (Noguchi 1999; Bournaud et al. 2007; Elmegreen et al. 2008).
The main objective of this paper is to extend the analysis of emission line galaxies (ELGs) to lower masses and lower SFRs beyond the local Universe. We explore the characteristics of such a population, and how they relate with their higher-mass, higher-SFR counterparts. We use data from the Survey for High-z Absorption Red and Dead Sources (SHARDS; Pérez-González et al. 2013), a deep multi-band photometric survey with continuous optical spectral coverage and medium band filters in the GOODS-North field. Its depth and the narrowness of its filters allows us to measure low equivalent width (EW) lines and low-mass ELGs. The sample detection is based on the simultaneous identification of galaxies with Hα and [OIII]5007 emission lines. We then analyze the main integrated properties of their stellar populations via spectral energy distribution (SED) fitting.
We have focused our work mostly on the SHARDS data for consistency, to minimize problems of aperture matching, different filters sizes, and absolute calibrations with respect to other surveys covering the same area. We have included only data from the ALHAMBRA (Advanced Large Homogeneous Area Medium Band Redshift Astronomical) survey and the GALEX (Galaxy Evolution Explorer) mission to complement our SHARDS photometry to better derive the properties of the young population in these galaxies, since the stellar continuum below 4000 Å is important to constrain them.
This work is structured as follows: in Sect. 2 we present the observational databases used in this paper, in Sect. 3 we describe the procedure to detect emission lines and in Sect. 4 we describe the resulting sample. In Sect. 5 we outline the procedure followed to perform the SED fitting analysis, in Sect. 6 we describe the analysis of the available spectra and in Sect. 7 we show and present the results of both analyses. Finally in Sect. 8 we summarize our conclusions.
Throughout this paper we consider standard ΛCDM cosmology, with ΩΛ = 0.7, ΩM = 0.3, and H0 = 70 km s−1 Mpc−1. Every mention of EW (unless specified) refers to rest-frame EW. All references to magnitudes correspond to AB magnitudes.
2 Observational databases
The main source of observational data for this study is the SHARDS survey (Pérez-González et al. 2013; Barro et al. in prep.). SHARDS was performed using the OSIRIS (Optical System for Imaging and low-Intermediate-Resolution Integrated Spectroscopy) instrument, at the 10.4 m Gran Telescopio de Canarias (GTC) at the Observatorio del Roque de los Muchachos, in La Palma. It consists of very deep imaging of the Great Observatories Origins Deep Survey – North field (GOODS-N; Giavalisco et al. 2004), reaching down to a limiting magnitude mlim ~ 26.5 at 3σ (see Pérez-González et al. 2013 for details). It made use of 25 contiguous medium band filters, with full width half maximum (FWHM) of ~ 170 Å, reaching equivalent spectroscopic resolution ofR ~ 50 over the whole field of ~130 arcmin2. The wavelength range covers the range 5000–9500 Å. The SHARDS observations were taken during a period of ~200 hr of dark time with seeing better than 1′′.
In order to identify star-forming galaxies, we used in this work the photometric catalog created using data from the 24 filters observed and reduced as of January 2016. The catalog gives the photometric measurements and uncertainties in each of the filters, for the best elliptical aperture, as determined by SExtractor (Bertin & Arnouts 1996). In addition to the photometric uncertainty, we considered that of the absolute calibration of each filter (Pérez-González et al. 2013), adding them in quadrature.
Since SHARDS was designed to target galaxies at higher redshift than those in the present study, its wavelength range falls short of covering the Balmer break region (~4000 Årest frame). This spectral range provides fundamental information about the stellar populations of the galaxies. Toextend the wavelength range, we also use data from the ALHAMBRA survey (Molino et al. 2014). ALHAMBRA is a spectro-photometric survey using 20 contiguous medium band (FWHM ~ 300Å) filters in the wavelength range 3500 Å < λ < 9700 Å. We considered all galaxies in SHARDS as our parent sample, but ALHAMBRA only covers 45% of the GOODS-N field.
To further constrain the ultra-violet (UV) range, we used data from the GALEX space telescope (Bianchi et al. 2014). Both filters, FUV (λmean = 1528Å) and NUV(λmean = 2371 Å) were used, with a limiting magnitude in both bands of mlim ~ 25. Data in this wavelength range help us to constrain the young stellar population properties, in particular its extinction.
Spectroscopic data is also available for a subset of galaxies in our sample in the public releases of the Team Keck Redshift Survey (TKRS; Wirth et al. 2004) and Deep Extragalactic Evolutionary Probe 3 (DEEP3; Cooper et al. 2011) surveys. They were performed from the Keck Telescopes in Hawaii, using a 600 mm−1 grating at the DEep Imaging Multi-Object Spectrograph (DEIMOS). We also used the spectroscopic redshifts database in Barger et al. (2008), as well as one-dimensional (1D) spectra from the same study, kindly provided by S. Barger.
The GOODS-N cosmological field has also been observed by multiple HST surveys, with broadband imaging and infrared (IR) grism spectroscopy. These include CANDELS (Grogin et al. 2011; Koekemoer et al. 2011) and the 3D-HST survey (Brammer et al. 2012; Skelton et al. 2014), with photometric redshifts determined from IR grism and photometric observations. We made use of these data as an independent redshift value for our targets, as well as a more precise measurement of the size of the galaxies than what is possible from ground-based observations.
3 Detection of emission line galaxies
One of the preferred methods for the detection of star-forming galaxies is the identification of nebular emission lines, associated with HII regions surrounding young stellar clusters (and therefore, tracers of recent SF). The SHARDS dataset provides an excellent benchmark to analyze the SED of galaxies thanks to its large wavelength coverage, good equivalent spectral resolution, high depth, and very good image quality. This allows us to accurately reconstruct the SED of individual galaxies, in particular to detect the presence of emission lines as a flux excess in a given filter (thanks mainly to the narrowness of the filters). In addition, it is less time consuming and reaches fainter and more numerous targets than spectroscopic surveys, and does not need a pre-selected sample. In the present work, we simultaneously searched for both Hα and [OIII]5007 emission lines in each galaxy. This was done in order to avoid spurious detections and to improve the precision and robustness of the photometric redshift determinations (see Hinojosa-Goñi et al. 2016 for a similar approach with a different dataset, and Cava et al. 2015 for a single-line approach in the same dataset). Before running our detection algorithm, we made a redshift cut to the main SHARDS sample, taking only galaxies with photometric redshift (in both SHARDS and 3D-HST catalogs) lower than 0.36. This was necessary to ensure that the emission lines we detect are Hα and [OIII], and not a different pair of lines with a similar wavelength distance between them, in particular [OIII]5007-[OII]3727. The limit at z < 0.36 is a result of the wavelength limit of F883W35, the reddest filter used in the detection of Hα. We did not consider detections in the bluest or reddest filters available (F500W17 and F941W33) to ensure that the continuum estimation under the lines was not an extrapolation, which would imply high uncertainty. This left us with a parent sample of 1823 galaxies.
The measured emission in SHARDS filters can be contaminated by other emission lines, most notably [NII]6583 and [NII]6549 for Hα and [OIII]4959 and Hβ for [OIII]5007. Only when Hα emission is detected in the reddest filter considered, F883W35, do we consider that [SII]6718+6732 contamination may also be present. This issue is addressed in Sect. 4.1.
In the following subsections, we review in detail the process to detect the emission lines.
3.1 ELG detection procedure
For each galaxy, the SHARDS SED is analyzed to detect Hα and [OIII]5007 emission lines, deriving a new estimate of the redshift and computing their EWs and fluxes. The procedure runs as follows.
In order to determine if a given filter shows an excess of flux it is necessary to define a baseline, the stellar continuum. To estimate it, we first performed a sigma-clipped second order polynomial fitting procedure to remove potential emission lines (and poor photometric measurements) in SHARDS photometric points. To properly assess the uncertainty in the continuum, 1000 Bootstrap and Monte Carlo simulations were performed over the remaining points after the sigma-clipping, fitting again a quadratic function to the points in each simulation. The resulting parameters provide an empirical distribution of probability for the value of the continuum at each wavelength, resulting in a robust estimation of its uncertainty. A series of tests using higher-order polynomials or splines were performed to check the accuracy of our quadratic assumption, but they did not show significant improvement in the quality of the fit, so we kept the quadratic fit for simplicity. Figure 1 shows the SED of one galaxy in our sample, with the transmission profile of SHARDS filters overplotted, as well as the continuum fits.
The detection of emission lines over the continuum is performed as follows: first, the difference in flux between each filter and the continuum is computed. Then, after masking the two filters with the highest values (assumed to be the [OIII]5007 and Hα emission lines) we derive the root mean square error (RMSE) of these differences around the continuum fit. This value is used to define the noise of the SED. We assume that the filter with the highest emission excess over the continuum corresponds to Hα (and thus derive a tentative redshift). It must exceed a certain threshold (1.5 × RMS E) and have a central wavelength longer than 6450 Å. Then, the code searches for an excess in flux in the filter where the [OIII]5007 line should lie at the tentative redshift of the galaxy. After this (even if it succeeded) it looks for the other possible case (that the highest emitting filter is the [OIII]5007 line), and then searches for Hα. This process is repeated for the second brightest filter. The pair of filters that shows the highest excess over the RMSE is considered to be the correct [OIII]-Hα match.
3.2 Robustness of the detection
After the continuum and line detection procedures are performed, another step is necessary to calculate a more precise parameter of signal-to-noise ratio (S/N) for the measured lines, and then preserve only the statistically significant cases.
This is archived analyzing the output of the continuum simulations described in Sect. 3.1. For each filter, we compute the width of the distribution, ΔCi, as the range that holds the central 68.27% of the continuum values (± 1σ) at the central wavelength of filter i. We also define the upper limit of the continuum CU84,i (C+σ) as the valuethat leaves below 84.135% of the continuum simulations for that filter. We also take Fi and errFi from the SHARDS catalog (the value of the flux in that filter and its error, respectively). The value we need to consider in both cases is the difference between the filter emission and the upper limit of the continuum, Fi − CU84,i, not just Fi, since we are not interested in the absolute S/N of the flux, but in its S/N above the continuum. Taking all this into account, we derive two parameters related to the S/N:
	
Pcont: the difference between the flux in a particular filter and the CU84,i value for that filter divided by the width (ΔCi) of the continuum distribution. Placing a threshold in this parameter ensures that the suspected emission line is not an artifact caused by a noisy continuum.
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Pphot: the difference between the flux in a particular filter and the CU84,i value for that filter, divided by the error of the flux in that filter (errFi). Placing a threshold in this parameter ensures that the suspected emission line is not an artifact caused by a noisy photometric point.



	[image: thumbnail]	Fig. 1
Top panel: SED of an ELG in our sample (SHARDS10003416) in black dots, overplotted on the transmission profile of SHARDS filters. The longslit spectrum (from the TKRS survey) is also shown in dark green. The 1000 Bootstrap continuum fits are shown in red, with the ± 1σ limits in green. Vertical dashed and continuous black lines indicate the lowest and highest wavelengths, respectively, for which each filter reaches 50% transmission rate. Vertical red and blue lines represent the expected wavelength of the Hα and [OIII]5007 lines, respectively, considering spectroscopic redshift (continuous lines) and photometric redshift derived in this work (dashed lines). Notorious flux excess can easily be seen in several filters, corresponding to emission lines. Bottom left panel: zoom into the [OIII]5007,4959 emission lines, using the same colours and symbols as the upper panel. Bottom right panel: zoom into the Hα line spectralregion.
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A threshold in both parameters is necessary to ensure that the filter shows significant emission. We gathered samples using different thresholds (1, 1.5, and 2), and decided to keep the threshold as 1.5 for both parameters. Visual inspection of the limiting cases of the three samples showed that the 1.5 threshold rejected very little clear cases while keeping a good confidence in the significance of the accepted emitters. We note that this is not a 1.5σ significance, since we are considering two distributions of probability (the continuum and the photometric point). Combining both probability distributions and both thresholds we estimate that, if there was no emission, we would obtain less than 0.2% false positives (assuming normal distributions for the photometric errors).
Five galaxies showing significant emission in two or more filters where no strong lines should be present (according to their redshift) were removed. In addition, visual inspection of the SEDs of limiting cases led to the removal of five objects and the addition of seven. The added galaxies correspond to cases where the continuum fit was artificially widened by one bad photometricpoint, lowering the significance of emission lines below the threshold. The removed galaxies showed a very noisy SED that was not automatically identified in previous rejection procedures. Morphological inspection of all selected galaxies resulted in the removal of two galaxies that were, in fact, star-forming regions of spiral galaxies, and one overlapping galaxy pair, where a background galaxy contaminated the ELG detected with our algorithm.
In addition, we cross-matched our catalog with that of Xue et al. (2016), which gathers X-ray sources in the GOODS-N field. Six sources in the sample show X-ray emission within a three-arcsecond radius, one of which was identified as an active galactic nucleus (AGN), and it was therefore removed from the sample. Considering the sensitivity limits of the survey (~2 × 1040 erg s−1 at z = 0.35, ~7 × 1039 erg s−1 at z = 0.2), we rule out AGN contamination except for some low-luminosity AGNs.
Table 1

List of ELGs identified in SHARDS and its main properties.

4 Sample of ELGs
Our final sample consists of 160 ELGs obtained from the SHARDS survey in the GOODS-N field. One hundred and four of them have spectroscopic redshift determination, from which 100 1-D spectra are available: TKRS and DEEP-2 surveys provide 76, the rest being provided by Barger (priv. comm.). Considering the two subsamples separately, we see that the subsample without spectroscopic observations presents a median apparent magnitude of 24.75 ± 0.13 (considering all SHARDS filters), ~1.85 magnitudes fainter than the spectroscopic sample. This is due to the selection criteria for spectroscopic surveys, prioritizing brighter targets, and means that in this work we identify low-luminosity galaxies, unaccessible with previously available spectroscopic surveys. Moreover, 60 galaxies are detected in the ALHAMBRA survey, and 43 with GALEX. The main physical properties of our ELG sample are summarized in Table 1.
The redshift distribution is shown in Fig. 2. The number of galaxies increases with redshift, as expected due to the higher volume of Universe considered. The sharp decline at z > 0.34 corresponds to the wavelength limit for Hα in SHARDS. The lower value between 0.3 and 0.32 does not correspond to any detection limit and seems to be barely significant when considering the density of galaxies at that redshift range in the parent sample. For comparison purposes we have defined a reference sample in SHARDS which we use throughout this paper. It consists of all galaxies in the catalog with z < 0.36 and absolute magnitude in F850LP brighter than 90% of the ELG sample (as a function of redshfit) totaling 779 galaxies. The original parent sample (all sources detected in SHARDS with z < 0.36) was larger (1823 sources) but most of those galaxies are faint, and therefore comparing with them would be biased.
Figure 2 also shows (with black dots) the amount of ELGs as a percentage of the number of galaxies in the reference sample per redshift bin (error bars are computed following Cameron 2011, here and in similar plots throughout this paper). The fraction of ELG is ~22% and remains constant within our redshift range.
Our main motivation for performing a blind search to find emission lines was the uncertainty in the photometric redshifts. Our detection procedure, based on identifying both Hα and [OIII]5007 lines allows for a more precise redshift determination compared to the previous photometricredshift. Even considering the high accuracy of SHARDS photometric redshifts ([image: equation]), small changes in redshift would change the filter where we expect to detect the emission lines. Using the methodology described in this study, we recover 22 galaxies which would have been mistaken as non-emitters if we had relied in the previous photometric redshifts only. We marginally improve the redshift accuracy (up to [image: equation]).
	[image: thumbnail]	Fig. 2
Distribution of redshifts of the ELG sample. For the galaxies that lack spectroscopic redshift determination, we use the value determined by our emission line detection algorithm. The gray dots represent the amount of ELG as a percentage of the reference sample for each redshift bin as shown in the right axis.



4.1 Equivalent widths and line fluxes
A key parameter providing insight into the characteristics of the stellar population(s) of each galaxy is the EW in Hα. This parameter carries valuable information on the age and strength of the star-forming burst, and we use it as a further constraint in our stellar population modeling of the SED (see Sect. 5).
For the derivation of the EW it is necessary to estimate the flux of the stellar continuum underneath the line. In order to do so, we performed a weighted median of the flux in the two or three filters lying blue-ward of Hα (red-ward for the [OIII]5007 line). If the filter adjacent to the line was contaminated by it, only two filters were used. The median was performed with a weighted Bootstrap and Monte Carlo method over those two or three filters, giving more weight to the filters closer to the line. This method for estimating the continuum was appropriate due to the minimum slope in the continuum around the lines (in μJy). It was preferred to a linear fit to several filters on both sides of the lines because, red-ward of Hα (blue-ward of [OIII]5007), there might be a strong contamination of [NII] and [SII] ([OIII]4959 and Hβ). Furthermore, in several galaxies, the spectral region red-ward of Hα is covered by the wider SHARDS filters (F883W35 and F941W33, with FWHM ~ 300 Å) leading to higher uncertainty. Using linear extrapolations from only one side of the line would artificially increase uncertainties, and using the continuum derived in Sect. 3.1 would add constraints from distant regions of the spectrum that could bias the estimation. Comparing these values with those obtained using the continuum derived in the SED fitting (Sect. 5) shows no bias and a small scatter.
After we estimate the flux density of the continuum, [image: equation], we subtract it from the flux density in the filter where the line lies ([image: equation]) to obtain the line flux Fline and compute the EW as
[image: equation](3)
where Δ represents the width of the filter. The error in the EW is computed propagating the error in the photometric value of the filter where the line lines and the error in the continuum (taking the 68% central values of the weighted Bootstrap and Monte Carlo simulations).
Using the subsample with available spectra, we can evaluate the contamination of the measured EW by other lines. In 53% of the galaxies, the filter where we detect [OIII]5007 is contaminated by the [OIII]4959 line, but in no case is it affected by Hβ. When present, this contamination (as measured in galaxies with available spectra), is ~35% of the valueof [OIII]5007, very similar to the one derived from theoretical models (~34%; from Storey & Zeippen 2000). When considering the reported values of [OIII]5007 EW this caveat should be taken into account.
Regarding the filter that corresponds to Hα, it is contaminated by the [NII]6583 line in 86% of the galaxies. The average contamination by this line is ~15% of the value of Hα (measured in the available spectra), comparable with ~12% in the blue galaxies of Vilella-Rojo et al. (2015). Given the uncertainties in the photometric EW determination, correcting for this effect could be problematic. For example, if the Hα line falls in a wavelength where the filter transmission is lower than 100%, we would be underestimating its actual EW. Considering the spectra, this effect would be of 10% on average, which nearly offsets the effect of [NII]. We therefore make no correction to the measured values, but we take the uncertainty into account when discussing the results.
For the galaxies where Hα is detected in the reddest filter (F883W35), [SII] lines contaminate Hα in 73% of the cases, and their flux accounts for 30% of Hα flux on average. We corrected it by this amount in the galaxies where the [SII] lines match the filter wavelength range. In summary, we are aware of the possible contamination of the Hα and [OIII]5007 fluxes, and we correct for it in the particular case of [SII] lines.
The distribution of the EWs both in Hα and [OIII]5007 emission lines is shown in Fig. 3.
	[image: thumbnail]	Fig. 3
Distribution of Hα and [OIII]5007 EWs in the sample.



4.2 Completeness of the sample
To estimate the completeness of the ELG sample and the limitations of our detection procedure, we run a series of simulations. We create synthetic SEDs and feed them into our algorithm to compute the percentage of detections as a function of the EW and line flux.
We use the synthetic spectra that we obtain in Sect. 5 with SED fitting techniques, and we add [OIII]5007 and Hα emission lines of different EW, from 0 to 150 Å. Hα EW was set 1.6 times larger than [OIII]5007 EW (as it is the median ratio in the observed spectroscopic sample). We also took into account the shift in central wavelength of each filter depending on the position of the galaxy in the field of view (see Pérez-González et al. 2013; for more details) choosing a random set of shifts for each simulated galaxy. Then, the spectra wereconvolved with the SHARDS filters, and the Monte Carlo method was applied to them, using uncertainties similar to those present in the parent catalog.
We then run our detection code on each simulated galaxy (for a total of 20280). The percentage of successful detections is shown in Fig. 4 as a function of the EW and Hα flux. We reach 50% completeness at around 22Å in [OIII]5007, 35 Å in Hα and ~10−16 erg s−1 cm−2 in Hα flux. This result is consistent with the properties of the detected sample (see Fig. 3): the number of galaxies grows with decreasing EW values, down to ~20 Å in [OIII]5007 and ~40 Åin Hα, where it starts decreasing.
We reach limits, both in EW (min. ~ 15 Å) and flux (median ~ 4 × 10−17 erg s−1 cm−2), that are similar to those found in Cava et al. (2015), and comparable to those of narrow-band surveys (Sobral et al. 2013) with a much wider redshift coverage. To compare our detection efficiency with Hinojosa-Goñi et al. (2016), we consider only galaxies in our sample with EW > 80 Å in both lines; we find that those ELG make up 2.5% of our reference sample, compared to the value of ~1% they find. Considering only galaxies with spectral coverage, these values grow to 6% and 3%, respectively. We detect approximately two times more galaxies, probably due to the improved depth and wavelength coverage of the SHARDS survey.
In order to further investigate the completeness of the sample, we check how many galaxies with emission lines in the spectra are recovered with our code. Considering all spectra with EW in both lines over the 50% completeness threshold, we find 57 galaxies. Out of these, 8 (14%) are not detected by our code in SHARDS photometry due to insufficient S/N in the lines (in most cases, due to one of the lines falling in a gap between filters). All galaxies where the spectral EW fulfills the threshold for 80% completeness are detected with our code. These results are better than what the simulations predict, but they are consistent with the higher luminosity of targets with spectra available, which makes it easier to spot emission lines in the photometry.
	[image: thumbnail]	Fig. 4
Completeness of the sample, derived from simulated SEDs with emission lines added. Top panel: completeness as a function of the EW of [OIII] and Hα lines. We reach 50% completeness at around 22 Å in [OIII], 35 Å in Hα. Bottom panel: completeness of the sample, using the same simulations as in the top panel, but plotted as a function of the Hα flux. We reach 50% completeness at around 7.4 × 10−17 erg s−1 cm−2.



5 SED fitting and models
To unveil the physical characteristics of the sample of ELGs, we performed stellar population fitting to their SED with our own taylor-made code for thiswork. Our main assumption was to model the galaxies with two single stellar population (SSP) models: a young instantaneous burst for the star-forming component, and an old burst for the underlying host galaxy. We create a library of SSP models using Starburst991 software (Leitherer et al. 1999, 2014) for instantaneous SF, with stellar mass normalized to 106 M⊙. We used a Salpeter (1955) initial mass function (IMF; α = 2.3) between 0.1 and 120 M⊙, with the standard Geneva evolutionary tracks (Charbonnel et al. 1999, and references therein).
The ranges of variation in the SSP parameters considered are the following:
	
Metallicity of the young population: Z = 0.001, 0.004, 0.008, and 0.02.


	
Extinction of the young population: E(B-V) from 0 to 0.5, with steps of 0.04 (13 values). It corresponds to AV from 0 to 1.55 mag.


	
Age of the young population: from 2.5 to 13 Myr, with steps of 0.5 Myr.


	
Metallicity of the old population: fixed at Z = 0.004.


	
Extinction of the old population: E(B-V) fixed at 0.08.


	
Age of the old population: fixed at 2 Gyr.


	
Burst strength: it was considered fixed for each combination of models (see item 2 in the current section).


Once the observed SEDs and the SSP models were defined, we performed the fitting procedure as follows.

	1. 
Given the set of ages and metallicities for the young and old stellar populations, every possible combination of the parameter space was considered.


	2. 
For each combination, we compute the burst strength (the mass ratio between the young and old populations) that producesthe observed EW in Hα. The key in our analysis is the use of the Hα EW measured photometrically (Sect. 4.1). Given two SSPs, only one ratio between them results in the observedHα EW. Combining both populations accounting for this factor we obtain the master composite stellar populations (CSP). Starburst99 models provide as output the luminosity in Hα, assuming case-B recombination, where all Lyman continuum photons are reabsorbed. The model EW is computed as:
[image: equation](4)

where Fcont.old[6563 Å] and Fcont.you[6563 Å] are the flux densities of the continuum of the old and young populations, respectively, at the wavelength of Hα. BR is the flux (and mass) ratio between the old and the young populations.


	3. 
For each CSP model, we apply the set of extinction corrections, using the extinction law derived by Gordon et al. (2003) for the bar of the Small Magellanic Cloud, with RV = 3.1. We then compute the median ratio between the model photometry and the observed photometry to derive the mass, allowing for a ± 2% variation. To derive the right extinction and mass for each CSP, we fit it to the photometry using a χ2 minimization:
[image: equation](5)

where Fmodel,i is the flux of the model ineach of the i filters used, Fobs,i the observed one and ΔFmodel,i its error. nfilters is the number of i filters used in the fit and nparam is the number of free parameters in the models.


	4. 
Finally, having the best extinction and mass for each CSP model, we select the one that minimizes the χ2.


Four examples of SED fitted galaxies are shown in Fig. 7, with different weights between the old and young stellar populations and extinction. Red and blue lines correspond to the synthetic spectra of the old and young stellar populations, respectively, while the dark green line represents the sum of the two.
The error on each parameter of the fit was computed using Monte Carlo simulations. For each galaxy, we generated 600 realizations of the SED allowing each photometric point to vary within its photometric error. Then, we ran the code on each simulated SED and compiled the distribution of values for each fitted parameter. We considered the width of this distribution (containing 68% of the simulations) as the uncertainty in the parameter, and they are shown in Table 2. The computed error are asymmetric and sometimes the best fitted parameter represents either a lower or an upper limit of the distribution. This is mainly due to both the coarse possibilities for the metallicity values and the correlation between metallicity and age (an thus extinction and mass).
Table 2

Results from the SED fitting.

5.1 Completing the SED with ALHAMBRA and GALEX
When comparing ALHAMBRA and SHARDS photometry, a small offset between them was noticeable (Fig. 5), caused by either an offset in the absolute photometric calibration of the surveys, or by aperture differences. When measuring SHARDS photometry in circular apertures with similar radius to the one used in ALHAMBRA, the offset mostly disappeared, which indicates the issue was only due to aperture sizes (see Figs. 5 and 6). For 65% of the sample, ALHAMBRA aperture is larger, with a median of 0.43′′ larger semi-major axis (the remaining 35% are 0.18′′ smaller in median).
In order to correct for this aperture difference, we compute an empirical scaling factor between both surveys (since ALHAMBRA images are not yet publicly available). For each galaxy, we calculated the ratio between every SHARDS photometric point and the closest one in ALHAMBRA, and then fitted a linear model (using the Bootstrap and Monte Carlo methods) to those ratios, as a function of wavelength. We extrapolated the linear fit to bluer wavelengths to obtain the factor for each one of the ALHAMBRA filters, and used the width of the distribution as uncertainty. The median value of the scaling factor is ~1.2.
In order to take into account the spectral region bluer than Hα, we added to the fit only the ALHAMBRA photometric points with shorter central wavelengths than the bluest SHARDS filter. Adding all the ALHAMBRA points would have overstressed the importance of fitting the redder wavelengths of the galaxy, when in fact more information about the age and extinction is stored in the bluest ones (where the Balmer break lies).
We also include in our SEDs GALEX photometry for both FUV and NUV bands. Given the large PSF (~ 6′′) of GALEX data, contamination by other sources was often present, making it necessary to visually inspect all detected galaxies to identify those affected by contamination. In those cases (as well as those where the galaxy was not detected in GALEX images) we considered GALEX data only as an upper limit in the SED fits. FUV photometry was only used when the rest-frame wavelength range covered on the galaxy was larger than 1100 Å, since at lower values the extinction law used in this work becomes very uncertain.
	[image: thumbnail]	Fig. 5
SED of the galaxy SHARDS10001384. SHARDS photometry (red triangles) and ALHAMBRA (filled blue circles). The pink open triangles represent the interpolation between the values derived from the circular SHARDS apertures encompassing ALHAMBRA, and the open dark blue circles are the result of applying the scaling factor to ALHAMBRA data. We see that the values obtained using larger SHARDS apertures and those from ALHAMBRA are similar. Shaded regions are wavelength ranges contaminated by prominent emission lines and are not used in the derivation of the scaling factor.



	[image: thumbnail]	Fig. 6
Postage stamp of a galaxy (SHARDS10001384) as seen in a SHARDS image (left panel) and a HST-ACS one (right panel). We overplot the SHARDS aperture (red), the ALHAMBRA aperture (blue) and two SHARDS circular apertures encompassing ALHAMBRA. We also represent in white the slit used by the TKRS survey to obtain the long-slit spectrum. The white line at the bottom-left corner is one arcsecond long.



	[image: thumbnail]	Fig. 7
Example of four SED fitted galaxies, with a range of different physical parameters, shown in the top right corner. Black dots correspond to SHARDS photometric points, red stars to ALHAMBRA data (when available), and dark green dots to GALEX data (only upper limits in the third panel). The red line represents the stellar spectrum of the old stellar population, while the blue one represents the young population, and the sum of both is shown in dark green. Gray shaded areas cover the filters that could be contaminated with nebular emission lines, and are not taken into account when deriving the χ2 value.



5.2 Tests on the input parameters of the models
5.2.1 Age of the old stellar population
When running the SED fitting code using the age of the old stellar population as a free parameter, we noticed a large degeneracy among models from 1 to 8 Gyr, where the χ2 values varied very little. This is caused by the small difference in the shape of the synthetic spectrum for populations spanning this range of ages: the most prominent change being simply the global loss of flux as the population grows older. However, this is easily compensated with a smaller extinction and higher mass, so we can get almost the same spectrum for different ages adjusting the other parameters.
We have studied the effects of using different values of the age for the old stellar population on the remaining free parameters of our analysis. For each galaxy, we performed the fit using eight different ages for the old stellar population. Figure 8 shows the relative difference in the young stellar population’s free parameters with respect to the median value. For each galaxy we obtain eight values for each parameter, measure the width of this parameter distribution, and compute the relative error, which is then presented in Fig. 8.
Most galaxies show very small dispersion in age, metallicity, mass, and extinction of the young stellar populations (<20% of the median value for each parameter in each galaxy). Median dispersions are 0.5 Myr, 0.00375 dex, 1.6 × 106M⊙, and 0.07 mag in age, metallicity, mass, and extinction (AV) of the youngstellar population, respectively. Therefore, we are confident in the values we compute for the parameters of the young stellar population.
In order to obtain a set of reasonable fits, we chose to fix the age of the old population to 2 Gyr, following results by Hinojosa-Goñi et al. (2016) over a sample of similar characteristics.
5.2.2 Extinction of the old stellar population
When performing tests where the old stellar population extinction was left free (with the same range as the young population), it was fitted to the most extreme values, acting as a degenerated parameter (increasing or decreasing the mass of the old population). As a result, we decided to fix it at E(B-V) = 0.08 (AV = 0.25 mag).
5.2.3 Metallicity of the old stellar population
Considering the mass-metallicity relations presented in González Delgado et al. (2014), Tamburello et al. (2015), and Panter et al. (2008), and the mass range of our sample, we chose to use a fixed Z = 0.004 metallicity for the old component. We checked that using a higher metallicity (Z = 0.02) produced some small scatter in most parameters of the fit, a ~0.9 Myr increase in the age of the young populations, and a 0.2 dex decrease in mass.
	[image: thumbnail]	Fig. 8
Histograms showing the relative uncertainty in each parameter of the young stellar population caused bythe degeneracy in the old population. Panel a: age, panel b: metallicity, panel c: extinction (AV), and panel d: mass. We derive the best value for each parameter in each galaxy, for all considered old stellar population ages. Then we take the width of its distribution for each galaxy and compute the relative error. We see that the changes in the best values are smaller than 20% in most cases. The blue lines represent the median value of the relative error.



6 Spectra
We made use of the available spectroscopic surveys to perform additional analysis to further characterize the properties of the 100 galaxies in the ELG sample with spectroscopic coverage.
In order to analyze the spectra we first apply a Gaussian smoothing to increase the S/N. Considering the instrumental width of the lines (1.4 Å) and the width of the Gaussian smoothing function (1.7 Å), the resulting spectral resolution is ~2.2 Å. We calculate the S/N for each line measuring its peak value and dividing by the continuum noise at both sides of the line. In adding simulated lines, we compute a minimum equivalent width for each one to be detected, considering a S/N threshold value of 3. This enables us to set upper limits for the EW when the lines are not properly detected. The median S/N in the Hα line is 27.
To derive the EW of the lines, a robust estimation for the continuum around each line was computed, fitting a linear model to the data points within a RMSE around the median, at both sides of the line using Bootstrap simulations. Then, we computed the EW in different spectral apertures (ranging from 20 to 30 Å), and combined the variation of the output value with the error in the continuum to produce the final uncertainty of the EW. The comparison between SHARDS photometric EW and spectroscopic EW measurements for both Hα and [OIII]5007 lines is shown in Fig. 9. The deviation of the photometric and spectroscopic EW values for Hα and [OIII]5007 are lower than 1σ for 72% and 68% of the galaxies, respectively. These values raise to 97% and 95% for deviations lower than 3σ. Outliers are mainly due to misplacements of the slit and contamination of SHARDS filters with other lines (see Sect. 4.1).
We also use the emission line measurements to rule out AGN contamination in the sample. We measure the EW in Hα, [OIII]5007, [NII]6583, and Hβ in the 26 galaxies where the S∕N > 3 in all lines, in order to build a BPT diagram (Baldwin et al. 1981). For 40 extra galaxies we were only able to use the Juneau et al. (2011) method (a [OIII]5007/Hβ vs. mass diagram). After considering Hβ absorption and poorly corrected sky lines at [NII] wavelength, we find no galaxy out of the star-forming region in either diagram. We therefore rule out AGN contamination in those 66 galaxies, on top of the X-ray data we used at the end of Sect. 3.
We also estimate the metallicity of the gas using the empirical calibration based on the [NII]/Hα ratio (Denicoló et al. 2002). This method has been successfully applied to different samples of star-forming galaxies (Morales-Luis et al. 2011; Sánchez Almeida et al. 2015). We use the calibration by Marino et al. (2013),
[image: equation](6)
The results are shown in Fig. 10. All the ELG with spectra and good S/N show sub-solar gas-phase metallicity, even those where we only could measure an upper limit. The median value for the 30 galaxies where the S/N in [NII] was high enough is 8.35, very close to the median metallicity of the young population stars, as derived from the SED fitting (8.41).
	[image: thumbnail]	Fig. 9
Comparison between photometric EW and spectroscopic EW for Hα (left panel) and [OIII]5007 (right panel). The blue line represents the one-to-one relationship.



	[image: thumbnail]	Fig. 10
Cumulative distribution of gas metallicity of the galaxies in the spectroscopic sample. In blue, galaxies with detected [NII]6583 and thus measured metallicity. In red, those with only an upper limit to [NII]6583 and metallicity.



7 Results and discussion
In what follows we summarize the results of the two population SED fitting on the 160 ELG sample selected by [OIII]5007 and Hα detection. We will also review the main gas phase properties of the sample, comparing them and placing them in the context of local and higher redshift surveys. We further provide the colour of the galaxies in the sample, as well as their sizes and densities of massive stars. Photometry-derived properties (EW, fluxes, Hα luminosity, etc.) are compiled in Table 1 for all galaxies in the sample. SED-fitting-derived properties are presented inTable 2.
	[image: thumbnail]	Fig. 11
Stellar population parameters of the young population for the ELG sample, obtained from the SED fitting. Top left panel: distribution of age of the young stellar population, in millions of years. Top right panel: distribution of metallicity of the young stellar population, both as a fraction of heavy elements Z and as oxygen abundance 12 + log(O/H). Bottom left panel: distribution of extinction of the young stellar population, in AV magnitudes.Bottom right panel: distribution of stellar mass of both young and old stellar populations (SP), in blue and red, respectively.



7.1 The host and the burst: results from the fit of the SED
Figure 11 shows the distribution of the two stellar populations’ parameters that best reproduce the SED of our ELG sample. A summary of the best-fitting values for each galaxy and their uncertainties are given in Table 2. As shown in the examples of Fig. 7, several different cases exist, with a range of Hα and [OIII]5007 EW, extinctions, and relative strengths of the young and old populations.
For the vast majority of the galaxies, we are able to successfully fit their SED with a simple two-populations model, using effectively only four parameters (age, extinction, metallicity and mass of the young population). This means that we can fit these galaxies with a physically motivated model (many studies have found an underlying old host galaxy and young star-forming regions), but reducing the number of free parameters with respect to the usual exponential SFH model. We consider this approach more robustgiven both the nature of the data and the strong covariances within the parameters involved in the fit.
Regarding the ages of the young stellar populations in Fig. 11a, we obtain a median value of 8 Myr, and an extended distribution ranging from 2.5 to 13 Myr.
The metallicities of the young stellar population (Fig. 11b) are low, ~ 50% of them being Z = 0.004 (12 + log (O/H) = 8.25) or lower, and ~92% of them being Z = 0.008 (12 + log(O/H) = 8.56) or lower. We compute the corresponding stellar oxygen abundances directly from the models (Schaller et al. 1992; Charbonnel et al. 1993; Schaerer et al. 1993). Comparing these values to the compilations presented in Fig. 11 of Bresolin et al. (2016) and Fig. 8 of Toribio San Cipriano et al. (2017), we find that the SF bursts of the galaxies in our sample have typical metallicities ranging from that of Sextans A to a value between the Small and Large Magellanic Clouds.
The extinction of the young population (panel c) tends also to be small, with median AV ~ 0.37 mag. These values are low compared to some other surveys where extinction was computed for each source (Villar et al. 2008; An et al. 2014). It is also low compared to the extinction of 1 magnitude typically applied in other surveys (e.g., in Sobral et al. 2013). This small extinction (see also Vilella-Rojo et al. 2015) is easily understandable given the low masses of the galaxies in our sample (Zahid et al. 2013). For a sample with similar values of stellar mass to those in ours, Gómez-Guijarro et al. (2016) find similar values for the extinction although at higher redshift. The low metallicity and small extinction are consistent together, and are also consistent with the mass values, given the mass-metallicity relation (Garn & Best 2010; Zahid et al. 2012, 2013).
The mass of both the young and the old stellar populations (Fig. 11 d) span a wide range of values: from 105 to 108 M⊙ being the young one and from 107 to 1010 M⊙ being the old one in most cases.
The differences with higher redshift studies are partially due to our improved sensitivity to lower-mass galaxies. For example, when considering only galaxies with M⋆∕M⊙ > 108.43 M⊙ (around the detection limit in Cava et al. 2015), our median mass grows to 108.96 M⊙, closer to their median value of 109.53 M⊙ (at higher redshift, z = 0.84). In addition, the relative lack of high-mass galaxies in our sample is due to the small volume covered by the survey at low redshift, and also to the decreasing fraction of high-mass star-forming galaxies at lower redshift (Juneau et al. 2005; Mobasher et al. 2009). When comparing masses of other studies to ours, we have taken into account the difference between their Chabrier (2003) and our Salpeter (1955) IMF mass normalization, multiplying by 1.7 (or adding 0.23 dex in logarithmic scale) the Chabrier (2003) mass values.
Figure 12 presents the relation between the percentage of ELG compared to the reference sample as a function of the total stellar mass of the galaxies. This fraction grows with decreasing stellar mass, until we reach the completeness limit (~ 109 M⊙). This behavior is consistent with previous results (e.g., Hammer et al. 1997; Rodrigues et al. 2016; Sobral et al. 2011). Comparing with Fig. 4 in Sobral et al. (2011), we find that the slope of the relation is compatible, despite the different mass range and redshift.
Finally, the galaxies with spectra are more massive (median mass of 108.81 M⊙) than galaxies without spectra (108.05 M⊙). This is due to the improved depth of SHARDS data compared to spectroscopic surveys.
	[image: thumbnail]	Fig. 12
Percentage of ELG compared to the reference sample, as a function of stellar mass. We reach our completeness limit at 109 M⊙ (vertical dashed gray line). The red line represents the best fit to the significative data points. Data points under the completeness limit are shown in gray.



7.2 Gas phase properties
The rest-frame EW of Hα and [OIII]5007 were presented in Fig. 3, showing median values of 56 and 35 Å, and with 50% of the samples with 40 Å ≤ EWHα ≤ 82 and 22 Å ≤ EW[OIII] ≤ 60 Å, respectively. We compared in Fig. 9 the values derived from SHARDS SEDs and from TKRS and DEEP2 spectra in the subsample of galaxies where they were available. We find a good match in photometrically and spectroscopically derived EW for both lines, with 96% of the deviations being smaller than 3σ. Some pointshave a large difference, and this is probably due to differences in aperture, where the slit did not cover the whole galaxy (or the whole star-forming region).
In Fig. 2 we present the amount of ELGs per redshift bin as a percentage of the reference sample. Ourresult is consistent with that reported by Hammer et al. (1997) for galaxies in our redshift bin, ~25%. Their work was based on a low-resolution spectroscopic survey, dealing with more massive galaxies, but with a lower EW detection limit than us (15 Å in the OII[3727] line). More recently, Rodrigues et al. (2016) found a higher fraction (~45%), dealing also with massive galaxies (~1010 M⊙) and with a much lower EW limit (10 Å in the Hα line).
We compare with other surveys at similar redshifts with available EWs, Shioya et al. (2008) and Sobral et al. (2013). We use only galaxies with EW > 50 Å to ensure the sample is complete and comparable. Figure 13 shows the distribution of EW (top panel) and its median value as a function of redshift (bottom panel). We split our sample into two redshift bins, and show that our results agree well with the redshift evolution of EW. Cava et al. (2015) present the redshift evolution of the median [OII]3727 EW (their Fig. 11), which also follows a linear relation, but with a lower slope (α = 3.2) than ours (α ~ 5).
Using the Hα flux computed in Sect. 3 we derive the Hα luminosity of the galaxies, and use it to estimate the SFR using Kennicutt (1998) calibration. We correct both quantities for dust extinction using the values derived in the SED fit for the young stellar population. We note that we use the stellar extinction in this procedure as a first order approximation to the actual nebular extinction, which may be different (e.g., Reddy et al. 2016). We cannot directly estimate the nebular extinction spectroscopically, since not all our galaxies have spectral information, and those where it is available are not flux calibrated, preventing us from using the Balmer decrement method. In Fig. 14 we show the SFR-mass relation for our sample (also known as “star formation main sequence”). We have extended the usual SFR-mass relation to the region of both low mass and low SF in galaxies at low redshift, found to be only sparsely populated in previous analyses. Those studies based on large samples (Salim et al. 2007; Noeske et al. 2007; Lara-López et al. 2013) only presented information for a few galaxies under 109 solar masses. Those focused on low-mass galaxies (Ly et al. 2014; Amorín et al. 2015; Calabrò et al. 2017) are biased towards highly star-forming systems. Our data is compatible with the extrapolation to lower masses of some local samples (Salim et al. 2007; Lara-López et al. 2013), and lies slightly under the values computed by the GAMA team for their subsample at 0.23 < z < 0.36 (Lara-López et al. 2013). This GAMA sample, however, lies slightly above the Noeske et al. (2007) data, within the 1σ scatter. We find that the slope in the relation is consistent with that derived in previous, higher-mass analyses, considering the uncertainties. We do not see the strong flattening of the relation at lower masses claimed by Pirzkal et al. (2013). This suggests that, overall, the star-forming mechanisms operating in high-mass galaxies are also in play in their lower-mass counterparts. We have normalized the Chabrier (2003) IMF mass values of these studies to Salpeter (1955) values.
We found that the scatter of the SFR-mass relation (Fig. 14) strongly depends on the burst ratio (mass of the young stellar population divided by the total mass of the galaxy), with higher-burst-ratio galaxies located in the upper region of the relation. Figure 15 shows the burst ratio as a function of the total stellar mass, and we found that lower-mass galaxies present higher burst ratios than higher-mass galaxies. We ran a series of 10 000 Bootstrap and Monte Carlo simulations and in all of them the Spearman correlation factor was negative (p < 10−4), with a median value of −0.47. This correlation is consistent with previous studies finding low-mass galaxies to have more burst-like SF; see for example Gilbank et al. (2010), Bauer et al. (2013), and Behroozi et al. (2013) for observational evidence, and Furlong et al. (2015) and Guo et al. (2016) for results based on simulations. This result independently supports our choice of a SED model with a recent star-formingburst rather than an exponentially declining SFH.
In order to check the consistency of our SFR derivation, we compare our values to those obtained using infrared data gathered from the Rainbow multiwavelength database2 (Barro et al. 2011a,b). We use the total infrared luminosity, L(TIR) (from 8 to 1000 μm), computed from synthetic spectra using Rainbow SED fits. These fits take into account observational data from the UV (GALEX) to the far-infrared, gathering data from both Spitzer and Herschel. We then apply Catalán-Torrecilla et al. (2015) recipes for computing the SFR based on different tracers. We consider, in particular,
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where L(Hαobs) and L (H αcorr) are the measured and extinction-corrected Hα luminosities, respectively, computed from our photometric Hα flux measurements. The two resulting SFR estimations agree within 3σ for 85% of the sample. This is a remarkable agreement, given the multiple sources of uncertainty and assumptions made. This result also gives an independent confirmation of both our Hα flux measurement and the young population extinction derived from the SED fitting, described in Sect. 5.
We must note that the assumption of an instantaneous star-forming burst and the derivation of a SFR are, sensu stricto, inconsistent (see Otí-Floranes & Mas-Hesse 2010). Nevertheless, as most other works in literature do, it is interesting to derive SFR estimations both for comparison purposes, and as an independent estimation of the mean SF in the galaxies during the most recent ~10 Myr.
In Sect. 6 we also used the spectra to compute the gas-phase metallicity using Marino et al. (2013) calibration for the [NII]/Hα ratio in the 26 galaxies that have S∕N > 3 in [NII] (upper limits were determined for the rest of the spectroscopic sample). The median value is log (O/H) = 8.36 as seen in Fig. 10, and the median mass of this sub-sample is 109.31 M⊙. All gas phase measurements show sub-solar metallicities, as well as all 92% of the SED derived young stellar populations. Given the sparse sampling of metallicity given by the S99 models, we cannot further compare the stellar metallicity and gas metallicity values. Taking into account the systematic shift between different metallicity estimators studied in Kewley & Ellison (2008), the gas metallicity of our sub-sample agrees with the expected metallicity at the observed mass and redshift range (Yuan et al. 2013; Hunt et al. 2016).
	[image: thumbnail]	Fig. 13
Top panel: percentage of galaxies in a given Hα EW bin for different samples. As redshift increases, distributions tend to have larger EW. Bottom panel: median value for the Hα EW in different samples as a function of redshift. The gray line represents the best fit. For our sample (triangles), we consider two redshift bins: z ~ 0.24 (red) and z ~ 0.32 (orange). We also plot Shioya et al. (2008) as blue circles and Sobral et al. (2013) as gray squares. To ensure that all samples are complete and comparable, we consider only galaxies with Hα EW > 50 Å.



	[image: thumbnail]	Fig. 14
SFR of the ELG sample vs. stellar mass, in gray dots. The black line represents the best fit to our data. In light and dark blue, the relations presented in Lara-López et al. (2013) for z ~ 0.3 and z ~ 0 galaxies, respectively. The green line corresponds to the linear fit to Salim et al. (2007) data. The former three lines are continuous in the mass range where the respective samples are complete, and dashed otherwise. In large red dots, the median values for the z ~ 0.3 Noeske et al. (2007) sample (in smaller dots, the 1σ contours).



	[image: thumbnail]	Fig. 15
Burst strength (mass of the young population divided by total stellar mass) as a function of total stellar mass in the galaxies of our sample. The median Spearman correlation factor, taking into account the uncertainties, is − 0.47.



	[image: thumbnail]	Fig. 16
Top panel: in blue, cumulative percentage of ELG galaxies as a function of V-J rest-frame colour. In brown, cumulative percentage of ELG in the blue sample as a function of V-J colour. Vertical dashed lines are the proposed V-J values to select ELG in photometric surveys (see text). Bottom panel: UVJ diagram showing the galaxies in our sample along with a representative reference sample from the Rainbow database (gray triangles). We represent the colour of the galaxies in our sample in blue dots, from our SED fitting. We plot also the colour of the old and young populations in red and dark green dots, respectively. Limits for the quiescent region (top-left region) are taken from Whitaker et al. (2011) for z < 0.5. Vertical dashed lines as in top panel.



7.3 The colour of the galaxies
Colour-colour diagrams have been historically used to separate star-forming and quiescent galaxies (see e.g., Madau et al. 1996). More recently, the UVJ diagram (Labbé et al. 2005; Wuyts et al. 2007) has proven to be useful for that purpose at different redshifts. In this section we explore the position of our sample of galaxies in the UVJ plane, to test whether they would have been identified in a colour selection, and if we could define a more restrictive criteria to select ELGs. Using the fluxes derived from the SED fitting, we computed the synthetic UVJ magnitudes of the ELGs, and also those of the two modeled populations (see bottom panel of Fig. 16). As expected, almost all galaxies in our sample lie in the blue region of the diagram (according to the limits defined in Whitaker et al. 2011), with the young populations in bluer regions of that area. Old populations lie in the quiescent area (since we used a fixed age, metallicity, and extinction for the old stellar population, all have the same colour).
To compare with the non-ELGs, we also plot the reference sample from SHARDS in the bottom panel of Fig. 16; the synthetic colours are taken from the Rainbow database (Barro et al. 2011a,b). Given the different methods of SED fitting, we notice a scatter and a small systematic error between the value of the colours using our SED fitting method and that of Rainbow for the ELG sample. We represent the typical scatter as error bars in the bottom right corner of the bottom panel of Fig. 16 (the systematic error is smaller than the scatter). Using the Rainbow SED fitting for our ELG sample would not change the conclusions of this section.
All but four of the galaxies in the ELG sample lie in the blue region of the diagram. It is noticeable that our ELG sample occupies a different region in the UVJ diagram compared to the whole sample of blue galaxies. To check the statistical significance of this difference, we use the Anderson–Darling criterion (Scholz & Stephens 1987) for both U-V and V-J colours. In both cases, the p-values are much smaller than 0.05, so we can confidently claim that they are two different populations.
Given this result, we find new colour cuts to select ELGs in broad band surveys. Selecting blue galaxies with V-J < 0.35, 84% of them are ELG, and they amount to 76% of the total ELG sample. On the other hand, limiting to V-J > 0.9 results in selecting a blue galaxy sample with no emission (only 1% ELG according to our results) while keeping 52% of the non-ELG sample. In between those colour cuts, both populations are mixed. The cumulative percentage of ELG galaxies as a function of V-J colour is presented in blue triangles in the top panel of Fig. 16. The cumulative fraction of galaxies in the blue region of the diagram that are ELG is plotted in brown dots; it reaches a plateau at 25% for high values, since that is the percentage of blue galaxies that are ELG.
More generally, the presence of a large number of blue galaxies for which we do not detect emission lines is understandable, given the observational limits on EW detection, and the persistence of galaxies in the blue region of the diagram after a SF event. Considering the mass ratio of young to old populations of our sample, ~50% of the galaxies would still be in the blue region of the diagram 100 Myr after the burst.
7.4 Density of O-type stars and feedback
We use the higher spatial resolution 3D-HST data (the flux radius parameter from its photometric catalog) to estimate the physical sizes of the galaxies. All but one of the galaxies are well resolved in HST images, given that the lower detectable radius would be ~0.3 kpc. No statistical difference is detected between the ELG and the reference sample.
The amount and density of massive stars (O type, fundamentally) in a galaxy is related to the mechanical energy that the SF burst is depositing into the interstellar medium. Very high densities can create galactic superwinds (Tenorio-Tagle & Muñoz-Tuñón 1998; Tenorio-Tagle et al. 2010) that inhibit further SF and contaminate the intergalactic medium (IGM) with enriched material. Other models however predict the possibility that young massive clusters face an intense cooling by frequent interactions between the nearby winds of individual stars. This would result in a solution of positive feedback if much of the – otherwise ejected – material were to be cooled down and kept within the cluster volume to produce more stars (Tenorio-Tagle et al. 2005).
Using the mass, metallicity, and age of the young stellar population derived from the SED fit, we retrieve the amount of O stars per galaxy from the Starburst99 output. Then, using the radius of the galaxy taken from the 3D-HST catalog we can estimate the surface density of O stars in each galaxy. In Fig. 17 we present the histograms and scatter plot of those variables. Most galaxies show radii smaller than 3 kpc and densities lower than 3000 stars per kpc2. The largest galaxies present low O-star densities, which is likely due to the fact that SF tends to happen in localized regions, not over the whole galaxy, and therefore by using the global galaxy size we are only providing an upper limit. There is also a small population of galaxies with very high O-star densities that present small radii. They have over 4000 O-stars per kpc2, reaching the order of magnitude of individual starbursts, such as the 30 Doradus HII region (also known as Tarantula Nebula) in the Large Magellanic Cloud, that presents approximately 5000 O-stars per kpc2 in the central 300 pc (Doran et al. 2013). The simulations presented in Tenorio-Tagle et al. (2005) show that the shape and components of the Hα emission line in young, massive clusters could be used to determine the feedback regime (positive, negative, or bimodal) that the cluster is experiencing. The densest galaxies in our sample could therefore be potential targets for high-resolution spectroscopy.
	[image: thumbnail]	Fig. 17
Radius and density of O-type stars of the ELG sample. Main panel: radius of the galaxies as a function of O-type stars surfacedensity. Top panel: histogram of O-type stars surface density in the ELG sample, computed using the SED fitting results Right panel: histogram of galaxy effective radius, computed from HST infrared data (F160W filter).



8 Conclusions
We identify 160 ELGs in the SHARDS survey on the GOODS-N field, up to z = 0.36, via simultaneous detection of the Hα and [OIII]5007 emission lines, reaching low-stellar-mass and low-SFR galaxies thanks to SHARDS depth and spectral resolution. We developed a new algorithm optimized to find emission lines in SHARDS multi-filter medium-band photometry. By selecting galaxies with both lines we avoid contamination caused by interlopers at other redshifts. The continuous wavelength coverage of the survey allows for a precise determination of the continuum, resulting in robust measurements of the EW and flux of the emission lines.
We detect faint emission lines, reaching limits of ~15 Åin EW and ~4 × 10−18 erg s−1 cm−2 of flux in Hα, with 50% completeness at 35 Å and 7.4 × 10−17 erg s−1 cm−2. These values are similar to the limits found in Cava et al. (2015), and comparable to those of narrow-band surveys (Sobral et al. 2013) with wider redshift coverage. We identify as ELG ~20% of the galaxies in the reference sample (all galaxies detected in SHARDS with the same redshift and absolute magnitude limits), compatible with previous results. This percentage decreases with mass at a similar rate as seen in Sobral et al. (2011). For high EW galaxies, the percentage we detect is approximately two times greater than what Hinojosa-Goñi et al. (2016) detect in COSMOS, probably caused by SHARDS depth and continuous redshift coverage.
Using the photometrically derived EW in Hα as a constraint, and using ancillary data from ALHAMBRA and GALEX, we successfully fit the SED of the galaxies in the sample using a model with two single stellar populations. With fixed age, extinction, and metallicity in the old stellar population, we find robust results for the young stellar population properties, even considering different ages for the old population.
The age of the young stellar population is low, with a median value of 8 Myr, and shows an extended distribution from 2.5 to 13 Myr. Masses of the young populations range from 106 to 108   M⊙ (with a median of 106.9 M⊙) and those from the old one range from 108 to 1010M⊙ (with a median of 108.5 M⊙). As a result, the burst strength goes from 0.001 to 0.1. The metallicity of the young stellar population is low, with ~ 92% of the sample presenting 12 + log(O/H) ≤ 8.56. The extinction of the young populations is also small, with a median value of AV ~ 0.37 mag. Low metallicities and extinctions are known to be correlated together and also with low masses, showing our sample is in agreement with previous studies at low to intermediate redshifts.
The distribution of Hα EW is compatible with previously defined trends in our redshift range. Given the abundant spectroscopic coverage in the field, we have analyzed the spectra of the galaxies in our sample where it was available, finding good agreement with photometrically derived EWs. The subsample without spectroscopic coverage is 1.85 magnitudes fainter than the one with spectra, which is one of the advantages of a deep photometric survey such as SHARDS.
The vast majority of gas-phase metallicities derived from the [NII]/Hα ratio in the galaxies with spectra are lower than solar metallicity, as well as SED-fitting-derived stellar metallicities. They occupy the expected position in the mass-metallicity relation considering previous literature.
SFR computed with the Hα flux derived photometrically is consistent with the value derived from IR, which shows the robustness of both Hα and extinction measurements.
The ELGs show very blue UVJ colours compared with all colour-selected galaxies. We suggest a new colour cut to select ELG in broadband surveys: V-J < 0.35 selects ELG, and V-J > 0.9 selects non-ELG. The amount of non-ELG blue galaxies is consistent with our limits in emission-line detection, and with the persistence of galaxies in the blue region of the diagram after SF shuts down (~100 Myr). In addition, the size of the ELGs is similar to that of non-ELGs in the reference sample. These findings suggest that ELGs are a transient phase of the same class of galaxies.
In order to explore the possible feedback regimes in our sample, we find a number of galaxies with a high density of O stars (more than 4000 O stars per kpc2). They could be interesting targets for follow-up high-resolution spectroscopy, to look for the impact of the burst into the IGM.
In forthcoming papers, we will extend this work to higher redshifts and perform a detailed morphological analysis on the host galaxies, as well as on the various properties of the star-formingknots.
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	[image: thumbnail]	Fig. 1
Top panel: SED of an ELG in our sample (SHARDS10003416) in black dots, overplotted on the transmission profile of SHARDS filters. The longslit spectrum (from the TKRS survey) is also shown in dark green. The 1000 Bootstrap continuum fits are shown in red, with the ± 1σ limits in green. Vertical dashed and continuous black lines indicate the lowest and highest wavelengths, respectively, for which each filter reaches 50% transmission rate. Vertical red and blue lines represent the expected wavelength of the Hα and [OIII]5007 lines, respectively, considering spectroscopic redshift (continuous lines) and photometric redshift derived in this work (dashed lines). Notorious flux excess can easily be seen in several filters, corresponding to emission lines. Bottom left panel: zoom into the [OIII]5007,4959 emission lines, using the same colours and symbols as the upper panel. Bottom right panel: zoom into the Hα line spectralregion.
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	[image: thumbnail]	Fig. 2
Distribution of redshifts of the ELG sample. For the galaxies that lack spectroscopic redshift determination, we use the value determined by our emission line detection algorithm. The gray dots represent the amount of ELG as a percentage of the reference sample for each redshift bin as shown in the right axis.
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Distribution of Hα and [OIII]5007 EWs in the sample.
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	[image: thumbnail]	Fig. 4
Completeness of the sample, derived from simulated SEDs with emission lines added. Top panel: completeness as a function of the EW of [OIII] and Hα lines. We reach 50% completeness at around 22 Å in [OIII], 35 Å in Hα. Bottom panel: completeness of the sample, using the same simulations as in the top panel, but plotted as a function of the Hα flux. We reach 50% completeness at around 7.4 × 10−17 erg s−1 cm−2.
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	[image: thumbnail]	Fig. 5
SED of the galaxy SHARDS10001384. SHARDS photometry (red triangles) and ALHAMBRA (filled blue circles). The pink open triangles represent the interpolation between the values derived from the circular SHARDS apertures encompassing ALHAMBRA, and the open dark blue circles are the result of applying the scaling factor to ALHAMBRA data. We see that the values obtained using larger SHARDS apertures and those from ALHAMBRA are similar. Shaded regions are wavelength ranges contaminated by prominent emission lines and are not used in the derivation of the scaling factor.
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	[image: thumbnail]	Fig. 6
Postage stamp of a galaxy (SHARDS10001384) as seen in a SHARDS image (left panel) and a HST-ACS one (right panel). We overplot the SHARDS aperture (red), the ALHAMBRA aperture (blue) and two SHARDS circular apertures encompassing ALHAMBRA. We also represent in white the slit used by the TKRS survey to obtain the long-slit spectrum. The white line at the bottom-left corner is one arcsecond long.
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	[image: thumbnail]	Fig. 7
Example of four SED fitted galaxies, with a range of different physical parameters, shown in the top right corner. Black dots correspond to SHARDS photometric points, red stars to ALHAMBRA data (when available), and dark green dots to GALEX data (only upper limits in the third panel). The red line represents the stellar spectrum of the old stellar population, while the blue one represents the young population, and the sum of both is shown in dark green. Gray shaded areas cover the filters that could be contaminated with nebular emission lines, and are not taken into account when deriving the χ2 value.
In the text



	[image: thumbnail]	Fig. 8
Histograms showing the relative uncertainty in each parameter of the young stellar population caused bythe degeneracy in the old population. Panel a: age, panel b: metallicity, panel c: extinction (AV), and panel d: mass. We derive the best value for each parameter in each galaxy, for all considered old stellar population ages. Then we take the width of its distribution for each galaxy and compute the relative error. We see that the changes in the best values are smaller than 20% in most cases. The blue lines represent the median value of the relative error.
In the text



	[image: thumbnail]	Fig. 9
Comparison between photometric EW and spectroscopic EW for Hα (left panel) and [OIII]5007 (right panel). The blue line represents the one-to-one relationship.
In the text



	[image: thumbnail]	Fig. 10
Cumulative distribution of gas metallicity of the galaxies in the spectroscopic sample. In blue, galaxies with detected [NII]6583 and thus measured metallicity. In red, those with only an upper limit to [NII]6583 and metallicity.
In the text



	[image: thumbnail]	Fig. 11
Stellar population parameters of the young population for the ELG sample, obtained from the SED fitting. Top left panel: distribution of age of the young stellar population, in millions of years. Top right panel: distribution of metallicity of the young stellar population, both as a fraction of heavy elements Z and as oxygen abundance 12 + log(O/H). Bottom left panel: distribution of extinction of the young stellar population, in AV magnitudes.Bottom right panel: distribution of stellar mass of both young and old stellar populations (SP), in blue and red, respectively.
In the text



	[image: thumbnail]	Fig. 12
Percentage of ELG compared to the reference sample, as a function of stellar mass. We reach our completeness limit at 109 M⊙ (vertical dashed gray line). The red line represents the best fit to the significative data points. Data points under the completeness limit are shown in gray.
In the text



	[image: thumbnail]	Fig. 13
Top panel: percentage of galaxies in a given Hα EW bin for different samples. As redshift increases, distributions tend to have larger EW. Bottom panel: median value for the Hα EW in different samples as a function of redshift. The gray line represents the best fit. For our sample (triangles), we consider two redshift bins: z ~ 0.24 (red) and z ~ 0.32 (orange). We also plot Shioya et al. (2008) as blue circles and Sobral et al. (2013) as gray squares. To ensure that all samples are complete and comparable, we consider only galaxies with Hα EW > 50 Å.
In the text



	[image: thumbnail]	Fig. 14
SFR of the ELG sample vs. stellar mass, in gray dots. The black line represents the best fit to our data. In light and dark blue, the relations presented in Lara-López et al. (2013) for z ~ 0.3 and z ~ 0 galaxies, respectively. The green line corresponds to the linear fit to Salim et al. (2007) data. The former three lines are continuous in the mass range where the respective samples are complete, and dashed otherwise. In large red dots, the median values for the z ~ 0.3 Noeske et al. (2007) sample (in smaller dots, the 1σ contours).
In the text



	[image: thumbnail]	Fig. 15
Burst strength (mass of the young population divided by total stellar mass) as a function of total stellar mass in the galaxies of our sample. The median Spearman correlation factor, taking into account the uncertainties, is − 0.47.
In the text



	[image: thumbnail]	Fig. 16
Top panel: in blue, cumulative percentage of ELG galaxies as a function of V-J rest-frame colour. In brown, cumulative percentage of ELG in the blue sample as a function of V-J colour. Vertical dashed lines are the proposed V-J values to select ELG in photometric surveys (see text). Bottom panel: UVJ diagram showing the galaxies in our sample along with a representative reference sample from the Rainbow database (gray triangles). We represent the colour of the galaxies in our sample in blue dots, from our SED fitting. We plot also the colour of the old and young populations in red and dark green dots, respectively. Limits for the quiescent region (top-left region) are taken from Whitaker et al. (2011) for z < 0.5. Vertical dashed lines as in top panel.
In the text



	[image: thumbnail]	Fig. 17
Radius and density of O-type stars of the ELG sample. Main panel: radius of the galaxies as a function of O-type stars surfacedensity. Top panel: histogram of O-type stars surface density in the ELG sample, computed using the SED fitting results Right panel: histogram of galaxy effective radius, computed from HST infrared data (F160W filter).
In the text





    
      Fig. 1 

      
        [image: thumbnail]
      

      
Top panel: SED of an ELG in our sample (SHARDS10003416) in black dots, overplotted on the transmission profile of SHARDS filters. The longslit spectrum (from the TKRS survey) is also shown in dark green. The 1000 Bootstrap continuum fits are shown in red, with the ± 1σ limits in green. Vertical dashed and continuous black lines indicate the lowest and highest wavelengths, respectively, for which each filter reaches 50% transmission rate. Vertical red and blue lines represent the expected wavelength of the Hα and [OIII]5007 lines, respectively, considering spectroscopic redshift (continuous lines) and photometric redshift derived in this work (dashed lines). Notorious flux excess can easily be seen in several filters, corresponding to emission lines. Bottom left panel: zoom into the [OIII]5007,4959 emission lines, using the same colours and symbols as the upper panel. Bottom right panel: zoom into the Hα line spectralregion.


    

  
    Table 1 

List of ELGs identified in SHARDS and its main properties.



	ID
	RA
	Dec
	zphot
	zspec
	zlines
	pEWH α
	sEWH α
	FH α
	pEW[OIII]
	sEW[OIII]
	FOIII
	LHα
	F850LP
	N2



	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	(8)
	(9)
	(10)
	(11)
	(12)
	(13)
	(14)
	(15)





	20002280
	189.3239
	62.19090
	0.21
	0.213
	0.22
	65 ± 14
	88 ± 12
	72 ± 11
	34 ± 17
	44 ± 4
	60 ± 25
	153 ± 23
	22.661 ± 0.019
	0.14



	10000098
	189.3262
	62.19741
	0.11
	0.105
	0.11
	19 ± 13
	9.2 ± 0.4
	169 ± 97
	18 ± 12
	3.4 ± 0.2
	124 ± 71
	53 ± 31
	21.046 ± 0.002
	0.38 ± 0.04



	10000145
	189.3580
	62.20181
	0.09
	0.089
	0.09
	45 ± 8
	55 ± 1
	182 ± 26
	26 ± 10
	29 ± 1
	154 ± 48
	57 ± 8
	21.313 ± 0.006
	0.05



	10000515
	189.3600
	62.22278
	0.30
	0.299
	0.29
	43 ± 28
	21 ± 2
	26 ± 13
	16 ± 8
	11 ± 2
	17 ± 8
	181 ± 89
	23.257 ± 0.022
	0.48



	10000777
	189.3220
	62.23236
	0.33
	0.336
	0.33
	32 ± 17
	41 ± 2
	194 ± 89
	20 ± 8
	21 ± 1
	177 ± 57
	1078 ± 492
	20.971 ± 0.002
	0.13



							.....
								





Notes. EWs and Hα luminosity are corrected by extinction. The complete table is available at the CDS; only the first rows are shown here as guidance. Columns: (1) SHARDS ID. (2) Right ascension from SHARDS catalog. (3) Declination from SHARDS catalog. (4) Photometric redshift from SHARDS catalog. (5) Spectroscopic redshift from Barger et al. (2008). (6) Photometric redshift derived in this study using Hα and [OIII]5007 lines. (7) Photometrically derived Hα EW, in Ångstroms. (8) Spectroscopically derived Hα EW, in Ångstroms. (9) Photometrically derived Hα flux, in 10−18 erg s−1 cm−2. (10) Photometrically derived [OIII]5007 EW, in Ångstroms. (11) Spectroscopically derived [OIII]5007 EW, in Ångstroms. (12) Photometrically derived [OIII]5007 flux, in 10−18 erg s−1 cm−2. (13) Photometrically derived Hα luminosity, in 1038 erg s−1. (14) Magnitude of the galaxy in F850LP band, from HST (Skelton et al. 2014). (15) [NII6583]/Hα ratio derived from spectroscopy. If no uncertainty is shown, the value is an upper limit.





  
    
      Fig. 2 

      
        [image: thumbnail]
      

      
Distribution of redshifts of the ELG sample. For the galaxies that lack spectroscopic redshift determination, we use the value determined by our emission line detection algorithm. The gray dots represent the amount of ELG as a percentage of the reference sample for each redshift bin as shown in the right axis.


    

  
    
      Fig. 3 

      
        [image: thumbnail]
      

      
Distribution of Hα and [OIII]5007 EWs in the sample.


    

  
    
      Fig. 4 

      
        [image: thumbnail]
      

      
Completeness of the sample, derived from simulated SEDs with emission lines added. Top panel: completeness as a function of the EW of [OIII] and Hα lines. We reach 50% completeness at around 22 Å in [OIII], 35 Å in Hα. Bottom panel: completeness of the sample, using the same simulations as in the top panel, but plotted as a function of the Hα flux. We reach 50% completeness at around 7.4 × 10−17 erg s−1 cm−2.


    

  
    Table 2 

Results from the SED fitting.



	ID
	EWH α
	χ2
	Agey
	Zy
	AV.y
	My
	Mo
	log(NO⋆)
	R
	σO⋆



	(1)
	(2)
	(3)
	(4)
	(5)
	(6)
	(7)
	(8)
	(9)
	(10)
	(11)





	20002280
	61
	1.09
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	3.9
	2.29
	450



	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 



	10000098
	23
	0.85
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	2.4
	0.95
	95



	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 



	10000145
	42
	0.61
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	3.5
	1.44
	453



	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 



	10000515
	38
	2.49
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	3.7
	2.59
	222



	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 



	10000777
	34
	1.09
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	[image: equation]
	4.5
	1.85
	2809



					......
						





Notes. Fixed values for the old population: age (2 Gyr), metallicity (Z = 0.004) and extinction (E(B-V) = 0.08). The complete table is available at the CDS; only the first rows are shown here as guidance. Columns: (1) SHARDS ID. (2) Photometrically derived Hα EW, in Ångstroms. (3) Reducedchi-squared of the best-fit. (4) Age of the young stellar population, in Myr. (5) Metallicity of the young stellar population. (6) Extinction (AV) of the young stellar population, in magnitudes. (7) Mass of the young stellar population, in log(M⊙). (8) Mass of the old stellar population, in log(M⊙) (9) Number of O stars per galaxy (logarithm). (10) Physical effective radius of the galaxy in kpc, based on F160W data (Skelton et al. 2014). (11) Surface density of O stars, in N⋆ kpc−2.





  
    
      Fig. 5 

      
        [image: thumbnail]
      

      
SED of the galaxy SHARDS10001384. SHARDS photometry (red triangles) and ALHAMBRA (filled blue circles). The pink open triangles represent the interpolation between the values derived from the circular SHARDS apertures encompassing ALHAMBRA, and the open dark blue circles are the result of applying the scaling factor to ALHAMBRA data. We see that the values obtained using larger SHARDS apertures and those from ALHAMBRA are similar. Shaded regions are wavelength ranges contaminated by prominent emission lines and are not used in the derivation of the scaling factor.


    

  
    
      Fig. 6 

      
        [image: thumbnail]
      

      
Postage stamp of a galaxy (SHARDS10001384) as seen in a SHARDS image (left panel) and a HST-ACS one (right panel). We overplot the SHARDS aperture (red), the ALHAMBRA aperture (blue) and two SHARDS circular apertures encompassing ALHAMBRA. We also represent in white the slit used by the TKRS survey to obtain the long-slit spectrum. The white line at the bottom-left corner is one arcsecond long.


    

  
    
      Fig. 7 

      
        [image: thumbnail]
      

      
Example of four SED fitted galaxies, with a range of different physical parameters, shown in the top right corner. Black dots correspond to SHARDS photometric points, red stars to ALHAMBRA data (when available), and dark green dots to GALEX data (only upper limits in the third panel). The red line represents the stellar spectrum of the old stellar population, while the blue one represents the young population, and the sum of both is shown in dark green. Gray shaded areas cover the filters that could be contaminated with nebular emission lines, and are not taken into account when deriving the χ2 value.


    

  
    
      Fig. 8 

      
        [image: thumbnail]
      

      
Histograms showing the relative uncertainty in each parameter of the young stellar population caused bythe degeneracy in the old population. Panel a: age, panel b: metallicity, panel c: extinction (AV), and panel d: mass. We derive the best value for each parameter in each galaxy, for all considered old stellar population ages. Then we take the width of its distribution for each galaxy and compute the relative error. We see that the changes in the best values are smaller than 20% in most cases. The blue lines represent the median value of the relative error.


    

  
    
      Fig. 10 

      
        [image: thumbnail]
      

      
Cumulative distribution of gas metallicity of the galaxies in the spectroscopic sample. In blue, galaxies with detected [NII]6583 and thus measured metallicity. In red, those with only an upper limit to [NII]6583 and metallicity.


    

  
    
      Fig. 11 

      
        [image: thumbnail]
      

      
Stellar population parameters of the young population for the ELG sample, obtained from the SED fitting. Top left panel: distribution of age of the young stellar population, in millions of years. Top right panel: distribution of metallicity of the young stellar population, both as a fraction of heavy elements Z and as oxygen abundance 12 + log(O/H). Bottom left panel: distribution of extinction of the young stellar population, in AV magnitudes.Bottom right panel: distribution of stellar mass of both young and old stellar populations (SP), in blue and red, respectively.


    

  
    
      Fig. 12 

      
        [image: thumbnail]
      

      
Percentage of ELG compared to the reference sample, as a function of stellar mass. We reach our completeness limit at 109 M⊙ (vertical dashed gray line). The red line represents the best fit to the significative data points. Data points under the completeness limit are shown in gray.


    

  
    
      Fig. 13 

      
        [image: thumbnail]
      

      
Top panel: percentage of galaxies in a given Hα EW bin for different samples. As redshift increases, distributions tend to have larger EW. Bottom panel: median value for the Hα EW in different samples as a function of redshift. The gray line represents the best fit. For our sample (triangles), we consider two redshift bins: z ~ 0.24 (red) and z ~ 0.32 (orange). We also plot Shioya et al. (2008) as blue circles and Sobral et al. (2013) as gray squares. To ensure that all samples are complete and comparable, we consider only galaxies with Hα EW > 50 Å.


    

  
    
      Fig. 14 

      
        [image: thumbnail]
      

      
SFR of the ELG sample vs. stellar mass, in gray dots. The black line represents the best fit to our data. In light and dark blue, the relations presented in Lara-López et al. (2013) for z ~ 0.3 and z ~ 0 galaxies, respectively. The green line corresponds to the linear fit to Salim et al. (2007) data. The former three lines are continuous in the mass range where the respective samples are complete, and dashed otherwise. In large red dots, the median values for the z ~ 0.3 Noeske et al. (2007) sample (in smaller dots, the 1σ contours).


    

  
    
      Fig. 15 

      
        [image: thumbnail]
      

      
Burst strength (mass of the young population divided by total stellar mass) as a function of total stellar mass in the galaxies of our sample. The median Spearman correlation factor, taking into account the uncertainties, is − 0.47.


    

  
    
      Fig. 16 

      
        [image: thumbnail]
      

      
Top panel: in blue, cumulative percentage of ELG galaxies as a function of V-J rest-frame colour. In brown, cumulative percentage of ELG in the blue sample as a function of V-J colour. Vertical dashed lines are the proposed V-J values to select ELG in photometric surveys (see text). Bottom panel: UVJ diagram showing the galaxies in our sample along with a representative reference sample from the Rainbow database (gray triangles). We represent the colour of the galaxies in our sample in blue dots, from our SED fitting. We plot also the colour of the old and young populations in red and dark green dots, respectively. Limits for the quiescent region (top-left region) are taken from Whitaker et al. (2011) for z < 0.5. Vertical dashed lines as in top panel.


    

  
    
      Fig. 17 

      
        [image: thumbnail]
      

      
Radius and density of O-type stars of the ELG sample. Main panel: radius of the galaxies as a function of O-type stars surfacedensity. Top panel: histogram of O-type stars surface density in the ELG sample, computed using the SED fitting results Right panel: histogram of galaxy effective radius, computed from HST infrared data (F160W filter).
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