
spectrographs on 8–10 m class telescopes, thereby pushing the
spectroscopic census of galaxy population to z∼1 and
beyond. In order to obtain a large number of spectra, these
surveys need to compromise on the signal-to-noise ratio or
spectral resolution in exchange for sample sizes. They provide
a profound resource for studying the star formation and ISM
properties through emission lines. However, the quality of
these spectra is usually not good enough to constrain the
ages and metallicities of stars in individual galaxies through
the stellar continuum. So far, our understanding of stellar
populations of galaxies at z∼1 and beyond only comes from
studies with sample sizes of a few dozen, mainly massive and
quiescent galaxies (Kelson et al. 2001; Treu et al. 2005; van der
Wel et al. 2005; Jørgensen & Chiboucas 2013; van de Sande
et al. 2013; Choi et al. 2014; Gallazzi et al. 2014; Belli
et al. 2015; Onodera et al. 2015). This is far from representative
of the galaxy population at that epoch.

To achieve both the depth and sample size required for
characterizing the stellar content in the early universe, we carry
out the Large Early Galaxy Astrophysics Census (LEGA-C)
survey (van der Wel et al. 2016). The LEGA-C survey will
obtain ∼3000 Ks-band-selected spectra at z∼1 with typical
signal-to-noise ratio (S/N) of 20Å−1. The quality of the
spectra allows us to characterize the stellar populations of
individual galaxies and galaxies as a population, akin to what
has been achieved by the SDSS (Kauffmann et al. 2003a;
Brinchmann et al. 2004; Gallazzi et al. 2005).

In this paper, we present measurements of two age-sensitive
absorption line indices, the equivalent width of Hδ absorption
[EW(Hδ)] and the Dn4000 index, of 1019 galaxies selected
from the LEGA-C survey. For a simple stellar population
(SSP), the Dn4000 index increases monotonically with time.
On the other hand, the EW(Hδ) increases rapidly in the first few
hundreds of megayears when the O- and B-type stars fade and
the A-type stars dominate the spectrum. The EW(Hδ) then
decreases afterwards when A-type stars also fade. For a
composite stellar population, the peak strength of the Hδ
absorption depends on whether the SFR varies rapidly or
changes smoothly. These two spectral features have been
extensively used as diagnostics for the age of the stellar
population and to discern recent star formation histories (SFHs;
Kauffmann et al. 2003a; Le Borgne et al. 2006; Kauffmann
2014; Maltby et al. 2016).

In the local universe, Kauffmann et al. (2003b) showed that
both the Dn4000 and EW(Hδ) of galaxies exhibit bimodal
distributions, suggesting a bimodality in the light-weighted
stellar ages. On average, lower mass galaxies have smaller
Dn4000 and larger EW(Hδ), which indicate younger stellar
populations. Furthermore, for star-forming galaxies, low-mass
galaxies have stronger Hδ absorption, and the scatter of
EW(Hδ) at fixed Dn4000 is larger than massive star-forming
galaxies. These features suggest that low-mass star-forming
galaxies have more bursty SFHs (Kauffmann et al. 2003a;
Kauffmann 2014).

Recent spectroscopic surveys has pushed the census on the
stellar ages of galaxies to higher redshifts. Similar to galaxies in
the local universe, the Dn4000 of galaxies varies with the stellar
mass, and the bimodal distribution is in place up to z∼1
(Vergani et al. 2008; Haines et al. 2017). Studies on the
EW(Hδ) are limited, targeting mainly quiescent galaxies and
through stacked spectra (Siudek et al. 2017). Because of the
typically low S/N or low spectral resolution of high-redshift

spectroscopic surveys, the uncertainty of EW(Hδ) measure-
ments on individual galaxies is too large and the emission line
infilling cannot be estimated, preventing accurate constraints on
recent star formation activity.
In this paper, we show that the individual LEGA-C spectrum

contains precise age information for both star-forming and
quiescent galaxies. With over 1000 galaxies, we are able to
describe the average age and the patterns of recent star formation
activities at a look-back time of ∼7 Gyr. We describe the galaxy
sample and the quality of the spectral index measurements in
Section 2. In Section 3, we present the distribution of Dn4000 and
EW(Hδ) at z;0.8 and the comparison to SDSS galaxies at
z;0.1. We discuss the implications of our results in Sections 4
and 5. We summarize the paper and point out future directions in
Section 6.

2. Data and Analysis

2.1. The LEGA-C Sample at z;0.8

The LEGA-C survey is a four-year survey using the
VIMOS (Le Fèvre et al. 2003) mounted on the 8m Very
Large Telescope to obtain rest-frame optical spectra of ∼3000
Ks-band-selected galaxies mainly at 0.6�z�1.0. Each
galaxy receives ∼20hr of integration at a spectral resolution
of R∼3500. The typical continuum S/N is 20Å−1

This study is based on the first two years of data of the
LEGA-C survey. The primary sample of the LEGA-C survey
consists of those galaxies brighter than = ´–K 20.7 7.5s

+(( ) )zlog 1 1.8 and with redshifts  z0.6 1.0 (van der
Wel et al. 2016). From the LEGA-C primary sample, we then
select galaxies with stellar mass * ( )M M10.3 log 11.5 to
make a mass-limited sample. The lower mass limit ensures that
the Ks-band magnitude limit of the LEGA-C survey does not
introduce a strong bias against red galaxies at the low-mass
end. We also require that the spectra cover the wavelength
range for measuring the Dn4000 and EW(Hδ). We then exclude
galaxies detected in X-ray, whose spectra are usually
contaminated by the active galactic nucleus.
In total, 1050 galaxies fulfill the redshift and stellar mass

criteria. We then also require a minimum median S/N=5 Å−1

between rest-frame wavelengths 4000Å and 4300Å. This S/N
cut excludes 31 galaxies, or ∼3% of the sample. The spectral
indices of these low-S/N spectra are mostly unphysical;
therefore, we decide to exclude them from the sample. The
majority of these galaxies are bright enough in the Ks band to be
included in the survey, but have red colors and faint optical
magnitudes, resulting in low-S/N spectra. They tend to have
axis ratios <0.5. These galaxies are likely edge-on galaxies
whose optical light is attenuated because of the inclination. We
have also included these galaxies and repeated our analysis in
the paper, and the results are not affected. The final sample
contains 1019 galaxies from the 1550 galaxies.
We derive galaxy stellar masses by fitting the observed

multiwavelength spectral energy distributions (SEDs) from the
UltraVISTA catalog (Muzzin et al. 2013) using the FAST code
(Kriek et al. 2009). The SED templates are from the Bruzual &
Charlot (2003) stellar population synthesis models with
exponentially declining SFRs. We adopt a Chabrier (2003)
initial mass function (IMF) and the Calzetti et al. (2000) dust
extinction law. The SFRs are estimated from the UV and IR
luminosities, following the prescription of Whitaker et al.
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