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ABSTRACT

A major question in galaxy formation is how the gas supply that fuels activity in galaxies is modu-
lated by their environment. We use spectroscopy of a set of well characterized clusters and groups at
0.4 < z < 0.8 from the ESO Distant Cluster Survey (EDisCS) and compare it to identically selected
field galaxies. Our spectroscopy allows us to isolate galaxies that are dominated by old stellar popu-
lations. Here we study a stellar-mass limited sample (log(M∗/M⊙) > 10.4) of these old galaxies with
weak [O II] emission. We use line ratios and compare to studies of local early type galaxies to conclude
that this gas is likely excited by post-AGB stars and hence represents a diffuse gas component in the
galaxies. For cluster and group galaxies the fraction with EW([O II])> 5Å is f[OII] = 0.08+0.03

−0.02 and

f[OII] = 0.06+0.07
−0.04 respectively. For field galaxies we find f[OII] = 0.27+0.07

−0.06, representing a 2.8σ dif-
ference between the [O II] fractions for old galaxies between the different environments. We conclude
that a population of old galaxies in all environments has ionized gas that likely stems from stellar mass
loss. In the field galaxies also experience gas accretion from the cosmic web and in groups and clusters
these galaxies have had their gas accretion shut off by their environment. Additionally, galaxies with
emission preferentially avoid the virialized region of the cluster in position-velocity space. We discuss
the implications of our results, among which is that gas accretion shutoff is likely effective at group
halo masses (log M/M⊙> 12.8) and that there are likely multiple gas removal processes happening
in dense environments.
Subject headings:

1. INTRODUCTION

One of the longest standing problems in galaxy evo-
lution is how star formation in galaxies is quenched.

∗based on observations obtained at the european southern obser-
vatory using the eso very large telescope on cerro paranal through
eso program 166.a-0162.
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We have known for over 50 years that there is a sig-
nificant population of galaxies with uniformly red col-
ors that occupy a tight sequence in color and magni-
tude (e.g. de Vaucouleurs 1961; Visvanathan & Sandage
1977). Couch et al. (1983), Butcher & Oemler (1984),
Bower et al. (1992a) and Bower et al. (1992b) inter-
preted this tight sequence as resulting from uniformly
old stellar ages for these “red sequence” galaxies. The
tight scatter in color of the red sequence in turn im-
plies that galaxies must stay passive for extended periods
(e.g. Aragon-Salamanca et al. 1993; Bower et al. 1998;
Kodama et al. 1998). Subsequently, it was demonstrated
that the distribution of galaxy star formation rates
(SFRs) and star formation histories (SFHs) is approx-
imately bimodal, with galaxies either forming stars or
being passive (e.g. Strateva et al. 2001; Kauffmann et al.
2003), although this bimodality might be less pronounced
for the most massive galaxies (e.g. Salim et al. 2007).
Lookback studies have shown that the amount of stellar
mass in the star-forming population remains relatively
constant at z < 1.5, while the mass in the passive pop-
ulation increases over the same epoch (e.g. Bell et al.
2004; Blanton 2006; Brammer et al. 2011). This is as
would be expected if star-forming galaxies were quenched
and added to the passive population progressively over
time. However, despite the ample evidence for galaxy
quenching, it is not clear if this quenching is rapid (e.g.
Bell et al. 2004) or slow (e.g. Schawinski et al. 2014).
At about the same time, it was also realized that the

fraction of galaxies that are passive depends on environ-
ment. In the local rich clusters such as Coma, the pas-
sive population completely dominates (Terlevich et al.
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2001), but even in less extreme environments it is clear
that denser environments host a larger fraction of pas-
sive galaxies (Hogg et al. 2004; Blanton & Moustakas
2009). One possible explanation for these observed cor-
relations is that there is are physical processes that oc-
cur in dense environments that suppress star formation
in galaxies. The color-density relation holds to at least
z = 2 (Cooper et al. 2006; Gerke et al. 2007; Peng et al.
2010; Cooper et al. 2010; Quadri et al. 2011), and if this
is indicative of an active suppression of star formation in
dense environments, indicates that these processes may
have been important over a majority of cosmic time.
However, an alternate explanation for the SFR-density
relation is that galaxies in dense environments are sim-
ply older than those in lower density regions, presumably
echoing an earlier formation epoch (e.g. Gao et al. 2005;
Tonnesen & Cen 2015).
It is difficult to disentangle these two possibilities and

much work has been done to isolate the signatures of
specific transformative processes. On the observational
side, there is mounting evidence that whatever shuts
off star formation in galaxies entering dense environ-
ments must precede a transformation in the morphol-
ogy. For example, the rapid build-up in the red sequence
luminosity function at z < 0.8 (De Lucia et al. 2004;
Tanaka et al. 2005; Stott et al. 2007; De Lucia et al.
2007; Gilbank et al. 2008; Rudnick et al. 2012, but see
also Andreon 2008, Crawford et al. 2009, & De Propris
et al. 2013) seems to precede the buildup in the S0 pop-
ulation that becomes significant at z < 0.5 (Desai et al.
2007a). This sequencing of gas and morphological pro-
cesses is also supported by the lack of blue S0 galaxies
(Jaffé et al. 2011) in clusters and the lack of UV-emission
in S0s found in a merger of galaxy groups (Just et al.
2011), both of which indicate that galaxies change their
morphology after their star formation is suppressed. In-
deed, in Gallazzi et al. (2009) and Wolf et al. (2009) it
was found that there is a population of spiral galaxies
in the A901/902 supercluster that have spiral morphol-
ogy but suppressed star formation. A similar population
of galaxies is even found in intermediate redshift clus-
ters (Cantale et al. 2016) and in the field (Bundy et al.
2010).
The quenching of star formation without a commensu-

rate change in morphology argues strongly for processes
which suppress star formation by the depletion of gas
in galaxies. There are multiple theoretical mechanisms
for the gas to be affected in galaxies. Strangulation or
starvation, first proposed by Larson et al. (1980) is now
understood to encompass the broad family of processes
in which galaxies decouple from the gas that flows into
them from the intergalactic medium (IGM) and thus use
up their internal gas supply on an extended timescale
of a few Gyr. This process seems to match the ob-
served increase with time in the quenched fraction of
galaxies in dense environments (e.g. McGee et al. 2011;
De Lucia et al. 2012; Taranu et al. 2014; Haines et al.
2015). This mechanism should be effective all the way
down to at least group scales as satellite galaxies in
those haloes should be decoupled from their gas flows
(Kawata & Mulchaey 2008). Indeed, observations of
galaxies in groups find them to be HI deficient with re-
spect to matched galaxies in the field (Catinella et al.
2013).

A modification of the starvation scenario discussed by
various authors has been the role of winds in speed-
ing up the depletion of gas once accretion is shut off
(e.g. Weinmann et al. 2006; Wang et al. 2007). These
winds are known to be ubiquitous in star-forming galax-
ies (e.g. Weiner et al. 2009; Rubin et al. 2010, 2014) but
with an uncertain mass-loading. Recently, McGee et al.
(2014) found that winds with reasonable mass-loading
factors could, when coupled with a long-delay time upon
becoming a satellite (Wetzel et al. 2013), explains both
the long timescales for transformation to happen for in-
falling satellite galaxies and the rapid shutoff in star
formation once the delay time has passed. This wind-
driven consumption was termed by McGee et al. (2014)
as “overconsumption” and is able to explain the observed
weak dependence of the SFR of SF galaxies on environ-
ment, which implies that SF must be shut off quickly
(Peng et al. 2010; McGee et al. 2011).
An alternate process for the suppression of star

formation is the stripping of the cold gas via ram
pressure effects (Gunn & Gott 1972) which results
from a galaxy passing through the dense intra-
cluster medium (ICM). Theoretical investigations
have shown that this process can remove significant
amounts of both diffuse and cold gas from within
the optical radius of galaxies in rich cluster envi-
ronments (Quilis et al. 2000; Roediger & Brüggen
2007, 2008; Tonnesen & Bryan 2009). Observational
investigations have shown both dramatic stripping
of the gas content of galaxies in cluster environ-
ments (Kenney & Koopmann 1999; Kenney et al.
2004; Cortese et al. 2011; Pappalardo et al. 2012;
Fumagalli et al. 2014; Jáchym et al. 2014; Boselli et al.
2014; Jaffé et al. 2015) and statistical evidence from
rotation curve asymmetries in cluster galaxies with
normal morphology that ram pressure stripping is likely
important in those environments (Bösch et al. 2013).
Contrary to common conceptions, ram pressure strip-

ping need not be fast (∼ 100Myr) as the fast timescales
inferred from theoretical investigations (Quilis et al.
2000) are only valid if galaxies are inserted at high speeds
into a dense ICM. Galaxies falling into the cluster from
larger radii instead will experience ram pressure stripping
on a longer timescale more akin to a crossing time, as the
pressure builds up during the infall process as a result
of the increasing velocity and ICM density. The actual
modification to the gas of a galaxy suffering ram pressure
stripping depends sensitively on the orbit of the galaxy
at infall as galaxies with different orbits will spend dif-
ferent times in the region of the cluster with the highest
ram pressure (e.g. Brüggen & De Lucia 2008; Jaffé et al.
2015).
Despite much work on understanding the effects of en-

vironment on galaxy gas, the relative roles of starvation
and ram pressure stripping have proven difficult to dis-
entangle as the timescales may not be so different as
previously thought, and because few observations trace
a large dynamic range in density and contain a signif-
icant number of high density systems. It is clear that
there is a population of star-forming galaxies in clus-
ters that exhibit slightly suppressed SFRs (Vulcani et al.
2010; Haines et al. 2013), which may indicate a slow
quenching process. However, there is still a significant
degree of tension between the quenching timescales in-



Rudnick et al. 3

ferred by the above physical mechanisms and the very
long quenching timescales needed to reproduce the evo-
lution in the galaxy passive fractions over cosmic time
(McGee et al. 2011; De Lucia et al. 2012; Wetzel et al.
2013). It is therefore necessary to examine both of these
processes in more detail and to determine which of the
processes are required by the observations, which are
ruled out, which are merely allowed, and over what halo
mass ranges these different conclusions hold.
An additional question that needs to be resolved is how

to keep dead (or passive) galaxies dead. Galaxies replen-
ish their gas through mass loss, with a Chabrier (2003)
or Kroupa (2001) initial mass function (IMF) returning
∼ 40(50)% of a simple stellar population’s stellar mass to
gas within 1(13)Gyr. It is not clear how to keep that gas
from forming stars. This gas is observed to exist in local
galaxies, as studies have shown that emission lines from
ionized gas (e.g. [O II], Hα) in passive galaxies are com-
mon, may be supplied by mass loss, and may be predom-
inantly heated by existing stellar populations (Yan et al.
2006; Sarzi et al. 2006; Sarzi et al. 2010; Yan & Blanton
2012; Singh et al. 2013; Belfiore et al. 2016). There are
some indications as well from integral field spectroscopic
identification of distinct kinematic components that this
gas can be supplied by external accretion and that ex-
ternal accretion is not a significant supply of replenished
gas in Virgo cluster galaxies (Davis et al. 2011). Despite
the insight granted by their 3D (spatial+kinematic) data,
these local studies are limited to only a single cluster and
do not adequately probe the group environment. Thus,
the effect of environment on this supply of gas is still not
well understood.
To better understand the mechanisms through which

the gas supply is modulated in galaxies, we must first
find a population of galaxies which have a specific sig-
nature of gas depletion/removal. We must then examine
how this population changes as a function of halo mass,
across a broad range of stellar mass, and also how the
population changes as a function of position and velocity
with respect to the host halo. That is the purpose of this
paper.
Studying galaxies in intermediate redshift clusters is a

promising place to examine the gas mechanisms at play
when clusters were growing rapidly and when galaxy
quenching was proceeding at a rapid pace. While
studies in the local universe, for example using SDSS
data, have a plethora of line indices to characterize
the gas, SDSS is subject to significant aperture bi-
ases (e.g. Brinchmann et al. 2004; Labbé et al. 2007)
that complicate the interpretation of the line emis-
sion in terms of the global properties of the galaxies.
On the other hand, slit spectra of intermediate red-
shift galaxies capture a majority of the galaxy light,
making them more straightforward probes of integrated
galaxy properties. While integral field spectroscopic sur-
veys like SAURON (de Zeeuw et al. 2002), ATLAS3D

(Cappellari et al. 2011), and CALIFA (Singh et al. 2013)
probe spatially integrated emission processes in the
nearby Universe, and especially the case of emission in
passive galaxies (e.g. Sarzi et al. 2006), they only con-
tained one dense environment, i.e. the Virgo cluster,
making it difficult for those surveys to draw significant
conclusions about the effect of environment. New new in-
tegral field surveys like SDSS-Manga (Bundy et al. 2015)

and SAMI (Bryant et al. 2015) are starting to probe
environmental dependence of gas properties. However,
there is now evidence that the quenching mechanism may
have been different at higher redshift, due to the differ-
ent density of the ICM and the higher gas fractions of
galaxies (e.g. Balogh et al. 2016). Therefore, if we want
to understand gas accretion shutoff processes at interme-
diate redshift, which are responsible for the quenching of
many passive galaxies in today’s clusters, it is best to
probe intermediate redshift galaxies directly.
We employ spectroscopic observations of a large sam-

ple of field, group, and cluster galaxies at 0.4 < z < 0.8
collected as part of the ESO Distant Cluster Survey
(EDisCS; White et al. 2005). Our spectroscopic obser-
vations of Hδabs and Hγabs Balmer absorption lines, the
4000Å break, and various emission lines allow us to de-
termine the recent SFH and current SFR of our galax-
ies in a stellar mass selected sample (Barger et al. 1996;
Rudnick et al. 2000; Kauffmann et al. 2003). We isolate
a population of galaxies dominated by older stellar pop-
ulations, yet having emission lines and then determine
what their prevalence and characteristics tell us about
gas stripping and starvation properties in dense environ-
ments. We examine many possibilities to explain the
observed results, and conclude on what possibilities are
required by the observations and which are merely al-
lowed.
The outline of our paper is as follows. In §2 we dis-

cuss our sample, photometric and spectroscopic measure-
ments, and stellar mass determination. In §3 we discuss
our use of spectral indices to isolate galaxies with differ-
ent relative stellar ages and we discuss their broad-band
spectral properties. In §4 we present the environmental
dependence of our older galaxies with emission lines, in-
cluding their distribution in velocity and position in our
clusters. In §5 we discuss the origin of the observed envi-
ronmental differences and use a comprehensive decision
tree to decide on what is allowed and required by our
observations. We summarize and conclude in §6.
Throughout we assume “concordance” Λ-dominated

cosmology with ΩM = 0.3, ΩΛ = 0.7, and Ho =
70 h70 km s−1 Mpc−1 unless explicitly stated otherwise.
All magnitudes are quoted in the AB system (Oke 1974).

2. DATA

2.1. Sample Definition, Photometry, and Morphologies

Our data are in fields observed by the ESO Distant
Cluster Survey (EDisCS). Each field was selected to have
a primary optically selected cluster. The exact selection
of the parent EDisCS fields and the main clusters is de-
scribed in detail in White et al. (2005). In some fields
there are additional clusters and groups serendipitously
discovered along the line of sight. Each field was ob-
served with BV IKs, BV IJKs, or V RIJKs photome-
try depending on the initial redshift estimate. The opti-
cal data were obtained with VLT/FORS2 and the NIR
data with NTT/SOFI. Vega-to-AB magnitude conver-
sions were computed by integrating the spectrum of Vega
over our filter curves.
As part of EDisCS we have obtained 30-50 spec-

tra of members per main cluster and significant num-
bers in the projected groups and clusters along the
line of sight as well as many field galaxies at similar



4 Halo mass scale for gas removal

redshifts to the main structures (Halliday et al. 2004;
Milvang-Jensen et al. 2008). For objects that were ob-
served multiple times, we replaced the multiple occur-
rences with a single measurement that is the average of
the individual measurements.
We restrict our sample of groups and field galax-

ies to those within ∆z = ±0.2 of the main clus-
ter redshift. It was shown in Halliday et al. (2004)
and Milvang-Jensen et al. (2008) that the EDisCS spec-
troscopic target selection, which combined an I-band
magnitude cut and loose photometric redshift cuts
(Pelló et al. 2009), missed an estimated 3% of the galax-
ies at the targeted cluster redshift compared to a strictly
I-band selected sample. Our spectroscopy within ∆z =
±0.2 of the main cluster redshift is therefore unbiased.
Following Poggianti et al. (2009) we classify clusters as
those systems with a velocity dispersion σ > 400km/s
and groups as those with at least 8 spectroscopic mem-
bers and 160km/s< σ ≤ 400km/s. We further require
our systems to have adequate exposures in all EDisCS
bands to allow for the computation of stellar masses (see
below). This selection results in 17 clusters and 7 groups.
Two groups were excluded because they lie outside the
area of the EDisCS images with NIR photometry and
therefore their stellar masses could not be computed ro-
bustly because our observations did not probe to red rest-
frame optical wavelengths. The properties of our sample
of structures are listed in Table 1.
As galaxies evolve with redshift it is important to con-

trol for differences in the redshift distribution of the
galaxy samples in different environments. We test for
this by comparing the redshift distributions for the fi-
nal sample of galaxies in each of our three subsam-
ples (cluster, group, and field; see §3.1 for final sample
size). The median and 68% limits of the redshit distri-
bution for the three samples are zmed,clust = 0.60+0.19

−0.14,

zmed,group = 0.58+0.15
−0.18, and zmed,field = 0.63+0.13

−0.14. There-
fore the distributions for all samples are identical and our
results will not be affected by different redshift distribu-
tions.
Using the velocity dispersion and redshift we derive

the halo mass for our structures using Equation 10 from
Finn et al. (2005). Our clusters occupy the halo mass
range of 1013.8 − 1015.2M⊙ and our groups correspond
to 1012.8 − 1013.8M⊙. It is important to note that the
halo masses and velocity dispersions for our groups, es-
pecially the poorer groups, are quite uncertain. Mem-
bership in these structures is based on a 3σ cut in the
velocity dispersion of the system, where σ is computed it-
eratively using the biweight scale estimator (Beers et al.
1990; Halliday et al. 2004; Milvang-Jensen et al. 2008).
In this paper we only study the spectroscopic sample of
galaxies. Our “field” sample consists of true field galax-
ies in the sense that they do not belong to any structure
with σ > 160km/s.
Rest-frame luminosities were derived for each galaxy

from the full spectral energy distribution (SED) using the
technique described in Rudnick et al. (2009) and adopt-
ing the spectroscopic redshift. 16

We use visual morphologies derived from Hubble Space

16 Two of our systems, CL1138.2-1133 and CL1138.2-1133a, do
not have observed B-band photometry and with z = 0.48 and 0.45
respectively lie at redshifts slightly below that where the rest-frame

Table 1
Cluster and Group Data

system z σa Nsamp
b

[km/s]

Clusters

cl1018.8-1211 0.4734 486+59
−63

17

cl1040.7-1155 0.7043 418+55
−46

10

cl1054.4-1146 0.6972 589+78
−70

26

cl1054.7-1245 0.7498 504+113
−65

21

cl1059.2-1253 0.4564 510+52
−56

26

cl1138.2-1133 0.4796 732+72
−76

9

cl1138.2-1133a 0.4548 542+63
−71

5

cl1202.7-1224 0.4240 518+92
−104

9

cl1216.8-1201 0.7943 1018+73
−77

42

cl1227.9-1138 0.6357 574+72
−75

13

cl1232.5-1250 0.5414 1080+119
−89

9

cl1301.7-1139 0.4828 687+81
−86

18

cl1353.0-1137 0.5882 666+136
−139

13

cl1354.2-1230 0.7620 648+105
−110

11

cl1354.2-1230a 0.5952 433+95
−104

6

cl1411.1-1148 0.5195 710+125
−133

13

Groups

cl1037.9-1243 0.5783 319+53
−52

7

cl1040.7-1155a 0.6316 179+40
−26

6

cl1040.7-1155b 0.7798 259+91
−52

2

cl1054.4-1146a 0.6130 227+72
−28

5

cl1054.7-1245a 0.7305 182+58
−69

9

cl1227.9-1138a 0.5826 341+42
−46

1

cl1301.7-1139a 0.3969 391+63
−69

10

cl1420.3-1236 0.4962 218+43
−50

18

a This was computed using the full EDisCS mem-
ber sample, which is larger than the sample used
for the analysis in this paper.
b The number of galaxies meeting our stellar mass
and quality cuts.

Telescope (HST) F814W imaging of 10 of EDisCS fields
(Desai et al. 2007b). This observed filter corresponds to
rest-frame B- or V -band imaging of our systems depend-
ing on the redshift of the sample. The morphologies were
derived by visual classifications by multiple team mem-
bers (Desai et al. 2007b). The fields with HST morphol-
ogy contain 11 of our sample clusters and 5 of our groups.

2.2. Stellar Masses

Stellar masses were derived using the iSEDfit code pre-
sented in Moustakas et al. (2013). In brief summary, we
fit the observed photometry using a Bayesian technique
that assumes exponentially declining or constant SFHs
with superimposed random bursts. We use the Flex-
ible Stellar Population Synthesis (FSPS) library from

U -band is purely interpolated from our photometry (z = 0.53).
The extrapolation to rest-frame U -band, however, is small, with a
minimal effect on the actual colors. The rest-frame luminosities in
this paper are illustrative only and are not crucial to any part of
our analysis. We have verified that the color-mass distribution of
these clusters is similar to that of the others and include them in
our sample.
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Conroy et al. (2009) and Conroy & Gunn (2010) with
a Chabrier (2003) initial mass function (IMF) and a
Charlot & Fall (2000) attenuation curve. The IMF ex-
tends from 0.1 − 100 M⊙. The masses derived with
the FSPS library are less than 0.1 dex different than
when using the Bruzual & Charlot (2003) library. Our
choice of attenuation curve also results in a difference in
the masses of less than 0.1 dex when compared to the
Calzetti et al. (2000) curve. The inclusion of bursts in
the SFH as opposed to a smooth SFH results in a differ-
ence of less than 0.1 dex for most galaxies, with up to an
0.3 dex difference for individual objects.

2.3. Spectral Indices

Much of our analysis relies on the ability to mea-
sure absorption features and weak emission lines from
our spectra. The EDisCs spectra are well calibrated
(Halliday et al. 2004; Milvang-Jensen et al. 2008) and
also allow the computation of line ratios. As we demon-
strate in §3.2.1, the indices we employ are far less suscep-
tible to reddening than rest-frame optical colors and give
a more clear mapping from the indices to a SFH. Specif-
ically, we are interested in the age-sensitive Balmer ab-
sorption (Hδabs and Hγabs) and 4000Å break (Dn(4000))
stellar continuum features, as well as the strong nebular
emission lines [O II] λ3727, [O III] λλ4959, 5007, andHβ.
The Dn(4000) index first introduced by Balogh et al.
(1999) has a shorter wavelength baseline than the tra-
ditional D(4000) (Bruzual A. 1983) and is therefore less
susceptible to dust extinction. Our desire to separate
out the emission and absorption components presents
complications as the emission lines can fill in the ab-
sorption features and because the emission line measure-
ments are difficult in regions of the spectra with many
absorption features (e.g. Rudnick et al. 2000). We ad-
dress these complications by decomposing the emission
and absorption using the techniques described in detail
in Moustakas et al. (2010) and Moustakas et al. (2011).
Briefly, we model the stellar continuum as a non-negative
linear combination of simple population synthesis models
of various ages. We mask out the spectra at the expected
location of all emission lines and sky features and fit in
an iterative process that optimizes for the object’s red-
shift and velocity dispersion. As part of this process,
the residuals to this fit - which contain continuum resid-
uals and emission lines - are fit to obtain emission line
fluxes. These emission line fits are then subtracted from
the observed spectra. We individually inspected every
spectrum to verify the quality of the fit and the decom-
position of the absorption and emission-lines. Some of
the fits were able to be improved by flagging parts of
the spectrum with sky residuals. Nonetheless, we were
forced to remove some galaxies with poor fits, most of
which resulted from significant sky residuals being coin-
cident with lines of interest. The result of this process
are a set of emission line measurements and a continuum
spectrum that has been “cleaned” of emission. We have
multiple Balmer lines in our spectra to independently
constrain the absorption and emission and our decompo-
sition is therefore robust.
From these data products, we measure the equivalent

width of the [O II], [O III], and Balmer emission lines.
These lines are used to measure the SFR and to diag-
nose the presence of AGN activity. We also measure

EW(Hδabs) and EW(Hγabs) as these lines are measures of
the luminosity-weighted mean age and are useful indica-
tors of the presence of young and intermediate age stellar
populations. Specifically we use the Lick continuum and
line windows as defined in Worthey & Ottaviani (1997)
and Trager et al. (1998) to measure the Balmer absorp-
tion EWs. We quantify the amount of Balmer absorption
using the average of the EW(Hδabs) and EW(Hγabs) and
call this index 〈HδabsHγabs〉. All index measurements are
given in Table 2.

3. GALAXY SELECTION

3.1. Stellar Mass Completeness

Galaxy properties depend strongly on stellar mass
(e.g. Kauffmann et al. 2003) and environment (e.g.
Kauffmann et al. 2004) and we must therefore control
for the former in order to study trends in the latter.
We do this by selecting galaxies above a stellar mass
limit for which we are complete to galaxies of all stellar
mass-to-light ratios M⋆/L. We determine an empirical
stellar mass limit following Marchesini et al. (2009) and
Moustakas et al. (2013). We take galaxies between 0.1
and 1.5 magnitudes brighter than our observed magni-
tude limit at each redshift and scale the stellar masses
to the observed magnitude limit. The upper mass limit
that encompasses 95% of the scaled masses gives us an
indication of the maximum mass for which we are com-
plete. Essentially this takes the maximum stellar mass-
to-light ratio from our data and assumes that it is in-
dicative of that at the magnitude limit. As described
in Marchesini et al. (2009), this technique has advan-
tages over traditional methods that use maximally old
and unreddened stellar populations (e.g. Dickinson et al.
2003) in that it makes fewer assumptions and derives the
maximum M⋆/L directly from the data.
The EDisCS spectroscopic magnitude limit is I = 22

for 0.4 < z < 0.6 clusters and I = 23 for 0.6 < z < 0.8
clusters. The fainter selection at high redshift offsets
the increasing luminosity distance and the same mass
limit log(M⋆/M⊙) > 10.4, applies for all of our systems.
In all of what follows we only consider galaxies above
this limit. This results in a total of 163, 55, and 251
field, group and cluster galaxies respectively. In the last
column of Table 1 we indicate the number of galaxies in
this final sample that come from each cluster and group.

3.2. Isolating Galaxies Dominated by Old Stars

In Figure 1 we show the 〈HδabsHγabs〉 strength vs.
Dn(4000) for mass-selected cluster, group, and field
galaxies at 0.4 < z < 0.8 with the points coded by
EW([O II]). It is clear that the galaxies in all envi-
ronments follow a locus in this plot. As has been
pointed out by many authors (e.g. Rudnick et al. 2000;
Kauffmann et al. 2003), this is a sequence of changing
luminosity-weighted age in a galaxy stellar populations.
Galaxies whose light is dominated by old stars appear
in the lower right and the fraction of young stars in-
creasing to the upper left. We demonstrate this using
model tracks in panel (d) of the figure, derived from the
Bruzual & Charlot (2003) stellar population synthesis
code. These illustrative tracks represent a single stellar
population formed in a burst (SSP), a constant star for-
mation history model, and three exponentially declining
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Figure 1. A plot of the average of the equivalent width of EW(Hδabs) and EW(Hγabs) vs Dn(4000) for cluster (a), group (b), and field
(c) galaxies. All emission and absorption features have been decomposed as described in the text. Only galaxies with log(M⋆/M⊙) > 10.4
are plotted. The color of the points indicates EW([O II]) as described in the legend. The tracks in (d) are the Bruzual & Charlot (2003)
predictions for the evolution of a stellar population formed in a single burst (upper black curve), with a constant SFR (purple curve), and
with three exponentially declining SFHs with a 300 Myr timescale (upper green curve), a 1 Gyr timescale (middle red curve), and a 2 Gyr
timescale (lower yellow curve). The solid lines represent models having solar metallicity. All models extend to an age of 6 Gyr, which
corresponds roughly to a start of star formation at z = 2.5 for a galaxy observed at the lower end of the EDisCS redshift range z = 0.4.
The points mark 1 Gyr intervals increasing to the lower right. Only old simple stellar populations or exponentially declining SFHs after
many e-foldings can cross the lower dashed magenta line. As described in the text we therefore divide our galaxies by the relative age of
the stellar population using the magenta lines, which have a slope of 7.2.

SFHs with a timescale of 0.3, 1, and 2 Gyr, all with solar
metallicity. All continuous SFHs lie in the same space
as the exponential tracks roughly independent of metal-
licity. The models clearly show that many e-foldings of
the SFH are required to move a galaxy into the lower
right part of this diagram. In practice this requires that
there are very few stars with intermediate or young ages
contributing to the galaxy light.
Motivated by these results we attempt to draw bound-

aries in this diagram which can separate the galaxies
based on a relative measure of the luminosity-weighted
stellar age. In Figure 2 we show a histogram of the
log(M⋆/M⊙) > 10.4 galaxies along this sequence, run-

ning from the upper left to lower right. The popula-
tion of older galaxies is clearly identifiable in the clusters
and groups as being the dominant population by num-
bers. By contrast, in the field the relative numbers of
galaxies are roughly constant as a function of age. To
isolate galaxies by the luminosity weighted age of their
stellar populations we delineate three regions along this
sequence. The slope of these lines are 7.2. We select
galaxies whose light is dominated by old stars by draw-
ing a line in this histogram (and a corresponding diagonal
line in Figure 1) that separates the peak of old galaxies
from the rest. Using the models from Figure 1d, we
see that this division (lower diagonal dashed line) selects
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Figure 2. A histogram of galaxies along the direction of the sequence in Hδabs and Hγabs absorption line strength (〈HδabsHγabs〉) and
Dn(4000) (Fig. 1.) The x-axis corresponds to the shortest distance of each object in Fig. 1 to a zeropoint line in the far upper left of the
panels in that plot that has an identical slope to the magenta lines shown in that figure. The units are arbitrary but identical in each plot.
The different panels correspond to cluster, group, and field galaxies. The vertical lines mark the bins in relative stellar population age that
we label “older” (right bin), “intermediate” (middle bin), and “younger” (left bin). They are identical to the magenta lines shown in Fig. 1.
The colored histograms in each panel show the distribution of galaxies with EW([O II])>5Å using the same color coding by emission line
strength as in Fig. 1. The horizontal lines in panel (a) correspond to the single burst (black) and exponential model with τ = 1Gyr (red)
shown in Fig. 1. The points on those lines mark 1 Gyr intervals increasing to the right.

Figure 3. Typical example spectra for galaxies in each of our
three different absorption line spectral classifications. For the
“older” sample, we also show an example of a galaxy with an old
stellar spectrum and with [O II] emission. The gray curve repre-
sents the data. The red curve represents the model fit to the spec-
trum excluding the wavelengths were emission lines are expected.
Blue curves show significantly detected emission lines. The inset
in each panel is a zoom into the region around the Hδ and Hγ lines
and Dn(4000).

galaxies that must have little contributions from young
or intermediate age stellar populations, corresponding to
∼ 6 e-foldings of the SFH. In Figure 3 we show repre-
sentative spectra for our different classes and show one
example each from the “older” class of galaxies with and
without emission. The absorption spectra of the two
“older” classes show spectra dominated by old stars.
In Figure 4 we explore the effects of bursts and

metallicity on the location of objects in the Dn(4000)–
〈HδabsHγabs〉 plane. In order to meet our Dn(4000)–
〈HδabsHγabs〉 criteria for older ages, no more than 2%

of the stars can have been formed in the past 1 Gyr from
a burst superimposed on a 3 Gyr old passively evolv-
ing solar metallicity population. We also explore the ef-
fect of metallicity as that will shift the models to larger
Dn(4000) and smaller 〈HδabsHγabs〉. Even SSPs with
a metallicity of 2.5Z⊙ must have experienced their last
major epoch of star formation at least 1.5 Gyr before
the epoch of observation. In comparison, SSPs with so-
lar metallicity enter the lower-right region of the plot
2.5 Gyr after their formation. Galaxies with a super-
imposed burst on an older population require less time
to enter this region (Figure 4 left panel) because their
is a substantial contribution to the total light from the
pre-existing population, which accelerates the evolution
in the Dn(4000)–〈HδabsHγabs〉 plane. As the galaxies in
this region are not truly old but merely have a lack of
young and intermediate age stellar populations we des-
ignate this the “older” region.
The remaining space is split between the “younger”

and “intermediate” regions. The dividing line between
“younger” and “intermediate” has been chosen to be ap-
proximately between the 〈HδabsHγabs〉 andDn(4000) val-
ues for a 6 Gyr old population with a constant star for-
mation rate model and those for an exponentially declin-
ing SFR model with an exponential timescale of 2 Gyr.
Changing the exact location or slopes of the dividing lines
does not significantly affect our results.
The age interpretation of our stellar index measure-

ments is consistent with the measured strength of [O II]
in our galaxies as the fraction of [O II]emitters and the
characteristic EW([O II]) decreases towards older stel-
lar ages. However, there is a population of emission line
galaxies at old ages. They are the main focus of this
paper and will be discussed in subsequent sections.

3.2.1. The Colors of Galaxies with Different Spectral Types

A major advantage of our indices is that they are less
susceptible to dust than broad-band colors as they each
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Figure 4. Left panel – the effect of a 108year burst comprising 2,
5, and 20% of the galaxy’s stellar mass superimposed on a passively
evolving stellar population. The burst happens 3 Gyr after the
initial epoch of star formation. The symbols are spaced 0.5 Gyr
apart. The dotted line shows the evolution at post-burst times less
than 0.5 Gyr and the dashed lines show the later evolution. For
burst fractions in excess of 2%, we will classify a galaxy as “old” if
the star formation ceased at least 1 Gyr in the past. Right panel
– the effect of metallicity on the indices for a passively evolving
population. The symbols are spaced 1 Gyr apart. Even at super-
solar metallicities galaxies we will only classify a galaxy as “old” if
we are seeing the star formation at least 1.5 Gyr after the cessation
of star formation.

probe a small wavelength baseline. We quantify this in
Figure 5, where we plot color-magnitude diagrams for
galaxies classified by environment, EW([O II]), and rela-
tive age of stellar populations (see §3.2). We define the
red sequence by fitting to the population of cluster galax-
ies with old spectroscopic ages and no emission. For all
three environments these galaxies fall on the same red
sequence with equal scatter around this line. For our
“intermediate” age bin we find that many of the galaxies
would be classified as red sequence objects even though
they have had significant star formation within the past
1 Gyr and often have emission lines. Many of these
red “intermediate” age galaxies have significant obscu-
ration, which drive their red colors (Rudnick, G. et al.
in prep). Some subset may also be recently quenched.
It seems therefore clear that our spectroscopic selection,
when compared to a simple single color selection, pro-
vides a more robust way to select truly passive galaxies
with no young stellar populations.

4. THE ENVIRONMENTAL DEPENDENCE OF GALAXIES
WITH OLD STARS AND WEAK EMISSION.

In Figures 1, 2, and 5, it is apparent that there are
galaxies with weak emission lines and old stellar ages.
These emission-line galaxies are present in roughly equal
numbers in the field and in clusters and are nearly ab-
sent in groups. Already from these figures you can see
that the very different total number of “older” galaxies
implies that the fraction of such galaxies with emission
must depend greatly on environment. We quantify this
result in Figure 6 where we plot the fraction of galaxies

with [O II] emission as a function of age. Among the
three environments, there are no differences in the frac-
tions for galaxies with “younger” or “intermediate” ages.
However, for the “older” population of galaxies, there is
a difference in the fraction with EW([O II])> 5Å, which
we call foe. 5Åis the equivalent width limit above which
we can reliably identify and fit the [O II] line.
In the field the fraction of “older” galaxies with emis-

sion is foe,field = 0.27+0.07
−0.06 while in clusters and groups

foe,clusters = 0.08+0.03
−0.02 and foe,groups = 0.06+0.08

−0.04 respec-
tively. Phrased differently, the field has a 2.7σ higher
fraction of old emission line galaxies when compared to
the cluster galaxies and a 2.1σ higher fraction when com-
pared to group galaxies. When combining group and
cluster galaxies together, the difference with respect to
the field changes to a 2.8σ difference. We provide the
fractions of [O II] emitters in Table 3. It is important to
remember that our field galaxies are excluded from lying
in groups or clusters and therefore indicate a true field
sample.
We test for a stellar mass dependence in the emission-

line fractions. We divide the sample into two bins of
stellar mass split at log(M⋆/M⊙) = 11.0 and we find
that the results in the two stellar mass bins are consistent
with results for the whole sample, although with lower
statistical significance. This conclusion does not depend
on the exact definition of the stellar mass bins. We have
also tested to see if the stellar mass distributions of the
samples in different environments are different. Using
a K-S test, the stellar mass distributions for all “older”
galaxies in clusters and the field have a 13% probability
of being drawn from the same underlying distribution.
Likewise, the “older” emission-line galaxies in clusters
and the field have a 18% probability of being drawn from
the same distribution.
A potential concern is that our result may be domi-

nated by a subset of the systems in each environmental
bin. In Figure 7 we address this by showing the emis-
sion line fractions among “older” galaxies for each sys-
tem independently. We find that all of the individual
clusters and groups are below the value of the field im-
plying that our result is true for the whole population of
galaxies and is not just dominated by a few specific struc-
tures. It is perhaps interesting that the two most mas-
sive clusters show a lower fraction of [O II] emitters than
lower mass clusters. This is reminiscent of the results of
Poggianti et al. (2006), who used the same cluster sam-
ple as in this work to conclude that the fraction of [O II]
emitters for galaxies of all ages were lower for more mas-
sive clusters. Although their measures of EW([O II]) are
systematically different from ours and were conducted on
a luminosity-selected sample, it is still interesting that
this mass dependence may persist even for galaxies such
as ours with extremely weak emission and old stellar pop-
ulations.
In addition to measuring the fraction of emission it is

also instructive to look at the distribution of EW([O II]).
In Figure 8 we show the distribution of EW([O II])
in our mass-selected sample of “older” galaxies with
EW([O II])> 5Å. As there are almost no “older” galax-
ies in our groups that meet this EW([O II]) threshold,
we can only examine the distribution of clusters and the
field. The cluster galaxies are shifted to systematically
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Figure 5. A color-mass plot for cluster, group, and field galaxies divided into bins of relative age as described in the text. The yellow
solid lines are identical in each panel and show a robust linear fit to the “older” galaxies in clusters and the dotted lines are spaced at
±0.3 mag. This encompasses nearly all of our “older” objects. There are many objects on the red sequence with significant populations
of intermediate age stars (middle column). These galaxies are biased towards the blue side of the red sequence. This implies that color
selection in all environments probes a significant range in ages. The “older” galaxies with emission - the focus of this paper - trace the
whole sample of “older” galaxies.

lower EW([O II]) values than the field and the K-S prob-
ability that they are drawn from the same distribution
is 3%. The median EW([O II]) of the cluster and field
population are slightly different at 6.3 and 8.8Å respec-
tively but the 68% limits on the two distributions overlap
significantly. It is therefore difficult to draw any strong
conclusions about the distribution of EW([O II]) in the
different environments but we will discuss a possible ori-
gin for this shift in §5.

4.1. Radial and velocity distributions of different
populations

In order to gain insights as to the infall history of
the different populations in Figure 9 we examine the
projected phase-space locations of the different galaxy
populations. We limit ourselves to clusters as they are
the only systems with enough members for us to reli-
ably determine σ and hence R200. We also remove the
cluster cl1138.2-1133a as it is too off-center in our spec-
troscopic observations to probe out to R200. This dia-
gram has been used by multiple authors to understand
the orbital state of cluster galaxies (e.g. Mahajan et al.
2011; Haines et al. 2012; Oman et al. 2013). In those pa-
pers the authors used simulations to establish that the

regions with small projected radii (Rproj/R200 < 1.0)
and small velocities (|∆v|/σ < 2) contain most of the
virialized galaxies while moving towards higher veloci-
ties or larger radii correspond to galaxies that are either
infalling for the first time or have just finished their first
pass through the cluster center (the latter are often called
“back-splash” galaxies.) In Figure 9 we indicate the cor-
responding virialized region from Mahajan et al. (2011).
One must exercise caution in tying locations in this dia-
gram directly to a time since infall as Oman et al. (2013)
showed that the distribution of infall times at any given
projected position-velocity space is very broad. Nonethe-
less, galaxies lying within the curve in the left panel of
Figure 9 are strongly preferred to have been in the clus-
ter for greater than 3 Gyr. In figure 10, we also plot
the cumulative distributions of the different populations
in both projected radius in units of R200 and in radial
velocity in units of the cluster velocity dispersion.
With the caveats above in mind, we find that our

“older” population preferentially occupies the virialized
region of the diagram. In contrast, both the “younger”
and “intermediate” galaxies, regardless of the presence
of emission lines, and “older” emission line galaxies are
largely absent from regions with low Rproj < R200 (Fig-
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Table 3
Fractions of emission-line galaxies as a function of stellar age and environment

Relative Agea fe,field
b fe,groupb fe,cluster

b fe,group+cluster
b Nfield Ngroup Ncluster

younger 0.92+0.04
−0.06 0.80+0.13

−0.21 0.91+0.05
−0.08 0.89+0.05

−0.07 50 10 35

intermediate 0.60+0.07
−0.07 0.58+0.17

−0.18 0.56+0.07
−0.07 0.56+0.06

−0.06 58 12 66

older 0.27+0.07
−0.06 0.06+0.08

−0.04 0.08+0.03
−0.02 0.08+0.02

−0.02 55 33 150

Note. — All errors on the fractions are computed using binomial errors. Galaxies are limited in stellar
mass to log(M⋆/M⊙) > 10.4.. The numbers in the rightmost columns correspond to the total number
of galaxies in each age-environment combination that pass all of our selection criteria.
a The relative ages corresponding to the age divisions in Dn(4000)-〈HδabsHγabs〉 plane as shown in
Figure 1 and 2.
b The fraction of galaxies in each relative age bin and in each environment that have EW([O II])> 5Å.

Figure 6. The fraction of galaxies with EW([O II])> 5Å as a
function of relative stellar population age as defined in Fig. 1 and
Fig. 2. The points have been shifted in the x-direction slightly
with respect to one another so that they do not overlap. This plot
demonstrates one of the key results of the paper, namely that old
galaxies in the field have a higher fraction of [O II] emission than
old galaxies in clusters and groups.

ure 10). We test the significance of the distributions in
phase space and find that the “younger”+“intermediate”
and “older” galaxies have a < 2 × 10−3 K-S probabil-
ity of having been drawn from the same distribution in
projected cluster-centric radius. In contrast, the “older”
emission-line galaxies are completely consistent with the
“younger”+“intermediate” galaxies and only marginally
so (PK−S ≈ 3.1%) with the “older” galaxies. A K-S
test on the absolute value of the velocity relative to the
cluster velocity dispersion (Figure 10; right panel) shows
that all of the populations are consistent at the greater
than 17% level with being drawn from the same popu-
lation. We perform a third test in which we compute
the shortest (or perpendicular) distance of each point to
the nearest segment of the Mahajan et al. (2011) curve,
where this distance is measured in the axis units of Fig. 9,
and assign negative distances to those galaxies inside the
curve. This is a measure in phase space of the distance
from the virial region and combines velocity and position.

Figure 7. The fraction of “older” galaxies with [O II] emission for
all of our groups and clusters and for the field. The gray squares are
for the individual systems with groups and clusters being divided
at 400 km/s. The large yellow diamond and large red star are
the values for all the galaxies in the group and cluster samples
respectively. The horizontal purple lines indicates the value for the
field and its 68% confidence interval.

A K-S test of the distributions of this distance show that
the “older” emission-line galaxies and “younger” galax-
ies are completely consistent while the “older” emission
line galaxies are only marginally consistent with general
“older” population (PK−S ≈ 6.7%). As with the pure
radial distributions, the “younger” and “older” galaxies
have a < 2 × 10−3 K-S probability of being drawn from
the same distribution.

5. DISCUSSION

As outlined in the previous sections, we have found
that galaxies dominated by old stellar populations are
more likely to have [O II] emission in field environments
than in group or clusters. The first impulse is to attribute
this effect to an environmental signature, given the dif-
ferences with environment. However, in determining the
origin and cause of the observed difference in emission we
examine a range of possibilities. Our goal is not simply
to pick one scenario that is consistent with our observed
environmental dependence in the EW([O II]) distribu-
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Figure 8. The cumulative distributions of EW([O II]) for galax-
ies with EW([O II])> 5Å that are classified as “older” based on
Dn(4000) and the 〈HδabsHγabs〉 strength. The cluster+group dis-
tribution is shifted towards lower EW([O II]) values, with only a
3% K-S probability of being drawn from the same distribution as
the field galaxies.

Figure 9. The projected phase-space positions of different cluster
galaxy populations. The solid curve is from Mahajan et al. (2011)
and contains most of the virialized galaxies in their simulations.
The purple points refer to those galaxies in the “younger” and
“intermediate” age categories.

tion, but rather to test a large range of possible expla-
nations and see what is required by the data, what is
allowed, and what is ruled out. Given the subtle nature
of environmental effects, we feel it is important to care-
fully examine many alternative possibilities. We proceed
using a decision tree that outlines the path to our con-
clusions. A graphical representation of this tree is given

in Figure 11, which identifies the sections that refer to
each branch of the tree. We now address these in turn
starting from the top of the tree.

5.1. Are the differences in [O II] fraction driven by gas
content or excitation?

In this subsection we will first address the source of
the excitation. We will then discuss if this excitation
source can be different in different environments and we
will close by concluding that differences in gas content
must be driving the differences in the [O II] fractions.

5.1.1. Source of the excitation

Local studies have made significant progress towards
understanding the sources of gas excitation in red galax-
ies. Many line diagnostics have been used to study the
emission mechanisms in red local galaxies (e.g. Yan et al.
2006; Sarzi et al. 2006; Stasińska et al. 2008; Sarzi et al.
2010; Stasińska et al. 2015) but as only ≈ 50% our spec-
tra with an [O II] detection go to long enough wave-
lengths to measure even Hβ we cannot use the same line
diagnostics as those authors for all our sources. Instead
we use a modified version of the Yan et al. (2006) di-
agnostic that was developed by Sánchez-Blázquez et al.
(2009). This diagnostic works because star formation
under normal extinction conditions is not able to pro-
duce EW([O II])/EW(Hβem)> 6.7 (e.g. Moustakas et al.
2006; Sánchez-Blázquez et al. 2009). We plot this ratio
as a function of EW(Hβem) for our sources in Figure 12.
We include 1σ lower limits on the ratio for galaxies with
no detected Hβ. We see that the “older” galaxies are
near to or above this line, implying that the excitation is
likely not caused by star formation. We also verify that
these results are unchanged if we plot the ratio of [O II]
to Hβ fluxes instead of equivalent widths.
We further test the lack of star formation by searching

for MIPS 24µm detections in our “older” galaxies with
emission lines, using the deep MIPS data on our clusters
from Finn et al. (2010). These data have an infrared lu-
minosity (LIR) 80% completeness limit of 8.1× 1010L⊙,
corresponding to a SFR limit of ≈ 8 M⊙/year. We find
that only one of the “older” cluster galaxies with [O II]
emission (8%) and one in the field (7%) have a MIPS
24µm detection, while zero of our “older” emission line
galaxies are detected at 24µm in groups. In contrast,
we find between 43-71% of our “intermediate” galaxies
with [O II] emission lines are detected with MIPS in the
different environments, while 69-75% of our “younger”
galaxies with [O II] emission are detected, consistent with
the “intermediate” and “younger” galaxies having signif-
icant ongoing star formation. The EW([O II]) values for
“older” galaxies are lower than for the other two age
bins. We therefore also test whether this difference in
the EW([O II]) values can account for the different frac-
tion of MIPS detections. We find that those galaxies
with 5 <EW([O II])/Å< 10 in the “intermediate” and
“younger” age groups have MIPS detection fractions be-
tween 33-100% depending on the age and environment
bin. This is significantly higher than for “older” galaxies
in any environment and indicates that weak [O II] emit-
ters in the “intermediate” and “younger” age groups, re-
gardless of environment, are more likely to have their
[O II] emission powered by star formation. Likewise, this



12 Halo mass scale for gas removal

Figure 10. Left panel – The cumulative histogram of Rproj/R200 for the different galaxy populations. All galaxies with emission are
systematically biased to large cluster-centric radii. Right panel – The cumulative histogram of |∆v|/σ for the same galaxy populations. All
of the populations are statistically consistent with being drawn from the same underlying distribution.

implies that the [O II] emission in “older” galaxies is not
coming from highly obscured star formation embedded
in an older stellar cocoon.
This is consistent with studies of the excitation source

in local red galaxies. Yan et al. (2006) found that many
of the red galaxies in thee SDSS with weak [O II] emission
(similar in strength to our EW([O II])) had line ratios
consistent with a LINER-like spectrum (Heckman 1980).
Sarzi et al. (2006) and Sarzi et al. (2010) used SAURON
integral field spectroscopy of nearby early-type galax-
ies to demonstrate that much of the ionized emission
in early-types with a LINER-like spectrum is extended
and traces the stellar light. They therefore concluded
that the heating source is consistent with post asymp-
totic giant branch (pAGB) stars and not an AGN.17

This finding is consistent with work by Annibali et al.
(2010), who used long-slit spectroscopy of local early
types, with Yan & Blanton (2012), who used SDSS spec-
troscopy of 500 passive galaxies observed as part of the
Palomar Survey (Ho et al. 1995), and Singh et al. (2013)
and Kehrig et al. (2012), who studied the spatially re-
solved emission-line properties of galaxies in the CAL-
IFA survey (Sánchez et al. 2012). Shocks are not a likely
excitation source for this emission as the necessary shock
velocities are not consistent with the observed gas kine-

17 There are multiple potential sources of UV ionization and
excitation in passive galaxies, including extremely blue hori-
zontal branch stars, and multiple flavors of post-AGB stars
(Greggio & Renzini 1990; Brown et al. 2008). The relative contri-
butions of these populations to the ionizing budget in early types
is poorly constrained (Brown et al. 2008). For the purpose of this
discussion we simplify by assuming pAGB stars perform the bulk of
the excitation in our galaxies, although our conclusions are not de-
pendent on the exact sub-population responsible for the ionization
and excitation. Note also that pAGB stars are to be distinguished
from thermally pulsating AGB (TPAGB) stars, as the latter are
dust enshrouded stars on the AGB while pAGB stars are the UV
bright cores of evolved stars made visible via the expulsion of gas
in a planetary nebula phase.

matics (Sarzi et al. 2010; Yan & Blanton 2012).
To further test if our sources are consistent with a

pAGB emission mechanism, we compare the [O III]
strength from Sarzi et al. (2010) with that predicted
for our galaxies. We do this as we only have ac-
cess to [O III] for a handful of sources (but see be-
low) and because Sarzi et al. (2010) do not have access
to [O II]. We start with the typical EW([O III]) val-
ues of 1–2Å from Sarzi et al. (2010). We then use the
LINER line ratios from Heckman (1980) who find that
L([O II])/L([O III]) ∼ 2 − 4. Given the typical con-
tinuum ratios between [O III] and [O II] in our “older”
galaxies of ∼ 3, this implies EW([O II]) for LINER like
galaxies of 6 − 24Å, which is consistent with the distri-
bution of EW([O II]) seen in Figure 8. This implies that
our emission is consistent with a LINER-like spectrum
that is produced by pAGB heating. As an additional
check, in Figure 13 we show that EW([O III]) for our
“older” galaxies has values typically consistent with be-
ing powered by pAGB stars (EW([O III])< 2Å), with
about ∼ 20% of the galaxies having EW([O III]) that
implies an AGN contribution. If we instead compare
f([O II]) to f([O III]) we find that 30% of our sources
have EW([O III]) that implies an AGN contribution. The
spatial resolution of our spectroscopy is not high enough
to address the spatial extent of the emission and we can
therefore only conclude that the emission is likely not
related to star formation but comes either from a weak
AGN or from the heating of gas by pAGB stars.
That the emission does not come from star formation

in our “older” galaxies is also consistent with the ob-
served values of Dn(4000) and 〈HδabsHγabs〉, as we show
in Figure 4 that even a small amount of ongoing star for-
mation is enough to move our galaxies out the “older”
bin. As a final support that the weak [O II] emission is
not coming from star formation, Sánchez-Blázquez et al.
(2009) used indices to measure the ages of red sequence
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Figure 11. This demonstrates the decision tree used in our discussion and outlines all of the major decisions made in coming to our
conclusions. The tree starts at the top middle of the box and the box representing our conclusion is at the lower right. Red boxes represent
decision branches, black arrows and accompanying text outline possibilities for each decision, yellow boxes represent that a given choice is
not matched by observations, and blue box parallelograms provide information that goes with each choice. Bold and underlined text
represent the section of the text that refers to each portion of the tree.
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Figure 12. An AGN diagnostic diagram for all of the galaxies
in our sample with EW([O II])> 5Å for which Hβ could have
been observed. All emission and absorption features have been
decomposed as described in the text. Arrows are 1σ lower limits
on the ratio, plotted at the 1σ upper limit of EW(Hβem). Line
ratios above the horizontal line cannot be powered by normal star
formation (Sánchez-Blázquez et al. 2009).

Figure 13. A comparison of EW([O II]) and EW([O III]) for all
of the “older” galaxies in our sample with EW([O II])> 5Å for
which [O III] could have been observed. Points with arrows are
1σ upper limits on EW([O III]), plotted at the 1σ upper limit of
EW([O III]). EW([O III]) below the horizontal line are consistent
with pAGB heating while those above require an AGN.

galaxies in our same clusters - indeed for many of the
same galaxies - and find that the luminosity-weighted
mean stellar age of their cluster galaxies does not change
when excluding those red sequence galaxies with weak
emission. This further bolsters our claim that the emis-
sion is not coming from small amounts of star formation.
It is of course possible that galaxies with small amounts
of star formation could temporarily leave our “older” bin
and be excluded from our analysis but this does not al-
ter the significant difference in the [O II] fraction among
older galaxies seen in different environments.
Jaffé et al. (2014) also analyzed morphologically se-

lected early-type galaxies in EDisCS with extended emis-
sion. They concluded that the emission from their sam-
ple was powered predominantly by star formation and
not by evolved stellar populations. This conclusion was
based both on the blue colors of the galaxies and be-
cause they fell predominantly in the “intermediate” and
“younger” section defined by this paper in the Dn(4000)-
〈HδabsHγabs〉 plane. Indeed, only 4 of their galaxies
would have entered our “older” sample. It is also worth

noting that 10 of their 18 early-type galaxies have have
EW([O III])> 10Å, and 4 would have not met our
EW([O II])> 5Ålimit. Therefore 4/14=30% of their sam-
ple has 5Å<EW([O II])< 10Å, compared to 74% for our
sample. We can therefore say with confidence that our
samples are largely disjoint and that they are focused
on early-types with residual star formation, whereas we
are focusing on galaxies with no recent star formation.
Nonetheless, their results have implications for gas pro-
cesses in clusters, which we will address in subsequent
sections.

5.1.2. Could the pAGB properties be different in different
environments?

If we assume that the emission in our “older” galax-
ies is indeed powered by pAGB stars, the next ques-
tion is whether the pAGB properties could be differ-
ent in different environments. One possibility to ex-
plain the difference in pAGB properties would be if the
stellar IMF were different in the various environments,
as different abundances of low-mass stars would influ-
ence the number of UV-emitting evolved stars (pAGB or
Horizontal Branch (HB) stars). Indeed, Zaritsky et al.
(2014) and Zaritsky et al. (2015) have shown that the to-
tal mass-to-light ratio of early-type galaxies drawn from
the SAURON and ATLAS3D samples correlates strongly
with UV color, implying that the low-mass IMF slope
partially controls the UV emission properties in early-
type galaxies. They propose that the UV-slope could
actually test for IMF differences. Unfortunately, we do
not have rest-frame UV photometry for our galaxies and
can therefore not directly test if the IMF is different for
galaxies in different environments. However, there is no
reason to assume that the galaxies in groups and clus-
ters in our sample have different IMFs. The mean veloc-
ity dispersions for cluster and field early-type galaxies in
EDisCS above our stellar mass limit are within 0.05 dex
of each other (Saglia et al. 2010). This implies at most
a ∼ 0.03 dex systematic difference in the total mass-to-
light ratios (Zaritsky et al. 2015). We therefore have no
evidence that differences in the spectrum caused by IMF
differences can explain the observed differences in the
EW([O II]) distributions.
The only properties of the stellar population that could

conceivably be different in different environments are the
SFH and metallicity. Regarding the latter, the mass
range of our sample (log(M⋆/M⊙) > 10.4) makes it
unlikely that there are substantial metallicity variations.
Regarding possible SFH differences, the number of pAGB
stars in a stellar population, and hence their contribu-
tion to the UV radiation field, changes with stellar age.
Binette et al. (1994) contains one of the most recent de-
terminations of this contribution and finds that the UV
continuum output of pAGB stars changes by ∼ 15% for
stellar populations between 1 and 8 Gyr, spanning the
full possible range of age differences in our sample as
governed by our Dn(4000)-〈HδabsHγabs〉 selection and a
formation redshift of 6. However, these changes occur in
an opposite sense shortward and longward of Lyman-α,
such that they mostly cancel out in terms of the total
UV energy input (Binette et al. 1994).
Despite the small expected difference in the pAGB flux,

we nonetheless attempt to further constrain the poten-
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tial age differences between different environments. By
virtue of their selection in Dn(4000) and 〈HδabsHγabs〉
strength, the “older” galaxies in our different environ-
mental bins are already constrained to have roughly sim-
ilar ages. They also have the same peak in their distribu-
tions in the Dn(4000)-〈HδabsHγabs〉 plane (see Figure 2),
ruling out any large differences within this larger age bin.
Nonetheless there may be small age differences between
passive galaxies in different environments. Drawing from
the literature, van Dokkum & van der Marel (2007) per-
formed a fundamental plane comparison of visually clas-
sified massive E/S0 galaxies in the field and in rich clus-
ters at z < 1 and found that the luminosity weighted ages
between these two populations differed by only 4%. This
small age difference makes it unlikely that there could
be large differences in the pAGB population driving the
changes in the [O II] fraction.
On the other hand, Saglia et al. (2010) measured the

fundamental plane for the EDisCS clusters used in this
analysis and found that the size at a fixed dynamical or
stellar mass increases with decreasing redshift. Taking
this into account, and performing a consistent compar-
ison between field and cluster galaxies they found that
the field galaxies were approximately 1 − 2Gyr younger
than the cluster galaxies at a fixed stellar mass. The
origin of the difference between Saglia et al. (2010) and
van Dokkum & van der Marel (2007) is not clear. Per-
haps it stems from the latter using much more massive
clusters than the former as there is some tentative ev-
idence for different speeds of the build up of the red
sequence in low and high-mass clusters (De Lucia et al.
2007; Gilbank et al. 2008; Rudnick et al. 2009). Addi-
tionally, van Dokkum & van der Marel (2007) assumed
homology, i.e. no size evolution in the early type popula-
tion at a fixed surface brightness and velocity dispersion,
whereas Saglia et al. (2010) allowed for size evolution.
This may result in different estimates for the stellar pop-
ulation ages derived using the fundamental plan evolu-
tion. We adopt the results from Saglia et al. (2010) as an
indication of the maximum age difference between clus-
ter and field galaxies and explore the consequences be-
low. Unfortunately, the quality of the EDisCS data also
precludes a precise estimate of the stellar population age
differences between old galaxies with and without weak
emission lines (Sánchez-Blázquez et al. 2009).
It is not possible to easily convert this age difference

into a difference in expected [O II] fractions as the mod-
eling of the UV contribution of pAGB stars is still very
uncertain. Brown et al. (2008) find far fewer pAGB stars
in M32 than expected by theoretical models, and simi-
lar in abundance to more recent observational studies
of M31 by Rosenfield et al. (2012). Other authors have
pointed out that the pAGB contributions to the Ly-
man continuum of galaxies is uncertain at the factor
of ∼ 2 level (Stasińska et al. 2008; Cid Fernandes et al.
2011; Papaderos et al. 2013). However, we can inves-
tigate if this age difference can result in a significant
difference in the number of young stars, under the as-
sumption that they may contribute somewhat to the
[O II] excitation mechanism if they exist in small pro-
portions. According to Figure 1d, galaxies need at least
six e-foldings of their SFH to enter the “older” region of
the Dn(4000)-〈HδabsHγabs〉 plane. For a τ = 1 Gyr expo-
nential SFH (red curve in Figure 1d), the mass fraction

of stars younger than 1 Gyr decreases from 0.5% for a
6 Gyr old population to 0.2% for a 7 Gyr old population.
While the fraction of these young stars for a simple tau
model is very small, it is systematically different for field
and cluster galaxies. Unfortunately, it is quite compli-
cated to convert this stellar population difference into a
difference in the EW([O II]) distribution, especially as we
do not know the relative spatial distribution of gas and
young stars in our galaxies. This renders us unable to
rule out modest age differences contributing somewhat to
the difference between field and cluster galaxies. How-
ever, because the difference in EW([O II]) distributions is
also present between groups and the field, it implies that
systematic age differences must exist between those two
environments if that were to explain our result. Unfortu-
nately, no comparisons of the fundamental plane evolu-
tion in groups and the field have been undertaken, mak-
ing it impossible to determine if age differences could be
explaining the difference in [O II] fractions in those en-
vironments. That said, as our groups may not exist in
large-scale overdensities, it is not even clear if we would
expect them to have collapsed at an earlier time than our
field galaxies.
In summary, there may be small age differences for pas-

sive galaxies in different environments but there is no way
to directly test the effect of these age differences on the
[O II] fractions. Measuring the [O II] fractions of galax-
ies in halos with a wider range in mass and large scale
overdensity may help to solve this problem. Additionally
tracing the spatial distribution of the small young stellar
populations and the gas may enable the use of models to
determine if the [O II] fraction difference can be caused
by age differences. Setting those uncertainties aside, we
conclude that there are no required mechanisms for a
difference in excitation source being responsible for the
difference in EW([O II]) distributions.

5.2. The Environmental Dependence is not Driven by
the Morphology Density relation.

It is well known that the early-type fraction is higher in
dense environments than in the field (e.g. Dressler 1980;
Postman et al. 2005). Therefore it is important to check
that the difference in foe are not merely reflecting the
environmentally dependent early-type fraction. We test
this using the HST-based visual morphologies available
for 11 clusters and 5 groups in our sample.
In Figure 14 we show the morphological distribution

of “older” galaxies in each environment. 76% of our
“older” galaxies are E/S0 and the remaining 24% are
mostly Sa with a few Sbs. All but three of our emission-
line “older” galaxies are early-type galaxies. The fraction
of “older” galaxies that are early-types are statistically
indistinguishable in the different environments. Also,
the fraction of the “older” emission-line galaxies that are
early types is ∼ 80% and is statistically indistinguishable
in the different environments. However, when restricting
ourselves to early-type galaxies, the difference in the frac-
tion of emission-line galaxies is as significant as for the
whole spectroscopic sample.
We therefore conclude that changes in the morpholog-

ical fraction among our environments is not driving the
difference we see in the emission-line fraction.

5.3. The Origin of Differences in Gas Content
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Figure 14. The distribution of morphological types for the
“older” galaxies. The T-Type is given on the bottom axis and
the Hubble Type on the top axis. The empty histogram is for all
of these galaxies and the filled histogram is for the subset with
EW([O II])> 5Å. The vertical scale is different in each panel.
All but three of the “older” [O II] emitters have E/S0 morphol-
ogy, indeed the early-type fraction of this subsample of galaxies is
consistent at 1-σ across all environments. This indicates that the
environmental difference in the EW([O II]) distribution of “older”
galaxies cannot be driven by the morphology-density relation.

As outlined in the previous sections, the difference in
the EW([O II]) distributions is neither due to differences
in the radiation field, nor to differences in the morpho-
logical distribution of galaxies in different environments.
The remaining possibility is that the difference in the
EW([O II]) distribution is caused by differences in the
gas content. In all galaxies gas is resupplied to the ISM
via mass loss from stars. For a Chabrier IMF, the total
mass returned to the ISM from a simple stellar popula-
tion reaches 50% at an age of 6 Gyr (Bruzual & Charlot
2003), which corresponds to the time difference between
the lowest redshift end of our sample (z = 0.4) and
z = 1.7.18 in the first 1 and 2 Gyr, 80% and 90% of
this gas is returned to the ISM respectively. Therefore,
the total gas content changes only by 10% in the time
between 2 and 6 Gyr, representing the largest possible
difference in gas contents. However, the age difference
between the cluster and field galaxies in our sample is
likely significantly less than this (see §5.1.2) and the dif-
ference in gas contents should therefore be correspond-
ingly smaller. It is therefore unlikely that differences in
the amount of gas from mass loss resulting from age dif-
ferences can account for the difference in the observed
[O II] fractions.
In this subsection we therefore consider additional ex-

ternal origins for the gas difference and discuss whether
the differences represent an excess of gas in field galaxies
or an active removal of gas in cluster and group galaxies.

5.3.1. Excess of gas in field galaxies

A possible explanation for the difference in emission-
line fractions in old galaxies in different environments is

18 By z = 1.7 many red sequence galaxies were already in place
(Papovich et al. 2010; Rudnick et al. 2012).

that gas accretion onto satellite galaxies in groups and
clusters is no longer efficient. In this picture, the “older”
emission-line galaxies that we see in groups and clusters
are also likely present in the field and have their gas sup-
ply dominated by mass-loss from existing stellar popula-
tions heated by evolved stellar populations. Given that
90% of the gas is returned in the first Gyr, there should
be ample gas to supply this emission. The additional
galaxies with emission in the field would then come from
a population of galaxies that are undergoing accretion of
gas directly onto those galaxies, in either a hot or cold
mode of accretion. Galaxies in the field with our stel-
lar mass are likely to be central galaxies of their halos
and so would be the repository of this gas, although it is
presumably kept from forming stars by some sort of feed-
back. Most of our galaxies in groups and clusters, how-
ever, are satellites and the gas that would normally have
been deposited into their halos will instead presumably
be deposited into the intragroup or intracluster medium
in the more massive halos. This lack of a direct accre-
tion source onto the galaxy halo could then drive the
difference in the gas contents.
It is possible that this gas is cooling directly onto the

field galaxies and not arriving in the form of infalling
satellite galaxies. Current theoretical pictures of galaxy
evolution highlight the importance of gas accretion in fu-
eling star formation in galaxies. This can either occur by
the inflow of gas in cold filaments (e.g. Kereš et al. 2005;
Dekel et al. 2009; Kereš et al. 2009) or by a more classi-
cal picture of gas cooling onto a galaxy from a hot halo
that consists of gas that was shock-heated to the virial
temperature during the infall process (e.g. White & Rees
1978). That the fraction of “older” galaxies with emis-
sion is as low in groups as in clusters implies that merg-
ing is not the main delivery mechanism for the gas as
the lower velocity dispersions of the groups would im-
ply a higher merger cross-section than in clusters. If
minor mergers were the primary mechanism for gas de-
livery then one would naively expect that the fraction
of “older” galaxies with emission in groups would be as
high as in the field if not higher. Supporting the idea that
smooth gas accretion may be adding gas to field galax-
ies is the observational evidence from the COS-HALOS
project for significant amounts of cool gas around low
redshift early-type galaxies (Thom et al. 2012), compa-
rable to the amounts seen around star-forming galax-
ies. This indicates that an ample circumgalactic medium
built up by accretion from the cosmic web may be a com-
mon occurrence for passive galaxies.
This interpretation is consistent with studies of local

early type galaxies as part of the ATLAS3D survey. In
Davis et al. (2011), 42±5% of all field fast rotating early-
types have ionized and molecular components that are
kinematically misaligned with the stars, whereas mis-
alignments are nearly absent for fast rotators in groups
and in the Virgo cluster. This argues for an accretion
origin for much of the gas in the field, with the gas
in clusters and groups having a purely internal origin
thanks to the low accretion efficiency. It was also shown
that slow rotators exist only in the core of Virgo and
always have misaligned ionized and molecular gas disks.
Davis et al. (2011) interpreted the slow rotator gas prop-
erties as reflecting a different formation channel in which
they formed by repeated major mergers (Khochfar et al.
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2011). Indeed, from multiple studies of a z = 1.62
cluster, there is evidence that mergers played an impor-
tant role in the formation of massive red sequence galax-
ies (Rudnick et al. 2012; Papovich et al. 2012; Lotz et al.
2013). Since the location in the Virgo cluster core im-
plies that the slow rotators are not freshly in fallen, the
implication is that the misaligned gas must be able to
survive the passage of the galaxy through the ICM, es-
tablishing a limit to the effectiveness of stripping from
the centers of early types (see §5.3.2 Davis et al. 2011)
although the molecular gas disks in Virgo early types do
have smaller sizes than in the field (Davis et al. 2013).
Despite the support that the local studies lend to the

accretion cutoff scenario, there are still difficulties in de-
veloping a consistent picture. For example, it is puz-
zling that the detection rate of CO in Virgo galaxies is
nearly constant with environment (Young et al. 2011),
in contrast to the HI detection rate (Serra et al. 2012),
implying that the physical characteristics of the gas in
the field and clusters may be different (Davis et al. 2011,
2013). Also, ATLAS3D only observed the Virgo cluster
and so their cluster results may not be indicative of the
larger population at high density given the substantial
cluster-to-cluster variance.
The implied prevention of gas cooling that we see in

our group and cluster galaxies is consistent with the phe-
nomenological process known as “satellite quenching”, in
which a galaxy’s gas supply is shut off if it becomes a
subhalo of a more massive halo. This process is evident
in the local universe in that satellite galaxies at a fixed
mass are found to have less activity than centrals of the
same mass (e.g. Pasquali et al. 2009; Wetzel et al. 2012).
A distinction between centrals and satellites frames our
observed phenomena in the context of dark matter halos
and subhalos because in our case every cluster and group
galaxy except the BCG is by definition a satellite galaxy,
while in the field most of our galaxies will be central
galaxies of their own halos. If we were to interpret our
observations in terms of the satellite/central dichotomy,
it would imply that such a quenching is effective even at
group scales with total masses of 1013 − 1014M⊙. This
halo mass range is consistent with other measures in-
ferred from modeling the evolution and mass dependence
in the passive fraction of galaxies (e.g. De Lucia et al.
2012).
The mechanism for cutting off gas accretion likely in-

volves a combination of tidal interactions and the ram
pressure effects on the accreting gas. The tidal effects
can act both between the dark matter halo of the galaxy
and the primary cluster or group that it is falling into
as well as between the this primary halo and the gas
that is in the circumgalactic medium or accreting onto
galaxies from the cosmic web (Hahn et al. 2009). On
the other hand, ram pressure stripping is canonically
viewed as a process that only affects the ISM of a galaxy
(e.g. Gunn & Gott 1972) but in reality ram pressure as a
physical effect can also affect the circumgalactic medium
or infalling gas (Bahé et al. 2013). Both of these can
broadly be labeled strangulation or starvation as they
do not involve actively removing the gas from the depths
of the potential well (but see §5.3.2). These mecha-
nisms are thought to be effective even at the group scales
(Kawata & Mulchaey 2008), lending support to our pic-

ture.
We can attempt to understand this scenario in the con-

text of the phase space distribution of our sources (§4.1).
The old galaxies with emission are not found in the cen-
ters of the cluster in radius and velocity. According to
the models of Oman et al. (2013), this region is charac-
terized by a long time since infall into the cluster, with
very few galaxies in this region having entered the cluster
in the last 1-2 Gyr. It may therefore be that the galaxies
with emission are those which have fallen in more re-
cently, and thus are those which have had more time to
accrete gas from the cosmic web or conversely less time
to consume the gas that they had at the time of infall..
An alternative but related mechanism to explain the

different emission line fractions is if “older” galaxies have
a significant, though not necessarily dominant, forma-
tion channel through major mergers. In the field, the
gas ejected from a merger via tidal or feedback effects
may fall back onto the galaxy after a few Gyr and re-
plenish the gas supply. In some cases this may rejuve-
nate star formation and regrow a disk (Kannappan et al.
2009; Moffett et al. 2012) but depending on the specific
characteristics of the merger, e.g. mass ratio, merger
geometry, merger gas fraction, it may also just add a
modest amount of gas to the galaxy. While mergers may
be more common in groups because of their low velocity
dispersions and small distance between galaxies, the gas
ejected during a merger in a dense environment is less
likely to fall back onto the merged galaxy because of its
interactions with the group tidal field and the intragroup
medium. This gas refueling mechanism is likely therefore
more effective in field galaxies than in group or clusters
and could explain some of the differences in gas content
implied by our observations. It is difficulty to quantify
the prevalence of mergers in our sample as low surface
brightness tidal features from mergers that happened a
few Gyr in the past would be nearly impossible to detect.
This gas refueling through merger fallback has a dif-

ferent origin than gas accretion through the cosmic web
but has a similar effect on the gas contents and still rep-
resents a surplus in field galaxy gas supply compared to
dense environments. It is not yet clear if this scenario
is consistent with the phase space distribution of galax-
ies presented in §4.1. On one hand, clusters are usu-
ally thought to have low merger fractions because of the
high velocity dispersions. On the other hand, 50% our
“older” emission-line galaxies are outside the virialized
region of phase space and may represent infalling galax-
ies for which the merger cross-section should be higher. It
is also unclear whether the ICM density and tidal forces
in the cluster outskirts are sufficiently high to decouple
the ejected merger gas. Indeed, theoretical studies of the
ram pressure in filaments and groups show that the ram
pressure there can be elevated by ∼ 10 − 100 compared
to the field (Bahé et al. 2013) and so it is unlikely that
merger ejecta would be able to efficiently reaccrete in
cluster galaxies. Therefore, it seems that this scenario is
compatible with our observations.
In Figure 8 we showed that EW([O II]) in the field was

shifted towards slightly higher values than in the clus-
ters and groups. Since the continuum shapes (colors) of
the “older” galaxies (Fig. 5) are very similar in differ-
ent environments, this difference in EW([O II]) implies
a differences in the flux of [O II]. While the significance



18 Halo mass scale for gas removal

of this shift is very low, one possible interpretation is
that the strength of the emission in the different envi-
ronments is different. If we are sampling the tail of the
EW([O II]) distribution function, slightly lowering the
mean EW([O II]) of the sample would result both in a
lower observed EW([O II]) value and in a lower frac-
tion. All of the mechanisms we describe above could ac-
count for a decreased mean emission strength in cluster
and group galaxies. However, it is impossible to directly
test this assumption without more galaxies and signifi-
cantly deeper spectroscopy that would allow us to probe
to much lower EW([O II]).
The conclusion of this section is that a cutoff of accre-

tion onto field galaxies seems to be required by the obser-
vations of galaxies in groups and clusters, given what we
know about the reservoirs of cool gas around early type
galaxies in the field, the effectiveness of strangulation in
clusters, and the consistency with the phase space dis-
tribution of galaxies. Merger fallback may be occurring
in groups and is allowed by our observations, but can’t
explain the phase space distribution and so cannot be
the dominant process at play.

5.3.2. Removal of gas in cluster and group galaxies

Another possibility to explain the observed differences
in EW([O II]) distributions is that gas is being actively
removed from within the optical radius of galaxies in
dense environments. This presumably would occur via
ram pressure stripping of the gas by a galaxy’s passage
through the intracluster or intragroup medium. Unfor-
tunately, we only have ICM measurements for 3 of our
systems (Johnson et al. 2006). The lack of X-ray data
means that we cannot directly test the efficiency of ram
pressure stripping for our systems. All we can say is that
our three X-ray observed clusters are consistent with the
Lx − T relation for X-ray selected clusters, so we can
make the assumption that the stripping efficiency is not
very different from the general cluster population.
We attempt to place constraints on the role of strip-

ping using the phase-space diagram shown in Figure 9
and discussed in §4.1. It is clear that cluster galaxies
with emission, regardless of their stellar age, and galaxies
with young stellar populations, regardless of the presence
of emission, are not found in the region of the cluster oc-
cupied by the old emission-line free galaxies. One way
to interpret this is as evidence in support of strong ram-
pressure stripping of the diffuse hot gas from the interiors
of the “older” massive cluster galaxy population. In all
other respects the mass-selected “older” galaxies with
and without emission are identical and so the absence
of the “older” emission-line galaxies in the ”virialized”
regions of phase space must imply that the ionized gas
emission is inhibited in these objects. In this scenario,
the distribution of objects in Figure 9 is consistent with
a picture in which the “older” emission-line galaxies are
infalling into the cluster for the first time or that they
happen to be on orbits that do not pass close to the clus-
ter cores. This matches the simulations of Mahajan et al.
(2011) who find that between 48 and 83% of galaxies ly-
ing at 0.5 < Rproj/R200 < 1.0) and 1 < |∆v|/σ < 3 are
infalling for the first time. If stripping is occurring in the
“older” emission-line galaxies, our data are not sufficient
for us to determine whether the gas is fully stripped or
just reduced enough so as to lower EW([O II]) below our

detection limit. Spatially resolved and high-sensitivity
measurements of the the line emission will help to re-
solve this situation.
If we correct our “older” emission-line fractions in clus-

ters for the contamination of these infalling galaxies, it
will remove proportionately more emission-line galaxies
than passive galaxies as the latter are more centrally con-
centrated (Figure 10). Therefore the actual fraction of
“older” emission-line cluster galaxies we quote in this pa-
per is likely an upper limit.
In studies of local galaxies from ATLAS3D there is

some evidence that gas in early-type galaxies can be di-
rectly modified by the environment. Serra et al. (2012)
find that the HI content varies continuously with envi-
ronment, being lowest in the center of the Virgo cluster
and already reaching significant values by the outskirts
of the cluster. In addition, Davis et al. (2013) find that
early-type galaxies in Virgo have more compact CO pro-
files than those in the field and more commonly have
truncations or significant asymmetries than galaxies in
the field (Davis et al. 2011, 2013), implying a direct ef-
fect of the cluster environment on the gas properties of
early-type galaxies. However, Young et al. (2011) find
no significant difference in the molecular gas contents of
ATLAS3D early-type galaxies in different environments
with only a slight suggestion that the most CO rich ob-
jects are in the lowest density environments. This pic-
ture is further complicated by the presence of ionized
and molecular gas in slow rotating early types residing
in the core of the Virgo cluster, implying that this gas
can remain in place despite the effects of the cluster en-
vironment (Davis et al. 2011). Clearly, the effect of en-
vironmental stripping on the gas in cluster early type
galaxies is complicated and may involve multiple chan-
nels for supply and depletion. We can therefore not rule
out the role that stripping plays in modulating the gas
supply in old early type galaxies in our clusters.
Given the low velocities of group galaxies relative to

the group potential, it is unlikely that active removal
of the gas is an important mechanism in group environ-
ments, although we cannot test that here.

6. SUMMARY & CONCLUSIONS

In this paper we perform a spectroscopic analysis of
cluster, group, and field galaxies at 0.4 < z < 0.8
drawn from the ESO Distant Cluster Survey (EDisCS).
We select galaxies with log(M⋆/M⊙) > 10.4 and de-
compose their absorption and emission spectra using an
iterative fitting process. From the decomposed spec-
tra we then measure the spectral indices Dn(4000),
EW(Hδabs), EW(Hγabs), EW(Hβem), EW([O II]) λ3727,
and EW([O III]) λλ4959, 5007. We use the contin-
uum and absorption indices to characterize the relative
luminosity-weighted mean age of the stellar populations
for our galaxies and use the emission indices to probe
the state of the ionized gas. In this paper we have exam-
ined the emission-line properties of stellar-mass selected
galaxies in different environments but having the same
stellar age.
As has been found by many other authors, galax-

ies in all environments lie on a locus in the Dn(4000)-
〈HδabsHγabs〉 plane and progress towards older stellar
ages in the direction of smaller Hδ and Hγ absorption
strength and larger Dn(4000). Using stellar population
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models we define regions in the Dn(4000)-〈HδabsHγabs〉
plane that correspond to galaxies with generally “older”,
“intermediate”, and “younger” stellar ages. These re-
gions can also be thought of as marking regions of dif-
ferent numbers of star formation history e-foldings. Our
continuum spectroscopic indices have the advantage over
broad-band colors in that they are more age sensitive
and are less susceptible to dust extinction. For exam-
ple, galaxies with broad-band colors that would place
them on the red sequence have a mix of stellar ages, with
both “older” and “intermediate”-age stellar populations.
There is a significant population of galaxies on the blue
side of the red sequence that have ongoing star formation
and whose red colors likely stem from dust extinction or
from recently quenched star formation.
Our main observational results are as follows:

• When considering only galaxies with old stellar
ages we find that 8% and 6% of the cluster and
group galaxies respectively have weak [O II] emis-
sion. In contrast 27% of the analogously selected
“older” field galaxies have this amount of emission.
The fractions in the dense environments and the
field are different at the 2.8σ level. None of the
other age categories display a difference in their
emission-line fractions with environment.

• The stellar mass distributions of the emission line
galaxies in different environments are statistically
consistent. The difference in the fraction of galaxies
with emission in the different environments is true
even at a fixed stellar mass and is not a relic of the
morphology density relation. We have also shown
that the observed environmental trend is not being
driven by a few systems with many members as
every single cluster and group has an emission-line
fraction lower than that in the field.

• We find that all galaxies with emission lines are
less common in the central regions of our clusters
than “older” galaxies with no emission, which as
a population occupy the region of phase-space be-
longing to virialized systems. The subpopulation of
“older” galaxies with emission are consistent with
the phase space distribution of the other emission-
line galaxies and therefore are also largely absent
from the virialized regions of the cluster.

When Hβ and [O III] emission are available we use
them to diagnose the nature of the emission. We find
that the line ratios of the emission in the “younger” and
“intermediate” populations are consistent with normal
star formation. For the “older” emission-line galaxies,
however, the emission is incompatible with star forma-
tion. Drawing on the many spatially-resolved spectro-
scopic studies of early-type galaxies in the nearby Uni-
verse we conclude that this emission is likely not from
an AGN but is likely originating in gas that is heated by
evolved post-AGB stars.
We regard all possibilities for the difference in the emis-

sion line fractions. We rule out differences in the radi-
ation in different environments as driving the difference
between field and cluster galaxies and conclude that it is
driven by a difference in gas contents. We then explore

whether the difference in gas supply is driven by an ex-
tra source of gas in field galaxies or by the removal of
gas in dense environments. In all scenarios, galaxies are
supplied by gas from stellar mass loss. We conclude that
field “older” galaxies are supplied by additional gas ac-
cretion from the cosmic web and that cluster and group
galaxies have had their accretion shut off. This conclu-
sion is required by our observations as the deficit in the
emission line fraction happens at group halo mass scales
where active stripping is not thought to be active. In ad-
dition, this scenario is consistent with the distribution of
galaxies in phase space as galaxies nearest the virialized
region also have the longest times since infall, and there-
fore may have had less time to accumulate gas before
entering the cluster. Our result that the emission-line
fractions are suppressed in halos of of mass ∼ 1013M⊙

implies that even groups are effective domains of pro-
cesses like starvation.
An additional scenario is that a significant fraction of

“older” galaxies are formed via mergers and that the
gas falling back onto these galaxies significantly after the
merger becomes decoupled in dense environments. This
is similar in spirit to the accretion cutoff scenario but
involves gas from the original galaxies and not accretion
from the cosmic web. This scenario is can be effective in
both groups and infalling cluster galaxies but may not
be effective for virialized cluster galaxies for which the
merger cross-section is very low.
Finally, we consider active stripping of the gas via pas-

sage through the intracluster medium. Local studies of
the Virgo cluster from ATLAS3D show that the cluster
environment has an effect on the gas content of early-type
galaxies, but one that is complex, with potentially mul-
tiple supply and depletion channels. The lack of galaxies
in the heart of the virialized region of our clusters is con-
sistent with a picture in which gas is stripped out of the
galaxies. This scenario is clearly allowed, though not
required, by our data. Additionally, because the emis-
sion line deficit happens even at group mass scales where
stripping is not thought to be effective, it cannot be the
sole process in modulating the gas contents of passive
galaxies. To more conclusively determine the different
channels of gas depletion will require deep spectroscopic
observations of a wider range of environments, and for
enough galaxies to tease out differences between clusters,
groups, and the field. Having high spatial and spectral
resolution observations that would help us constraint the
geometry and kinematics of the gas would be especially
beneficial.
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Strateva, I., Ivezić, Ž., Knapp, G. R., et al. 2001, AJ, 122, 1861
Tanaka, M., Kodama, T., Arimoto, N., et al. 2005, MNRAS, 362,

268
Taranu, D. S., Hudson, M. J., Balogh, M. L., et al. 2014, Monthly

Notices of the Royal Astronomical Society, 440, 1934
Terlevich, A. I., Caldwell, N., & Bower, R. G. 2001, MNRAS,

326, 1547
Thom, C., Tumlinson, J., Werk, J. K., et al. 2012, ApJ, 758, L41
Tonnesen, S., & Bryan, G. L. 2009, ApJ, 694, 789
Tonnesen, S., & Cen, R. 2015, ApJ, 812, 104
Trager, S. C., Worthey, G., Faber, S. M., Burstein, D., &
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Table 2

Galaxy Data

ID zspec EW([O II])a EW([O III])b EW(Hβem) EW(Hδabs) EW(Hγabs) Dn(4000) log(M∗/M⊙) Environment
[Å] [Å] [Å] [Å]

EDCSNJ1018471-1210513 0.4716 6.64 ± 1.20 ... 1.42± 0.33 1.37± 0.60 −1.57± 0.61 1.68± 0.03 10.97 cluster
EDCSNJ1018464-1211205 0.4717 < 0.77 ... ... −0.05± 1.03 −4.93± 1.08 1.93± 0.07 10.61 cluster
EDCSNJ1018467-1211527 0.4716 < 0.51 ... ... −1.13± 0.37 −5.55± 0.37 1.96± 0.03 11.63 cluster
EDCSNJ1018454-1212235 0.4789 6.48 ± 0.66 1.34± 0.36 3.59± 0.25 2.82± 0.43 1.29 ± 0.38 1.31± 0.02 10.94 cluster
EDCSNJ1018438-1212352 0.4732 < 1.10 ... ... 2.60± 0.90 −2.50± 0.90 1.67± 0.05 10.52 cluster
EDCSNJ1018483-1212474 0.4727 5.64 ± 0.66 1.54± 0.32 4.09± 0.24 2.87± 0.44 1.65 ± 0.46 1.39± 0.02 10.87 cluster
EDCSNJ1018490-1212553 0.4733 10.95 ± 0.66 2.47± 0.35 6.74± 0.22 5.49± 0.45 3.07 ± 0.48 1.30± 0.02 10.77 cluster
EDCSNJ1018473-1213164 0.4756 10.58 ± 1.05 ... 3.64± 0.31 3.64± 0.63 2.38 ± 0.55 1.41± 0.03 10.64 cluster
EDCSNJ1018481-1213271 0.4711 < 1.44 ... ... −0.41± 1.73 −4.78± 1.88 1.76± 0.11 10.44 cluster
EDCSNJ1018401-1214013 0.4719 < 1.02 ... ... −0.52± 0.74 −4.59± 0.79 1.77± 0.05 10.74 cluster
EDCSNJ1018489-1211357 0.4779 < 0.94 ... ... 0.57± 0.71 −0.04± 0.56 1.77± 0.04 10.84 cluster
EDCSNJ1018474-1211537 0.4746 < 0.83 ... ... −1.52± 0.68 −5.52± 0.58 1.91± 0.04 10.80 cluster
EDCSNJ1018433-1214242 0.4723 < 1.57 ... ... 0.30± 1.06 −1.29± 1.37 1.72± 0.06 10.50 cluster
EDCSNJ1018445-1208545 0.4732 7.41 ± 0.78 1.03± 0.33 6.26± 0.26 4.89± 0.46 2.42 ± 0.50 1.31± 0.02 10.59 cluster
EDCSNJ1018497-1211242 0.4750 < 0.71 1.04± 0.35 ... 0.04± 0.86 −0.28± 0.72 1.81± 0.05 10.40 cluster
EDCSNJ1018464-1211392 0.4696 < 0.68 ... ... −3.12± 0.89 −6.04± 0.95 1.97± 0.06 10.44 cluster
EDCSNJ1018462-1211507 0.4749 < 1.41 ... ... −0.97± 0.76 −3.61± 0.66 1.73± 0.04 10.51 cluster
EDCSNJ1040403-1156042 0.7020 < 1.33 ... ... −0.11± 0.44 −3.60± 0.52 2.01± 0.03 11.37 cluster
EDCSNJ1040410-1156345 0.7009 8.42 ± 1.00 ... ... 3.47± 0.65 −1.14± 0.82 1.48± 0.03 10.89 cluster
EDCSNJ1040415-1156559 0.7007 15.30 ± 1.30 ... ... 4.68± 0.84 −0.40± 1.24 1.34± 0.03 10.56 cluster
EDCSNJ1040369-1157141 0.7052 < 0.59 ... ... 0.97± 0.37 −1.99± 0.47 1.81± 0.02 11.12 cluster
EDCSNJ1040396-1155183 0.7046 < 0.65 ... ... 0.21± 0.46 −3.58± 0.58 1.96± 0.03 10.97 cluster
EDCSNJ1040407-1156015 0.7030 < 1.47 ... ... −1.21± 0.43 −3.50± 0.53 1.98± 0.03 11.11 cluster
EDCSNJ1040355-1156537 0.7061 6.56 ± 1.41 ... ... 4.65± 0.70 2.38 ± 0.97 1.36± 0.03 10.73 cluster
EDCSNJ1040337-1157231 0.7051 11.31 ± 0.45 ... ... 3.77± 0.29 0.00 ±−2.00 1.42± 0.01 11.02 cluster
EDCSNJ1040383-1153176 0.7038 5.09 ± 1.11 ... ... 2.55± 0.77 0.02 ± 0.97 1.71± 0.04 10.63 cluster
EDCSNJ1040402-1155587 0.7031 < 1.09 ... ... −0.10± 1.03 0.54 ± 1.29 1.87± 0.06 10.82 cluster
EDCSNJ1040346-1157566 0.7024 < 1.31 ... ... −0.44± 0.62 −3.89± 0.83 1.91± 0.04 11.12 cluster
EDCSNJ1040410-1155590 0.7079 13.36 ± 0.90 ... 2.67± 0.51 4.53± 0.34 3.33 ± 0.40 1.13± 0.01 10.94 cluster
EDCSNJ1040356-1156026 0.7081 8.27 ± 0.86 ... ... 1.05± 0.27 −1.63± 0.29 1.80± 0.02 11.18 cluster
EDCSNJ1054251-1145360 0.6945 < 1.26 ... ... 3.71± 1.34 1.44 ± 1.64 1.58± 0.06 10.52 cluster
EDCSNJ1054254-1145547 0.6977 11.12 ± 0.79 ... ... 2.59± 0.45 1.52 ± 0.61 1.57± 0.02 11.34 cluster
EDCSNJ1054244-1146194 0.6965 < 1.45 ... ... −2.35± 0.39 −4.18± 0.50 2.05± 0.02 11.53 cluster
EDCSNJ1054198-1146337 0.6972 24.00 ± 0.94 ... ... 5.75± 0.69 5.58 ± 1.06 1.21± 0.02 10.53 cluster
EDCSNJ1054242-1146564 0.6903 8.94 ± 2.74 ... ... 3.42± 0.86 2.00 ± 1.27 1.39± 0.03 10.69 cluster
EDCSNJ1054296-1147123 0.6981 5.27 ± 0.71 ... ... −0.65± 0.44 −3.57± 0.54 1.87± 0.02 11.30 cluster
EDCSNJ1054323-1147213 0.7019 5.44 ± 0.86 ... ... 0.33± 0.66 −2.91± 0.74 1.77± 0.04 11.07 cluster
EDCSNJ1054316-1147400 0.6908 < 1.48 ... ... 1.68± 0.88 −1.17± 1.18 1.71± 0.04 11.04 cluster
EDCSNJ1054292-1149179 0.6968 < 1.05 ... ... 0.56± 1.08 −2.72± 1.52 1.78± 0.06 10.61 cluster
EDCSNJ1054272-1145430 0.6970 7.79 ± 1.81 ... ... 6.64± 1.32 10.58 ± 1.96 1.40± 0.05 10.47 cluster
EDCSNJ1054272-1145400 0.6979 < 1.88 ... ... 4.92± 1.47 0.50 ± 1.89 1.67± 0.07 10.89 cluster
EDCSNJ1054296-1145499 0.6994 < 1.52 ... ... 1.93± 1.46 5.44 ± 1.84 1.68± 0.07 10.50 cluster
EDCSNJ1054233-1146024 0.6980 16.88 ± 1.47 ... ... 4.22± 0.79 −0.93± 1.16 1.56± 0.03 10.69 cluster
EDCSNJ1054250-1146238 0.6968 < 1.45 ... ... −1.01± 0.40 −3.86± 0.53 1.93± 0.02 11.38 cluster
EDCSNJ1054255-1146331 0.6942 < 1.12 ... ... 1.04± 1.01 −4.29± 1.32 1.74± 0.05 10.55 cluster
EDCSNJ1054309-1147095 0.6998 < 0.64 ... ... 2.48± 0.61 −4.06± 0.82 1.86± 0.03 10.95 cluster
EDCSNJ1054182-1147240 0.6965 12.58 ± 2.02 ... ... 2.42± 1.57 3.43 ± 2.05 1.54± 0.06 10.67 cluster
EDCSNJ1054245-1146139 0.6986 < 1.73 ... ... −2.92± 1.60 −0.89± 1.98 1.90± 0.09 10.63 cluster
EDCSNJ1054246-1146124 0.7031 13.51 ± 1.92 ... ... 1.46± 0.80 −0.22± 1.03 1.61± 0.04 10.96 cluster
EDCSNJ1054255-1146441 0.7048 < 1.11 ... ... 0.37± 0.64 −1.78± 0.78 1.88± 0.04 11.02 cluster
EDCSNJ1054305-1146536 0.6986 6.84 ± 0.74 ... ... 0.74± 0.35 −2.05± 0.44 1.84± 0.02 11.58 cluster
EDCSNJ1054259-1148307 0.6962 < 1.37 ... ... 2.43± 1.06 −5.27± 1.58 1.90± 0.06 10.88 cluster
EDCSNJ1054263-1148407 0.7014 < 0.89 ... ... 1.99± 0.79 −2.58± 0.93 1.85± 0.04 10.96 cluster
EDCSNJ1054303-1149132 0.6964 < 0.71 ... ... −0.38± 0.47 −4.36± 0.59 1.99± 0.03 11.52 cluster
EDCSNJ1054237-1146107 0.6962 < 1.10 ... ... −0.92± 0.86 −4.82± 1.03 1.92± 0.05 10.51 cluster
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Table 2 — Continued

ID zspec EW([O II])a EW([O III])b EW(Hβem) EW(Hδabs) EW(Hγabs) Dn(4000) log(M∗/M⊙) Environment
[Å] [Å] [Å] [Å]

EDCSNJ1054247-1146238 0.7004 < 1.00 ... ... −0.84± 1.17 −4.36± 1.29 1.63± 0.06 10.68 cluster
EDCSNJ1054437-1243416 0.7502 9.98 ± 0.82 ... ... 4.02± 0.50 0.49 ± 0.94 1.49± 0.02 11.16 cluster
EDCSNJ1054435-1245519 0.7503 < 0.70 ... ... 1.37± 0.42 −3.05± 0.74 1.94± 0.03 11.57 cluster
EDCSNJ1054398-1246055 0.7482 < 0.74 ... ... −0.36± 0.36 −3.04± 0.60 1.76± 0.02 11.37 cluster
EDCSNJ1054435-1246152 0.7525 < 0.28 ... ... −1.56± 0.61 −3.27± 1.06 1.99± 0.04 11.12 cluster
EDCSNJ1054409-1246529 0.7496 < 1.12 ... ... 1.79± 0.92 −5.31± 1.66 1.87± 0.06 10.86 cluster
EDCSNJ1054497-1247550 0.7495 < 1.41 ... ... 5.51± 1.21 6.12 ± 2.12 1.35± 0.04 10.47 cluster
EDCSNJ1054404-1248083 0.7483 10.31 ± 0.93 ... ... 3.96± 0.75 −5.06± 1.47 1.33± 0.03 10.51 cluster
EDCSNJ1054436-1244202 0.7463 < 1.49 ... ... −0.37± 0.56 −3.72± 0.87 1.86± 0.03 10.93 cluster
EDCSNJ1054438-1245409 0.7568 < 1.37 ... ... −0.88± 0.58 −2.97± 0.89 2.09± 0.04 11.15 cluster
EDCSNJ1054433-1245534 0.7468 < 1.11 ... ... 2.30± 1.02 −5.67± 1.78 1.92± 0.07 10.66 cluster
EDCSNJ1054437-1246028 0.7572 < 1.49 ... ... −1.38± 1.66 −9.87± 3.11 1.69± 0.08 10.48 cluster
EDCSNJ1054445-1246173 0.7498 < 1.03 ... ... −0.20± 0.88 −9.19± 1.54 1.96± 0.06 10.78 cluster
EDCSNJ1054440-1246390 0.7496 < 1.02 ... ... −0.85± 0.99 −2.26± 1.82 1.99± 0.07 10.89 cluster
EDCSNJ1054396-1248241 0.7478 < 0.97 ... ... 0.88± 0.84 −1.41± 1.52 1.60± 0.04 10.97 cluster
EDCSNJ1054478-1244244 0.7517 < 1.71 ... ... 4.45± 1.18 −10.26 ± 2.56 1.72± 0.07 10.52 cluster
EDCSNJ1054439-1245556 0.7531 < 1.15 ... ... 0.36± 0.63 −0.82± 1.32 1.74± 0.04 10.88 cluster
EDCSNJ1054471-1246412 0.7522 < 0.82 ... ... 2.02± 0.54 −0.84± 1.14 1.77± 0.03 10.86 cluster
EDCSNJ1054416-1247375 0.7498 < 0.97 ... ... 3.19± 0.33 −1.21± 0.75 1.50± 0.02 11.25 cluster
EDCSNJ1054528-1245171 0.7577 32.06 ± 0.65 7.00± 0.27 14.39± 0.32 5.73± 0.33 3.91 ± 0.48 1.22± 0.01 10.52 cluster
EDCSNJ1054431-1246205 0.7553 < 1.12 ... ... 3.19± 0.94 −0.46± 1.62 1.61± 0.05 10.77 cluster
EDCSNJ1054407-1247385 0.7482 < 0.88 ... ... 1.19± 0.48 −4.44± 0.83 1.80± 0.03 10.89 cluster
EDCSNJ1059100-1251390 0.4517 5.75 ± 0.80 ... ... −1.16± 0.40 −3.76± 0.60 1.92± 0.02 11.18 cluster
EDCSNJ1059070-1251486 0.4537 < 1.31 ... 1.68± 0.30 3.29± 0.57 4.15 ± 1.01 1.50± 0.02 10.47 cluster
EDCSNJ1059065-1252425 0.4592 26.98 ± 0.71 10.32± 0.33 11.39± 0.24 4.51± 0.34 1.09 ± 0.47 1.26± 0.01 10.46 cluster
EDCSNJ1059096-1253197 0.4550 5.16 ± 0.87 < 1.00 ... −1.06± 0.40 −3.37± 0.65 1.89± 0.02 11.25 cluster
EDCSNJ1059095-1253142 0.4577 < 1.00 1.74± 0.42 2.20± 0.34 4.37± 0.69 −0.50± 1.19 1.54± 0.03 10.68 cluster
EDCSNJ1059045-1254034 0.4603 6.59 ± 1.24 1.70± 0.60 1.78± 0.47 3.39± 0.83 1.17 ± 1.06 1.59± 0.04 10.79 cluster
EDCSNJ1059125-1254153 0.4575 17.87 ± 0.50 4.22± 0.26 11.62± 0.24 4.10± 0.35 2.47 ± 0.56 1.22± 0.01 10.46 cluster
EDCSNJ1059087-1254254 0.4596 9.79 ± 0.99 1.72± 0.38 4.42± 0.37 2.70± 0.63 0.64 ± 0.89 1.42± 0.03 10.51 cluster
EDCSNJ1059156-1254404 0.4592 < 0.73 ... ... 0.93± 0.84 −3.52± 1.09 1.73± 0.05 10.83 cluster
EDCSNJ1059104-1255073 0.4591 5.91 ± 0.93 1.27± 0.38 1.08± 0.23 1.95± 0.56 −0.72± 0.90 1.48± 0.02 11.01 cluster
EDCSNJ1059053-1255535 0.4572 < 1.42 ... ... −0.37± 0.94 −0.38± 1.64 1.98± 0.06 10.76 cluster
EDCSNJ1059046-1251583 0.4561 < 1.01 ... 0.67± 0.22 0.27± 0.40 −5.11± 0.77 1.75± 0.02 10.77 cluster
EDCSNJ1059075-1253351 0.4565 < 1.39 ... ... −1.43± 0.29 −5.52± 0.52 1.96± 0.02 11.23 cluster
EDCSNJ1059069-1253531 0.4573 < 1.01 ... ... 1.43± 0.46 −1.85± 0.87 1.75± 0.03 10.64 cluster
EDCSNJ1059102-1254115 0.4598 < 0.73 ... ... 0.21± 0.33 −3.99± 0.40 1.89± 0.02 10.89 cluster
EDCSNJ1059135-1254337 0.4559 < 0.73 ... ... 0.11± 0.39 −2.65± 0.69 1.82± 0.02 10.86 cluster
EDCSNJ1059106-1253118 0.4511 < 0.89 ... 1.72± 0.32 0.33± 0.71 −2.18± 1.07 1.46± 0.03 10.46 cluster
EDCSNJ1059102-1253260 0.4559 < 0.82 ... ... −0.37± 0.54 −3.95± 0.78 1.85± 0.03 10.89 cluster
EDCSNJ1059103-1253239 0.4580 8.34 ± 0.89 1.86± 0.29 1.49± 0.27 3.30± 0.48 −1.50± 0.71 1.50± 0.02 10.79 cluster
EDCSNJ1059104-1253211 0.4553 < 1.08 1.03± 0.24 ... −0.64± 0.42 −5.50± 0.60 1.87± 0.03 10.92 cluster
EDCSNJ1059022-1253465 0.4582 5.49 ± 0.68 2.40± 0.29 1.30± 0.24 0.97± 0.34 −2.34± 0.49 1.74± 0.02 11.39 cluster
EDCSNJ1059060-1253574 0.4559 < 1.45 ... ... −0.83± 0.24 −5.57± 0.34 1.98± 0.02 11.18 cluster
EDCSNJ1059052-1254215 0.4547 20.58 ± 0.90 3.73± 0.57 6.81± 0.38 3.92± 0.60 2.36 ± 1.02 1.26± 0.02 10.45 cluster
EDCSNJ1059031-1254292 0.4561 7.38 ± 0.75 ... 1.95± 0.36 3.42± 0.50 −0.73± 0.80 1.59± 0.02 11.06 cluster
EDCSNJ1059075-1255041 0.4567 12.96 ± 0.89 2.97± 0.34 6.91± 0.31 2.62± 0.61 3.64 ± 1.00 1.25± 0.02 10.47 cluster
EDCSNJ1059086-1255576 0.4515 < 0.85 3.54± 0.24 1.94± 0.25 2.15± 0.45 1.43 ± 0.69 1.53± 0.02 10.57 cluster
EDCSNJ1138113-1132017 0.4748 17.73 ± 4.66 ... ... 2.82± 2.17 −1.13± 2.01 1.71± 0.13 10.50 cluster
EDCSNJ1138068-1132285 0.4787 < 1.20 ... ... 2.31± 1.12 −1.35± 0.96 1.88± 0.08 10.62 cluster
EDCSNJ1138102-1133379 0.4801 < 0.55 ... ... −0.32± 0.48 −4.10± 0.41 1.94± 0.03 11.31 cluster
EDCSNJ1138069-1134314 0.4819 < 1.38 ... ... −0.20± 0.67 −6.36± 0.62 1.86± 0.04 10.72 cluster
EDCSNJ1138086-1136549 0.4519 8.93 ± 0.68 1.50± 0.33 5.30± 0.25 4.54± 0.45 2.68 ± 0.74 1.33± 0.02 10.79 cluster
EDCSNJ1138104-1133319 0.4844 < 1.16 ... ... −0.25± 1.06 −4.14± 0.93 1.70± 0.06 10.43 cluster
EDCSNJ1138107-1133431 0.4764 < 0.76 1.11± 0.28 ... −0.99± 0.66 −5.20± 0.54 1.96± 0.05 10.72 cluster
EDCSNJ1138116-1134448 0.4571 < 1.40 ... ... −0.21± 0.50 −3.61± 0.78 1.83± 0.03 10.67 cluster
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Table 2 — Continued

ID zspec EW([O II])a EW([O III])b EW(Hβem) EW(Hδabs) EW(Hγabs) Dn(4000) log(M∗/M⊙) Environment
[Å] [Å] [Å] [Å]

EDCSNJ1138069-1132044 0.4798 8.19 ± 1.30 ... ... 0.18± 0.53 −5.04± 0.47 1.81± 0.03 10.66 cluster
EDCSNJ1138130-1132345 0.4791 < 0.63 ... ... 0.32± 0.47 −2.28± 0.41 1.83± 0.03 10.68 cluster
EDCSNJ1138110-1133411 0.4825 < 0.70 ... ... 0.49± 0.61 −1.23± 0.54 1.94± 0.04 10.56 cluster
EDCSNJ1138022-1135459 0.4541 < 1.46 ... ... −0.81± 0.38 −4.61± 0.64 1.88± 0.02 10.86 cluster
EDCSNJ1138065-1136018 0.4561 < 1.16 ... ... −0.82± 1.20 4.94 ± 2.16 1.68± 0.06 10.41 cluster
EDCSNJ1138031-1134278 0.4549 < 0.59 ... ... −1.69± 0.62 −3.83± 0.78 1.94± 0.04 10.50 cluster
EDCSNJ1202411-1222495 0.4267 < 1.50 ... ... −0.46± 0.52 −5.06± 0.45 1.94± 0.04 10.92 cluster
EDCSNJ1202430-1224044 0.4228 < 0.70 ... ... 1.08± 0.77 −3.00± 0.67 1.70± 0.05 10.62 cluster
EDCSNJ1202433-1224301 0.4246 < 0.60 ... ... −1.81± 0.41 −4.76± 0.35 1.92± 0.03 11.28 cluster
EDCSNJ1202478-1226383 0.4244 < 0.74 ... ... −1.03± 0.48 −3.85± 0.42 1.93± 0.04 10.80 cluster
EDCSNJ1202405-1224051 0.4207 8.67 ± 1.54 10.50± 0.51 1.48± 0.39 3.83± 0.64 1.54 ± 0.59 1.60± 0.04 10.82 cluster
EDCSNJ1202432-1224227 0.4229 < 0.75 ... ... 0.27± 0.92 −4.35± 0.78 1.96± 0.07 10.59 cluster
EDCSNJ1202380-1222167 0.4244 < 1.00 ... ... −0.85± 0.93 −3.83± 0.86 1.88± 0.08 10.64 cluster
EDCSNJ1202409-1222533 0.4260 < 1.22 ... ... 0.40± 1.32 −3.08± 1.12 1.71± 0.10 10.51 cluster
EDCSNJ1202411-1222495 0.4261 < 1.62 ... ... −0.58± 1.58 −0.39± 1.34 1.68± 0.11 10.91 cluster
EDCSNJ1216451-1158493 0.7969 14.05 ± 0.49 ... ... 5.97± 0.54 3.09 ± 0.80 1.25± 0.01 11.07 cluster
EDCSNJ1216447-1159162 0.7998 8.08 ± 1.25 ... ... 5.96± 1.19 2.12 ± 1.82 1.38± 0.04 10.85 cluster
EDCSNJ1216470-1159267 0.7971 < 0.75 ... ... 2.51± 0.73 −0.94± 1.10 1.63± 0.03 10.85 cluster
EDCSNJ1216429-1159536 0.7951 < 0.71 ... ... 0.75± 1.10 −2.46± 1.56 1.78± 0.05 10.90 cluster
EDCSNJ1216454-1200017 0.7996 < 0.62 ... ... 0.08± 0.81 −4.06± 1.10 1.87± 0.04 11.02 cluster
EDCSNJ1216490-1200091 0.7863 < 0.74 ... ... 0.00± 0.91 −6.75± 1.18 1.80± 0.04 10.96 cluster
EDCSNJ1216504-1200480 0.7886 22.04 ± 0.98 ... 12.51± 0.91 2.09± 1.06 2.90 ± 1.49 1.24± 0.03 10.91 cluster
EDCSNJ1216522-1200595 0.7882 < 0.89 ... ... 0.16± 1.63 −5.53± 1.96 1.69± 0.07 10.67 cluster
EDCSNJ1216453-1201176 0.7955 < 0.41 ... ... −0.13± 0.42 −4.08± 0.56 1.87± 0.02 11.72 cluster
EDCSNJ1216498-1201392 0.7965 < 1.06 ... ... −0.51± 1.44 −1.12± 1.96 1.83± 0.07 11.16 cluster
EDCSNJ1216498-1201358 0.7882 < 1.07 ... ... −0.83± 1.13 0.34 ± 1.37 1.73± 0.04 10.81 cluster
EDCSNJ1216420-1201509 0.7941 < 1.36 ... ... 0.20± 0.34 −5.89± 0.50 1.97± 0.02 11.49 cluster
EDCSNJ1216468-1202226 0.7987 < 1.40 ... ... 0.61± 0.66 −4.30± 1.05 1.91± 0.04 11.12 cluster
EDCSNJ1216401-1202352 0.8022 < 0.38 ... ... 1.49± 0.44 −1.40± 0.65 1.70± 0.02 11.16 cluster
EDCSNJ1216462-1200073 0.7847 < 0.85 ... ... −1.31± 1.05 −1.75± 1.30 1.68± 0.04 10.66 cluster
EDCSNJ1216480-1200220 0.7860 < 2.21 ... ... −0.32± 0.93 −1.48± 1.06 1.84± 0.04 10.86 cluster
EDCSNJ1216462-1200310 0.7952 < 0.93 ... ... 0.17± 1.31 −9.36± 1.64 1.76± 0.06 10.66 cluster
EDCSNJ1216418-1200449 0.7967 < 1.25 ... ... 0.47± 0.86 −4.80± 1.05 1.87± 0.04 11.04 cluster
EDCSNJ1216461-1201143 0.7997 < 0.83 ... ... −0.43± 0.33 −4.53± 0.42 1.96± 0.02 11.59 cluster
EDCSNJ1216447-1201282 0.7865 24.60 ± 0.66 ... ... 6.66± 0.64 5.59 ± 0.90 1.18± 0.02 10.91 cluster
EDCSNJ1216447-1201234 0.7945 < 0.84 ... ... 4.55± 1.43 −0.47± 1.72 1.79± 0.07 10.76 cluster
EDCSNJ1216403-1202014 0.7972 < 0.49 ... ... −0.10± 0.85 −6.37± 1.06 1.90± 0.04 11.08 cluster
EDCSNJ1216462-1202253 0.7866 < 0.92 ... ... 2.26± 0.83 −0.46± 1.00 1.54± 0.03 10.76 cluster
EDCSNJ1216419-1202440 0.8028 10.83 ± 0.97 ... ... 5.29± 1.04 1.71 ± 1.78 1.37± 0.04 10.54 cluster
EDCSNJ1216482-1203186 0.8039 < 1.19 ... ... 5.22± 1.65 0.92 ± 2.54 1.65± 0.07 10.49 cluster
EDCSNJ1216428-1203395 0.7955 5.95 ± 0.75 ... ... 1.94± 0.69 −1.40± 0.82 1.64± 0.03 11.26 cluster
EDCSNJ1216456-1201080 0.8058 < 0.91 ... ... 1.84± 0.73 −4.86± 1.16 1.83± 0.04 11.23 cluster
EDCSNJ1216453-1201209 0.8054 < 0.72 ... ... 1.62± 0.67 −2.05± 1.10 1.75± 0.04 11.33 cluster
EDCSNJ1216448-1201309 0.7984 7.99 ± 1.18 ... ... 3.14± 1.34 −1.73± 1.81 1.38± 0.04 11.13 cluster
EDCSNJ1216443-1201429 0.7918 < 0.49 ... ... −0.81± 0.66 −3.71± 0.81 1.85± 0.03 11.32 cluster
EDCSNJ1216449-1202036 0.7938 8.07 ± 0.57 ... ... 4.71± 0.73 5.01 ± 1.11 1.30± 0.02 10.85 cluster
EDCSNJ1216438-1202155 0.8028 < 0.71 ... ... 1.01± 1.22 −6.23± 1.70 1.93± 0.06 10.60 cluster
EDCSNJ1216417-1203054 0.8012 < 0.76 ... ... 3.68± 0.53 0.95 ± 0.83 1.56± 0.02 10.82 cluster
EDCSNJ1216452-1203134 0.7933 38.45 ± 0.66 ... ... 8.56± 0.70 2.81 ± 1.06 1.21± 0.02 10.63 cluster
EDCSNJ1216464-1203257 0.7966 < 0.97 ... ... 3.36± 1.55 −6.24± 2.12 1.84± 0.07 10.56 cluster
EDCSNJ1216407-1203440 0.7930 < 0.39 ... ... 0.27± 0.53 −3.83± 0.73 1.81± 0.02 11.21 cluster
EDCSNJ1216438-1200536 0.7940 < 0.42 ... ... −1.51± 0.41 −6.04± 0.48 1.94± 0.02 11.27 cluster
EDCSNJ1216446-1201089 0.8001 < 0.57 ... ... −1.05± 0.82 −5.55± 1.04 1.69± 0.04 10.91 cluster
EDCSNJ1216449-1201203 0.8035 < 0.67 ... ... −0.96± 0.55 −5.46± 0.79 1.83± 0.03 11.52 cluster
EDCSNJ1216490-1201531 0.7998 10.70 ± 1.00 ... 7.80± 0.65 5.63± 0.91 7.91 ± 1.25 1.30± 0.03 10.66 cluster
EDCSNJ1216403-1202029 0.7976 < 0.78 ... ... −3.08± 1.11 −5.44± 1.22 2.01± 0.06 10.68 cluster
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Table 2 — Continued

ID zspec EW([O II])a EW([O III])b EW(Hβem) EW(Hδabs) EW(Hγabs) Dn(4000) log(M∗/M⊙) Environment
[Å] [Å] [Å] [Å]

EDCSNJ1216403-1202014 0.7971 < 0.92 ... ... −2.31± 0.65 −4.54± 0.79 1.87± 0.03 11.08 cluster
EDCSNJ1227589-1135135 0.6375 < 0.60 ... ... −0.83± 0.26 −4.27± 0.24 1.89± 0.02 11.40 cluster
EDCSNJ1227533-1136527 0.6347 16.11 ± 0.99 2.39± 0.37 8.11± 0.44 5.15± 0.42 2.87 ± 0.42 1.29± 0.02 10.56 cluster
EDCSNJ1227548-1137529 0.6369 27.74 ± 0.72 3.85± 0.21 2.20± 0.20 0.15± 0.24 −3.56± 0.23 1.87± 0.02 11.27 cluster
EDCSNJ1227539-1138173 0.6339 5.80 ± 0.94 ... 1.07± 0.25 1.46± 0.37 −0.72± 0.35 1.61± 0.02 10.89 cluster
EDCSNJ1227531-1138340 0.6345 < 0.54 ... ... 0.35± 0.45 −2.87± 0.44 1.80± 0.04 10.63 cluster
EDCSNJ1228025-1135219 0.6380 6.13 ± 1.40 ... ... 2.77± 0.72 1.40 ± 0.67 1.49± 0.04 10.54 cluster
EDCSNJ1227541-1138174 0.6345 < 0.71 0.99± 0.27 0.98± 0.25 2.44± 0.39 −2.65± 0.36 1.65± 0.03 11.23 cluster
EDCSNJ1228003-1135243 0.6376 < 0.46 ... ... −1.25± 0.66 −2.03± 0.59 1.73± 0.05 10.42 cluster
EDCSNJ1227551-1135584 0.6333 27.15 ± 0.75 3.65± 0.28 3.48± 0.31 1.87± 0.36 −1.87± 0.36 1.44± 0.03 10.68 cluster
EDCSNJ1227551-1136202 0.6390 < 1.14 ... ... −0.98± 0.50 −4.31± 0.46 1.89± 0.04 10.75 cluster
EDCSNJ1227537-1138210 0.6309 < 0.96 ... ... −1.91± 0.58 −4.08± 0.55 1.86± 0.07 10.66 cluster
EDCSNJ1227581-1135364 0.6383 < 1.41 ... ... 0.18± 0.28 −4.45± 0.26 1.94± 0.02 10.97 cluster
EDCSNJ1227566-1136545 0.6391 < 0.74 ... ... −0.29± 0.61 −5.26± 0.56 1.99± 0.05 10.68 cluster
EDCSNJ1232343-1249265 0.5395 < 0.93 ... ... −0.29± 1.16 −3.17± 0.50 1.94± 0.05 10.83 cluster
EDCSNJ1232350-1250103 0.5397 < 0.65 ... ... 1.16± 0.88 −4.02± 0.39 1.72± 0.03 11.02 cluster
EDCSNJ1232313-1250327 0.5496 < 1.11 ... ... 0.53± 1.38 −5.43± 0.82 1.83± 0.07 10.68 cluster
EDCSNJ1232317-1249275 0.5420 < 0.92 ... ... −1.02± 0.83 −3.28± 0.41 1.88± 0.03 11.17 cluster
EDCSNJ1232350-1251257 0.5429 < 1.50 ... ... 0.45± 1.19 −2.07± 0.62 1.76± 0.05 10.90 cluster
EDCSNJ1232370-1248239 0.5401 < 0.94 ... ... −1.24± 0.76 −3.30± 0.34 1.83± 0.03 10.87 cluster
EDCSNJ1232296-1250119 0.5509 < 1.41 ... ... −1.24± 0.40 −3.85± 0.26 1.92± 0.02 11.02 cluster
EDCSNJ1232288-1250490 0.5470 < 0.48 ... ... −0.44± 0.44 −4.11± 0.28 1.91± 0.02 10.94 cluster
EDCSNJ1232323-1251267 0.5498 7.38 ± 0.64 1.28± 0.24 1.56± 0.18 2.39± 0.51 −0.02± 0.32 1.57± 0.02 10.87 cluster
EDCSNJ1301368-1137214 0.4820 < 1.76 ... 1.63± 0.30 1.34± 0.65 −0.98± 0.56 1.50± 0.03 10.71 cluster
EDCSNJ1301326-1137450 0.4854 5.98 ± 0.79 ... 3.53± 0.38 3.28± 0.66 2.26 ± 0.68 1.35± 0.03 10.55 cluster
EDCSNJ1301380-1138585 0.4832 < 0.83 ... ... 1.40± 0.60 −3.29± 0.54 1.80± 0.04 10.72 cluster
EDCSNJ1301402-1139229 0.4828 < 0.77 ... ... −2.03± 0.32 −5.35± 0.27 1.99± 0.02 11.51 cluster
EDCSNJ1301400-1139163 0.4817 < 0.59 ... ... −0.71± 0.58 −5.50± 0.50 1.92± 0.04 11.04 cluster
EDCSNJ1301420-1139379 0.4835 < 0.73 ... ... −0.56± 0.71 −4.15± 0.61 1.83± 0.04 10.66 cluster
EDCSNJ1301414-1140081 0.4792 < 0.56 ... ... −0.42± 0.52 −4.51± 0.43 1.89± 0.03 10.94 cluster
EDCSNJ1301323-1141555 0.4797 13.99 ± 0.55 3.23± 0.37 6.24± 0.26 4.15± 0.32 2.86 ± 0.31 1.25± 0.01 10.84 cluster
EDCSNJ1301336-1138089 0.4854 < 1.23 1.92± 0.32 ... 0.45± 0.41 −2.48± 0.37 1.84± 0.02 10.99 cluster
EDCSNJ1301336-1138069 0.4858 28.31 ± 1.38 5.97± 0.47 3.64± 0.33 0.88± 0.55 −2.74± 0.53 1.51± 0.02 10.83 cluster
EDCSNJ1301302-1138187 0.4856 6.30 ± 0.80 ... ... −0.47± 0.44 −4.64± 0.42 1.91± 0.03 10.94 cluster
EDCSNJ1301304-1138266 0.4893 5.86 ± 1.07 ... ... 3.54± 0.34 −0.13± 0.34 1.68± 0.02 11.08 cluster
EDCSNJ1301363-1138494 0.4787 14.41 ± 1.21 1.90± 0.51 3.94± 0.43 2.73± 0.74 −1.06± 0.67 1.34± 0.03 10.58 cluster
EDCSNJ1301397-1139048 0.4795 < 1.50 ... ... −1.53± 0.29 −5.37± 0.25 2.03± 0.02 11.24 cluster
EDCSNJ1301410-1139556 0.4807 < 0.66 ... ... 0.40± 0.67 −3.98± 0.58 1.68± 0.04 10.63 cluster
EDCSNJ1301327-1137326 0.4789 11.50 ± 0.67 2.40± 0.49 10.20± 0.34 2.53± 0.48 2.84 ± 0.47 1.25± 0.02 10.47 cluster
EDCSNJ1301441-1140589 0.4842 < 0.69 0.88± 0.30 1.92± 0.25 3.67± 0.59 1.39 ± 0.55 1.37± 0.02 10.65 cluster
EDCSNJ1301345-1142378 0.4853 7.48 ± 1.89 ... 2.04± 0.48 2.89± 0.85 0.18 ± 0.86 1.52± 0.04 10.43 cluster
EDCSNJ1353021-1135395 0.5887 < 0.76 ... ... −0.74± 0.46 −4.71± 0.46 1.93± 0.03 11.36 cluster
EDCSNJ1353020-1135367 0.5862 < 1.32 ... ... −3.45± 1.39 −3.29± 1.29 1.85± 0.08 10.75 cluster
EDCSNJ1353036-1136033 0.5891 30.82 ± 1.15 106.88 ± 1.67 13.39± 0.84 2.65± 0.77 −3.55± 0.76 1.24± 0.02 10.57 cluster
EDCSNJ1353017-1137285 0.5889 < 0.88 ... ... −0.73± 0.35 −5.85± 0.35 2.03± 0.02 11.63 cluster
EDCSNJ1353017-1137209 0.5879 6.30 ± 2.71 ... 5.21± 1.92 3.14± 1.54 −0.97± 1.79 1.48± 0.07 10.55 cluster
EDCSNJ1353055-1137581 0.5916 < 0.08 1.62± 2.89 ... 0.34± 0.84 −3.45± 0.76 1.82± 0.05 10.79 cluster
EDCSNJ1353093-1138580 0.5862 8.49 ± 1.04 1.37± 0.39 4.97± 0.52 5.23± 0.53 1.81 ± 0.58 1.38± 0.02 11.07 cluster
EDCSNJ1353092-1137040 0.5908 < 1.18 ... ... 0.50± 0.79 −1.47± 0.74 1.66± 0.04 10.83 cluster
EDCSNJ1353019-1137290 0.5877 < 0.84 ... ... −1.28± 0.32 −5.28± 0.33 1.99± 0.02 11.41 cluster
EDCSNJ1352599-1138256 0.5892 < 1.31 ... ... −0.48± 1.11 −2.91± 1.12 1.83± 0.07 10.59 cluster
EDCSNJ1353034-1136015 0.5888 7.98 ± 1.66 ... 3.88± 0.98 3.80± 0.89 −0.04± 1.02 1.37± 0.04 10.67 cluster
EDCSNJ1352562-1136567 0.5865 < 0.38 ... ... −0.92± 0.51 −3.62± 0.55 1.92± 0.03 11.15 cluster
EDCSNJ1353082-1138364 0.5840 15.07 ± 1.48 3.42± 0.67 10.34± 0.47 5.55± 0.72 2.86 ± 0.77 1.27± 0.03 10.41 cluster
EDCSNJ1354175-1230391 0.7632 20.56 ± 0.80 ... 11.29± 0.42 6.03± 0.62 2.53 ± 0.63 1.24± 0.02 10.41 cluster
EDCSNJ1354098-1231098 0.7568 < 0.63 ... ... 1.18± 0.82 −4.54± 1.17 1.73± 0.04 10.66 cluster
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Table 2 — Continued

ID zspec EW([O II])a EW([O III])b EW(Hβem) EW(Hδabs) EW(Hγabs) Dn(4000) log(M∗/M⊙) Environment
[Å] [Å] [Å] [Å]

EDCSNJ1354098-1231015 0.7562 9.12 ± 0.58 ... ... 0.30± 0.26 −3.35± 0.38 1.80± 0.01 11.60 cluster
EDCSNJ1354026-1230127 0.5942 < 0.59 ... ... 1.25± 0.57 −2.26± 0.55 1.75± 0.03 10.58 cluster
EDCSNJ1354114-1230452 0.5947 < 0.68 0.65± 0.18 1.92± 0.17 3.05± 0.24 −0.52± 0.23 1.58± 0.01 11.11 cluster
EDCSNJ1354097-1230579 0.7562 < 1.42 ... ... 1.04± 0.30 −4.42± 0.43 1.87± 0.02 11.25 cluster
EDCSNJ1354098-1231098 0.7573 < 0.67 ... ... 1.18± 0.73 −3.11± 1.02 1.72± 0.04 10.66 cluster
EDCSNJ1354140-1231211 0.7642 8.39 ± 0.71 ... 4.85± 0.38 5.74± 0.58 3.14 ± 0.64 1.30± 0.02 10.55 cluster
EDCSNJ1354144-1231514 0.5946 11.59 ± 0.71 2.03± 0.31 4.98± 0.41 6.04± 0.37 2.67 ± 0.37 1.31± 0.01 10.54 cluster
EDCSNJ1354159-1232272 0.5929 < 0.73 ... ... 0.09± 0.59 −4.22± 0.55 1.84± 0.04 10.44 cluster
EDCSNJ1354102-1230527 0.7593 8.49 ± 1.88 ... ... 4.67± 0.72 −1.23± 0.93 1.71± 0.03 11.10 cluster
EDCSNJ1354164-1231599 0.5937 10.38 ± 1.47 ... 2.82± 0.52 4.07± 0.67 0.02 ± 0.65 1.41± 0.03 10.80 cluster
EDCSNJ1354104-1230539 0.7601 5.58 ± 1.71 ... ... 2.03± 1.18 −2.21± 1.47 1.60± 0.05 10.50 cluster
EDCSNJ1354106-1230499 0.7634 < 0.78 ... ... 0.24± 0.52 −4.70± 0.53 1.87± 0.03 11.01 cluster
EDCSNJ1354103-1231039 0.7602 < 0.84 ... ... 1.56± 0.80 −5.00± 1.00 1.72± 0.04 10.77 cluster
EDCSNJ1354149-1231202 0.7609 < 0.51 ... 3.35± 0.29 3.70± 0.40 0.33 ± 0.53 1.18± 0.01 10.54 cluster
EDCSNJ1354008-1231321 0.5976 13.57 ± 1.25 ... ... 5.75± 0.79 2.97 ± 0.69 1.16± 0.03 11.08 cluster
EDCSNJ1411078-1146452 0.5191 < 0.73 ... ... −0.95± 0.57 −4.62± 0.43 1.93± 0.04 10.84 cluster
EDCSNJ1411028-1147006 0.5202 10.52 ± 0.42 2.40± 0.36 8.06± 0.21 5.33± 0.29 3.41 ± 0.26 1.28± 0.01 10.73 cluster
EDCSNJ1411023-1147134 0.5223 < 0.56 ... ... −0.31± 0.57 −2.66± 0.42 1.88± 0.04 10.77 cluster
EDCSNJ1411075-1147364 0.5270 9.10 ± 1.31 1.85± 0.40 1.09± 0.23 1.06± 0.76 −3.38± 0.54 1.68± 0.04 10.80 cluster
EDCSNJ1411053-1148118 0.5171 < 1.14 ... 1.21± 0.51 −0.30± 1.10 −3.22± 0.84 1.95± 0.08 10.45 cluster
EDCSNJ1411047-1148287 0.5200 < 0.88 ... ... −1.31± 0.28 −4.18± 0.21 1.98± 0.02 11.62 cluster
EDCSNJ1411082-1148571 0.5155 < 1.29 ... ... −2.10± 0.55 −3.05± 0.44 1.76± 0.03 10.77 cluster
EDCSNJ1411038-1151014 0.5214 < 0.51 ... 1.09± 0.34 0.04± 0.52 −0.74± 0.39 1.58± 0.03 10.75 cluster
EDCSNJ1411037-1147286 0.5161 < 1.13 1.48± 0.26 ... −0.30± 0.31 −3.50± 0.26 1.86± 0.02 11.15 cluster
EDCSNJ1411059-1147515 0.5229 < 0.80 ... ... 0.30± 0.79 −3.42± 0.59 1.88± 0.06 10.58 cluster
EDCSNJ1411041-1148232 0.5177 < 1.33 1.17± 0.36 ... −0.21± 0.51 −3.76± 0.41 1.92± 0.04 11.19 cluster
EDCSNJ1411043-1151253 0.5209 < 0.66 ... ... −0.67± 0.49 −3.85± 0.38 1.78± 0.03 10.94 cluster
EDCSNJ1411045-1148314 0.5209 < 1.90 ... ... 1.21± 1.81 −3.51± 1.52 1.70± 0.12 10.47 cluster
EDCSNJ1037527-1243456 0.5807 < 0.56 ... ... −1.46± 0.52 −3.28± 0.56 1.94± 0.03 10.83 group
EDCSNJ1037535-1244006 0.5775 9.94 ± 0.85 1.58± 0.33 3.47± 0.27 4.34± 0.41 2.90 ± 0.48 1.37± 0.02 10.97 group
EDCSNJ1037548-1245113 0.5789 < 2.01 ... ... 1.04± 0.37 −4.13± 0.37 1.85± 0.02 11.12 group
EDCSNJ1037535-1241538 0.5789 7.17 ± 2.60 3.49± 0.77 ... 0.19± 0.60 −3.87± 0.63 1.83± 0.04 10.87 group
EDCSNJ1037525-1243541 0.5772 < 0.50 ... ... 0.12± 0.31 −3.73± 0.33 1.95± 0.02 10.87 group
EDCSNJ1037521-1243392 0.5799 10.33 ± 2.64 ... ... 1.35± 0.83 0.37 ± 0.84 1.58± 0.04 10.91 group
EDCSNJ1037528-1243508 0.5770 < 0.76 ... 1.49± 0.33 4.28± 0.56 −2.03± 0.61 1.71± 0.03 10.60 group
EDCSNJ1040471-1153262 0.7792 31.33 ± 0.94 ... 15.56± 1.39 7.34± 0.90 2.06 ± 1.16 1.24± 0.02 10.60 group
EDCSNJ1040409-1157230 0.6316 12.06 ± 0.91 2.36± 0.41 4.26± 0.90 3.86± 0.48 1.35 ± 0.48 1.33± 0.03 10.56 group
EDCSNJ1040343-1155414 0.7807 < 0.85 ... ... 0.23± 0.39 −3.01± 0.42 1.88± 0.02 11.46 group
EDCSNJ1040420-1155525 0.6308 11.87 ± 0.45 2.15± 0.15 6.66± 0.22 4.54± 0.22 1.90 ± 0.22 1.34± 0.01 10.81 group
EDCSNJ1040443-1158045 0.6317 9.69 ± 0.56 1.84± 0.26 4.63± 0.35 2.63± 0.32 0.13 ± 0.32 1.33± 0.02 10.56 group
EDCSNJ1054235-1145028 0.6126 11.15 ± 0.69 ... 5.08± 0.59 4.34± 0.47 2.79 ± 0.56 1.17± 0.02 10.58 group
EDCSNJ1054197-1145282 0.6127 < 1.86 ... ... 6.08± 1.31 2.57 ± 1.37 1.46± 0.09 10.62 group
EDCSNJ1054249-1147556 0.6139 15.69 ± 0.83 ... ... 2.62± 0.45 −0.08± 0.47 1.49± 0.03 10.94 group
EDCSNJ1054240-1147364 0.6124 < 1.04 ... ... −0.32± 0.31 −4.49± 0.30 1.83± 0.03 11.47 group
EDCSNJ1054297-1148146 0.6143 33.90 ± 0.88 9.92± 0.19 4.56± 0.36 4.06± 0.24 1.13 ± 0.23 1.41± 0.01 10.99 group
EDCSNJ1054387-1243048 0.7314 < 0.98 ... ... 2.12± 0.66 −0.68± 0.86 1.91± 0.04 10.90 group
EDCSNJ1054450-1244089 0.7305 < 2.01 ... ... 6.00± 1.43 0.14 ± 2.01 1.51± 0.07 10.68 group
EDCSNJ1054467-1245035 0.7304 < 0.94 ... ... −0.28± 0.70 −4.98± 0.88 2.08± 0.05 10.97 group
EDCSNJ1054457-1246373 0.7302 16.22 ± 1.94 ... ... 4.41± 1.03 −2.27± 1.32 1.62± 0.05 10.83 group
EDCSNJ1054451-1247336 0.7305 < 0.87 ... ... 0.42± 0.70 −4.33± 0.92 2.10± 0.05 10.92 group
EDCSNJ1054504-1243410 0.7309 < 1.39 ... 3.59± 1.07 5.91± 0.90 0.02 ± 1.33 1.68± 0.05 10.53 group
EDCSNJ1054509-1243543 0.7283 < 0.76 ... ... 0.15± 0.55 −2.00± 0.64 1.73± 0.03 10.53 group
EDCSNJ1054525-1244189 0.7283 6.00 ± 0.77 ... ... −1.07± 0.21 −3.51± 0.23 1.83± 0.01 11.32 group
EDCSNJ1054466-1247161 0.7302 < 1.06 ... ... −0.09± 1.13 0.31 ± 1.35 1.65± 0.06 10.47 group
EDCSNJ1227521-1139587 0.5812 15.42 ± 0.73 3.40± 0.51 9.26± 0.30 5.10± 0.31 3.57 ± 0.35 1.28± 0.01 10.47 group
EDCSNJ1301351-1138356 0.3976 < 0.46 ... ... −2.03± 0.37 −5.49± 0.32 2.01± 0.02 11.46 group
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Table 2 — Continued

ID zspec EW([O II])a EW([O III])b EW(Hβem) EW(Hδabs) EW(Hγabs) Dn(4000) log(M∗/M⊙) Environment
[Å] [Å] [Å] [Å]

EDCSNJ1301350-1138465 0.3951 < 0.92 ... ... −0.10± 0.90 −5.96± 0.80 1.71± 0.05 10.49 group
EDCSNJ1301372-1139069 0.3940 < 0.94 ... ... −1.60± 0.81 −3.69± 0.69 1.99± 0.06 10.51 group
EDCSNJ1301396-1139493 0.3971 < 0.70 ... ... −0.98± 0.51 −3.79± 0.46 1.95± 0.03 10.86 group
EDCSNJ1301396-1139493 0.3984 < 1.75 ... ... 4.60± 1.79 −5.10± 1.84 1.84± 0.11 10.86 group
EDCSNJ1301385-1140184 0.3963 < 0.74 ... ... 0.72± 0.81 −2.40± 0.72 1.69± 0.04 10.46 group
EDCSNJ1301369-1141288 0.3950 11.91 ± 1.00 1.98± 0.30 6.25± 0.35 3.76± 0.54 2.06 ± 0.51 1.29± 0.02 10.47 group
EDCSNJ1301377-1137560 0.3976 < 1.27 0.84± 0.35 ... 0.77± 0.81 −4.35± 0.72 1.79± 0.05 10.50 group
EDCSNJ1301367-1138412 0.3958 < 0.71 ... ... −0.95± 0.70 −4.72± 0.62 1.86± 0.04 10.47 group
EDCSNJ1301337-1138020 0.3970 < 1.94 ... ... −0.53± 1.16 −4.91± 0.95 1.90± 0.07 10.49 group
EDCSNJ1420104-1233451 0.4944 < 0.93 ... ... 0.08± 0.45 −2.76± 0.43 1.96± 0.03 11.01 group
EDCSNJ1420098-1233566 0.4958 < 1.46 ... ... −0.07± 0.48 −3.15± 0.46 1.81± 0.03 10.94 group
EDCSNJ1420164-1235291 0.4958 < 0.92 ... ... 0.73± 0.61 −2.22± 0.56 1.73± 0.04 10.70 group
EDCSNJ1420123-1235529 0.4935 8.06 ± 2.99 ... 1.82± 0.55 2.64± 0.88 −0.96± 0.85 1.47± 0.04 10.77 group
EDCSNJ1420201-1236297 0.4969 < 0.82 ... ... −0.98± 0.35 −4.85± 0.30 1.99± 0.03 11.46 group
EDCSNJ1420219-1237051 0.4956 < 1.15 ... ... 0.63± 1.14 −1.86± 1.09 1.80± 0.08 10.48 group
EDCSNJ1420235-1237178 0.4957 < 0.89 ... ... 1.67± 0.66 −2.26± 0.62 1.72± 0.04 10.77 group
EDCSNJ1420155-1238093 0.4973 < 1.03 ... ... 0.19± 0.78 −3.46± 0.74 1.69± 0.05 10.56 group
EDCSNJ1420228-1233529 0.4954 < 0.66 ... ... −0.26± 0.46 −3.78± 0.43 1.89± 0.03 11.10 group
EDCSNJ1420134-1234178 0.4959 18.42 ± 0.97 2.16± 0.22 6.26± 0.30 4.51± 0.29 3.56 ± 0.30 1.28± 0.01 11.03 group
EDCSNJ1420213-1235335 0.4963 < 0.66 ... ... 0.91± 0.63 −2.02± 0.59 1.86± 0.04 10.86 group
EDCSNJ1420184-1236427 0.4965 < 0.83 ... ... −1.49± 0.59 −33.92 ± 0.59 2.01± 0.05 11.07 group
EDCSNJ1420132-1237440 0.4976 < 0.79 ... ... −1.35± 0.72 −5.75± 0.66 2.13± 0.06 10.93 group
EDCSNJ1420120-1238131 0.4915 16.70 ± 2.48 4.74± 1.16 ... 4.03± 1.41 −3.31± 1.41 1.48± 0.06 10.60 group
EDCSNJ1420124-1234142 0.4965 < 1.31 ... 4.69± 1.29 4.48± 0.96 2.28 ± 0.95 1.27± 0.04 10.57 group
EDCSNJ1420126-1235253 0.4967 < 1.05 ... ... 1.25± 1.02 −5.84± 0.96 1.84± 0.07 10.95 group
EDCSNJ1420202-1236281 0.4938 < 0.66 ... ... −1.87± 0.50 −4.87± 0.43 1.95± 0.04 11.36 group
EDCSNJ1420099-1236405 0.4944 < 0.67 ... 1.49± 0.41 2.28± 0.95 −4.72± 0.92 1.93± 0.07 11.05 group
EDCSNJ1018375-1209234 0.6442 < 0.63 ... ... 1.11± 0.50 −0.90± 0.56 1.77± 0.03 10.99 field
EDCSNJ1018465-1213510 0.4888 < 0.89 ... ... −1.49± 0.72 −5.78± 0.63 1.93± 0.05 10.87 field
EDCSNJ1018398-1213399 0.6335 < 0.74 ... ... 0.44± 0.86 −2.48± 0.85 1.79± 0.09 10.63 field
EDCSNJ1018478-1209105 0.5525 < 1.32 ... ... −10.69± 1.25 −2.96± 0.74 1.68± 0.05 10.72 field
EDCSNJ1018421-1209540 0.5234 6.53 ± 1.47 ... ... 2.36± 0.86 −0.53± 0.66 1.65± 0.04 10.44 field
EDCSNJ1018383-1212119 0.6335 < 1.22 ... ... 4.75± 0.31 1.98 ± 0.35 1.34± 0.01 10.83 field
EDCSNJ1018384-1212093 0.6603 15.87 ± 1.98 ... ... 7.35± 1.15 3.00 ± 1.30 1.45± 0.04 10.91 field
EDCSNJ1018475-1213456 0.4879 < 1.13 ... ... −1.42± 1.13 −2.22± 0.99 1.67± 0.06 10.58 field
EDCSNJ1018481-1213594 0.4897 10.93 ± 0.78 1.70± 0.26 4.27± 0.49 2.99± 0.42 1.97 ± 0.43 1.37± 0.02 10.44 field
EDCSNJ1038014-1242267 0.7424 < 0.87 ... ... 0.55± 0.34 −3.96± 0.47 1.77± 0.02 11.25 field
EDCSNJ1037495-1246452 0.5327 19.65 ± 1.09 ... ... −2.29± 0.54 −4.17± 0.31 1.86± 0.02 10.97 field
EDCSNJ1037540-1241435 0.4329 < 1.13 ... ... −0.42± 0.90 −1.14± 0.57 1.67± 0.04 10.52 field
EDCSNJ1037542-1241391 0.4704 16.90 ± 1.54 3.15± 0.64 4.55± 0.41 4.45± 0.88 2.50 ± 1.08 1.37± 0.04 10.43 field
EDCSNJ1037430-1244080 0.4870 24.35 ± 0.82 ... 10.32± 0.51 3.29± 0.41 2.16 ± 0.43 1.26± 0.01 10.57 field
EDCSNJ1037534-1246259 0.4948 < 0.66 ... ... −1.61± 0.38 −4.22± 0.34 1.98± 0.03 10.76 field
EDCSNJ1037542-1241391 0.4708 14.65 ± 1.26 3.11± 0.59 4.59± 0.39 4.46± 0.84 3.41 ± 1.21 1.34± 0.03 10.43 field
EDCSNJ1037451-1245032 0.6451 19.30 ± 0.79 ... ... 5.60± 0.46 4.40 ± 0.52 1.27± 0.02 10.43 field
EDCSNJ1037580-1241553 0.6836 30.08 ± 1.37 7.51± 1.41 8.75± 0.58 6.17± 0.76 2.57 ± 1.12 1.25± 0.02 10.49 field
EDCSNJ1037529-1246428 0.6452 < 0.83 ... ... −0.13± 0.52 −4.01± 0.52 1.83± 0.04 10.65 field
EDCSNJ1040422-1154417 0.7613 8.36 ± 0.46 ... ... 4.09± 0.36 0.42 ± 0.44 1.55± 0.01 11.27 field
EDCSNJ1040434-1157268 0.8642 < 3.81 ... ... 7.29± 0.44 4.59 ± 0.42 1.43± 0.02 11.07 field
EDCSNJ1040433-1158118 0.7625 < 0.53 ... ... 0.91± 0.68 −4.02± 0.73 1.89± 0.03 10.92 field
EDCSNJ1040449-1153344 0.7610 21.87 ± 1.35 ... 4.59± 0.76 6.02± 1.01 1.31 ± 1.25 1.34± 0.03 10.50 field
EDCSNJ1040424-1154443 0.7614 7.73 ± 1.98 ... ... 3.78± 1.61 0.92 ± 1.83 1.66± 0.06 10.57 field
EDCSNJ1040351-1156435 0.5384 18.39 ± 1.10 ... 7.03± 0.62 5.78± 1.35 1.61 ± 0.68 1.41± 0.04 10.56 field
EDCSNJ1040473-1153298 0.8427 12.07 ± 1.40 ... ... 1.73± 1.06 4.53 ± 1.50 1.32± 0.03 10.70 field
EDCSNJ1040410-1156134 0.6303 7.81 ± 1.07 ... ... 3.86± 0.68 0.43 ± 0.66 1.50± 0.05 10.73 field
EDCSNJ1040467-1154041 0.7821 5.75 ± 0.98 < 2.13 ... 2.88± 0.77 0.08 ± 0.86 1.66± 0.03 10.89 field
EDCSNJ1040380-1154147 0.7791 9.45 ± 0.71 ... ... 4.59± 0.61 1.46 ± 0.70 1.66± 0.02 11.23 field
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Table 2 — Continued

ID zspec EW([O II])a EW([O III])b EW(Hβem) EW(Hδabs) EW(Hγabs) Dn(4000) log(M∗/M⊙) Environment
[Å] [Å] [Å] [Å]

EDCSNJ1040419-1155198 0.7388 28.14 ± 1.33 ... ... 7.46± 0.71 4.51 ± 1.06 1.35± 0.03 10.40 field
EDCSNJ1040391-1155167 0.7660 < 0.79 ... ... 3.14± 1.12 −5.96± 0.94 1.95± 0.05 10.64 field
EDCSNJ1040322-1157171 0.6457 14.34 ± 0.63 ... ... 5.49± 0.36 1.75 ± 0.41 1.24± 0.01 10.52 field
EDCSNJ1040476-1158184 0.6171 < 1.05 < 0.54 ... 0.71± 0.40 −2.79± 0.38 1.80± 0.04 10.84 field
EDCSNJ1054206-1144284 0.7255 < 1.06 ... ... 0.99± 0.93 −4.65± 1.37 1.78± 0.05 10.83 field
EDCSNJ1054238-1146477 0.7619 6.84 ± 0.86 ... ... −1.30± 0.88 −3.70± 0.91 1.91± 0.04 11.23 field
EDCSNJ1054253-1148349 0.8657 < 0.64 ... ... 2.97± 0.99 0.00 ±−2.00 1.73± 0.05 11.04 field
EDCSNJ1054194-1145180 0.5207 7.66 ± 0.76 ... 2.72± 0.38 4.81± 0.52 1.72 ± 0.44 1.42± 0.02 10.79 field
EDCSNJ1054317-1146498 0.8599 < 1.12 ... ... 2.31± 1.95 −5.49± 1.38 1.69± 0.08 10.93 field
EDCSNJ1054311-1148249 0.8366 5.83 ± 0.50 ... ... 7.95± 0.34 6.48 ± 0.56 1.43± 0.01 10.91 field
EDCSNJ1054239-1145236 0.7408 < 1.37 ... ... 1.35± 0.27 −0.18± 0.41 1.75± 0.02 11.31 field
EDCSNJ1054174-1145346 0.5204 8.23 ± 0.88 ... ... 1.06± 0.47 −3.58± 0.38 1.80± 0.03 11.17 field
EDCSNJ1054246-1145462 0.7254 25.60 ± 2.23 ... ... 3.71± 1.67 0.24 ± 2.59 1.38± 0.07 10.51 field
EDCSNJ1054239-1146230 0.7630 < 1.21 ... ... 1.70± 0.74 2.53 ± 0.86 1.47± 0.02 11.31 field
EDCSNJ1054338-1146388 0.7613 17.25 ± 1.24 5.43± 0.61 4.03± 0.54 5.40± 0.84 0.65 ± 0.85 1.48± 0.03 10.72 field
EDCSNJ1054223-1147460 0.8634 8.52 ± 0.64 ... ... 7.42± 0.42 3.87 ± 0.40 1.49± 0.02 11.00 field
EDCSNJ1054251-1147575 0.8359 < 0.57 ... ... 2.57± 0.51 −1.04± 0.75 1.69± 0.03 10.81 field
EDCSNJ1054252-1148269 0.7626 23.32 ± 0.55 ... ... 6.28± 0.32 4.31 ± 0.37 1.28± 0.01 10.70 field
EDCSNJ1054232-1148537 0.8652 6.68 ± 0.63 ... ... 3.35± 0.64 3.60 ± 0.59 1.32± 0.02 10.93 field
EDCSNJ1054470-1244172 0.9142 8.31 ± 0.75 ... ... 7.43± 0.95 0.64 ± 1.16 1.45± 0.03 11.26 field
EDCSNJ1054406-1244448 0.5882 5.87 ± 0.85 ... 3.70± 0.66 3.78± 0.52 1.96 ± 0.59 1.40± 0.02 10.84 field
EDCSNJ1054474-1242572 0.6349 17.46 ± 2.01 ... 5.00± 1.16 4.08± 1.24 2.27 ± 1.17 1.36± 0.10 10.47 field
EDCSNJ1054481-1243542 0.8012 < 0.96 ... ... −0.03± 0.85 −2.88± 1.29 1.55± 0.03 11.12 field
EDCSNJ1054437-1245471 0.6315 19.36 ± 1.09 3.55± 0.54 14.55± 1.37 5.73± 0.68 4.83 ± 0.70 1.28± 0.04 10.60 field
EDCSNJ1054487-1245052 0.6189 < 0.79 < 0.46 ... 0.77± 0.28 −2.99± 0.26 1.82± 0.03 10.82 field
EDCSNJ1054522-1246456 0.8016 6.51 ± 1.50 ... 4.59± 1.12 3.93± 1.25 −0.07± 1.66 1.49± 0.05 10.46 field
EDCSNJ1054353-1246528 0.6932 < 1.39 ... ... 0.44± 0.41 −2.90± 0.53 1.85± 0.02 11.47 field
EDCSNJ1054499-1247587 0.8020 < 0.68 ... ... −0.61± 0.39 −6.08± 0.55 1.88± 0.02 11.30 field
EDCSNJ1059105-1249497 0.5729 10.47 ± 1.88 ... 3.77± 0.79 2.43± 0.83 −0.15± 0.83 1.30± 0.04 10.52 field
EDCSNJ1059037-1255405 0.3711 < 1.38 ... ... 0.27± 1.56 −3.92± 1.59 1.92± 0.11 10.43 field
EDCSNJ1059149-1251030 0.6248 < 0.41 ... ... 2.63± 0.36 −1.87± 0.35 1.64± 0.03 10.85 field
EDCSNJ1059061-1252541 0.5190 13.54 ± 0.43 2.92± 0.48 8.92± 0.25 3.77± 0.31 2.26 ± 0.29 1.29± 0.01 10.54 field
EDCSNJ1059076-1255318 0.5988 < 0.75 ... ... −2.60± 0.60 −3.72± 0.60 1.85± 0.05 10.93 field
EDCSNJ1059172-1250419 0.6391 28.41 ± 0.86 36.79± 0.39 6.59± 0.35 2.58± 0.35 −0.11± 0.34 1.45± 0.02 11.15 field
EDCSNJ1059089-1252444 0.4120 19.45 ± 0.51 4.17± 0.17 8.39± 0.28 4.47± 0.27 2.78 ± 0.27 1.26± 0.01 10.49 field
EDCSNJ1138100-1136361 0.4389 < 3.14 2.66± 0.49 ... 2.36± 0.82 −0.08± 0.63 1.59± 0.04 10.60 field
EDCSNJ1138179-1135257 0.6518 < 1.48 ... ... 3.30± 0.55 −0.63± 0.55 1.56± 0.03 10.44 field
EDCSNJ1138078-1134468 0.5282 < 1.27 ... ... 0.26± 0.67 −4.98± 0.39 1.94± 0.03 10.75 field
EDCSNJ1138045-1135118 0.5798 12.29 ± 0.50 ... ... 5.65± 0.22 3.78 ± 0.26 1.27± 0.01 10.54 field
EDCSNJ1202406-1221015 0.5622 < 1.39 ... ... −0.85± 1.33 −4.56± 1.11 1.63± 0.08 10.57 field
EDCSNJ1202406-1221340 0.4074 5.56 ± 0.80 < 0.28 ... 3.96± 0.37 0.50 ± 0.35 1.56± 0.02 11.22 field
EDCSNJ1202389-1223197 0.5656 < 1.58 ... ... −0.89± 1.02 −3.95± 0.94 1.94± 0.08 10.56 field
EDCSNJ1202495-1225219 0.4811 8.99 ± 1.22 2.14± 0.33 2.32± 0.34 2.94± 0.67 −0.38± 0.60 1.49± 0.03 10.72 field
EDCSNJ1202406-1223596 0.3525 < 0.94 ... ... 2.26± 0.61 −0.72± 0.56 1.70± 0.03 10.55 field
EDCSNJ1216467-1159378 0.6669 33.55 ± 1.12 13.10± 1.28 17.69± 0.73 3.88± 0.78 5.52 ± 0.98 1.22± 0.02 10.55 field
EDCSNJ1216446-1202358 0.6698 14.03 ± 2.16 ... ... 1.29± 1.01 −1.92± 1.27 1.70± 0.05 10.55 field
EDCSNJ1216447-1202337 0.6708 48.34 ± 2.20 18.01± 1.50 21.38± 1.32 4.97± 1.40 0.52 ± 1.96 1.16± 0.03 10.56 field
EDCSNJ1216445-1201533 0.6703 17.49 ± 0.35 5.11± 0.38 7.09± 0.19 4.85± 0.23 2.84 ± 0.32 1.26± 0.01 10.99 field
EDCSNJ1216372-1200419 0.6606 < 1.40 ... ... 1.24± 0.35 −1.91± 0.40 1.82± 0.02 10.92 field
EDCSNJ1216449-1202139 0.6691 < 1.44 ... ... 0.68± 0.42 −3.63± 0.48 1.85± 0.02 10.98 field
EDCSNJ1216527-1202553 0.8263 < 0.60 ... ... 2.01± 0.44 −1.45± 0.60 1.72± 0.02 10.94 field
EDCSNJ1216435-1203502 0.6693 5.35 ± 1.01 ... ... 1.76± 0.52 −3.32± 0.64 1.77± 0.03 10.91 field
EDCSNJ1227585-1135250 0.5439 6.92 ± 2.22 2.41± 0.52 ... −0.37± 1.29 −1.81± 0.78 1.86± 0.07 10.54 field
EDCSNJ1227543-1136008 0.6802 13.68 ± 0.65 ... 5.67± 0.26 4.73± 0.35 2.33 ± 0.41 1.35± 0.01 10.83 field
EDCSNJ1227453-1137005 0.6789 5.33 ± 0.87 ... ... 3.18± 0.52 −0.09± 0.64 1.42± 0.02 10.99 field
EDCSNJ1227539-1140303 0.8340 < 1.40 ... ... 1.27± 0.44 −1.65± 0.59 1.74± 0.02 11.22 field
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Table 2 — Continued

ID zspec EW([O II])a EW([O III])b EW(Hβem) EW(Hδabs) EW(Hγabs) Dn(4000) log(M∗/M⊙) Environment
[Å] [Å] [Å] [Å]

EDCSNJ1227577-1137211 0.5451 10.72 ± 0.97 1.88± 0.26 1.44± 0.28 0.38± 0.61 −3.34± 0.43 1.75± 0.03 10.60 field
EDCSNJ1227552-1137559 0.4893 < 1.09 ... ... 0.82± 0.23 −2.45± 0.21 1.80± 0.01 10.90 field
EDCSNJ1227496-1138046 0.4879 10.44 ± 0.76 1.48± 0.20 < 0.42 −0.49± 0.36 −4.42± 0.31 1.99± 0.03 10.90 field
EDCSNJ1227551-1136202 0.5441 < 1.03 ... ... 2.02± 2.76 −2.03± 1.21 1.34± 0.08 10.57 field
EDCSNJ1228019-1137331 0.7061 8.50 ± 3.32 ... ... 2.73± 0.96 −3.48± 1.05 1.69± 0.05 10.51 field
EDCSNJ1227599-1138116 0.7076 12.44 ± 2.01 ... ... −1.23± 0.63 −5.30± 0.62 1.87± 0.04 10.70 field
EDCSNJ1227548-1139394 0.7548 < 1.23 ... ... −1.66± 1.33 −0.43± 1.94 1.69± 0.07 10.50 field
EDCSNJ1227558-1139556 0.4885 11.27 ± 0.94 2.51± 0.19 1.06± 0.23 0.87± 0.44 −1.47± 0.40 1.63± 0.02 10.78 field
EDCSNJ1232339-1249205 0.6797 < 1.47 ... ... −1.07± 1.53 −2.14± 1.77 1.84± 0.07 10.60 field
EDCSNJ1232335-1248470 0.6802 9.85 ± 0.91 ... ... 1.93± 0.72 −2.92± 0.92 1.36± 0.02 10.99 field
EDCSNJ1232326-1249355 0.4186 < 1.15 ... ... −2.21± 0.85 −5.67± 0.72 2.09± 0.09 10.76 field
EDCSNJ1232309-1250431 0.3913 60.34 ± 1.37 21.84± 0.31 4.52± 0.27 −2.44± 0.42 −4.38± 0.35 1.96± 0.03 11.24 field
EDCSNJ1232301-1251245 0.6171 < 0.93 ... ... 2.02± 0.56 −0.13± 0.59 1.36± 0.03 10.80 field
EDCSNJ1232315-1251578 0.4171 < 0.69 ... ... −0.16± 0.46 −3.97± 0.41 2.02± 0.04 10.97 field
EDCSNJ1232333-1250121 0.4155 5.99 ± 0.59 1.07± 0.21 4.31± 0.25 3.11± 0.43 3.00 ± 0.40 1.38± 0.02 10.79 field
EDCSNJ1232339-1252010 0.7295 12.93 ± 1.86 ... ... 1.57± 0.90 −0.41± 1.25 1.74± 0.05 10.73 field
EDCSNJ1232373-1249247 0.6778 16.41 ± 1.12 3.34± 0.69 8.03± 0.44 6.63± 0.66 4.92 ± 0.77 1.21± 0.02 10.51 field
EDCSNJ1232365-1253082 0.6579 27.38 ± 1.16 6.68± 0.75 7.51± 0.59 3.50± 0.54 2.90 ± 0.50 1.25± 0.02 10.51 field
EDCSNJ1301385-1141184 0.5629 6.95 ± 1.76 ... 1.38± 1.31 3.59± 0.91 −0.60± 0.79 1.64± 0.06 10.91 field
EDCSNJ1301445-1137184 0.4982 11.61 ± 2.17 ... 4.18± 0.59 5.05± 0.76 3.07 ± 0.72 1.42± 0.03 10.41 field
EDCSNJ1301342-1139290 0.2930 13.01 ± 1.41 2.58± 0.27 3.53± 0.31 2.15± 0.59 1.71 ± 0.57 1.47± 0.02 10.57 field
EDCSNJ1301389-1142223 0.5429 < 1.25 ... ... 3.15± 1.80 −0.77± 1.16 1.61± 0.08 10.57 field
EDCSNJ1301445-1137184 0.4980 10.72 ± 2.13 ... 2.77± 0.66 4.48± 0.94 1.59 ± 0.88 1.41± 0.04 10.41 field
EDCSNJ1301443-1137153 0.6530 19.45 ± 0.72 3.45± 0.32 7.24± 0.31 5.20± 0.38 2.66 ± 0.39 1.20± 0.01 10.85 field
EDCSNJ1301354-1138499 0.5246 < 1.35 ... ... −1.99± 0.80 0.19 ± 0.57 1.33± 0.03 10.46 field
EDCSNJ1301421-1141230 0.6539 9.12 ± 0.63 1.57± 0.39 2.43± 0.33 4.40± 0.34 0.21 ± 0.36 1.44± 0.02 10.97 field
EDCSNJ1301413-1142047 0.5421 8.30 ± 0.82 1.97± 0.42 2.88± 0.24 5.00± 0.80 1.80 ± 0.38 1.34± 0.02 11.10 field
EDCSNJ1301437-1142174 0.6568 11.74 ± 1.60 3.04± 0.94 ... 4.33± 0.74 0.98 ± 0.68 1.64± 0.04 11.11 field
EDCSNJ1301430-1142265 0.6720 16.03 ± 1.39 2.46± 0.54 7.60± 0.49 4.54± 0.86 3.01 ± 1.13 1.23± 0.02 10.49 field
EDCSNJ1353084-1135258 0.5711 < 1.63 ... 3.07± 0.96 2.44± 1.14 0.32 ± 1.08 1.44± 0.05 10.42 field
EDCSNJ1353037-1136152 0.5705 9.21 ± 1.50 ... ... −0.77± 0.60 −4.04± 0.54 1.84± 0.04 11.08 field
EDCSNJ1353045-1136435 0.7217 < 1.36 ... ... 1.79± 0.69 −1.85± 0.75 1.65± 0.03 11.10 field
EDCSNJ1353071-1136598 0.5706 < 1.21 ... ... −0.44± 1.28 −3.37± 1.15 1.71± 0.07 10.80 field
EDCSNJ1352523-1138157 0.5706 < 1.62 ... ... 0.53± 1.43 1.84 ± 1.48 1.44± 0.06 10.41 field
EDCSNJ1352578-1138286 0.6292 < 0.63 ... ... 0.01± 0.53 −3.62± 0.54 1.83± 0.04 10.94 field
EDCSNJ1353026-1139464 0.6439 13.08 ± 1.56 ... 4.85± 1.21 7.38± 0.80 2.97 ± 0.84 1.30± 0.03 10.53 field
EDCSNJ1353013-1136409 0.7507 8.42 ± 0.50 ... ... 5.48± 0.33 4.22 ± 0.57 1.24± 0.01 11.18 field
EDCSNJ1353009-1137118 0.5712 < 1.26 ... ... 2.84± 1.21 −2.57± 1.13 1.60± 0.07 10.71 field
EDCSNJ1353033-1136152 0.5728 < 1.34 ... ... 2.07± 1.08 −2.12± 0.98 1.55± 0.06 10.90 field
EDCSNJ1352567-1137080 0.6292 < 0.89 ... ... 0.24± 0.78 −3.89± 0.79 1.71± 0.06 10.75 field
EDCSNJ1353027-1137363 0.5545 < 0.77 ... ... −1.35± 0.75 −3.95± 0.50 1.79± 0.04 10.87 field
EDCSNJ1354144-1228536 0.8245 7.64 ± 0.61 ... ... 0.75± 0.33 −2.68± 0.45 1.82± 0.02 11.34 field
EDCSNJ1354144-1228536 0.8243 5.13 ± 1.19 ... ... 2.47± 0.72 −0.86± 1.05 1.72± 0.04 11.34 field
EDCSNJ1354169-1230098 0.8199 10.89 ± 1.05 ... 4.38± 0.71 2.57± 0.71 3.08 ± 1.03 1.32± 0.02 10.81 field
EDCSNJ1354107-1231236 0.6183 < 1.22 3.03± 0.26 ... 0.77± 0.34 −4.89± 0.32 1.81± 0.03 10.73 field
EDCSNJ1354073-1233158 0.7890 < 0.96 ... ... 1.66± 0.58 −1.31± 0.62 1.72± 0.02 11.14 field
EDCSNJ1354139-1229474 0.6865 < 1.01 ... ... 1.14± 0.51 −2.31± 0.56 1.70± 0.03 10.78 field
EDCSNJ1354009-1233233 0.6622 11.36 ± 0.40 ... ... 2.99± 0.28 4.10 ± 0.36 1.28± 0.01 10.45 field
EDCSNJ1353597-1230212 0.5646 10.16 ± 0.56 ... ... 4.74± 0.37 2.92 ± 0.37 1.29± 0.01 10.64 field
EDCSNJ1354164-1229192 0.6846 8.42 ± 0.68 ... ... 1.08± 0.28 −1.19± 0.31 1.83± 0.02 11.35 field
EDCSNJ1354130-1230263 0.8223 < 1.05 ... ... 0.41± 0.28 −1.55± 0.39 1.73± 0.01 11.07 field
EDCSNJ1354008-1231321 0.6619 9.31 ± 0.68 ... ... 1.21± 0.44 1.47 ± 0.52 1.43± 0.02 11.12 field
EDCSNJ1354147-1231467 0.7241 9.95 ± 1.32 ... ... 0.35± 0.61 −3.13± 0.59 1.88± 0.04 10.78 field
EDCSNJ1354091-1233426 0.7913 7.06 ± 0.65 ... ... −1.60± 0.51 −2.98± 0.58 1.83± 0.02 11.00 field
EDCSNJ1354173-1233543 0.7851 9.41 ± 0.60 3.74± 0.52 6.92± 0.59 5.63± 0.42 3.87 ± 0.51 1.30± 0.01 11.00 field
EDCSNJ1410557-1146179 0.3240 < 0.82 ... ... −0.45± 0.76 −3.89± 0.71 2.14± 0.06 10.50 field
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Table 2 — Continued

ID zspec EW([O II])a EW([O III])b EW(Hβem) EW(Hδabs) EW(Hγabs) Dn(4000) log(M∗/M⊙) Environment
[Å] [Å] [Å] [Å]

EDCSNJ1411123-1149223 0.5714 5.39 ± 1.24 1.40± 0.61 1.28± 0.49 2.06± 0.72 0.59 ± 0.66 1.54± 0.04 10.49 field
EDCSNJ1410600-1151387 0.7006 13.81 ± 0.80 ... ... 5.62± 0.50 4.07 ± 0.66 1.21± 0.02 10.62 field
EDCSNJ1411028-1149063 0.4001 < 0.69 7.49± 0.20 5.75± 0.38 −0.16± 0.35 −4.13± 0.30 1.37± 0.01 10.71 field
EDCSNJ1411084-1151070 0.4886 9.44 ± 1.22 1.63± 0.26 4.35± 0.42 4.18± 0.60 0.17 ± 0.56 1.43± 0.03 10.73 field
EDCSNJ1420115-1234206 0.6079 12.37 ± 1.65 ... ... −2.35± 1.27 −0.25± 1.24 1.49± 0.06 11.12 field
EDCSNJ1420110-1235169 0.3745 8.84 ± 0.96 1.61± 0.39 5.05± 0.33 4.27± 0.55 2.43 ± 0.56 1.35± 0.02 10.65 field
EDCSNJ1420224-1235422 0.6071 10.35 ± 1.11 ... 1.83± 0.35 0.28± 0.42 −2.49± 0.39 1.64± 0.02 11.01 field
EDCSNJ1420174-1236472 0.5030 7.18 ± 2.46 ... 4.32± 0.83 0.18± 1.22 3.11 ± 1.14 1.40± 0.05 10.48 field
EDCSNJ1420163-1237563 0.6886 < 1.27 ... ... 8.96± 0.23 7.32 ± 0.29 1.33± 0.01 10.69 field
EDCSNJ1420177-1233315 0.6311 9.59 ± 1.22 ... 2.13± 0.57 3.03± 0.56 0.40 ± 0.55 1.66± 0.03 11.42 field
EDCSNJ1420133-1234428 0.5416 11.27 ± 1.09 ... 4.63± 0.59 2.48± 0.84 −1.44± 0.57 1.34± 0.03 10.75 field
EDCSNJ1420095-1234561 0.6102 13.10 ± 2.54 ... ... 4.14± 1.56 1.76 ± 1.61 1.39± 0.07 10.47 field
EDCSNJ1420094-1235510 0.6081 22.01 ± 2.60 ... ... −0.64± 1.39 −1.70± 1.43 1.40± 0.06 11.34 field
EDCSNJ1420181-1236230 0.4890 < 0.71 ... ... 0.37± 0.56 −2.61± 0.49 1.87± 0.04 11.05 field
EDCSNJ1420182-1239042 0.4232 7.13 ± 0.89 ... ... 2.67± 0.49 −1.06± 0.44 1.48± 0.03 10.85 field
EDCSNJ1420173-1233083 0.6315 11.92 ± 1.78 ... 6.23± 1.63 3.83± 0.97 −1.12± 0.99 1.40± 0.05 10.79 field
EDCSNJ1420098-1235111 0.6078 19.29 ± 1.91 ... ... 4.47± 1.23 2.59 ± 1.32 1.21± 0.05 10.68 field
EDCSNJ1420136-1235481 0.4219 < 6.06 ... ... −3.90± 4.33 1.95 ± 3.16 3.88± 1.28 10.53 field
EDCSNJ1420194-1236163 0.5464 < 2.41 ... ... −6.40± 2.98 −3.83± 1.61 1.33± 0.09 10.51 field
EDCSNJ1420279-1237041 0.6081 14.15 ± 2.76 ... ... 6.65± 0.74 4.98 ± 0.70 1.48± 0.04 11.48 field
EDCSNJ1420157-1237446 0.5559 < 1.78 ... ... −1.35± 1.25 −2.11± 0.87 2.02± 0.08 11.01 field
EDCSNJ1420163-1237563 0.6887 < 1.06 ... ... 9.90± 0.43 6.96 ± 0.58 1.37± 0.02 10.69 field

Note. — All galaxies with EW([O II])< 5Å have been replaced by their 1−σ upper limits. All galaxies with EW(Hβem) measurements that are less than 2−σ are replaced by the
1−σ upper limits. No entry for a given line indicates that the specified feature did not fall in the wavelength range of the spectrum.
a O II] λ3727
b [O III] λλ4959, 5007


