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ABSTRACT

We derive dust masses (M 4,s¢) from the spectral energy distributions of 58 post-starburst galaxies (PSBs). There is an anti-
correlation between specific dust mass (M qust/M,) and the time elapsed since the starburst ended, indicating that dust was either
destroyed, expelled, or rendered undetectable over the ~1 Gyr after the burst. The M 4,st/M, depletion timescale, 2051“3? Mpyr,
is consistent with that of the CO-traced My,/M.,, suggesting that dust and gas are altered via the same process. Extrapolating
these trends leads to the Mqyst/M, and My,/M, values of early-type galaxies (ETGs) within 1-2 Gyr, a timescale consistent
with the evolution of other PSB properties into ETGs. Comparing Mq,s; and My, for PSBs yields a calibration, log My, =
0.45 log Mayust + 6.02, that allows us to place 33 PSBs on the Kennicutt-Schmidt (KS) plane, XSFR — XMy,. Over the first
~200-300 Myr, the PSBs evolve down and off of the KS relation, as their star formation rate (SFR) decreases more rapidly than
My, . Afterwards, My, continues to decline whereas the SFR levels off. These trends suggest that the star-formation efficiency
bottoms out at 10~ yr—! and will rise to ETG levels within 0.5-1.1 Gyr afterwards. The SFR decline after the burst is likely
due to the absence of gas denser than the CO-traced Ha. The mechanism of the M qyst/M, and My,/M, decline, whose timescale
suggests active galactic nucleus (AGN) or low-ionization nuclear emission-line region (LINER) feedback, may also be preventing
the large CO-traced molecular gas reservoirs from collapsing and forming denser star forming clouds.
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1. INTRODUCTION

Lying in the ‘green valley’ (Wong et al. 2012) of the
galaxy color-magnitude diagram, post-starburst (PSB) galax-
ies (Dressler & Gunn 1983) is a transitioning phase between
star-forming spirals and gas-poor quiescent galaxies (Yang
et al. 2004, 2008, and references therein). The absence of
significant nebular emission lines (e.g., [O II], He) is indica-
tive of little-to-no ongoing star formation. However, the pres-
ence of strong Balmer absorption reveals young and recently
formed A-stars (Dressler & Gunn 1983; Couch & Sharples
1987). These signatures indicate a recent starburst within the
last ~ Gyr. Although PSBs are a rare species at almost all
redshifts (<1% by z ~ 0.5, Wild et al. 2016), the shortness
of the PSB phase suggests that a large fraction (25-40%) of
field galaxies at z < 1 may have passed through it (Zablud-
off et al. 1996; Tran et al. 2004; Snyder et al. 2011). Thus,
PSBs are important to understanding the evolutionary path
from star-forming galaxies to early-type galaxies (ETGs).

Over the past decade, many attempts have been made to
study the interstellar medium (ISM) properties of PSBs. The
existence of atomic gas (HI) has been confirmed in several
small samples of PSBs (e.g., Chang et al. 2001; Buyle et al.
2006; Zwaan et al. 2013). Recent work has also revealed
the existence of large molecular gas (Hs) reservoirs in PSBs
(e.g., French et al. 2015; Rowlands et al. 2015). French
et al. (2018a) even discovered that the CO-traced Hy de-
clines with post-burst age over a timescale that would lead
to ETG levels in 0.7-1.5 Gyr. However, as obtaining gas
masses requires large amounts of radio telescope time, these
studies are limited to small sample sizes. Alternatively, dust
mass (Mgust) can be used to track the ISM evolution for a
larger sample of PSBs, as it is more easily measured, i.e.,
by fitting the galaxy’s spectral energy distributions (SED)
over mid-infrared (MIR) to far-infrared (FIR) wavelengths.
Archival data are now available for a statistically significant
PSB sample, making it possible to calibrate the relation be-
tween Mg,s¢ and CO-traced My, for the first time, as well
as to examine the evolution of Mq,s; over a wide range of
post-burst ages.

Smercina et al. (2018) derived M 4.t for 33 PSBs with CO
detections from French et al. (2015) and investigated the evo-
lution of their ISM properties in detail. In contrast, here we
search all available archival IR data for three large PSB sam-
ples from French et al. (2018a), Alatalo et al. (2016a), and
Rowlands et al. (2015) and derive M 4,5 for those 58 PSBs
with sufficient IR data. Thus, we study the evolution of M gyt
with a larger sample size and a wider age baseline.

As Kennicutt (1998) points out, there is a universal corre-
lation between the surface density of gas and star formation
rate (SFR) for local normal star-forming galaxies and star-
burst galaxies (the Kennicutt-Schmidt relation, or the KS re-
lation). For a sample of PSBs, French et al. (2015) observed a

significant offset from the KS relation. But what is the evolu-
tionary track for PSBs in the KS plane? The tight correlation
between gas and dust that we observe here makes it possible
for us to map this evolution for the first time and to connect
it to changes in the star formation efficiency (SFE).

In this paper, we derive M 4,5t for 58 PSBs by performing
ultraviolet (UV) to FIR SED fitting. We study the evolution
of M4ust and SFE after the burst ends. We also investigate
the dust-derived KS relation. In Section 2, we summarize our
PSB sample selection criteria. In Section 3, we describe the
archival fluxes and errors used to construct full SED of our
sample. In Section 4, we discuss the CIGALE-based (Code
Investigating GALaxy Emission; Noll et al. 2009; Boquien
et al. 2019) SED fitting procedure and present the results. In
Section 5, we consider the evolution of M 4,st, the position
on the KS plane, and the SFE of our PSB sample. Section 6
lists our conclusions. Throughout this paper we adopt a flat
ACDM cosmology with €,,, = 0.308, 2, =0.692, and Hj =
67.8 km s~! Mpc~! (Planck Collaboration et al. 2016).

2. SAMPLE SELECTION

In this work, we combine three well-studied PSB samples
from French et al. (2018a), Alatalo et al. (2016a), and Row-
lands et al. (2015) to make the time baseline since the star-
burst ends as wide as possible. Our combined PSB sample
ranges in post-burst age from ~-100 to ~800 Myr, which en-
ables us to sample any significant trends. The general idea of
constructing PSB samples is requiring strong Balmer absorp-
tion lines (suggesting recent starbursts), and weak nebular
emission (indicating little ongoing star formation). Specifi-
cally, French et al. (2018a) use Hé 4 - o(Hé4) > 4 A (where
o(Hd 4) is the measurement error of the Hé 4 index) and Ho
rest-frame equivalent width, EW(Ha) < 3 A as their se-
lection criteria, which yield a sample of real post-starburst
galaxies. Alatalo et al. (2016a) allow for emission lines from
shocks and use Hi4 > 5 A after emission-line correction; as
this emission also may arise from star formation, their sam-
ple could still have ongoing starbursts. These objects turn out
to be at earlier PSB stages, while some even have negative
post-burst ages, signifying an ongoing burst (French et al.
2018a). Thus, they serve as crucial links between the ces-
sation of the recent burst and the subsequent decline in star
formation. Rowlands et al. (2015) use a Principal Compo-
nent Analysis (PCA) technique at 3175 — 4150 A, which es-
sentially requires strong Balmer absorption and weak 4000
A break strength; such a selection focuses on young stellar
ages and thus, like the Alatalo et al. (2016a) sample, includes
transitioning galaxies from a starbursting to PSB phase.

One of the primary goals of our work here is to derive
M gyst- As previous studies have shown that FIR (A > 40um)
photometry is crucial (da Cunha et al. 2008; Dale et al. 2012),
we define our sample as those galaxies among the aforemen-
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tioned three samples of PSBs with archival FIR data. In addi-
tion to utilizing the processed WISE and Herschel data from
Smercina et al. (2018) for 33 PSBs from French et al. (2015),
we searched for Herschel observations of other galaxies in
these three samples in the PACS Point Source Catalog (Mar-
ton et al. 2017) and SPIRE Point Source Catalog (Schulz
et al. 2017), available at the NASA/IPAC Infrared Science
Archive (IRSA)!. As a result, 37 PSBs from French et al.
(2018a), 12 PSBs from Alatalo et al. (2016a), and 11 PSBs
from Rowlands et al. (2015) have detections in >3 Herschel
bands”, constituting our final sample of 58 PSBs in total®.
The 37 PSBs from French et al. (2018a) are labeled EAHO1-
EAH18 and EASO1-EAS15, consistent with the nomencla-
ture in French et al. (2015) and Smercina et al. (2018), and
F34-F37, for those without previous names. Their redshifts
are 0.02 < z < 0.11. The 12 PSBs from Alatalo et al. (2016a)
are A1-A12, with 0.02 < z < 0.18. The 11 PSBs from Row-
lands et al. (2015) are R1-R11, with 0.03 < z < 0.05.

3. MULTIWAVELENGTH DATA

We establish UV to FIR SEDs for our PSB sample. We
incorporate the processed WISE and Herschel data from
Smercina et al. (2018) for 33 PSBs from French et al. (2015)
and compile other data from different catalogs. In addi-
tion to compiling the Herschel data from PACS/SPIRE Point
Source Catalogs, we utilize the archival photometric data
from GALEX, SDSS, 2MASS, and WISE. We have also cal-
culated the flux uncertainties by combining in quadrature the
cataloged measurement uncertainties with different system-
atic uncertainties in each band, which are described individ-
ually in the following paragraphs.

For GALEX data, we search for NUV and FUV detections
from the GALEX All-Sky Survey Source Catalog (GASC)
and the Medium Imaging Survey Catalog (GMSC)*. We use
the mag_FUV and mag_NUV magnitudes, which should be
representative of the total galaxy flux. We further add zero-
point calibration errors of 0.052 and 0.026 mag to the FUV
and NUV photometry errors, respectively (Morrissey et al.
2007).

For SDSS data, we search for ugriz photometry in the
Photoobjall catalog of the SDSS 14th Data Release
(DR14, Abolfathi et al. 2018). We adopt the modelmag
magnitudes, as they provide reliable colors and represent the
total light of our sources’. To ensure all the magnitudes are

! http://irsa.ipac.caltech.edu/.

2 We will justify the necessity of using at least three Herschel bands in
Appendix A.

3 Two objects (R8/A11 and R11/A12) are in both the Alatalo et al. (2016a)
and Rowlands et al. (2015) samples, and we refer to them as A1l and A12
in this paper.

4 http://galex.stsci.edu/galexview/.

5 http://www.sdss.org/dr14/algorithms/magnitudes/.

on the AB system, we add -0.04 to measured u-band magni-
tudes and 0.02 to z-band magnitudes®. Zero-point calibration
errors of 5%, 2%, 2%, 2%, and 3% are added to the photom-
etry errors of ugriz bands, respectively (Blanton & Roweis
2007).

For 2MASS data, we search for JHK ; photometry from the
2MASS Point Source Catalog (PSC; Skrutskie et al. 2006)
and Extended Source Catalog (XSC; Jarrett et al. 2000). If
the source is cataloged in PSC, we adopt the standard aper-
ture, which is measured in a 4 radius aperture, but has al-
ready been corrected to an infinite aperture. If the source is
cataloged in XSC, we choose the extrapolated total magni-
tude x_m_ext, which should represent the total flux”. We
convolve a 5% calibration error (Dale et al. 2009) with the
photometry error in quadrature.

For WISE data, we search for W1-W4 photometry in the
ALLWISE Source Catalog (Mainzer et al. 2011). We use
the magnitudes measured with profile-fitting photometry
(wxmpro) for point sources (defined with ext_flg = 0).
For extended sources (ext _f1g > 0), we follow the instruc-
tions from the WISE official website®: when ext_flg =5,
we adopt the wxgmag measured with an elliptical aperture;
when 0 < ext_flg < 5, we choose the circular aperture
magnitude that best matches the extrapolated total radius
r_ext provided in 2MASS. We correct zero-point errors
by adding 0.03, 0.04, 0.03, and -0.03 mag to the measured
WISE W1-W4 bands, respectively (Jarrett et al. 2012). We
add an overall 6% calibration error for the W1-W4 bands to
the photometry error (Cutri et al. 2015).

For Herschel data, we adopt the quantity £f1ux from the
PACS/SPIRE Point Source Catalogs. The PACS flux uncer-
tainties are derived by convolving the snrnoise (including
sky confusion and instrumental error) and the background
rms. The SPIRE ‘total’ flux uncertainties flux_err in-
clude instrumental noise and background confusion noise.
We add a 7% calibration error to the PACS and SPIRE flux
uncertainties (Ciesla et al. 2012; Balog et al. 2014).

All the data are presented in Tables 2 and 3. We do not ap-
ply any correction for Galactic extinction, because it is only
nonnegligible for several sources and only affects the UV and
optical data, which do not affect M4, (see Appendix B). To
characterize the amount of internal extinction, we have in-
corporated the Calzetti et al. (2000) law into our SED fitting
(Section 4.1).

4. SED FITTING

In this work, we perform UV-FIR SED fitting on our sam-
ple using CIGALE (Code Investigating GALaxy Emission;

6 http://www.sdss.org/dr14/algorithms/fluxcal/.
7 https://www.ipac.caltech.edu/2mass/releases/allsky/doc/sec4 _Se.html.
8 http://wise2.ipac.caltech.edu/docs/release/allsky/faq.html.
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Noll et al. 2009). Below we provide a detailed description of
our SED fitting procedure in terms of the models and input
priors, and present our fitting results.

4.1. Models

For galaxy SED fitting, in general, CIGALE requires four
models in total, which describe the star-formation history
(SFH), stellar populations, dust emission, and dust extinc-
tion, respectively. We do not use CIGALE’s default nebular
emission model, as our sources do not exhibit strong nebular
emission lines.

For SFH, we use two types of models: one or two exponen-
tially declining recent bursts, with a main stellar population
formed earlier (French et al. 2018a). We refer to these two
kinds of models as ‘single-burst’ or ‘double-burst’ models
hereafter. The common free parameters in both models are:

(1) e-folding time of the main stellar population, Tyain;

(2) e-folding time of the most recent starburst population,
Thurst >

(3) mass fraction of the recent burst(s) relative to the total
stellar mass, fpurst;

(4) age of the main stellar population (the time elapsed
since it formed), age, ,ins

(5) age of the most recent burst (the time elapsed since it
started), agey, gt -

An additional free parameter, ¢, is set in the double-burst
model. It describes the time separation between the two re-
cent bursts.

For stellar populations, we incorporate the BC03 (Bruzual
& Charlot 2003) model assuming a Chabrier (2003) initial
mass function (IMF). For dust emission, we choose the DLO7
(Draine & Li 2007) model. For dust extinction, we use the
Calzetti et al. (2000) law to model the internal extinction of
our sources.

4.2. Input Priors

All of the input priors are summarized in Table 1. The prior
values given are the allowed discrete values for CIGALE. For
SFH, we refer to French et al. (2018a) for the number of re-
cent bursts inferred for each galaxy. We give fairly large prior
ranges for fourst, 88€p urgt> Tmains> Thursts 38€main»> aNd tsep tO
enlarge the parameter space.

For the BC0O3 model, we offer a range of three metallicities
closest to that inferred from the mass-metallicity relation for
each object. The stellar masses come from the SDSS MPA-
JHU catalogs (Brinchmann et al. 2004; Tremonti et al. 2004).
The mass-metallicity relation is from Gallazzi et al. (2005).

For the DL0O7 model, the mass fraction of PAH, gpay, is
allowed to vary from 0.47 to 4.58. The discrete values in
Table 1 come directly from Draine & Li (2007). The prior
range of the minimum radiation field (Uy;y,) is set to [0.1,
25.0]. The fraction illuminated from Uy, to Upax (77) i

allowed to vary between [0.0001, 0.1]. We fix the maximum
radiation field (Upnax) to be 109,

For the dust extinction model, we follow the default setting
in CIGALE, which assumes that the stars younger than 10
Myr are subject to more extinction than the stars older than
10 Myr. We allow the color excess of the stellar continuum
light for the young population, E(B—V)young, to vary from
0.01 to 2. As the majority of our sample have E(B-V),qung
> 0.1, we input six evenly distributed prior values from 0.1
to 2, and two values from 0.01 to 0.05. The reduction factor
for the color excess of the old population compared to the
young one, f,t, is allowed to vary from 0.3 to 1. We do not
add any UV bump or power law to the original Calzetti et al.
(2000) law.

4.3. Fitting Results

In Figure 1, we present eight typical SED fits of our sam-
ple. Their Mg,s’s range from 10°™ Mg to 10818 M,
while the full range of M 4,4 of our sample is 10°-32 M, to
10889 M. According to French et al. (2018a), the optimal
choice of a recent SFH model for EAH14, R3, A6, and F35
is “single-burst”, whereas for EAH18, EAHO9, R7, and A8 it
is “double-burst”.

To quantify the quality of our SED fits, we calculate
the mean relative residual flux for our sample, as shown
in Figure 2. We define the relative residual flux to be
(fobs — fmodel)/ fobs, in Which fops is the observed flux and
fmoder 18 the model flux predicted by CIGALE. To deter-
mine the uncertainty of the mean relative residual flux, we
use the Monte Carlo method to generate realizations of the
fluxes and construct probability distributions for each indi-
vidual flux and the mean relative residual flux. The error
bars of the mean relative residual flux in Figure 2 represent
their 68% confidence level uncertainties.

From Figure 2 we conclude that in general (i.e., for
19/20 bands), the mean relative residual flux is consistent
with the 30 average percentage flux uncertainty (defined as
Oobs/ fobss Where oops is the total flux uncertainty in that
band). For the W1 band, the mean relative residual flux is
barely consistent with the 30 average percentage flux uncer-
tainty. Such systematics could be due to the uncertainties in
the data, the limitations of the stellar population model, or
the dust model.

In terms of reduced x?2, of all 58 SED fits, only five of
the PSBs (EAHO02, EAHOS5, EAHOS8, A5, and F35) have re-
duced x? > 5.0. Our tests show that their Mg, does not
change much if we only fit their IR SED (see Appendix B).
All five EAH sources with reduced x2 > 3.0 have M gy con-
sistent with Smercina et al. (2018) (see Appendix C). So we
conclude that the relatively large reduced x? of this small
fraction of our sample does not affect the robustness of our
derived M 4.t Or any conclusions in general.
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Figure 1. Eight representative SED fits derived from CIGALE. The top four fits have ‘single-burst’ SFH, whereas the bottom four have ‘double-
burst’ SFH. The relative residual flux is defined as (fobs — fmode1)/ fobs. The error bars (plotted in blue) are 1o values. The green triangles
represent So upper limits. The worst fit here, F35, is particularly extended (r50 = 7 arcsec) and dusty.
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Table 1. Input Parameters for CIGALE SED Fitting

Model Parameter Symbol Prior Values
(6] @ 3 (C))
SFH e-folding time of the main stellar population Tmain 1.0, 2.0, 3.0 Gyr
e-folding time of the recent burst Thurst single-burst: 25, 50, 100, 200, 500 Myr double-burst: 25 Myr
Mass fraction of the recent burst(s) Sfourst 0.01, 0.05,0.1,0.3,0.5,0.7, 0.9
Age of the main stellar population age main 6.0, 9.0, 11.0 Gyr
Age of the most recent burst agepurst 30, 100, 200, 500, 1000, 1500, 2000 Myr
Separation between two recent bursts tsep double-burst: 100, 300, 500, 800, 1000 Myr
BCO03 Metallicity [Fe/H] 3 values inferred from Gallazzi et al. (2005)
DLO07 Mass fraction of PAH JPAH 0.47,1.12,1.77,2.50, 3.19, 4.58
Minimum radiation field Umin 0.10, 0.50, 1.00, 2.50, 5.0, 10.0, 25.0
Maximum radiation field Umax 10¢
Dust fraction illuminated from Ui, t0 Umax ¥ 0.0001, 0.001, 0.01, 0.05, 0.1
Power-law slope dU/dM o< U* e’ 2.0
Dust extinction  Color excess of stellar continuum light for young stars ~ E(B — V)young 0.01,0.05,0.1,04,0.7, 1, 1.5,2.0
0.3,0.5,0.8, 1.0

Reduction factor for E(B — V) of old stars to young stars fatt

Note. Configurations of the input parameters used in CIGALE. (1) Model names. (2) Definitions of parameters. (3) Symbols of parameters. (4) Prior values of

parameters.
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Figure 2. Mean relative residual flux (defined as

(fobs — fmode1)/fobs) in different bands (marked in different
colors) and its 68% confidence uncertainty after fitting the SEDs
using CIGALE (Noll et al. 2009). For comparison, the vertical
dashed lines are the 30 average percentage flux uncertainty, defined
as Oobs/ fobs, Where oops is the total flux uncertainty in that band.
The horizontal dotted-dashed line represents zero residual flux. In
general (19/20 bands), the mean relative residual flux is consistent
with the 30 average percentage flux uncertainty, especially for all
Herschel bands, which are crucial for deriving Mqust.

5. RESULTS AND DISCUSSION
5.1. Mgy st versus post-burst age

Having derived Myt for our sample using CIGALE, we
examine the evolution of specific dust mass (=Mqyst /M)
versus post-burst age, agepostfburstg. Here we define the
‘post-burst age’ to be the time elapsed since the majority
(90%) of the stars formed in the recent burst(s). Thus, for
the single-burst model, we have:

ag€post—burst — AGC€hurst — 2.3Thurst (Myr) (D

while for the double-burst model'?:

ag€post—burst — AG€burst — tsep -29 (MyI') (2)

As shown in Figure 3, there is a declining trend between
specific dust mass and age,,q_purse- 10 quantify the sig-
nificance of this relation, we perform a Spearman rank test
and linear fitting using the method in Cappellari et al. (2013),
which takes errors in both Mgyt /My and age, s purst iNtO
account. The fitting result is in the form of log(Maust/ M)
= a - (agepost—burst™ X0) + b + €, where a = -0.00212 +
0.00047, b = -3.28 £ 0.10, xog = 316, and intrinsic scatter
€ = 0.68 £ 0.09. We also use the ASURV survival analysis

9 We use the more accurate agepost—burst derived in French et al.
(2018a) by including optical spectral information (see Appendix D).
10 Here Th st is fixed to 25 Myr.

package to calculate the Spearman’s rank correlation (Isobe
et al. 1986; Lavalley et al. 1992), and perform bootstrap
analysis (1000 samples) to derive the confidence intervals of
the Spearman correlation coefficient and the null hypothesis
probability (Lanz et al. 2019). The null hypothesis is that
there is no monotonic relation between two parameters. We
define a significant correlation as one that rejects this hypoth-
esis by having a probability < 3 x 1073 (log(p) < -2.52),
corresponding to approximately 30. The Spearman coeffi-
cients are = -0.39 £ 0.13 and log(p) = -2.54 4+ 1.24. To
compare our results with previous work, we overplot three
other samples following Rowlands et al. (2015). They are
the average Mqust/ M, for z < 0.1 spiral galaxies detected in
Rowlands et al. (2012), for 0.01 < z < 0.06 dusty ETGs from
Agius et al. (2013), and for nondusty ETGs (representative of
red sequence galaxies) for a range of dust temperatures from
Rowlands et al. (2012).

The significant anti-correlation between M g,st/M, and
agepost—burst suggests that the dust is either destroyed, ex-
pelled, or rendered undetectable over the ~1 Gyr after the
burst. Assuming the M4us/M, depletes exponentially af-
ter the burst ends, the fitting yields a depletion timescale of
205755 Myr. Such a timescale is consistent with the Myy,/M.,
depletion timescale (117-230 Myr) derived in French et al.
(2018a). Considering the typical Mq,st/M, of our sample
at Zero agepost—burst (~ -2.5) and the Mq.s/M, range of
non-dusty ETGs, it should take ~1-2 Gyr for PSBs reach
early-type levels of M 4,st/M,. This result is consistent with
previous claims that PSB stellar populations, color gradients,
morphologies, kinematics, and molecular gas (Norton et al.
2001; Yang et al. 2004, 2008; Pracy et al. 2013; Pawlik et al.
2016; French et al. 2018a) will resemble the properties of
ETGs in a few Gyr.

The derived M q,5¢/M, depletion timescale may be, at least
partly, due to the low-ionization nuclear emission-line re-
gion (LINER) or active galactic nucleus (AGN) feedback, as
gas consumption by residual star formation would take much
longer time (French et al. 2018a). The depletion time associ-
ated with AGN driven outflows in non-AGN-dominated star-
burst galaxies could be up to several hundred Myr (Cicone
et al. 2014; Baron et al. 2017, 2018), which is consistent with
our case here.

We do not find any significant correlation between
My, /Maust and age, s _pyse (Spearman coefficients r =
0.11 £ 0.16, log(p) = -0.33 + 0.54). The decrease in
Maust/M, and My,/M, with age, i purse and the con-
stancy of the gas-to-dust ratio suggest that the dust and gas
decline is driven by the same physical mechanism. Further-
more, the close mutual tracking of the gas and dust indicates
that the mechanism removes, consumes, or expels the ISM
material, instead of merely altering its state and rendering it
undetectable.
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Figure 3. Specific dust mass (Maust/ M) vs. post-burst age re-
lation. The green points represent the 12 PSBs from Alatalo et al.
(2016a), the red points are the 37 PSBs from French et al. (2018a),
and the blue points are the nine PSBs from Rowlands et al. (2015).
The black dotted line is a linear fit using the method in Cappellari
et al. (2013): log (Maust/Mx) = @ - (ag€, 50— pursi~ X0) + b + €,
where a = -0.00212 + 0.00047, b = -3.28 4+ 0.10, xo = 316, and
the intrinsic scatter € = 0.68 £ 0.09. The Spearman coefficients
are r = -0.39 £ 0.13 and log(p) = -2.54 + 1.24. To compare our
results with previous work, we overplot three other samples follow-
ing Rowlands et al. (2015): the average Maust/ M. for z < 0.1
spiral galaxies in Rowlands et al. (2012), 0.01 < z < 0.06 dusty
ETGs from Agius et al. (2013), and nondusty ETGs for a range of
dust temperatures from Rowlands et al. (2012). The significant de-
clining trend between Maust/ My and age ., _1,urs, implies a dust
depletion timescale of 205155 Myr, consistent with the CO-traced
H> depletion timescale (French et al. 2018a).

5.2. Mgust versus SFR and My,

Molecular gas, interstellar dust, and star formation are
strongly correlated with each other in galaxies. The dust
grains produced in supernovae can protect molecular hydro-
gen from UV radiation and contribute to the formation of
molecular clouds, which collapse to form new stars. To
quantify these relationships in PSBs, we consider here the
relations between Mg,st and SFR and between Mg, and
molecular gas mass, Myy,. The latter relation is a useful cal-
ibration to convert Mgy, into harder-to-measure My, .

To consider the SFR-Mg,s¢ relation for our sample, we
convert the Ho fluxes from the MPA-JHU catalog (Aihara
et al. 2011) to SFR using the relation from Kennicutt et al.

(1994)!'. We estimate the amount of internal dust extinction
from the observed Balmer decrement, Ha/HS. Assuming the
hydrogen nebular emission follows Case B recombination,
the intrinsic Balmer flux ratio (Ho/Hp)o = 2.86 for T, = 10*
K. Following French et al. (2015), we adopt the reddening
curve of O’Donnell (1994)'?. When the Hf line flux is un-
certain, we follow French et al. (2015) using the mean value
of E(B-V) of the other PSBs in French et al. (2015). The
mean attenuation is Ay = 0.92 mag (or Ay, = 0.77 mag).

We further correct for potential underlying AGN contribu-
tion to Ha fluxes following the methodology from Wild
et al. (2010). We calculate the emission-line ratios [O
MI]AS007/HS and [N IIJA6583/Ha of our PSBs to pinpoint
them on the BPT diagram (Baldwin et al. 1981; Veilleux &
Osterbrock 1987), and determine the AGN contribution to
their Ha luminosities. In some cases, a negative SFR correc-
tion factor is derived, of which the corresponding 1o upper
limit is positive. We designate the SFR in these cases to be
1o upper limit values. In addition, when the Hf line is not
well detected, we use its uncertainty as the 1o flux upper
limit to determine the corresponding 1o upper limit for the
correction factor. Note that all the SFR 1o upper limits are
due to AGN correction, instead of low S/N Ha detections.
In fact, all of our PSBs have > 90 Ha detections, except for
two 50 detections (EASO7 and EASO8) and two 40 detec-
tions (EAS10 and EAH10). All the SFR values are provided
in Table 4.

Our results are shown in Figure 4. For comparison, we
plot the lines fit to 1658 local star-forming galaxies from
da Cunha et al. (2010) and to 843 z < 0.5 H-ATLAS star-
forming galaxies from Rowlands et al. (2014). At fixed
M gqust, our PSBs tend to have lower SFR than the local star-
forming galaxies. This reflects the nature of PSBs, which
have low SFRs by definition. The Spearman coefficients for
the PSB log SFR-log M st relation are r = 0.56 4+ 0.12 and
log(p) = -3.70 &+ 1.34, indicating a significant correlation.
Even for the French et al. (2018a) sample alone, PSBs with
the lowest M 4,54 generally have the lowest SFRs.

Next we fit the relationship between Mgys¢ and My, for
those 44 PSBs with both dust and CO measurements (the lat-
ter from French et al. 2015, Rowlands et al. 2015, and Alatalo
et al. 2016b). We adopt the linear regression method from
Kelly (2007), which takes both detections and upper limits
into account. The best-fitting result is in the form of log
My, =a - log Mgust + b + €, where a = 0.45 + 0.10, b =

"1 We do not use IR-derived SFRs in this paper, because (1) they are
prone to overestimation (Hayward et al. 2014; Smercina et al. 2018), and (2)
we want to avoid the intrinsic correlation between IR-derived Mg,st and
IR-derived SFRs.

12 Using Calzetti et al. (2000) would yield a negligible difference:
Apo/Ay =0.82 instead of 0.84, assuming Ry = 4.05.
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Figure 5. The Mqus-Mu, relation for our 44 PSBs with CO detec-
tions (blue solid circles) and 3¢ upper limits (blue solid triangles).
The black dashed line is the best fit to the relation log My, =a -
log Myust + b + €, where a = 0.45 4+ 0.10, b = 6.02 & 0.68, and the
intrinsic scatter € = 0.42 £ 0.05, derived via linear regression (Kelly
2007). The green lines represent 500 evenly spaced samples from
the posterior distribution of the model parameters. There is a tight
correlation between Maqyst and Mmu,, with Spearman coefficients r
=0.69 = 0.08 and log(p) = -5.15 £ 1.03, which is then useful in
estimating My, from easier-to-measure Mqust-

6.02 £ 0.68, and intrinsic scatter € = 0.42 £ 0.05 (see Figure
5). The Spearman coefficients are » = 0.69 =+ 0.08 and log(p)
=-5.15 £ 1.03. We use this significant correlation between
Mayst and My, as a calibration, applying it to those 14 PSBs
without molecular gas measurements to derive their My, .

5.3. Kennicutt-Schmidt relation

The relationships among SFR, Mg, and My, for PSBs
motivate us to explore the KS relation'®. With our M-
My, calibration, we deduce My, for those PSBs without
CO detections, and use the SDSS Petrosian radius'* (r50) to
convert Mgyst, Mu,, and SFR into surface mass densities.
The resulting XSFR-XMqys¢ and X SFR-X My, relations are
in Figure 6.

Next we compare our 33 PSBs that have SFR detections
and My, measurements from either CO emission or the
Mayst-My, calibration with normal star-forming galaxies
and starbursts from Kennicutt (1998) and with ETGs from
Davis et al. (2014). For the ETG sample, we recalculate
3SFR and XMy, using rs to ensure a direct comparison
to the PSB sample. For the Kennicutt (1998) sample, we use
the original surface densities normalized by the RC2 isopho-
tal radius (where the B-band surface brightness drops to 25
mag arcmin—2), which is comparable to the Ha emitting re-
gion for normal spiral galaxies, as the r5q is unavailable in the
SDSS. French et al. (2015) explored the effects of assuming
different radii and found consistent results.

Figure 7 shows that the locus of our PSBs lies below the
KS relation for the other galaxies (as was seen by French
et al. 2015). Scaling the surface densities of these galax-
ies with a different radius would move them along the KS
relation, which does not eliminate the observed offset for
our PSBs. Remarkably, when we consider their post-burst
ages, the PSBs evolve downward during the first 200-300
Myr, due to the faster decrease in XSFR relative to ¥ My, .
This evolution also implies a decreasing SFE, defined here as
YSFR/YXMpy, (or SFR/My,). The SFE later reaches and
remains at a low value, ~ 101! yr=1, > 300 Myr after the
burst.

5.4. Star formation efficiency

13 The version of the KS relation (Kennicutt 1998) for SFR and My, in
local normal disk galaxies is 3SFR oc ZMII{‘QO (Leroy et al. 2013), where
the exact slope is sensitive to the tracer (e.g., Gao & Solomon 2004) and the
CO-to-Ha conversion factor (e.g., Bolatto et al. 2013).

14 Without resolved IR, CO, and Ha observations for all of our sam-
ple, we assume that the dust, molecular gas, and star formation regions are
roughly comparable in size and lie within r50. We do know that, for a sub-
sample of these galaxies, the dust typically subtends a radius 3-4x smaller
than r5g (Smercina et al. 2018) and that, for four (EAS02, 04, 11, 13), the
Ha emission does not extend much beyond r5¢ in archival MaNGA (Bundy
et al. 2015) data.
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Figure 6. The XSFR-XMg,st and XSFR-¥Mpy, planes for our
PSBs. Upper: the points are color-coded as in Figure 3. 1o upper
limits are marked with y-axis arrows. Lower: all the PSBs with
CO detections or 3¢ upper limits (x-axis arrows) from Figure 5 are
marked with filled circles, and the PSBs with My, deduced from
the Maust-Mmu,, calibration are open circles. Only those PSBs with
SFR detections or 1o upper limits (y-axis arrows) are shown. The
Spearman coefficients are » = 0.54 £ 0.12, log(p) = -3.52 4+ 1.26
for the £SFR-Y My relation, and = 0.11 & 0.17, log(p) = -0.34
=+ 0.59 for the ¥SFR-X My, relation.

The evolution of SFE for our PSB sample is shown di-
rectly in Figure 8. SFE drops significantly with post-burst
age. After the first ~200-300 Myr, the SFE decline slows'>.
To ultimately reach the SFE level of ETGs, there must be an
increase in SFE later.

The fast initial SFE decline arises from SFR decreas-
ing more quickly than My,. The decoupling of SFR from
My, suggested by this result is consistent with French et al.
(2018a), who found that the decline of My,/M, is too quick

15 The apparent SFE floor is not due to a limit in our SFR measurement
sensitivity: across the ranges of SFEs and post-burst ages plotted here, the
S/N of the Ha detections is similar and high (see section 5.2).

to arise from consumption by star formation and is similar to
the observed outflow rates of AGN/LINERs. Such outflows
may not only drive the My,/M, decline, but also prevent the
large CO-traced molecular gas reservoirs from collapsing and
forming denser, star-forming clouds. The rapid drop in SFR
is in fact likely due to the absence of denser gas (as traced by
HCO™'/HCN; French et al. 2018b). Any successful feedback
model will need to reproduce these behaviors, namely that
My,/M, and Mqy,st/M,. decline similarly over a timescale of
several hundred Myr and that denser gas and SFR decline
faster than My, and Mqyst-

The slowing of the SFR decline, after the first ~200-300
Myr, was also seen in Figure 7. If we assume that the SFR’s
value at ~500 Myr remains constant thereafter, and that the
depletion of My, continues (French et al. 2018a), then the
SFE will rise to ETG levels within ~0.5-1.1 Gyr (or equiva-
lently, ~1-1.6 Gyr after the most recent burst ends).

6. CONCLUSIONS

By performing UV-FIR SED fitting for a sample of 58
PSBs, we have determined M 4,,5; and quantified the relation-
ship between M 4,54 and CO-traced My,. We have also ob-
served evolution with post-burst age in M q,st/M, SFE, and
the KS plane. Our main results are:

(1) There is a significant anticorrelation between the
M 4ust/M, and the time elapsed since the end of the recent
starburst (age,og¢—burst)> indicating that the dust is either de-
stroyed, expelled, or rendered undetectable over the ~1 Gyr
after the burst. Assuming that the Mq,st/M, depletes ex-
ponentially after the burst ends yields a depletion timescale
of 205755 Myr. This timescale is consistent with the CO-
traced My,/M, depletion timescale (French et al. 2018a),
suggesting that these dust and molecular gas evolution trends
are real and due to the same mechanism. Intriguingly, this
observed decline will reduce the dust and CO reservoirs of a
PSB to that of an ETG within 1-2 Gyr, when the PSB stellar
populations, color gradients, morphologies, and kinematics
will likewise resemble those of ETGs.

(2) We determine the Mqyusi-Myp, relation from our 44
PSBs with both Mg,s; and CO detections, and apply this cal-
ibration to estimate My, for the remainder of the sample. We
then place the PSBs in the KS plane and find that over time,
they move down and away from the KS relation defined by
normal star-forming galaxies and starbursts. This evolution
is principally due to a rapid drop in the SFR, at least for the
first 200-300 Myr after the burst ends.

(3) Direct examination of the evolution of SFE (the ratio of
SFR to the CO-traced My, ) reveals a sharp drop during those
first 200-300 Myr, i.e., the SFR is decoupled from the My,
and declines faster. The decrease in SFR in PSBs is likely
due to the absence of denser gas (French et al. 2018b). It is
possible that the same mechanism responsible for the decline
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Figure 7. Time evolution of PSBs in the Kennicutt-Schmidt plane (the x-axis here is defined as in Leroy et al. 2013). The locus of the PSB
sample (filled circles) lies below the KS relation for other galaxies (see French et al. 2015). Normal star forming (open, black triangles) and
starburst (stars) galaxies are from Kennicutt (1998). ETGs (open squares) are from Davis et al. (2014). Our PSB sample is binned by increasing
post-burst ages, from purple to red. To be conservative, we include only detections, not the upper limits from Figure 6. The PSBs evolve down
off the relation over time, due to the faster decrease in XSFR relative to ¥ M4y, especially during the first 200-300 Myr. This evolution implies
a changing SFE. We show three different, constant SFEs (red, dashed lines): the consumption of 1%, 10%, and 100% of the gas reservoir by
star formation per 10® yr, or, equivalently, 107*% — 1078 yr™*. Later, ~300 Myr after the burst, the SFE reaches and remains at a low value,

~ 107" yr
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Figure 8. Time evolution of the PSB star formation efficiency.
Galaxies are the same as in Figure 7. There is a significant initial
decline in SFE with post-burst age; the Spearman coefficients are r
=-0.88 & 0.07, log(p) = -3.70 & 0.52 for PSBs with age ;¢ _purst
< 300 Myr. After ~200-300 Myr, the SFE decrease slows, reach-
ing an apparent floor of ~ 107" yr™!. If we assume that the SFR
reaches a constant value after ~500 Myr, and that the depletion rate
of Mu, does not change, the SFE of PSBs would rise to ETG levels
(cyan region; Davis et al. 2014) in another ~0.5-1.1 Gyr (or ~1-1.6
Gyr after the recent burst ends). This timescale is consistent with
the evolution of other PSB properties into ETGs.

in My,/M, and Mgqyst/M,, whose common short timescale
is consistent with AGN/LINER feedback, also prevents the
large CO-traced molecular gas reservoirs from collapsing and
forming denser, star-forming clouds. After ~200-300 My,
the My, continues to decline, but the SFR levels off, sug-
gesting an SFE floor of 10~!! yr—!. If we assume that the
SFR remains constant at this late level, and that the depletion
rate of My, does not change, then the SFE will rise to ETG
levels within ~0.5-1.1 Gyr, a timescale consistent with the
evolution of other PSB properties into ETGs.
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Table 2. Archival UV to NIR Photometry

D RA. Decl. GALEX (mly) SDSS (mJy) 2MASS (mly)
(J2000 deg)  (J2000 deg) Fuv NUV u g r i z J H Ks
()] 2) 3) @ () (©6) Q) ®) ) (10) (a1 (12) (13)

R1 233.13199  57.88292  5.84E-01  7.92E-01  1.33E+00 2.27E+00 2.60E+00 3.26E+00 3.62E+00  3.97E+00  5.96E+00  3.50E+00
(3.40E-02) (2.32E-02) (6.69E-02) (1.14E-01) (1.30E-01) (1.63E-01) (1.82E-01) (3.24E-01) (4.78E-01) (4.62E-01)

R2 22895127 20.02236  2.28E-01  3.50E-01  1.33E+00  2.56E+00 3.93E+00 5.40E+00 7.32E+00 9.27E+00  1.35E+01  1.31E+01
(1.67E-02) (1.22E-02) (6.71E-02) (1.28E-01) (1.97E-01) (2.70E-01) (3.67E-01) (6.24E-01) (8.83E-01) (9.76E-01)

R3 225.40127 16.72968  6.18E-01 ~ 9.56E-01 ~ 1.97E+00 3.79E+00 4.45E+00 S5.01E+00 5.65E+00  7.83E+00  7.37E+00  6.56E+00
(4.94E-02) (3.53E-02) (9.89E-02) (1.90E-01) (2.23E-01) (2.51E-01) (2.83E-01) (4.82E-01) (6.17E-01) (6.45E-01)

R4 246.45527  40.34521 6.29E-01  9.35E-01  1.93E+00 4.60E+00  6.33E+00  8.19E+00  9.89E+00  1.13E+01 1.14E+01 1.26E+01
(3.38E-02) (2.49E-02) (9.77E-02) (2.30E-01) (3.17E-01) (4.10E-01) (4.96E-01) (7.76E-01) (9.43E-01) (1.13E+00)

R5 24439756 14.05230  748E-02  1.50E-01  3.64E-01  8.82E-01  148E+00 2.00E+00 2.52E+00 3.73E+00  4.70E+00  4.58E+00
(7.20E-03) (6.11E-03) (1.87E-02) (4.42E-02) (7.39E-02) (1.00E-01) (1.27E-01) (2.88E-01) (3.86E-01) (4.32E-01)

R6 25292373 41.66838 1.83E-01  2.78E-01  7.59E-01  2.39E+00 3.96E+00 528E+00 6.36E+00  7.66E+00  8.22E+00  7.54E+00
(1.35E-02) (1.00E-02) (3.86E-02) (1.20E-01) (1.98E-01) (2.64E-01) (3.19E-01) (5.60E-01) (7.75E-01) (7.35E-01)

R7 249.49529  13.85942  2.80E-02  5.77E-02  2.82E-01  8.37E-01 1.42E+00 197E+00 2.33E+00 3.14E+00  4.15E+00  3.31E+00
(5.29E-03) (4.40E-03) (1.48E-02) (4.19E-02) (7.12E-02) (9.87E-02) (1.17E-01) (2.60E-01) (4.02E-01) (3.71E-01)

R9 239.56848  52.48926  4.20E-02  6.23E-02  2.04E-01  7.16E-01  1.32E+00 1.85E+00 2.32E+00 3.22E+00  3.69E+00  3.21E+00
(5.36E-03) (3.81E-03) (1.09E-02) (3.59E-02) (6.59E-02) (9.29E-02) (1.17E-01) (2.91E-01) (4.59E-01) (3.89E-01)

R10 247.17897 2239712 3.50E-02  6.66E-02  1.87E-01  741E-01  143E+00 2.09E+00 2.84E+00 4.78E+00  4.82E+00  4.63E+00
(8.76E-03) (7.68E-03) (1.36E-02) (3.76E-02) (7.19E-02) (1.05E-01) (1.44E-01) (3.22E-01) (3.72E-01) (4.78E-01)

EAHOI  128.64046  17.34621 8.34E-03  3.69E-02  243E-01  1.24E+00 2.06E+00 2.60E+00 3.22E+00  8.42E+00  1.0SE+01  7.52E+00
(1.48E-03) (1.89E-03) (1.27E-02) (2.51E-02) (4.17E-02) (5.26E-02) (9.83E-02) (5.67E-01) (7.22E-01) (7.63E-01)

EAH02  141.58038 18.67806  3.71E-03  3.13E-03  2.58E-02  1.29E-01  3.01E-01  4.46E-01  6.00E-01 6.08E-01 8.06E-01 5.44E-01
(1.38E-03) (1.20E-03) (2.59E-03) (6.58E-03) (1.52E-02) (2.25E-02) (3.15E-02) (9.61E-02) (6.93E-02) (1.08E-01)

EAHO3  222.06686  17.55165 1.63E-03  1.23E-02  6.33E-02  4.51E-01 1.0IE+00 1.49E+00 1.96E+00  3.08E+00  3.71E+00  3.28E+00
(3.06E-03) (3.28E-03) (5.16E-03) (9.36E-03) (2.08E-02) (3.03E-02) (6.09E-02) (2.79E-01) (4.25E-01) (4.62E-01)

EAHO4  318.50226 0.53511 1.98E-02  7.23E-02  7.33E-01  3.16E+00 5.65E+00 7.71E+00  9.37E+00  1.18E+01 1.41E+01 1.12E+01
(1.65E-03) (2.14E-03) (3.72E-02) (6.35E-02) (1.14E-01) (1.55E-01) (2.83E-01) (7.33E-01) (1.04E+00) (9.08E-01)

EAHO5 184.26012  39.07704 1.04E-03  1.27E-02  6.24E-02  2.80E-01  5.08E-01 6.86E-01  8.41E-01 LLI4E+00  1.26E+00  9.52E-01
(2.40E-03) (3.38E-03) (3.57E-03) (1.41E-02) (2.55E-02) (3.44E-02) (4.29E-02) (1.45E-01) (1.78E-01) (1.93E-01)

EAHO6 116.45627  31.37838  2.59E-03  3.68E-03  3.04E-01  1.57E+00 3.03E+00 4.18E+00 5.29E+00  7.29E+00  9.03E+00  7.65E+00
(4.89E-04) (5.16E-04) (1.57E-02) (7.84E-02) (1.52E-01) (2.09E-01) (2.65E-01) (4.34E-01) (5.71E-01) (5.50E-01)

EAHO7 167.82484  11.55439  9.85E-02  2.63E-01  1.19E+00 5.19E+00 8.54E+00 1.08E+01  1.30E+01  1.79E+01 1.94E+01 1.64E+01
(8.80E-03) (9.57E-03) (6.00E-02) (2.60E-01) (4.27E-01) (5.40E-01) (6.54E-01) (1.05SE+00) (1.27E+00) (1.28E+00)

EAHO8  147.07782 2.50116 7.08E-03  1.08E-01  547E-01  1.I1E+00  1.58E+00 2.05E+00  2.40E+00  2.76E+00  2.78E+00
(2.28E-03) (6.36E-03) (2.75E-02) (5.55E-02) (7.94E-02) (1.04E-01) (2.79E-01) (3.62E-01) (4.43E-01)

EAH09 227.22954  37.55827  7.42E-03  3.76E-02 3.61E-01 1.74E+00 3.22E+00 4.44E+00 5.64E+00 7.27E+00  9.19E+00  6.90E+00
(2.82E-03) (3.36E-03) (1.85E-02) (8.72E-02) (1.61E-01) (2.22E-01) (2.83E-01) (4.25E-01) (5.80E-01) (5.38E-01)

EAHI0 158.42798  21.12799  2.87E-03  141E-02 6.51E-02  2.79E-01  4.94E-01  6.17E-01  7.71E-01  230E+00  3.49E+00  3.03E+00
(5.14E-04) (7.24E-04) (1.89E-03) (1.51E-03) (2.23E-03) (3.07E-03) (7.09E-03) (2.82E-01) (4.46E-01) (5.21E-01)

EAHI1  166.41962 5.99841 3.39E-03  1.52E-02  1.96E-01  1.08E+00 2.07E+00 2.85E+00 3.53E+00  4.37E+00  4.97E+00  4.44E+00
(3.16E-03) (3.80E-03) (1.03E-02) (5.41E-02) (1.04E-01) (1.42E-01) (1.77E-01) (2.83E-01) (2.84E-01) (2.48E-01)

EAH12 223.77269  13.28101 7.95E-03  6.02E-02  348E-01  7.16E-01  1.03E+00 1.32E+00 1.69E+00  1.87E+00  1.74E+00
(1.03E-03) (3.60E-03) (1.75E-02) (3.59E-02) (5.18E-02) (6.67E-02) (9.50E-02) (2.30E-01) (1.37E-01)

EAHI13 15550328  22.16318 1.99E-02  5.26E-02  2.56E-01  1.03E+00  1.89E+00 244E+00 3.02E+00 3.98E+00  5.78E+00  4.75E+00
(3.48E-03) (3.62E-03) (1.34E-02) (2.09E-02) (3.82E-02) (4.94E-02) (9.19E-02) (2.97E-01) (4.51E-01) (4.52E-01)

EAHI4 178.27686  64.29903  3.65E-03  1.98E-02  991E-02  441E-01  743E-01 9.64E-01  1.14E+00  1.88E+00  1.99E+00  2.21E+00
(3.90E-03) (4.78E-03) (5.44E-03) (9.01E-03) (1.51E-02) (1.96E-02) (3.51E-02) (2.33E-01) (3.33E-01) (3.93E-01)

EAHI15  163.08520 5.82822 1.46E-02  6.10E-02  3.78E-01  1.71E+00 3.07E+00 4.14E+00 4.97E+00  8.31E+00  1.13E+01  7.83E+00
(1.88E-03) (2.48E-03) (1.93E-02) (3.45E-02) (6.19E-02) (8.34E-02) (1.50E-01) (5.70E-01) (8.02E-01) (7.76E-01)

EAH16 141.74037  42.52684 1.97E-02  6.49E-02  224E-01  6.75E-01  1.14E+00 1.46E+00 1.79E+00  2.54E+00  3.34E+00  3.16E+00
(1.25E-03) (1.95E-03) (1.17E-02) (1.37E-02) (2.31E-02) (2.96E-02) (5.48E-02) (2.51E-01) (4.28E-01) (4.26E-01)

EAH17 191.21539  -1.75990  4.35E-03  8.52E-03  7.68E-02  3.63E-01  7.25E-01  1.02E+00 1.31E+00  1.47E+00  1.86E+00  1.41E+00
(2.71E-03) (2.59E-03) (5.08E-03) (7.50E-03) (1.48E-02) (2.09E-02) (4.16E-02) (1.39E-01) (1.65E-01) (2.02E-01)

EAHI8 24525338  21.16836  8.73E-03  4.26E-02  6.43E-01  3.02E+00 5.62E+00 7.51E+00 9.01E+00  1.34E+01 1.94E+01 1.28E+01
(3.85E-03) (3.63E-03) (3.27E-02) (1.51E-01) (2.81E-01) (3.76E-01) (4.51E-01) (9.00E-01) (1.45E+00) (1.11E+00)

EASOl  11.24684 -8.88968 1.23E-02  1.02E-01  153E+00 6.67E+00 1.I8E+01 1.58E+01 1.93E+01  2.59E+01  3.16E+01  2.47E+01
(1.74E-03) (3.33E-03) (7.71E-02) (1.34E-01) (2.36E-01) (3.18E-01) (5.80E-01) (1.43E+00) (1.77E+00) (1.67E+00)

EAS02  49.22881 -0.04198 6.23E-03  3.49E-02  441E-01  2.01E+00 3.89E+00 545E+00 6.99E+00  7.72E+00  9.43E+00  8.54E+00

Table 2 continued
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LIET AL.
Table 2 (continued)
D RA. Decl. GALEX (mly) SDSS (mly) 2MASS (mlJy)
(J2000 deg) (J2000deg)  FUV NUV u 2 r i z J H Ks
0 ® &) @ ®) © ) ® © (10) an (2 a3
(1.57E-03) (1.54E-03) (2.28E-02) (1.00E-01) (1.95E-01) (2.73E-01) (3.51E-01) (5.34E-01) (7.82E-01) (8.26E-01)
EAS03  117.80962 34.41820 1.09E-02 9.09E-03 1.36E-01 8.93E-01 1.91E+00  2.79E+00  3.58E+00  4.65E+00 5.31E+00 5.09E+00
(3.68E-03) (2.12E-03) (7.66E-03) (4.47E-02) (9.57E-02) (1.40E-01) (1.80E-01) (3.16E-01) (4.10E-01) (4.45E-01)
EAS04  126.75582 21.70678 2.14E-02 1.55E-01 1.56E+00  5.88E+00  1.00E+01 1.34E+01 1.66E+01 2.36E+01 2.71E+01 2.39E+01
(2.14E-03) (4.50E-03) (7.84E-02) (1.18E-01) (2.02E-01) (2.69E-01) (5.01E-01) (1.27E+00) (1.57E+00) (1.40E+00)
EAS05  146.11234 4.49912 1.52E-02 4.71E-02 2.96E-01 1.39E+00  2.62E+00 3.68E+00 4.78E+00  6.17E+00 7.59E+00 5.56E+00
(1.73E-03) (2.00E-03) (1.54E-02) (6.94E-02) (1.31E-01) (1.84E-01) (2.40E-01) (4.43E-01) (5.55E-01) (6.13E-01)
EAS06  159.48898 46.24451 5.55E-04 1.72E-02  2.18E-01 1.I8E+00  2.56E+00  3.81E+00 5.03E+00  6.74E+00  8.13E+00  7.34E+00
(2.65E-03) (4.05E-03) (1.17E-02) (2.39E-02) (5.15E-02) (7.68E-02) (1.52E-01) (4.22E-01) (6.28E-01) (5.47E-01)
EAS07  169.78174 58.05397 2.49E-02 1.17E-01 9.60E-01 4.08E+00  7.24E+00 9.81E+00  1.18E+01 1.59E+01 1.95E+01 1.67E+01
(2.01E-03) (3.47E-03) (6.27E-03) (8.26E-03) (1.33E-02) (1.80E-02) (3.25E-02) (5.40E-01) (1.00E+00) (8.14E-01)
EAS08  189.90020 12.43889 2.77E-02 7.96E-02 7.05E-01 2.88E+00  5.48E+00 7.47E+00  9.30E+00 1.36E+01 1.33E+01 1.12E+01
(2.35E-03) (2.67E-03) (3.61E-02) (5.80E-02) (1.10E-01) (1.50E-01) (2.81E-01) (7.85E-01) (9.38E-01) (8.45E-01)
EAS09  191.61182 50.79206 1.88E-02 5.76E-02 8.32E-01 4.18E+00  7.86E+00  1.10E+01 1.38E+01 1.95E+01 2.58E+01 1.96E+01
(2.82E-03) (3.53E-03) (4.21E-02) (8.41E-02) (1.58E-01) (2.21E-01) (4.15E-01) (1.08E+00) (1.46E+00) (1.27E+00)
EAS10  196.35760 53.59176 1.82E-02 6.65E-02 8.05E-01 3.53E+00  6.17E+00  8.02E+00  9.36E+00 1.29E+01 1.57E+01 1.22E+01
(4.35E-03) (4.53E-03) (5.72E-02) (1.90E-01) (3.32E-01) (4.32E-01) (5.46E-01) (7.36E-01) (9.58E-01) (8.55E-01)
EAS11 24258536 41.85488 6.47E-03 9.41E-02 1.15E+00  4.90E+00  8.69E+00  1.15E+01 1.38E+01 1.77E+01 2.66E+01 2.06E+01
(3.34E-03) (4.68E-03) (5.81E-02) (2.45E-01) (4.35E-01) (5.74E-01) (6.91E-01) (1.07E+00) (1.62E+00) (1.36E+00)
EASI12 24337578 51.05988 1.39E-01 2.46E-01 6.27E-01 1.72E400  2.19E+00  2.54E+00 2.79E+00  2.46E+00  2.30E+00  2.02E+00
(7.69E-03) (6.60E-03) (3.23E-02) (8.62E-02) (1.10E-01) (1.28E-01) (1.41E-01) (2.66E-01) (3.69E-01) (4.27E-01)
EASI3  246.76067 43.47609 1.85E-02 5.67E-02 5.44E-01 2.82E+00  5.76E+00  8.10E+00  1.03E+01 1.38E+01 1.63E+01 1.45E+01
(5.61E-03) (5.76E-03) (3.90E-02) (1.52E-01) (3.10E-01) (4.37E-01) (6.02E-01) (8.56E-01) (1.13E+00) (1.17E+00)
EAS14  316.28613 -5.39983 4.21E-03 2.06E-02 2.75E-01 1.58E+00  3.51E+00 5.14E+00 6.75E+00  8.19E+00 9.86E+00 8.66E+00
(3.59E-03) (3.51E-03) (1.54E-02) (3.19E-02) (7.07E-02) (1.04E-01) (2.05E-01) (5.27E-01) (7.62E-01) (7.51E-01)
EASI5  343.77832 0.97776 2.76E-02 6.67E-02 5.01E-01 1.97E+00  3.91E+00  5.55E+00  7.10E+00 1.52E+01 1.57E+01 1.35E+01
(6.65E-03) (5.97E-03) (2.57E-02) (3.98E-02) (7.86E-02) (1.12E-01) (2.15E-01) (1.04E+00) (1.25E+00) (1.32E+00)
F34 135.03564  20.84439 3.75E-03 1.33E-02 1.26E-01 5.36E-01 9.64E-01 1.31E+00  1.56E+00  1.69E+00  2.49E+00  2.70E+00
(4.76E-04) (6.20E-04) (9.44E-03) (2.90E-02) (5.20E-02) (7.08E-02) (9.19E-02) (2.16E-01) (2.89E-01) (3.40E-01)
F35 155.00089 8.22606 1.63E-03 9.79E-03 1.08E-01 6.69E-01 1.50E+00  2.35E+00  3.29E+00  4.45E+00 4.94E+00 3.91E+00
(2.05E-03) (2.80E-03) (6.43E-03) (1.37E-02) (3.04E-02) (4.77E-02) (1.01E-01) (3.99E-01) (5.74E-01) (6.05E-01)
F36 178.10641 -1.26746 1.30E-03 1.11E-02 8.27E-02 4.20E-01 7.80E-01 1.28E+00  1.38E+00 1.89E+00 2.35E+00 2.33E+00
(491E-04) (7.01E-04) (4.59E-03) (8.58E-03) (1.58E-02) (2.60E-02) (4.26E-02) (1.80E-01) (2.31E-01) (1.64E-01)
F37 24525339 21.16836 6.61E-04  476E-02  6.43E-01 3.02E+00 5.62E+00 7.51E+00 9.01E+00  1.34E+01 1.94E+01 1.28E+01
(2.71E-03) (3.90E-03) (3.27E-02) (6.08E-02) (I1.13E-01) (1.51E-01) (2.72E-01) (9.00E-01) (1.45E+00) (1.11E+00)
Al 183.87215 13.73560 5.12E-03 1.80E-02 6.83E-02 1.90E-01 3.44E-01 5.05E-01 6.03E-01 3.84E-01 7.01E-01 8.88E-01
(9.14E-04) (1.07E-03) (5.09E-03) (4.19E-03) (7.36E-03) (1.07E-02) (2.11E-02) (6.24E-02) (1.68E-01) (1.28E-0l)
A2 185.90395 8.73016 2.09E-02 2.81E-02 1.07E-01 3.02E-01 5.09E-01 7.39E-01 8.85E-01 7.28E-01 7.51E-01 9.84E-01
(2.37E-03) (2.01E-03) (8.22E-03) (6.67E-03) (1.10E-02) (1.61E-02) (3.37E-02) (9.37E-02) (1.36E-01) (1.89E-01)
A3 188.27840  62.26692 8.29E-03 1.76E-02  7.37E-02  2.82E-01 6.79E-01 1.03E+00  1.37E+00  1.73E+00 1.74E+00  2.21E+00
(1.37E-03) (1.09E-03) (5.09E-03) (5.99E-03) (1.40E-02) (2.14E-02) (4.56E-02) (2.45E-01) (3.71E-01) (3.73E-01)
A4 197.36469 30.17020 5.79E-02 1.22E-01 2.26E-01 5.65E-01 8.82E-01 1.11E+00  1.25E+00  2.02E+00 2.32E+00 2.54E+00
(8.83E-03) (7.65E-03) (1.17E-02) (1.15E-02) (1.79E-02) (2.25E-02) (3.85E-02) (2.22E-01) (3.07E-01) (3.49E-01)
AS 198.76463 24.61884 1.39E-02 1.61E-01 2.00E+00 8.59E+00 1.62E+01 225E+01  2.76E+01 3.78E+01 4.86E+01 3.86E+01
(3.31E-03) (6.55E-03) (1.02E-01) (1.73E-01) (3.27E-01) (4.51E-01) (8.30E-01) (1.99E+00) (2.59E+00) (2.17E+00)
A6 200.09401 32.78479 3.02E-03 1.16E-02 5.25E-02 1.86E-01 3.29E-01 5.06E-01 5.85E-01 7.00E-01 7.07E-01 8.45E-01
(2.48E-03) (2.86E-03) (3.87E-03) (4.00E-03) (6.94E-03) (1.06E-02) (2.00E-02) (9.44E-02) (8.81E-02) (1.78E-01)
A7 200.74947 27.11643 1.81E-01 3.34E-01 1.44E+00  6.68E+00  1.22E+01 1.66E+01  2.02E+01 2.45E+01 2.89E+01 241E+01
(1.01E-02) (9.12E-03) (7.25E-02) (1.34E-01) (2.44E-01) (3.33E-01) (6.07E-01) (1.39E+00) (1.82E+00) (1.55E+00)
A8 203.56174 34.19415 7.41E-03 4.05E-02 3.75E-01 1.61E+00  3.23E+00 4.68E+00  6.07E+00  8.40E+00 9.55E+00 8.32E+00
(3.58E-03) (4.53E-03) (2.00E-02) (3.27E-02) (6.51E-02) (9.46E-02) (1.85E-01) (5.82E-01) (7.85E-01) (7.09E-01)
A9 212.76057 2551935 1.79E-02 7.28E-02 6.89E-01 1.96E+00  4.36E+00  6.32E+00  9.69E+00 1.41E+01 1.89E+01 1.57E+01
(7.59E-03) (8.04E-03) (3.49E-02) (3.96E-02) (8.79E-02) (1.27E-01) (2.92E-01) (8.27E-01) (1.16E+00) (1.03E+00)
Al0 213.29910 -0.39937 9.76E-03 1.58E-02  3.65E-02 1.44E-01 3.02E-01 4.63E-01 6.19E-01 6.07E-01 4.44E-01 6.67E-01
(8.46E-04) (1.09E-03) (3.11E-03) (3.20E-03) (6.44E-03) (9.84E-03) (2.23E-02) (1.36E-01) (1.01E-01) (2.38E-01)
All 232.70238 55.32884 2.25E-03 1.20E-02 9.41E-02 4.26E-01 8.03E-01 1.12E+00  1.38E+00 1.99E+00 2.14E+00 2.13E+00
(2.54E-03) (3.15E-03) (5.71E-03) (8.75E-03) (1.64E-02) (2.27E-02) (4.31E-02) (2.13E-01) (2.77E-01) (3.37E-0l)
Al2 237.80305 14.69640 2.43E-02 5.43E-02 3.92E-01 1.73E+00  3.05E+00  4.12E+00 5.09E+00  5.78E+00 6.98E+00 6.20E+00
(4.88E-03) (4.83E-03) (2.02E-02) (3.48E-02) (6.15E-02) (8.30E-02) (1.54E-01) (4.51E-01) (6.32E-01) (6.25E-01)

Table 2 continued
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Table 2 (continued)

1D R.A. Decl. GALEX (mly) SDSS (mJy) 2MASS (mJy)

(J2000 deg) (J2000deg) ~ FUV NUV u ¢ r i z J H Ks
(1) (2) (3) ) (5) (6) (7) (8) %) (10) (11) (12) (13)

Note. (1) Object ID. R1-R11 are from Rowlands et al. (2015); EAHO1-EAH18, EASO1-EAS15 and F34-F37 are from French et al. (2018a),
and A1-A12 are from Alatalo et al. (2016a). (2)-(3) Right ascension and declination. (4)-(5) GALEX fluxes. (6)-(10) SDSS fluxes. (11)-(13)
2MASS fluxes. All fluxes are given in mJy. The total flux uncertainties, which correspond to 68% confidence levels, are given in parentheses
when available. No correction for extinction has been applied.

Table 3. Archival MIR-FIR Photometry

ID WISE (mly) Herschel-PACS (mly) Herschel-SPIRE (mly)
W1(3.6pum)  W2(4.5um)  W3(12pum)  W4(22um) 70pm 100pm 160m 250pm 350pm 500pm
) 2 3) “ (5) (6) @) ®) [©)) (10) an
R1 3.71E+00 2.93E+00 3.00E+01 1.62E+02 1.15E+03 1.24E+03 9.70E+02 3.90E+02 1.68E+02 6.09E+01
(2.39E-02) (2.70E-02)  (1.66E-01)  (1.79E+00) (2.33E+01) (3.35E+01) (3.16E+01) (1.49E+01) (1.96E+01)  (1.72E+01)
R2 7.79E+00 6.23E+00 5.35E+01 2.30E+02 3.58E+03 3.76E+03 2.58E+03 9.10E+02 3.21E+02 1.05E+02
(4.30E-02) (4.01E-02)  (2.95E-01) (1.48E+00) (5.64E+01) (8.14E+01) (6.16E+01) (1.94E+01) (1.65E+01)  (1.88E+01)
R3 4.57TE+00 3.56E+00 2.62E+01 1.60E+02 8.42E+02 8.13E+02 5.62E+02 2.02E+02 8.71E+01
(2.94E-02) (2.94E-02)  (1.93E-01)  (3.24E+00) (2.09E+01) (2.63E+01) (4.23E+01) (1.78E+01) (1.88E+01)
R4 6.61E+00 4.66E+00 3.54E+01 8.19E+01 1.52E+03 1.96E+03 2.01E+03 8.16E+02 3.48E+02 1.31E+02
(3.65E-02) (3.00E-02)  (1.95E-01)  (9.79E-01)  (3.41E+01) (4.79E+01) (5.62E+01) (1.59E+01) (1.86E+01)  (1.93E+01)
R5 3.38E+00 2.99E+00 3.78E+01 1.81E+02 1.15E+03 1.28E+03 1.01E+03 4.13E+02 1.67E+02 5.25E+01
(2.18E-02) (2.48E-02)  (243E-01) (2.16E+00) (1.85E+01) (3.15E+01) (3.98E+01) (1.40E+01) (1.31E+01)  (1.20E+01)
R6 3.40E+00 2.18E+00 1.05E+01 2.76E+01 4.11E+02 5.46E+02 6.01E+02
(1.88E-02) (1.60E-02)  (8.72E-02)  (9.41E-01)  (1.22E+01) (1.79E+01)  (2.90E+01)
R7 1.78E+00 1.14E+00 7.57E+00 1.57E+01 1.80E+02 2.51E+02 2.07E+02 9.29E+01 2.67E+01
(3.93E-02) (2.93E-02)  (2.30E-01)  (1.18E+00) (5.28E+00) (1.20E+01) (2.41E+01) (8.90E+00)  (8.10E+00)
R9 1.39E+00 8.31E-01 3.29E+00 5.25E+00 1.49E+02 2.58E+02 3.10E+02
(8.96E-03) (9.94E-03)  (3.63E-02)  (4.49E-01) (7.44E+00) (1.28E+01) (1.80E+01)
R10 2.74E+00 1.92E+00 1.09E+01 2.33E+01 7.44E+02 1.01E+03 9.57E+02 4.06E+02 1.57E+02 6.07E+01
(1.51E-02) (2.12E-02)  (9.04E-02)  (9.87E-01)  (2.02E+01) (2.96E+01) (4.46E+01) (1.29E+01) (1.38E+01)  (1.31E+01)
F34 1.03E+00 6.20E-01 1.30E+00 4.05E+00 3.33E+01 5.93E+01 4.21E+01
(6.64E-02) (420E-02)  (1.72E-01)  (1.22E+00) (1.11E+01) (1.06E+01)  (9.85E+00)
F35 1.88E+00 1.45E+00 1.41E+01 1.98E+02 6.17E+03 5.59E+03 3.12E+03 1.20E+03 4.70E+02 1.70E+02
(1.30E-01) (9.98E-02)  (9.55E-01)  (1.42E+01) (4.40E+02) (4.03E+02) (2.24E+02) (8.61E+01) (3.54E+01)  (1.70E+01)
F36 1.34E+00 8.88E-01 3.57E+00 1.34E+01 9.37E+01 6.09E+01 5.03E+01
(8.61E-02) (5.90E-02)  (2.68E-01)  (1.52E+00) (6.01E+01)  (1.56E+01)  (1.52E+01)
F37 4.71E+00 2.61E+00 1.95E+00 4.39E+00 5.90E+01 7.77E+01 6.48E+01
(2.84E-01) (1.58E-01)  (1.44E-01)  (8.73E-01)  (6.37E+00) (1.07E+01)  (1.27E+01)
Al 4.02E-01 3.34E-01 1.95E+00 7.02E+00 7.48E+01 8.46E+01 4.84E+01
(2.66E-02) (2.50E-02)  (1.83E-01)  (1.19E+00) (1.33E+01)  (2.77E+01)  (1.52E+01)
A2 4.48E-01 3.07E-01 1.91E+00 3.20E+00 7.60E+01 1.47E+02 7.39E+01
(2.98E-02) (2.37E-02)  (1.89E-01)  (1.10E+00) (1.52E+01)  (2.88E+01)  (1.27E+01)
A3 9.19E-01 7.44E-01 2.18E+00 6.41E+00 1.31E+02 5.86E+01 3.41E+01
(5.91E-02) (4.83E-02)  (1.82E-01)  (1.07E+00) (1.35E+01)  (1.1SE+01)  (7.68E+00)
A4 1.23E+00 9.71E-01 6.23E+00 1.74E+01 1.04E+02 8.53E+01 6.35E+01
(7.87E-02) (6.27E-02)  (4.07E-01)  (1.37E+00) (1.38E+01)  (1.67E+01)  (1.48E+01)
AS 1.70E+01 1.03E+01 4.16E+01 5.78E+02 1.97E+04 1.81E+04 1.05E+04 4.15E+03 1.69E+03 5.90E+02
(1.02E+00)  (6.23E-01)  (2.51E+00) (3.48E+01) (1.41E+03) (1.31E+03) (7.55E+02) (2.94E+02) (1.21E+02) (4.77E+01)

Table 3 continued
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Table 3 (continued)
ID WISE (mly) Herschel-PACS (mly) Herschel-SPIRE (mlJy)
W1@3.6pm)  W2(4.5um)  W3(12pum)  W4(22pm) 70pm 100em 160pm 250pm 350pm 500p4m
) 2 (€) “ (&) 6 @) ®) (&) 10) (1)
A6 5.35E-01 4.33E-01 4.72E+00 1.92E+01 8.94E+01 7.48E+01 4.55E+01
(347E-02)  (297E-02)  (3.27E-01)  (1.50E+00) (1.52E+01)  (L.79E+01)  (1.52E+01)
A7 1.04E+01 5.90E+00 1.28E+01 1.24E+01 2.81E+02 1.31E+02 5.22E+01
(6.27E-01) (3.56E-01)  (7.90E-01)  (1.36E+00) (2.35E+01)  (1.58E+01)  (1.24E+01)
A8 2.42E+00 1.37E+00 2.65E+00 5.29E+00 1.33E+02 7.80E+01 3.63E+01
(1.46E-01) (8.31E-02) (1.77E-01) (9.91E-01) (1.72E+01)  (1.47E+01)  (1.23E+01)
A9 6.61E+00 4.28E+00 1.37E+01 4.19E+01 2.34E+03 2.24E+03 8.95E+02 3.39E+02 1.08E+02
(3.98E-01) (2.59E-01)  (8.28E-01)  (2.71E+00)  (1.67E+02) (1.64E+02)  (6.33E+01)  (2.53E+01)  (1.06E+01)
Al10 5.48E-01 5.28E-01 2.43E+00 3.32E+00 8.40E+01 9.99E+01 7.03E+01 3.44E+01 3.65E+01
(3.58E-02) (3.67E-02)  (1.95E-01)  (9.26E-01) (1.29E+01)  (3.55E+01)  (1.11E+01) (1.12E+01)  (1.18E+01)
All 1.01E+00 8.11E-01 2.23E+00 6.72E+00 4.24E+401 4.15E+401 3.40E+01
(6.49E-02) (5.21E-02) (1.58E-01) (7.53E-01)  (7.20E+00)  (1.27E+01) (1.02E+01)
Al2 3.08E+00 1.80E+00 2.81E+00 7.86E+00 3.03E+01 5.37E+01 8.29E+01 6.19E+01 4.45E+01 3.13E+01
(1.86E-01) (1.14E-01) ~ (2.29E-01)  (3.10E+00)  (6.83E+00) (1.01E+01) (1.74E+01) (9.81E+00) (1.04E+01)  (9.17E+00)

Note. (1) Object ID. R1-R11 are from Rowlands et al. (2015); EAHOI-EAH18, EASO1-EAS15 and F34-F37 are from French et al. (2018a), and A1-A12 are
from Alatalo et al. (2016a). (2)-(5) WISE fluxes. (6)-(11) Herschel fluxes. All fluxes are given in mJy. The total flux uncertainties, which correspond to 68%
confidence levels, are given in parentheses when available. The data of EAS/EAH sources are presented in Smercina et al. (2018). No correction for extinction
has been applied.

Table 4. Galaxy Properties

1D rs0 log M, log Maust  log Maust/M log Mgas SFRuncor SFR o
(arcsec) (Mg) (Mg) (Mg) (Mg yr™) (Mg yr™ 1)
1 2 (3) “ ) (6) )] ()

R1 208 9.82%02% 7494007 2334023 <8.50 6744005  6.5540.06
R2 377 1063799%  7.8540.02  -278+0.15 971004 9254005  8.9740.06
R3 141 9.637005  6.89+0.13 2744018  8.61£0.14 642004  5.95+0.06
R4 490 1028F917 7.65+0.11  -2.6340.19  9.80+0.04  1.9440.02  2.17+0.02
RS 195 983010 7.394005 2444010 9794002 3.15£0.02  2.71£0.03
R6 415 10447099 7684014 2764016  9.58+0.05 2474002  1.86+0.02
R7 192 10161009 7.024£0.11 3142014 9.5640.07  1.05£0.01 092001
R9 290 10281005 7.60£0.10  -2.68+£0.13  9.66:£0.04  042£0.01  0.3940.01
R10 472 1021%080 7584006 -2.63£0.11 9452005 098001  1.01£0.01
EAHOl 209 10457012 7584002  -2.8740.12 9714006  0.06+0.01  0.01+0.01
EAHO2 171 10397070 6644002  -375+0.11 9534009  0.03+£0.01  0.010.01
EAHO3 317 10347070 751+£002 283011  9.80£0.05  0.020.01 < 0.003
EAHO4 298  10.18T00¢ 6324012  -386+0.16  856+0.09  0.07£0.01  0.0240.01
EAHO5 142 108170715 7544002 3274014  9.56+0.09  0.06+0.01  0.0420.01
EAHO6 193 10127918 67540.10  -3.3740.15 <9.00 0.3740.04

EAHO7 369 9887019  675+0.10  -3.13+0.13 <8.62 0.2240.02

EAHO8 167 10077077  8.02+0.12  -205+0.16  9.15£0.15  0.042£0.01
EAH09 181 11017071 6524011  -449+016  850+0.13  0.06£0.01  0.01£0.01
EAHI0 122 1024730% 7724008 2524013  9.86+0.12  0.04£0.03  0.01£0.01
EAHIl  1.09 10647000  633+0.15  -4.3140.18 <9.19 0.1740.02

EAHI2 096 9897072  640+003  -3.4940.11 <9.42 0.18£0.03  0.05£0.02

Table 4 continued
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Table 4 (continued)
1D rs0 log M, log Maust  log Maust/M log Mgas SFRuncor SFR¢or
(arcsec) (Mg) (Mg) (M@) (Mo yr™)  (Mgyr™h

) 2 3) “) ®) ©) Q)] ®)
EAHI3 150 11007013  7.64+0.19  -336+£022  9.89+£0.08  0.62+0.14
EAHI4 118 10.04707% 596024  -4.08+027 <9.25 0.10+£0.01  0.01£0.01
EAHI5 152 1040797% 6444022  -3.96+025 <9.04 0.06£0.01  0.01£0.01
EAHI6 137 10747092 6944046  -3.80+047 <9.79 0.5140.09
EAHI7 149 100573710  6.80+032  -3.25+0.34 <9.01 0.05£0.01  0.02:£0.01
EAHI8 333 10387072 578+0.18  -4.60+021  8.68+0.15  0.0320.01 < 0.001
EASOL 439 10247972 5324010  -4.9240.15 <8.40 0.01£0.01 < 0.0004
EAS02 372 10377310 6274014 4104017  871+0.13  0.03£001  0.01£0.01
EASO3 234 103470700 7204014  -3.14£017  9.76+£0.06  0.17£0.02  0.0240.01
EASO4 312 9997010 543+0.16  -4.56+0.19 <774 0.0140.01
EASOS 274 11337070 7.09+£0.10  -424£0.14  9.09£0.14  0.11£0.02  0.0440.01
EAS06 291 10147002 6.61+£008  -3.53+0.12  9.23+004  0.06£0.01  0.0320.01
EAS07 234 10547072 590+£1.04  -4.64+1.05 8.64 0.0440.02 < 0.01
EASO8 425 10677015 6414088  -4.26+0.89 <8.60 0.0540.03 < 0.01
EAS09 327 10567010  6.88+0.03  -3.68+0.11  9.1240.06  0.04£0.01  0.0140.01
EASI0O 203 10537012 5644003  -4.89+0.11 <8.79 0.0240.01
EASIL 304 107170715 659012 -4.12+0.18 <8.84 0.08+0.02  0.0240.01
EASI2 639 10807979 733+0.17 3474020  854+0.14  0.03+0.01
EASI3 380 10957019 7504033  -3.45+034 <9.12 0.0940.02 < 0.02
EASI4 372 11317977 7494024 3824026 9.70£0.09  0.41£0.07
EASIS 282 10837000 688021  -3.954023  9.08+0.14  0.1740.05 < 0.07
F34 177 10207312 840+0.08  -1.80+0.14  9.83+0.15  0.034£0.01  0.01£0.01
F35 273 10647000 8184006  -2.46£0.11  9.80+£0.15  0.08£0.01  0.04%0.01
F36 L1 10287918 7334024 -2954027  9.3240.15  0.6140.13
F37 333 10381015 62642024 412026 8.82+0.15  0.03=£0.01 < 0.001
Al 218 10641000 7.86£032 278033 9.57+£0.15  3.89£0.09  0.5140.21
A2 538 9981035 7894026 2094051  9.59+£0.15  035+£001  0.3630.01
A3 270 11301010 8894019 241021  10.06£0.15  1425+£0.44  3.19+0.54
A4 L1 10797398 8474018 2324019  9.86+0.15  27.71£0.90  12.04£1.29
AS 641 10191097 8.074£0.04 2124010 9404008  0.13£0.01  0.0240.01
A6 177 10341000 7994013 -2354£0.16  9.63£0.15  7.04£0.08  6.17+0.12
A7 741 10801019 7.8240.14 2984018  9.554+0.15  0.19£0.01  0.05+0.01
A8 543 10151019 7564021 2594023 9434015 0.1440.01  0.0540.01
A9 440 10597010 7804002 2794010  9.54+0.15  1.13+£0.02  0.6140.03
Al10 262 106510710 8.19£0.19  -246£021  9.73£0.15  1.04£0.03  0.7840.05
All 151 10007077  8.19+£0.19  -1.81+£022  9.01£0.11  0.19£0.01  0.04£0.01
Al2 266 1051791% 7684030  -2.83+£032  8.86+£0.06 0224001  0.054+0.01

Note. (1) Object ID. (2) Petrosian radius from SDSS 14th Data Release (DR14, Abolfathi et al. 2018; containing 50%
light). (3) Stellar masses from the SDSS MPA-JHU (Brinchmann et al. 2004; Tremonti et al. 2004) catalog. (4) CIGALE-
derived dust masses. (5) Specific dust masses. (6) Molecular gas masses from French et al. (2015), Alatalo et al. (2016b),
or converted from dust masses if no CO measurement is available (with an estimated uncertainty of 0.15 dex). (7) Star
formation rates derived from Ha fluxes from the MPA-JHU catalog (corrected for internal dust extinction). (8) Star

formation rates corrected for AGN contribution.
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APPENDIX

A. MINIMAL HERSCHEL DATA REQUIRED FOR RELIABLE M,

According to Draine & Li (2007), determining the position of the FIR SED peak is crucial for obtaining a reliable Mg, ;. Here
we determine the fewest and best bands for fitting the SEDs of our sample. We perform SED fitting tests using 12 EAH/EAS PSBs
(i.e., EAHO1-07, EAH09-10, EAS05-06, and EAS09) that have archival fluxes in all six Herschel bands and that are best fit by the
model at 70 and 100pm. Then, we remove different sets of bands, refit the SEDs of these galaxies, and compare the derived Mgyt
with those derived from fitting all six Herschel bands. As shown in Figure 9, 70pum+100pm+160pm or 250pm+350m+500m
bands are enough to derive reliable Myg,, while outliers exist where only 70m+100gm or 250;:m+350um bands are used'®.
To be conservative, we remove all the PSBs with <3 Herschel bands and include only those 58 PSBs with at least three Herschel
measurements in our analysis in this paper.

B. EFFECT OF INCLUDING UV AND OPTICAL DATA ON M gst

We also test the effects of fitting the SEDs for 33 PSBs (i.e., EAHO01-18 and EAS01-15) from the UV to FIR using CIGALE, as
we do in this paper, compared to only fitting with MIR-FIR data on Myys¢. As shown in Figure 10, M4yg is very robust whether
or not we use UV and optical data in our fitting. This is expected, as Mqyst 1s basically determined by the position and height of
the IR peak.

C. Mgaust COMPARISON WITH SMERCINA ET AL. (2018)

Smercina et al. (2018) derive Mgyt for 33 PSBs (i.e., EAHO1-18 and EASO1-15) by performing SED fitting using the DL0O7
model and a T = 5000 K blackbody stellar model. To compare our results with theirs, we combine the WISE and Herschel fluxes
from Smercina et al. (2018) with our UV-optical fluxes and perform SED fitting using CIGALE. As shown in Figure 11, when
the error bars are taken into account, the My, s are consistent'’ in almost all cases: 32/33 PSBs have -0.5 Mg < Alog Maust
< 0.25 Mg, with on average Alog Myyust = -0.04f8:83 M. The small differences in Mg, and its error bars arise mostly from
differences in our model assumptions and in our definitions of 2.

D. EFFECT OF BURST AGES ON Mt

We find a discrepancy between the (post-)burst ages derived from CIGALE and French et al. (2018a), who perform age-
dating by combining GALEX photometry, SDSS photometry, and SDSS spectra. We have tested two types of age .. priors for
CIGALE: one is the full range described in Table 1, the other is restricted to the 2-o value ranges provided in French et al. (2018a)
for our total sample of 58 PSBs. As shown in Figure 12a, even provided with a full range of priors, the average of the (post-)burst
ages from CIGALE is still higher than that from French et al. (2018a) (0.55 versus 0.30 Gyr), with a larger standard deviation
(0.59 versus 0.20 Gyr). Having excluded all other possible factors that may contribute to such discrepancy (models, priors, and
photometric data), we conclude that it is the inclusion of optical spectral information that causes the difference. As illustrated in
Figure 12b, for a subsample of PSBs in French et al. (2018a), the (post-)burst ages derived by fitting with only photometry (y-
axis) are systematically higher and have larger scatter than those derived by fitting photometry and spectral lines together (x-axis)
using the age-dating method in French et al. (2018a). This age discrepancy almost has no impact on Mg,s;, however, as shown
in Figure 12c. The decreasing trend of Mqysy VErsus agepost—)burst 1S also not notably affected. The age-dating from French
et al. (2018a) is likely more accurate, so we adopt the French et al. (2018a) PSB ages throughout this paper when considering the
evolution of PSB properties.

E. SED FITS OF ALL 58 PSBS IN OUR SAMPLE

Here we present all 58 SED fits of our sample, eight of which are already presented in Figure 1.

16 1f we loosen our criterion to <2 Herschel bands, 18 additional PSBs could be included, the majority of which have 70m+100gm or 250m+350m bands.
As our tests show that 70pm+100pm or 250pm+3501m bands are not enough to yield a reliable Mgy, we decide not to include them in our sample.

17 The log Mgyt for EAHO3 in Smercina et al. (2018) should be 7.55 Mg, instead of 8.70 M. We thank A. Smercina and D. A. Dale for their help in
identifying this problem.
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Mgust’s are consistent in almost all cases.
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Best model for R1 at z = 0.039. Reduced x2=1.61

Best model for R2 at z = 0.036. Reduced x?=1.79

Best model for R4 at z = 0.029. Reduced x2=1.38
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Figure 13a. All 58 SED fits of our sample derived from CIGALE (eight of them are already presented in Figure 1).
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Best model for EAHO6 at z = 0.044. Reduced x2=3.76
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Best model for EAHO7 at z = 0.038. Reduced x2=1.35

Best model for EAHO8 at z = 0.06. Reduced x2=8.2
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Figure 13b. Continued.
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Best model for EASO5 at z = 0.047. Reduced x2=0.87
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Best model for EAS15 at z = 0.053. Reduced y?=1.2
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Best model for F34 at z = 0.061. Reduced x?=0.61

Best model for F36 at z = 0.06. Reduced x2=0.33
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Figure 13d. Continued. The worst fit here, AS, is particularly extended (750 = 16 arcsec) and dusty.
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Figure 13e. Continued.
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