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contribution of late-time star formation remain poorly
constrained.

Ideally, one would study the assembly of the red sequence
by modeling the star formation histories of complete samples of
massive galaxies and studying how the incidence and
characteristics of the population vary as a function of cosmic
time. An immense amount of work has been done over the past
several decades to study the star formation histories of
quiescent systems across cosmic time using photometric and
spectroscopic data (e.g., Tinsley & Gunn 1976; Dressler et al.
2004, 2016; Daddi et al. 2005; Gallazzi et al. 2005, 2014;
Pacifici et al. 2016; Belli et al. 2019; Carnall et al. 2019;
Tacchella et al. 2022). However, measuring the high-order
moments of astar formation history, such as timescales and
burst fractions, requires high signal-to-noise ratio continuum
spectroscopy (Suess et al. 2022b). The limiting factor in
performing such modeling has been the availability of
sufficiently deep spectra beyond z 0.5. The largest existing
spectroscopic samples have not prioritized observing the gamut
of quiescent galaxies; the Sloan Digital Sky Survey (SDSS)
luminous red galaxy (LRG; Eisenstein et al. 2001) and BOSS
(Dawson et al. 2013) surveys targeted the reddest quiescent
galaxies, prioritizing pure, uniform samples at the expense of
younger, bluer galaxies with targeting that steeply drops off at
z∼ 0.5, where the post-starburst population beings to emerge
(Wild et al. 2016; Belli et al. 2019). In contrast, the EBOSS
(Dawson et al. 2016) survey poorly sampled the quiescent
population in favor of more accessible emission line sources.
Deeper, more targeted surveys such as LEGA-C (Wu et al.
2018; van der Wel et al. 2021), Carnegie–Spitzer–IMACS
(Dressler et al. 2016), and VANDELS (McLure et al. 2018;
Carnall et al. 2019) have identified samples of ∼thousands of
massive quiescent galaxies at z 0.5, requiring significant
investments on deep fields to reveal spectroscopic information
for small samples.

The next generation of large spectroscopic surveys will
revolutionize the availability of continuum spectroscopy of
massive galaxies. Here we utilize the Dark Energy Spectro-
scopic Instrument (DESI), a robotic, fiber-fed, highly multi-
plexed spectroscopic surveyor that operates on the Mayall 4 m
telescope at Kitt Peak National Observatory (DESI Collabora-
tion et al. 2016a). DESI, which can obtain simultaneous spectra
of almost 5000 objects over an ∼3° field (DESI Collaboration
et al. 2016b; Silber et al. 2023; T. Miller et al. 2023, in
preparation), is currently over a year into a 5 yr survey of
approximately one-third of the sky (DESI Collaboration et al.
2016a) and has already observed more galaxies than the entire
SDSS. The DESI LRG target selection is broader in both color
and faintness relative to surveys like BOSS, and as a result, it is
complete to a higher redshift (z∼ 0.8) and observes the Balmer
break out to z∼ 1.3 (Zhou et al. 2023). Here we show that even
the relatively small (∼20,000 galaxies) but deep Survey
Validation (SV) sample of LRGs within the DESI survey can
be leveraged to identify new and exciting samples of recently
quenched galaxies that push well beyond what previous
surveys have been capable of.

In this letter, we infer the nonparametric star formation
histories of LRGs in the DESI SV sample (DESI Collaboration
et al. 2023, in preparation) and use them to study the growth of
the red sequence from recently quenched galaxies. In Section 2,
we describe the parent sample and demonstrate the use of
nonparametric star formation histories to fit the

spectrophotometric data with Prospector (Johnson &
Leja 2017; Leja et al. 2017; Johnson et al. 2021). In
Section 3, we use the results of this fitting to identify recently
quenched galaxies and characterize their evolving number
densities as a function of cosmic time. Finally, in Section 4, we
discuss the implications of these findings for our understanding
of the physical mechanisms that are driving the production of
massive quiescent galaxies through the rapid quenching
channel.
Throughout this letter, we compare our own selection of

“recently quenched galaxies” to literature samples and selection
criteria for post-starburst galaxies. We note that many of these
post-starburst selections do not explicitly require a burst of star
formation, as any dramatic truncation in star formation can
produce an A star–dominated spectral energy distribution
(SED). We assume a concordance ΛCDM cosmology with
ΩΛ= 0.7, Ωm= 0.3, and H0= 70 km s−1 Mpc−1 and quote AB
magnitudes.

2. Data

2.1. The DESI LRG SV Sample

In order to characterize the growth of the population of
quiescent galaxies at intermediate redshifts, this work relies on
the large program of deep spectra that were taken as a part of
the DESI SV LRG sample (Zhou et al. 2020, 2023; DESI
Collaboration et al. 2023, in preparation). The primary
objective of DESI is to determine the nature of dark energy
with precise cosmological measurements (Levi et al. 2013), but
the wealth of spectroscopy provides an excellent sample for
studies of galaxy evolution. The data volume of DESI requires
multiple supporting software pipelines and products used in
this work. Target selection and photometry, which included
forward modeling of the differential effect of the point-spread
function across bands, was performed on imaging from the
DESI Legacy Surveys (Zou et al. 2017; Dey et al. 2019; D.
Schlegel et al. 2023, in preparation). Fiber assignments, tiling,
and target selection were performed with the algorithms
outlined in A. Raichoor et al. (2023, in preparation), E. Schlafly
et al. (2023, in preparation), and A. Myers et al. (2023, in
preparation), respectively. All redshifts were determined with
the Redrock pipeline (S. Bailey et al. 2023, in preparation).
All spectroscopy was reduced using the “Fuji” internal
spectroscopic data release, which will be identical to the DESI
Early Data Release (Guy et al. 2023; tentatively expected in
early 2023).
There are two primary reasons for the choice to utilize the

SV sample. First, the SV selection is more inclusive than
subsequent SV samples and the main DESI sample (see
Appendix A in Zhou et al. 2023). While this was intended as a
test of the redshift recovery so that targeting could be refined
from the main survey, these expanded color cuts mitigate
potential bias against observing young, recently quenched
LRGs. Second, the SV observations were an order of
magnitude deeper than the observations for the main survey,
with ∼2.5 hr of integration per spectrum, resulting in the high
signal-to-noise ratio measurements of the continuum. While the
SV sample included fainter targets, we restrict this study to the
brightest SV LRGs with an observed fiber z magnitude
zfiber< 21.6 cut similar to the one that is used in the full
LRG sample.
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unmodeled galaxies and perform all analysis on the 17,703
successfully fit galaxies.

Example fits to quiescent (top; red) and recently quenched
(bottom; green) galaxies are shown in Figure 1. The quiescent
galaxy that is representative of the majority of the DESI LRG
sample is fit entirely with early star formation, consistent with a
very old stellar population, and as such, all of the mass was
formed in the three fixed-width early-time bins. In contrast, the
recently quenched galaxy is clearly fit with a post-starburst
SED shape with strong Balmer absorption features and a
characteristic lack of emission line infill. This indicates that the

post-starburst galaxy has quenched after a period of intense star
formation, and the star formation historyreflects this. We infer
that the galaxy began rapidly forming stars ∼500Myr before
observation and quenched ∼150Myr ago.
From the posteriors on the star formation histories, we derive

a number of model parameters, many of which we directly use
to select and characterize the properties of recently quenched
galaxies. Stellar masses are calculated accounting for mass loss
and have typical 1σ uncertainties of 0.025 dex, and rest
absolute magnitudes are calculated directly from the spectra
generated from the posterior. We measure the SFR in all

Figure 1. Example old (top; TARGETID = 3963332462851262) and recently quenched (bottom; TARGETID = 39627817440253139) galaxies from the DESI SV
LRG sample with Prospector fits using the star formation historymodel from Suess et al. (2022b). For each galaxy, we show the median and 68% confidence
interval star formation history(top left) with selected galaxy properties. We also show the best-fitting models (color) to the observed photometry (g/r/z/W1/W2;
black) in the top right panels. Finally, we show the DESI spectrum (observed, gray; 5 pixel boxcar smoothed, black) along with the best-fitting model (color; bottom).
From this modeling, we identify quiescent LRGs and infer the dominance of recent star formation and the timescale of quenching.
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a small number of spectroscopic continuum observations from
surveys could be mined for post-starburst galaxies above z 1
(Wild et al. 2020), and often, samples could only be obtained
through targeted follow-up of photometrically identified
sources (e.g., Belli et al. 2019). Even in the smallest (but
highest signal-to-noise ratio) subset of DESI LRG spectra, we
have identified an order of magnitude more spectroscopically
confirmed recently quenched galaxies than had been measured
previously. Future work will leverage these star formation
histories further to study trends using parameters such as the
time since quenching (Suess et al. 2022a), which has been used
in post-starburst populations to constrain the evolution of AGN
incidence (Greene et al. 2020), sizes (Setton et al. 2022),
molecular gas contents (Bezanson et al. 2022; Spilker et al.
2022), and merger fractions (Verrico et al. 2022). Using the
combination of the unique spectroscopically derived moments
of the star formation historyand ancillary data, we hope to
place strong constraints on the mechanisms that drive the
quenching of massive galaxies as close to cosmic noon as is
currently possible. Future surveys, such as PFS (Greene et al.
2022) and MOONRISE (Maiolino et al. 2020), will extend
wavelength coverage into the near-IR, pushing farther in
redshift to cosmic noon. In conjunction with this sample,
comprehensive studies of the properties of recently quenched
galaxies from z= 0 to 2 will paint a cohesive picture of the
rapid quenching process and its role in producing the present-
day quiescent population.
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