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Figure 1. Example old (top, TARGETID=30633324623512062) and recemtly guenched [bottom, TAR-

GETID=3062781 74403531300 galacdes from the DESI 5V LRG Sample with Prospector fits nsing the star-formation
history model from Suess et al, (2022a), For each galaxy, we show the median and 68% confidence interval star-formation
history (fop left)] with selected galaxy properties. We also show the bast fitting models {colar) to the observed photometny
lfriz/W1LSW2, black) (top right]. Finally, we show the DMESI spectrum {observed, groy: b pixel boxear smoothed, black)
along with the best fitting model (color) (bottom), From this modeling, we identify quiescent LHGs and infer the dominance

of recent star formation and the timescabe of Lpu:m']li:ug.
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Figure 2. Properties of the full LRG sample (red contours) and a subset of post-starburst galaxies that recently quenched a
significant episode of star formation using our fiducial selection (fiq,. > 0.1, ASFR< —0.6, green points). All plotted points are
the median values from the posterior of the Prospector fits. In panel (a), we show the stellar mass versus the absolute magnitude
(M) along with the magnitude limited threshold (M. < —23.2) and the mass complete threshold (log( M. /Mg > 11.2) discussed
in Section 2.3. In panel (b), we show the star-formation rate versus stellar mass, with the star-forming sequence at z = 0.7,
the median redshift of our sample, shown as a black line with characteristic ~ 0.3 dex 1o scatter (Leja et al. 2021). In panel
(c), we show the post-starburst selection plane, figy: versus ASFR, with the fiducial selection cuts illustrated as dashed lines.
The post-starburst sample is significantly brighter than the parent sample at fixed stellar mass and occupies a unique part of
parameter space by having formed a significant amount of recent stellar mass despite being fully quenched.



becnpeuengeHTHO MHoro PSB Ha
Z>1: HO 3TO He volume-limited

1600
l_i
1400 - 150
] Spectroscopic Samples of
1200 - Recently Quenched Galaxies
100 [ Rowlands et al. 2018
1000 1 = [ Belli et al. 2019
1 =1 wild et al. 2020
£ 800 so- =] Pattarakijwanich et al. 2016
1 Suess et al. 2022
20 - This Work (figyr > 0.1
L — & Quiescent)
400 - _ 0 ; —_— -
; I 10 1.2 1.4 1.6 1.8
2001 g | Z
0.4 0.8 1.2 1.6 2.0

Z

Figure 3. Redshift distributions of spectroscopic samples of recently quenched galaxies from 0.4 < z < 2.0, with an inset
focusing on z > 1 where the improvement in sample size from this work is most significant. Our fiducial post-starburst sample
(figyr > 0.1, ASFR < —0.6) is shown as a filled green histogram. Other samples shown include PCA-identified post-starburst
galaxies from Rowlands et al. (2018) and Wild et al. (2020), galaxies with t50 < 1.5 Gyr from Belli et al. (2019), galaxies selected
with K+A template fitting from the SDSS Pattarakijwanich et al. (2016), and galaxies selected using rest UBV filters from the
SQHIGGEE sample also selected from the SDSS (Suess et al. 2022b).
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Figure 4. (Left): Number densities within the DESI SV LRG sample (full sample, gray; luminosity-complete and quiescent,
red) and a variety of post-starburst selections from the luminosity-complete quiescent sample (Hg, > 4, light blue; Hs , > 5,
dark blue; SQuIGGLE SED selection, light green; and ficy:, green). Beyond z ~ 0.8, we indicate that the measured number
densities are lower limits by plotting as upwared facing arrows. All post-starburst selections show an increasing number density
over the redshift range in which we are complete, with varying normalization resulting from the relative restrictiveness of the
post-starburst criteria. (Right): The same magnitude limited LRG and figy: > 0.1 samples as the previous panel in addition
to literature measurements (photometric: open symbols; spectroscopic: filled symbols). All three of the Wild et al. (2016)
(M. > 10"%®Mg), Rowlands et al. (2018) (M, > 10" Mgy), and Belli et al. (2019) (M, > 10'®*My) samples show a trend
of increasing number density with redshift, but the normalization differs between the different samples as a result of differing
stellar mass limits and selection techniques.



asonwouna nonm PSB

——— ®» Compared to Leja et al. 2020
B i © Compared to DESI LRGS
-4.0 A =]
5 ¢ 2o0.100 log(M./Mg >11.2)
-4, 7]
o) é 1 ____ Stellar Mass Function
= t E p ' 1 " (Leja et al. 2020)
=20 Lty [ Y r { #  DESI LRGs
h'-:; =5.5 y + 1' 1' g ﬁ 0.010 4 i T T fler = 005
g“, il g = | . l t L = fie,r> 0.1 (Fiducial)
= 60 + by £ ' t W figy > 0.2
£t t figy>05
=-(.5
0.001 1
0.4 0.6 0.8 1.0 12 0.4 0.6 0.8 1.0 3.3
z z

Figure 5. The number densities (left) and fractions (right) of recently quenched massive (log( M, /Mz) > 11.2) galaxies. The
dashed line and grey band (left) represent the stellar mass function of similarly mass galaxies (Leja et al. 2020), and the red
points show the number density of all LRGs above the mass limit. The light green, green, dark green, and black points represent
the number densities and fractions of recently quenched galaxies with figy: greater than 0.05, 0.1, 0.2, and 0.5 respectively, as
compared to the stellar mass function from Leja et al. (2020). On the right panel, the open points of the same colors show
the fraction of post-starburst galaxies as compared to our own massive galaxy number density measurements. Above z = (.8,
measurements are indicated as lower limits with errors inflated to encapsulate the possibility that all galaxies which were not
targeted by DESI meet the selection criterion.
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Fig. 1| Distant galaxies selected and confirmed by the JWST JADES program. From the
JWST NIRCam imaging at wavelengths A = 0.8 — 5 wmn (F444W-F200W-F115W shown as a
colour mosaic, a), galaxies with photometrically-determined redshift estimates of z,,,, > 10
were selected for JWST NIRSpec MSA follow-up (footprint in cyan). Aninitial sample of four
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Fig. 2| Precision photometry and spectral energy distribution (SED) modelling of JADES-
GS-z12-0. The sources detected by the JADES photometric pipeline are supplied to the forcepho
scene modelling code, which then fits surface brightness profile models to the flux image of the
object and its neighbours (a) in all NIRCam bands (columns, and filter curves in d)
simultaneously. This method allows for the construction of accurate models of the observations
(b) that leave only slight residuals (c) relative to the data. The source fluxes are then used as

constraints for SED fitting (maximum likelihood fit, line in d with 10 marginalised credibility
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Fig. 3| Physical properties inferred from NIRCam imaging of distant, confirmed galaxies.
Using population synthesis models that feature a flexible star formation history, possible nebular
confinuum and line emission, stellar evolutionary modelling, and the effects of dust, the observed
NIR Cam photometry and NIRSpec spectroscopic redshifts!? are used to infer the stellar mass,
star formation rate and history, and stellar age. Shown are the posterior distributions of the stellar
mass (a), star formation rates (b), and mass-weighted median age of the stars (c) for the sample
of z=10.4-13.2 galaxies presented here. We find a range of best-fit stellar masses of
log,0M,/M~7.8 — 8.9, star formation rates of SFR ~ 1 — 2 M, /yr, and ages of t,~16 —

71 Myr.
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We specifically focus here on a point-
ing in the Hubble Ultra Deep Field (in the GOODS-South area), in which we
have taken multi-object spectroscopy of 253 galaxies observed simultaneously
with NIRSpec’s configurable array of microshutters. We report here on obser-
vations taken with the prism spectral configuration (spectral range 0.6-5.3pm,
resolving power R ~ 100) with exposure times ranging from 9.3 to 28 hours
(see Methods for details on the observing strategy).

The JADES spectroscopic observations reach an unprecedented sensitivity
of 28.4 magnitudes (AB) at 5o per resolution element on the continuum at
2.5pum. We note that the NIRSpec prism is extremely well-suited for the red-
shift confirmation of high-z candidates, with low spectral resolution and high
sensitivity at short wavelengths where we are searching for a spectral break
(around 1-2pm), and higher resolution in the 3-5 pm region, where we are
searching for narrow spectral lines.

The focus of this paper is on four of these spectroscopic targets. Two of
these are z > 12 galaxy candidates selected from NIRCam imaging [10], based
on a clear lack of F150W flux. Two others are z > 10 candidates based on
their HST IR photometry. We defer to description of the other targets in this
deep pointing to a future publication. All candidates are faint, with F200W
magnitudes fainter than 28 (ADB), and hence entirely out of reach for any spec-
troscopic facility before JWST. More details on the selection and photometric
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Fig. 1 NIRSpec prism R ~ 100 spectra for the four z > 10 galaxies targeted for the
first deep spectroscopic pointing of the JADES swrvey, JADES-GS-210-0, JADES-GS-z11-0,
JADES-G8-212-0 and JADES-GS-213-0. For each galaxy we display the 1D spectrum and
associated uncertainties. In the bottom panel we show the 2D signal-to-noise ratio plot. The
2D plot is binned over four pixels in the wavelength direction to better show the contrast
across the break. The inset panel in the top right-hand corner shows the NIRCam F444W
filter image with the three nodding positions of the the NIRSpec micro-shutter 3-slitlet array
aperture shown in preen. The red dashed line shows 1215.6TA at the observed redshift z1aq1s.
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Table 1 Exposure times, redshifts (derived both from assuming the spectral break is at
exactly 1215.67A and accounting for the damping wing from a fully neutral IGM), upper
limits on emission line equivalent widths (rest frame) for the Cini]A1907, 1909 and
He11A1640 lines, the 20 lower limits on the strength of the observed spectral breaks
(measurements described in Methods 2), UV absolute magnitude, M., and UV-slope, 3
(measured directly from the spectra, see Methods 2.3) and BEacLE-derived physical
properties for the four objects. For the BEAGLE-derived properties we report posterior
medians and limits in the 1o credible region.

JADES-1D GS-z10-0 GS8-z11-0 GS-z12-0 G5=z13-0
Exposure time (s) 67225.6 100838.0 67225.6 33612.8
0300 1eHE 126 1320900
u 037H8  1as¥B neert® 1ga778
E\"»-’(CIII]jI_.-".f\ 2o < 13.8 < 5.9 < 12.4 < 15.2
EW(Hen)/A 20 < 14.8 < 6.0 < 13.5 < 15.4

20 break strength > 2.04 > 6.85 > 248 > 2.79

My —18.614+0.10 —19.34+0.05 —1823+0.16 —1873+0.06%
i} —2.49 +0.22 —2.18 4+ 0.09 —1.84 + 0.19 —2.37 + 0.12¢
log(M/Mg) 7.5870:30 8.67015 764705 7951050
¥/Mg yr-19 L
og(1/)’ salil etk ol st
log(Z/Ze)** -1.91T05  -18775%  —laalph;  -1e9fggy

- = +0.03 1 g+0.06 020 4 a+0.08
. e S S S
Eiﬂn% 2‘:’-’16—[::[:% 25-'13—[::m; 25'?2—[::15; 2‘:’"17:{.[:9

*The redshift based on the spectral break being at 1215.67A TThe redshift accounting
for a fully neutral IGM (xm = 1) following the method outlined in Methods 2.1. For
JADES-GS-213-0, we report 4 and My, derived from the BEAGLE fitting, since we know
this object to be on the edge of the shutter, and hence incorporate NIRCam photometry
in the fitting to this one object to account for slit-losses (see Methods 3). T is the star
formation rate. |t is age of the oldest stars, or maximum stellar age. **Z is the metallicity.
tt#, is the effective V-band attenuation optical depth. 8The production rate of H-ionizing
photons per unit monochromatic UV luminosity.



