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One of the objectives of JWST is to discover the first galaxies and the first stars in
the EoR.
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two luminous galaxies at 2=14.32"75,and 2=13.90 + 0.17. The spectrareveal ultraviolet e L
continua with prominent Lyman-a breaks but no detected emission lines. This o g
discovery proves that luminous galaxies were already in place 300 million years after
the Big Bang and are more common than what was expected before JWST. The most <
distant of the two galaxies is unexpectedly luminous and is spatially resolved with a 5
. . . . W
radius of 260 parsecs. Considering also the very steep ultraviolet slope of the second >
galaxy, we conclude that both are dominated by stellar continuum emission, showing L
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Fig.1|Spectraofthetwoz~14 galaxies.a,b, NIRSpec prism(R=100) spectra The 2D spectraillustrate the signal-to-noise ratio of the spectraasafunction

for JADES-GS-z14-0 (a) and JADES-GS-z14-1 (b). For each galaxy, the centre of wavelength and along cross-dispersion direction (X-disp.) Inset stampsin
- panelshowsthelD spectrum (black) and the associated 1ouncertainty the top panels are cutouts of some of the NIRCam JADES images. The NIRSpec
(light blue). The bottom panels show the 2D spectrum of the signal-to-noise three-shutterslitlets are showninredineach F277W image.

ratio (SNR) to better highlight the contrastacross the break atroughly 1.8 um.
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Fig. 2. 2D (top) and 1D (bottom) spectra of GN-z11 using the PRISM/CLEAR configuration of NIRSpec. The 1D spectrum has been extracted
using a 3-pixel-wide aperture that leads to improved S/N in this highly compact object. Prominent emission lines present in the spectra are marked.

The S/N of the continuum is high, and the emission lines are clearly seen in both the 1D and 2D spectra.
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Fig. 3. Gallery of the most prominent emission lines seen in the GN-z11 spectrum from the medium resolution (R1000) gratings using a 3-pixel

1D spectral extraction.

Lyman break galaxy at z = 10.6

(Hl absorbs photons below 1215 A)

H, He, C, N, O, Ne, Mg emission lines visible

Table 2. GN-z11 physical parameters from BEAGLE SED fitting of the

prism spectrum.
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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
g 0.5 g damping wing from a fully neutral IGM), 20 upper limits on emission-line equivalent widths (rest frame) for the C I11]AA1907,1909
5 S He IIA1640 and [0 11]AA3726,3729 lines, 20 lower limits on the strength of the observed spectral breaks (measurements described

by 0.0 o in Methods 2), UV absolute magnitude, Myy, and UV slope,  (measured directly from the spectra, see Methods 2.3) and BEAGLE-

'5:_) ' L<:_> derived physical properties for the four objects. For the BEAGLE-derived properties we report posterior medians and limits in the
< = 1o credible region.

- _05 "

%‘ 2 1 JADES-ID GS-z10-0 GS-z11-0 GS-z12-0 GS-z13-0
Q_-‘("—l : a Full name JADES-GS+53.15884-27.77349 JADES-GS+53.16476-27.77463 JADES-GS+53.16634-27.82156 JADES-GS+53.14988-27.77650
% 3 0 %’ Exposure time (s) 67225.6 100838.0 67225.6 33612.8
X 3 > Z1216 * 10.3819:07 11.58%992 12.63%92% 13.20%304
2 oF zm’ 10.372393 11.487993 12.6+9:9% 13.17+91¢
EW(CIII]) A 20 <138 <59 <124 <15.2
observed frame A/um observed frame A/um EW(He I/A 20 <148 <60 <135 <154
H H EW(0 II)/A 20 < 28.1 <9.1 < 16.6 <168
20 break strength > 2.04 > 6.85 > 2.48 > 2.79
Muyy —18.61 + 0.10 —19.34 £+ 0.05 —18.23 £ 0.16 —18.73 £ 0.06%
Fig. 1 NIRSpec prism R ~ 100 spectra for the four z > 10 galaxies targeted for the first deep spectroscopic pointing of the JADES p —2.49 ;_Fo ?9-22 —2.18 j_; %09 —1.84 3 26-19 —2.37 ;_I'O 99-121
survey, JADES-GS-z10-0, JADES-GS-z11-0, JADES-GS-z12-0 and JADES-GS-z13-0. For each galaxy we display the 1D spectrum and log(M/ MO.)H 7 58;001%30 8 67;002183 7'64;00;3;9 7'95133‘{

. . as . . . . . . Y/M yr! 1.1%516 2.270%3 1.8%0243 1.36%023
associated 1o uncertainties (which are derived from standard error propagation through the reduction pipeline). In the bottom log(tiyr) | 7 544025 g 35+0.08 7 36+075 7 844023
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 logé/zi; " 1914025 1 g7+028 1 44+023 1 69+028

. . . . . . 0.20 . —-0.18 . —0.22 . -0.31
the contrast across the break. The inset panel in the top right-hand corner shows the NIRCam F444W filter image with the three £ 1 0.05+0.03 0.18+0.06 0.17+0:20 0.10+008
nodding positions of the NIRSpec micro-shutter 3-slitlet array aperture shown in green. The red dashed line shows 1215.67A at the Eion 25.4615:07 25.43%3:0¢ 25.72%515 25.47339

observed redshift z,,,.




Galaxy at z=7.6 with H and [Olll] emission lines at the EOR.

Oesch et al. 2023, MNRAS, 525, 2864

The JWST FRESCO survey 2867
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Figure 2. Example of FRESCOQO’s spectroscopic strategy. The left-hand panel shows a portion of the F444W direct image in the FRESCO-S field. The middle
panel shows the associated GrismR data, from which FRESCO can identify EoR galaxies as emission line sources. Down to UV continuum magnitudes of 26.8,
z = 6.7-9.0 sources are expected to show three emission lines from the [O 111] doublet as well as H 8, resulting in unambiguous redshift identifications. For
example, the right-hand panels show the 2D and the extracted 1D spectra of a source in the FRESCO-S field with an unambiguous grism redshift at z = 7.6.
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Table 3. Derived parameters for our four EXCELS ultra-massive quiescent galaxies from the BAGPIPES full-spectral-fitting analysis described in Section 4.3.1,
as well as the morphological analysis described in Section 4.4. The definitions of the parameters in our full-spectral-fitting analysis are given in Table 2. We also
include the results we derived for GS-9209 in Carnall et al. (2023c). Parameters derived from our BAGPIPES full spectral fitting analysis are defined in Table 2.
Morphological parameters were measured from F277W-band imaging.

ZF—UDS—-6496 (PRIMER—-EXCELS—50789)
z = 3.9884 £ 0.0003 logio(M,/Ms) = 11.01 £ 0.02

2.9

Object ID PRIMER-EXCELS—117560 PRIMER-EXCELS-109760 ZF-UDS—6496 ZF-UDS-7329 GS-9209

Redshift 4.6194 = 0.0003 4.6227 £ 0.0003 3.9884 + 0.0003 3.1943 £0.0003  4.6582 + 0.0002
logi0(M«/Mg) 11.00 = 0.02 11.01 +0.03 11.01 £ 0.02 11.14 £0.03 10.58 = 0.02

ZF—UDS—7329 (PRIMER—EXCELS—55410)
» = 3.1943 £ 0.0003 logio(M, /M) = 11.14 + 0.03

2.0
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Figure 3. JWST EXCELS NIRSpec observations of our four ultra-massive quiescent galaxies at 3 < z < 5: zoom in on the rest-frame 35407350 A region
included in our BAGPIPES full-spectral-fitting analysis (see Section 4.3.1). The spectroscopic data are shown in blue, with PRIMER NIRCam photometry shown
as red points. The posterior-median fitted BAGPIPES models are shown with black lines. The vertical blue shaded regions were masked from the fits. The spectra

and our full-spectral-fitting results are described in Section 5.
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One of the objectives of JWST is to discover the first galaxies and the first stars in
the EoR.
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First Stars (Pop lll):

GALAXY GN - 711
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NIRCam Imaging
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Table 1. Measured fluxes, EWs, and 30" limits in the apertures consid-

tronomy

Astrophysics

JADES

Possible Population lll signatures at z=10.6 in the halo of GN-z11

ered in this paper.
A&A, 687, A67 (2024)
Emission line Flux log(EW)[phot]  log(EW)[spec] https://do1.org/10.1051/0004-6361/202347087
(10Pergs™' ecm™) (A) (A) © The Authors 2024
Hell clump small aperture

Hell11640 1.8+0.34 1791923 >1.18
CIV1550 <1.2 = =
o663 Maiolino et al. (2024)
CIII]1909 <1.1

Hell large aperture
Hell11640 5.0+0.83 1454033 >1.08
CIV1550 <3.1
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MSA offset aperture
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Galaxies detected so far in the EoR have the expected properties but contain heavy elements
and hence are not formed by Poplll stars (H y He).

Possibly Poplll stars can be detected via Integral Field Spectroscopy with JWST, which
will allow to separate star forming regions of pristine composition from already polluted
regions. With slit spectroscopy both populations are mixed and Popll stars dominate.

Maiolino et al.: PopllI signatures at z=10.6
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Re i o n iZ ati o n 8 Dwarf galaxies reionized the Universe Atek et al_ (2024)

c o . 52.0
Most of the photons that reionized the Universe came Required ionizing emissivity
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Nature 626, 975-978 (2024) | Cite this article es can reionize the Universe

faintness. Here we report an analysis of eight ultra-faint galaxies (in a very small
field) during the epoch of reionization with absolute magnitudes between My
~ —17 to —15 mag (down to 0.005 L*1%11) We find that faint galaxies during the

Universe’s first billion years produce ionizing photons with log(¢;,,/ Hz erg—!)

log(7iion [Mpc™ s™1])
s QA
o o

=25.80 + 0.14, a factor of 4 higher than commonly assumed values.?? If this field
is representative of the large scale distribution of faint galaxies, the rate of ion-
izing photons exceeds that needed for reionization, even for escape fractions of 49.5
order five per cent.

+ NGDEEP Limit
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i
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| | |

- 4 M i 49.0 ! l '
8 ultra faint galaxies in a very small field 7, 0 e Ry Ry Ry

Rate of ionizing photons exceeds that Myy [mag]
. . . Fig. 4: The total ionizing emissivity of galaxies at z ~ 7. The total ionizing photon
needed for reionization even for escape

production rate density, derived from the prevalence and the 1onizing efficiency of
fraction as low as 5% galaxies, as a function of the faint integration limit. The blue region delimits the two
cases where fesc=3% and fesc=15%. The gray-shaded region is the threshold required
to maintain the Universe 1onized at z = 7. The gray vertical line marks the magnitude
limit of the deepest JWST spectroscopic surveys to date. The orange vertical line
shows the limit probed by this work. At this luminosity, galaxies produce enough
radiation to reionize the Universe.
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Galaxy morphology from z ~ 6 through the lens of JWST*
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— The fraction of bulge-dominated galaxies increases at the
high-mass end, even at z ~ 5, indicating that the processes
of bulge formation in massive galaxies are already in place
at these early cosmic epochs.

— The fraction of peculiar galaxies also increases with redshift,
even in the NIR rest-frame, suggesting that the stellar mass
distribution is more disturbed at high redshift, although the
S/N may still affect this result.

— The high-mass end of the galaxy distribution (log M, /My >
10.5) 1s dominated by undisturbed disk-like morphologies
even at z ~ 5, indicating that disk formation may be 1n place
at very early epochs.

— The fraction of early-type galaxies reaches ~70% to ~90%
for massive (log M./Ms > 10.5) quenched galaxies, even at
Z ~ 5, suggesting that the connection between quenching and
bulge growth is already established around ~1 Gyr after the
Big Bang.
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Fig. 18. Random example stamps of low mass (9 < log M, /M, < 10) star-forming galaxies with late-type (left panel) and early-type morphologies
(right panel). Images are in the F200W filter.
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shows a different galaxy as observed in the different infrared wavelengths where JWST takes imaging data.

(Image credit: L. Ferreira, C. Conselice)
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Figure 1. The left and central panels show the F277TW — F444W vs. F444W color-magnitude and F277TW — F444W vs.
F150W — F200W color-color diagrams, as well as histograms of NIRCam colors, indicating the selection thresholds for LRDs
(F27TTW — F444W > 1 mag, F150W — F200W < 0.5 mag and F444W < 28 mag; dashed lines) relative to the bulk of the
JADES DR2 galaxy catalog. The different colors indicate the subsets of LRDs detected in different MIRI bands: up to F1280W
and beyond (Golden Five galaxies), up to F1000W, up to F770W, or not detected in MIRI (at the SMILES depth). Comparison
LRD samples from Barro et al. (2023) and Labbé et al. (2023b) in the CEERS and UNCOVER fields are shown with squares
and triangles, respectively. The right panel shows the color vs. redshift diagram for the LRDs and JADES galaxies and the
redshift distribution of LRDs (including median and quartiles). The 55% of the LRDs in our paper that have secure NIRSpec-
and NIRCam-based spectroscopic redshifts are marked with a black dot.

Little Red Dots

Images of six "little red dot" galaxies from JWST. [NASA/ESA/CSA/I. Labbe]

ABSTRACT

We study 31 little red dots (LRD) detected by JADES/NIRCam and covered by the SMILES/MIRI
survey, of which ~ 70% are detected in the two bluest MIRI bands and 40% in redder MIRI filters. The
median/quartiles redshifts are z = 6.9%:5 (55% spectroscopic). The spectral slopes flatten in the rest-
frame near-infrared, consistent with a 1.6 um stellar bump but bluer than direct pure emission from
active galactic nuclei (AGN) tori. The apparent dominance of stellar emission at these wavelengths
for many LRDs expedites stellar mass estimation: the median/quartiles are log M, /Mg = 9.431.
The number density of LRDs is 1074%%0-1 Mpc—3, accounting for 14 4+ 3% of the global population
of galaxies with similar redshifts and masses. The rest-frame near/mid-infrared (2-4 pm) spectral
slope reveals significant amounts of warm dust (bolometric attenuation ~ 3 — 4 mag). Our spectral
energy distribution modeling implies the presence of < 0.4 kpc diameter knots, heated by either dust-
enshrouded OB stars or an AGN producing a similar radiation field, obscured by A(V) > 10 mag.
We find a wide variety in the nature of LRDs. However, the best-fitting models for many of them
correspond to extremely intense and compact starburst galaxies with mass-weighted ages 5-10 Myr,
very efficient in producing dust, with their global energy output dominated by the direct (in the flat
rest-frame ultraviolet and optical spectral range) and dust-recycled emission from OB stars with some
contribution from an obscured AGN (in the infrared).
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Conclusions:

- JWST has detected large numbers of large and luminous galaxies made out of
stars, present in the universe as early as 300 Myr after the Big Bang

- Hints on how to look for Poplll stars

- Relonization

- Morphology
- Little red dots

Derived properties from spectral fits are
model dependent (e.g., lacking binaries).
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Nebular emission from young stellar populations including binary stars

Marie Lecroq *,'* Stéphane Charlot *,'* Alessandro Bressan,>’ Gustavo Bruzual,*
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Jacopo Chevallard “ '3 and Marco Dall’ Amico>°

Include binary star evolution in our population synthesis models

Approach:

Use the SEVN (Spectral EVolution for N-body) code to compute the
distribution of binary stars in the HRD. SEVN works for binary stars
with M1, M2 >= 2 Mo. The binary stellar population is sampled
stochastically assuming the Chabrier IMF for the primary stars.
Binary parameters derived as Iin Sana et al. (2012). Use C&B stellar
libraries to compute SED of binary population. We can then easily
MiX single and binary star models . assuming a binary fraction.




SEVN: Spera et al. (2015, 2019); Mapelli et al. (2017, 2020); lorio et al. (2022)

Note:

The SEVN code interpolates on the fly the stellar properties of each
binary companion from existing isochrone tables for single stars,
making it faster and more flexible than other binary stellar evolution

codes like BPASS (Eldridge, Stanway +) and MESA (Mesa team) that
follow the detailed evolution of each star in each pairr.

20



* Single vs. binary star evolution in the HRD
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GALSEVN 2024 SSP models, various Binary Fract

ions, Z=0.001, Chabrier IMF, M_p=300 M
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