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SFR law for 61 disk galaxies and 36 starburst galaxies
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Cosmological simulation: Auriga
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Barnes 1987 in Nearly Normal Galaxies
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Feltzing & Chiba (2013)
using Nieva and Przybilla (2012) data
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Radial migration

Sellwood & Binney 2002, Schoenrich & Binney 2009
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Gaseous Oxygen abundance in M81

Garnett & Shields 1987, ApdJ, 317, 82

Gaseous Oxygen in various galaxies
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SFH of disk stars within 2kpc from the Sun

Ruiz-Lara et al. 2020 Nature Astronomy
Using Gaia DR2
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The orbit of Sgr dwart

My, ~ 2.5 x 1010 M
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LMC/SMC'’s orbit
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Misaligned Orphan Stream
~effect of the very massive LMC?~

Erkal et al. 2019 (using Gaia DR2 PMs)
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Misaligned Orphan Stream
~effect of the very massive LMC?~

Erkal et al. 2019 (using Gaia DR2 PMs)
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Transient wake

LMC-induced DM dynamical fnction wake and collective response in the MW DM halo at the present day, in the Galactocentric YZ planc. The density

;omputed using the BFE for the MW's DM halo. The color bar shows the density contrast as defined in Equation (6). White contours represent the

while the darker blue contours show the underdensitics. The dynamical friction wake is a large-scale structure ranging from ~-50 kpe, near the LMC (red .

the edge of the halo. The Collective Response is the larger overdensity that appears predominantly north of the MW disk (the latter is marked by the GaraVItO-Camargo et al . 202 1
llipse). The Collective Response also appears to the south of the MW disk, at large distances. The red line marks the past passage of the LMC. which

tion of the dynamical friction wake. A 3D animated rendering of the density field of the MW illustrating the halo response to the LMC's passage, can be

wo hitps:/ /vimeo.com /5462071170 and in the onlinc Journal. The amimated rendening rotates around the YZ planc, which is perpendicular to the
(XY).
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Stellar Population Model
Worthey 1994, ApJS, 95, 107
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Fiz. 32 —Mass-to-light { M/ L) ratios as a function of age. for all metallicities for four passbands. [ Fe/H] s coded by symbal in (@), All panels show the
same vertical span. Except for the /. band, predictions from the red clump models of Buzzoni ( 1989 ) are also shown as solid lines, labeled by [Fe/H] in (a)
and { ). The dependence of M/ L on metallicity reverses in sense around the I<band. That is, more metal-rich populations are dimmer in U8V but bnighter
in JHK, and there is a passband a little redward of /- which has a luminosity approximately independent of metallicity.
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(Bruzual & Charlot 2003, MN, 344, 1000)
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Figure 9. Spectral evolution of the standard S5P model] of Section 3 for
the solar metalliciy. The STELIB/BaSel. 3.1 specira have been extended
blueward of 3200 A and redward of 9500 A using the Pickles medium-
resolution library. Ages are indicated next o the spectra (in Gyr).
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Drop-out method for hunting high-z galaxies

Lyman-break technique
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Fig. 2.34. An illustration of how the ‘Lyman-break’ or ‘drop-out’ technique can be used to select star-
forming galaxies at redshifts z ~ 3. The spectrum of a typical star-forming galaxy has a break at the Lyman
limit (912 A), which is redshifted to a wavelength A ~ 4000 A if the galaxy is at z ~ 3. As a result, the galaxy
appears very faint (or may even be undetectable) in the U band, but bright in the redder bands. [Courtesy of

M. Dickinson; see

Dickinson (1998)]
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Recent JWST results on z~10 galaxies

NIRCam + JWST Throughput
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Labbe+ 2022: Discovery of M* > 100 Msun galaxies at 7<z<11 (two with >10*11Msun)
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Figure 3: Spectral energy distributions (SEDs) and photometric redshift probability distributions P(z) of the 7 galaxies with
log(M,/Mg) > 10.0. The flux density units are in F'A versus wavelength in um. All galaxies show characteristic V-shaped SEDs,
with a clear upturn at 3 — 4 um and a double break. The redshifts are well-constrained owing to the presence of two breaks. The two
most massive galaxies are highlighted on the top row. Shown are the contribution of each template in the fit, where the fit produces a
prominent contribution of an older stellar population (left) or dusty stellar population (right) shown in red. Emission lines clearly contribute
to the F356W and F444W bands, but the emission-line sensitive F410M medium band providing a powerful diagnostic, improving both the

redshift and the SED fit. The two brightest, most massive galaxies (top panels) were previously detected with H ubble, but misidentified as
low mass galaxies at z ~ 1.
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z~16 galaxies? (Atek et al. 2022)
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Figure 7. Best-fit solution for the SED and photometric redshift of SMACS_z16a. Upper row: Best-fit SED using the BEAGLE code. Left: Best-fit SED (black
solid curve) with the observed photometric data (blue points) and expected model photometric points (black points) and associated uncertainties (pink areas).
Right: Triangle plot of the posterior probability distribution of the four fitted galaxy parameters: redshift, stellar mass, stellar age and attenuation. Bottom row:
Best-fit SED using the EAZY code. Left panel: The best-fit SED over-plotted over the observed flux densities (in dark squares). Model flux densities are shown
in blue circles. The Lyman-break of the SED of this galaxy is estimated at z = 15.88 and the redshift probability distribution function is shown in the righr
panel. Both codes agree on a high-redshift solution with a relatively narrow posterior distribution and which does not show a secondary peak at lower redshift.
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Figure 1. The cumulative comoving number density (top) and mass density
(bottom) of halos more massive than My, at various redshifts. The secondary
x-axis (top) shows the maximal stellar mass given Mhaio, My max = fo Mhalo,
while the secondary y-axis on the bottom plot shows the upper limit to the co-
moving stellar mass density contained in galaxies more massive than M, mex.
Galaxies, or populations of galaxies, at a given redshift must lie below the
curves for that redshift in both the upper and lower plots, modulo observa-
tional errors and sample variance considerations, in ACDM. Detection of
a galaxy or population of galaxies at redshift z lying above the curve cor-
responding to that redshift in either panel indicates potential tension with
ACDM predictions.
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Boylan-Kolchin 2023

Presence of high M* galaxies at z=7~10 is in tension with ACDM theory
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Harikane+2023
Large number of UV-bright galaxies at z=12~16
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Figure 18. Cosmic SFR density evolution. The red circles represent the cosmic
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Figure 17. Theoretical predictions for the number of bright galaxies at (2015a), McLeod et al. (2016), Bhatawdekar et al. (2019), and Bouwens et al.
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(Nobs = 4 £ 2), which is higher than these model predictions. psir o< 10 DI e gray dashed curve shows the best-fit function at z < 8

determined by Madau & Dickinson (2014) extrapolated to z > 8. All results are
converted to those of the Salpeter (1955) IMF.



