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ABSTRACT

Modern disc galaxies commonly have distinct thin and thick discs that are separable in some combination of their kinematics,
radial structure, chemistry and/or age. The formation mechanisms of the two discs and the timing of their onset remain open
questions. To address these questions, we select edge-on galaxies from flagship JWST programs and investigate their disc
structures in rest-frame, near-infrared bands. For the first time, we identify thick and thin discs at cosmological distances, dating
back over 10 Gyr, and investigate their decomposed structural properties. We classify galaxies into those requires two discs
(thin and thick discs) and those well fitted by a single disc. Disc radial sizes and vertical heights correlate strongly with total
galaxy mass and/or disc mass, independent of cosmic time. The structure of thick discs resemble discs found in single-disc
galaxies, suggesting that galaxies form a thick disc first followed by thin disc formation. The transition from single to double
discs occurred around 8 Gyr ago in high-mass galaxies (10°- — 10" M), earlier than the transition which occurred 4 Gyr ago in
low-mass galaxies (10”Y — 10*7° M), indicating sequential formation proceeds in a "downsizing" manner. Toomre Q-regulated
disc formation explains the delayed thin disc formation in low-mass galaxies, leading to the observed anti-correlation between
the thick-to-thin disc mass ratio and total galaxy mass. Despite the dominant sequential formation, observations suggest that
thick discs may continue to build up mass alongside their thin-disc counterparts.
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N3 JWST-apxmBoB (NIRCam):

A parent sample is selected based on the sexTrRAacTOR (Bertin &
Arnouts 1996) source catalogues for the JWST mosaic images and
then matched with the 3D HST catalogue (Brammer et al. 2012;
Momcheva et al. 2016). The JWST source catalogues are publicly
available through DJA, compiled by running SOURCE EXTRACTOR On
the JWST detection image, which is produced by combining available
long wavelength filters (F277W+F356W+F444W; Valentino et al.
2023). We extract galaxy parameters from the 3D HST catalogue
including redshift, stellar mass, and star formation rate, while pa-
rameters from the DJA catalogues include the axis ratio of the galaxy
g. A total of 12, 46, and 53 galaxies have spectroscopic, grism, and
photometric redshifts, respectively. Galaxies are selected to be edge-
on with an axis ratio ¢ = a/b < 0.3, a stellar mass M, > 103 Mg,
and well separated from nearby sources by more than 1.5”. This
results in 213 possible sources.

Matching sources against the existing 3D HST catalogue effec-
tively removes erroneous sources from the sSExTrAacTOR catalog, in-
cluding the Point Spread Function (PSF) wing of bright stars and parts
of nearby spiral galaxies. Moreover, we visually inspect all galaxies,
removing cases where galaxies show spiral features (indication of the
disc being slightly face-on), significant curvature, and lopsidedness
- potentially due to tidal tails and warping. We use multi-wavelength
bands (FO90OW, F115W, F150W, F200W, F277W, F356W, F444W)
for visual inspection. For some galaxies, the shortest band (FO90W;
0.9um) reveals a straight line dust attenuated feature for edge-on
galaxies and spiral features for slightly face-on galaxies, helping us
to identify edge-on galaxies and non-edge-on galaxies. After visual
inspection, the sample includes 132 galaxies.

For the disc structural analysis, we employ NIRCAM F277W:
2. 7um, F356W: 3.6 um, F444W: 4 44m filter images for galaxies with
redshift z < 0.46, 0.46 < 7 < 0.82. 0.46 < z < 1.45, respectively,
to maximise overlap with the rest-frame K5 band. For galaxies at
145 < z « 2.24 and 2.24 < z < 3, we use the F444W band,
which corresponds to the rest-frame H and J bands. respectively.
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Figure 2. Summary of our 11| edge-on galaxies in redshift z, siellar mass M., apparent axial ratio g = b/a and semimajor axis a. The scatter plots illustrate
the relationships between each pair of parameters, while the histograms on the diagonal represent the number distribution of each parameter in our sample. The
overlaid model line for the axial ratio B /a is the best fit from our population mode] (Section 2.2 )
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2.4 3D fitting and model selection

To measure the disc properties (thickness, size, etc) of our edge-on
galaxy sample, we use a 3D disc model where the disc luminos-
ity density, v(R, z), follows an exponential profile radially and a
sech? profile vertically. In cylindrical coordinates (R, z). v(R. z) is
expressed as:

v(R,z) = vpexp(—R/hg) sech® (z/(2z0)) (1)

where vy is the central luminosity density, and hp and zy represent
the disc scale length and height, respectively. The sech® profile, a
solution for the self-gravitating isothermal sheet (Spitzer 1942), has
been widely used to effectively describe and approximate the vertical
thickness of galactic discs (van der Kruit 1988; Yoachim & Dalcanton
2008). The generalized function, sech?/N proposed by (van der
Kruit & Searle 1982) describes non-isothermal disc profiles. The
model varies from the standard sech? profile only near the midplane
(van der Kruit & Searle 1982), becoming either peaked or smoothed
as NV approaches 1 or co, respectively. Despite these differences, all
variants of the model asymptotically converge to the exponential
profile exp(—z/zp) at large distance, z, from the midplane. In the
limiting case where N — oo, the model matches the exponential
profile exp(—z/zg) at all radii.
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Figure 5. Disc geometrical parameters g (left), zg (middie) and frg /zg (right} are plotied against galaxy stellar mass M. The symbols used are: open black
carcles for single discs, open blue trangles for thin discs, and open red squares for thick discs in our galaxy sample, covering redshifts from ~ 0.1 o 3. Similar
filled symbols represent the thin and thick discs of the Milky Way (Bland-Hawthorn & Gerhard 20016) and M31 (Collins et al. 201 1). The measurements assuming
asingle dise component of M31 by Dalcanton et al, {2023} are also shown,
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Figure 6. Same symbols as used in Fig, 3, but plotted against the stellar mass of each component rather than the galaxy’s total stellar mass. In the left panel
showing disc scale length fg, the scaling relation for the z = 0 SDSS sample derived by Gadortti (2009) is shown, We multiply the original relation by 2 10
account for suggested systematics in Boardman et al, (20200 due to the galaxy’s orientation (see lext),
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Figure 8. The properties of the thick and thin discs plotted against a galaxy’s lookback time. The individual measurements for thin and thick discs are shown in
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mass for two disc galaxies. The red-blue points represent measurements of
this work, spanning a redshift range of z ~ (L1 to 2.0. These measruements
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the v/ o values for gas discs (Ubler et al. 2019, and others®), or the expected
axial ratios for stellar discs that form from the gas discs in the simplified
scenario where the gas disc is entirely converted inio a stellar disc while
conserving v /e, The black line indicates the predicted curve for a Toomre
Q-regulated gas disc, with Qg = | and faus(M.) for a main-sequence
galaxy at z = | (Tacconi et al. 2020). A 2 Gyr time evolution is illustrated by
the blue arrow, which horizontally shifts the curve to the left, allowing more
low-mass galaxies to enter the thin-disc formation regime. Variations in the
predicted curve, resulting from doubling or halving Qeir, fgas, 0r the product
Qerit faas. are shown by dashed and dash-dotted lines.
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