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ABSTRACT

We present a detailed analysis of the vertical and radial structure of mono-age stellar populations in three edge-on lenticular
galaxies (FCC 153, FCC 170, and FCC 177) in the Fornax cluster, using deep MUSE observations. By measuring the half-mass
radius (Rsp) and half-mass height (zsg) across 1 Gyr-wide age bins, we trace the spatial evolution of stellar populations over
cosmic time. All galaxies exhibit a remarkably constant disc thickness for all stars younger than ~ 6 Gyr, suggesting minimal
secular heating and limited impact from environmental processes such as tidal shocking or harassment. Evidence of past mergers
(8-10 Gyr ago) is found in the increase of z5¢ for older populations. We find that accreted (metal-poor) stars have been deposited
in quite thick configurations, but that the interactions only moderately thickened pre-existing stars in the galaxies, and only
caused mild flaring in the outer regions of the discs. The radial structure of the discs varies across galaxies, but in all cases we
find that the radial extent of mono-age populations remains constant or grows over the past 8 Gyr. This leads us to argue that
within the radial range we consider, strangulation, rather than ram-pressure stripping, is the dominant quenching mechanism in
those galaxies. Our results highlight the usefulness of analysing the structure of mono-age population to uncover the mechanisms
driving galaxy evolution, and we anticipate broader insights from the GECKOS survey, studying 36 nearby edge-on disc galaxies.
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Figure 1. The top row shows the average mass-weightej ageWis iefl here, while the rest of the figure shows the surface
density for four different mono-age populations in each gilaxy (12-13 Gyr o! #and finally 0—1 Gyr old). In all panels, the vertical

lines enclose the central bulge or bar-dominated region, while the horizontal lines delimitate the thin- and thick disc-dominated regions (Pinna et al. 2019a,b).
In all galaxies, we find strong differences in the spatial distribution of stars of different ages: one striking aspect is the much thinner distribution of young stars
compared to older stars.
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Figure 2. The first and second columns show Rsg and z5( as a function of age for FCC 153, FCC 170 and FCC 177. The black dots represent the values obtained
from our best fit to the spectra, while the blue violin plots represent the distribution of values obtained from the 50 Monte Carlo iterations (the upper and lower
limits of the violin plots correspond to the full range of values from the 50 iterations, while the shape of the blue region represents the distribution of the values).
The grey dots represent the values from the best fits, but excluding the very central regions of the galaxies, where nuclear star clusters are found. The third
column represents zsg as a function of Rsg, color-coded by age, for each galaxy. Here, the error bars represent the 16™-84™ percentile range.



L eees— e ees—
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14

age [Gyr] age [Gyr]
13
FCC 153 0301
0.61 0.25 1
S
oy 5 0.20 1
204 £
2 9 0.15 -
N @
= =
021 . \"\/\
s | "/\/\ - —— mid-plane
w ===~ thick
j————
0.0 T ? = 0.00 T T T 6 T T T
0 2 4 6 0 2 4 6 0 2 4 6
Radius [kpc] Radius [kpc] Radius [kpc]
0.8
FCC 170 05
0.6 1 0.4
c
- S -
£04] / Bos S
. /\ - / " %9
R / 202, &
0zl /—\ \/ % 8
0.1+ /_/\/ 71 —— mid-plane
ﬁ -=-= thick
0.0 T T T 0.0 T T T 6 T T T
0 2 4 6 0 2 4 6 0 2 4 6
Radius [kpc] Radius [kpc] Radius [kpc]
0.7 0.4
FCC 177
0.6 4
05 EeH
c
s S
%] B P ",
é_. 0.4 /< 5“§ E! 021
§03 /\ /\ 4
=
8 i, N
I 0.1, J8= W )
o1 = il —— mid-plane
-===thick
0.0 T T T T 0.0 T T T = 6 T T T T
0 1 2 3 4 5 0 1 2 3 4 5 1 2 3 4
Radius [kpc] Radius [kpc] Radius [kpc]

Figure 3. Structure of FCC 153 (top row), FCC 170 (middle) and FCC 177 (bottom). The first column shows radial profiles of zso for mono-age populations,
with each line color-coded by the age of the corresponding population. The thick black line represents the radial evolution of the global zsq for each galaxy. The
vertical dashed lines delimit the regions of the galaxies we use to compute the mean zsg values shown in Fig. 2. The second column shows the mass fraction
in each mono-age population, at each radius. In this column as in the first one, we only plot populations containing at least 1 per cent of the total mass of each
galaxy. The last column shows radial profiles of the average mass-weighted age along the mid-plane (blue solid line) and the thick disc (violet dashed line). The
shaded area represents the 16-84th percentile range, and the line the median.
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Figure 4. R5; (top row) and zsy (bottom row) as a function of age for FCC 153, FCC 170 and FCC 177. The grey dots represent the values obtained for the
global population (they are the same as the black dots in Fig. 2), while the blue and red dots correspond to metal-poor and metal-rich stars, respectively. The
surface of each blue and red dot is proportional to the fraction of the mass in this metallicity range at a given age. Pinna et al. (2019a,b) proposed that the 8-11
Gyr old metal-poor stars could be accreted from small galaxies: we indeed find that these stars have a different spatial distribution compared to the metal-rich

stars (possibly formed in-situ).
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ABSTRACT

We present a spatially resolved analysis of the molecular star formation law (SFL) and gravitational
instability in a sample of nearby dwarf galaxies (NGC 1035, NGC 4310, NGC 4451, NGC 4701,
NGC 5692, and NGC 6106), using high-resolution 2CO (J = 1 — 0) data from the Atacama Large
Millimeter/submillimeter Array. We estimate the star formation rate (SFR) by combining the Galaxy
Evolution Explorer near-ultraviolet and the Wide-field Infrared Survey Explorer 12 ym imaging data to
examine the relationship between molecular gas and SFR densities on scales of several hundred parsecs.
We find that the power-law slope of the molecular SFL ranges from 0.62 to 1.08, with an average value
of N= 0.81 + 0.18, increasing to N= 0.87 4 0.05 when excluding galaxies with poorly constrained CO
data. These results are roughly consistent with values observed in massive spiral galaxies, suggesting a
universal molecular SFL. when analyzed with sufficient resolution and sensitivity. Radial profiles of the
Toomre () parameter remain close to unity across the disks, with minimal radial variation, consistent
with a self-regulated star formation model. Our results suggest that, despite their lower mass and
metallicity, star formation in dwarf galaxies is governed by the same fundamental physical processes
as in larger systems. This highlights the significance of high-resolution molecular gas observations in
low-mass galaxies.
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Table 1. Galaxy Properties

Galaxy  R.A. (J2000) Decl. (J2000) Morphology PA Inclination Distance logM. Ras Mg
(h m s) " () (*) (Mpc)  (Mp) (') (mag)
(1) (2) (3) (4) (5) (6) (7) ® (9 (10)

NGC 1035 02 39 29.1 —08 07 58.6 SAc 148 79 15.9 9.5 1.04 -18.3
NGC 4310 12 22 26.3 +29 12 31.2 SAB 158 Tl 16.1 9.3 0.97 -174
NGC 4451 12 28 40.6 +09 15 32.1 Sbc 158 49 25.9 9.7 0.67 -17.7
NGC 4701 12 49 11.6 +03 23 194 SAcd 45 49 16.7 9.4 0.87 -184
NGC 5692 14 38 18.1 403 24 36.8 S 38 93 25.4 9.3 0.48 -19.0
NGC 6106 16 18 47.2 +07 24 39.2 SAc 141 99 24.3 9.7 1.09 -19.2

NoTE—Columns: (1) galaxy name; (2) and (3) galaxy coordinates; (4) morphological type of the galaxies from the NASA/TPAC
Extragalactic Database (NED?®); (5) position angle obtained from the Spitzer 3.6 yum or WISE 3.4 ym (only for NGC 5692)
images using the MIRIAD task IMFIT; (6), (7), and (8) inclination, distance, and the total stellar mass from L. H. Cooke et al.
(2022); (9) optical diameter in arcminutes from HyperLEDA" (D. Makarov et al. 2014); (10) absolute B magnitude from P. N.
Truong et al. (2017).
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Figure 1. CO integrated intensity maps for the dwarf galaxies in our sample. Contour levels begin at approximately 50 to
clearly delineate reliable molecular gas detections. The synthesized beam size is indicated by the ellipse in the lower-right corner
of each panel.
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Figure 2. NIR images used to trace stellar mass distributions. For NGC 5692, the WISE 3.4 ym image is shown, while Spitzer
IRAC 3.6 um images are displayed for all other galaxies. The contours represent regions of significant stellar emission, beginning
at approximately 150. The point spread function of the images is marked by the ellipse in the lower-right corner of each panel,
illustrating the differences in spatial resolution between the WISE (7”5) and Spitzer (1”6) images.
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Figure 4. Radial surface density profiles of Hz (blue diamonds), stars (brown stars), SFR (red circles), along with the individual
contributions to the total SFR from NUV (orange triangles) and 12 pm (magenta squares). All profiles are measured in concentric
elliptical annuli, each with a fixed radial width of 7.5”. The vertical error bars represent the standard deviation of data points
in each annulus.
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corner. (Right) SFE of the molecular gas (SFEH, ) as a function of radius normalized by the optical radius (Ras). The molecular
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marks 7, = 1 Gyr as a reference point.
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