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ABSTRACT

The high abundance of disk galaxies without a large central bulge challenges predictions of
current hydrodynamic simulations of galaxy formation. We aim to shed light on the formation
of these objects by studying the redshift and mass dependence of their 3D shape distribution
in the COSMOS galaxy survey. This distribution is inferred from the observed distribution
of 2D shapes, using a reconstruction method which we test using hydrodynamic simulations.
We find a moderate bias for the inferred average disk circularity and relative thickness with
respect to the disk radius, but a large bias on the dispersion of these quantities. Applying
the 3D shape reconstruction method on COSMOS data, we find no significant dependence of
the inferred 3D shape distribution on redshift. The relative disk thickness shows a significant
mass dependence which can be accounted for by the scaling of disk radius with galaxy mass.
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30 dpoTtomeTpuyeckmx nonoc ot 0.2 MKM A0 24 MKM
(Subaru, VISTA, CFHT, Spitzer...) - KpacHble
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ZEST — mopdonormnyeckas knaccupumkaums — disk-
dominated galaxies (109 TbiC. ranakTuk).

[locne nepeceyveHmns Bcex katanoros — volume-limited
sample 3739 ranakTuk.
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galaxy property constraint
photometric redshift 02<z<l1.0
apparent 3" aperture AB Subaru i+ magnitude m; < 24
absolute rest-frame Subaru i+ magnitude M; =< -=21.5
transverse comoving effective radius R, = 0.64 kpc

Table 1. Selection cuts for the volume limited COSMOS main sample,
shown in Fig. 2
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Figure 2. Selection of the volume limited main sample from disk domin-
ated galaxies in the maiched COSMOS catalogue by photometric redshifi z.
rransverse comoving radii Ry and apparent and absolute § band magnitudes
#; and M respectively. The cuts on each variable are marked by red dashed
lines, enclosing the selected sample in the ned area. The blue dotted and
dashed-dotied lines in the top panel show the comoving radii which corres-
poid to one and two times the angular size of the HST PSF respectively. The
blue dashed-dotted line in the bottom panel shows the imit on M, given
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Figure 1. Examples of ACS images of late type galaxies in our volume limited COSMOS sample in the redshift range 0.2 < z < 0.4 with face-on and edge-on
orientations (top and bottom panels respectively). The galaxies are selected to be disk-dominated according to the ZEST morphological classification scheme

(Section 2.1.3). The 2D axes ratios g2y, provided in the ACS-GC catalogue, where obtained from single Sérsic profile fits (Section 2.1.2). The image sizes are
adjusted for each galaxy.
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Figure 5. Fractions of galaxy types in our volume limited COSMOS sample
in the three redshifts bins shown in Fig. 7. Blue circles, red triangles and
green crosses show results for galaxies classified as disks, ellipticals and
irregulars respectively. Results for disks with and without a large bulge are
connected by dashed-dotted and dashed lines respectively.
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Figure 9. Probability distributions of apparent 2D axes ratios, transverse comoving radii and specific star formation rates (left, central and right panels
respectively) for disk dominated galaxies in our volume limited COSMOS main sample with stellar masses below and above 1003 Mg (blue and red
histograms respectively). Vertical panels show results in three redshift bins with limits indicated on the right. The comoving radii and specific star formation
rates are shown for disks with apparent axes ratios above g > (.5, to minimize bias induced by projection and dust extinction (see Fig. 4 and B1). Vertical
black dashed lines mark the minimum radius of the volume limited sample. Vertical solid and dotted lines indicate the mean radii for each mass sample over
the full redshift range and in each redshift bin respectively.
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Figure 10. Left: Distribution of the ratio between stellar rotation Vo and Mg, [Mo] T75%10°  8x%107

the velocity dispersion o, for galaxies in the HAGN simulation. Right:
Distribution of the fraction of disk particles in each galaxy of the TNGL00
simulations. The populations of galaxies which we classify as disks are
marked in red at the tails of the distributions, and make up 20 % of the entire
sample. Results are shown for z = 1.0.
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Table 2, Main properties of the hydro-dynamic simulations lustris TNG
100 and Horizon AGN.
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Figure 11. Distributions of 3D axes ratios for disk galaxies in hydrodynamic -

simulations at z = 1.0, obtained from the simple moment of inertia. Solid 0 o
and dotted lines show fits to a normal and a skew normal distribution re-
spectively.
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Table 4. Parameters of model for the 3D axes ratio distribution (equation (5) and (6)), inferred from fits to the 2D axis ratio distribution, shown in Fig. 5.
Results are shown for the six redshift-stellar mass samples and two mass samples defined over the full redshift range, as indicated in the left columns. For each
model parameter we provide the lower and upper limit of the 68% confidence level, obtained from the marginalized posteriors. The distributions of the 3D axis
ratios, predicted for COSMOS based on these parameters, are shown in Fig. 17.
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Figure 18. Top: MCMC estimate of the marginalized probability distri-
bution for the parameter sy = gyrg. Bottom: Estimate of the probability
distribution of the minor axes sizes, assuming that the major axes (marked
as horizontal lines) correspond to the comoving effective radius, averaged
over all disks with g2y > 0.5.
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Figure 19. Distribution of minor and major axes sizes, obtained from the
simple moment of inertia, for disk galaxies in the HAGN simulation at
redshift z = 1.0. The axes are re-scaled, such that (Asp + Byp + Cyp)/3
corresponds to the half mass radius. Results are shown for disks with stellar
masses higher and lower than 10'Y M, which is slightly above the median
stellar mass of 0.74 10'° M. Horizontal lines, mark the mean value for each
distribution. The figure shows that the absolute sizes of the principle axes
increase with mass and that this increase is stronger for the major than for
the minor axes, which quantify the disk diameter and thickness respectively.
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ABSTRACT

We use the Fundamental Plane (FP) to measure the redshift evolution of the dynamical mass-to-
light ratio (Mayn/L) and the dynamical-to-stellar mass ratio (Mgyn/M,). Although conventionally
used to study the properties of early-type galaxies, we here obtain stellar kinematic measurements
from the Large Early Galaxy Astrophysics Census (LEGA-C) Survey for a sample of ~ 1400 massive
(loe( M, /M~) > 10.5) ealaxies at 0.6 < z < 1.0 that span a wide rance in star formation activity.
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Figure 1. Redshift evolution of the dynamical mass-to-light ratio of quiescent (left) and star-forming (right) galaxies from the
SDSS and LEGA-C samples. Linear fits to the LEGA-C data alone (dashed lines) and combined LEGA-C and SDSS sample
(solid lines) show that there is a strong evolution in May. /L, with redshift, with the quiescent population evolving more rapidly
than the star-forming population (Table 1).

We assume that the tilt of the FP does not evolve
strongly with redshift (as shown in Holden et al. 2010,
de Graaff et al. in prep.), and adopt the tilt derived by
Hyde & Bernardi (2009), of a = 1.404 and b = —0.761,
for both the SDSS and LEGA-C samples. We fit the zero

Table 1. Best-fit evolution in Mayn/Lg and Mgy, /M.

Sample dlog(Mayn/Lg)/dz  dlog(May, /M.)/dz
06<2<1.0Q —0.86 £ 0.07 —0.05 £ 0.06
06 < 2z<1.08F —0.54 +0.11 —0.05 £ 0.08
00<2<1.0Q —0.728 £ 0.011 0.048 £ 0.009
0.0< 2z<1.08F —0.604 £+ 0.016 0.097 £ 0.011

NOTE—Samples correspond to either the LEGA-C data (0.6 <
z < 1.0) or combined SDSS and LEGA-C data (0.0 < z < 1.0)
for the quiescent (Q) and star-forming (SF) populations.

We obtain the mass FP by replacing the surface
brightness (Isz) by the stellar mass surface density

(Z. = M, /(27R2)):
log Re = o logo + 3 log &, + 7, (6)
where a and 3 describe the tilt, and ~ is the zero point.

Following the approach of Section 3, we adopt a fixed tilt
of @ = 1.629 and 8 = —0.84 (Hyde & Bernardi 2009).
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Figure 2. Comparison of the measured redshift evolution
in ﬂfdynjL in different passbands. Red and blue markers
show the results obtained in this paper for quiescent and
star-forming galaxies respectively, for the LEGA-C sample
(open) and combined LEGA-C and SDSS sample (solid).
Black symbols show results from other studies of quiescent
galaxies.
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