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Abstract

We present the morphological study of 18,572 massive quiescent galaxies at z ∼ 1.2, selected by i− y colors in
the Hyper Suprime-Cam (HSC) Deep and UltraDeep 8elds. The majority of our sample (94.3%) fall in the
quiescent region in the rest-frame UVJ diagram. Comparing the 8ve HSC bands and the subsample with HST
F160W images, consistent with the decreasing effective radius re, Sérsic index n shows an increasing trend
indicating a more bulge-dominant morphology towards the infrared. Even for our massive, quiescent galaxies,
which are dominated by typical elliptical galaxies with bulges, the re and n values still vary with the wavelengths.
For instance, there is a systematic drop in n of ∼0.4 going from y band to F160W, making 20% of the HSC “disk-
like” galaxies appear “bulge-like” in the HST images. We suggest to use caution when comparing galaxy
morphological types based on images at different resolutions or at different wavelengths, and whenever possible,
to apply a re or n correction. More massive quiescent galaxies are systematically larger than the less massive ones,
though no mass dependence is found for n measurements. The size–mass relation based on our sample and lower-
z control samples show a monotonic increase of re with M*, with a power-law of 0.61± 0.01, lower than
previously found in similar samples of smaller sizes. Future high-resolution space-based surveys like NGRST will
help con8rm the possible n evolution, and if the Fattening at the low-mass end is a genuine physical trend or
limited by the image resolutions.
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1. Introduction

The transformation of galaxy morphology is closely linked
to their history of mass assembly and star formation activity.
Observations have shown that galaxy bimodality exists in both
color and morphology, with most bulge-like galaxies in the red
sequence and disk or irregular galaxies in the blue cloud.
According to the bimodality scenario of galaxy evolution, a
galaxy should evolve from the blue cloud, cross the green
valley, and ultimately settle down in the red sequence (e.g.,
Strateva et al. 2001; Kauffmann et al. 2003a, 2003b; Baldry
et al. 2004; Willmer et al. 2006). This scenario suggests that a
morphological transformation must occur as a galaxy moves
from the blue cloud to the red sequence. Additionally,
elliptical galaxies in the red sequence, on average, have a
larger stellar mass than a star-forming galaxy in the blue cloud.
A merging scenario has been proposed to explain both mass
increase and morphological transformation (e.g., Faber et al.
2007). However, even the merging scenario includes multiple
paths of galaxy evolution across the green valley. An analysis
of galaxy morphology in the massive end of the red sequence
could provide insight into how this transformation occurs
(Shen et al. 2003; van der Wel et al. 2014).

The distribution of galaxy sizes is a direct measurement of
their mass assembly history. Previous surveys have demon-
strated that galaxy sizes are correlated with their masses over a
wide range of redshifts, from z= 0 to z= 3 (e.g., van der Wel
et al. 2014; Mowla et al. 2019; Kawinwanichakij et al. 2021).
This size–mass relation is likely a consequence of galaxy mass
accretion or minor merging events. Galaxies with different
morphologies exhibit different slopes in this relation. In
particular, bulge galaxies display a much steeper slope than
disk galaxies, which suggests that mass growth via accretion or
minor merging is inef8cient in bulge galaxies, even though
their sizes can become signi8cantly larger. Conversely, disk
galaxies can experience substantial mass growth without
requiring a commensurate increase in size. Previous studies
have focused on the size–mass relations for disk galaxies in the
blue cloud. However, there are also disk galaxies in the red
sequence, such as S0 and Sa galaxies (e.g., McGrath et al.
2008; Stockton et al. 2008; van der Wel et al. 2011). The
prevalence of red disk galaxies increases at higher redshifts,
suggesting that the mass assembly process for galaxies in the
red sequence may differ from that of their blue cloud
counterparts, particularly for the transition from low- to
high-mass galaxies. Kawinwanichakij et al. (2021, hereafter
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K21) found there is a turning point at log(M*/M⊙) ∼

10.2–10.6, below which the quiescent galaxies have similar
slope as star-forming galaxies.
To conduct a comprehensive study of galaxy properties, it is

crucial to obtain samples with both spectral energy distribution
(SED) identi8cation and morphology classi8cation. High
angular resolution images, such as those obtained by the
Hubble Space Telescope (HST) or the James Webb Space
Telescope (JWST), are typically required for morphological
studies of galaxies at z∼ 1. However, due to the limited
coverage of these space telescopes, the number of massive
galaxies in these surveys is relatively small (e.g., coverage less
than 1 square degree, CANDELS: Koekemoer et al. 2011).
To obtain a large sample, data from ground-based telescopes

are necessary. Most ground-based large galaxy samples have
been classi8ed using colors or SEDs to identify their types.
Shen et al. (2003) use u− r color to separate early-type
galaxies (ETGs) from late-type galaxies (LTGs) with the Sloan
Digital Sky Survey galaxy samples. K21 apply optical color
u− r versus r− z to classify star-forming and quiescent
galaxies at z < 1 with the Subaru Hyper Suprime-Cam (HSC)

data. Recently, Xu et al. (2020) proposed a simple-color
selection method to identify a large sample of massive red
galaxies at z∼ 1.2 in the HSC deep 8elds. This selection
method is designed for large optical surveys that lack
comparable matching near-infrared (near-IR)/mid-infrared
(mid-IR) surveys. The superb seeing conditions of the HSC
data enable the study of the morphology of very massive
galaxies.
In this paper, we present a morphological study of a large

sample of massive, quiescent (red) galaxies at z∼ 1.2, selected
from the Subaru Hyper Suprime-Cam Subaru Strategic
Program (HSC-SSP) survey. Section 2 provides an
overview of our sample selection, while Section 3 describes
our methodology for measuring galaxy morphology. In
Section 4, we analyze the morphological mix of our sample
as a function of redshift. Our summary is presented in
Section 5. Throughout this paper, the effective radii used in
our work are based on circularized measurements, and all
magnitudes are in the AB system. We also adopt cosmological
parameters of h ≡ H0 (km s−1Mpc−1)/100 = 0.70, ΩΛ = 0.7,
and ΩM = 0.3.

2. Sample Selection

Our massive quiescent samples were selected from the
HSC-SSP Public Data Release 2 (PDR2; Aihara et al. 2019),
whose Deep and UltraDeep layers cover a total area of
∼32 deg2. The Deep and UltraDeep HSC-SSP data used in this
study were taken from four 8elds: the Cosmological Evolution
Survey (COSMOS; Scoville et al. 2007), the European
Large-Area ISO Survey-North 1 (ELAIS-N1; Oliver et al.
2000), the XMM-Newton Large-Scale Structure (XMM-LSS;

Pierre et al. 2004) survey and the Deep Extragalactic
Evolutionary Probe 2 8eld 3 (DEEP2-3; Newman et al.
2013). We used the same method proposed by Xu et al. (2020,
hereafter X20) to select massive quiescent galaxies at z∼ 1.2.
In brief, we choose the color (i − y > 1.3) corresponding to the
4000Å break to select quiescent galaxies, and set a bright
limiting magnitude (y < 22.5) to reject contamination from
galaxies at high redshifts.
The photometric redshift and stellar mass values were

provided in the HSC-SSP archive by Nishizawa et al. (2020).
However, we note that these photo-z values were estimated
using only the HSC-SSP optical photometry (grizy), with a
typical accuracy of δz < 0.3. M. Musin et al. (2025, in
preparation) compared the photo-z in the HSC-SSP sample
before and after adding the near- and mid-IR photometry, and
found that including the infrared (IR) photometry could
signi8cantly reduce the number of photo-z outliers at
intermediate redshifts. In addition, adding the IR photometry
yields more accurate stellar masses for these galaxies.
Therefore, to ensure reliable redshift estimates, we only
consider galaxies with Spitzer IRAC 3.6 μm and 4.5 μm
coverage. We adopt the photo-z and stellar mass estimates
from X20, which are brieFy summarized below. The photo-z
was calculated from the EAZY code (Brammer et al. 2008),
and the stellar mass from the FAST code (Kriek et al. 2009),
assuming BC03 templates (Bruzual & Charlot 2003) and a
Chabrier (2003) initial mass function (IMF) and adopting a
least chi square method. The SED consists of the 8ve HSC
grizy, 8ve optical bands and two IRAC IR bands, 3.6 and
4.5 μm. For more details please refer to X20. In addition, to
focus on only the massive quiescent galaxies, in the following
analysis we only include galaxies at log(M*/M⊙) > 10 in our
sample. This way we reach a 8nal sample of 18,572 massive
quiescent galaxies at z ∼ 1.2, with a median mass of
logM*/M⊙ = 10.9, a typical error of 0.1 dex, and a standard
deviation of 0.3 dex.
For comparison, we also constructed two control samples of

similar sizes at z∼ 0.4 and z∼ 0.8, respectively, following
similar logic (4000Å break and bright limiting magnitude
to reject high-z contamination). Table 1 lists the selection
criteria for our main and control samples, and Figure 1
displays their redshift and stellar mass distributions. Our
control samples have a comparable stellar mass distribution
(10< log(M*/M⊙) < 12) with our main sample at z∼ 1.2, and
only differ in redshift.
The UVJ diagram is a commonly used color–color diagram

to separate galaxy populations into different types (i.e., star-
forming versus quiescent), based on the rest-frame U− V and
V− J colors (e.g., Williams et al. 2009; Muzzin et al. 2013).
Figure 2 shows our sample’s distribution in the rest-frame UVJ
diagram, con8rming that our selection effectively (> 95%)

selects massive quiescent galaxies at z ∼ 1.2. For comparison,
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the fraction of galaxies that falls in the quiescent regions in the
rest-frame UVJ diagram for our control sample are 96.5%
(z ∼ 0.4) and 98.2%, (z ∼ 0.8), respectively. The small number
statistics of galaxies outside the UVJ quiescent regions should
not affect our statistical results in the following chapters.

3. Morphology Measurement

We employed GALFIT, a software that utilizes parametric
functions to model objects in digital images (Peng et al. 2002),
to perform a single Sérsic pro8le 8t on the surface brightness
distribution of each galaxy. The 8t was performed on the
8ve HSC band stamp images for each galaxy (grizy, of
0.168 pixel−1, and a typical seeing of 0.7–0.8) (Aihara et al.
2019). The point-spread function (PSF) for each object’s
position was generated using the Subaru HSC PSF Picker.4We
set the 8tting ranges to be 0.1< re < 143 pixels for the half-
light radius (re), and 0.2< n < 8 for the Sérsic index (n).
Given that at different wavelengths, the galaxy’s brightness

pro8le may differ, we check and compare the measured
morphological parameters in the 8ve HSC bands in Figures 3
and 4. In both 8gures, we see a clear trend between the
measured re, n and the wavelengths, with re decreasing toward
longer wavelengths (more concentrated), and n increasing
toward longer wavelengths (more bulge-dominant). A larger re
indicates a more diffuse distribution of a galaxy’s surface
brightness, which naturally leads to a smaller n value. Despite
this, the re and n values are more or less consistent within the
8ve HSC bands. We further divide our sample into massive
(logM*/M⊙ > 11) and less massive (10 < logM*/M⊙ < 11)

bins. We 8nd larger absolute re in more massive bins, but the
overall trends are consistent in different mass bins and with the
full sample. For n, there is effectively no signi8cant difference
between the massive and less massive bins, though a
marginally increasing trend is found toward longer wave-
lengths. Therefore, in the subsequent analysis, we employ the
8tting results obtained in the y bands (closest to the rest-frame

λ ∼ 4000Å Balmer break). For our control samples, r and i

bands are chosen for the z ∼ 0.4 and 0.8 samples, respectively.
To compare with the literature results, we further convert

our re measurements to re at the rest-frame wavelength of
5000Å (re,5000) using the following equation

( )
/

=
+

r r
z1

5000
, 1e e,5000 ,obs

obs

0.25

where re,obs represents the re at the observed wavelength. Here,
λobs is the pivot wavelength λpivot of the observed wavelength
band (Guo et al. 2011; Kelvin et al. 2012; van der Wel et al.
2014). The pivot wavelength λpivot is calculated using

( )

( )
( )

/
=

T d

T d

, 2pivot
2

where T(λ) represents the 8lter transmission. The correction to
re at 5000Å is based on empirical relations for quiescent
galaxies. For our main and control samples at z ∼ 1.2, z ∼ 0.8,
and z ∼ 0.4, the λpivot values used are 9775.07Å, 7727.01Å,
and 6218.44Å, respectively. In addition, for the control
samples at z < 1, we also calculate the effective radii re,5000
using Equation (2), following the approach of K21, adopting
the coef8cients at logM*/M⊙ = 10.9 for quiescent galaxies at
z = 0.2–0.4 and z = 0.6–0.8. We note that the estimated re
values are consistent with the results from Equation (1)

within 3σ.

3.1. Validations

In this section we utilize HST images from the CANDELS
(Koekemoer et al. 2011) to verify our surface brightness
distribution modeling, and to check if our lower resolution
HSC images yield consistent results with the higher angular
resolution HST images. We take advantage of a small fraction
of our sample covered by the CANDELS survey, which covers
116 galaxies with surface brightness measurements from van
der Wel et al. (2012), based on the F160W images (pixel
scale= 0.13 pix−1). For a fair comparison, we convert the

Table 1
Sample Selection

Redshift Selection Criteria Number Quiescent % <z >

<logM*/
M⊙ >

(1) (2) (3) (4) (5) (6)

Main Sample, z ∼ 1.2 i − y > 1.3, y < 22.5 18,572 94.3% 1.19 ± 0.20 10.94 ± 0.38

Control Sample1, z ∼ 0.8 r − i > 1.3, i < 22.0 17,905 98.2% 0.78 ± 0.16 10.97 ± 0.34
Control Sample2, z ∼ 0.4 g − r > 1.3, r < 21.0 19,433 96.5% 0.38 ± 0.10 10.80 ± 0.41

Note. (1) The targeted redshift of the massive quiescent galaxies. (2) The color–magnitude criteria for the sample selection. (3) The number of galaxies in the
corresponding sample. (4) The fraction of our color-selected sample being in the quiescent region of the rest-frame UVJ diagram (Williams et al. 2009). (5) The
median value of the photometric redshift distribution, the uncertainty represents the standard deviation of the sample. (6) The median value of the stellar mass, the
uncertainty represents the standard deviation of the sample.

4 https://hsc-release.mtk.nao.ac.jp/psf/s16a/
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F160W re–re,5000 using Equation (1), which is also the re
de8ned in our sample. Figures 5 and 6 display the comparisons
of the converted re and n values between the HSC and HST
images. Note that n is not corrected and the comparison is
between y and F160 band images. In general, after wavelength
correction, re shows a good consistency between the HSC and
HST images, whose resolutions differ by a factor of ∼6. This
agreement could be attributed to the similar procedure utilized
to measure the re (GALFIT), and largely thanks to the re
correction applied to convert them into the same band.
On the other hand, the comparison of measurements of the

Sérsic index n between HST and HSC images shows large
dispersions (Figure 6). The standard deviation (σ) for the

difference Δn = nHSC − nHST is 0.38± 0.99, implying
signi8cantly smaller n measured in the HSC y band than in the
HST F160W. In some cases (orange and green dots in
Figure 6), this discrepancy could result in different classi8ca-
tions of the galaxy type (i.e., bulge-like in HST and disk-like
in HSC, or vice versa), assuming a separation at n = 2.0. In our
massive quiescent galaxies, among all the HSC disk-like
galaxies (n < 2.0), about 71% are classi8ed as bulge-like
galaxies in the HST F160W image.
This discrepancy is likely caused by the lack of n correction

between different wavelengths, unlike what was done for the re
comparison. Although in our Figure 4, we did not see a clear
wavelength dependence on the n measurement, the range used

Figure 1. The photometric redshift and stellar mass distribution for our massive quiescent galaxy sample at z ∼ 1.2 (red) and the two control samples at lower
redshift (blue for z ∼ 0.4 and green for z ∼ 0.8).

Figure 2. Distribution of our z ∼ 1.2 sample in the rest-frame UVJ diagram. The vast majority of our color-selected massive galaxies lie in the quiescent region of
the UVJ diagram (Williams et al. 2009).
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Figure 3. The measured re values in the 8ve HSC bands (grizy) for our massive quiescent galaxy sample. The colored data points are the median value of re in each
band and for the three mass bins: red for high mass bin (M* > 10

11M⊙), blue low mass bin (M < 1011M⊙), and green for the full sample. The black points represent
half values of the average seeing sizes in each band. The red and blue shades illustrate the range (25%–75%) of the sample in the two mass bins.

Figure 4. The value and range of the Sérsic index n in the 8ve HSC bands for our massive quiescent galaxy sample. Color codes and shades for the data are the same
as in Figure 3.
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in Figure 4 is still limited, and smaller than the gap between
F160W and y band. Despite the consistency in Figure 4, we did
observe a marginal increasing trend of the n values toward
longer wavelength. A linear 8t yields nλ = (1.63 ±

0.58) × λobs + (2.42 ± 0.08) for our sample of massive
quiescent galaxies. Given that near-IR bands are more
sensitive to an older stellar population as compared to the
optical or ultraviolet bands, it is not surprising that the HST
F160W image yields higher n values for our sample of massive
quiescent galaxies. Among approximately 71% of the HSC
n < 2 quiescent galaxies that are bulge-dominant (n > 2) in the
HST images, almost all are located in the quiescent galaxy
region of the rest-frame UVJ diagram (Figure 7, green dots).
This suggests that the “conFicting” morphological types are

more likely genuine quiescent galaxies, instead of being dusty
star-forming galaxies, which would otherwise be located along
or below the boundary in the UVJ diagram. Compared to the
HSC optical images, since our sample is dominated by massive
quiescent galaxies, we consider the measurement based on
HST F160W images as being more representative of the stellar
population.
On the other hand, only ∼3% of HSC n > 2 galaxies are

switched to “disk-like” (n < 2) in the HST images. All of them
are well inside the “quiescent” region in the UVJ diagram
(Figure 7, orange dots). We check the stamp images of these
few galaxies (six in total), and 8nd that three hit the 8tting
lower limits of re in van der Wel et al. (2012), which suggest a
very compact morphology. Two of the remaining six have

Figure 5. Comparison of the effective radius re measured between the HSC (typical seeing ∼ 0.8) and HST image (PSF ∼ 0.2) and converted to the rest-frame of
5000 Å using Equation (1). The red line in the left panel marks the 1:1 ratio, while the red curve in the right panel is a single Gaussian 8t to the difference histogram
(Δre = re,HST-re,HSC). The mean and standard deviation (σ) forΔre is −0.02 ± 0.09. Regardless of the different image resolutions, HST and HSC yield consistent re
measurements.

Figure 6. Comparison of Sérsic index n between HSC and HST images (left) and their difference histogram (Δn = nHST – nHSC, right). The red solid line in the left
panel marks the 1:1 ratio, while the red dashed lines are the separation of disk-like and bulge-like galaxies at n = 2.0. Galaxies that experience a type swap (i.e., disk-
like in one and bulge-like in another image) are colored in green and orange. The mean and σ for Δn is 0.38 ± 0.99, suggesting signi8cant differences.
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n ∼ 1.97, extremely close to the separation line at n = 2, while
the last one is a relatively faint source at n ∼ 1.5. The
percentage is small and would not change the statistical
properties of the 8nal sample.
Overall, by converting and comparing morphological

parameters measured in HSC and HST images, we 8nd that
the effective radius (re) is consistent with different measure-
ments, after correcting for the rest-frame 5000Å wavelength.
The majority of our sample of massive quiescent galaxies can
be identi8ed as bulge-like galaxies: 77.4% with n > 2 in both
wavelengths, or 91% with n > 2 in either wavelength. We note
that the Sérsic index (n) could be systematically smaller in the
optical HSC bands than from the near-IR HST bands,

suggesting an increasing bulge-dominance toward longer
wavelengths.

4. Size–Mass Relation for Massive Quiescent Galaxies

In Figure 8, we present the size–mass evolution as a
function of stellar mass for our massive quiescent galaxies,
both in the main sample at z ∼ 1.2 and in the control samples
at z ∼ 0.4 and 0.8. Note that our re values are corrected to the
rest-frame of 5000Å. Given the large sizes of our sample
(∼18k–19k per redshift bin), in Figure 8 we only show the
density contour and the mean (orange) and median (blue)
values. We then follow the method presented in Shen et al.

Figure 7. The UVJ diagram for our sub-sample in the CANDELS 8eld with HST images. The blue points are galaxies with consistent morphological classi8cation in
the HST and HSC images. The green dots are the ones that are “disk-like” (n < 2) in HSC but “bulge-like” (n > 2) in HST and orange dots are the opposite ones.

Figure 8. The size–mass relation for massive quiescent galaxies for our main sample at z = 1.2, and two control samples at z ∼ 0.8 and z ∼ 0.4. The blue contour
shows the number density of the three samples, each contains 18k–19k objects, while the pink and blue circles represent the mean and median values of our samples
respectively. The solid red crosses represent the median values of re andM* at each redshift bin. The reference black solid lines are from van der Wel et al. (2014) for
ETGs and LTGs. The orange lines show our best 8tting results (minimum χ2).
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(2003) to derive the size–mass relation as follows

( ) ( )/ = ×
*

r M kpc A m , 3

where M* ≡ M*/5 × 1010M⊙. This function represents a
linear 8t relation in the log–log space with an intercept of log
(A) and a slope of α. We list the 8tting results in Table 2.
At similar M*, massive quiescent galaxies show comparable

slopes of the size–mass relations, though the intercept (i.e.,
base re) decreases toward higher redshift. This is also reFected
in Figure 8, where the median values of re (red crosses)
increase toward lower redshift, while the median M* does not
see a signi8cant change. This indicates that galaxy quenching
may have happened before the size growth (e.g., Cassata et al.
2011). Upcoming large statistical samples that cover near-IR
photometry like the Nancy Grace Roman Space Telescope
(NGRST, previously WFIRST) would help us con8rm if the
morphological evolution is prevalent and can explain the size
differences of massive quiescent galaxies at different redshifts.
Despite the different selection criteria, i.e. color–magnitude

selection in the HSC-SSP Deep/UltraDeep regions versus
UVJ-selected quiescent galaxies in HST CANDELS, our
8tting results show a general consistency with the W14 results
(α ∼ 0.6–0.7) at z < 1.0, which was based on smaller samples
of ETGs at similar redshifts. As af8rmed in Figure 2, our
color–magnitude selection is effective in selecting UVJ
quiescent galaxies (90% consistency). Therefore, it is not
surprising to see comparable slopes and intercepts. However,
at z ∼ 1.2, our slope of 0.61 is signi8cantly (>3σ) Fatter than
previously found in CANDELS. We suspect this is due to our
selection of a magnitude cut to select only massive galaxies
(>1010M⊙), which leaves out the possible population of lower
mass, compact quiescent galaxies. Inclusion of the fainter,
compact quiescent galaxies could steepen the observed slope.
We note that in some references (e.g., K21), a double

power-law provides better 8ts, with a pivot stellar mass at
logM*/M⊙∼ 10.2–10.6 at z < 1. Above the pivot stellar mass,
the slope for quiescent galaxies signi8cantly steepens from
∼0.1 to ∼0.6–0.7. In contrast, a single power-law would
provide a Fatter slope of only α ∼ 0.3–0.4. This is likely due
to the different completeness of the two samples. At
z < 1, K21 has an i band magnitude cut at 24.5, two dex
lower than our control samples, and a mass cut at 109M⊙, 1
order of magnitude lower as well. Inclusion of less massive,
quiescent galaxies without better image resolution would

naturally result in a Fatter slope at the low-mass end of the
size–mass relation. Although K21 stops at z < 1.0, their trend
is actually consistent with our 8ndings of a Fatter slope at the
lower-mass end for our main sample at z ∼ 1.2. Future high-
resolution space-based surveys like NGRST are needed to
con8rm if the Fattening at the low-mass end is a genuine
physical trend or limited by the image resolutions.

5. Summary

We measure the morphological parameters effective radius
re and Sérsic index n for a sample of 18,572 color–magnitude
selected massive quiescent galaxy sample at z ∼ 1.2 in the
HSC-SSP Deep and UltraDeep 8elds. The majority of our
color-selected quiescent galaxies also fall in the quiescent
region in the rest-frame UVJ diagram, con8rming their passive
nature.
We then compare the re measured at different HSC bands

(grizy) and for a subsample with HST coverage, the HST
F160W band. We 8nd that regardless of stellar mass, the re
decreases as the wavelength increases, con8rming their bulge-
dominant nature. This also alerts us about the use of absolute
re values, which should be converted to a standard wavelength
(e.g., rest-frame 5000Å) before making a fair comparison. At
similar wavelengths, the re values for massive galaxies are
systematically larger than the less massive ones, as expected
from their monotonic size–mass relation.
For the Sérsic index n evolution, however, there is yet no

conversion between different bands or for different mass bins.
In the subsamples with both HST and HSC coverage, we 8nd a
common jump from disk-like (n < 2) to bulge-like (n > 2)

galaxies adopting n from near-IR images. This again con8rms
the bulge-dominant nature of massive, quiescent galaxies. We
suggest to use caution when comparing galaxy morphological
types based on images at different resolutions or at different
(rest-frame) wavelengths, and whenever possible, to apply an n

correction if necessary. Future high-resolution space-based
surveys like NGRST will be needed to con8rm the n evolution
along wavelength and across various redshifts.
In general, the size–mass relation based on our statistical

main sample (z ∼ 1.2) and lower-z control samples show a
monotonic increase of re with M*. A single power-law 8t
yields a slope of 0.61± 0.01 for our z ∼ 1.2 main sample, >3σ
lower that previously found in van der Wel et al. (2014, W14)

Table 2
Size–Mass Relation for Our Massive Quiescent Galaxy Samples

Redshift log(A) α Reference Redshift log(A) α

∼1.2 0.39 ± 0.11 0.61 ± 0.01 W14 1.25 0.28 ± 0.01 0.76 ± 0.04
∼0.8 0.42 ± 0.08 0.73 ± 0.01 W14 0.75 0.42 ± 0.01 0.71 ± 0.03
∼0.4 0.63 ± 0.12 0.65 ± 0.01 W14 0.25 0.60 ± 0.02 0.75 ± 0.06

Note. ( )/ = ×
* *

r m A mkpc . The last three columns are reference values from Table 1 of van der Wel et al. (2014) for ETGs, listed for comparison.
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for a smaller sample of UVJ selected quiescent galaxies. For
our control samples at lower z, the size–mass relation agrees
well with the W14 results, but are steeper than the single
power law slope reported in Kawinwanichakij et al. (2021),
which includes more fainter and less massive objects of similar
image qualities. Future high-resolution space-based surveys
like NGRST will help con8rm if the Fattening at the low-mass
end is a genuine physical trend or limited by the image
resolutions.
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