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w ABSTRACT

pace

Using public images from the Tames Webb Space T ele'scopé‘(.vf WST), we ..
.looked at 340 000 galaxies very very far in the Universe to measure .
:,"the:r_ shape.' The goal is to understand why and how some galaXies stop ;‘T

(b and disk) decomposition, yielding

‘,,,|‘,|:. » ‘H Hh . n, yielding cons ProdUC|n9 new stare I‘\U\ radius, Sérsic index (ng), s ratio.

0 W | iements

We have conf .rmed some results that galax|ea go ext.nct:nt (scaentasts
talk of "quenching") when they are more compact. We also showed how the
« center of dying galaxies tend to grow faster than their outskirts. i
All this work is an addition to a lar ge database for astrophysicists about

iy galax.es in the earlg Un.verse obaerved by the JWST.,
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1“|yﬁﬁiF650THE PO‘NT? Vaucouleurs visual classification scheme (

‘ ) ). These visual schemes r¢ lied on manual
[ the standard Lambda cold dark matter (ACDM) paradigm,
alaxies form as gas accretes and cools within dz ||| matter halos,

1on of photoer; 1c nla uctur:

. Previous astrophgs.c.sts invented .

1d morpholos th
c

Bg'loo'ang at the "skg, we know that e 'Walys to measure these dif ferent
. galaxies ex.st in dif ferent shapes. |  shapes using numbere, The goal io to-
from stars and active galactic nuclei (AGNs), mergers, and gas mOre accUrately see how the 5hape of‘

accretion, all of \\.lm‘h leave imprints on their structural proper

. . eralized b

ties. Consequently, studying galaxy morphology across cosmic widely u 9&[0)(165 eVOlVEd Wlth tlme.
time is key tg erstanding the physical transformations that
accompany i

remains

param
eters such as concen tration ffective radius, and ellipticity.

, as well as the interpls etween 1y

rallel, nonparametric n 1|111 were developed to capture

.+ One number very often veed is the .
“ioush o Sersic index, It's small (around 1) for,

evoly Bide observational

matter halos (e.g e

range Q ave

fications owed the Hubble-de . 5Piral 90(0)‘765 Qnd lar‘gef“ (L’ and I
wblm “more) for elliptical galaxies, o
* q spond line authors: aurelien.gen chn u]\ org 1axy I NOIoZY acros 1C LHTE ne al L IlI ersec,

marko 15p,rall E”lptlcQ{ the \\Hlu lJ|\1l|I Sky Survey MD.\.\. enabled statistical
galaxaes galaxaes \343, page | of



We set out to measure the shape

To look at galaxies and how they of A LOT MORE galaxies by looking
evolve with time, telescopes have at all these lar ge and deep
to look very far in the Universe regions of the sky at once.

(remember, the further we
observe, the more we go back in
time).

SE?
Many telescopes have done that, WHAT DATA DID WE U

such as Hubble and now the JWST,

observations, with the TWST by other astronomers using the
pushing even further than Hubble! JWST, it s always a good thing to

mention them,

Astronomers have preferred
regions in the sky that they
observe with dif ferent telescopes.
This allows to compare their
measurements and better
understand the Universe. The ones
we used are called: EGS, GOODS, The images have also already been
COSMOS, UDS (Uitra Deep Surveyl). processed by the Cosmic DALN
Center (where | was doing my
internship that led me to do this
work) to be ready to be used by
scientiste,
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Table 1. Summary of the fields covered in this work.
Field i Bands
(arcmin®)  (mag)

F115W, FI150W, F182M,

EGS 82.0 29.16 F200W, F210M, F277TW,

F356W, F410M, F444W

FO9OW, F115W, FIS0W,

GOODS 67.3 2993  F200W, E277W, E356W,
F444W

) FOOOW, F115W, F150W,

R wl s 30 ’ ) YT, - ,

: ]‘L[.T;;'[‘ 224 4 28.51  F200W, F277W, F356W,
' F444W

) FO90OW, F115W, FI50W,

PRIMER- . ! ! o

- . 127.1 28.62 F200W, F277TW, F356W,
COSMOS F444W

Notes. All images are from the DJA and
work. The survey areas and 5S¢ depths computed from empty apertures
correspond to the F277W band and were calculated by Weibel et al.
(2024).

were processed prior to this

apply any PSF convolution, since SOURCEXTRACTOR++ con
volves the source models with the corresponding filter PSF (see
Sect. 2.3)

2.2. Catalogs

'I']lc DJA also provides photometric and photo-z cat: l]l\“'-. |1|'c1

] with SEXTR A

( we also Lsed measurements done by
. astrophysicists at DAWN of other |
l‘propert.es of these galax-es the(r re

g-bas ne ces, This
. distance, their mass, their color, ..
physical paramc istribution (SE LJ| fit
tings with EAZY the'r br'ghtﬂe55- 2. In this work, we
used the EAZY output to investigate morphology evolution as a
function of redshift and galaxy type (Sect. 4).

2.3. Point spread function reconstruction

Accurate model fitting requires precise characterization of the
instrument’s PSF. The PSF results from light diffraction at the
aperture of the 1Llumpc and defines the resolution limit of
JWST
using

108aiCs

Every telescope (just like the .
I camera in your phone) takes

mpll' shows that

p¢ p.cturea that are somewhat blurry.
.. We need to measure this blurriness.
to correct for it when we Il measure |

UI' a kuu:u the ﬁhape Ofgala)(Ies like L|||]1I|L 1l
aperture magnitude. In the MU_ HAG_AUTO plane (shown in
Fig. 1), the point-like sources follow a line of slope equal to
one (referred to in this paper as the “starline™), and extended
sources form a distinctive cloud above it. We added thresh
olds for MAG_AUTO: a minimal value to avoid selecting saturated

A&A, 699, A343 (2025)
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Fig. 1. Point-like sources selection for PSF estimation. The plot

shows the distribution (log scale) of sources from the GOODS-S field
(F200W) in the MU_MAX/MAG_AUTO plane.

.. This is 'done by looking at stars (in ™

dot

the Milky Way, our galaXy) and what
“they look like. With the TWST, they '
Detecti look somethgng l.Ke that! near regres-

sion. However, to avoid bias fronY the extended sources cloud,
we first applied a clustering algorithm to detect this point cloud
and remove it. We used DBSCAN (Ester et al. 1996}, implemented
in the SCIKIT-LEARN Python package. This alggfithm identifies
cores of high density (the extended sources clgfd) while exclud
the starlingd” We then applied
AUTO value to further remove
cloud. Finally, we detected the
aression algggfthm (Fischler &
FThe threshold and
int-like sources were
onal tests. Fig. | shows
n the MU_MAX/MAG_AUTO

The red box shows the star-

ing points considered as noise
a threshold on the MU_MAX — MA
outliers from the extended sourc
starline using ¢ RANSAC Iim.u'

plane.

The point-like source
vield the same sample, j
slight differences aro,
old used for the MU
band to select p
tent starline detection across field§.
a randomly selected sample (N -
sources were point-like. Figure AL
in the GOODS-S field.

OUR.MEASUREMENTS

3.1. SOURCEXTRACTOR++

We didn't start from scratch, We
"vsed a tool called SourceXtractor++.
' (the sUCCe9s0r to SEXtractor, yes '
m-lm that 5 its real name) that can Ll
"measure the shape of galax.es with .

“a'given model (like the Sérsic index)."
A343,

0 value. We chdsg the F200W
15 it provided the most consis
Finally, we visually inspected
100) to verify that the selected
| shows examples of the PSFs

nt-like sources
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in different bands, without the need for prior sample selection,
-"nmn u'mliun and masking. Additionally, its flexible model fit

"'In'our work, we used two models of '
cut;ilu; mukn ahape for gala)('e@.

10N

and

3.2. Brightness profile models

To measure galaxy morphology, we modeled the brightness pro-

'The first one is the Sersic model. It e

full control o I tons,

we looks at galaxies as blobs of light
and measure their shape by how "
the axis 1 aharp their edge o nd the tntul Ihl\

. In this work, e fit for the tw ymponents of the ellip-
.tm1< , which are directly linked to (a/b The
2lers are ]\uul]lui'

.ILII_\.f

il LHI]]PH\I.I\_
urs bulge
profile. It is parametrized by the effective rac

15 = 1)and adé

Ris. and bulge, Rp.,.; the axis ratios (a/b)p and (a/b)g;
a common angle fgp; the lul;l] flux_of both comsancyls,
T} Tt bulge-to-total ratio B/T = friw/ fa Y The
b )'I\]IUI is a hLII curve r: Sing from 5 x 1077 to 1, with a

tion of wi ]\Lan“lh
er fit than the Sér.

LlL.‘-Ll]hC?‘- the central region

mean and ‘\P[L.ll fu

B+D model g 59"5'5 ,ndex 5“"
model, as it more
of galaxies, particularly the presence of a bulge or a dimmer
center compared to a Sérsic profile. However,
more parameters, it is more u\mput;niumll\' intensive and can,

The

sic accurate ly

because 1t has

In some ca lead to deg ters, espe

cially for . The 5eC0nd MOdel 15 Called 1ay not be
E Bu(gefDrsk It's the superposition of
multiple images, tu)o Seralc MOdel ds. In lhl'- \\mk
Of\]éhbf index Y for the core (the.
T g of the galaxy .

o=uiOne of index | for the outskirt
(the disk) of the galaxy

we const

3.3. Tiling

It is theoretically possible to run SOURCEXTRACTOR++ directly

o1 This B+D model better describes

compuling po O Lie the Tull images.

This -50Me galaxues that have a very
lelizatio 11 5
aon br.ght core (beCause of a )

overlap, t vere fully

present i 5uperma55(ve blaCK hOle fOF

3.3.1. Catalog merging example)'

To merge the sub-catalogs, we iterated over each tile to append
them and create field. At each
iteration step, we cross-matched with the previously appended

a catalog covering the whole

sub-catalogs and discarded the matched duplicates from the
overlap regions. For sources that are matched (in the overlap
region), we chose the one with the smallest uncertainty in the
F200W magnitude, as measured by SOURCEXTRACTOR++. As

github roAure,/DJA-SEpp,/blob/main

sepp-co
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the model fitting was performed independently for the Sérsic and
B+D models, this step was performed separately to produce one
catalog per model. The F200W band was chosen because it has
better resolution compared to the LW channel, and galaxies are
generally brighter in it than in other bands of the SW channel.
Finally, we cross-matched the two model-fitting catalogs
with the DJA catalogs. This step allowed us to remove false
detections (which were frequent near the edges of images), retain
the same list of sources, and provide additional morphologi
cal measurements to the DJA catalogs. We chose a threshold of
0.3 as the cutting distance to validate a match. This threshold
was set manually using the histogram of angular distances pro
duced by the cross-match. This value corresponded to 5 pixels
in the LW channel and 10 pixels in the SW channel of NIR
Cam, which was acceptable and could be the result of differences
between the source centroids estimated in SEXTRACTOR and
SOURCEXTRACTOR++.

3.3.2. Merging of the model and residual images

The SE++ tool produces model and residual images. We merged
only the model sub-images and mosaic
ual image afterward. the we used the
reproject_and_coadd function from the reproject Python
package (Robitaille 2018), which reprojected and co-added the
images on a frame specified by the World Coordinate System
(WCS) of the native DJA images. This ensured that the merged
full model images had the same pixel scale, center, and orienta
tion as the DJA images. We used this to generate mosaic residual
images by subtracting the mosaic model images from the source
DJA images

generated a resid-

To merge sub-images,

3.4. Flagging and completeness

As mentioned previously, our aim was to add morphologi-
cal measurements to the DJA catalogs. Therefore, by
matching, we retained the same number of rows (sources) in our
catalogs as in the DJA catalogs. Furthermore, we added a flag
keyword with four possible values as follows:

0 : the source was not fitted (no morphological data).

1 : a potential artifact occurred during model fitting.

2 : fitting was performed successfully. This value

CIrOss-

gives
science-ready data.

3 : the source has S/N <
depth of its corresponding survey. The S/N was computed by
SOURCEXTRACTOR++ on the detection image.

The distribution of the flag values is shown in Fig. 2. Sev-
enty to L'i"__'l]l_\. percent of the sources were \ll\_'\_'::\.hl.lt”_\ fitted
(£flag=2). This indicates that the SOURCEXTRACTOR++ min
imization algorithm converged and the parameter values were

"To run SourceXtractor++ on all our

1M

‘images, we have to slice them in small -
" patches, This is simply to not hurt

im ten

1 “too much the computers that will “““l

SOME pal: clers 1 1211 H i LAY EC
have to do measurements, 1yl
this indicates a poor fit; therefore, we flagged such sources.
For the Sérsic model, this includes sources with (a/b) > .99,
ng —0.36] < 107%, ng > 8.35, or ng 0.301. For the B+D
model, this includes (a/b)p > 0.9999, (a/b)p < 0.10001, «

(a/b)p —0.5] < 107, These values were chosen manually by
identifying artifacts in the parameter distribution and by visual

3 or a magnitude fainter than the 5o

Lilal

to the ex
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. Completeness of the I]]\\I|‘| olog gy measurements l“-l[] r SOURCEXTRACTOR++.

Field DJA Sérsic Bulge+Disk Both
CEERS 67035 52604 (78.5%) 59046 (88.1%) 51329 (76.6%)
GOODS-S 57355 44931 (78.3%) 52754 (92.0%) 44016 (76.7%)
GOODS-N 65481 53291 (81.4%) 58 852 (89.9%) 51465 (78.6%)
PRIMER-UDS (N) 68857 58947 (85.6%) 67134 (97.5%) 57945 (84.2%)
PRIMER-UDS (S) 65 864 57397 (87.1%) 64537 (98.0%) 56476 (85.7%)
PRIMER-COSMOS (E) 50655 42359 (83.6%) 48496 (95.7%) 41597 (82.1%)
PRIMER-COSMOS (W) 51362 40493 (788%) 46964 (91.4%) =
Total 426609 350022 (82.0%) 397783 (93.2%%

Notes. Values in the table show only sources with F277W magnitudes below the 5S¢

the SOURCEXTRAC

FOR++ columns, the values correspond to sources successfully fitted (£lag=2): see H” the ga[ax‘es that have.u DJA catalogs with

the same magnitude and S/N cut.

500k 100%
e Sérsic
s B+D

400k | 80%

300k} 60%

2

c

3

o

O
200k} 40%
100k 20%

0k

flag

Fig. 2. Histogram of the £lag values for the full catalogs. The percent-
ages are relative to the total number of sources in the DJA catalogs. Two
lil\llf‘ tive histograms for the Sérsic and Bulge+Disk models are . shown

» For some mysterious reasons, the

Clce-TC:

pro gram sometimes fails to measure
the shape of a galaxy. We identify

Il'l\ll on indaled n care |

.. these failures, and mark the one
. that have correctlg been measured..
. 'This way, we know that we have -

loos. Table s LNE NUIMDEr O 24 s1n h field used in

‘been able to measure the shape of

.hc

'80% of the galaxies in the images!

galaxies in the DJA catalogs, using the same quality cut on S/N
and magnitude as S/N >3 and mag <50 depth (£flag=3) on
both. In total, our catalog consists of 342 892 sources with reli-
able model fitting and science-ready, making it one of the largest
morphological catalogs based on JWST observations.

A total of 80.4% of the DJA S/N >3 and mag <5¢ depth
sources were successfully fitted with both a Sérsic and a B+D
model. The completeness is higher for the B+D model than for
the Sérsic model. This is likely because the B+D model is a

been correctly measured:
340 000 galaxies!

better description for some sources whose Sérsic model param-
eters tend toward the minimum or maximum allowed values
(therefore classified as £flag=1). Finally, we analyzed the distri-
bution of certain physical parameters (F277W magnitude, Zypor,
mass, and Kron radius) for the non-detected sources (fl1ag=0)
and potential artifacts (flag=1). We did not find any significant
correlation between these parameters, indicating that the incom-
pleteness due to £lag=1 is not biased with magnitude, redshift
or stellar mass.

Therefore, we consider our morphological catalogs to have a
relatively high completeness compared to the DJA, and, as such,
they provide highly valuable information for studying the mor-
phology of galaxies and its evolution through cosmic time, as
demonstrated in Sect. 4.

3.5. Comparisons with previous work

To validate our measurements, we compared them with previ-
ous morphological catalogs in the same fields, particularly van
der Wel et al. (2012). These catalogs contain Sérsic modeling
performed using Hubble Space Telescope (HST) observations in
the same fields used in this work: GOODS, EGS, UDS, COS-

MOS. By cross-matching them with our catalog and selecting
nnl\ early-type galaxies (see Eq. (2)), we find 3263 matches with
S/N >10.

The size and morphology of galaxies are known to differ in
different wavelength ranges. To ensure that we compared mor-
phologies measured at similar observer-frame wavelengths, we
used the measurements in F160W from van der Wel et al. (2012).
However, since our measurements correspond to the averaged
morphology over NIRCam’s wavelength range (~1-5pum), we
scaled the effective radii R.s in van der Wel et al. (2012) to

2.5 um using TOr make sure that our

AlogR
1. Measurements are reliable, we

. compare some of them with previovs.
wan note
., etudies that used different tools.'
by the same mthnn \\hth integrates the effect of tulahm uul
stellar mass. However, we uln]ﬂul this simpler and more general
relation for comparison purposes.

Figure 3 shows the one-to-one comparisons between the two
works for Rer (top middle panel) and the Sérsic index ng (top

(1)
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VAW+12 R [arcsec]

1072 10°
DJA Res [arcsec] DJA Sérsic index

Ideally, all the points would be on the
red diagonal line. But becavse we
used dif ferent images and tools, it's
normal that there's some dispersion.
However, they pretty much follow
the correct trend. So our
measurements are good!

\WHATCAN'WE LEARN FROM. ALL: THIS?

The main motivation for this work was to look at the dif ference in shapes
between galaxies that form new stars and « dead » galaxies (so called
quiescent galaxies)

To separate star—forming from dead galaxies, we can look at their color.
Young stars are generally blue because they are hotter, whereas old stars
are red becavse they are cooler. (Yes, this is the opposite from the colors on
your faucet...)

Because of this, we know that dead galaxies are redder than star-forming
ones. We can therefore look at the shape of the galaxies and compare them
to their color!
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;5 d O0<z<1 ; 1<z<?2 5
[D;eLaAcnt : :
galax' 2 2}
4.0
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3 1 8 3 1 1
- " " ® o n - s * - 35
1 N —_
0 ‘Star- f'orm 9o 0 e
_1 Stiq” laXI€5 . . . g -3.&
(0] 1 2 3 =1 ﬂ 1 2 3 c S
VA VL) 2 <
. I3 billions o {29
<7<
L 3 véarsago— £ ?
of the Universe- : LS
E "ee 3 1 E S
‘. 2. 4T (O
te . i [Vp}
> - - 1 15
=
17 0 1 2 3 i1 0 1 2 3 "L 0 1 2 3
V-] V-) V-]
Fig. 4. Distribution of Sérsic indices. ns, in the .f VJ color space for different redshift ranges, for galaxies with log M, /M, > 10. The color of
each hexagonal bin represents the median value of ng, as indicated by the colorbar, The dotted line \I| ws the quiescent vs. star-forming separation
using Eq. (2). The quiescent region is predominantly populated by galaxies with high Sérsic indices (ng = 3).

form through a combination of mild dissipative contraction and  our work paves the way for more in-depth and quantitative popu-
nio et al. 2024). These  lation studies that can unveil the details of galaxy quenching and
l|l||1‘\L'L‘I]] disks may also result from gas exhaustion following the accompanying morphological transformations.

secular evolution (Toft et al. 2017; D’ Euge

a compaction event or mereers that preserve disk kinematics

"The fi gure above shows how the shape of galaxies is linked to their color (and
2015).
Buloe-dominaied salasic 50 whether. they produce new stars or not) o, o e <ize with wedshint
cent UVJ region out ln‘ ~ 3, with a small bimodality appearing  for galaxies classified by their morphology type (namely, bulge
in the star-forming region at higher redshifts. This indicates that  and disk-dominated). We analyzed the radii from the two inde

"« We see that dead galaxies always have a high Sersic index, whereas -

cosmic ames, bul by 2 maos inda the ais 11 'I_. eliecuve radius Frglg

cence. This trend may 5tar—formln9 galaxlea have a low 58r5|c Index. n kpc by converting the
.\, This confirms that star—forming galaxies are generally disk galaxies and

with
driven quenching (e.g., Barro et al. 2013, dead galax‘es are eu Ptlca( 1w the size evolution with zZye for the
2015, 2016). The location of bulge-dominated gal®ies in the  Sersic ellecuive, disk, and bulge size measures for ¢ i i
UVJ diagram — toward bluer colors compared to the main disk-  log M, /Mg > 10, \’-hluh corresponds to a mean mass of =4 x
inated n lati . - - ) N Wa 1 £ " 1 1 1 Taasl
Moreover, we see that this conclusion holds even at dif ferent epochs (although
\there are fewer dead 9alaxaes in the early Universe becavse they haven ‘t had

Lis i1s nsistent e sludics Lypica L LNC 514C Ica surcd in
g |I IXies experience a Imnl nI compact s the t:me tO 90 extlnCtlnt) IhL'- the same rest-frame optical range over
l[ll :nching into red nuggets (e.g., Dekel & Burkert 2014; Zoloto the studied redshift range IIm means that our measurements
et al. 2015; Barro et al. ._||I . Finally, the Im\u number of probe the rest-frame IH|11|LL1| at z = 0.5; however, this approach
bulge-dominated galaxies in []‘_v higher redshift ranges is consis-  may introduce differences when cnmp;l:'ing our results with stud
tent with the inverted Hubble classification evolution: galaxies ies that base their size measurements on a single band for a
form as disks and evolve to bulges (e.g., Quilley & de Lapparent  defined redshift range.
2022). Our measurements show that the overall size (r,, from the
This qualitative analysis of the correlation between quench-  Sérsic model) of all galaxies with log M. /Mg > 10 increases
ing and morphology is consistent with the current picture from  with redshift from about 1 kpc at z ~ 5 to ~2.5 kpc at z ~ 0.5.
both theory and observations. Importantly, by providing mor-  Disk-dominated galaxies show larger sizes by about 0.1-0.2 kpc

phological measurements from JWST for such a large sample, compared to the whole sample, and increase with time, while
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Importance of the core of the galaxy

B/T_F200W

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

0<B/T F200w<0 2 O.2$B/T_Fy200:W$0.6 5 0.6$BN_F'200?/V$1.0 Today
Quiescent K
...................... ;-;%:“v asasssssnsasass gl "‘
&_.- ; 1 Yt
0_
Star-forming
R - S SRR R T TRMAE:
V-J V-J
0.2<B/T_F200W<0.6 . 0.6<B/T_F200W<1.0 Q
' T ; T ®
: : [
l L
] >
<
> D
2 QL
<
~o
. G
1.5<z<3.0 Q
B SR W S S T TR T S - S R VR TREN %)
V- V-J Vi <
0<B/T_F200W<0.2 3 0.2<B/T_F200W<0.6 5 0.6<B/T_F200W<1.0
2 2 ' y
> 2 ' 3
o] o) ]
0_ -
3.0<2z<6.0 13 billions
Mo 12 3 TR0 1 2 3 "o 1 2 3 yearsago
V-J V-) V-)
Fig. 5. Distribut - 10. Each point is colored
by its B/T value in the I_ Uﬁlng the BUlge"'D'aK MOdel ShOl«L‘) a 9l{nl(ar StOFg I'he contours indicate 25,
30, and r of the density. Bulge-dominated galaxies (high B/T) predominantly occupy the quiescent region, whereas disk-dominated galaxies
(low B/T) are gene |'-. n the star-forming region of the U'VJ sp:
Dead galaxies have generally a bright core and a dim disk.
.. Star—forming galaxies have generally a d-m core and a bright disk.’,
in size out to -.‘. pc at z ~ 0.6. size evolution for log M, /M 95 ¢ |I 1xies. We also com-
To qu fy the si ults from A 2025) who measured
] R(1 + 2)* model, com BUt thls la alSO CO(‘(‘eCt the Othe(‘ WGg around ;|I.|\i-c». which was
measurements of the ‘nl ic effective radius. The fit was per-  obtained by scaling all galaxies to the same mass using the mass-
formed using the least squares me I|||\l|I|II|lI 1the ]||1'|I I\lI on size relationship. This comparison sho a good ¢ \||\|\|::|;_-\
l| viieh - Galaxies that have a bri ght core are generally dead iy,
|1:‘:-_ 1e n erent mass
Galax-es that have a bri ght d.sk are generallg f orm-ng 5tar5.| icate the
ies population, we obtain r, (4.02 £ 0.04)(1 + 2 kpc. omparison and are like > reason foi ditference
For the bulge-dominated population, the fit is r, 34 ['he middle and right panels of Fig show the evolution

"And we don't know yet whether one of this causes the other (is it the death of !
+the galaxy that makes it become denser ? Or is it its compactification that -
~ Mokes it die ?) or if there's an external effect that cavses both,
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Galaxies grow with time, but dead galaXies have had a sudden
Jump in size whereas star—forming galaxies grew steadily.
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We also measured the size of the galaxies. And since there are galaxies from very
dif ferent cosmic times in our images, we are able to trace the evolution of their
sizes with the age of the Universe,

And galaxies are now 2-3 times bigger than in the early Universe!
This was already known, but thanks to our shape measurements we are able to
separate the evolution of star-forming and dead galaxies.
We found that dead galaxies grew later, but faster, than star—forming galaxies!
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Fig. 8. Evolution of the sizes of quiescent and star forming galaxies with log M, /M
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> 10. The plots show the Sérsic effective radius r,, the disk

effective radius ry, and the bulge effective radius 7y, as a function of zy,,. Galaxies are classified as quiescent or star-forming based on their

U/ VJ colors. The points and error bars indicate the mean and 1 o~ dispersion in the corresponding 2

bin.
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Fig. 9. Evolution of the stellar mass surface density, .. Shown are masses and redshifts from the DJA, calculated using EAZY, and effective radii,
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diagram. The

that log M, /M5, > 9.

Overall, as expected, quiescent galaxies have smaller sizes than

star-forming gala Uhatls Verg ffntereﬁtfﬂg isu.‘.:h

with redshift, froni ~U.27kpe Tor th¥ eariiést quiescei

1881

fied as aunie

By combining shape, size and mass, we computed the "density" of
the galaxies.

at dead galaxies in the

cent or st

m in the UV]
galaxies such

Belli et al. 2015). However, part of the observed size growth of

'ear.|y-zcnimr bias — as

new, largel nu guench anca~nter the quiescent

atz~Sto~2kpecbyz~0 Uni’verse were ~10 times denaer. than tOde! rease the average size of the

and increase in size from ~1.2 kpc to ~2.6 kpc by z ~ 0.5. This
shows that the size growth of quiescent galaxies is steeper than
that of star-forming galaxies. This size evolution is consistent
with previous studies showing that both populations experience
growth over time, driven by minor mergers and continuous star
formation in star-forming galaxies, whereas quiescent galaxies
primarily grow via dry mergers (e.g., van der Wel et al. 2014;
Whitaker et al. 2017). While high-redshift quiescent galaxies are
compact at formation, often referred to as “red nuggets” (e.g.,
Damjanov et al. 2009), Fig. 8 indicates that they continue to
grow in size down to z ~ 0.5, a trend that can be driven by minor
mergers and other accretion processes (e.g., Newman et al. 2012;
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population, making the size evoituon appear more dramatic than
if individual galaxies were tracked over time (e.g., Barro et al.
2013; Carollo et al. 2013).

The disk sizes of star-forming galaxies increase from
~1.4 kpc at z ~ 5 to 3.4 kpc by z ~ 0.5, consistent with expecta-
tions from inside-out growth models, where gas accretion and
star formation preferentially occur in the outskirts (e.g., Patel
ct al. 2012; Morishita et al. 2014; Matharu et al. 2024). The disk
sizes of quiescent galaxies remain small and are similar to, or
smaller than, their bulges, at least out to z ~ 2, where the disk
size increases to about 2.6 kpc. However, the scatter is signifi-
cantly higher, making it difficult to draw meaningful conclusions
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about the disk sizes of quiescent galaxies. The bulge sizes for
both star-forming and quiescent galaxies exhibit a mild evolu-
tion with redshift. Star-forming galaxies grow by about (.6 kpc,
reaching ~1.2 kpe by z ~ 0.5. Quiescent galaxies are slightly
more compact and, at high redshift, have bulges of about 0.4 kpc,
increasing to about 1.2 kpc by z ~ 0.6. The persistence of small
bulge sizes in both populations suggests that bulges reach their
final configuration early, while the surrounding disks continue
to evolve, particularly in star-forming galaxies. This is consistent
with models in which early compaction events, such as mergers

or disk instabilities, form a central bulge, after which the fate of

the galaxy depends on the availability of fresh gas for continued
star formation or quenching mechanisms (e.g., Barro et al. 2017;
2018).

Tacchella et al.

4.3. Evolution of the stellar mass surface density for
guiescent and star-forming galaxies

To investigate the relationship between the compactness of a
galaxy and its star formation activity, we calculated the stellar
mass surface density, Z,, which is the mass contained within the
Sérsic effective radius, given by X, = M, /2xr’. Fig. 9 shows
L. as a function of stellar mass for quiescent and star-forming
galaxies of log M, /Mg > 9, to facilitate comparison with the
existing literature, in six redshift bins at 0.5 < z < 6. This fig-
ure demonstrates that quiescent galaxies are more compact, with
higher surface mass densities than those of star-forming galaxies,
and that quiescent galaxies become increasingly dense at earlier
times. This finding is in good agreement with previous work,
e.g., Barro et al. (2017), which shows this relation out to z ~ 3.
Our results indicate that this relation extends out to z ~ 5 and
that quiescent galaxies increase in compactness the earlier they
form. This is consistent with the observed compactness of some
of the earliest quiescent galaxies found by JWST (Carnall et al.
2023; de Graaff et al. 2025; Weibel et al. 2024; Ito et al. 2024;
Wright et al. 2024).

SMS

This work presents a catalog of galaxy morphologies measured
from JWST imaging of the major extragalactic surveys ('FFRQ

" We only glanced at what this catalog '

[T TR

of the shape of 340 000 galax.es can
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‘tell us about the evolution of galax.es
model and a B XTRACTOR++.
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galaxies that are bulge-dominated;
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- The two-component fits reveal that low B/T galaxies pref-
crentially occupy the star-forming UVJ region, while high
B/T galaxies populate the quiescent region. At z > 3,
however, we observe a population of high B/T and bulge-
dominated galaxies, consistent with a blue nugget phase;
The Sérsic effective radius (r,), disk effective radius (rgisx)s
and bulge effective radius (rpuee) all show a decreasing trend
with increasing redshift. Star-forming galaxies exhibit sys-
tematically larger sizes compared to quiescent galaxies at
all redshifts, consistent with prior studies. Quiescent galax-
ies, while smaller than star-forming ones, show a steeper
increase in their effective radius with time;

Quiescent galaxies are significantly more compact than their
star-forming counterparts, leading to high stellar mass sur-
face densities (£,). We find that £, for quiescent galaxies is
nearly an order of magnitude higher at z ~ 4 compared to
z ~ 1, consistent with the observed compactness of some of
the earliest quiescent galaxies observed by JWST.

This morphological catalog is a valuable addition to the DJA,

enabling a range of in-depth studies of the morphological trans-

formations associated with galaxy evolution.

Data availability

Our catalog is available at the CDS via anonymous ftp to

Our catalog i publicly ava.lable to any

Casd W
‘researchers who might be interested!
the notebooks used to analyze

used to run the model fitting and
the results are available on GitHub under the GNU GPL v3.0

' Because that's the nice thing in the
scientific world: results are generally
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F Thank you for reading this, and congratulations for 7

reaching the end ! | hope you learned new stuff about the

life of galaxies, and that my attempt to make this paper
understandable was clear enough

Aurélien Genin
https://astroaure.github.io J

/

| had the idea to make this simplified version of my paper from Claire Lamman
who does a wonderful job! See clairelamman.com for more,
And as her, I've used the XKCD font for it: https://github.com/ipython/Xkcd—font
The JWST skecth at the beginning comes from MAST,
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