e 340 000 galaxies

6 la forme d ,
Nous avons mesur & travers les époques

pour voir comment elle évoluait

Cet énorme

télescope spatial \;
RESUYE

En utilisant des images publiques du télescope spatial James Webb (TWST), nous
avons observé 340 000 galaxies trés trés loin dans [Univers afin de mesurer leur
forme. Notre but est de comprendre pourquoi et comment certaines galaxies
arrétent de produire de nouvelles étoiles,

Nous avons confirmé que les galaxies s'éteignent (les scientifiques parlent de
‘quenching”) quand elles deviennent plus compactes. Nous avons aussi montré que le
centre des galaxies mourantes semble grossir plus vite que leur périphérie.
Tout ce travail vient 5'a jouter & une lar ge base de données sur les galaxies dans
(‘Univers primitif observées par le TWST et utiles aux astrophyisicien.nes,

QUELUNTERET ?

De précédents astrophysiciens ont

En observant le ciel, nous savons inventé des moyens de mesurer ces
que les galaxies existent sous dif férences de formes a l'aide de
dif férentes formes. nombres, L'ob jectif est de voir plus

. précisément comment la forme des
- galaxies évolue avec le temps.

Un nombre trés souvent utilisé est
lindice de Sérsic. |l est petit (environ I)
pour les galaxies spirales, et plus grand
Galaxies Galaxies (4 et plus) pour les galaxies elliptiques.

spirales elliptiques




Pour observer les galaxies et leur
évolution dans le temps, les
télescopes doivent sonder trés loin
dans ['Univers (rappelons que plus
on observe loin, plus on remonte
dans le temps).

Clest ce qu'ont fait de nombreux
télescopes, comme Hubble et
maintenant le TWST. Cela permet
de disposer d'un trés grand nombre
d'observations, le TWST allant
méme plus loin que Hubble !

Les astronomes ont des régions
préférées du ciel qu'iels observent
avec dif férents télescopes. Cela
permet de comparer leurs mesures
et de mieux comprendre [‘Univers,
Celles que nous avons utilisées sont
appelées : EGS, GOODS, COSMOS,
UDS (Sondage Ultra Profond }).

Nous avons entrepris de mesurer
la forme de BEAUCOUP PLUS de
galaxies en observant toutes ces
grandes régions profondes du ciel
en méme temps.

QUELLES DONNEES OTILISONS-NOUS ?

Comme nous uvtilisons des images
publiques, prises par d'autres
astronomes utilisant le TWST, il est
tou jours bon de les mentionner,

Les images ont dé ja été traitées
par le Cosmic DAWN Center (00 jai
effectué mon stage qui m'a amené a
faire ce travail) afin d'étre prétes
a étre utilisées par les
scientifiques.
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Table 1. Summary of the fields covered in this work.
Field Area  — Depth Bands
(arcmin®)  (mag)
FI115W, F150W, F182M,
EGS 82.0 29.16 F200W, F210M, F277TW,
F356W, F410M, F444W
FOOOW, F115W, F150W,
GOODS 67.3 29.93 F200W, E277W, E356W,
F444W
FO90W, F115W, F150W
R wl s 30 ’ ) YT, - ,
: ]\1[.71:[\ 224 4 28.51 F200W, F277TW, F356W,
) F444W
FO90W, F115W, F150W
PRIMER- . ! e e
- : 127.1 28.62 F200W, F277TW, F356W,
COSMOS FA44W
Notes. All images are from the DJA and were processed prior to this
work. The survey areas and 5o \1L|‘||]\ computed from empty apertures
orrespond to the F277W band and were calculated by Weibel et al.

|"||‘.|_

apply any PSF convolution, since SOURCEXTRACTOR++ con
volves the source models with the corresponding filter PSF (see
Sect. 2

2.2. Catalogs

The DJA also provides photometric and photo-z catalogs pro
duced with SEXTRAC |c||’ (Bertin & Arnouts 1996) and EAZY

1 Nous avons é galement uti l.ae les <

lIlH‘-. 15 thoug th

ve pert mesures ef f ectuees par les rox++
(Sect. 3 *NSUre
_astrophysicien.nes de DAWN sur !,

mode This

‘d'autres propriétés de ces galax‘es
tngs leur distance, leur masse, leur . v

used the E. , volulion as a

e couleur (eur luminosité...

Princi 1 l

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 telescope and defines the
JWST. We empirically modeled the PSF from the final mosaics
]’\']']'\ (Bertin 2011), which builds a model Il\l' the PSI

noint sour led in

lI\iI

f hasis fun

Tout telescope (tout comme | ‘appareil
" photo de votre téléphone) prend des
" photos __tou jours un peu floves. Nous d

5 1Iromn ameter

\u ! devona mesurer ce flou pour le pixe
_corriger lorsque nous mesurerons la,
|1~' 1), the pe forme des gala)(|e5 slope equal to

one (referred to n this papc starline”), and extended

above it. We added thresh
a minimal value to avoid selecting saturated

sources form a distinctive \Inm.

olds for MAG_AUTO:

resolution limit of
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24 1 |

22 |

> 20 1

< |

l |

16f |

Point-like [243] ]

18 20 22 4 26 8 30

MAG_AUTO

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. The red box shows the star-

Pour ce faire, on observe des étoiles*
(dans la Voie lactée, notre galaxie)
et la forme avec laquelle elles” '

apparanssent Avec le TWST, elles

sion. However, t I sources cloud,
we first applie Pe%eMblent a Ce‘a L this point cloud
and remove it. We used DBSCAN (Ester et al. 1996), implemented
in the SCIKIT-LEARN Python package. '|‘|1i\ algorithm identifies
cores of high density (the extended sources clghd) while exclud
We then applied

ing points considered as noise fthe starline/.
a threshold on the MU_MAX -
outliers from the c\luulL d source

12 RANSAC linear

1m (Fischler &
FThe threshold and
int-like sources were
onal tests. Fig. | shows
In the MU_MAX/MAG_AUTO

starline using

plane.

The point-like source
vield the same sample, j
e or differ®ggs in the thresh
0 value. We chdsg the F200W

15 it provided the most consis

slight differences aro
old used for the MU
band to select pafnt-like sources
tent starline detection across fieldg. Finally, we visually inspected
a randomly selected sample (N ~4100) to verify that the selected
sources were point-like. Figure ALl shows examples of the PSFs
in the GOODS-S field.

3. Wremems

3.1. SOURCEXTRACTOR++

Nous ne sommes pas partis de zéro. ..
"'Nous avons utilisé un outil appelé
‘SourceXtractor++ (le successeur de
o SEXtractor, oui cest s0n vraa ‘nom)
. -.qui peut mesurer la forme des | Pt

\imuhgalax‘l’es IQVGC un mOdéle donné-w and
(comme l'indice Sérsic), i tol 10

It can

, page
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in different bands, without the need for prior sample selection,
and masking. Additionally, its flexible model fit

Dans notre travail, nous avons utilisé |
cu:deux modéles de forme pour les
galaxies,

cutout creation,

3.2. Brightness profile

['o measure galaxy morphology, we modeled the brightness |1|n

"' Le premier est le modéle Sérsic. |l -

full co Lions,

.. considére les galaxies comme des
" taches de lumiére et mesure leur,' ingle
f orme en fonction de la nettete de '“\

po LIT LINDS WOTK COomponents ol tne ¢ |||1
'.IL'II_\.r leUFfD bOFdS, ked to (a/b) and th
priors used for llluL parameters are presented in Fig.

2, | he Jill ge + Disk (B+D) model, a composite ofg
1) and &
|)'.l|".l:]]:_‘li'i
and bulge, R;

and ¢

couleurs bulge

effective ra

.llln'-. (alb

) o0 ‘nd the bul ge-to-total ratio h T = fgwnl
B )’p]lllh.ll\”.ll‘-‘ i
mean and spread that incre:

The B+ model generally pr

HIIL model, as Echelle de ['ndlce de' 56{‘5 ;ooent ral region

of galaxies, particularly (he presence ol a bulge or a dimmer

However,

more p'.'r'.'ll'uclL‘I\ it is more u\lnplll;llilln;||'\ intensive and can,

In some "~.L‘-|1L

i Le second modele est appelé.

1||1..||'..

as a |l||]L]I(||] of wav Y+ th.
ides a better than the Sér

center compared to a Sérsic profile. because it has

o

Bulbe+Disque. |l 8'agit de la superposition

il de deux modéles de Sérsic @ ok
we constrain the morphological parameters (Keg, Mg, (d p), anc
| s given This
= Un d'indice 4 pour le centre (le bulbe)
configuration file livl'de la galax;e ilable on GitHub'.

..~ Un d'indice | pour la périphérie (le

d75que) de la Qalax‘& R++ directly

,, because of -.| eed and

#) to be identical across \|Il bands for :

source.

It "\1|1ci:['clic;1

nputino e chose to tile the fi

Ce modele B+D decmt mieuX certa.nes

1maces

galaxnes qu« ont un noyau treés brillant (a

"cause d'un trou noir supermassif par

3.3.1. Catalog merging exemple)‘

To merge the sub-catalogs
them and create
iteration step,

, we iterated over each tile to append
whole field. At each
we cross-matched with the previously appended
from the
matched (in the overlap
the smallest uncertainty in the
as measured by SOURCEX "TOR++. As

a catalog covering the
sub-catalogs and discarded the matched duplicates
overlap regions. For sources that are
region), we chose the one with
F200W magnitude,

'R AC

AstroAure/D]A-SEpp/blob/main

A&A, 699,

A343 (2025)
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
with the DJA catalogs. This step allowed us to remove false
detections (which were [|Ll|l]L|]l near the edges of images), retain

i

catalogs

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+
only the and generated a mosaic
ual image To merge the sub-images, 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 i
DJA images.

+ tool produces model and residual images. We merged

model sub-images resid

afterward.

images from the source

3.4. Flagging and completeness

add
ercfore, by

our aim was to
DJA catalogs. Th
tained 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:

As mentioned previously,
measurements to the
matching,

morphologi
cal Cross

we re

0 : the source was not fitted (no morphological data).
1 : a potential artifact occurred during model fitti
2 : fitting

value gives

was performed successfully. This
science-ready data.
3 : the source has S/N < 3 or a magnitude fainter than the 5o
depth of its corresponding I'he 5/N was computed by
SOURCEXTRACTOR++ on the detection image.
The distribution of the flag values is shown in Fig. 2. Sev
enty to eighty percent of the sources were successfully fitted
(£flag=2). This indicates that the SOURCEXTRACTOR-++ min
imif ition algorithm converged and the parameter values were

v Pour eXecuter SourceXtractor++ ax

mt ( hologoica

1 sur toutes nos ima ges, nous devons -

survey.

i les découper en petites tuiles. Il
tial with
hs{ a gnt\ s.mplement de ne pas t.“OP_.M

o e faire mal aux ordinateurs qUipically,
this

" devront effectuer les mesures. |
ne —0.36] < 1074, n¢ > 8.35. or ng 0.301. For the B+D

this includes (a/b)p > 0.9999, 0.10001, o
0.5] < 107°. These values were chosen manually by
in the parameter distribution and by visual

model, (a/b)p <

rnyy X
(a /b))

identifying artifacts
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Table 2. Completeness of the morphology measurements using

A etal:

A&A, 699, A343 (2025)

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

TOR++ columns, the values correspond to sources successfully fitted (flag

the same magnitude and S/N cut.

500k 100%

e Sérsic
mam B+D

400k | 80%

300k f 60%
2
c
3
o]
Q
200k 40%
100k 20%

0k 0%
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
distinctive histoerams for the Sérsic and Bulee+Disk models are shown

- Pour des raisons rngsterueusea le
morpho pro gramme échove parfoio &
mesurer la forme d une galaxie,

inspec wuld be h care by the
user. Nous .dent fions ces échecs et

Since J ources by
e marquons celles qu. ont été . :

"correctement meeurees A.ns- nous -

logs. lable Iesenis the numoper ol g; s1n d used mn

/5avoNs que nous avons pu mesurer)

in e |0 forme de 80 % de5 gala)he&d of

galaxies on S/N

-mag
and m: ) (£1z 4—\1 on
both. In total, our catalog consists ni _\-Ll 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

présentes sur les

UG ds < dllildh

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

> table show only sources with F277W magnitudes below the 5o

SOURCEXTRAC

): see Se Toute5 leﬁ ga(aX:eﬁ qu ont)l A catalogs with
été correctement mesurées :
340 000 galaxies !

better description for some sources whose Sérsic model param-
eters tend toward the minimum or maximum allowed values
(therefore classified as £lag=1). Finally, we an: yzed the distri-
TW magnitude, Zppg
mass, and Kron radius) for the non- duulul sources (flag=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

bution of certain physical parameters (F27

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
only early-type galaxies (see Eq. (2)), we find 3263 matches with
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 (~1-5um), we

scaled the effective radii R.s in van der Wel et al. (2012) to
“\ Pour nous assurer de la fiabilité de
10g K
(1

L 1,. NOS Mesures, nous comparons
whie certaines d'entre elles avec des . .
s etudea antérieures qu. ont uti l.se

that
by the same s deg out lo d fferents f redshift le
stellar mass. However, we adopted this simpler and more general
relation for comparison purposes.

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

\\[L
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VAW+12 R [arcsec]
VdW+12 Sérsic index
o

10-2 1072 10° 10! 0 2 4 6 8
DJA Res [arcsec] DJA Sérsic index

Idéalement, tous les points devraient
se trouver sur la diagonale rouge.
Mais comme nous avons utilisé des
images et des outils dif férents, il
est normal qu'il y ait une certaine
dispersion. Cependant, ils suivent a

peu prés la bonne tendance. Nos
mesures sont donc bonnes !

QUE POUVONS-NOUS APPRENDRE:?

La principale motivation de ce travail était d'étudier la dif férence de forme
entre les galaxies qui forment de nouvelles étoiles et les galaxies "mortes”
(appelées galaxies quiescentes).

Pour distinguer les galaxies qui forment des étoiles des galaxies mortes, on
peut regarder leur couleur. Les jeunes étoiles sont généralement bleves car
elles sont plus chaudes, tandis que les vieilles étoiles sont rouges car elles
sont plus froides. (Ouvi, c'est inverse des couleurs de votre robinet...)

C'est pourquoi nous savons que les galaxies mortes sont plus rouges que les
galaxies en formation d'étoiles, Nous pouvons donc regarder la forme des
galaxies et la comparer a leur couleur !
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Fig. 4. Distribution of Sérsic indices, ng, in the UVJ color space for different redshift ranges, for galaxies with log
each hexagonal bin represents the median value of ng, as indicated by the col
using Eq. (2). The quiescent region is predominantly populated by galaxies with high Sérsic indices (n;

form through a combination of mild Ll|\\i|1;|l=.‘.-c contraction and  our work paves the way for more in-depth and quantitative popu
secular evolution (Toft et al. 2017; D’Eugenio et al. 2024). 'I" iese  lation studies that can unveil the details of galaxy quenching and
quiescent disks may also result from _i as exhaustion followin the accompanying morphological transformations.

a nmp iction event or mergers that preserve disk kinematics

but sopLa figure ci-dessus montre comment la forme des galaxies est liée a

U leur couleur (et donc au fait qu'elles produisent ou non de nouvelles ...

L'-L‘|'_‘:-‘ ‘l f|L rion out to z ~ 3, with a small bimodality Ill\etOl ea) ilaxies classified by their morphology type (namely, bulge
tlisk-dominated). We analyzed the radii from the two inde

bulges can still be activ I\ forming stars, especially at earlier |\LnL| :nt models: the effective radius r, from J]L Sérsic model,

cosmic tin but by z and the disk effective ra and bulg ctive radius ry

nce. 11 Nous constatons que les galax(es mortes ont tou JOUFS un .nd.ce @:verting the
ize gy eleve alors que les galaxies en f orrnatnon d'étoiles ont un indice "’

W i]l] 1

driven quenc In| (e.e., Barro et \i:. 2013, 2014 de 6er5‘C fa‘ble ve show the \/\ evolution with zpne for the

2015. 201 I“ I\. tHon .Im 1t i ||~\I md bule for eal \ic\\\|l1

ovJ . Cela confirme. que les galax-es en formation sont generalement

in the \I;|:-Il.~|n'.||'.;1 region at ||13_".'|c1 redshifts. This indicate

lll‘ 1 b |I
., des’ galax-es a d.sque et que les galaxuea mortes sont elliptiques. f“ -

quenc I1|n (o < 2 Gyr e.g., Moutard et al. 2018; Belli et al. cor l||‘LI ed as the average size over the ~1-5 um range, whereas
2019). |||\ 15 consistent with the blue nugeet phase, where size-redshift evolution studies typically use th 'HI/L‘IL ‘\llILLill

wlanies eperic De plus, nous constatons que cette conclusion reste vraie aiical s

l|l| ne hm urements

L dif férentes epoques (bien qu Il 'y ait moine de galax.es mortes dans approach
i doms (Univers primitif parce qu'elles n'ont pas encore eu le temps de "

tent \.\'.I'.'| the ¢ band for a

form as disks and evolve to bulges (e.g \'\]I_Z el 5etelndre) L\Iallll ange.

2022). Our measurements show that the overall size (r., from the
his qualitative analysis of the correlation between quench HJ:"\ic 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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Fig. 5. |jI\I ih int is colored

by its B/7 vallJE1 liser le modéle Bulbe+D.aque donne des résultats similaires & oo
Les galax;es mortes ont généralement un noyau brillant et un disque sombre."
Les galaxies en formation d'étoiles ont généralement un noyau sombre et un

bulge-dominated galaxies are significantly smaller ( Id- - tion for Lyman break galaxies (LBGs) selected at
ed galaxie . isque brillant, " )" 7 i R
little to no evolution out to z ~ 1.7, but a relatively stec] : ), and Ormerod et al. (2024), who measured the
in size out to ~2 kpc at z ~ 0.6. SIZe evo '||| for :lyg'_ '.!, M 9.5 galaxies. We also com-
To qu fy the size-redshift rom Allen et al. (2025) who measured

R(1 + z)" model, commonly us ﬂalb llnverae est egalemeﬂt Vral o= 5x 10" M, galaxies, which was

MEAasUureIme ng the mass-

Les 90|QXI95 dont le noyau est brillant sont généralement mortes.”

formed usi *consistenc

Les galax.es dont le disque est brillant sont généralement en train de f ormer
)7 kpe. By res stric ting the fit to the disk- In nina d6’5 et0ll95 id samp le Ll\\lm used |n|||\ I| lI‘L\]III| licate the

ies population, we obtain r, n'-_l"_‘ £ 0.04)(1 + )7 I\| . omparison and are likely the reason for the |||L|L|]\

I r the bulg ‘ummul\\l population, the fit is r, 34 1 The middle and right panels of Fig show the evolution

"'Et nous ne savons paa encore si lun provoque | lautre (est-ce Ia mort de la'"
galax.e qui la rend p(us dense ? Ou est—ce sa compactification qui la f. ait. i
mourir 7) ou 8'il y a un effet externe qui provoque les deux.
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ceo de formes, NO7 par leur noyaL:

s t noo mesu .
lisan dominée® pac
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Les galaxies grandissent avec le temps, mais les galaxies mortes ont connu une augmentation soudaine
de leur taille, alors que les galaxies en formation d'étoiles ont connu une croissance réguliére.
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Nous avons également mesuré la taille des' galaxies. Comme nos images contiennent
des galaxies datant d'époques cosmiques trés dif férentes, nous sommes en mesure
de suivre ['‘évolution de leur taille en fonction de ['age de [Univers,

Les galaxies sont aujourd'hui 2 a 3 fois plus grandes qu'au début de ['Univers !
Nous le savions dé ja, mais grace a nos mesures de forme, nous pouvons distinguer
[‘évolution des galaxies en formation d'étoiles de celle des galaxies mortes.
Nous avons découvert que les galaxies mortes ont grandi plus tard, mais plus
rapidement, que les galaxies en formation d'étoiles !
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Fig. 8. Evolution of the sizes of quiescent and star forming galaxies with log M, /M
as a function of z

effective radius 7., and the bulge effective radius 7y,

Zphot Zphot

> 10. The plots show the Sérsic effective radius r., the disk
«- Galaxies are classified as quiescent or star-forming based on their

UV colors. The points and error bars indicate the mean and 1 o~ dispersion in the corresponding Zy 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,

re, measured by SOURCE
diagram. The

that log M, /M5 > 9.

Overall, as expected, quiescent galaxies have smaller sizes than

star-forming Ce QUF

with redshift, .2 kpc for the ¢ iescen

w50 [Univers primitif étaient ~I0 fois plus denses

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 ~ (.5, a trend that can be driven by minor
mergers and other accretion processes (e.g., Newman et al. 2012;

A343, page 10 of 13

RACT( in this work Galax P assified as
En combinant la forme, la taille et la

est trés intéressant, c'est que les galaxies mortes dans | "

aniescent or star-formine accordine tg the ition in the UVI

masse, nous avons calculé la ... .on

"densité" des galaxies.

Belli et al. 2015). However, part of the observed size growth of
as
: I p eiie the .quic\_ccnl
qu QUJOUFd hoi !.gc size of the
population, making the si2e¢ evolulion 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
et 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

CORL L0 gucnch i Cll



Genin, A,

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

Tacchella et al. 2018).

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

To investigate the relationship between the compactness of a
galaxy and its star thr'm;niun activity, we calculated the stellar

, which is the mass cont: Hnu] within the
Sérsic effective t.ullllh. given by X, = M, /2nrr:. Fig. 9 shows
L. as a function of stellar mass for quiescent Llnd star-forming
galaxies of log M, /Mg > 9, to facilitate comparison with the
existing literature, in six redshift bins at 0.5 < 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,
2024).

mass surface density,

Wright et al.

5. kAEN e

This work presents a catalog of galaxy morphologies measured
from, IWST ipaging of the 1paj > survevs CEERS,

~Nous n'avons qu'ef fleuré ce que ce
.. catalogue de la forme de 340 000,

tracal

thai ho-
] I
.1 galaxies pevt nous apprendre sur.

woacl-['évolution des galaxies et de o .

To validate our meas ompared our results with
those from the literatur lun'vers' g independent methods
and software, and we find good consistency. To demonstrate the
scientific application, we used our,morphological measu;zments
‘Nous avone confirmé lex.stence dune.

the D. ‘tween

nu].l\\tres bonne corrélation entre la' "
“'compacité d'une galaxie et le fait

V. COlO bulge-

queelle produise ou non des étoiles. jen
hereas late 1c2 exhibit

.. Nous avons également mesuré ...
[évolution de la taille de ces galaxies

a travers les éres cosm.ques et
surtout comment leur forme a varié.

cleclo c lhnd i

et al.:

e, after which the fate of
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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 Inuh B/T and bulge-
dominated galaxies, consistent with a blue nugget phase;
The Sérsic effective radius (r,), disk effective radius (rgx),
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 (Z,.). We find that Z, for quiescent galaxies is
nearly an order of magnitude higher at z ~ 4 compared to
- ~ 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 I'l]‘ to

<d=-Notre catalo gue est access‘ble_ a

cdsar

| .toustes les chercheureusea qu. -

sed to lyze
o “pourraient étre intéressé.es !’
license,

Car c'est ce qu'il y a de bien dans le

monde scientifique : les resultats sont'
- généralement partagés pour faire -

Lar
‘progresser la connaissance collect.ve_,

1anks to the

Shuntov, This internsk |||* th financial

support of the “Space: S de lhuman‘te : ce” chair at Ecole poly-

technique, financed by ArianeGroup and Thales Alenia Space, as well as an

Erasmus+ internship grant.

References

Allen, N., Oesch, P. A, Toft, S., et al. 2025, A&A, 698, A30

Barro, G., Faber, S. M., Pérez-Gongzilez, P. G., et al. 2013, Apl, 765, 104

Barro, G., Faber, 5. M., Pérez-Gonzilez, P. G., et al. 2004, Apl, 791, 52

Barro, G., Faber, 5. M., Koo, D. C,, et al. 2017, Apl, 840, 47

Belli, 5., Newman, A. B., & Ellis, R. 5. 2015, Apl, 799,

Belli, 5., Newman, A. B., & Ellis, R. 8. 2019, Apl, 874,

Berman, E. M., McCleary, J. E., Koekemoer, A. M., et al. 2024, AJ, 168, |

Bertin, E. 2011, in Astronomical Data Analysis Software and Systems XX, eds.
I. N. Evans, A. Accomazzi, D. I. Mink, & A. H. Rots, Astronomical Society
of the Pacific Conference Series, 442, 435

Bertin, E., & Arnouts, S. 1996, A&ASS, 117, 393

Bertin, E., Schefer, M., Apostolakos, N., et al. 2020, in Astronomical Data Anal-

R. Pizzo, E. R. Deul, 1. D. Mol, J. de

Society of the Pacific Conference Series,

ysis Software and Systems XXIX,
Plaa, & H. Verkouter, Astronomical
527, 461

Brammer, G.,

van Dokkum, P. V., & Coppi, P. 2008, Apl, 686, 1503

Carnall, A. C., McLure, R. 1., Dunlop, J. 5., et al. 3, Natur .
Carollo, C. M., Bschorr, T. J., Renzini, A., et al. 2013, ApJ, 773, 112
I C. 1. 2003, AplS, 147, 1
C.J. 2014, ARA&A, 52,291
Cortese, L., Catinella, B., & Smith, R. 2021, PASA, 38, e(35
Daddi, E., Renzimi, A., Pirzkal, N.. et al. 2005, Apl, 626, 680

A343, page 11 of 13



bcé
oM e
nd 0 me
A don 9r: col cecte
a e
e e tonesy g0
avon® 9 09 devO’
Vo2 9 no
] e , e“‘te )
0iod ,ffef
gte d
né
per "

\

Merci d'avoir lu mon papier, et félicitations pour avoir atteint7
la fin ! J'espére que vous avez appris de nouvelles choses sur
la vie des galaxies, et que ma tentative de rendre ce
document compréhensible a été suffisamment claire.

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

/

J'ai ev [idée de faire cette version simplifiée de mon papier grace a Claire Lamman qui
fait un travail formidable ! Allez voir clairelamman.com pour plus de pro jets similaires.
Et comme elle, jai utilisé la police XKCD : https:// github.com/ipython/Xkcd—font
Le dessin du JTWST au début vient du MAST,
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