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Classification morphologique des galaxies

Classification des galaxies

• 1936-1937, Hubble + Reynolds : classification morphologique des galaxies
• 1959, de Vaucouleurs:  extension

1909: Classification descriptive de Wolf
1936 – 1937 : Hubble & Reynolds

1959 : de Vaucouleurs
(Barre centrale, anneau, bras spiraux) 

Classification des galaxies

Hubble 1926, Ap.J., 64, 321
Hubble 1936, Realm of the Nebulae
Sandage 1961, the Hubble Atlas of Galaxies
Sandage 1975, in Stars and Stellar Systems IX. Galaxies and the Universe
Sandage & Tammann 1981, A Revised Shapley-Ames Catalog of  BrightGalaxies

Type précoce
(early type)

Type tardif
(late type)

Localement:
Elliptiques ~ 30 %
Spirales ~ 67 %
Irrégulières ~ 3%

De gauche à droite:
L’enroulement des bras spiraux décroit

Mais il ne s’agit pas 
d’une séquence évolutive
(ou alors, inversée)
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Purement descriptive, basée sur les propriétés dans l’optique/bleu, 
sur la base de composantes lumineuses facilement  repérables depuis la Terre
 Classifications dominées par certaines composantes des galaxies



M81 à différentes longueurs d’onde

X-rays
ROSAT

UV
GALEX

Visible
Kitt Peak

Crédits images: ROSAT High-Energy Astrophysics Science Archive Research Center, NASA Goddard
GALEX; Kitt Peak G. Bothun; 2MASS; 70-μ image from Spitzer.

Proche IR
2MASS

IR lointain
Spitzer

Etoiles massives, jeunes, bleues
Formation stellaire récente

Etoiles géantes, vieilles, rouges
Formation stellaire ancienne

Gaz, poussières
Formation stellaire enfouie

Sources haute énergie
(noyau central, binaires X,
objets compacts)

Une galaxie contient:
Etoiles
Poussière et particules (électrons, protons) relativistes
Gaz atomique et moléculaire (principalement hydrogène)
Matière sombre

Le contenu des galaxies

Matière noire
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http://www.spitzer.caltech.edu/Media/releases/ssc2003-06/ssc2003-06e.shtml


Classification des galaxies

Galaxies irrégulières : La plupart sont des galaxies naines – 1 à 10 kpc – 106 à 109 L⦿ 
Riches en gaz (Mgaz/M* > 10 – 30 %) , formation d’étoiles
Très riches en étoiles jeunes bleues (~ 106 à 109 ans)
Population moindre d’étoiles vieilles

Classification morphologique des galaxies

NGC 4214Crédit : NASA / ESA (HST WFC3)
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Classification des galaxies

Galaxies spirales : 5 à 50 kpc – 108 à 1010 L⦿ 
Riches en gaz (Mgaz/M* > 1 à 10 %), formation d’étoiles
Bras spiraux : formation d’étoiles et présence d’étoiles jeunes bleues (< 109 ans)
Disques : étoiles relativement vieilles (> 109 ans)
Bulbe : vieilles étoiles rouges (>> 109 ans) peu ou pas de gaz
Trou noir super massif  central (Voie Lactée: ~ 4 millions de masses solaires)

Classification morphologique des galaxies

M83 (the thousand-ruby galaxy)

Bras spiraux
Zones de formation stellaire

Crédit: ESO

Bulbe

M83 
Galaxie spirale « à flambées d’étoiles »
Structure similaire à la Voie Lactée, mais plus petite

Trou noir
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Classification des galaxies

Galaxies elliptiques : 1 à 150+ kpc – 106 à 1011 L⦿ 
Pas (ou peu) de gaz et de poussière (pas de formation importante d’étoiles)
Vieilles étoiles rouges et froides (>> 109 ans)
Bulbe important, pas de disque (E0 à E9 selon l’applatissement)
Pas de structure dans la distribution de brillance
Pas forcément en rotation (mouvement interne des étoiles chaotique)
En très grand nombre dans les amas de galaxies

Classification morphologique des galaxies

M87 
type E0 
(ellipticité nulle)

Galaxie elliptique géante 
La plus grande et la plus lumineuse 
de l’amas de la Vierge
R ~ 490’000 a.l.
Etoiles ~ 1/6 M totale
12’000 amas globulaires 
Trou noir super-massif (noyau actif)

NGC 1332
type E7

Source: SDS
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Thomas et al. (2016, Nature)

NGC 4889 (E4, cD) et 4874 
au centre de l’amas de Coma

NGC 4889 (E4)
Galaxie la plus brillante et la plus massive 
de l’amas de Coma
~ 15 x 1012 Msun
x ~ 75 kpc (240’000 a.l.)
+ halo ~ 3 x plus étendu 
Trou noir super-massif ~ 2 x 1010 Msun
~ 5000 x M(trou noir MW)

Résultat de la fusion de plusieurs galaxies ?

Distance  ~ 100 Mpc (~ 300 x 106 a.l.)

Classification morphologique des galaxies
Galaxies elliptiques géantes : 
Au centre des amas de galaxies
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À ~ 17 Mpc (50 millions a.l.) – Diamètre ~ 15 millions a.l.
~ 2000 galaxies (~ 90 % naines)  ~ 120’000 milliards de M⦿
Amas riche  Dominé au centre par elliptiques et lenticulaires
En formation Nombre important de spirales et irrégulières 
~ 10% d’étoiles intergalactiques

Partie centrale de Virgo
Crédit: C.Mihos (Case Western Reserve University) & ESO – Partie centrale de Virgo

Virgo – Amas de la Vierge

ACS@HST – Crédit: NASA, ESA, Peng  (Beijing Univ) 
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L’origine des galaxies les plus brillantes des amas

Dubinski (1998)

Modèle cosmologique de formation hiérarchique – Simulations à N-corps d’un amas de galaxies 
 Evolution morphologique et cannibalisme galactique
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L’origine des galaxies les plus brillantes des amas

Dubinski (1998)

Modèle cosmologique de formation hiérarchique – Simulations à N-corps d’un amas de galaxies 
 Evolution morphologique et cannibalisme galactique
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Classification des galaxies

De droite à gauche:
- La masse totale et la concentration de masse augmentent
- La fraction de gaz et le taux de formation d’étoiles diminuent
- Les galaxies renferment de plus en plus d’étoiles vieilles

Classification morphologique des galaxies
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Classification des galaxies

36

Comment se forment et évoluent les galaxies? 

Simple : seulement la gravitation

Complexe: Nombreux processus physiques

Aucune théorie complète
 Observations de galaxies à différents redshifts
 Evolution des propriétés au cours du temps
  Quête des premières galaxies 

?

Leçon 20231031 CC
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Hubble Deep Field« Observer une région « vide » du ciel jusqu’à ce que les galaxies les plus lointaines finissent par apparaître »
Mark Dickinson à Robert Williams (1995 – 5 ans après le lancement de HST) 

> 100 heures d’observation sur dix jours autour de Noël 1995
~  3000 galaxies dans la pointe d’un stylo (constellation Ursa Major) 

Pour étendre cette image à l’ensemble du ciel (30 millions de fois plus étendu),
Il faudrait observer pendant 2 millions d’années
 ~ 100’000 milliards de milliards de galaxies

C.Charbonnel – Cours UniGe 1051 – 20231128



Hubble Ultra Deep Field

~ 1 million de secondes (11 jours, 800 pauses, 400 orbites) de septembre 2003 à janvier 2004
~  10’000 galaxies
1/10ème du diamètre angulaire de la lune vue depuis la terre
1/26 millionième du ciel

NASA, ESA, S. Beckwith (STScI) and the HUDF Team C.Charbonnel – Cours UniGe 1051 – 20231128



Hubble Ultra Deep Field

NASA, ESA, S. Beckwith (STScI) and the HUDF Team C.Charbonnel – Cours UniGe 1051 – 20231128

https://hubblesite.org/contents/news-releases/2004/news-2004-07.html


Séquence de Hubble MAINTENANT

Séquence de Hubble il y a 6 milliards 
années

Hammer et al. (2010)

Crédit: Hammer et al. (2010)
Slide courtesy D.Schaerer

Galaxies locales, séquence de H aujourd’hui

Galaxies distantes, séq.de H il y a 6 milliards d’années

Les galaxies ne sont pas réparties 
sur la séquence de H de manière immuable.

Les galaxies continuent leur 
formation/évolution 
tout au long de l’âge de l’Univers
soit (à la fois) par
- Interactions entre galaxies, fusions, 

accrétion
- Évolution séculaire 
      (formation et évolution des étoiles,
 consommation et recyclage du gaz)

Evolution de la morphologie des galaxies
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https://svs.gsfc.nasa.gov/13902/

Galaxies les plus distantes dans le Hubble Ultra Deep Field
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Galaxies les plus distantes dans le Hubble Ultra Deep Field

https://hubblesite.org/contents/media/images/2006/12/1868-Image.html?news=true

500 galaxies formées moins 
d’1 milliard d’années après le Big Bang
Rouges car très grand redshift
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https://hubblesite.org/contents/media/images/2006/12/1868-Image.html?news=true


Hubble eXtreme Deep Field

NASA; ESA; G. Illingworth et al. (including P.Oesch)
25 septembre 2012

~ 2 millions de secondes collectées pendant 10 ans
80% de la région du HUDF 
~  5’000 galaxies
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https://hubblesite.org/contents/media/images/2012/37/3098-Image.html?news=true


GN-z11        25.95 mag
z = 11.1 ± 0.1

The Astrophysical Journal, 786:108 (19pp), 2014 May 10 Oesch et al.

Figure 2. 6′′ × 6′′ images of the four z ! 9 galaxy candidates identified in the CANDELS GOODS-N data. From left to right, the images show a stack of all optical
bands, Y105, J125, JH140, H160, MOIRCS K, and neighbor-subtracted IRAC 3.6 µm and 4.5 µm images. The stamps are sorted from high to lower photometric redshift
from SED fits (indicated in the lower left; see also Table 2). The IRAC neighbor-subtraction works well for all sources except for GN-z10-2, where the nearby
foreground source is too bright, and clear residuals are visible at the location of the candidate. Only IRAC upper limits are therefore included for this source in the
following analysis. Clearly, all other sources show significant (>4.5σ ) detections in the 4.5 µm channel. The brightest source (GN-z10-1) is also detected at 6.9σ
in the 3.6 µm channel. With the exception of the brightest candidate, which is weakly detected in the K-band (at 2σ ), the MOIRCS K-band data provide only upper
limits.
(A color version of this figure is available in the online journal.)

Table 2
Coordinates and Basic Photometry of z > 9 LBG Candidates in the GOODS-N Field

Name ID R.A. Decl. H160 J125 − H160 H160 − [4.5] zphot
a

GN-z10-1 GNDJ-625464314 12:36:25.46 +62:14:31.4 25.95 ± 0.07 >2.4 −0.2 ± 0.2 10.2 ± 0.4
GN-z10-2 GNDJ-722744224 12:37:22.74 +62:14:22.4 26.81 ± 0.14 >1.7 (<1.5)b 9.9 ± 0.3
GN-z10-3 GNWJ-604094296 12:36:04.09 +62:14:29.6 26.76 ± 0.15 1.2 ± 0.5 0.3 ± 0.3 9.5 ± 0.4

GN-z9-1 GNDJ-652258424c 12:36:52.25 +62:18:42.4 26.62 ± 0.14 0.9 ± 0.3 0.5 ± 0.3 9.2 ± 0.3

Notes. Color limits are 2σ . The numbers in the source IDs are a combination of the last 5 digits of the R.A. and the last 4 digits of the declination,
which results in a unique name for all sources in the GOODS-N field.
a Photometric redshifts listed here are derived with ZEBRA. The EAZY code and template set returns consistent redshifts within ∆z = 0.1.
b 3σ upper limit due to uncertainties in the neighbor flux subtraction.
c The source GN-z9-1 does not satisfy the criterion J125 − H160 > 1.2 and is therefore not included in our analysis of the UV LF and SFRD
evolution at z > 8 in Section 4, for which we combine data from several previous analyses which used that stricter criterion. Nonetheless, this
is considered to be a robust detection of a z ∼ 9 candidate galaxy. It is excluded from the analysis only because of our intent to use consistent
selection criteria for the overall sample analysis.

brightest source is detected at 2σ in the ground-based K-band
data.

Neighbor-subtraction was applied to the IRAC data of all
four z ! 9 galaxy candidates. The resulting cleaned IRAC
images are shown in the two right-hand columns of Figure 2.
As can be seen, three of these sources are detected in at least
one IRAC band. For source GN-z10-2, the residuals of the
bright foreground neighbor are still visible, and its IRAC flux
measurements are therefore highly uncertain. In order to provide
some photometric constraints for this source from IRAC, we
use conservative upper limits based on the RMS fluctuations
in the residual image at the position of the bright foreground
source. All flux measurements for these sources, together with
the uncertainties are listed in Table 3.

3.2. Photometric Redshift Analysis

Figure 3 shows the SED fits to the fluxes of the four
high-redshift galaxy candidates. These are derived with the

photometric redshift code ZEBRA (Feldmann et al. 2006; Oesch
et al. 2010b) using a large library of stellar population synthesis
template models based on the library of Bruzual & Charlot
(2003). Additionally, we added nebular line and continuum
emission to these template SEDs in a self-consistent manner,
i.e., by converting ionizing photons to H and He recombination
lines (see also, e.g., Schaerer & de Barros 2009). Emission lines
of other elements were added based on line ratios relative to
Hβ tabulated by Anders & Fritze-v. Alvensleben (2003). The
template library adopted for the SED analysis is based on both
constant and exponentially declining star-formation histories
of varying star-formation timescales (τ = 108 to 1010 yr). All
models assume a Chabrier initial mass function and a metallicity
of 0.5 Z%, and the ages range from t = 10 Myr to 13 Gyr.
However, only SEDs with ages less than the age of the universe
at a given redshift are allowed in the fit. Dust extinction is
modeled following Calzetti et al. (2000).

As is evident in Figure 3, all candidates have a best-
fit photometric redshift at z " 9 with uncertainties of

5

1.2µm              1.4µm               1.6µm   

La galaxie la plus lointaine découverte avec HST
z = 11.1 +/- 0.1
 Sa lumière a voyagé pendant
      ~ 13.45 milliards d’années
 été émise ~ 350 millions 
      d’années après le Big Bang

Âge de ses étoiles 
     ~ 40 millions d’années
 GN-z11 s’est formée 
      ~ 300 millions d’années
       après le Big Bang

Masse (GN-z11)
       ~ 1% M(Voie Lactée)
Elle forme des étoiles à un 
rythme 20 x plus intense 
que la Voie Lactée

Slide courtesy: Prof. P.Oesch (UniGe) C.Charbonnel – Cours UniGe 1051 – 20231128



La galaxie la plus lointaine découverte avec HST
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Proportionnel au taux de formation d’étoiles, donc du flux UV des étoiles jeunes

 Galaxie jeune plus massive 
      qu’attendu par les modèles ?
 Taux de formation d’étoiles 
       plus élevé que dans l’univers 
       local ?

Slide courtesy: Prof. P.Oesch (UniGe) C.Charbonnel – Cours UniGe 1051 – 20231128



Redshift photométrique – Lyman-break «dropout» technique

Galaxies formant beaucoup d’étoiles 
contiennent des étoiles jeunes chaudes et bleues (O et B) émettant essentiellement dans l’UV
 Spectre émis

L’hydrogène (composant principal) atténue le spectre UV 
 Lyman break 

Redshift https://doi.org/10.1046/j.1365-8711.2003.06546.x

1 Å = 10 −10 mètre
= 0.0001 µ
= 0,1 nanomètre
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https://doi.org/10.1046/j.1365-8711.2003.06546.x


JWST – Observer dans l’infrarouge
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Pourquoi un télescope dans l’espace (1)

Source: NASA / ESA C.Charbonnel – Cours UniGe 1051 – 20231128



Source:https://jwst.stsci.edu/files/live/sites/jwst/files/home/science%20planning/science%20corner/
flyer/_documents/JWST-Cheat-Sheet.pdf

Performances photométriques et spectroscopiques de JWST

Optique
1 Å = 10 −10 mètre

= 0.0001 µ
= 0,1 nanomètre
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https://jwst.stsci.edu/files/live/sites/jwst/files/home/science%20planning/science%20corner/flyer/_documents/JWST-Cheat-Sheet.pdf
https://jwst.stsci.edu/files/live/sites/jwst/files/home/science%20planning/science%20corner/flyer/_documents/JWST-Cheat-Sheet.pdf


1 Å = 10 −10 mètre
= 0.0001 µ
= 0,1 nanomètre

Source: NASA / ESA /CSA C.Charbonnel – Cours UniGe 1051 – 20231128



Redshift photométrique – Lyman-break
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JWST – Miroir

Un miroir 
incroyable

Pourquoi un miroir doré
Or réfléchit mieux l’IR 

épaisseur 100 nm  
(600 atomes) 
50 grammes 

50 grammes d’or (réfléchit très bien dans l’IR)
Epaisseur 100 nm – 600 atomes
Source: NASA /ESA / CSA (Canada)

Source: ESA
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Un bouclier 
 incroyable

3 jours pour le déployer
70 charnières qui vont déclencher  des moteurs à ressort
pour tendre 90 câbles qui passent par 400 poulies représentant 400 mètres
déployer 5 couches de Kapton qui font 25 millième de mm
Kapton : stable -269 à +400 degrés C,  résiste aux UV et X et Gamma
 
D’un côté 200'000 Watts  de l’autre 0.02 Watts soit un facteur de 10 millions

Slide courtesy: Dr P.Bratschi (UniGe)
Source: NASA /ESA / CSA (Canada)

JWST – Bouclier thermique

Pourquoi bouclier thermique 
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Crédit: NASA, ESA, CSA, STScI

•Mid-Infrared Instrument (MIRI)
•Near-Infrared Camera (NIRCam)
•Near-Infrared Spectrograph (NIRSpec)
•Near-Infrared Imager and Slitless Spectrograph/Fine Guidance Sensor (NIRISS/FGS)

C.Charbonnel – Cours UniGe 1051 – 20231128



JWST – James Webb Space Telescope

Source: NASA /ESA / CSA (Canada)
https://www.esa.int/Science_Exploration/Space_Science/Webb
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https://www.esa.int/Science_Exploration/Space_Science/Webb


Images courtesy of ArianeSpace.com
https://jwst.nasa.gov/content/about/launch.html

JWST – Ariane 5
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https://jwst.nasa.gov/content/about/launch.html


JWST – Lancement – 25 décembre 2021
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JWST – Déploiement

Source: NASA /ESA / CSA (Canada)
https://www.esa.int/Science_Exploration/Space_Science/Webb
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https://www.esa.int/Science_Exploration/Space_Science/Webb


https://webb.nasa.gov/content/about/orbit.html

Points de Lagrange

JWST – Orbite
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https://webb.nasa.gov/content/about/orbit.html


White House Briefing 
to Unveil Imagery from
James Webb Space
Telescope July 11 2022
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https://images.nasa.gov/details-White%20House%20Briefing%20to%20Unveil%20Imagery%20from%20James%20Webb%20Space%20Telescope%20July%2011%202022


Webb's First Deep Field (NIRCam Image)
Amas de galaxies SMACS 0723

JWST – July 12, 2022 

Credits: NASA, ESA, CSA, STScI

Spitzer

HST

White House Briefing 
to Unveil Imagery from
James Webb Space
Telescope July 11 2022

https://www.esa.int/ESA_M
ultimedia/Images/2022/07/
Webb_s_first_deep_field
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Webb's First Deep Field (NIRCam Image)
Amas de galaxies SMACS 0723
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Webb's First Deep Field (NIRCam Image)
Amas de galaxies SMACS 0723

Les «premières» galaxies

Credits: NASA, ESA, CSA, STScI
Slide courtesy: Prof. P.Oesch C.Charbonnel – Cours UniGe 1051 – 20231128



Credits: NASA, ESA, CSA, STScI
Slide courtesy: Prof. P.Oesch

Webb's First Deep Field (NIRCam Image)
Amas de galaxies SMACS 0723

Lentille gravitationnelle
L’univers sert de télescope
« Fantôme galactique »

C.Charbonnel – Cours UniGe 1051 – 20231128



Credits: NASA, ESA, CSA, STScI
Slide courtesy: Prof. P.Oesch

Deux images de la même galaxie
Structure, détails, amas
Disque galactique

Webb's First Deep Field (NIRCam Image)
Amas de galaxies SMACS 0723

C.Charbonnel – Cours UniGe 1051 – 20231128



Confirmation spectroscopique du redshift de GN-z11

A. J. Bunker et al.: JADES Spectroscopy of GN-z11

Fig. 1. 2D (top) and 1D (bottom) spectra of GN-z11 using PRISM/CLEAR configuration of NIRSpec. Prominent emission lines present in the
spectra are marked. The signal to noise ratio (SNR) of the continuum is high and the emission lines are clearly seen in both the 1D and 2D spectra.

In the subsections below, we use the spectrum of GN-z11 to
infer physical properties. As well as using empirical diagnostics
from the emission line fluxes and ratios, we also use the beagle
Bayesian SED fitting code (Chevallard & Charlot 2016) on our
full prism spectrum, the exact details and results are presented in
Table 2 and in Appendix A.

3.1. Emission lines and Redshift Determination

The full list of detected lines is given in Table 1. Line wave-
lengths are measured from the grating spectra because they have
higher resolution resulting in less blending and more accurate
line centroids. Line fluxes are measured from both the prism
and gratings. We fit each emission line with a single Gaussian
model, where the local continuum level and error is inferred us-
ing sigma-clipped median and standard deviation measured from
around each emission line. The uncertainties on the Gaussian fit
and the continuum level are then added in quadrature to estimate
the errors on the measured line fluxes.

In determining the redshift from the vacuum rest-frame
wavelengths, we exclude Lyman-↵ (which has a velocity o↵set,
see Section 3.3) and also Mg ii (which is only significantly de-
tected in the low-resolution prism), and do a weighted fit of 9
well-detected emission lines to give a redshift z = 10.6034 ±
0.0013.

The redshift we measure is considerably lower than the pre-
viously reported redshift values of z = 11.09+0.08

�0.012 from HST
grism (Oesch et al. 2016) and z = 10.957 ± 0.001 from Keck
MOSFIRE (Jiang et al. 2021). The 2D HST grism observation
shows flux down to the wavelength we measure for the Ly-
man break (1.41 µm), but due to noise fluctuations their fitted
model break was at a longer wavelength of 1.47 µm. The Keck
MOSFIRE redshift was based on possibles detections of the
[C iii] �1907 and C iii]�1909 lines at 2.2797 µm and 2.282 µm
respectively, at 2.6� and 5.3�. We do not find any signifi-
cant emission lines at these observed wavelengths in our data,
where they would have been detected at 20� and 40� for the
line fluxes quoted in Jiang et al. (2021). Instead, we do detect
C iii] but at a shorter wavelength consistent with our measured
z = 10.603.

3.2. Is GN-z11 an AGN?

GN-z11 has a compact morphology and the continuum spa-
tial extent in our NIRSpec 2D spectroscopy is barely resolved.
In a companion paper, Tacchella et al. (2023) analyze JADES
NIRCam imaging data and derive the best size constraint so
far, finding an intrinsic half-light radius of only 0.016 ± 0.00500
(64 ± 20 pc). The possibility of a significant point source contri-
bution to the total flux leaves open the question of whether some
of the light originates from an AGN. Our data do contain sev-
eral high ionization lines and we wish to explore the excitation
mechanism.

We have detected a large number of emission lines of vary-
ing ionization potential in GN-z11. In particular the N iv] �1486
line (ionization potential E > 47.5 eV) is often a signature of
an AGN (e.g. Vanden Berk et al. 2001; Vanzella et al. 2010) al-
though it has been seen in some star forming galaxies (e.g., Fos-
bury et al. 2003 and McGreer et al. 2018). However, the higher
ionization Nitrogen line N v (E > 77.5 eV), which is a clear sig-
nature of AGN activity, is not detected in either the grating or
the prism spectra. We note that in the prism (R ⇠ 100) spec-
trum we see emission features arising from blended He ii and
[O iii] ��1660, 1666 lines, as well as a P-Cygni type feature from
C iv (see Figure 2). The resolution of the prism at these short
wavelengths is very low, and accurate line flux measurements of
blended lines are not possible. The He ii+ O iii] and C iv lines,
which should otherwise appear to be deblended in the medium
resolution (R ⇠ 1000) grating spectra, are unfortunately below
the detection limit of our grating spectra.

The reliable detection of C iii] and N iii] lines in the grat-
ing spectra, however, enables us to investigate rest-UV line ra-
tios that can be compared with predictions from photoionization
models to di↵erentiate between an AGN or a star-formation ori-
gin (e.g. Feltre et al. 2016). In Figure 3 we plot our 2� lim-
its from the grating spectra on C iii] �1909/He ii �1640 (> 2.6)
versus C iii] �1909/C iv ��1548, 1550 (> 2.7), along with pre-
dictions from photoionization models of Feltre et al. (2016).
Based on these limits, we find that photoionzation by an AGN
is not favoured, and star formation alone may be able to explain
the observed line ratios. Additionally, using the C iii] and He ii
based diagnostics from Nakajima et al. (2018), we find that the
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Figure 7. The region around GN-z11. This image is 21000 on a side, which is 10 comoving Mpc at z = 10.6. It uses F115W,
F200W, and F444W as the blue, green, and red colors. The location and redshift of the 9 nearest objects with photometric
redshifts around z ⇠ 10 are marked.

(Dekel & Burkert 2014; Zolotov et al. 2015; Tacchella
et al. 2016).
We then search for other galaxies that might be asso-

ciated to GN-z11. One candidate 300 away is very faint
and tentative. Searching more broadly, nine other galax-
ies from 0.50 to 20 appear to be F115W dropouts with
photometric redshifts consistent with z = 10.6. Our ini-

tial impression is that this is a mild angular overdensity,
but we leave this study to future work.
GN-z11 is the brightest z ⇠ 11 candidate known in the

GOODS-S or GOODS-N fields of JADES. Taking this
as a lower bound on the search area and considering the
redshift range of 10 < z < 11, we can view this galaxy
as being indicative of the brightest galaxy in a volume
of at least 5 ⇥ 105 Mpc3. Using an N-body simulation
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ERS GLASS NIRCam field F090W F115W F277W+F356W+F444W

GLASS-z13

Credits: GLASS-z13 (Naidu et al. 2022, Castellano et al. 2022)  
Raw data: T. Treu (UCLA) and GLASS-JWST. NASA/CSA/ESA/STScI  

Color Images: P. Oesch & G. Brammer (University of Geneva & Cosmic Dawn Center, NBI, University of Copenhagen) 
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Les «premières» galaxies

GLASS-z12

Castellano et al. (2022)
Naidu et al. (2022)

Luminous Galaxies at z ⇡ 10� 12 3

GLASS-z12

log(M★/M☉) = 9.1+/-0.4


    MUV = -21.0+/-0.1

Figure 1. Summary of photometry and redshift solution for GL-z12. Top: 4.5”⇥4.5” images spanning ⇡ 0.9� 4.5µm centered

on the z ⇡ 12 candidate highlighted with white crosshairs. The source is well-detected (> 20�) in F200W and all redder bands,

and abruptly drops out in the bluer filters. Bottom left: Photometry for the source is shown in purple, with upper limits

for non-detections plotted at the 1-� level. The best-fit spectral energy distribution (SED) template from EAZY is shown in

dark orange – a Lyman-break galaxy (LBG) at z = 12.2. The best-fit SED from EAZY constrained to lie at z < 6 is plotted in

silver, which corresponds to a quiescent galaxy at z ⇡ 3.5 whose Balmer break produces a drop-o↵ across F200W and F150W.

However, such a quiescent galaxy is predicted to be detected (> 5�) in bluer bands, and is at odds with the dramatic > 1.8

mag break observed. Bottom right: Probability distributions for the source redshift derived using EAZY (solid orange) and

Prospector (dashed orange). We adopt a flat prior across the redshift range depicted (z = 0 � 20). The derived distributions

are in excellent agreement and suggest a redshift of z ⇡ 12, with negligible (EAZY) or no (Prospector) support for solutions at

z < 10

.
2. DATA

2.1. Early Extragalactic JWST Observations

Our analysis is based on some of the first
JWST/NIRCam datasets that have been observed and
released over extragalactic fields. In particular, we an-
alyze the two Early Release Science programs GLASS
and CEERS.
The first is the NIRCam parallel field of the ERS

program GLASS (PID: 1324, Treu et al. 2022). This
program obtained a single NIRCam pointing in seven
wide filters F090W, F115W, F150W, F200W, F277W,
F356W, and F444W, observed for 3.3, 3.3, 1.7, 1.5, 1.5,
1.7, and 6.6 hrs, respectively.
We also analyzed the first four NIRCam pointings

from the ERS program CEERS (PID: 1345, Finkel-
stein et al., in prep.) that have been observed to
date. The CEERS images include F115W+F277W,
F115W+F356W, F150W+F410M, and F200W+F444W
short- (SW) and long-wavelength (LW) exposure sets,
for a typical integration time of 0.8 hr per filter, except
for F115W that obtained double this integration time.

The combined area of these five NIRCam fields used
in our analysis amounts to 49 arcmin2 (⇡ 10 arcmin2

in GLASS, and ⇡ 40 arcmin2 in CEERS) reaching an
unprecedented 5� depth that ranges between 28.6 and
29.6 AB mag at 4 µm as measured in 0.0032 diameter
apertures (see Table 1).

2.2. Data Reduction

The NIRCam images were reduced with the standard
JWST pipeline up to stage 2 using the reference files
from jwst 0942.pmap, as well as our own sky flats. Ad-
ditional, chip-dependent zeropoint o↵sets were applied
based on our own reductions of the flux standard star
J1743045 as well as observations of the Large Magellanic
Cloud. For some filters, the individual corrections in dif-
ferent modules of the NIRCam detector can reach up to
30% 1. The resulting images were then processed with
the grizli2 pipeline for proper alignment onto a com-

1 for more information see: https://github.com/gbrammer/grizli/
pull/107

2 https://github.com/gbrammer/grizli/

z  ~ 12.2
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Les «premières» galaxies

Naidu & Oesch et al. 2022, as well as Castellano+22 on the same day
Credits: NASA, ESA, CSA, STScI
Slide courtesy: Prof. P.Oesch

z  ~ 10.6 z  ~ 12.2
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Two Remarkably Luminous, Billion Solar Mass 
Galaxies at z>10?

Naidu & Oesch+22

Trop de  «premières» galaxies très lumineuses 
dans les ~ 500 millions d’années après le Big Bang ?

 

 
Figure 1: Redshifts and tentative stellar masses of double-break selected galaxies. Shown 
in gray circles are EAZY-determined redshifts and stellar masses using emission-line 
enhanced templates (Salpeter IMF) for objects with S/N> 8 in the F444W band. Fiducial 
redshifts and masses of the bright galaxies (F444W < 27 AB) that satisfy our double-break 
selection are shown by the large red symbols. Uncertainties are the 16th -84th percentile of the 
posterior probability distribution. All galaxies have photometric redshifts 6.5 < z < 9.1. Six 
galaxies are candidate massive galaxies with fiducial M* > 1010 M⊙.  
  

Labbe et al. (2022)

Slide courtesy: Prof. P.Oesch C.Charbonnel – Cours UniGe 1051 – 20231128



Two Remarkably Luminous, Billion Solar Mass 
Galaxies at z>10?

Naidu & Oesch+22

Trop de  «premières» galaxies très lumineuses 
dans les ~ 500 millions d’années après le Big Bang ?

Labbe et al. (2022)

Slide courtesy: Prof. P.Oesch

Taux de formation d’étoiles plus important  ? 
 Efficacité de formation d’étoiles

Augmentation de la luminosité UV pour une 
 masse donnée ? 
 Plus d’étoiles très massives 
                                     (top-heavy IMF) ?
 Etoiles très lumineuses (Pop III) ? 
 Noyau actif de galaxies ?

Changement de cosmologie?
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Les «premières» galaxies
JWST repousse les frontières
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Credits: NASA, ESA, CSA, STScI
Slide courtesy: Prof. P.Oesch

Les astronomes suisses et JWST
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JWST – Ariane 5 : séparation – 25 décembre 2021
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Cours 10 – 28 novembre 2023
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Les premières galaxies vues par JWST

JWST – 12 juillet 2022
Credits: NASA, ESA, CSA, STScI


