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Evolution of Galaxies
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Image Credit: ESA Press Release on Lee et al. 2013



Evolution of Galaxies

•What were galaxies like at 
even earlier times?

•When did structures like 
spiral arms or bulges first 
form?

• How important were mergers 
between galaxies?
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transformation in these early galaxies? To date, there have been a range of results on the
mechanisms responsible for quenching galaxies (e.g., gas exhaustion: Kawata & Mulchaey
2008; Feldmann & Mayer 2015; ram pressure stripping: Meschin et al. 2014, galaxy collisions:
Springel 2005; Sparre et al. 2015) in the early universe (e.g., Almaini et al. 2017; Whitaker
et al. 2017; Barro et al. 2017) and our analysis of CEERS data will enable us to quantify the
relative role of these mechanisms as a function of galaxy stellar mass and SFR (e.g., Wuyts
et al. 2011; Tacchella et al. 2016; Whitaker et al. 2017).

Figure 2: A selection of z > 6 galaxies from CEERS mock images
based on IllustrisTNG to highlight our ability to identify structures such
as disks, bulges, and pairs in these high redshift systems. Each image
is a NIRCam F277W+F356W+F444W color composite and three
arcseconds on a side.

To robustly address these
questions it is essential to push
our observations into the early uni-
verse since most of our understand-
ing of galaxies at high redshift has
come from galaxies at z = 1 � 3,
the period of time colloquially re-
ferred to as “cosmic noon.” Even
though this represents a time pe-
riod 10Gyr in the past, galaxies at
this time were already fairly ma-
ture and had structures, such as
disks and bulges in star-forming
galaxies, that overall resemble to-
day’s galaxies (e.g., Tacchella et al.
2015; Genzel et al. 2017). Previ-
ous large morphological studies of

galaxies have typically been limited to galaxies at z < 3 due to the fact that cosmological
surface brightness dimming makes faint features in high redshift galaxies hard to detect and
because the rest-frame optical emission that traces the broad stellar populations in galaxies
is shifted beyond the wavelength capabilities of Hubble at higher redshifts. With its deep
long wavelength coverage, CEERS will be able to probe rest-frame optical morphologies out
to z ⇠ 7, enabling us to conduct a census of morphological structures of the earliest galaxies.
This first look at the highest redshift galaxies will enable us to quantify the formation and
growth of disks and bulges in galaxies at z > 3 and identify some of the first quiescent galax-
ies to have formed. Figure 2 contains a sampling of simulated z > 6 galaxies extracted from
our CEERS mock images based on IllustrisTNG, highlighting our ability to identify disk
structures and merger signatures at this early time period. In addition to morphologies, we
will use the resolved color information provided by NIRCam to measure the color gradients
for galaxies and place constraints on quenching mechanisms.

The quiescent galaxy fraction in the early universe is highly uncertain, but the ever-
increasing numbers that have been identified at z = 2�4 (e.g., Muzzin et al. 2013; Straatman
et al. 2014; Grazian et al. 2015; Merlin et al. 2018, 2019; Sherman et al. 2020) pose some
fundamental challenges to current galaxy formation models (e.g., Vogelsberger et al. 2014;
Feldmann et al. 2016) since these galaxies simply should not have had time to build up
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Simulated JWST images of distant galaxies



CEERS JWST/NIRCam Mosaic (F115W F150W F200W F277W F356W F444W): 
NASA/STScI/CEERS/TACC/S. Finkelstein/M. Bagley/Z. Levay

Cosmic Evolution Early Release Science (CEERS) Survey

https://ceers.github.io/ceers-first-images-release.html

https://ceers.github.io/ceers-first-images-release.html


CEERS JWST/NIRCam Mosaic (F115W F150W F200W F277W F356W F444W): 
NASA/STScI/CEERS/TACC/S. Finkelstein/M. Bagley/Z. Levay
Cutout images (F150W F277W F356W): NASA/STScI/CEERS/TACC/S. Finkelstein/M. Bagley/J. Kartaltepe



Morphology Measurements

• Studied the structure of 850 galaxies at z>3 with
existing HST morphologies
• Each galaxy visually classified by 3 team members
• Does the galaxy have a disk, spheroid, or irregular 

features?

• Compared with several automated measures
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Morphological Evolution
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Hubble vs JWST
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Summary

• Wide diversity of morphologies seen at z=3-9!
• Large fraction of galaxies with disks (~60% à ~30%)
• Large fraction of galaxies with irregular features (~40-50%)

• Changes seen relative to Hubble driven by
• Depth, resolution, rest-frame wavelength

• Large samples at even higher redshifts will enable us to quantify when the first disks 
and spheroids in galaxies formed

Jeyhan Kartaltepe, @jeyhan
jeyhan@astro.rit.edu
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