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Evolution of Galaxy Structure
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What can we Learn about/from Galaxy Structure?

* When was the Hubble Sequence put into place?

* When did the first disks and bulges form?
* What was the role of mergers in the very early universe?

* What can the relationship between galaxy structure
and other properties tell us about...
* Mass assembly?
* Supermassive black hole growth?
e Star formation in galaxies?
* Accretion of gas from the IGM?



Surprises/Discoveries from JWST
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Surprises/Discoveries from JWST

* High Redshift Galaxies are compact
* High Redshift Galaxies are extended

. Ban !
_ . F | -~
'1 |

-

Kartaltepe et al. 2023

Ferreira et al. 2022

7=5.25

z=4.57

I— «l

7=4.82

S

z=4.14

.

z7=4.78

b

z2=4.36

“

Robertson et al. 2023
z7=4.20 i =5.07

e -

z=13.96

’

7= R

L




Surprises/Discoveries from JWST  tarsonetal. 2023

* High Redshift Galaxies are compact ‘
* High Redshift Galaxies are extended
* High Redshift Galaxies are diverse
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Surprises/Discoveries from JWST . citeinetal 2023

* High Redshift Galaxies are compact
* High Redshift Galaxies are extended
* High Redshift Galaxies are diverse

* High Redshift Galaxies are resolved
F2002V7V Magnift?de
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Surprises/Discoveries from JWST o

* High Redshift Galaxies are compact 4
* High Redshift Galaxies are extended -
 High Redshift Galaxies are diverse Bl .. b

FWHM

* High Redshift Galaxies are resolved FL50W+F200W

" Ferreira et al. 2022
* Finding example galaxy mergers Boyett et al. 2023, 2=9.3
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Surprises/Discoveries from JWST

* High Redshift Galaxies are compact
* High Redshift Galaxies are extended -

* High Redshift Galaxies are diverse

* High Redshift Galaxies are resolved
* Finding example galaxy mergers .

* Finding example minor mergers

Suess et al. 2023




Surprises/Discoveries from JWST

* High Redshift Galaxies are compact |The COSMOS-Web Ring|

* High Redshift Galaxies are extended A d
* High Redshift Galaxies are diverse

* High Redshift Galaxies are resolved y

* Finding example galaxy mergers \“ . -

* Finding example minor mergers '/

* Finding exquisite gravitational lenses - . -
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Morphological Evolution

Galaxies with Disks
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Morphological Evolution
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- CEERS . 3.0<z<4.0
== TNG50 :
TNG100
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Galaxy Morphologies with Large Samples
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Morphologies with
Contrastive Learning

UMAP 2

* Trained on lllustrisTNG mock images

* Observed galaxies tend to be more TR T

UMAP 1

compact and more elongated than
HlustrisTNG

* Some visual disks may be
prolate/elongated ellipsoids

UMAP 1

Vega-Ferrero (incl. Kartaltepe) et al. 2023



Inferring the 3D Shapes of Distant Galaxies ¥

* Are galaxies that look like disks at high-z truly disks?

Viraj Pandya
(Columbia)

z=2.0-2.5, logM=9.0-9.5, N=421 (SF only)
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Inferring the 3D Shapes of Distant Galaxies

* Are galaxies that look like disks at high-z truly disks? Viraj Pandya
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significantly lower triaxialities for
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Visual Mergers

¥
&

Rose et al. (incl. Kartaltepe), in prep
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ldentifying Mergers Using Machine Learning

* Using lllustrisTNG images with ‘CEERS-like’ noise as a
training set (Rose et al. 2023)

* ‘Merger’ typically defined as +/- 250 Myr (with some
experimentation), major and/or minor

* Testing Random Forests + Neural Network
‘DeepMerge’ (Ciprijanovié et al. 2020)

Rose et al. (incl. Kartaltepe), in prep



Preliminary Results

RF Comparison with Visual
* Both Random Forests and 3.0<2<3.5— Group 1

DeepMerge can accurately classify

up to ~60-70% of mergers 0.37
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* Seems to be a ceiling: can increase,
but at the expense of incorrectly
classifying non-mergers

True Merger

Rose et al. (incl. Kartaltepe), in prep Predicted Non-Merger Predicted Merger



Galaxy Kinematics

* Deep NIR spectroscopy with JWST will
enable kinematic measurements of
galaxies out to high-z

* Possible with high resolution mode on
NIRSpec as well as NIRCam WEFSS (for
relatively bright sources)

* Kinematics will be essential for
identifying true rotating disks and
quantifying mergers

Nelson et al

. 2023



Role of the ELTs

* Multiplexed moderate resolution spectroscopy (slit + IFU) will enable kinematic
measurements (gas and stellar!) for large samples of galaxies, look for
rotation/dispersion, mergers, rotation curves

e TMT First light: IRIS, WFOS
* TMT Second generation: IRMS, IRMOS
* GMT: GMACS, GMTIFS

* High resolution imaging with AO will enable
deep morphology studies for larger samples

* Studies of low surface brightness features such as
tidal tails, globular clusters, extended disks, etc.

* |dentification of minor companions

 Ability to follow-up sources identified with
Euclid+Roman all over the sky




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

* Wide diversity of visual morphologies seen at z=3-9!

* Large fraction of galaxies with disks (~*60% = ~30%)
* Large fraction of galaxies with irregular features (~40-50%)

* Some evidence that the large numbers of high-z disks might not be true disks
* Prolate/elongated systems (See Pandya et al. 2023, Vega-Ferrero et al. 2023)

* |[dentifying galaxy mergers, visually and through machine learning techniques

* Testing on simulations, these techniques hit an upper limit of correctly identifying ~60-
70% of mergers

* The ELTs will enable kinematic and deep imaging studies of large samples of
galaxies




