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How do we see galaxies?



History of galaxies
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Not only Hubble’s fork

ellipticals lenticulars spirals irregulars

Since then, we know that the
Universe is a bit more
complicated than Hubble’s
picture. In 1959 De Vaucoulers
published his lemon-shape
model...
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The Spitzer Infrared Nearby Galaxies Survey (SINGS) Hubble Tuning-Fork
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What’s important, the
shape of the galaxy i1s
often correlated with
other observational and
physical properties!

Early-type galaxies

tend to be more red

and rather passive,
quiescent!

www.tng-project.org/media/ 8


http://www.youtube.com/watch?v=rBC3FZIUIrw&t=20

What do we know about galaxies?



Galaxy properties in a nutshell

Galaxies are complex,
dynamically changing system,
driven by various processes.
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Let’s build a galaxy! Stars

Best model for 115135448
(z=0.828, reduced x2=1.9)
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Let’s build a galaxy! Dust

Best model for 115135448
(z=0.828, reduced x2=1.9)
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Let’s build a galaxy! Dust — light interraction

Best model for 115135448
(z=0.828, reduced x2=1.9)
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Let’s build a galaxy! Other components

Best model for 115135448
(z=0.828, reduced x2=1.9)
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Let’s build a galaxy! Other components

Best model for 115135448
(z=0.828, reduced x2=1.9)
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Let’s build a galaxy! Full model

Best model for 115135448
(z=0.828, reduced x2=1.9)
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Let’s build a galaxy! Compare with observations
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Spectral energy distribution

key: prior truth
optical: SDSS r
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Star-formation rate and main sequence

THE STAR-FORMING MAIN SEQUENCE AND OUTLIERS

A

Years of studies led to a
conclusion that there is a
relation between stellar
mass of a galaxy and its
star-formation rate.
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Star-formation rate and main sequence
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Main problem

How does the ISM of quiescent galaxies
evolves over cosmic time?

21



Dust, cold gas and metallicity
are extremely difficult to
observe and measure, even with
Hubble Space Telescope (HST),
Atacama Large Millimeter
Array (ALMA), or any other
modern facility (Whitaker et al.
2021, Lee et al. 2023, Donevski
et al. 2023).
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Our current knowledge of this topic is limited due to the observed resolution. So far, late
stages of evolution of quiescent galaxies has been determined from stellar mass-size
properties.

Now we can study them directly!

ELECTROMAGNETIC SPECTRUM

e

GAMMA X-RAY ULTRAVIOLET INFRARED MICROWAVE

( HUBBLE SPACE TELESCOPE ) ¢ JAMES WEBB SPACE TELESCOPE)  { SPITZER SPACE TELESCOPE )




Dark matter ‘

Credits: me 24



https://docs.google.com/file/d/1kmfIym4gD7fdTFNx9ImF3-Er9i7WCf9f/preview

Developing theoretical
framework



Best suited simulation for this problem!

100 kpc
13.86 Gyr

SIMBA is a large-scale (100 Mpc>/h)
cosmological simulation. It is one of the
few simulations that focuses on dust
production, destruction through the
calculations!

Credits: me



https://docs.google.com/file/d/1HHkgPzOm3kgeGG6bsIToI3AzvzHVVETa/preview

Dive into SIMBA
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Simulation to observation

Using those point we can
prepare predictions for the
observational study, for
example study how bright
would those galaxies be in the

state-of-the-art observatories
like JWST!
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First results!
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It’s gonna be epic!

We have much more results studying environmental impact, internal mechanisms, timescales
and much more! But you will have to wait until 29.02.2024 to listen Giulianos talk about it or
for his paper Lorenzon et al. (including Lisiecki) to be submitted!

-

j Field Cluster
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Multiwavelength
analysis of JWST
detected galaxies



Multiwavelength and spectroscopic survey — 3D HST

B

3D-HST is a spectroscopic
survey focused on galaxy
evolution studies in the
distant Universe. It utilizes
the previously observed sky
areas.
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CEERS is a project focused
on observing AEGIS field
with JWST.

Photo: Akira Fujii
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Thousands of high-redshift galaxies observed
in plenty different wavelengths, now with
great coverage in infrared!

Photo: Akira Fujii

Declination

05

53°00

55

50

fl 50045

T

T

ceers.github.io/obs.html

NIRCam N

T T

MIRI
NIRSpec B -
NIRCam [l

HST/WFC3 [

20™
Right Ascension




Out of those thousands of galaxies,

we focused only on a specific

group:
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AEGIS
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we focused only on a specific
group:
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CEERS sample selection

Out of those thousands of galaxies, 4
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Out of those thousands of galaxies,
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The next step, we are currently
doing, 1s to model the galaxy, its
physical properties according to

the observations but...

We found JWST measurements
(marked with grey circles) are in
disagreement with archival
observations!
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Summary



Results so far

e Developing the first theoretical framework for interpreting ISM in quiescent
galaxies from SIMBA

e Photometric and multiwavelength analysis of selected quiescent galaxies in
CEERS field

e JWST proposal of quiescent galaxies in COSMOS field
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Inspect the JWST data of dusty quiescent galaxies in the other GOODS fields,
finally extend the analysis on the largest COSMOS field

Develop the new analysis approach based on spectra-photometric analysis of
near-infrared and mid-infrared data collected with NIRCam, NIRSpec and
MIRI

Unveiling how the movement of high-z quiescent galaxies in size-mass plane,
correlates with their age-ISM characteristics

42



Inspect the JWST data of dusty quiescent galaxies in the other GOODS fields,
finally extend the analysis on the largest COSMOS field

Develop the new analysis approach based on spectra-photometric analysis of
near-infrared and mid-infrared data collected with NIRCam, NIRSpec and
MIRI

Unveiling how the movement of high-z quiescent galaxies in size-mass plane,
correlates with their age-ISM characteristics

Thank you for
attention!




