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Where stars form.,
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The golden era of IFU surveys
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The golden era of IFU surveys Emsellem et al., 2022
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A revolution

Emsellem et al., 2022
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A revolution
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Disentangling =+
the tracers
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How do stars form from gas... in a galactic context?
/’\ N e

\ diffuse atomic gas 9
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S Sﬂ Hl line

(1)

dense molecular gas

i‘Z COline

The challenge:
stars, gas, & dust
must be studied

stars, star clusters

&J % Q&’ UV to NIR continuum

together from |
stellar (<pC) to 4 HIl regions, supernovae,
galaCtiC (>kpC) stellar ejecta
scales : Y & & racio conmuom
HI (21cm) €O (1,3mm) "
% radio waves % (sub-Jmillimeter fQinfrared % ﬁsﬂtca' Q§>UV
What are the factors Where, when, and how do stars form?
that control How efficient is star formation? Is it the same everywhere?
population growth? How long does It take or can it proceed!?

What shuts off star formation?
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Extragalactic cloud-scale observations

Give access to (possible) variations with galactic environment

=ge”tre ] centre ¢ galactocentric radius
. bar . lecul face densit
bar ends molecular) gas surface density
M spirals inside Roar | spiral arms ¢ stellar mass surface density
spirals outside Rpar _ .
= Jhre s DU e - ¢ SFRsurface density
W interarm interarm ¢ dynamical equilibrium pressure
B outer disc ] *

Querejeta et al. (2021)

Time evolution of cloud & star formation via statistics Schinnerer & Leroy (2024)

molecular dense gas onset of star pre-supernovae cloud cloud dispersal &
cloud formation formation stellar feedback disruption supernova explosions
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Hubble census of star cluster and stellar associations

Lee+22
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A reference sample: stellar, cluster, galaxy evolution

~15,000 Human classified clusters across 38 galaxies Bright cluster sample
38 galaxies (N~15,000)

-2.0 Class 1|2 (Human)
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Young cluster locus (YCL)
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In a multi-scale context

~15,000 Human classified clusters ! ' '
UBVI diagrams on the
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Dust evmbeddea star clysters
~ (in NGC 7496) * .
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PAH compact sources across 19 galaxies

(preliminary) M) Rodriguez,

High resolution tracer Lee,
| ! of embedded clusters & SF Whitmore+23
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PAH compact sources across 19 galaxies

(preliminary) MJ Rodriguez,
_** oo Lee,
: Indebetouw
In prep
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Pan, Schinnerer et al. (2022)
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Dedicated simulations

Input = OYUIGE
Parametric (1-3D) & profiles / images

Modules
Projection/deprojection
Gravitational Potential, epicycles, etc
Fully generalised Jeans Eqs

IC for N-body
Particle-based model (varying masses)
Dark matter + stars + gas = Gadget, RAM

Mocks
Stellar libraries = 3D cubes
RT to come

886s et al. 2011
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- -- : Central Stafburst in NGC1365
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Time evolution Emsellem in prep.

Time varying / Star formation regimes

Frame 0001 - t= 7473.51 Myr Frame 0001 -- t= 7473.51 Myr
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The orbital skeleton




The orbital skeleton Frame 0001 -- t= 1004.64 Myr

Emsellem in prep.



Credit: NASA/ESA,CSA; PHANGS ©Jessica Sutter

Orbital skeleton




Where do stars form [ Why ?

Fraser-McKelvie et al. 2020
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Generic Simulations of isolated discs  Verwilghen+ 2024
Time evolution = hydro-dynamical simulations
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Bar Dynamical coupling

Verwilghen+ 2024 §
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Verwilghen+ 2024, in prep. |
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Bar-driven evolution

Verwilghen+ 2024, in prep. |
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PDF (gas) Verwilghen+ 2024, in prep. |
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Evolution <10 Mo Verwilghen+ 2024, in prep.
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Evolution =10 Mo Verwilghen+ 2024, in prep.
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Evolution Verwilghen+ 2024, in prep. |
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Take home messages
Large-scale potential [ dynamical structures
® Constrain the orbital skeleton & drive the organisation of the ISM
>~ even from weak perturbations (in stars)
= Have multiple pattern speeds + are time-varying

Local (dynamical) conditions
° triggering or inhibiting SF : collisions, shear
= defines a complex, rapidly varying regional set of
timescales and regimes

Low versus High mass galaxy = regime change?
* Self-gravity, gas fraction vs feedback
® Mass loading factor (see Hayward & Hopkins 2017)




100 MUSE pointings
Ha [SIT] NGC253
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15 million spectra . * .
Reduced using pymusepipe
(github/emsellem)
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Full galaxy JWST 7.7 micron PAH mosaic
Erik Rosolowsky NGC253

What is next?



A Legacy “Baryon life cycle”linglaxies] community effort

To understand star formation : Where / How it proceeds
= Need for a community-wide effort to conduct

* A high spatial resolution (10-100pc)
* Multi-A « using all eyes » on the sky

~Survey of the local galaxy population

:To connect resolved physics (e.g., Milky-Way) = To improve theory
with & unresolved high(-er) z surveys = To guide simulations

SKA : 1 arcsec atomic + radio-continuum imaging (synchrotron/thermal)
ESO instrumentation
e.g., Euclid, Roman will give imaging in optical/NIR
(other facilities, WST ?)

= Can we, as d community, deliver the missing link ?
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