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Extraordinary structures in nearby galaxies =

Physics
that drives, regulates, extinguishes Star Formation 

operating together over 
stellar, interstellar, galactic, circumgalactic scales
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11.3μm-10.0μm-2μm
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11.3μm-10.0μm-2μm

Credit: NASA/ESA,CSA
             & PHANGS

 Can we establish a reference pathway for 
- bar formation ?
- bar-driven evolution ?



Time evolution

 ⇒  hydrodynamical simulations
(and Ramses)
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molecular gas 
probing

~100,000 clouds
Leroy et al. (2021a)

90+ galaxies
Pis Schinnerer; Blanc; Leroy; 

Faesi; Chevance

19 + 55 galaxies
PI Lee + PI Leroy

embedded star 
formation &
dust heating
Lee et al. (2023)

19+ galaxies
PI Schinnerer

stellar feedback
probed by

~25,000 nebulae
+ stellar populations

Emsellem et al. (2022) 74 galaxies
PI Lee

~80,000 
stellar clusters

Lee et al. (2022)

baryon
life

cycle



Generic Simulations of isolated discs Verwilghen+ 2024

  ⇒ Grid of 54 models 
spanning the

                    sample

 ⇒ Gas, Stars, Dark Matter
 ⇒ Star formation, feedback

winds, SNII
 ⇒ ~12 pc cells
 ⇒ 3 Gyr evolution

MGE ICs + AMR RAMSES



V band MGE model
Baes et al. 2011

Emsellem 1995

Emsellem 2015

Parametric (1-3D) & profiles / images
3D Projection/deprojection
Gravitational Potential, density waves, 
Generalised Jeans Equations

Stars + gas + DM
 ⇒ Gadget, Ramses

M104

NGC1277






NGC 1365 vstars

MUSE

Ramses hydro-dynamical simulation (Emsellem+ in prep)



Where do stars form & Why ? Fraser-McKelvie et al. 2020

Dependence of SF on stellar mass
 ⇒ lower-mass = bar
 ⇒ higher mass = rings / central



10 
kpc

Low M⁥ ⁥★ High M★

Verwilghen+ 2025



SF along the bar SF within the central reservoir

Low M⁥ ⁥★ : Bar but no reservoir High M★: Bar + reservoir

Consistent with Fraser-McKelvie+2020

Verwilghen+ 2025



Low M⁥ ⁥★ : where is the bar ? High M★: Bar structuring

Verwilghen+ 2025



Low M⁥ ⁥★ : evolution ? High M★: evolution !

Verwilghen+ 2025



Low M⁥ ⁥★ : evolution ? High M★: evolution !

Verwilghen+ 2025



Low M⁥ ⁥★ 

High M★★

Verwilghen+ 2025



Low M⁥ ⁥★ High M★

t

Verwilghen+ 2025Building of inner discs



Bar-driven evolution: deserts & peaks Verwilghen+ 2025



PDF (gas)

109.5 M⊙ 1010 M⊙

Verwilghen+ 2025



Feedback ! Verwilghen+ 2025



Low M★

Mid M★

High M★

Verwilghen+ 2025

About 
Timescales



Emsellem+ 2025 



Focus

1D 3D

“Center”



Emsellem+ 2025 



21μm-10.0μm-3μmCredit: NASA/ESA,CSA; PHANGS / Emsellem

Lower mass systems



Take home messages
Bars are hard to avoid in discs (if you have time + reasonable dynamics)

High-mass galaxies : key agents of disc evolution
▻ Gas and SF deserts + central rings and discs
Low-mass galaxies : … in hiding
▻ SF regime, PDF, detection at high redshift ?

Relative imprint of gravity and feedback
1D flow versus 3D flow  Central attractor⇒

 ⇒ requires high-resolution, involves varying timescales

Regime (mass-dependent) change and galaxy evolution
What about high-er redshift galaxies ?

Serious issues
Bars = absence / morphology and size

(Differential) evolution



Full galaxy JWST 7.7 micron 
PAH mosaic

Erik Rosolowsky

NGC 253



Enrico Congiu

100 MUSE pointings
Hα [SII] [OIII]

NGC 253

15 million spectra
Reduced using pymusepipe 
(github/emsellem)
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