=

Modeling Star and Planet Formation

» L
4010 ) ' =AY
A \J ANCIIS .\~

(UnirSI vV OT DUISDU g-cssen)

Perspectives of Planet and Star Formation
Heidelberg
June 22, 2026



UNIVERSITAT

DEUSISS NU RG

University

Open-Minded

Rolf Kuiper (University of Duisburg-Essen)






UNIVERSITAT
DUISBURG

Larson Core Formation L
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* First and Second Larson Core Properties (see also Bhandare et al. 2018, 2020)

* All classical initial conditions: Bonnor-Ebert, uniform density, power-law profiles
> Derivation of Formation Conditions based on initial properties of the star-

forming gas (not the whole mass reservoir)
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Marx, Bhandare, & Kuiper (in prep.)
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Early Jet Evolution
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NEIPA: Numerical Equivalent to ,, Investigating Protostellar Accretion™

Frederike Marx
(PhD)
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Early Disk Evolution

Disk properties of BE3D_2 rotl in the r-¢-plane at 14800 years

Toomre Parameter 1.00 Cooling

200 R [au]

Marx et al. (in prep.); see also Tomida et al. (2017)

All processes (cores, disks, jets) studied as function of stellar mass! Frederike Marx

(PhD)

Rolf Kuiper (University of Duisburg-Essen) Modeling Star and Planet Formation June 22,2026
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Star-forming Filaments
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Rigorous Testing of Numerical Framework
Radial Equilibrium
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Star-forming Filaments
Rigorous Testing of Numerical Framework

» Radial Equilibrium

» Radial Dynamics: Onset + Collapse
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Onset timescale ~ 0.5% within theoretical value.
Collapse timescale ~ 2.5% within theoretical value.

Emilio Schmidt
(Master)
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Star-forming Filaments

Rigorous Testing of Numerical Framework
» Radial Equilibrium

» Radial Dynamics: Onset + Collapse

» Vertical Dynamics: Fragmentation

Seed
----analytic

Emilio Schmidt
(Master)
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Star-forming Filaments
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Outlook (in collaboration with Eric Keto):

> Timescales for Core Formation and Filament Twisting
> [Feedback from Environment]

> e o o

STRONG

Emilio Schmidt
STRONG

\ (Master)

IR E (IEISEAS TR =S ) Hood (1992): ,,Instabilities in the Solar Corona®; Sakurai (1976) June 22,2026
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e MHD
* Axial symmetry
e Stellar B-Field + Disk Field

e | ow-Mass Star Formation

Brandt Gaches
(Emmy Noether

Research Group Leader)

Gaches, Tan, Rosen, & Kuiper (2024): on Accretion

Gaches et al. (in prep.): on Outflows

Rolf Kuiper (University of Duisburg-Essen) Modeling Star and Planet Formation June 22,2026



HADES Project on Accreting Protost:

— stronger stellar magnetic field

Time = 0.00 days (1/4048)

rho [code units]

02_high_res 1024nr_test
rho: frame 1/12438 (-1558.31 d)

Here: High-Mass SF
* Irradiation

* Photoionization
* [Radiation Forces]

Rolf Kuiper (University of Duisburg-Essen)
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rho [code units]

Fynn Wawrzyniak
(Master)

June 22,2026






More on Disks ...

Thermally unstable Disks
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Tidal Disruption Events

log column density [g/cm?]
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Disk Fragmentation

t = 8580.0 years

Rolf Kuiper (University of Duisburg-Essen)

Modeling Star and Planet Formation

June 22,2026
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Formation of Circumplanetary Disks Lava World Atmospheres
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Dennis Wehner Shaghayegh Jolehkaran
(PhD) (PhD)

Jets and Feedback
Trapped HIl Regions
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Rolf Kuiper (University of Duisburg-Essen) Modeling Star and Planet Formation June 22,2026



UNIVERSITAT

DEUSISS NU RG

Open-Minded

Star - Disk/Planet Interaction

Gas-rich Debris Disks

Planetary Atmospheric Escape

tronomy
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Hiroto Mitani
(JSPS Postdoc Fellow)

— August 2026: Tohoku University!
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Special Thanks to the Team
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Jets from Massive Protostars

Moscade-lli, ...;-Oli;/a_,é{ I‘(uip‘er (2022), NatAs 6
Moscadelli, Oliva, ..., & Kuiper (2023), A&A 680

* Very Long Baseline Interferometer (VLBI)

e Water Maser
> Ax ~ 0.05 au

Watching the v

Direct Comparison of the Gas Dynamics of the Jet Launching Region!

Oliva & Kuiper (2023 a,b), A&A 669

(4

* Radiation-Magneto-Hydrodynamics
* Including Ohmic Dissipation
> Ax ~0.03 au

Mass of the protostar

Disk size

Position of bow shock / jet’s front
Position of collimation points along the jet

Helical structure and velocity of fast collimated flow
Structure and velocity of slower molecular flow at large scales
Magnetic field strength / polarization



