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TIME SCALES OF PLANET FORMATION
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THE ALMA/SPHERE VIEW OF DISKS

Near Infrared (1.7um) Radio (1.3 mm)
Hubble Space Telescope CARMA, SMA

20 AU 20 AU

Debes et al. 2013 Slide: S. Andrews; Kwon et al. 20171; Andrews et al. 2012



THE ALMA/SPHERE VIEW OF DISKS

Near Infrared (1.7um) Radio (1.3 mm)
SPHERE@VLT ALMA

=
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20 AU 20 AU

Debes et al. 2013 ; van Boekel et al. 2016 Slide: S. Andrews; Kwon et al. 2011; Andrews et al. 2012 ; ALMA Partnership et al. Z



KREPPLER 1B

Mdaller et al. 2018, Keppler et al. 2018 Benisty et al. 2021


https://doi.org/10.3847/2041-8213/ac0f83

DISK POPULATIONS

Smooth disks
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https://arxiv.org/abs/2405.14501

DISK POPULATIONS

Structured Disks
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https://arxiv.org/abs/2405.14501

DISK POPULATIONS

Structured Disks, best case
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https://arxiv.org/abs/2405.14501

ST FAR &

Traditional Models already tail at Neptune/Uranus

Planets form faster & farther away than expected

All disks are structured, starting very early



RAPID FORMATION OF PLANETARY CORES

%stronomy
Strophysics
Awards 2026

A&A Award for
Outstanding PhD Article

Dr. Tommy Chi Ho Lau

Lau et al. 2022
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https://arxiv.org/abs/2211.04497

RAPID FORMATION OF PLANETARY CORES

No Pressure bump:

— Grains grow to ~mm
— Radial drift depletes them

X
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No rings
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No planets
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RAPID FORMATION OF PLANETARY CORES

No Pressure bump:

— Grains grow to ~mm
— Radial drift depletes them

X
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No rings
No planetesimals
No planets
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RAPID FORMATION OF PLANETARY CORES

100 au Pressure bump:

7 observable ring: few 0.1 Myr
2 enables growth to cm
— traps dust

Lau et al. 2022
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https://arxiv.org/abs/2211.04497

RAPID FORMATION OF PLANETARY CORES

100 au Pressure bump:

Lau et al. 2022

7 observable ring: few 0.1 Myr
2 enables growth to cm
4 traps dust = triggers S

2 ‘OWGI’ MPA,onset
— no eff. problem

— high Mg,
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https://arxiv.org/abs/2211.04497

RAPID FORMATION OF PLANETARY CORES

100 au Pressure bump:

7 observable ring: few 0.1 Myr

2 enables growth to cm

4 traps dust = triggers S

7 — lower Mpa onset
7 — no eff. problem
z — high Mg,
7 stops type | migration

\

>10 Mg core at 0.75 Myr

Lau et al. 2022
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https://arxiv.org/abs/2211.04497

SEQUENTIAL PLANET FORMATION

. Pressure bump @ ~5 au Notice:
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https://arxiv.org/abs/2406.12340

Lau et al. 2024

SEQUENTIAL PLANET FORMATION

Pressure bump @ ~5 au
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https://arxiv.org/abs/2406.12340

KUIPER BELT LIKE FAMILIES

adding internal photoevaporation
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https://arxiv.org/abs/2509.21437

KUIPER BELT LIKE FAMILIES

adding internal photoevaporation
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https://arxiv.org/abs/2509.21437

Ealiciali 2025

KUIPER BELT LIKE FAMILIES

adding internal photoevaporation
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https://arxiv.org/abs/2509.21437

POPULATION SYNTHESIS MULTI-DIM. MODELS

Bottleneck:
Dust Evolution



MULTI-DIM. MODELS

POPULATION SYNTHESIS

aq [em]

Pteil, TB, Klahr '24



POPULATION SYNTHESIS MULTI-DIM. MODELS

Python: TriPoDPy Algorithm in:
github.com/tripod

— DUSTPY-compatible - PLUTO

— composition tracking Planet & Disk — IDEFIX

— sublimation/condensation ¢ Population — ATHENA

— tracers (dust or gas) Synthesis

— N-Body with GENGA


http://github.com/tripod
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Ziampras et al. 2026b, Ziampras & Birnstiel 2026



https://ui.adsabs.harvard.edu/abs/2026arXiv260220283Z/abstract

SUMMARY

Substructure Is Needed

... early on & everywhere
... can solve many problems at once

TriPoD can help with the bottleneck of dust evolution

Enabling Disk & Population Synthesis Studies
Enabling dust-evolution effects in MultiDim Simulations

No Planets without MPIA!

MAX PLANCK INSTITUTE
FOR ASTRONOMY \




LUDWIG-
MAXIMILIANS-
UNIVERSITAT
MUNCHEN

ORIGINS

EXCELLENCE CLUSTER

THANKS FOR YOUR ATTENTION!

* 5 %

Funded by
the European Union

European Research Council

Established by the European Commission



