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Evolutionary stages of protoplanetary disks

Pineda+2023



Environment of young disks

Young (Class 0/I) disks continuously accrete from their environment!

Hennebelle+2020; Hühn+2025a



Early planetesimal formation?

Higher temperature
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Water snow line

Red = planetesimal formation

Hühn+2025a

Retention of solids via cold-finger effect



(Early) infall influences 
planet formation initial 
conditions



The current picture of planet formation

Pineda+2023



How isolated are disks during the Class II stage?
AB Aur

Boccaletti+2020

Ginski+2021

Huang+2021

Ren+2023

Garufi+2022
Garufi+2024



Bondi-Hoyle accretion: Streamer formation

Infall in a turbulent medium naturally creates streamers… Hühn & Dullemond 2025



Spiral formation

Single, impactful 
encounter with gas

Continuous, 
turbulent 
accretion

…that create visible substructures

Hühn+ in prep.



(Late) infall causes 
spirals of many 
different shapes



What layers of the disk are affected?

Even at the main impact, layers with z < 3H are unaffected
⇒ Spirals are only on the surface for young disks

Md = 0.05 M
⊙

Hühn+ in prep.



What layers of the disk are affected?

For lighter disks, midplane layers can be affected, especially in the outer disk
⇒ Late infall is more important for older disks
⇒ Different mechanisms for planet formation here?

Md = 0.005 M
⊙

Hühn+ in prep.



Late infall in IRAS 04125+2902?
Circum-primary disk

Binary and planet are aligned*
But: Protoplanetary disk is not!

Barber+2024

Bosschaart+2025
Shoshi+2025



Second generation disk?
Idea Simulation

Hühn+2025b



(Late) infall can create 
new 2nd generation 
disks



Why Infall Matters:

● (Early) infall influences planet formation 

initial conditions

● (Late) infall causes streamers, 

delivering new material

Rejuvenating planet 
formation?

Enhance mass budget of 
first generation

● (Late) infall causes spirals of many 

different shapes

● (Late) infall can create new 2nd 

generation disks


