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Figure 6
The evolution of a typical disk. The gas distribution is shown in blue and the dust in red. (a) Early in its evolution, the disk loses mass
through accretion onto the star and far-UV (FUV) photoevaporation of the outer disk. (b) At the same time, grains grow into larger
bodies that settle to the mid-plane of the disk. (c) As the disk mass and accretion rate decrease, extreme-UV(EUV)-induced
photoevaporation becomes important; the outer disk is no longer able to resupply the inner disk with material, and the inner disk drains
on a viscous timescale (!105 years). An inner hole is formed, accretion onto the star ceases, and the disk quickly dissipates from the
inside out. (d ) Once the remaining gas photoevaporates, the small grains are removed by radiation pressure and Poynting-Robertson
drag. Only large grains, planetesimals, and/or planets are left. This debris disk is very low mass and is not always detectable.

as a CTTS based on the presence of accretion indicators. Accretion may be variable on short
timescales, but shows a declining long-term trend.

At the same time, grains grow into larger bodies that settle onto the mid-plane of the disk,
where they can grow into rocks, planetesimals, and beyond. Accordingly, the scale height of the
dust decreases and the initially flared dusty disk becomes flatter (Figure 6b). This steepens the
slope of the mid- and far-IR SED as a smaller fraction of the stellar radiation is intercepted by
circumstellar dust (Dullemond & Dominik 2005). The near-IR fluxes remain mostly unchanged
because the inner disk stays optically thick and extends inward to the dust sublimation temperature.
The most noticeable SED change during this stage is seen in the decline of the (sub)millimeter
flux, which traces the decrease in the mass of millimeter- and smaller sized particles (Andrews &
Williams 2005, 2007a) (see Figure 7).

As disk mass and accretion rate decrease, energetic photons from the stellar chromosphere are
able to penetrate the inner disk and photoevaporation becomes important. When the accretion
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Williams & Cieza 2011

- Planets	form	in	disks	around	
young	stars	

- Planet-forming	disks	composed	
of:	
- Gas	
- Small	Dust	
- Large	Dust

Gas

Large 
Dust

Young Star

Planet Formation?
Williams & Cieza 2011

How	do	planets	form	and	what	affects	their	
formation?

Small 
Dust

Problem!	
Imaging	forming	planets	are	really	
hard	to	find	with	current	technology
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- Planet	affects	the	dust	morphology	
(distribution)	in	the	disk.		

Jaehan Bae (University of Florida)

Use	small	dust	grains	(~1	micron)	
as	a	tracer	of	planet-forming	

material

Indirectly	tracing	planet	formation	with	small	
dust	grains
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Stars	are	bright,	Dust	is	not…
Unpolarized	Light		
from	Star	Removed

Evan Rich (University of Michigan)
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Stars	are	bright,	Dust	is	not…

Polarized	Sunglasses

Polarized	Light		
from	Small	Dust

Unpolarized	Light		
from	Star	Removed

Evan Rich (University of Michigan)
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Stars	are	bright,	Dust	is	not…

Observations	with	the	Gemini	
Planet	Imager	instrument	on	the	
Gemini	South	Telescope	in	near-
infrared	and	polarized	light.

Polarized	Sunglasses

Polarized	Light		
from	Small	Dust

Unpolarized	Light		
from	Star	Removed

Evan Rich (University of Michigan)International Gemini Observatory/NOIRLab/NSF/AURA/B. Tafreshi
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Gemini	-	Large	Imaging	with	Gpi	Herbig/T-Tauri	Survey	
Gemini-LIGHTS

- The	first	study	concentrated	
on		imaging	more	massive	
stars	

- We	do	not	find	ringed	
structures	for	stars	3x	more	
massive	than	the	Sun	

International Gemini Observatory/NOIRLab/NSF/AURA/E. Rich (Michigan University)
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Gemini	-	Large	Imaging	with	Gpi	Herbig/T-Tauri	Survey	
Gemini-LIGHTS

Possible	Reasons:	

- Binaries	affecting	the	disk?	

- Higher	temperatures	
affecting	ice?	

- Observational	Bias?	

- Too	young	to	form	rings?	

International Gemini Observatory/NOIRLab/NSF/AURA/E. Rich (Michigan University)
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Gemini-LIGHTS	Survey

- The	first	imaging	survey	concentrated	on	higher-mass	stars	hosting	planet-forming	disks.	

- Find	that	stellar	mass	may	play	an	important	role	in	the	planet-forming	process	

- Future	work	on	determining	why	we	see	a	distinction	between	stars	more		
massive	than	3x	Msun

More	Information:	
- Paper	on	ArXiv:	https://arxiv.org/abs/2206.05815	

- Michigan	Press	Release:	https://news.umich.edu/to-find-a-planet-look-for-the-signatures-of-planet-formation/	

- NOIRLab	Press	Release:	https://noirlab.edu/public/news/noirlab2212
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