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From Clouds to Planets
(schematic with spatial and temporal scales)



Classifying Young
Stellar Objects from
their SEDs

cf.    Lada (1987)

Class I (& flat sp.): α ≥ -0.3
Class II: -0.3 > α ≥ -1.6
Class III: α < -1.6

  Spectral index 
  α = dlog(λFλ)/dlog(λ).



Class 0 YSOs: true protostars?
 (André, Ward-Thompson, & Barsony 1993)

SEDs that peak at sub-mm λ

invisible at λ < 10 µm

Menv > M*

strong outflows (e.g., in CO)

(Jayawardhana, Hartmann & Calvet 2001)

infall rates

≥ 10-4 MSun/yr





How do we know disks exist?



Infrared Color-
Color Diagram
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J-H/K-L for Trapezium
(Lada et al. 2000)

Excess infrared emission,
consistent with disks,
seen in 50-90% of
1-Myr-old stars



Images of disks provided “proof”



Images of disks provided “proof”



(O’Dell & Wen 1992; McCaughrean & O’Dell 1996)

Many resolved disks in Orion



NICMOS Images of Protoplanetary Disks in Taurus

Padgett et al. (1999)



Detection of an Edge-On Disk in MBM12 with Gemini AO

Disk is 150 AU in radius

Seen just 3 degrees from
edge-on

Evidence for dust
settling to the midplane?

(Jayawardhana et al. 2002)





Disks in Binary Systems

GG Tau in scattered light with AO



Detecting Gas in Disks

Difficult to detect H2

Depend on CO, which is a tracer species

Possible to trace Keplerian rotation

But CO could “freeze out” on to grains and deplete

LkCa 15 (Qi et al. 2003)



Detecting (Warm) Gas:
pure rotational line of H2



T Tauri Star

Jets/Outflows



How are T Tauri disks heated?

“Standard” flat disks (with or without accretion)

Lynden-Bell & Pringle (1974)

Adams, Lada & Shu (1987, 1988)

How does Tdisk vary with r? What’s the resulting SED?

HOMEWORK PROBLEM!















Mineralogy of T Tauri disks

Meeus et al. (2003)

silicate emission from

T Tauri disks in Cha I

--> constaints on grain
composition and size



T Tauri Star

Jets/Outflows



Signatures of Accretion

Continuum excess (or “veiling”) in optical spectra

(Chelli et al. 1999)

measure veiling --> accretion luminosity --> accretion rate



Signatures of Accretion

UV excess (from accretion shock)

Broad, asymmetric Hα

(Muzerolle et al. 2000)



Evidence for Disk Evolution



Evolution of accretion rates?

(Muzerolle et al. 2000)



Time Constraint: Disk Lifetimes
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(Haisch et al. 2001)

What
about
gas?



mm vs IR disk fraction

(Haisch & Lada 2005)



(Calvet et al. 2002)

Case of TW Hydrae



Mineralogy of disks in the TW Hydrae group
Hen 3-600 @ 10 Myrs

Honda et al. (2003)
Jayawardhana et al. (1999a)



Mineralogy of planet-forming disks

Sitko et al. (2000)



A dusty tale

© Paul Kalas


