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1. Road map of planet formation
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Dust growth and/or disk dissipation
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2. How to observe dust grain size?

O Flux density from a disk viewed face-on

1

F = 57k "B (T(r)x{1—e ™" x2zrdr
O Optically thin disk; Rayleigh-Jeans regime
1
FVzDz ™ok TVZ/C x7,(r)x2zardr

O Introduce mass opacity coefficient x°, oc v
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Size-dependent opacity index

[0 Mass opacity frequency-dependent

F, ocvzxxv oc vyl = p?

0 For small (compact) grains with a<<A (ISM dust)
P=2=F « VA
K, =Q2.HA13mm) x107cnrg " peeim,

0 Grey opacity if a>>A/2m (a>>1 mm for A=7 mm)

p=0= I:Vocv2
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mm—
O mm-sized particles somewhere in between
0<fB<2=F, cv*
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Recipe

0 Resolve disk at mm wavelength | o000~
O Measure spectral slope a in T oof B
Rayleigh-Jeans part of SED = 100 '

O Two possibilities to account | 00|
for shallow SED (small a):

(i) optically thick disk & any B |
(ii) optically thin disk & low el '

[0 Resolved (large) disks render

(i) improbable/unphysical

= Opacity index 8 = a—2 s "'_'F"_"'_I'"_.F_'E
= f EIPI-*-":I: '
Low-mass star TW Hya: 2 ol
Calvet et al. (2002) 5 ”
} [0 3 intermediate-mass stars: : ; ;
Testi et al. (2003) e o
Natta et al. (2004) Wavelength log(A/mm)
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3. VLA 7-mm observations

O 14 low-mass PMS stars in Taurus-Auriga region

[0 7-mm observations at VLA in D configuration
® low spatial resolution (~1.5" beam at 7 mm)
© high sensitivity (~0.2 mly)

[0 11 secure detections (0=5)

[0 Additional observations at 1.3, 2.0, and 3.6 cm
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4. Dust opacity indices

[0 All detected disks spatially resolved (6 fully, 5 part.)
[0 Spectral indices a < 3
0 Opacity indices =02 < 1
[0 Small corrections:
Rayleigh-Jeans & e
free'free emiSSion <———CGeormetrical optics ISM dust———}i
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5.

O
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Conclusions

11 disks around low-mass PMS stars in Taurus-
Auriga resolved at 7 mm

Spectral slopes indicate presence of mm-sized
dust grains

Fast particle growth within first 1 Myr
... almost half way on the road to planetesimals

0.1 um 1 mm 1m 1 km log a
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