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Combined Array for Research in Millimeter-wave Astronomy

    - six 10.4-meter, nine 6.1-meter, and eight 3.5 meter antennas

- Caltech, UC Berkeley,  University of  Illinois and University of Maryland 

- 85-115 GHz (2.6 -3.5.mm) and 215-270 GHz (1.1 - 1.4 mm)

- Array configurations:  A - 250 m - 2 km     (0.15’’ / 0. 4’’)

                       B  - 100 m - 1 km    (0.3’’   /  0.7’’)

                             C -  30 m - 350 m    (0.9’’   /  2 2’’)

                                     D -   11m - 150 m    (2.0’’  /  4.9’’ )

                                      E -    8 m - 66 m     (4.6’’   / 11.2’’)

30-40 AU at 150 pc
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t  1-10 Myr

Temperature

Disk formation and evolution
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Isella, Carpenter, Sargent (2009) 

CARMA observations in the dust continuum at 1.3 mm

Isella et al. (2009)
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Similarity solution for the disk surface density

RIf the disk viscosity is

(Lynden-Bell & Pringle 1974)

(Hartmann et al. 1998)

(Hughes et al. 2008)

The observations are analysed using

a 2 layers disk model (see e.g. Isella

et al. 2007, Dullemond et al. 2001)

adopting a disk surface density

described by the similarity solution of

the disk surface density shown

below.



Disk expansion
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R1 = 40 AU ; Md(0)= 0.1 Msun;  = 0 ;  k(1.3mm) = 0.01 cm^2 g; incl=45 deg; d=140 pc 

T=(td/ts-1)=1

Rt=20 AU

Rd=100 AU

t=140 g/cm2

F(1mm)=284 mJy

Fobs = 270 mJy

T=5

Rt=45 AU

Rd=230 AU

t=19 g/cm2

F(1mm)=244 mJy

Fobs = 225 mJy

T=10

Rt=80 AU

Rd=340 AU

t=1.4 g/cm2

F(1mm)=59 mJy

Fobs = 31 mJy
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Model fitting results

Isella et al. (2009)
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Disk evolution

0.3< <0.9

-0.3< <0.3

<-0.3

R1 = 20-40 AU

ts = 0.5-1 Myr

Isella et al. (2009)
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Disk evolution

R1 = 20-40 AU

ts = 0.5-1 Myr

Md(0) = 0.3-0.5 Msun

ts = 0.1-1 Myr

Isella et al. (2009)
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Properties of the parent core

R1 = 20-40 AU
ts = 0.1-1 Myr

105 yr

Under the following assumption :

1. Rigid rotation

2. Conservation of the angular momentum

3. Centrifugal radius ~ 2R1

4. Mcore ~ M

5. Rcore ~ 0.1 pc

6. The disk does not significantly exapand in the

accretion phase

7. Tcore ~ 10 K

8. Density profile between =c and r-2

9. The core collapse is not influenced by B, or B is

negligible.

We derive specific angular momenta:

Which are similar to what measured by Goodman et

al. (1993)

Shu et al. (1977)

Hueso & Guillot (2005)

Dullemond et al. (2006)

j = 2 8 10 3 km/s pc

j = J /M = 3 10 4 3 10 3 km/s pc



=0.5

Rt=6 AU

t=340 g/cm2

M=0.02 Msun

j=8.6x10-6 km/s pc

F1mm ~ 80 mJy

Solar nebula

Spitzer's View of Circumstellar Disks :: October 26-30 2008, Pasadena

Similarity with the solar nebula
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t=105-106 yr

j = 8.6 10 6 km/spc Cox (2000)

M = 0.02Msun Kusaka (1970)

Davis (2005)

= -0.8 - 0.8

Rt= 18 - 110

t=340 g/cm2

M = 0.015 - 0.15
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Obs. disk
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=0.5

Rt=6 AU

t=340 g/cm2

M=0.02 Msun

j=8.6x10-6 km/s pc

F1mm ~ 80 mJy

Solar nebula
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Similarity with the solar nebula
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Conclusions

1. The observed disks lay on an evolutionary sequence and expand from 20 to

100 AU in about 10 Myr

2. The initial disk radius is between 20-60 AU

3. The viscous time scale is 0.1-1Myr

4. The initial disk radius leads to angular momenta similar with the observations

of low mass core

5. The solar nebula has a radius and an angular momentum at least a factor 3

and a factor 100 smaller than the observed disks.

Thank you !


