v . ‘f—\

ALMA,Smence angS.KA ,.. "

Leonardo Testi
ESO ALMA Program Scientist y

. = : \. -
'ﬂ : N A
_ - =
u ™

|

I\

&

dnddendnkndndednd ed bbb ndend mdndend bbb e el

) e o

. 4. A v,e‘:l. y

5 \
M?\' AR -
|
| = S ;
| n lv S
] : vt '
®
.Y

AR M M - — . - - T Ty




Atacama Large Millimeter Array

+ At least 50x12m Antennas

+ Frequency range 30-1000
GHz (0.3-10mm)

% + 16km max baseline (<10mas)

+ ALMA Compact Array (4x12m
and 12x7m)

1. Detect and map CO and [C Il] in a Milky Way galaxy at z=3 in
less than 24 hours of observation

2. Map dust emission and gas kinematics in protoplanetary disks

3. Provide high fidelity imaging in the (sub)millimeter at 0.1
arcsec resolution
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Birth of Planets
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Complex Organic Molecules
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J&d  ALMA Operations

Chile: Program review, Execution of the observations, Quality assessment
Regions: Interactions with users (Phase | and 1)

*Garchlng
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.1 ALMA SV Science Results

http.//almascience.eso.org/alma-data/

science-verification

w

¢

B Star formation in the Early Universe: [CII] at high z
» Wagg et al. 2012, ApJ Letters, submitted, arXiv:1205.3498

ACS F775W

10” ., o

7=4.69

MA: 340GHzZ contindtii and fine"
pno et al. (2006), [CII] (N only)+cont
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.1 ALMA ES Science Results

(de Breuck et al. 2011, APEX [CII])

e ALMA Observations of the high-z galaxy LESS J03322

e Nagao et al. 2012, A&A, in press
o Detection of [NII] at z~4.76, first estimate of [CII)/[NII] at high-z

“ Redshift :
4.75 4.755 4.76 & 4.765
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Redshift

10

Band 1 Band 2404 3 Band § Band 7 8and 9 ALMA
Sandd Sand6  Band8 Band 10

100 1000
Frequency (GHz)

B Band 1&2 critical for low excitation molecular gas at
high redshift

B Band 5 for [Cll] in z~(8-10.5) range
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ALMA SV Science Results

B The multiple solar-mass protostellar system IRAS16293
» Jorgensen et al. 2012; Pineda et al. 2012; Dumas et al. 2012
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ALMA ES Science Results

v 15)

Offset North (arcse

Boley et al. 2012, ApJL, in press (see PR in April)

Sharp ring in mme-size grains, indirect evidence for shepherding ’plan_ets
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« ALMA Observations of the Debris Disk around Fomalhaut
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\_@ The First Year of
ALMA | ALMA Science

Exciting results from ALMA Early Science observations,
from the Solar System to the high-redshift Universe,
with an outlook to the future

=rto Varas, Chile
mber I12-15, 2012

Scientific Organising Committee

Leonardo Testi (ESO, Chair) ;
Paola Andreani (ESO) .,
Lewis Ball (JAO)




Grain Growth the Dawn of Planets

Sticking

+ The core-accretion scenario .......

» Dust growth and planetesimals I!ll

formation
» (Gas accretion from disk - . . .

» Formation of rocky cores

Fragmentation
Directly observable h l C S u n t d raC O n e S End State
through IR and mm Exo-
observations ( m O d e | S ) planets
MS (but only 1 object! Snapshot 4.5 billion years after the-
] || | : I

Imm Im 1000km
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The case of the CQ Tau disk
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Dusttrapping in pressure maxima

. Pressure maxima in disks (arms,
' vortices ) can eff‘cie',h,ftl tra
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Dust” trapplng |n pressure maX|ma

Pressure maxima in disks (a'rms
vortices...) can effi C|ently trap Iar- |

particles allowing gr' | - '
and stay in the disk

Observable

D) = -

(Model) ™™ oo wemees e (ALMA simulation 5km 50Ant)
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(Hogerheijde et al. 2011)

B Dust evolution in the inner disk with ALMA:
» Band 1&2, high angular resolution

B Water vapour emission:
» Band 5

Leonardo Testi:

=IEN:EEIIIIC SISO E



State of the Art & Future Directions

Grains grow and settle in disks around all type of PMS objects

Grain evolution can be very fast as we see highly processed grains around
objects of all ages between 1 and 10 Myr

Plausible physical structures in the disk can stop migration

Key predictions and tests:
» Grain growth in Class 0 and |
» Radial gradient of dust properties (Guilloteau et al. 2011; Trotta et al. 2012)
» Small-scale segregation of large grains (sub-AU resolution needed)

» Disks need high gas densities for grains to grow: faint disks should be a late
evolutionary stage disks around BDs should not grow grains (initial tests with
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