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What have bee served (and studied)
with existing (sUb)millimeter arrays?

Some examples:

m Solar System |
m Comets: Hale-Bopp and C/2002 T7 (LINEAR)

g




Hale-Bopp

BIMA observations;
1997 April 01

(ALMA band 3)
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1997 Mar 27
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Comet Hale-Bopp,
1997 Mar 31
(ALMA band 3)
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Comet Hale-Bopp, 1997 March 27

DEC offset (arcsec; J2000)
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Comet Hale-
Bopp,

1997 March
(ALMA band 3)

DEC offset (arcsec; ]J2000)
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Comet C/2002 T/ (LINEAR)
SMA: 7\’(( continuum

(ALMA band 6)

234GHz continuum 244GHz continuum
(2004 May 7) _ = (2004 May 7)
dust tail dust tail

to Sun
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Comets

A complete picture of an Earth-grazing short-period comet

A TOO observation of an Qort cloud comet

Observations of the great comet of the decade

Characterization of the Jupiter-family comet population

Is Hale-Bopp still alive?

Chiron distant activity

CO nucleus outgassing of 29P/Schwassmann-Wachmann 1

CO nucleus outgassing of 29P/Schwassmann-Wachmann 1

D/H in cometary water

D. Bockelee-
Morvan

D. Bockelee-
Morvan

D. Bockelee-
Morvan

D. Bockelee-
Morva

D. Bockelee-
Morvan
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D. Bockelee-
Morvan

D. Bockel_e-
Morvan
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What have bee served (and studied)
with existing (sUb)millimeter arrays?

Some examples:

m Solar System
s Comets: Hale-Bopp and C/2002 T7 (LINEAR)
m Galactic sources

s Hot molecular cores/mat
Sgr B2 and Orion KL

ar forming regions:



Galactic Center: HMCs:
Sgr A* | SerB2(N)& (M)

- ! Wide-Field Radio Image of the
-5 Galactic Center

SerDHII g A=90cm
-~ (Kassim, LaRosa, Lazio, & Hyman 1999)
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Sgr B2 /\
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Sgr D SNR

New SNR 0.3+0.0

Threads
7 P New F eature:
The Cane
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New thread: The Pelican

( SgrC  Coherent \

structure?
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Mouse » Ser E

SNR 359.0-00.9 4 V\

SNR 359.1-00.5

gl —28'2340"
LS 17847024° 21° 20° 19°
~2 ght years Tornado (SNR?)

ing at the Naval Rescarch Laboratory using DoD High Performance Computing Resources “ RA
E. Kassim, D.S. Briggs, T.J.W. Lazio, TN. LaRosa, J. Imamura, & §.D. Hyman JEGUG

[Original data from the NRAD Very Large Array courtesy of A. Pedlar, K. Anantharamiah, M. Goss, & R. Ekers
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Science with, ALMA (DRSP 2.2)

x

Chemical survey of hot cores and inner warm envelopes around YSOs

Chemistry of Star-Forming Regions

Chemical fractionation in Low-mass Cores

Chemical differentiation in star-forming regions

Unbiased line surveys of high mass star forming regions
Low Frequency Spectral Survey aimed at Complex Organics
Surveys of interstellar HCO+ absorption

Surveys of interstellar molecular absorption

Chemical Enhancements in Outflows

Tracing the photoprocesses shaping the Horsehead nebula

. van Dishoeck
. Aikawa

. Wright

E

Y

M

P. Schilke
B. E. Turner
R. Lucas

R. Lucas

R

. Plume

J. Pety

650 hrs
358 hrs
134 hrs
612 hrs
35 hrs
80 hrs
57 hrs
16 hrs
103 hrs



What have bee served (and studied)
with existing (sub)millimeter arrays?

Some examples:

m Solar System
s Comets: Hale-Bopp and C/2002 T7 (LINEAR)
m Galactic sources Y :

s Hot molecular cores/mat
Sgr B2 and Orion KL

= Young stellat ebjects and
protoplanetary O16}6§
RAS 16293-2422,

ar forming regions:

IE” and HH 211
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ectra of Large Organic Molecules

In IRAS 16293-2422 354 GHz (830 12 m)

(a) 116293A

2

(b) 116293B CH30H r (c) 1162938 _—— CH2CO
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Fic. 2.— Sample spectra of large organic molecules toward TRAS 16293-2422. The 354742-MHz 128 5-117 5 E transition of HCOOCH3
shown in (h) is expected to be weak, hence, is less likely. Note that the weaker appearance of CHyCDCN and (CHg )20 spectral profiles shown
in (h) and (i) is due to the fact that spectra (h) and (i) are taken at the peak emission positions of integrated CoHsOH and CH2CHCN lines.
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690 GHz Continuum

H COOH 31(2.30)-30(1.29) . CHOH 3(-2.D-4(3.DEvi-l CHCDCN 46(542)-45(4.41)
30" ‘
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Class | source: IRS 46
SMA 226-GHz spatinuum (ALMA band 6)
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Class | source: IRS 46
|- (ALMA band 6)
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Class || CTT star: AA Tau

SMA 230-GH%tinuum (ALMA band 6)

m AA Tauri disk




Protoplanetary Disks

CO surveys of disks around stars from 0.3 to 3 msun
Molecular surveys in 2-3 ““small" samples from 0.5 to 3 msun
Continuum survey from 80 to 900 GHz

Disks in the sub-stellar regime

Gaps in nearby protoplanetary disks

Transitions disks around CTTs/WTTs & near ZAMS stars.
Structure of Debris disks & Vega-type objects.

Structure and properties of disks around high-mass (proto-)stars
Dust and Gas distribution in multiple-systems

Deuteration in Proto-Planetary Disks: DCO+ and HDO
Search for Cl in circumstellar disks around young stars

Protoplanetary disks in Orion

A. Dutrey
A. Dutrey
S.Guilloteau
L. Testi
S.Guilloteau
A.Bacmann
A. Dutrey

L. Testi

A. Dutrey

A. Dutrey

A. Dutrey

J. Williams

2760 hrs
229 hrs
260 hrs
54 hrs
13 hrs
88 hrs
690 hrs
190 hrs
120 hrs
25 hrs
0.33 hrs

90 hrs
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Young Steliar Objects

Mapping the turbulence in a molecular cloud

Magnetic field geometry in protostellar envelopes

Structure and collapse of protostellar envelopes

nfall toward protostars

Magnetic field in molecular outflows

Energetics of the HH 80-81 molecular outflow

Survey of massive molecular outflows with ACA and TP only

Survey of the central fields in massive molecular outflow with the ALMA interferometer.
Deep integration on the massive jet source HH80-81: the disk-outflow connection

The internal structure of the BHR71 outlow

nner kinematics in pre-stellar cores with H2D+

Proving the existence of Keplerian rotation about a 20 solar masses young star
Resolving the jet-disk interaction

Probing the outflow launching mechanism through observations of the molecular outflow rotation
The energetics and temperature structure of protostellar outflows

onized Gas Accretion in Hypercompact HIl Regions

The outflows in G5.89-0.39

J. Richer

J. Richer

J. Richer

A. Wootten
J. Richer

D. Shepherd
D. Shepherd
D. Shepherd
D. Shepherd
F.Gueth

A. Bacmann
M. Beltran
H. Beuther
H. Arce

H. G. Arce
S. Kurtz

Klaassen

121 hrs
112 hrs
240 hrs
900 hrs
168 hrs
325 hrs
180 hrs
200 hrs
95 hrs
65 hrs
360 hrs
55 hrs
18 hrs
80 hrs
840 hrs
6 hrs

8 hrs



The Sun

Structure and Dynamics of the Chromosphere A. O. Benz

Solar Radio Recombination Lines A. O. Benz

Mm continuum from stars

Evolution of Magnetic Activity in Main Sequence Stars M. Guedel
Magnetic Energy Release and High-Energy Particles in Stellar Atmospheres M. Guedel
Thermal Emission from Red Giant and Supergiant Stars K.M. Menten
The photospheres and proper motions of normal stars Black
Millimeter observations of nonthermal emission from active stars R. A. Osten
Millimeter survey of stellar disk emission from late-type giants and supergiants R. A. Osten
Flares from Young Stellar Objects: What we learned from 2003 January flare in GMR-A R.S.Furuya
TOO Observations of Energetic Particles in Stellar Superflares R. A. Osten
Using ALMA to probe active regions in Sun like stars G. Hussain

10 hrs

10 hrs

30 hrs

14 hrs

100 hrs

200 hrs

36 hrs

3.5 hrs

96 hrs

2 hrs

60 hrs



Circumstellar envelopes

Probing the Dust Formation Zone around Red Giant Stars
Line surveys in evolved stars

Resolving the Molspheres of M supergiants

Post-AGB sources

Post-AGB Stars: proto-planetary and planetary nebulae
Moelecular and atomic gas in planetary nebulae

The Heart of Eta Carinae

Pulsar Wind Nebulae

Supernovae
Structure of the Molecular Gas Shocked by Supernova Remnatns
SNR-cloud interaction search in LMC

The populations of relativistic particles and magnetic field structure in the Crab Nebula and other
plerions

ToO Observing of Radio Supernovae -

Monitoring of Radio Supernovae

=~

= O 1V T

. M. Menten
. Cox

. Harper

Cox
Cox
. M. White

Kaspi

. Tatematsu

. Tatematsu

. Bandiera

. Van Dyk

. Van Dyk

200 hrs
&80 hrs
18.4 hrs

238 hrs

73.2 hrs

10 hrs

206 hrs

86 hrs
229 hrs

50 hrs per
semester

30 hrs per
semester



Solar System

Science with ALMA (DRSP 2.2)

Planetary atmospheres

The dynamics of Mars' and Venus' middle atmopheres E. Lellouch 120 hrs
The three-dimensional water cycle of Mars E. Lellouch 320 hrs
Chemistry in the atmospheres of Venus and Mars E. Lellouch 70 hrs
Composition and dynamics of giant planet stratospheres E. Lellouch 160 hrs
Search for broad lines in the tropospheres of the giant planets E. Lellouch 16 hrs
Chemical-dynamical couplings and meteorology in Titan's atmosphere E. Lellouch 160 hrs
lo's volcanism E. Lellouch 100 hrs
The atmospheres of Triton, Pluto and other transneptunians (TNO) E. Lellouc 432 hrs
Planetary surfaces and dynamics

Albedos, sizes and surface properties of transneptunian objects E. Lellouch 140 hrs
Mapping the surfaces of the Moon, Mercury and Mars B. Butler 66 hrs
Mapping the surfaces of large icy bodies B. Butler 104 hrs
Structure and composition of Saturn's rings B. Butler 48 hrs
Mapping the surfaces of larger asteroids B. Butler 105 hrs
Sizes and albedoes of NEAs B. Butler 20 hrs
Astrometry of NEAs and TNOs B. Butler 30 hrs
Radar observations of NEAs B. Butler 12 hrs



Albedo & Surface Properties of
a Trans- unian Object (I)

= By measuring the variations in continuum tRgrmal

flux from a Kuiper-Belt object

= to look for possible correlations in
color, so

= to trace KBO’s dynamical and collisional history

pedo, sizel)and

= For the largest of KBOs, mmlightcurves due to
rotation can be obtained, proViGjijggadditional
information 6 object surface PYGPEIIES




Albedo & Surface Properties of
a Trans- :Eunian Object (1)

= Angular resolution:
0.05” (baseline ~ 4 km)

= Receivers: Band 7 (275 —
373 GHz)

m Spectral resolution: N/A w/ [ AL

Mercury
(2) Pallas

(1) Ceres

16 G H Z BW _‘____‘_fluto
. N ,’ .(289'!3] Ixion
- CO ntl n u u m Se n S ItIVIty: . r Charon TEXAS (90482) Orcus
- 2003 AZB4
Nix * * Hydra .
o

m 0.1 K for a KBO with . (136108) 2002 MS4

; 2003 EL61 . (24835) 1995 SMa5 (47171) 1999 TC36

Ty ~ 1 K (beam diluted), at 40 o S .ﬁﬂﬁﬁfgﬁggj;u;g s
~ 0000) V. 19308) 1996 TO66
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km ( 0.01 ) in did 2006 FY9 (50000) Quaoar @ _ 120178 2003 0p32
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ObserV|ng t|me. ~ 1 hl’ {84522) 2002 TC302 ..
. . (55565) 2002 AW197
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Direct Detection of Jupiter
Around a N%é{by Solar-like Star

= A Jupiter at the distance of ¢ Centauri, will have a
345 GHz flux density of 6 (£ Jy

= moving on the same orbit around
does around the Sun (~5 AU)

= 3 maximum elongation projected distance of 3.9" from «
Cen A

= Angular resolution: 0.1"
/ (345 GHz)

= Continuum Sen oy

o OEserving Time: ~17

Cen A asVupiter

m Receivers: Ba
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= NRAO Public Wiki: "Preparing for ALMA" Activity

https://safe.nrao.edu/wiki/bin/view/ALMA/Brbarme4ALMA
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= ALMA Design Reference Science Plan (DRSP 2.2)

m http://www.eso.org/sci/fiacilities/alma/science/drspy
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