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Motivation

Currently under construction in the Andean Altiplano, Northern Chile, the Atacama Large
Millimeter/submillimeter Array (ALMA) is an international astronomy facility, a radio interferometer
composed of at least 54 antennas of 12 m diameter, and twelve 7 m antennas with abouf®600 m
total collecting area. Initially covering the most interesting spectral wavelength ranges from 3 to 0.3
mm, ALMA will be a revolutionary telescope providing astronomy with the first detailed view of the

dark and youngest objects of the Universe.

ALMA is a partnership of Europe, Japan and North America in cooperation with the Republic of
Chile. ALMA is funded in Europe by the European Organisation for Astronomical Research in the
Southern Hemisphere, in Japan by the National Institutes of Natural Sciences (NINS) in cooperation
with the Academia Sinica in Taiwan and in North America by the U.S. National Science Foundation
(NSF) in cooperation with the National Research Council of Canada (NRC). ALMA construction and
operations are led on behalf of Europe by ESO, on behalf of Japan by the National Astronomical
Observatory of Japan (NAOJ) and on behalf of North America by the National Radio Astronomy
Observatory (NRAO), which is managed by Associated Universities, Inc. (AUI).

The scientific preparations for ALMA are being extremely active since the birth of the project. The
various science committees, groups of astronomers working for ALMA, and regional communities
interested in the project meet regularly to exchange ideas about the scientific capabilities and first
observations to be carried out with the interferometer. A first world-wide conference on "Science
with the Atacama Large Millimeter Array" took place in Washington, D.C. (USA), on 6-8 October
1999.

The conference held in Madrid (Spain), on 13-17 November 2006, is the second world-
wide meeting on "Science with the Atacama Large Millimeter Array". This international ALMA
conference is envisioned as a way for the astronomers interested on ALMA, not necessarily

radioastronomers, to exchange views, to plan preparatory observations in view of the scientific
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exploitation of the interferometer, and to obtain the information needed to orient their scientific work

to the best possible use of ALMA.

The conference covers a wide range of topics, which indeed includes the main scientific drivers of
ALMA: the formation and evolution of galaxies, the physics and chemistry of the interstellar medium,

and the processes of star and planet formation.
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Oral scientific program

MONDAY, Nov 13

8h00-9h00 Registration
9h00-9h30 Welcome and practical information

Section 1 : The project

Chair : Catherine Cesarsky
09h30-10h00 Massimo Tarenghi : Status of the ALMA proje
10h00-10h30 Al Wootten : The ALMA capacities for line observatiofk)
10h30-11h00 Tom Wilson : Continuum capabilities with ALMAI |

11h00-11h30 Coffee break

Chair : Fred Lo
11h30-12h00 Ryohei Kawabe : The ACA arraff |
Section 2 : Star Formation

12h00-12h30 Ewine van Dishoeck : ALMA and star formation: an overvigly
12h30-13h00 Riccardo Cesaroni : High mass star forming regions: an ALMA

13h00-15h00 Lunch

Chair : Al Wootten

15h00-15h30 Philippe André : Low Mass Star forming regio@
15h30-16h00 Debra Shepherd : Molecular Outfloys)

16h00-16h30 Yuri Aikawa : Chemistry in low mass star forming regions: ALMAS
contribution (1]

16h30-17h00 Stéphane Guilloteau : A new view of Protoplanetary disks with ALI@

17h00-17h30 Coffee Break
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Chair : Satoshi Yamamoto

17h30-18h00 David J. Wilner : The ALMA view of Dust Evolution: Making Planets and Decoding
Debris (1]

18h00-18h15 Claudia Comito : High-resolution mm interferometry and the search for massive
protostellar disks: the case of Cep-A HW

18h15-18h30 Brenda Matthews : Most Recent Results of the Ongoing Study of the Class 0 Source
Barnard 1c

18h30-18h45 Crystal Brogan : High Resolution SMA Observations of the Hot Core Line Emission
from Massive Protostellar Objects

18h45-19h00 Friedrich Wyrowski : APEX and ATCA observations of the remarkable southern hot
core G327.2-0.6 and its environs

19h00-19h15 Bérengeére Parise : The physical conditions in the BHR71 outflows

19h15-19h30 Darek Lis : Interstellar Deuteroamonia : Tracing physical conditions in cold and
dense ISM

TUESDAY, Nov 14
Section 2 : Star Formation (cont.)

Chair : Rafael Bachiller

09h00-09h15 Leonardo Bronfman : Massive Star Formation in the Southern Milky Way

09h15-09h30 Josep M. Girart : SMA observations of the magnetic fields around a low-mass
protostellar system

09h30-09h45 Tetsuo Hasegawa : ASTE Observations of the massive star forming region SgrB2 :
A Giant Impact Scenario

09h45-10h00 Michel Guélin : Unveiling the chemistry of hot protostellar cores with ALMA

Section 3 : Proto-Planets and substellar objects

Chair : Stephane Guilloteau

10h00-10h30 Nagayoshi Ohashi : Observational signatures of planet formation: The ALMA
view
10h30-11h00 Sebastian Wolf : Detecting Protoplanets with ALMA]

11h00-11h30 Coffee Break

11h30-12h00 Antonella Natta : The study of substellar objects with ALME
12h00-12h15 Sean Andrews : A Submillimeter View of Protoplanetary Disks

Section 4 : Molecular Clouds

Chair : Ewine van Dishoeck

12h15-12h45 Doug Johnstone : Observations of Dust in Molecular Clouds with ALMA

12h45-13h00 Asuncion Fuente : High angular resolution imaging of the circumstellar material
around intermediate mass stars

13h00-13h15 Izaskun Jiménez : Revealing the“fingerprints” of the magnetic precursor of C-shocks

13h15-15h00 Lunch
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Chair : Tetsuo Hasegawa

15h00-15h30 Richard M. Crutcher : Polarization measurements of molecular lines with
ALMA (1]

15h30-16h00 Mario Tafalla : Observations of Protostellar cores with ALMA

16h00-16h30 Jests Martin-Pintado : ALMA and the Galactic Cer{tgr
16h30-17h00 Akiko Kawamura : Molecular clouds and star formation in the Magellanic clouds
and the Milky Way (1]

17h00-17h30 Coffee Break

Chair : Michel Guélin

17h30-18h00 John C. Pearson : Laboratory Data, Line Confusion and Other Unigque Opportunities
and Challenges for ALMA Line Surveys@

18h00-18h30 Eric Herbst : Chemistry in the ISM : The ALMA revolutio
18h30-18h45 Nami Sakai : Complex organic molecules in an early stage of protostellar evolution
18h45-19h00 Diego Mardones : Dense cores in the massive star forming region NGC6334
19h00-19h15 Satoko Takahashi : A new Scenario of intermediate mass star formation revealed by
multi-wavelength observations of OMC-2/3
19h15-19h30 Shigehisa Takakuwa : Scientific role of the ACA in the ALMA project for the field
of star formation

WEDNESDAY, Nov 15
Section 5 : Solar System

Chair : Tom Wilson

09h00-09h30 Bryan Butler : ALMA Observations of Solar System Bod
09h30-10h00 Emmanuel Lellouch : The study of Planetary Atmospheres with AL@A
10h00-10h30 Dominique Bockelée-Morvan : The study of Comets with ALI\,@
10h30-11h00 Amy J. Lovell : Observation of Asteroids with ALM@

11h00-11h30 Coffee Break

11h30-11h45 Maria Loukitcheva : ALMA as the ideal probe of the solar chromosphere
11h45-12h00 Mark Hofstadter : Millimeter and Submillimeter Observations of Uranus and
Neptune

Section 6 : Evolved Stars
Chair : Peter Schilke

12h00-12h30 Hans Olofsson : The study of evolved stars with ALME
12h30-13h00 Valentin Bujarrabal : The Molecular Content and Physical Structure of
Protoplanetary Nebulal ||

13h00-15h00 Lunch

15h00-15h30 Patrick J. Huggins : Planetary Nebulae and ALI\@

15h30-16h00 Tom Millar : Chemistry in the ISM : Unveiling the dust formation zo@

16h00-16h15 Raghvendra Sahai : A massive bipolar outflow and a dusty torus with large grains in
the PPN IRAS 22036+5306

16h15-16h30 Marcelino Agindez : Understanding the chemical complexity of the CSE of C-rich
stars : IRC+10216

16h30-16h45 Javier Alcolea : New Plateau de Bure Observations of M1-92 : unveiling the core
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Section 7 : Galaxies

Chair : Christine Wilson
16h45-17h15 Linda Tacconi : An overview of Galaxy Formation with ALMA |
17h15-17h45 Coffee Break

17h45-18h15 Kazushi Sakamoto : Gas dynamics and structure of gales
18h15-18h45 Min Yun : Star Formation in Galaxied |

18h45-19h15 Jean L. Turner : Chemical Complexity in Nearby gala

19h00-19h15 Sergio Martin : The Galactic Center as nearby extragalactic chemical laboratory
through Molecular line surveys

19h15-19h30 Santiago Garcia-Burillo : Probing the feeding and feedback of activity in galaxies
near and far.

THURSDAY , Nov 16
Section 7 : Galaxies (cont)

Chair : Linda Tacconi

09h00-09h30 Sussane Aalto : Chemistry in active Galaxjé$

09h30-10h00 Kotaro Kohno : Dense gas in nearby active and normal gals
10h00-10h30 Michael Regan : Star formation in galaxies: multiwavelength insi@ts
10h30-11h00 Nick Scoville : Spectroscopic Surveys of Cosmic Evolut

11h00-11h30 Coffee Break

Chair : Lourdes Verdes-Montenegro
11h30-11h45 Nario Kuno : Observations of Molecular Clouds in Nearby Galaxies with ALMA
11h45-12h00 Christine Wilson : Luminous Infrared galaxies with SMA : Probing the extremes of
Star Formation

Section 8 : High redshift galaxies and Cosmology

Chair : Lourdes Verdes-Montenegro

12h00-12h30 David Hughes : Large scale extragalactic continuum surveys with AL@I}A
12h30-13h00 Frank Bertoldi : Continuum observations of Highjects (1)

13h00-15h00 Lunch

21h00 CONFERENCE DINNER TALK: Paul Vanden Bout

FRIDAY, Nov 17
Section 8 : High redshift galaxies and Cosmology (cont.)

Chair : Félix Mirabel

10h00-10h30 Fabian Walter : Search for the most distant objects with ALMA
10h30-11h00 Toru Yamada : Multi-wavelength observations of very distant gala@s
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11h00-11h30 Coffee Break

11h30-12h00 Dale A. Frail : ALMA and the high-z GRB$I |

12h00-12h30 Yoshiaki Taniguchi : Lymanemitters at highest redshift. Extensive study in the
field of starburst galaxies from nearby to high-@

12h30-12h45 Chris Carilli : Observations of First Light with ALMA

12h45-13h00 Wei-Hao Wang : Is ALMA Going to See Many High-Redghift 4) Galaxies?

13h00-15h00 Lunch

Chair : Chris Carilli
15h00-15h30 Francoise Combes : Molecular Absorption measurements in blgets @
15h30-16h00 Naoshi Sugiyama : Cosmology and SZ with ALMA
16h00-16h15 Javier Gracia-Carpio : Molecular gas in a large ULIRG sample : the low redshift
connection to the huge highstarbursts and AGNs
16h15-16h30 Serena Viti : Molecular Signatures of Star Formation at high-redshifts

Conference Summary :

16h30-17h00 A. Sargent and P. Cox : Galactic and Extragalactic/Cosmology
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Abstracts of oral contributions






Status of the ALMA project (invited)
Massimo Tarenghi, ALMA

The Atacama Large Millimeter/submillimeter Array (ALMA) is an international radio telescope under
construction in the Atacama Desert of northern Chile. ALMA will be situated on a high-altitude site at
5000m elevation which provides excellent atmospheric transmission over the instrument wavelength range
of 0.3 to 3 mm. ALMA will be comprised of two key observing components —an array of up to sixty-four
12m diameter antennas arranged in multiple configurations ranging in size from 0.15 to 14 km, and a set
of four 12m and twelve 7m antennas operating in closely packed configurations (known as the Atacama
Compact Array, or ACA), providing both interferometric and total-power astronomical information. High-
sensitivity dual-polarization 8 GHz bandwidth spectral line and continuum measurements between all
antennas will be available. At the shortest planned wavelength and largest configuration, the angular
resolution of ALMA will be 0005. The instrument will use superconducting (SIS) mixers to provide
the lowest possible receiver noise contribution, and a water vapor radiometers to assist in calibration of
atmospheric phase distortions. A complex optical fiber network will transmit the digitized astronomical
signals from the antennas to the correlators in the Array Operations Site Technical Building, and post-
correlation to the lower-altitude Operations Support Facility data archive. Array control, and initial
construction and maintenance of the instrument, will also take place at the OSF. ALMA Regional Centers
in the US, Europe and Japan will provide the scientific portals for the use of ALMA, a call for early science
observations is expected in 2009. In this paper, we present the status of the ALMA project as of today.

The ALMA capacities for line observations (invited)
Al Wootten, JAO & NRAO

ALMA’s large collecting area and location on a high dry site provide it with unparalleled potential for
sensitive spectral line observations. Its wide frequency coverage, superb receivers and flexible backend will
ensure that potential is met. Since the last meeting on ALMA Science, the ALMA team has substantially
enhanced its capability for line observations. ALMA’s sensitivity has increased with the addition of the
16 antennas of the ACA, equivalent to eight additional 12m telescopes. The first four cartridges for
the baseline ALMA have been accepted, with performance above the already-challenging specifications.
ALMAs flexibility has increased with the enhancement of the baseline correlator with tunable filter banks,
and with the addition of a separate correlator for the ACA. As an example of the increased flexibility, ALMA

is now capable of multi-spectral-region and multi-resolution modes. With the former, one might observe e.g.
four separate transitions anywhere within a 2 GHz band with a high resolution bandwidth. With the latter,
one might simultaneously observe with low spectral resolution over a wide bandwidth and with high spectral
resolution over a narrow bandwidth; this mode could be useful for observations of pressure-broadened lines
with narrow cores, for example. Several science examples will be presented illustrating ALMA's potential
for transforming millimeter and submillimeter astronomy.



Continuum Capabilities with ALMA  (invited)
T.L. Wilson, ESO

The extremely dry site, the very sensitive receivers with wide band widths, the more than 6080 m
collecting area, the high dynamic range and the high surface accuracies of the antennas all lead to an
extraordinary sensitivity of ALMA at frequencies 1900 GHz. The flux densities of thermal emitters

are small at 100 GHz but increase rapidly with frequency, so ALMA will have a unique capability to
detect, image and determine continuum spectral indicies for a wide range of objects. Except for black
body emission from planets, in the meter and centimeter wavelength range emission is dominated by the
synchrotron or free-free emission. In the millimeter, sub-mm and far infrared range, broadband continuum
emission from interstellar sources is caused by radiation from dust particles. The flux densities show spectral
indicies ofv>™®, wherep is in the range 1 to 2. This is very different from synchrotron radiation, so the
mechanisms can be separated. For a given dust to gas ratio, the continuum intensity from dust is proportional
to the product of ,p and N(H), where N(H) is the column density of protons ar@ The dust temperature.

A few examples are high redshift sources, galaxies, molecular clouds, planets (normal or dwarf) or asteroids.
Because of the inverse k correction, ALMA can detect active star forming galaxies such as M82 even at
redshifts of z=12. In addition to the examples mentioned above, another first priority science goal of ALMA

is measurements of the Sun. In addition to the solar system, the photospheres of O and B stars will be
detectable.

The ACA array (invited)
Ryohei Kawabe, ALMA-J Office NAOJ, Japan

The ACA system is one of Japanese contribution to the enhanced Atacama Large millimeter/Sub-millimeter
Array (ALMA) that is tri-partite project by Europe, Japan, and North America (NA). The role of the ACA
system is to provide short baseline data and total power data with high pr