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Molecular clouds and star formation

Optical (ESO) Infrared (ESA/ISO/ISOCAM) Radio CO 3-2 Line (CSO) Submm




Millimeter wavelengths:
thermal continuum

+ Thermal emission:
» near-IR & visible: hot matter 1000K-100000K
» Far-IR & millimeter: cold matter 3K-100K
> BB Im-hc/3kT~O 5/T cm  Dust: In=hc/(3+b)kT~0.3/T cm
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CosMIC MICROWWE BACKGROUND SPECTRUM FROM COBE

THEORY AND OBSERVATION AGREE

Dark Cloud: /5. 25 &

5 T-8-15K
e Dust peak () 3m1ﬁ

Intensity, 10-% ergs / cm# sr sec cnr!

CBR peaks at 1.76. mm




Molecular line emission
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Examples of simple Astrophysically
relevant molecules
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From clouds to stars and planets
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Planet Formation

SIMULATION:
I\/Iplanet/ Mstar = 1.0 I\/IJup /.5 I\/Isun

 Orbital radius: 5AU
* Distance: 50pc from Sun

.
Williams et a
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History of Galaxies

ALMA
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Wavelength (m)
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(Sub)mm facilities of the 1990s
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Angular resolution (arcsec)
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Coming together for ALMA

(1983)

pgna 2014




June 1997: In Charlottesville, at the
National Radio Astronomical Observatory
headquarters, ESO and NRAO sign a

resolution to develop a common project:
ALMA 1is born.

Convergence to a common project:
Europe: expansion to the submm  —

high altitude site, reduction of the antenna
diameter and collective area

U.S.: recognition of the importance of
collective area — larger dishes

Difficulties:
Feasibility of 12m submm dishes?

Organizational challenges: USA-Europa-
Chile-...

The trilateral project:

Japan joined the project in 2003 bringing
additional and unique capabilities to the
ghscrvatory

+ES+
0
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RESOLUTION

Whereas the development of millimeter-wavelength astronomy has shown the potential
of large millimeter interferometric arrays for revealing the origin and evolution of stars
and planetary systems, of galaxies, and of the Universe itself; the communities in the
United States and Europe have proposed the construction of the Millimeter Array
(MMA) and the Large Southern Array (LSA), respectively; and there is an opportunity
through cooperation to achieve more than either community planned; we, as the
observatories responsible for these projects and with the support of our communities,
resolve to organize a partnership that will explore the union of the LSA and MMA into
a single, common project to be located in Chile. Specifically, this partnership will
study the technical, logistical, and operational aspects of a joint project. Of particular
importance, the two antenna concepts currently under consideration will be studied to
identify the best antenna size and design or combination of sizes to address the
scientific goals of the two research communities. In doing so we will work through our
observatories, utilizing the expertise in millimeter astronomy resident in research
eroups and institutions in our communities. Finally, we recognize that there are similar
goals for millimeter astronomy in Japan, and cooperative activities with that project

will continue.
Q@J/é[_ . m (/MOQ¢ M
P. Vanden Bout

R. Giacconi
National Radio Astronomy Observatory

European Southem Observatory

26 June 1997



Angular resolution

+ Diffraction limit: ~1.22*lambda/D => 1mm/30m~8”
+ 8”°>1000 AU @ 140pc (Sun-Neptune ~ 30AU)

+ Sun-Jupiter ~5AU => 0.035" => >~7km @1mm

+ Sun-Earth=1AU => 0.007" = ~17km @0.5mm
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Atacama Large Millimeter Array

+ At least 50x12m Antennas

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

+ 16km max baseline (<10mas)

5 = + ALMA Compact Array (4x12m
5 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

S+
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Pedro de Atacama
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ALMA - Image Fidelity

) Early Science Full Science
Convolved

source models

10 minutes 4 hours 10 minutes 1 hour
(0.47 m]y rms) (0.091 mJy rms) (0.14 m]y rms) (0.057 mJy rms)




Chajnantor Plateau - 5000m

Chajnantor - 5000m, 0.25mm pwv
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Antenna performances

+ Excellent dynamical and optical
performances of all antenna types

Intensities

F A

+ Good results for very stringent potinting ntensity
tests (well within specs)
Ormin
+ EXxcellent results from surface setting — Y Objct 1
. oy L 0 Object 2 Y
+ Now exploring long term stability I
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First antenna at 5000m
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ALMA Early Science

B ALMA Early Science C0, C1 & C2

> 30-70% of the total number of antennas
> Maximum separation 3km
> Already the most powerful submm observatory

B Enormous pressure to use ALMA . .
worldwide

> Requests for 9 times the available time )
>Top 8% science projects selected (ESO) e LT

(

Flux densit

107*

107

Observed Wavelength {pxm)

ALMA Science Programme
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ALMA Frequency Bands Usage

B ALMA s a Sub-millimeter Observatory
B Thanks to the Site and the Water Vapour Radiometers

ALMA Cycle 0 Band Useage

OMNISYS =5

SIXTH FRAMEWORK
PROGRAMME

Phase Correction
SW - U Cambridge

=ITEMEE-TII™II ISR
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+ Water Vapour Radiometers

» All ALMA antennas will be equipped
with water vapour radiometers
observing the 183GHz atmospheric
water line.

WVRs track phase on 1s timescales
along the same path (within 3-10
arcmin) as the astronomical signal
from the source (complementary to
fastswitching: >10s and few degs)

Atm Opaci’gy

-Improve Sensitivity and Fidelity
-Allow to increase switch time

'Mw gaor Phas:

+
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WVR correction

+ Successful testing at Onsala, OSF, AOS and real life operations
+ Correction very promising, to be tested in the most “stressful” situation




ALMA Publications

B Only refereed papers
> Collected data as of October, 2014 from telbib.eso.org (many thanks to ESO, NRAO, NAQOJ librarians!)
> Only printed papers on refereed journals appear on the list

B Database I
> 138 refereed publications (more now)

ALMA data used in refereed publications

> High fraction of high impact publications (7%)

¢
Overall Publications by Region §
CL OTHER é’

3% 4%

0 5 10 15 20 25 30
delay between data availability and corresponding first publication [month]

fraction of ALMA projects with publication

Le« ) 5 10 15 20 25 30 35
time since data became available [month)
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The first ALMA redshift survey

B SPT submillimetre galaxies; B3 spectral survey
» Vieira et al. 2013; Weiss et al. 2013; ...

—
(o

—
o

Vore 1GHZ]
S

100

. g
- - - -
aaaaaa
.....
....

.......
. . 0}
......
-------
......

e
L™
T

.'o '.‘- - - y .
\ )
N
~
S

20( 0N

s

.,
.....

‘‘‘‘‘

-

®
‘e .
hC ol
‘oo bl LT ~
......

Loe aachith Jy/b)
o,

(2]

|

Flux density |mJy/b)

600 800 1000 1200 1400
Frequency [GHz]
40 I L L L] ' ' ' - L 1
. 84.17CHz 114.906Hz |
30 ; : -
Tuning 3 !
- LSB usB -
20 - -
: «———12.0 GHz ——
F 1.875 GHz I
10F cul cu2 i
L s « e > il
5 ' 4 LFI‘ JI o
B ‘ 2 : J g
°F ’W’V‘"‘HMMW il :
- - * »
- 3.75 GHz
_10 i l: " " 1 4 2 a A 1 L 4 4

S0

100
Frequency [GHz]

1
110

—lIE SIS EE B




» Vieira et al. 2013; Weiss et al.

The first ALMA redshift survey

B SPT submillimetre galaxies; B3 spectral survey

2013; ...

-
" SPT 0103-45
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f b (/
! k &y
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First spectroscopic redshift G oo
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red = no line detected



Starbursts and AGN

B AGN fueling and feedback

B Star formation feedback e
iy

(Garcia Burillo et al. 2014)

(Fathi et al. 2013)

HON(4-J) Intensily
g Obsarved Velocity Field

(Bolatto et al. 2013
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Chemistry and structure of the ISM

B Detailed analysis of extragalactic ISM
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High mass star formation

B From filaments to clouds and stars
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Complex organic molecules

\.\'\-
ALMA

B Complex organic molecules in young solar analogs
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Protoplanetary disks: chemistry

8 ] (PR ]
= M Sharp chemical transitions and snow lines
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Riccl et al. 20
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Enrichment of the ISM
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Science Priorities for the Future

B Resolve planet formation in protoplanetary disks
> Full sensitivity (antennas) and angular resolution (baselines)
B Statistical census of Star Formation at high-z
> Full sensitivity, efficient spectral scans
B Chemistry of Complex Organic Molecules and Water
> Full sensitivity, full frequency coverage, spectral flexibility

B Resolve Event Horizon of Supermassive Black Holes
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B> A glimpse to ALMA future capabilities
+
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IALMA

IALMA

Progetti Premiali 2012 -
Sviluppo infrastruttura italiana
di supporto a ALMA

i+something=iSomething

i(nstant) S(uccess)
(O E. Bressert)

22/12/2014 Leonardo Testi — Progetto Premiale iALMA b

Science and Technology in Italy for the upgraded ALMA Observatory - IALMA

Science and Technology in ltaly for the
upgraded ALMA Observatory - iALMA

Linea di intervento:

N.3: Programmi efo progetti legati al potenziamento delle infrastrutture di ricerca esistenti che abbiano una
valenza europea ed inlernazionale, anche in termini di impatto e che permettano di consentire la miglore
partecipazione italiana ai programmi europel congiunti. Sono pertanto favorite quelle infrastrutture che: si
autofinanziano almeno in parte attraverso servizi o altri progetti di ricerca; fanno parte di una rete europea;
fanno parte di un ERIC (European Research Infrastructure Consortium) 0 sono in procinio di divenirio;
coinvolgono altre organizzazioni pubbliche o private distribuite sul territorio nazionale; non hanno gia altre
fonti di finanziamento in corso del MIUR per la stessa annualitd e tipologia di spesa o siano ad esse

complementari,




» IALMA - Science and Technology
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Job_25 . B23.spherical.grid - E_cx —+ 91.5 GHz

0.0015 -

0.001

0.0005 -

g
[gp) sprydury

00151  ALMA Band 2

ALMA Band 243
ALMA Band 4 = ’
F (0005 ' I ] l
n | ‘ J Ih ‘hl -Ai l.«ll k L J l‘ A A ‘ . -l "
60000 #0000 100000 120000 140000 160000 180000 200000 220000 240000

Laboratorio di Astroﬁslca Sperlmentale The Science Case for ALMA Band 2
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&v Science & Training

W

IALMA

(Beltran - Arcetri, Gregorini - UniBo)

1.
2.

Protoplanetary disks and the dawn of planets with

SKA

ALMA Band 2+3 Science Case (Fuller+)
COMs with ALMA & SKA (Codella+/Testi+)
3 Students and 2 Postdocs selected
Lecture series, observations, models
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ALMA Band 243

ALMA Band 4
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Complex organic molecules in protostellar
environments in the SKA era

(Jiérez*Serra et al. 2014)

The Science Case for ALMA Band 2
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N
.,& Long term benetfits for Italy
iALMA

* Training + Laboratory + Receivers
— Effective engagement in ALMA Science and Development
— Benfits spreading to the Italian community at large

* Development of Italian ARC node in Bologna
— Better support for the Italian community to use ALMA

— Develop possible synergies with support of Italian radio
telescopes (SRT and EVN as facilities for It users)

— Develop possible synergies with the future user support
concepts for SKA

* Receiver/hw development
— Involvement of Italian industry
— Synergy with SRT (indirectly SKA) receivers

22/12/2014 Leonardo Testi — Progetto Premiale iALMA



Summary

B ALMA is ramping up from Early Science towards Full
Science Operations

B The results from Science Verification and ALMA Cycle
0 & 1 are transformational

B ALMA Capabilities in Cycle 2 are a factor of several
more powerful, and will continue to grow

B ALMA has an ambitious development plan and is
developing the scientific vision for ALMA2030

M [taly is fully engaged in ALMA science and
development through INAF
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