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ALMA Early Science

B ALMA Early Science CO, 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)
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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

SIXTH FRAMEWORK
PROGRAMME

Phase Correction

SW - U Cambridge
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(Jorgensen et al. 2012)

Disks and star formation: evolution, planet
formation, chemistry, surveys coming
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(Combes et al. 2013)
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ALMA 290 GHz Continuum
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Galaxies, high redshift Universe

B Feedback, Chemistry
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Enrichment of the ISM

ES+
"0
*

B Late stages of stellar evolution, supernovae, GRBs
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(Brinch et al. 2012)

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

M Resolve Event Horizon of Supermassive Black Holes

> Full sensitivity, mmVLBI

[ T ‘
51 ALMA Band @
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A glimpse of ALMA future capabilities

Long Baselines Campaign - Sep-Nov 2014 1| Tqu protoplanetarv disk
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Science Priorities for the Future

(Brinch et al. 2012)
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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
M Resolve Event Horizon of Supermassive Black Holes
> Full sensitivity, mmVLBI
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o8 Timeline and near-/mid-term strategy
4..

B Top priority: complete commissioning of the baseline ALMA-
trilateral program

> Full polarization, reach the target overall efficiency, full zero
spacing capabilities, solar modes

B Recovery as part of the early development plan of science-critical
capabilities descoped before 2005, revisit and develop key
technologies

> Bands 5, 1 and 2, mmVLBI, subarrays, data analysis software,
data rates

> Where possible deploy more advanced technologies/capabilities
> Develop new ideas/technologies for future developments

Bl Develop a scientific vision for ALMA in 2030

> Science questions, complementary facilities, pathways for
development
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Upcoming: Band 5

M First cartridges arriving at the beginning of next year
» NOVA-OSO/GARD consortium, WCA from NRAO

B First cartridge meets (tightened) specs with margin
» Continuing with pride a tradition of EU built cartridges

B Setting up the AIVC group in Chile
B One preproductlon receiver belng mstalled on APEX

100

A 4 : E é s % ""P . 0LSB
90| e S — B b 1 a Pol. 0 USB
=&=Pol. 1 LSB
go- : : : : f : a Pol 1 USB

70+

@,
E BOL i S— SN Ro— Ervmmnsnssseres : S —— : R o0 alg
S R S SRRV NV SRRV U SRS SV M AR JUNRS SO Sy WS,
@ I S ; Erveeeessssmnnssenpeee e oo e sessseseeeessssss s SR - — RSN i
2 "l g R S S e
= A e

30

20+

0L S— S TSP S S i

Leonardc F (GHZ) ' iR EEE e



Upcoming: mmVLBI
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B APP project makes steady progress

» H-maser installed successfully, new frequency standard,
rubidium kept as backup

» Software acceptance Q2 2015
» First global tests planned for Q2 2015
B Towards a facility model for mmVLBI

» ALMA-GMVA study running, led by MPIfR
» Workshop in Bologna: Jan 22-23, 2015

« ALMA director and many other key players present

(a) MODEL (b) FULL ARRAY (c) W/0 ALMA  (d) W/O LMT (e) W/0 GLT
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Timeline summary

Band5 Full Pr
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ALMA 2030 effort

B ALMA development pathways

M Final revisions in Feb 2015

Major Science Themes in the 2020-2030 Decade

Executive Summary

ALMA was designed to address many science questions in the broad area sometimes

bundled under the umbrella question: “How does the Universe work?” This includes
areas in which the submillimetre band has traditionally advanced knowledge, such as
the physics and chemistry of the ISM, the formation of stars and disks, the structure and
evolution of galaxies and AGN. ALMA also has the potential to contribute to the highest
profile areas of astrophysics, namely the search for life elsewhere, and placing
constraints on fundamental physics.

Leonardo Testi: ALMA in the 2020s, ESO in the 2020s, Garching 22 Jan 20

B Led by ALMA Science Advisory Committee
B Survey of leading facilities in the 2020s
B Major science drivers in the 2020s and role of ALMA

PATHWAYS TO DEVELOPING
ALMA

A document to inform the scientific discussions leading to
the development of a roadmap for improvements in ALMA

Final version

ALMA DEVELOPMENT WORKING GROUP REPORT

Alberto Bolatto -- Chair, ASAC

Chair, General Coordination

Stuartt Corder -- Deputy Director, JAO
Reliability & Efficiency lead

Daisuke lono -- EA Project Scientist
Resolution, FOV, and Imaging Quality & Calibration lead

Leonardo Testi -- EU Project Scientist
Sensitivity, Spectral Coverage, and Flexibility lead

Alwyn Wootten -- NA Project Scientist

Simultaneous Frequency Coverage, and Usability lead
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Optlons for 2020s and beyond

‘
N

ALMA

B Next generation receivers

B New frequency bands

B Bandwidth/Multiplex => Datarate/datavolume increase
B Longer baselines

B More powerful correlator

B More antennas

B The role of Archive will be more prominent than today

B Continue to deliver science grade data and develop a
method to access to HPC

B Science reprocessing, re-imaging, quick look
B Code to data, results to users
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What we saw this week

M Large Single Dish oRosiTA L
B CCAT or other option TESS E I_TS
B As a survey telescope |

NGTS
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B Phased Array Applications
B Not only mmVLBI

B Band 2 (and 1)

M Supra-THz band I.0FT AR o N
UVVLKVSSPMOII

B Polarimetry and Bandwidth UicE
ATLAST

B Archive Science-Grade Data| W|.'|RS'|'
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After this meeting

B Continue efforts towards:
B Delivery of Band 5 and ALMA Phased Array modes

B Develop new broad band, high sensitivity, low frequency
receivers

B R&D towards broad band transport and processing, data rate
and archive enhancements

B Explore options for providing a large single dish facility
B Develop the science requirements
B Discuss with ALMA partners a possible way forward

B Work by the end of the decade on the planning for a
major ALMA upgrade in the 2020-2030 timeframe
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ALMA

Summary

B ALMA is ramping up from Early Science towards FuIIm
Science Operations. The results from Science

Verification and ALMA Cycle 0, 1 & 2 are
transformational

B Key improvements for Cycle 3 will be long baselines
and better stability/efficiency

B Short-medium term upgrades being developed
consistently with science priorities

M Option for a large single dish to be developed

B Science driven R&D relevant for long term upgrades
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