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What is ALMA?

e Atacama: a high, dry site

* Large: sensitive to detect faint
objects

 Millimeter/sub-millimeter:
study the “cold” universe

* Array: (interferometer) can
resolve (“distinguish”) two
points of light with small
separation
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What is ALMA?

e Atacama: a high, drysite - ALMA by the Numbers:

e Large: sensitive to detect faint Elevation = 5000 m
objects \
* Millimeter/sub-millimeter:

‘g " Number of Antennas = 66
study the “cold” universe .
* Array: (interferometer) can X‘l Baselines = 150 m to >16 km
resolve (“distinguish”) two Antenna Locations = 192
points of light with small Best Resolution =

separation 0.015" (at 300 GHz)

Wavelengths = 0.32 — 3 mm




What is ALMA?

The ALMA project in summary:

A global partnership between
North America, Europe, and
East Asia to deliver a
revolutionary
millimeter/submillimeter

telescope array (in collaboration
with Chile)

Provides unprecedented

imaging and spectroscopic

ALMA by the Numbers:
Elevation = 5000 m

Number of Antennas = 66
Baselines = |50 m to >16 km
Antenna Locations = 192

Best Resolution =
0.015" (at 300 GHz)

Wavelengths = 0.32 — 3 mm

capabilities at millimeter

ﬂ wavelengths




Radio waves, and their place in the EM spectrum

Penevates Farhs X N
Atmosphere?
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Buildings Hum
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Frequency (Hz)

wavelength emitte o i 10,000,000 K
~10,000,000 °C

~| - 50 GHz ~84 - 950 GHz
_~300 - 6 mm ~3 - 0.3 mm




Array Configurations

Main Array
50 x 12-m antennas

Atacama Compact Array
Total Power Array (TP) (ACA)

4 x |2-m antennas |2 x 7-m antennas

*TP + ACA = Morita Array




Array Configurations

A ‘Puebla-Centric’ View of ALMA
Configurations...

Most extended = INAOE to Puebla
International Airport

Most compact configuration = plaza/kiosko at
centro de Cholula
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Array Configurations

ALMA Antenna Movements

from 2009-09-17 to 2014-12-07




Cycle 6 Array Configuration Schedule

Longest LST for best observing
Baseline conditions

Array configuration schedule [rsrycmues cane = po—
cycles every few years to 2018 October 15 C43-5 1.4 km ~0h—12h
accommodate range of LST  [iitidiade C43-4 0.78 km ~ 2h— 14

Start date Configuration

2018 December 15 C43-3 0.50 km ~4h —15h

2019 January 5 C43-2 0.31 km ~ 5h —16h
Cycle 6: Extended 2019 January 20 C43-1 0.16 km ~6h—17h

CcO nf|g u ratio NS d u r'i ng 2019 February 1-28 No observations due to February shutdown
southern hemisphere winter |l akal %10 km ~ on-2ih
f h| h fre uenc 2019 March 15 C43-2 0.31 km ~ 8h —22h
or more g . q y 2019 April 1 C43-3 0.50 km ~ 9h —23h
Observatlons 2019 April 15 C43-4 0.78 km ~10h — Oh

2019 May 1-31 No observations due to major antenna relocation

2019 June 20 C43-9 13.9 km ~ 14h — 5h
February!

2019 July 10 C43-8 8.5 km ~ 16h — 6h

2019 August 1 C43-7 3.6 km ~18h - 8h

2019 September 5 C43-6

2.5km ~20h -9h




We operate with queue observing, using a dynamic scheduler tool, and
performing quality assurance at the telescope.

Array configuration schedule:

Table 3: Planned 12-m Array Configuration Schedule for Cycle 6

Start date Longest b LST for best observing conditions
2018 October 1 C43-6 2.5km ~22h-10h
2018 October 15 C43-5 1.4km ~0h-12h
2018 November 25 C43-4 0.78 km ~2h-14h
2018 December 15 C43-3 0.50 km ~4h-15h
2019 January 5 C43-2 0.31km

~5h-16h
2019 January 20 C43-1 0.16 km

~6h-17h
2019 February 1-28 No observations due to February shutdown
2019 March 1 C43-1 0.16 km

~ 8h—-21h
2019 March 15 C43-2 0.31km

~ 8h—-22h
2019 April 1 C43-3 0.50 km

~ 9h-23h
2019 April 15 C43-4 0.78 km

~10h-0h
2019 May 1 No observations due to major antenna relocation
2019 June 1 C43-10 16.2 km ~13h-3h
2019 June 20 C43-9 13.9 km ~14h-5h
2019 July 10 C43-8 8.5km ~16h -6h
2019 August 1 C43-7 3.6 km ~18h-8h
2019 September 5 C43-6 2.5km ~20h-9h

*See Cycle 6 Proposer’s guide

Dynamical Scheduler tool:

score o €

BName SBState  Band  Mepfreq Bast C

Band 07

Band 10

Quality Assessment (at the telescope):

Recommended QAO state

Older executions /
AR

Recommended next band
Major issues

+ Code: 20161015575
Ao om0 o0
O 184 1 6-6
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Overview of ALMA Capabilities

Number of Antennas
12-m Array

43 (50)

12-m TP
3 (4)

7-m Array
10 (12)

Receiver Bands and 12-m Array Configurations

Band: 3 4 5 6 7 8 9 10

Wavelength (mm): 3.1 2.1 1.6 1.3 | 0.87 | 0.74 | 044 | 0.35

Frequency (GHz): 100 | 150 | 183 | 230 | 345 | 460 | 650 870

Max Baseline (km): | 16 16 16 16 8.5 3.6 3.6 3.6

Max Resolution (”): | 0.042 | 0.02 | 0.021 | 0.018 | 0.028 | 0.04 | 0.033 | 0.024
8 6

For reference, see Appendix A of the ALMA Proposer’s Guide available at:
https://almascience.nrao.edu/documents-and-tools




Overview of ALMA Capabilities

Available Observing Time

12-m Array | 7-m Array 12-m TP
Time (hours): 4000* 3000 3000

* Includes DDT, Cycle 5 carryover and resubmissions

Spectral Line, Continuum, and Mosaic Observations

e Spectral line and continuum: 12-m Array and the 7-m Array, All Bands

e Single pointing: 12-m Array, 7-m Array, All Bands
* Mosaics: 12-m Array, 7-m Array, Band 3-9
* TP spectral line (no continuum): Bands 3-8

Polarization

* Single pointing, on axis, full (including circular) polarization for both continuum
and full-spectral-resolution in Band 3, 4, 5, 6, and 7 offered for 12-m Array

* Minimum detectable degree of circular polarization = 1.8% of peak flux

* Only for on-axis sources with an angular size <10% of FWHM primary beam




New Cycle 6 Capabilities!

Band 6 Bandwidth Increase

Increased by 0.5 GHz for simultaneous observations of 12CO, 13CO, and C!80

Circular Polarization
Only forBand 3,4, 5, 6, and 7

Time Simultaneous Observations

Restrictions between 12-m and 7-m Arrays from Cycle 5 lifted

Band 8 as Standard Observing Mode

Allows for ACA-only observations in Band 8

-



Standard vs. Non-Standard Modes

What does ‘non-standard’ mean?
— No guarantee that observations can be reduced with the standard pipeline

— ~20% of time in Cycle 6 will go to non-standard modes

Non-standard observing modes include ...
 Bands 9 and 10 observations
* Band 7 observations with maximum baselines >5 km
e All polarization observations
* Spectral scans
* Bandwidth switching projects (<1 GHz aggregate bandwidth all spectral windows)
e Solar observations
e VLBI observations
* Non-standard calibrations (user-defined calibrations selected in the OT)

 Astrometric Observations




Proposal (or project) types

* Regular Proposals

e Target of Opportunity.

* Large Programs.

* mm-VLBI Proposals

* Director Discretionary Time Proposals

-




Regular proposal

* Any project <50 hours with the main array, or standalone
mode for ACA < 150 hours.

* Regular Proposals may include standard or non-
standard modes, Multiple-epoch observations,
Monitoring a target over a fixed time interval.

-




Large Projects (started in Cycle 4)

* 15% of available time

* Any project >50 hours, or standalone ACA > 150 hours
e Standard observing modes

* Automatic ‘A’ grade

* Proposal: +2 pages for Science Case
e Data/Project Mgmt. Plans
* Enhanced Data Products

* https.//almascience.nrao.edu/observing/highest-priority-
projects




ToO (Target of Opportunity)

* Transient events occurring at frequent and unpredictable
intervals (e.g. gamma ray bursts).

®* Regular proposal submission.

* Target list may be left unspecified, observing modes and
sensitivity requests must be specified

* Triggers needed and maximum response time

VLBI

® 5% of available time
® VLBI observations cannot be included in Large Programmes
and DDT Proposals.

-




DDT (Director's Discretionary Time)

®* 5% of available time

®* Submission at any time, for current cycle

1. Immediate observation of a sudden
and unexpected astronomical event (ToO).

2. Observations of a highly competitive scientific topic,
motivated by developments that have taken place after the
regular proposal submission deadline.

3. Follow-up observations of a program recently conducted
with ALMA or any other observing facility, quick
implementation is expected to provide breakthrough
results.

-
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ALMA Science in Cycle 6 by category

Science Categories: Grade A and B projects

Category 5
Stellar Evolution and  12-M Array 7-m Array Total Power Array
the Sun \

9%

Cosmology
Category 4 and the High - Category 1
Circumstellar Redshift
- Disks, Universe

anets and

ISM, Star Galaxies and
Formation and Galactic Nuclei
Astrochemestry 25%

N 21%

Category 2

Category 3

Figure 2. Distribution of the estimated execution time for Grade A and B projects by science category for the 12-
m (left), 7-m (center), and Total Power (right) arrays. The results for the 7-m and Total Power arrays include both

ACA standalone proposals and proposals requesting the 12-m Array + ACA.




Check out the “science” tab for overviews

— C { | & Secure | https://almascience.nrao.edu/alma-science QA w ¥ N0 P4ao

Associated

Universities, nc
NRAO

Atacama Large Millimeter/submillimeter Array

e ! L__||'|_Jv

\; About Proposing Observing Data Processing Tools Documentation Help Search Site Jo)

Science

Here we present a science background for six science themes, including some recent results when applicable. The intention with this expose is not to be exhaustive
regarding the science that can be done with ALMA, but rather serve as a general guideline and inspiration to what is possible to achieve with the ALMA
observatory. The recent results will be updated on a regular basis, so please stay tuned.

1. Cosmology and the high redshift universe

2. Galaxies and galactic nuclei

3. ISM, star formation and astrochemistry

4. Planet-forming disks

5. Stellar evolution

6. Solar system

** lgnore category numbers




ALMA press page shows recent science results
(in a comprehensible way)

& C {) @ Not Secure www.almaobservatory.org/en/category/press-release/

Il NEWS

-

Precise Record of Baby-Stars’ Growth on
Millimeter Wavelength
31 August, 2018

-

First Science with ALMA's Highest-
Frequency Capabilities
17 August, 2018

— il

ALMA Observes Enduriné Radio ‘Echo’
Powered by Jets from Gamma-Ray Burst
26 July, 2018

o &

ALMA Observed an Unstoppable Monster
in the Early Universe
29 August, 2018

‘

Pair of Colliding Stars Spill Radioactive
Molecules into Space
30 July, 2018

~

ALMA Discover Exciting Structures in a
Young Protoplanetary Disk That Support
Planet Formation

20 June, 2018

w ®0Pa

W TAGS

#AskALMA #EXPOALMA aLma
avasanss ANtENNa AOS wex Asia
Best ALMA image Broadband Brown dwarf
Calama Chile comets Constellation Control room
Correlator  Documentaryfim DUSH East Asia
Europe romamsu: Galaxy cas
Gravitational lens +ubble Hubble Space Telescope
Milky Way molecules NOrthamerica
Orion Planet Planets Pratoestrella
Protoplanetary Disk rrotostar

San Pedro de Atacama spitzer Space Telescope  Sugar

Sun  supe lackhole  Supernova Toconao

Transporters ubicacion

Il ARCHIVES

‘ 2018 ‘ ’ 2017 ‘ ‘ 2016 ‘ ’ 2015 ‘ ‘ 2014 ‘




Category 1. Cosmology, and high-z universe

“ALMA Finds Most-Distant Oxygen in : ‘ : " MACS1149-JD1
the Universe” y €. >0 ) | " Distance = 13.28
May 15, 2018 ~ Ay -« «  Billion light years

Redshift
9.07 9.09 9.1 913 915 0917
St

1.5 T

Oxygen
Lo- ]
0.5 ]

o.oE

—0.50

See the paper by Hashimoto et al. (2018):
“The onset of star formation 250 million
years after the Big Bang” in journal Nature.

Flux density [m]y]

.......

PR | R IR S |
891 893 895 897 899
Observed wavelength [ym]

=



2. Galaxies and Galactic Nuclei

“ALMA and VLT Find Too Many Massive Stars in
Starburst Galaxies, Near and Far”
June 1, 2018

Cloverleaf SPT0103-45 SPT0125-47
13C0O 13C0O 13CO

\

Cloverleaf SPT0103-45 SPT0125-47
C180 C1BO C180
Credit: ESO/Zhang et al. (2018); ALMA (ESO/NAOJ/NRAO).

SDP 17b
1300

SDP 17b
C'®0




3. Inter-stellar medium, Star Formation and Astrochemistry

“Large Magellanic Cloud Contains Surprisingly
Complex Organic Molecules”.

January 30, 2018 .

See: Sewilo et al. (2018) 4*

4

S ARVIANOURAthE mbdst complex
molecules known outside of our
Galaxy

216.25 216.50 216.75 217.00 217.75 218.00 =

Methanol
=
231.50 231. 5 232.50 232.75

o
*
el 1]
g 28
Q =
2 g

Gz
]

216.25 216.50 216.75 217.00 . 217.75 218.00

231.00 231.25 231.50 231.75 232.00 232.25 232.50 232.
rest frame frequency [GHz]

Image credit: NRAO/AUI/NSF; ALMA (ESO/NAOJ/NRAO); Herschel/ESA; NASA/JPL-Caltech; NOAO




4. Circumstellar disks, exoplanets, solar system

“ALMA Discovers Trio of Infant Planets around
Newborn Star” June 18, 2018

See papers by: Pinte et al. (2018) and
Teague et al. (2018)

See also: “Compelling evidence” of planets foun
by Isella et al. (2016)
And previous study by ESO'’s ltziar de Gregorio

al. (2013) ,

&

HD 163296

Image Credit: ESO, ALMA (ESO/NAOJ/NRAO); A. Isella; B. Saxton (NRAO/AUI/NSF).

See also:
https://almascience.nrao.edu/alma-




5. Stellar Evolution, the Sun

“Powerful Flare from Star Proxima Centauri
Detected with ALMA”
February 26, 2018

1000x brighter at flare peak

V)]

wn

O

-

d

o

= \
Image:
NRAO/AUI/NSF; D. Berry

See paper by: 4.8

paper by Normal stellar emission

MacGregor et al. (2018)

0 30 60 90 120
T T Time (in seconds)




See what to expect in Cycle 6

https://almascience.nrao.edu/observing/highest-priority-projects

\‘_’ About Science Proposing Data Processing Tools Documentation Help Search Site fol

High Priority Projects
Cycle 6 ¥

The table below lists ALMA Cycle é projects with public metadata, including all Cycle 6 A- and B-graded proposals, any Cycle & C-graded proposals with archived observations. The public metadata
includes the ALMA Project Code, program title and abstract, investigator names and institutes, the Executive to which the project is assigned (CL=Chile, EA=East Asia, EU=Europe, NA=North America,
or OTHER), and the proposal science category (Category 10=Cosmology and the high redshift universe; Category 20=Galaxies and galactic nuclei; Category 31=Interstellar medium, star formation and
astrochemistry; Category 41=Circumstellar disks, exoplanets and the solar system; Category 50=Stellar evolution and the Sun).

Clicking on ALMA, "Project Code” will spawn an ALMA Science Archive query for the project (if the link returns an empty table, then no archived data exists). Clicking on the “Abstracts” or "Cols" links
will open additional fields in the table with the corresponding metadata.

Project Code Title (Abstracts) Pl (cois) Exec Category
2018.1.00002.5 Hunting for redshifts of faint DSFGs in A2744 (resubmission) Franz E Bauer CL 10
2018.1.00003.5 An ALMA Survey of Lensed SMGs in the Hubble Frontier Fields (resubmission) Franz E Bauer CL 10
2018.1.00012.5 Resolving the Black Hole Sphere of Influence in a Quasar at 2~7 Bram Venemans EU 10
2018.1.00013.5 How to form high-mass stars in proto-clusters? Tie Liu EA 3
2018.1.00024.5 Submillimeter H20 masers in high-mass YSOs Tormoya Hirota EA 3
2018.1.00028.5 Ophiuchus Disk Survey Employing ALMA: high-resolution follow-up Lucas A Cieza CL 41

2018.1.00031.5 A GMC Catalog for the Circumnuclear Disk of Centaurus A Daniel Espada EA 20
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Cycle 6 Documentatlon & Tlmellne

(e Call for Proposals N

® Proposer’s Guide
* ALMA Primer =

* OT Guide - AWMA \
* ALMA Tech Handbook N

* For reference, Cycle 6

timeline (similar each cycle):
* Mar. 20 — Call for Proposals

Apr. 19 — Proposal Deadline

End July — Results to Pls

Aug. 2018 — Pls submit SBs

Oct. 2018 — Start of Cycle 6

\_ Sept. 2019 — End of Cycle 6 )

https://almascience.nrao.edu/documents-and-
% tools/latest/documents-and-tools/cycle6/alma-science-

Observing with ALMA' |

A Primer
(Cyde6) //




The data archive

Go to the science portal: https://almascience.nrao.edu

(Later, it will prompt you to log-in to download your proprietary data.)
- Click on “Data” and select “Archive”
- Data proprietary for | year (by default

Atacama Large Millimeter/submillimeter Array

\._, About Science Proposing Observing Processing Tools Documentation Help Search Site ye)
Archive

Archive Query ALMA Science Archive Manual

News Did you know ... Known issues

= 2018 August Report a new issue.

that you can search for public but not published data? Put ‘0" into the
'Publication count’ field and select the 'public data only’ checkbox like so.

Files from Cycle 5 onwards can be downloaded either in the usual tar-files or
individually directly from the ALMA Request Handler. Click on the small black | = that queries and downloads can be done also from a script with astroquery?
triangles in front of the tar-file names to open up the file contents and use

= Cycle 5+ files can now be downloaded individually?
either the "Save As ..." of your browser or select the files for download with

the script. that a full description of the possibilities is available in the ALMA Science

Archive Manual?

The 'frequency support’ column now also contains the line-sensitivities of the
spectral windows at native resolution and at 10km/s.

» The QA2 status information in the result list has been corrected
= 2018 June

= improved calculation of values (e.g. sensitivities) for ObsUnitSets that have
some of their data declared QAQ SemiPass.

Science Verification data (SV) searchable in the Query Interface (downloads
still need to be done through the SV data page).

The products for Cycle 5+ data have been split into two tar files: the tar file
containing the FITS files as well as an auxiliary tar-file with the remainder of
the products. Users only interested in the weblog or QA2 report or in

recomputing the calibrated measurement sets do not have to download the

FITS products and users who are only interested in the FITS products do not
Site Map  Accessibility Contact Privacy Statement



https://almascience.nrao.edu

ACA Observatory projects

® ® B Welcome to the Science Port: x Adele

& C' (Y @& Secure | https://almascience.nrao.edu/news/alma-announces-new-aca-observatory-filler-programs-for-cycle-5 ¥ anP ﬂ O :

ur ( Origir
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ALMA announces new ACA observatory filler programs for Cycle 5

Aug 28, 2018

The ALMA Observatory announces four filler programs that have been approved on the Atacama Compact Array (ACA), also known as the Morita
Array. The programs were designed to fill a gap in the ACA observing schedule in the remainder of Cycle 5 between LST of 22 and 1.5 h. The
programs were selected based on input from scientists at the Joint ALMA Observatory (JAO) and the ALMA Regional Centers (ARCs). The proposed
programs were reviewed by the ALMA Integrated Science Team (IST) with final approval by the ALMA Director.

The approved programs are:
2017.A.00043.T: Time evolution of CO & H,0 in the Martian atmosphere during a large-scale dust storm

This project will monitor the evolution of CO and H,O in the Martian atmosphere during the recent dust storm.

2017.A.00053.S: ALMA ACA Band-8 observatory project: Mapping fine structure lines of neutral atomic carbon in local bright galaxies
This project will map the spatial distribution of the 492 GHz neutral carbon line in four nearby galaxies. The galaxies and map sizes are listed in the

Table.
Galaxy Map size
NGC 7862 125"x 20"
NGC 55 90”x 30"
NGC 660 105”x 30"
ESO 353-G020 55"x 10"

2017.A.00054.S: ACA Observatory Project: SMC Band 6 CO and continuum mapping
This project will map a large area (~ 0.34° 1°) toward the North bar in the Small Magellanic Cloud (SMC) in 12C0(2-1), H(30) alpha, and the

continuum.

2017.A.00056.S:The nature of Planck compact sources at 353 microns
This project will conduct a survey of Planck sources at high galactic latitude in the Band 6 continuum to determine the nature of these sources.
These observations could also potentially identify new calibrators for ALMA high frequency observations.

The data from the proposals will be quality assessed by the JAO and released through the ALMA Archive with no proprietary period. Any remaining Pl
science programs and activities to commission new capabilities on the array will have priority, and therefore the above programs may not be

completed in full.

Site Map  Accessibility Contact Privacy Statement




Support

HelpDesk & Knowledgebase:

help.almascience.org

> Large Millimeter/submillimeter Array

Dashboard News

tacama Large Millimeter/submillimeter Array

MyTickets  SubmitaTicket  Knowledgebase  News  TOO

What can we help you with?

Face-to-Face visits in
Charlottesville:

https://science.nrao.edu/facilities/
alma/visitors-shortterm

National Radio Astronomy Observatory

Enabling forefront research into the Universe at radio wavelengths .
my.hrao.edu | Public Site | Contact Us | Staff Login

earch al o eao— RES

ALMA/NAASC | VLA | GBT . VLBA : CDL

Facilities > ALMA/NAASC > Data Reduction Visitors to the North American ALMA Science Center (NAASC)

ALMA/NAASC Data Reduction Visitors to the North American ALMA Science
Center (NAASC)

Proposing

by Dong-Chan Kim — last modified Jan 30, 2013
Observing

ALMA Development Data Reduction Visitors are ALMA users coming to
i NAASC for a week or less for expert assistance with
Data Redu obtaining the optimum results from their data.

Data Archive Ell

bility

We expect that the majority of short-term visitors to the
Scientific Visitor Info NAASC will come for access to NAASC computing
i facilities, and for expert assistance with re-processing and
HelpDesk analyzing their ALMA data, which is central to the
e - successful interpretation of complex interferometric data
ALMA the Press sets. To meet this need, the NAASC runs a visitor
- program. In some cases short-term visits may be scheduled for assistance with the technical aspects of
Workshops & ALMA proposals or designing scheduling blocks (SBs). Scientists carrying out archival projects may also

Tutorials take advantage of the visitor program.

) The NAASC will provide assistance to up to three visitors from each scheduled or observed project, though
News, Memos & funds for travel are more restricted. An experienced investigator must accompany any student who is new
Outreach to radio interferometry.



ALMA is_desigs
LL astronome

?"'

Universities, nc

Atacama Large Millimeter/submillimeter Array

\.‘ About Science Proposing Observing Data Processing Tools Help Search Site

Documentation
Call for Proposals [ Comterts |

Documentation supporting the current ALMA Call for Proposals ~ Cycle 6. Documents from previous Cycles are provided here. 1. Call for Proposals

. 2 Phase 1& 2
Document Description
T 3. Guides to the ALMA Regional Centers
ALMA Proposer's Guide Contains all pertinent information regarding the ALMA Call for Propesals ) - )
4. ALMA Science Dat: g, Data Processing and Pipeline, Archive and

ALMA Technical Handbook A comprehensive description of the ALMA observatory and its components QA2 Data Products
ALMA Users' Policies The long-term core policies for use of the ALMA and ALMA data by the science community 5. ALMA Reports, Memos and Newsletters

Observing With ALMA - A Primer | Intreduction to interferometry and how to use ALMA

ALMA Proposal Template LaTeX fermat. Recommended but net mandatery

ALMA Proposal Review Process The latest version of the ALMA Principles of the ALMA Proposal Review Process

https://almascience.nrao.edu/documents-and-tools



www.nhrao.edu
science.nrao.edu

The National Radio Astronomy Observatory is a facility of the National Science Foundation
operated under cooperative agreement by Associated Universities, Inc.




