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Chapter 1

Introduction

1.1 Purpose

This document provides basic introductory information of how to use the Atacama Large Millimeter/submillimeter
Array (ALMA) data available through the ALMA Science Archive (ASA), including how to query, extract and
scienti cally exploit the content of the ASA. The aim of this document is to assist the reader with the exploita-
tion of archived ALMA data by providing a concise summary of the data and practical examples that include
CASA (Common Astronomy Software Applications, McMullin et al., 2007) tasks. While this primer is intended
for archival researchers, principal investigators (PIs) of ALMA data may also nd it useful. The document starts
with a description of querying the ASA (Chapter 2) and a description of selecting and downloading data (Chap-
ters 3 and 4). This is followed by examples of how to inspect and evaluate the quality of the data and images
in the archive (Chapters 5 and 6), how to recreate the calibrated visibilities (Chapter 7) and how to re-image
the calibrated data (Chapter 8). The document then gives an outline of how to proceed with data combination
(Chapter 9), how to use calibrators as science targets (Chapter 10) and how to use the ALMA Calibrator Source
Catalogue (Chapter 11). The document concludes with a description of useful CASA packages (Chapter 12), a
list of frequently encountered issues (Chapter 13) and additional information on obtaining assistance with archive
mining and science exploitation (Chapter 14).

1.2 The ALMA Interferometer

ALMA is one of the largest multinational science projects to date. The ALMA interferometer consists of the
12-m Array, which is made up of fty 12 meter diameter antennas, and the Atacama Compact Array (ACA),
also known as Morita Array, which itself comprises the 7-m Array, consisting of twelve closely-spaced 7 meter
diameter antennas, and the Total Power or TP Array, consisting of four 12 meter antennas used for total power
observations. ALMA is a complete imaging and spectroscopic instrument currently operating at frequencies of
84 to 950 GHz (wavelengths of 3.6 mm to 0.320 m). It can perform polarimetry and mosaicking observations,
and data from the three di erent antenna arrays of ALMA the 12-m Array, 7-m Array, and TP Array can

be combined to examine the observed source structure on various spatial scales. The 12-m Array antennas are
transportable and can be arranged into a number of con gurations with baseliné lengths from 0.16 km to 16
km.

The ALMA antennas are located at roughly 5000 m altitude on the Llano de Chajnantor in northern Chile,
one of the driest locations on earth. The atmospheric stability and transparency at submillimetre wavelengths
are essential for ALMA, and this, combined with the large number of antennas and wide bandwidth, make ALMA
the most sensitive millimetre/submillimetre observatory on Earth.

The location of the telescope itself is referred to as the Array Operations Site (AOS). The telescope is
operated from the Operations Support Facility (OSF), and the operations are the responsibility of the Joint

1A baseline is the separation between two antennas.



ALMA Observatory (JAO), which has a central o ce in Santiago, Chile. The observatory and the global
astronomical community interact through the ALMA Regional Centers (ARCs) spread across East Asia, Europe
and North America.

More information on the ALMA interferometer as well as interferometry in general can be found in Observing
with ALMA - A Primer and the ALMA Technical Handbook.

1.3 Science with ALMA

The extensive capabilities of ALMA have inspired a very wide range of scienti ¢ studies ranging from Solar
System objects to star formation in the Milky Way to interstellar gas and dust in galaxies at high redshifts. The
technical requirements of ALMA were initially motivated by three main science aims.

| The ability to detect spectral line emission from C* in a normal galaxy like the Milky Way at a redshift
of 3 in less than 24 h.

Il The ability to image gas kinematics in a solar-mass protostellar disk at 150 pc so as to study physical,
chemical and magnetic eld structures and detect tidal gaps from planet formation.

Il The ability to provide high dynamic range (up to 1000) images at 0.1 arcsec resolution for targets above
20 degree elevation.

More information on science with ALMA can be found in Observing with ALMA - A Primer and on the ALMA
website?. In addition, the ALMA Science Archive can be queried for publications associated with archival ALMA
data through the Publications results table (See Section 2.6).

1.4 The ALMA Science Archive

The rst ALMA science observations were performed on 2 March 2011. Since then, ALMA observations have
been stored in the ALMA Science Archive (ASA). The ASA is publicly accessible and can be queried using many
di erent criteria. It contains all the science observations of Pl projects, including regular projects, projects that
use ALMA as a phased array for VLBI, Large Program$ and Director's Discretionary Time (DDT) projects.
The archive also contains calibrator data and Science Veri cation data. Data taken for regular ALMA projects
are proprietary for 12 months after a Member Observing Unit Set (Member OUS, see Section 2.1) has been
delivered to the PI. Data for DDT projects are proprietary for 6 months after delivery of the Member OUS.
After the proprietary period, the data become public. All released Science Veri cation projects are also publicly
available. A thorough description of the ASA and how it works can be found in the ALMA Science Archive
Manual.

2A (non-exhaustive) list of ALMA science highlights organized under six broad themes can be found at https://almascience.
org/alma-science .

3The ALMA Science Archive is accessible at http://almascience.org/asax/

4A complete list of Large Programs as well as abstracts and links to the primary science articles, team websites and data deliveries
can be found at https://almascience.org/alma-data/lp
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Chapter 2

Querying the ALMA Science Archive

2.1 ALMA data structure

The ALMA Science Archive is the repository of the data collected with ALMA and contains data packages for
each proposed project.

Each scienti c project is split at the proposal stage into Science Goals (SG) according to the purpose, spectral
setting and sensitivity goals of the observation. An SG consists of a set of elds that are observed using a speci c
set of spectral tunings to achieve a set of speci ed sensitivity and angular resolution goals. Each SG is translated
at the observing stage into one or more Group Observing Unit Set (Group OUS).

Each Group OUS may contain one or more Member OUSs. Data from di erent ALMA con gurations and
with di erent spectral tunings may be placed within separate Member OUSs. A single Member OUS may contain
multiple science targets. Typically, one Member OUS corresponds to one Scheduling BlotKSB) and contains
the data from all repetitions of the observations. Each of these repetitions is called an Execution Block (EB). A
Member OUS is the minimal searchable and downloadable unit of archived science observation data.

2.2 The ASA query and results interface

Using the ASA web interface, the archive can be searched for Member OUSs in several ways. The ASA manual,
ASA news, tips and tricks and FAQs can be found in the Archive documentation websité.

The top panel of Figure 2.1 shows the ASA search and results interface as it appears when it is rst opened.
The top left part shows images of the sky using Aladin Lite. When zoomed in, this panel shows the sky coverage
of individual ALMA observations. At the top left of the page above the image panel is the search box, which is
a white rectangle with a magnifying glass icon. When hovering the pointer over the search box, it expands to
show a number of search keys as shown in the bottom panel of Figure 2.1.

The lower panel of the ASA interface shows the results table. It displays all ALMA observations by default
when no search keys are speci ed.

The top right panel of the ASA interface shows, in yellow, the spectral coverage of the data in the results
table. Hovering over a specic observation in the results table will highlight it in bright yellow within the
spectral plot. Selected data from the results table will appear orange. The panel also shows by default a
typical ALMA atmospheric transmission curve and a selection of molecular spectral line frequencies shifted to
the median estimated redshift of the displayed observations. Speci c spectral lines can be selected using either
the Molecules drop-down box or by entering the molecular line of interest or part of the molecular line's name

1For commissioning projects, a Member OUS may contain more than one SB, but most Member OUSs in the archive will contain
only one SB.

2The ASA web interface is located at http://almascience.org/asax/

3The ASA documentation is accessible at https://almascience.org/alma-data/archive/archive-documentation
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Figure 2.1: The ASA web interface. The top panel shows the initial view. The bottom panel shows the expanded
search box, which is marked by a rectangle with a magnifying glass at the top left of the page.
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in the Lines box. For example, entering HCO in the Lines box shows all line transitions of molecules with
HCO in their name, such as HCO*, t-HCOOQOD, ect. The placement of the lines can be adjusted by manually
inserting a redshift.

2.3 Querying the ASA

2.3.1 The search box

The principal way to search the archive using the ASA is to enter one or more search keywords in the search box
(Figure 2.1, right panel). Most elds are self-explanatory, and hovering over an entry eld activates a pop-up
window with an explanation. A few notes about the search box are listed below.

" Source name versus ALMA name: The eld Source name can be used to search for a Sesame
(NED/SIMBAD/Vizier) recognised name, but no wildcards are allowed. The eld ALMA name, which
does accept wildcards, refers to the list of names given by the PI (which could be, for example, Mys-
tery_Object). The di erence between Source name and ALMA name is best illustrated using Centau-
rus A as an example. Typing Cen into the ALMA name eld shows a list of possible completions, including
Centaurus_A, Proxima_Centauri, alpha_centauri_A, CenA, NGC6357 center, and AM_Cen.

Some of these entries refer to the radio galaxy Centaurus A, others to (di erent) stars in the Centaurus
constellation and one to the center of the nebula NGC 6357. In this case, when using the ALMA name
selection (without wildcards to avoid mixing di erent targets) a number of observations of the Centaurus
A radio galaxy will be excluded from the results table. Inserting Cen A or Centaurus A, which are
the Sesame recognised names, into the Source name eld will immediately yield all the observations of
Centaurus A regardless of the name used by the PI.

Lists of sources: Multiple sources may be searched for by clicking on the Target List option and
uploading an ASCII le with one source name or position per line.

Multiple Member OUSs or Projects: It is possible to search for multiple Member OUSs or project
codes by connecting them with the pipe (|) symbol. For example:
uid://A002/X639a2a/X2a|uid://A002/X5a9a13/X528 .

" Ranges of observing properties: In addition to specifying single values for position, angular resolution,
spectral resolution, sensitivity, observing frequency or polarisation properties, ranges can be speci ed with
Boolean operators (e.g.>, <, !, |, and ..) to Iter the search results.

2.3.2 Searching using the image panel

The Aladin Lite  image panel can be used to browse the sky in multiple bands. Zooming in on a location of
interest shows the area mapped with ALMA, including areas from di erent projects. The top panel of Figure 2.2
shows the elds observed in the Sgr A region. Hovering the cursor over one of the footprints will cause an
information window to appear with data about the observations, including the project code, the release date and
the ALMA band. By clicking on the footprint, the Member OUS corresponding to that footprint is then selected
for download, and both the footprint in the image pane and the corresponding row in the results table become
orange. Additionally, a yellow box appears in the top right of the interface with the number of observations
selected for download. The bottom panel of Figure 2.2) shows an example of this. Note that the image panel
only shows those ALMA observations that meet the search criteria set in the search box or the sub Iters in the
results table. Search criteria are treated logically as a Boolean "AND' when both search box and results table
sub lters are used. When no constraints are set, the panel shows ALMA's complete coverage of the sky.

4The Aladin sky atlas (in Lite version) is available at  https://aladin.u-strasbg.fr/AladinLite/
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