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Chapter 1

Introduction

The Atacama Large Millimeter/Submillimeter Array (ALMA) is an aperture synthesis telescope consisting of
66 antennas that can be positioned in a number of di�erent con�gurations. It operates over a broad range of
observing frequencies in the millimeter and submillimeter regime of the electromagnetic spectrum.

ALMA Early Science Operations started with Cycle 0 in September 2011 and the o�cial inauguration took
place in March 2013.

Starting with Cycle 8 operations, the distinction between standard and non-standard observing modes were
removed. However, some observing programs, such as Large Programs, will still be restricted to speci�ed
observing modes. Users should refer to Appendix A (ALMA Capabilities) in the ALMA Cycle 9 Proposer's
Guide, for the latest information and a description of all the available observing modes including those programs
with restricted observing modes.

The Technical Handbook concentrates on the technical aspects of the Cycle 8 observing capabilities as well
as on the hardware and software available for ALMA users. It should, however, not be necessary to use the
Technical Handbook to prepare an ALMA proposal.

The Technical Handbook is divided into three main sections: The concepts of interferometry and the ALMA
hardware components (Chapters 2�5), the observing concepts and software (Chapters 6�9), and �nally the data
quality and handling (Chapters 10�13). It also includes a number of appendices with expanded information on
speci�c ALMA hardware components and calibration and an acronym list widely used by ALMA sta�.

Chapter 2 describes the ALMA Array components: The 12-m Array and the Atacama Compact Array
(ACA), also known as the Morita Array which is comprised of the 7-m and Total Power (TP) Array. A general
description of the di�erent array elements and hardware components is provided.

Chapter 3 gives a brief introduction to interferometry, including a description on the concepts of basic radio
astronomy and the principles of aperture synthesis.

Chapter 4 describes the details of the eight receiver bands o�ered for Cycle 8 observations. The general
technical speci�cations and a brief explanation on local oscillators and intermediate frequency (IF) range is
presented. Plots with the atmospheric transmission and the typical system temperatures per receiver band are
also included.

Chapter 5 describes the correlators and the data processing taking place in these special purpose supercom-
puters. A description of the 64-input Correlator (used for the 12-m Array) and the ACA Correlator (used by the
7-m and the TP Arrays) is provided. Observing modes available for continuum and spectral line observations
are presented.

Chapter 6 describes how the spectral setup is done in the correlators. A description of the signal path and
local oscillator (LO) chain used between the frontends and the correlators is covered and how the hardware is
con�gured to de�ne spectral setups for an observation.

Chapter 7 describes several aspects of imaging to consider in ALMA observations. A short description on
the di�erent con�gurations proposed for Cycle 9 is included. Note that in Cycle 9, the two longest baseline
con�gurations will again be available (Con�guration-9 with a maximum baseline of 13.9 km and Con�guration-
10 with a maximum baseline of 16.2 km). In addition, the higher frequency bands (Bands 8 - 10) will now be
available in some long baseline con�gurations if appropriate calibrators can be found. Concepts of shadowing,
beam shape, and spatial scale �ltering are revisited. Mosaicing and 12-m and 7-m Array data combination are
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also presented.
Chapter 8 describes the observing modes o�ered for Cycle 9 and the observing sequence of projects. Single

�eld interferometry, mosaics, single-dish observations, polarization, multiple region modes, Solar, very long
baseline interferometry (VLBI), astrometry and ephemeris observations are detailed in this section.

Chapter 9 gives a brief overview how sensitivities and integration times are calculated at ALMA.
Chapter 10 describes how calibration is performed at ALMA, providing a description on how to calibrate

long-term and short-term e�ects as well as how calibrators are selected.
Chapter 11 describes the data quality assurance (QA) process. A description of the criteria used for passing

quality assurance as well as the pipeline heuristics used in data reduction and calibration which are used in
determining the overall quality of the data are presented.

Chapter 12 describes the data �ow and structure of ALMA data. A description of all the main software
subsystems involved from data acquisition to archiving is provided as well as a description of the ALMA Science
Data Model (ASDM) which de�nes the metadata structure adopted by ALMA.

Chapter 13 describes how the data are stored, the data �ow and the user interface to the ALMA Archive.
The Technical Handbook concludes with three appendices, which contain supplemental material about the

antenna design and ALMA transporter (Appendix A), the Local Oscillator (LO) and Intermediate Frequency
(IF) system (Appendix B) and a list of acronyms widely used by ALMA sta� (Appendix C).

Figure 1.1: ALMA antennas on the Chajnantor Plateau.



Chapter 2

Array Components

This chapter describes the main characteristics of each ALMA array. Unless otherwise noted, the description is
appropriate for the fully completed ALMA telescope.

2.1 The ALMA Telescope

ALMA is composed of 66 high-precision antennas. Fifty of these antennas are 12-meter antennas in the 12-m
Array, used for sensitive, high-resolution imaging. These �fty 12-m antennas are complemented by the Atacama
Compact Array (ACA), also known as the Morita Array 1, composed of twelve closely spaced 7-m antennas (the
7-m Array), and four 12-m antennas for single-dish (or Total Power) observations (the TP Array), to enhance
wide-�eld imaging of extended structures. In Cycle 9, ALMA will cover most of the wavelength range from 3.6
to 0.32 mm (84�950 GHz), and during Full Operations, will cover a range from 8.5 to 0.32 mm (35�950 GHz).

The array is located on the Chajnantor plain of the Chilean Andes (lat.=�23.02917� , long.=�67.754649� ),
a site that normally o�ers the exceptionally dry and clear sky conditions required to observe at millimeter and
submillimeter wavelengths2. The ALMA antennas, weather stations, the two correlators and their computer
interfaces, Local Oscillator generation hardware, timekeeping hardware, and the related array Real-Time Ma-
chine computer are all located at the 5000-meter altitude site referred to as the Array Operations Site (AOS).
This site is connected via Gigabit �ber links to the Operation Support Facility (OSF), located at an altitude of
2900 meters, about 22 km from the AOS and 40 km from the town of San Pedro de Atacama. Science operations
are conducted from the OSF and coordinated from the JAO central o�ce in Santiago. All three ALMA arrays
are controlled via control software developed on the ALMA Common Software (ACS).

There are 192 antenna foundations (stations) distributed over the Chajnantor and Pampa la Bola plateaus.
The antenna foundation distribution yields baselines (distances between two antennas) ranging from 15 m to
� 16 km, which are crucial in determining the image quality and spatial resolution of ALMA (see Chapter 7).
The antenna foundations provide the sti�ness required for precise antenna pointing, as well as electrical power
and digital connectivity to the main AOS building (See Appendix A.2). The antennas can be re-con�gured into
the di�erent array con�gurations (Chapter 7) using the two special purpose ALMA antenna transporters (see
Appendix A.3).

The number of antennas in each array component (12-m, 7-m and TP Arrays), and the speci�c con�gurations
available for an observing season (e.g. Cycle 9) will be published in the Capabilities section of the document
ALMA Proposer's Guide. Complementary background information on ALMA and its capabilities for Cycle 9
can be found in the documentObserving With ALMA: A Primer . Both documents can be found on the link
http://www.almascience.org/documents-and-tools/.

2.2 The 12-m Array

The 12-m Array consists of �fty 12-m diameter antennas designed and built by the European and North
American ALMA partners (each providing 25 units), according to the stringent ALMA Antenna Performance

1dedicated to the honor of K.-I. Morita
2http://www.almascience.org/about-alma/weather
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