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Description 
 
1.1 Purpose 
 
The purpose of this document is to describe how the ALMA Commissioning and Science 
Verification Plan [RD01] will be implemented.  Here we provide details and schedules of the 
activities and organization required to carry out the ALMA CSV Plan and quantify the level 
of staffing required at each point.  We also outline the staffing, resources and support 
required from the Operations and AIV sections of ALMA, as well as identifying the need for 
external experts. 
 
1.2 Scope 
 
This document pertains to all activities associated with Commissioning and Science 
Verification, including participation in AIV, the formal start of CSV, which is marked by the 
operation of a 3-element interferometer at the AOS, through the start of Early Science and on 
the Inauguration and the start of full operations. 
 
1.3 Definitions 
 
AIV - Assembly, Integration and Verification is a construction activity led by AIV Lead, and 
overseen by the JAO Project Engineer (PE).  The primary AIV tasks are to assemble and 
integrate the major ALMA sub-systems into a working system, establish its initial technical 
performance and ensure it meets stated technical requirements.  AIV will then continue until 
all antennas are accepted from the contractor, outfitted and integrated into the array.  It 
includes single-antenna activities (e.g. fitting out of antennas) as well as system-wide 
activities. 
 
CSV - Commissioning and Science Verification involves the testing and optimization of all 
elements of the ALMA system (e.g. an antenna, a new correlator mode, receiver or software 
component) and ensuring that its meets the scientific requirements.  CSV is a construction 
activity led by the JAO Project Scientist (PS) and Deputy Project Scientist (DPS).  The CSV 
phase is defined to begin with the handover from AIV to CSV of a verified 3-element 
interferometer at the high site.  This marks the transfer of responsibility from PE to PS, but 
there is a significant overlap in personnel and techniques both before and after this transfer.  
Where applicable, the CSV phase for individual components of the array is considered to 
start when the mode or device is handed over by AIV (following Acceptance Tests in which 
AIV and CSV personnel participate) and ends with acceptance on behalf of the ALMA 
operation. 
 
The principal outputs of CSV are operational procedures and documentation for operation of 
ALMA as a science facility, including end-to-end data management and reports documenting 
as-built performance, exceptions, recommendations for improvement and test data, including 
a verification matrix showing the performance of ALMA as measured against the science 
requirements. 



 

CSV Implementation Plan 
Doc #:   ALMA-90.00.00.00-017-A-PLA 
Date:     2009-08-24 
Status:   Draft 
Page:     6 of 37 

 
 
ES – Early Science is defined to be the first operation of the array for observations proposed 
by users in response to a full, open call for proposals.  The capabilities of the array will be 
restricted at this stage.  The call for proposals will be issued well in advance of the start of 
Early Science.  Proposal management, except for the special case of science verification, is 
not part of CSV. 
 
DSO – The Department of Science Operations will be responsible for carrying out all the 
scientific functions of the observatory during the operational phase, including the processing 
of observing proposals, scheduling and performing the observations, and archiving the data 
and monitoring its quality.  These roles begin with Early Science, but preparations for them 
have been underway for some time.  The scientists on the staff of the DSO, whose hiring has 
already begun, are participating in the test activities needed for AIV as part of their training 
and this will continue during CSV, although the emphasis of their work will shift as the start 
of Early Science approaches.  
 
DTS – The Department of Technical Services provides the necessary support across a wide 
range of areas, almost all of which are essential if CSV is to proceed – for example, 
functional buildings, the provision of electrical power and the operation of the transporter 
which is used to move the antennas.  Particularly closely coupled to the commissioning 
activities are the Software and IT groups which form part of DTS.  
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1.4 References 
 
 
Ref. 
Doc. Document title ALMA Doc.  Number 

[RD 01] ALMA Commissioning. and Science 
Verification Plan 

ALMA-90.00.00.00-007-D-PLA 

[RD 02] ALMA Calibration Plan1  SCID-90.03.00.00-007-A-PLA  

[RD 03] First Science Configurations ALMA-90.02.00.00-004-A-SPE 

 
 

 
1.5 Abbreviations and Acronyms 
 

ACA ALMA Compact Array  (12 7-m antennas plus 4 12-m antennas) 
AIV   Assembly, Integration and Verification 
AOS Array Operations Site (at 5000m) 
ARC ALMA Regional Center 
ASAC ALMA Science Advisory Committee 
ATF ALMA Test Facility at Socorro, NM  
CASA Common Astronomy Software Applications 
CSV Commissioning and Science Verification 
DPS Deputy Project Scientist 
DSO Department of Science Operations 
DTS Department of Technical Services 
ES   Early Science 
ESDP    Early Science Decision Point 
HSO Head of Science Operations 
IPT Integrated Project Team  (responsible for major sub-system, e.g. Antennas) 
JAO Joint ALMA Observatory 
OPT Optical Pointing Telescope 
OSF Operations Support Facility (at 2900m) 
PE Project Engineer 
PS Project Scientist 
SCO  Santiago Central Office 
SV Systems Verification 
TAC Time Allocation Committee 
WVR  Water Vapour Radiometer 
 

                                                 
1A more recent set of documents is available at 
http://www.alma.cl/~science/docs/90_Science/90.03_Calibration/Cal_Examples.pdf 
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2 Overview 
 
2.1 Goals of ALMA Commissioning and Science Verification 
 
In simple terms the goal of the Commissioning activity is to take ALMA from the stage 
reached at the end of the AIV process, which means that the system is working at an 
engineering level, and to turn it into a telescope that can make the scientific observations for 
which it is intended.  Science Verification is the quantitative confirmation that the data the 
telescope produces is valid and has the required characteristics in terms of sensitivity, image 
quality, flux accuracy, etc.  In an ideal world these two activities would consist of a pre-
planned series of tests, gradually bringing into operation the various capabilities that have 
been designed into the hardware and software, and “verifying” that it all operates correctly.   
The reality is of course very different:  at every step we must expect to find problems of one 
sort or another – despite the best efforts of everyone involved.  Devices may not work exactly 
as expected, or the interactions between them turn out to be more subtle than had been 
appreciated.  We also have to expect that systems that had been working and passed all their 
tests will go wrong and we have to learn how to identify those faults.  In addition, although 
an enormous amount of work has gone into defining the requirements at every stage, it will 
inevitably turn out that we need the system to do things that have not been thought of, so 
changes and additions will have to be made, especially to the software.   
 
The vast majority of the effort during Commissioning therefore goes into finding the things 
that are not right in the test results and working out what is causing them to be wrong.  This is 
not an easy process, particularly with a system as complex as ALMA.  The basic procedure 
is, however, well understood – we start by designing a test of a particular function, we 
examine the results very closely for anomalies and, when one is found, we devise a more 
specific test to identify where the problem lies, typically starting with the classic issue of 
whether the cause is hardware or software.  For this process to work efficiently requires a 
well-focused approach by the commissioning team, close interactions between them and the 
designers and builders of both the hardware and the software, and good and accessible 
documentation of all systems.  By its nature this process cannot be a simple linear chain of 
steps – finding and fixing a problem in one area almost always means going back and 
checking what effect this fix has had on other aspects that had previously been dealt with – 
but naturally the plan is to progress from the simple to the more complex to the extent that 
this is possible.   
  
All the real-world problems mentioned above are of course already present during the AIV 
phase, as we have been experiencing, and this is providing a lot of valuable training for the 
commissioning team.  A further problem during AIV has been the late and erratic delivery of 
hardware, which has meant that plans have had to be changed frequently and workarounds 
found.  In the CSV phase it is anticipated that this will be much less of a problem in that, by 
definition, this will not start until we have a complete set of equipment for at least three-
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element interferometry2 (see section 2.2), and this will generally be sufficient for us to 
proceed with the test program.  As will be discussed in more detail below, the availability of 
software will however be an important factor in determining how the commissioning 
proceeds. 
 
In addition to having three operational antennas together with receivers, electronics and a 
local oscillator system, we will, by the beginning of CSV, have two correlators available – 
the first quadrant of the 64-element one and the ACA correlator.  This means that it will be 
possible to start work on the aspects of the ACA commissioning that are most distinct from 
those of the 12-meter array, the operation of the correlator and the software associated with it, 
even though the 7-meter antennas themselves are not expected to start arriving at the high site 
until 2011.  Clearly, injecting real data from astronomical sources is a key step in testing both 
correlators.   
 
Another critical element of Commissioning is the development and testing of the calibration 
procedures.  Detailed plans for the various calibration steps were set out some time ago 
[RD02] and much of the relevant machinery is in place in the software system (mainly in the 
TelCal subsystem) but this is clearly an area where a great deal of work will need to be done 
on testing and optimization.  We need to ensure that full account is taken here of the latest 
work at the operational millimeter and sub-millimeter arrays around the world.  
 
In contrast to the commissioning phase, which involves a great deal of development of test 
processes and problem solving, the Scientific Verification step is in principle a straight-
forward operation in which one runs a complete observation and takes the data through a 
standard data reduction process.  One then checks whether the resulting image, spectrum or 
data cube is of the expected quality.  This will generally involve observations of well-known 
objects, so that the ALMA images can be compared with results from other facilities, or of 
systems which are challenging but where the results are predictable from first principles – 
e.g. imaging Jupiter’s moons when they are close to the planet.  To ensure that there is 
community participation at this stage, there will be a call for “Ideas for Science Verification 
Targets” early in 2010.  The data from Science Verification observations will be made public 
as soon as it has been checked to be valid – the people who propose particular observations 
will just get credit for the idea and will not have special rights with respect to the data.  The 
key point, however, is that the Science Verification targets have to be such that they can be 
used to demonstrate that the Science Requirements are (or are not!) met. 
 
Naturally problems may still show up at the verification stage, in which case one has to go 
back into Commissioning mode on this particular topic, and then repeat the Verification test 
when the problem has been resolved.  
 
The Project has adopted a staged approach in carrying out this hand-over.  The first stage is 
called Early Science and is intended to occur at the point where ALMA is capable of making 
observations that are at least competitive with existing arrays.  Commissioning and the 

                                                 
2 Not quite all elements will be in place at the start of CSV – the nutating subreflectors and the final 
versions of the calibration loads, for example, are expected to come later in 2010.  
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Verification of additional capabilities will continue in parallel with the Early Science 
observations.  The power of ALMA is expected to increase rapidly during this period, 
particularly in terms of the number of antennas and the maximum length of the baselines.  
The plan is to have demonstrated all the key observing abilities planned for ALMA by the 
time of the Inauguration, which is scheduled for late 2012.  It is likely that some of the 
hardware will still be at the AIV stage or perhaps not yet delivered at that time but this should 
only make a quantitative difference to the telescope’s capabilities rather than changing the 
basic functionality.  The expectations for the key hand-overs are as follows: 
 
 
2.2 Requirements for the Start of Scientific Commissioning 
 

• Three antennas operational on the high site  
• Front-ends containing at least bands 3,6,7 & 9  (~100, 250, 330 and 650 GHz) 
• Cal units with hot and ambient loads 
• Complete BE and phase-stable1 LO system 
• Correlator able to process three inputs 
• Fringes and phase closure demonstrated 
• Software for basic operations and data reduction 

 
Note that several important but not absolutely vital items have been left out of these 
minimum requirements although in fact they will probably be available:  e.g. water 
vapour radiometers and solar filters.  Other items may not be the final versions, e.g. 
calibration loads, Front End power supplies, or not fully characterized, e.g. the Front Ends 
themselves. 
1The requirement on the phase stability is set at 1 radian of phase at 300GHz in 30 minutes. 

 
2.3 Requirements for Early Science 

2.3.1 Minimum Requirements 
The ASAC has recommended that Early Science should not start until the following 
conditions can be fulfilled and the Board has approved this plan: 
• At least sixteen 12m antennas fully commissioned with at least 3 receiver bands 

available on all antennas. 
• Synthesis mapping of single fields. 
• Sufficient antenna stations to provide a range of configurations covering the shortest 

spacings and out to at least 250 m.  
• A basic set of spectral modes as previously selected by ASAC. 
• Calibration of all the above to a level comparable with existing millimeter-wave 

arrays – requires hot/ambient loads and WVRs. 
• Software to support users’ applications, the preparation and execution of observations 

and off-line data reduction.  



 

CSV Implementation Plan 
Doc #:   ALMA-90.00.00.00-017-A-PLA 
Date:     2009-08-24 
Status:   Draft 
Page:     11 of 37 

 
• After taking account of the time lost due to bad weather, power outages, equipment 

failures and the time needed for engineering work, at least 33% of the remaining time 
should be available for the Early Science observations. 

2.3.2 Goals 
The following criteria are to be considered as goals.  The Project will endeavor to achieve 
them, but Early Science can start without them.  A readiness review will decide which of 
these capabilities should be announced as being available in the Call for Early Science 
Proposals. 
• Receiver bands 3, 6, 7, and 9 available on all antennas plus bands 4  (~160 GHz) and 

8 (~460 GHz) on as many antennas as we can manage. 
• Synthesis mapping of extended fields using pointed mosaic mode. 
• Configurations extending to baselines of 1km 
• Linear and circular polarization of compact sources. 
• Single-dish mapping of extended objects in both continuum and spectral line modes 

including on-the-fly observing. 
• Calibration better than existing mm-wave arrays 

 
2.4 Requirements for Inauguration 
 

• Regular operation with ≥ 50 fully-equipped3 antennas.  (This includes both 12m and 
7m antennas.) 

• All antenna stations complete, providing synthesis mapping with high fidelity using 
the full set of array configurations. 

• Simultaneous operation of ≥ 4 subarrays possible. 
• Capability for combining data from the12m array with data from the ACA including 

“zero-spacing” data, and multi-configuration images 
• Linear and circular polarization, including mosaicing of sources that are larger than 

the primary beam.  
• High time resolution observations, e.g. of solar flares. 
• All major software systems available and working in a way that allows astronomers 

who are not synthesis experts to use ALMA4. 
• Accurate calibration of all the above.   

 
The goals set for the calibration of ALMA data are very stringent and we may not achieve 
all of them by this point, but we must be doing a lot better than is currently achieved at 
these wavelengths.  Some capabilities will still be under development at this stage – e.g.  
on-the-fly aperture-synthesis mosaics, high-precision polarization maps of extended 
sources, and probably some of the less popular correlator modes . 

 
                                                 
3 Fully-equipped means a minimum of four receiver bands – typically bands  3, 6, 7, and 9 plus some 
of 4, 8 and 10, plus a full set of electronics, radiometers and calibration devices. 
4 At this stage ALMA staff will still be performing a lot of the data verification but the users will 
receive the calibrated images ready for analysis & interpretation. 
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2.5 Summary of Activities to Date 
 
The “Scientific” test activities, by which we mean work by people who consider themselves 
to be scientists, started several years ago at the ALMA Test Facility, the ATF, which is at the 
VLA site in New Mexico, USA.  This involved an extended period of antenna testing on the 
three prototype antenna designs, followed by single-baseline interferometric testing which 
continued through 2007 and 2008.  Although much of the equipment was in prototype form, 
or even just special-purpose test devices (for example no ALMA receivers were tested at the 
ATF), a great deal of valuable experience was gained, both in terms of testing particular 
systems, especially software, and in developing working practices and learning the 
disciplines required, such as the absolute necessity of communicating problems and 
requirements clearly. 
 
Similar work in Chile began with the testing of the production antennas, first under the aegis 
of the Antenna IPT and then, after the first antennas were conditionally accepted at the end of 
2008 and the beginning of 2009, as the first stages of the AIV process.  This was followed by 
the first interferometric tests5.  These were initially done without full software control, but by 
July 2009 we were able to run a single baseline observation in what is essentially a fully 
operational mode, i.e. starting with a “Scheduling Block” created by the OT (Observing Tool) 
and producing an ASDM (ALMA Science Data Model) file, which can be read by CASA. 
 
In general the pattern of the testing has followed the plan set out in [RD01] with almost all 
the work outlined in section 4.3 (Single-antenna AIV) having been completed and at least 
trial measurements made for the items in section 4.4 (Single-baseline interferometer at the 
OSF).  Some items have had to be done differently:  in particular the nutating subreflectors 
have not been delivered, so an alternative approach to single-dish pointing was needed (see 
section 5.3).  At a more detailed level a huge number of changes in plan have been required 
to cope with equipment and software problems and, as already explained, a substantial 
number of unexpected results have emerged from the testing, some of which are still 
unresolved at this point.  
 
As already indicated and as is discussed in more detail below, although the titles of the 
activities and the formal responsibilities change as the various items move from stage to stage 
(from individual IPT → AIV → CSV → Operations) there is a great deal of commonality and 
joint working amongst the staff involved, particularly on the scientific side.  This provides 
many opportunities to learn lessons early and to apply them to the next phase and we are 
trying hard to exploit this opportunity. 
 
 

                                                 
5 The interferometer at the OSF uses equipment in the antennas that is essentially all built to the 
production standards (although some items are “engineering models” in that they have not undergone 
complete verification in the lab).  The correlator is a subset of the 64-input system, while the photonic 
local oscillator system is a test version based on production hardware but not fully compatible with 
the final version.  The first complete LO system, capable of supporting 16 antennas, was installed at 
the high site in August 2009 and will be integrated into the system for the first time there. 
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2.6 Lessons learned 
 
Many of these come in the class of “Well, that’s obvious” and others have already been 
mentioned, but it is nevertheless worth putting them down here. 

1. It is essential to plan ahead and work out how each test is going to be done and what 
resources and staff are needed to do it.  The scripts required should be written in advance 
and if possible tested beforehand.  We have a workstation at the SCO running the current 
version of the ALMA control software in simulation mode, and so much of the work can 
be done before going to the OSF.  This workstation also serves as a monitoring station so 
that the person or team who developed the testing procedure can oversee the observations 
even if they are not at the OSF. 

2. In spite of 1) it is necessary to have the capacity to change scripts and procedures in real 
time at the telescope.  Since we cannot be sure that the person who devised a particular 
test or wrote a script will be available at the time, this means that the knowledge and 
understanding needs to be transmitted to at least one of the people who will be present. 

3. When trying to find the cause of a problem, it is vital to proceed logically by posing one 
or more hypotheses and then devising tests that will cleanly rule these out one at a time.  

4. The working process is fundamentally different from that which we are used to when 
making scientific observations at a working telescope.  Instead of trying to get the 
absolute maximum amount of data in the time available and then worrying about how one 
is going to analyze it later, we often need only a little data to complete a particular test 
and it may be better to leave the system standing idle, while one analyzes what one has 
and understands what it means, rather than pressing on with making more measurements 
that may be misguided or unnecessary. 

5. As already noted, the interactions with the hardware and software engineers are critical.  
Since the pattern of work tends to be that the “scientific” tests are done at night and most 
of the engineering work is done in the daytime this poses several problems:  a) active 
steps need to be taken to make sure that people meet and that information is exchanged;  
b) the scientists have to document the problems they find rigorously so that others can 
work on them in the daytime;  c) the system must be tested at the end of the day to ensure 
that everything has been left in a working state; and d) the first attempt at something new 
should be done before the engineering staff stop work. 

6. No one likes to feel that they are missing on exciting events, or being relegated to less 
important testing.  In order to cover all shifts with rested and interested staff, care must be 
taken to ensure that everyone is scheduled for new or “press-worthy” tests regularly.  
Similarly, staff scheduled for potentially less exciting shifts must be encouraged to rest 
during their off shifts, as the natural inclination of the curious mind is to stay in the 
Control Room to help the staff on the next shift, and this is not sustainable over an 8 day 
turno.  So when more than one shift per day is being scheduled, which staff are expected 
to participate in which shift, and what the hours are, must be made clear in advance. 
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3 Staffing 
 
One of the obvious difficulties with commissioning a large complicated project in a very 
remote area is finding and retaining scientific staff with the very high level of skills required.  
We need a substantial number of people who are willing to commit a fraction of their 
professional lives to developing and improving software, testing instrumentation, and 
carefully scrutinizing data from the instrument.  This will leave little time and energy for 
original research, and will also necessitate moving to Santiago with the expectation of 
frequent shifts at the OSF.  Most qualified scientists will find these conditions somewhat 
harsh, and so to mitigate the problem, we will operate on a modified turno system, whereby 
scientific staff will be expected to spend 8 days of 28 at the OSF, rather than the more 
commonly recognized 8-6 turno where staff spend 8 days out of 14 on site.  The remainder of 
the scientists’ working time will be spent in the Santiago Central Office (SCO), devoted to 
scrutinizing data, supporting operations remotely, and planning future tests, with an estimated 
20% of their work time available for own research.  Work at the AOS by science staff is not 
anticipated except under special circumstances. 

 

3.1 Commissioning Staff Requirements in Chile 
 
In order to estimate the required staffing for the main commissioning period to Early Science, 
we list the expected shifts and locations for participants in Table 1.  All participants will be 
engaged in the following broad categories defined under Commissioning (and elaborated in 
section 6): pointing; phase and amplitude calibration; delay, baseline and bandpass 
calibration; verifying correlator modes; imaging; subarraying and ACA integration; 
documentation.  We expect 1 or 2 scientists to lead each category (or a series of tasks 
therein), but all participants will engage in all types of antenna and array testing depending on 
shifts and hardware/software availability.  Staff scheduling will be done in advance based on 
the modified turno system, whereas scheduling of Commissioning activities will be based on 
array capabilities and priorities re-evaluated on a near-daily basis by Commissioning, AIV 
and Operations leads.  In case of apparent conflicting interests, all parties have a commitment 
to support all activities which lead to the completion of the Array on schedule.  Again, the 
modified turno system is based on each scientist spending 8/28 days at the OSF, rather than 
8/14.  This is necessary to allow each team member several days each month in the SCO for 
careful data assessment, and for remote support of testing taking place at the OSF.  (The 
benefit of having remote support from well-rested staff at lower elevations has been 
established during commissioning of other high altitude telescopes, such as those on Mauna 
Kea.)  The remote support activity also ensures that all of the scientists stay up to date with 
the state of the system, which will continue to evolve rapidly, especially on the software side.  
This work pattern will also permit long term (>6 months) members of the team a small 
fraction of time for independent research, to help assure that the team members are 
encouraged to meet their full potential.  
 
We expect to operate between 2 and 3 shifts of 6 to 10 hours per day, using 2-3 scientists and 
1 telescope operator per shift (when available – there may not be sufficient telescope 
operators in the first year of commissioning, so we anticipate that the scientists will be trained 
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in the safe and efficient operation of the array), with support from AIV engineers and 
technicians as required.  The fraction of time devoted to testing may be somewhat smaller 
during the AIV phase, as more support will be required from software developers and 
engineers, resulting in more antenna time being devoted to problem solving rather than active 
testing, but all reasonable attempts will be made to make use of any available time for testing.  
Thus, in any given week, we plan to have 6 to 8 scientists residing at the OSF, with an 
additional 8-10 scientists available for remote support and troubleshooting.  The physical 
location of scientists participating in commissioning will be as follows: 
 

 Location Week 1 Week 2 Week 3 Week 4 Total 

OSF 6-8 6-8 6-8 6-8 ~24-32 
SCO 8-10 8-10 8-10 8-10  

Off duty 6-8 6-8 6-8 6-8  
Research, travel or leave 4-6 4-6 4-6 4-6  

Total ~24-32     
 
Table 1: Number and Location of Scientific Staffing Required in Chile to Sustain 
Commissioning Activities using Modified Turno System 
 
 
3.2 Additional Support Requirements 
  
The task of commissioning ALMA will rely very heavily on the support of a large number of 
staff not directly hired as Commissioning Scientists.  For the duration of the CSV phase, the 
people assigned to commissioning tasks during any given shift will be guided in their 
endeavors by the PS and DPS, regardless of line manager.  The PS, DPS and HSO also 
expect to participate in on-site testing and data analysis, as their other duties allow, and one 
of these 3 people, or their designee, will provide on-site supervision during the CSV phase.  
We will benefit greatly from the assistance of scientists hired for Operations, and we 
anticipate that commissioning activities will comprise a large part of the training for their 
Operations positions. 
 
The number of staff required from different departments will vary depending on tests 
scheduled.  The expectation is that we will require support for hardware (including 
cryogenics, electronics and mechanics) as well as software during all shifts to avoid 
unnecessary delays to the project.  Thus during the CSV phase, we anticipate the need for 2-3 
engineers from AIV or DTS, and 1-2 software group members from AIV or CIPT during 
each shift.  This means at least 5 engineers and 3 software experts on-site in any given week.  
We will make use of telescope operators as available, both to assist scientists in testing and to 
provide training for the operators, who will be required to be quite familiar with many modes 
of operation, including troubleshooting techniques, in advance of the beginning of full 
science operations. 
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In addition to staff residing in Chile, support will be required from members of the Science 
IPT and ARCs, as well as other ALMA staff members from the 3 Executives to carefully 
scrutinize data, help debug software, and provide advice and experience in their areas of 
expertise.  This assistance will come in the form of “on-call” rotations with schedules to be 
maintained by the ARC Managers and Regional Project Scientists.  The PS and DPS will 
provide assistance with this scheduling, and will endeavor to maintain clear communication 
regarding the level and type of support required.  One example might be the case of optical 
pointing on a new antenna, where staff in residence at the OSF might collect data at night, 
and then pass this data to an ARC scientist in Garching to evaluate while the OSF scientist 
sleeps, as dawn in Chile corresponds to roughly mid-day in Germany.  If problems are found 
in the data, the on-site staff should be able confer with the supporting ARC scientist the 
following afternoon to discuss the likely cause, and determine if engineering assistance is 
required on-site before dark to solve the problem.  This “round-the-clock” model can be 
applied to many areas of testing, given proper planning, and should include scientific staff 
from all Executives. 
 
 
3.3 Staffing Source Distribution over Time 
 
The source of available staff for CSV activities will vary over the course of the 
commissioning period.  As of 2007Q3, there were 4 dedicated Commissioning Scientist 
positions being offered through AUI and ESO, and one through NAOJ.  In addition, 3 Test 
Scientists have been hired by AIV, and an additional one or two were expected to receive 
offers in 2008 or 2009.  Hiring of Operations Astronomers and System Astronomers for DSO 
began in early 2008, with the expectation of some of these staff being in place in Santiago by 
the middle of 2008 and using CSV activities as training for their subsequent Operations roles.  
Both AIV and Operations scientists will have other duties in addition to assisting CSV, so 
these positions are counted at 50% in Tables 2-6.  At the ARCs, hiring of staff scientists has 
begun, and these people will spend approximately one third of their time training in Chile.  
This training will consist primarily of participating in CSV activities, to familiarize the ARC 
scientists with the array and data structure before returning to their duty stations.  Each ARC 
expects to provide 1 person-year per year until the end of 2010, which should result in 
approximately of 3 useful FTEs for Commissioning.  Further support will come through the 
Visitors Program, whereby experts in particular fields can be provided with support to 
participate in testing in Chile for periods of 3 months to 1 year. 
 
The tables shown below begin in 2008, although activities were directed by AIV rather than 
CSV, to demonstrate the build-up of staff toward Commissioning. 
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Source 2008 Q1 2008 Q2 2008 Q3 2008 Q4 
JAO6 4 4 9 9 
Sci IPT Chile 0 1 1 1 
ARC Chile 0 0 0 0 
Total Chile 4 5 10 10 
Optimal Chile 2 4 10 11 
Sci IPT off-
site7 

4 4 4 4 

ARC off-site 1 1 1 1 
Total off-site 5 5 5 5 
 
Source 2009 Q1 2009 Q2 2009 Q3 2009 Q4 
JAO1 12 13 15 18 
Sci IPT Chile 2 2 1 1 
ARC Chile 0 0 1 2 
Total Chile 14 15 17 21 
Optimal Chile 14 18 18 22 
Sci IPT off-site 2 2 2 2 
ARC off-site 0 0 0 0 
Total off-site 2 2 2 2 
 
Source 20010 Q1 2010 Q2 2010 Q3 2010 Q4 
JAO1 21 21 21 21 
Sci IPT Chile 0 0 0 0 
ARC Chile 2 3 3 3 
Total Chile 23 24 24 24 
Optimal Chile 24 24 24 24 
Sci IPT off-site 2 2 0 0 
ARC off-site 0 0 2 2 
Total off-site 2 2 2 2 
 
Source 2011 Q1 2011 Q2 2011 Q3 2011 Q4 
JAO1 21 21 21 21 
Sci IPT Chile 0 0 0 0 
ARC Chile 3 3 3 3 
Total Chile 24 24 24 24 
Optimal Chile 24 24 24 24 
Sci IPT off-site 0 0 0 0 
ARC off-site 4 5 5 5 
Total off-site 4 5 5 5 
                                                 
6  This number includes scientific staff contributions from AIV, DSO and Visitors, as well as those 
hired specifically as Commissioning Scientists. 
7  During 2008 Q1-3 only, this includes staff on rota at the ALMA Test Facility in New Mexico, and 
incorporates time contributions from Chile staff not included in “Chile total.” 
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Source 2012 Q1 2012 Q2 2012 Q3  
JAO1 19 19 19  
Sci IPT Chile 0 0 0  
ARC Chile 0 0 0  
Total Chile 19 19 19  
Optimal Chile 24 24 24  
Sci IPT off-site 0 0 0  
ARC off-site 7 7 7  
Total off-site 7 7 7  
 
Table 2: Summary of Actual and Anticipated Scientists (with Duty Stations) 2008 - 2012.   
 
3.4 Acquisition and Retention of Staff 
 
Obtaining the number of staff outlined above within the time-span indicated has been a 
challenge, as expected.  Positions are currently being advertised in the standard ways (AAS, 
Physics Today, web sites of the Executives) and in addition qualified people are being sent 
the advertisements by email, or contacted by phone.  Further recruiting efforts are being made 
in the form of talks being given at science conferences, astronomy schools, and colloquia at 
other institutions.  There is interest in these positions, but the remote duty station and the 
turno system make commissioning ALMA a somewhat less enticing prospect for many 
qualified scientists.  Thus we are prepared to accommodate the circumstances of interested 
parties insofar as possible.  The modified turno system is one of these adaptations.  In 
addition to the advantages already outlined it allows people to bring their families to a foreign 
country without having to leave them for 2 extended periods per month.  Other scheduling 
arrangements can be expected on a case by case basis, e.g. for people whose families or 
partners cannot accompany them to Chile.  The only constraint on scheduling for scientific 
staff is that sufficient numbers of qualified people are available to get the planned work done 
on time, and that all staff consider themselves to be treated equitably. 

 

3.5 Transition of Construction Staff to Operations Positions 
 
The agreement that has been made between CSV and DSO (for scientists only) is that anyone 
with a fixed term position in the Construction budget who wishes to stay on after the end of 
CSV will apply for any DSO positions using the normal application process.  No promises 
have been made, but we all agree that most of the current AIV/CSV science team would be 
very strong contenders for these positions.  The scientists are all aware of this, and several are 
interested.  The Head of Science Operations will keep us apprised of the schedule for hiring 
in DSO, and the number of positions remaining, and we will pass the information on to the 
scientists in time for them to prepare applications.  The current plan is to hold a meeting with 
the interested scientists toward the end of 2009 to discuss timeframes, and the differences in 
duties between the AIV/CSV positions and the DSO positions, so that potential applicants 
can make an informed decision. 
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4 Transition from AIV to CSV 
 
4.1 New paradigm: Merging of Resources 
 
One significant change since the original Commissioning and Science Verification Plan was 
written is the development and implementation of a plan to combine the scheduling and the 
resources of the Antenna Integration and Verification (AIV) group, and the Commissioning 
and Science Verification (CSV) group.  The motivation behind this is clear.  As of September 
2008, it became evident that we were faced with significant slips in hardware delivery which 
in turn caused delays to all aspects of the ALMA project.  The impact of this on AIV is that 
they are now called upon to provide assistance to other groups in ways that are in keeping 
with their main function, but were not originally outlined in the planning (or have exceeded 
the scope of that original planning).  We are also faced with delays in acceptance of the 
technical buildings at the OSF and AOS, and in the construction of the permanent Santiago 
Central Office building.  This means that people are working under difficult and crowded 
conditions in temporary spaces, potentially resulting in higher than expected staff turnover on 
the engineering side, and inadequate space to add additional staff in the busiest periods.   
 
The schedule slips and office shortages also have significant ramifications for CSV, as we 
consider it our highest priority to deliver a world-class telescope which meets the scientific 
requirements on the schedule which has been made public to the scientific community.  This 
means that the time originally allotted for CSV has now nominally been compressed by more 
than 20%, according to IPS schedules.  The delay means that we have enthusiastic scientific 
staff members coming on board in Santiago only to find out that the official start of CSV is 
slipping later and later into 2009, and that they have no office space of their own in the 
meantime.  In light of these unavoidable circumstances, the clear way forward to make the 
best of the situation has been to combine the activities, scheduling, staffing and resources of 
AIV and CSV.  This provides AIV with the scientific expertise and additional manpower of 
the Commissioning Scientists, and also provides CSV with a means of training staff, 
characterizing antennas and establishing testing procedures in order to be able to condense 
the requisite CSV testing into the time remaining.  It has also enabled us to involve the 
Operations and ARC staff and to start their training at the stage where the system is still 
relatively simple.  Thus, at present, we have one large team of scientists working together 
(referred to as the Commissioning Team or Science Team), and duties required by AIV, CSV 
and Operations preparations are shared by all individuals available to help out.  The practical 
aspects of this merger are outlined below. 
 
4.2 AIV/CSV Management 
 
While AIV continues to be led by AIV Lead, Joe McMullin, and CSV will continue to be led 
by Project Scientist, Richard Hills, the day-to-day scheduling of activities for the combined 
group are undertaken by Joe McMullin and Deputy Project Scientist, Alison Peck.  In case of 
conflicting interests, all parties support AIV needs prior to the official start of the CSV phase, 
and commissioning requirements will then have high priority during the period beginning 
with 3 antennas at the AOS, with the caveat that AIV will still be accepting antennas and best 
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efforts will be made to provide sufficient resources for all activities which lead to the 
completion of the Array on schedule.  In addition, preparations for Early Science by the DSO 
are considered to be an integral part of the Science Team’s focus, and resources are allocated 
for this as needed.  Disagreements about the scheduling or allocation of resources will be 
arbitrated by the Project Manager, but this has not been necessary yet.  Starting with the 
integration of the Team in September 2008, all science support at the OSF from AIV, CSV, 
Ops or the ARCs, is scheduled by the DPS on a monthly basis.  Daily activity assignments at 
the OSF are made by the AIV Lead, PS, DPS or AIV Lead Scientist, depending on who is at 
the OSF during that turno.  Other scientific duties when not at the OSF continue to be 
assigned by the relevant manager, McMullin in the case of AIV Scientists, Hills for 
Commissioning Scientists, and Nyman for Operations staff.  Scheduling of engineering and 
support staff continues to be done by McMullin, and the Array Operators by Nyman.  
Performance evaluations continues to be done by managers, in conference with McMullin 
and Peck where OSF activities are concerned.  Clearly this structure involves a great deal of 
communication and collaboration on the part of the managers and scientists, and this is 
achieved through daily meetings attended by all available managers and team members, 
connected by video conference between the OSF and SCO.  Participation in this daily 
planning meeting is encouraged from computing and engineering staff as well, although it is 
followed by a second comprehensive meeting focused more specifically on engineering 
matters. 
 
4.3 Deliverables from AIV to CSV 
 
Although not formally part of commissioning, the outcome of the Antenna Integration and 
Verification tests is obviously of the utmost importance for subsequent CSV.  The staff hired 
for the purpose of CSV in 2008 and 2009 are fully involved in AIV activities at present, as 
described above, and will continue to participate to the fullest extent possible after the 
commencement of CSV.  In addition to providing science input at the appropriate stages to 
the AIV team, the CSV staff are gaining useful training and familiarity with the hardware and 
software systems in the course of assisting with antenna acceptance.  The responsibility for 
the successful planning and completion of these tests, however, lies with the AIV team.  The 
list below contains links to the procedures for setting up and carrying out these tests, and to 
drafts of the reports where available.  This work is ongoing, and the reports are expected to 
be finalized and approved in time for the move of the first antenna to the AOS. 

4.3.1 Beacon holography 
Procedure: http://wikis.alma.cl/bin/view/AIV/AIVOperationsManual#SurfacE 
Reports:  
http://wikis.alma.cl/bin/view/AIV/PM03Report#4_5_Surface_Verification_Emerson 
 

4.3.2 Optical pointing 
4.3.2.1 OPT All Sky 
Procedure: http://wikis.alma.cl/bin/view/AIV/AIVOperationsManual#AllskY 
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4.3.2.2 OPT Offset Pointing 
Procedure: http://wikis.alma.cl/bin/view/AIV/AIVOperationsManual#OffseT 
 

4.3.2.3 OPT Fast Switching 
Procedure: http://wikis.alma.cl/bin/view/AIV/AIVOperationsManual#FastswitcH 
Reports: 
http://wikis.alma.cl/bin/view/AIV/DV01Report#1_2_Station_1_Verification 
 

4.3.3 System stability tests 
Procedure: in progress 
Reports: 
 

4.3.4 Radio Pointing  
Total Power Procedure: http://wikis.alma.cl/bin/view/AIV/SDTPPointing 
Spectral Line Procedure: http://wikis.alma.cl/bin/view/AIV/SDSLPointing 
Interferometric Continuum Pointing Procedure: 
http://wikis.alma.cl/bin/view/AIV/InterferometricPointing 
Reports: 
http://wikis.alma.cl/bin/view/AIV/PM03Report#6_4_Radio_Pointing_Report_Knee_H 
 

4.3.5 Focus (SD, continuum detector) 
Procedure: http://wikis.alma.cl/bin/view/AIV/SDFocus 
Reports: 
http://wikis.alma.cl/bin/view/AIV/PM03Report#6_5_Focus_Curve_Report_Kneissl_R 
 

4.3.6 Beam Profiles 
Total Power SD Raster Procedure: http://wikis.alma.cl/bin/view/AIV/SDBeamMaps 
OTF Mapping Procedure: http://wikis.alma.cl/bin/view/AIV/SDOTF 
Reports:  
 

4.3.7 Amplitude calibration (continuum detector) 
Procedure: http://wikis.alma.cl/bin/view/AIV/SDAmpCal 
Reports:  
 

4.3.8 Two-station Correlator Mode Testing 
Procedure: http://wikis.alma.cl/bin/view/AIV/InterferometrySetup 
Reports: 



 

CSV Implementation Plan 
Doc #:   ALMA-90.00.00.00-017-A-PLA 
Date:     2009-08-24 
Status:   Draft 
Page:     22 of 37 

 
5 Scheduling Commissioning and Science Verification 
 
5.1 Overview 
 
Commissioning and Science Verification at ALMA is scheduled to take place within a short 
period of time.  The present planning allows for 1 year from the start of Commissioning to 
the Call for Proposals for Early Science and a further 8 months for the evaluation of these 
proposals and the preparations for the start of observing, i.e. 20 months in total.  With this 
very strict constraint, we must pay close attention to how time and resources are allocated.  
We must be flexible enough to work around delays (or early arrival) of equipment to Chile, 
but we must also understand subtle dependencies to determine which deadlines cannot be 
allowed to slip without gross ramifications.  To do this, we will make use of commercial 
products, such as project planning software, but more importantly, we will rely very heavily 
on communication and interaction with all parties responsible for delivery to and testing of 
software or hardware scheduled to be commissioned on site.  We also rely heavily on the 
understanding of all members of the Science Team (commissioning scientists resident in 
Chile, ARC scientists resident abroad, and also to short- and medium-term visitors) that the 
schedule for testing and integration will be determined on a daily or, if possible, weekly 
basis, and that it may not be possible to travel to the site for the express purpose of working 
on a particular aspect of CSV.  Instead, all parties will work together on the tasks that need to 
be accomplished in a given shift, and specialists in particular aspects of hardware or software 
will be able to oversee operations remotely, with the assistance of shift scientists on-site.  In 
addition, we rely very heavily on Project Management for support in making sure that 
schedules are kept insofar as possible, and also to ensure that direct lines of communication 
are kept open amongst all groups.  The successful completion of AIV/CSV depends on all 
IPTs within ALMA working toward a common goal. 
 
5.2 Scheduling During AIV 
 
The scheduling during AIV is obviously the most strongly dependent on outside influences.  
Factors such as unexpected delays in delivery of hardware, or the delivery of equipment 
which does not meet the specifications, can render even the best laid plans meaningless.  
Thus contingency planning is of paramount importance. 
 
For up-to-date plans, see the AIVC schedule at: http://www.alma.cl/aiv/AIVC_21Jul2009/ 
and for status http://spreadsheets.google.com/pub?key=rmqldE7W-gcfRfn0QOBf3iw 
 
This contains the full Gantt chart (detailing the IPT delivery schedule as milestones in 
documentation, preparation, shipping and testing, as well as the AIV schedule and the CSV 
schedule) along with a task report list with the information represented as tables and URL 
links to EDM documents or JIRA tickets as appropriate.  JIRA tickets are used to track and 
archive the work done in both AIV and CSV on each antenna or component.  For AIV, two 
JIRA “projects” were created, a pre-acceptance area (AIVMAN) for activity supporting IPTs 
to acceptance by the project, and the main area (AIV), for formal AIV processing based 
around each antenna system with subtasks describing the granular effort throughout.  For 
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CSV, the JIRA tickets are organized around component science verification (e.g., observing 
modes, band testing) and iterative tests on the accumulating array as sensitivity and 
capabilities increase.  The planning timelines continue to evolve based on actual experience 
with the first several antennas. 
 
 
5.3 Dynamic Scheduling during Commissioning 
 
The scheduling during CSV is also threatened by delays in almost any other part of the 
project, from site issues like getting power to the antennas pads at the AOS, to health, safety 
or environmental issues, such as extended bad weather or the recent concern that there might 
be a need to close the site due to the swine flu outbreak.  Given the nature of the testing 
during CSV, though, we are somewhat sheltered from the impact of hardware delays or 
failures.  Although the earliest days of CSV are reliant on having our only three antennas in 
working order, more antennas will soon be delivered, and later tests of control and data 
reduction software for observing modes and calibration strategies could still be carried out 
using any 3 or more antennas.  Clearly this fallback situation would be avoided if at all 
possible, but nonetheless unexpected failures and the resulting time for engineering work 
should not have the very large impact that it does for AIV, where each individual antenna has 
to be characterized and accepted in a predetermined timeframe.  Having said that, the 
possibility of some unexpected delays is high, and thus a strategy of dynamic scheduling, 
rather than a fixed table of dates for each task, must be adopted. 
 
It is difficult to determine in advance what kind of delays will be possible to work around, 
and which will require significant revisions to the schedule.  The rule of thumb is that: a) any 
delay which can be avoided without degrading the quality of the deliverable will be avoided, 
b) any delay which cannot be avoided will assessed in terms of ramifications for the schedule 
as a whole, c) any unavoidable delay which does not have serious repercussions for other 
testing will be retained as a “delay” and incorporated into the schedule, d) any unavoidable 
delay which will compromise either the attainment of a milestone, or the quality of 
equipment or software to be incorporated into testing will require a workaround, and result in 
a reassessment of the timing and resources available with a view to changing the course of 
the plan.  A few examples of the current implementation of these rules during AIV are as 
follows:   

1. The delivery of nutators to the OSF was found to be an unavoidable delay which does 
have serious repercussions insofar as the accuracy and repeatability of radio pointing on 
continuum sources cannot be assured without chopping.  This potential lack of accuracy 
cannot be allowed to delay pointing testing for antenna acceptance.  Spectral line pointing 
is expected to yield more accurate results, but was not scheduled to be implemented by 
CIPT (Computing IPT) until after the arrival of the first antennas at the OSF, due to other 
prerequisites within the software.  A workaround was required.  In this instance, CSV 
staff worked with CIPT staff to determine that a rough form of spectral line pointing 
would be possible with the current hardware and software configurations, and that science 
postdocs could write this temporary code given a few weeks to work on it, and a few days 
at the ATF to test it.  Two postdocs were assigned to the task.  
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2. The schedule of arrival of complete receivers is slower than that of the antennas.  Waiting 

for the full complement of inserts for each front end could therefore result in a 
considerable delay.  The minimum requirements for antenna acceptance can be met with 
Band 3 and commissioning can continue even if some of the antennas do not have all of 
the higher frequency bands installed.  It has therefore been decided to install receivers 
with a minimum of three cartridges in each – Band 3 plus, to start with, two out of bands 
6, 7, and 9.  Cartridge for Bands 4 and 8 will start to become available quite soon and 
these will then be included in the bands used for testing.  The short-term consequences of 
these delays are therefore not severe but there will be a longer term penalty in that these 
front ends will need to be taken out of service at some point in the future so the missing 
bands can be added.  

 
The table below lists the milestones and associated dates to which the planning is tied.  These 
dates are used in planning software development and deployment, in conjunction with CIPT, 
as well as providing a metric by which we can gauge our progress.  The milestones shown in 
italics are those that are made known to the broader community in advance.  Those marked 
with ** are the milestones for which we will prepare press releases. 
 

 √ 15 March 2009 Astronomical Signals with an ALMA Antenna, Front End, 
Back End and Correlator. ** 

 √ 01 July 2009 Astronomical Fringes with two ALMA Antennas FE’s, and 
Correlator at the OSF. 

 15 November 2009 Astronomical Fringes at the high site. ** 
 01 December 2009 Phase Closure with three antennas at AOS.  ** 
 01 March 2010 Solicitation of Ideas for Science Verification Targets. 
 01 June 2010 Aperture Synthesis Image with Six or more antennas.  ** 
 15 July 2010 Demonstration of Phase Correction with WVR’s.  

 01 October 2010 Continuum Total Power Image using a 12m antenna with a  
nutating subreflector.  

 01 November 2010 Release of first Science Verification data. ** 
 01 December 2010 Call for Proposals for Early Science. 
 01 January 2011 First sub-millimeter wavelength synthesis image. ** 
 01 February 2011 Proposal due date 
 01 March 2011 Astronomical Signal with an ACA 7m Antenna.  
 01 April 2011 Release of First Public Images.  ** 
 01 May 2011 First image at a frequency higher than 850 GHz.  ** 
 01 June 2011 Polarization Images.  
 01 July 2011 Phase closure with 3 ACA 7m antennas.  
 01 August 2011 Start of Early Science 
 01 November 2011 Aperture synthesis image with Six or more 7m antennas.  
 01 February 2012 Maps combining 12-m and ACA antennas.  ** 
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 01 April 2012 Maps combining zero-spacing with 12-m and ACA.  
 01 June 2012 High resolution images using baselines of ~4km.  
 01 August 2012 “Extreme” resolution images with the longest baselines.  **
 01 September 2012 Inauguration ** 
 

5.3.1 Software Delivery 
 
Collaboration between the Science Team and the Computing IPT has been very successful in 
ensuring that the software functionality required for AIV and CSV is available on schedule.  
Discussions began early to ensure software readiness, as the ALMA Test Facility was turned 
over to Science and Computing in 2007 to be operated jointly for the purpose of software 
testing.  Science IPT members and ALMA staff took week-long shifts operating the 2-
element array at the ATF in order to provide continuous testing and review of software 
usability.  In this way, it was possible to work directly with developers to ensure that the 
requirements were fully understood and the capabilities necessary to begin CSV were 
available.  This goal was largely achieved by the time the ATF closed in December 2008, 
although necessary work to improve efficiency and robustness was only just beginning. 
 
This close collaboration has continued, primarily through the ongoing testing by scientists at 
the OSF, with support from the local computing staff, and the oversight of the Control 
Software Coordination Group.  This committee was formed in 2007, and consists of the DPS, 
the AIV Lead, and members of the Computing group.  This group meets biweekly to monitor 
deployment of software, re-evaluate priorities for development as testing and integration 
needs evolve, and to make sure all parties have the necessary resources to continue 
development and testing in an efficient manner.  The longer range planning is done by a 
larger group during two meetings per year.  In January, a face to face meeting is held between 
CIPT managers and developers, and the leads of AIV, CSV, and Operations to discuss and 
confirm the schedule of software releases for the next 18 months.  Participation by System 
Engineering and DTS is also encouraged.  The functionality needed by certain dates is tied to 
the project milestones, not to hardware delivery, in the hopes that the software delivery rate 
will remain constant and never be a source of delay in itself.  This January meeting is 
followed by an incremental design review 6 months later, where progress is evaluated. 
 
An important new element that was introduced into our plans early in 2009 is the “OSF 
Interferometer”.  This entails arranging that we will normally have two fully-equipped and 
tested antennas at the OSF connected to the single-baseline correlator and the  local oscillator 
system currently in use for testing.  The main use of the OSF interferometer will be for 
testing the new versions of the software without disrupting the progress at the AOS.  It will 
also enable us to develop some of the basic antenna tests in interferometric mode, which 
means that the tests are generally more accurate and meaningful.  This will make it much 
easier to investigate any subtle hardware and software problems which come to light. 
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5.3.2 Hardware Delivery 
 
Because the construction and assembly of most of the hardware takes place in locations 
which are geographically removed from the science staff in Chile, this relies more heavily on 
Project Engineering and JAO and Regional Management to oversee and guide schedules.  
Clearly this is an area of risk to CSV, due to our limited ability to control the schedule of 
delivery, but as outlined above, it should be possible to work around unavoidable delays. 
 
 
5.4 Scheduling during Early Science 
 
The period of Early Science will be an extremely hectic time and will require extensive 
cooperation of all groups to be able to carry out scheduled science programs proposed by 
outside users, as well as to continue with the ongoing activities of AIV and CSV.  After 
taking account of the time lost due to bad weather, power outages, equipment failures and the 
time needed for engineering work, at least 33% of the remaining time should be available for 
the ES observations.  The most efficient way to timeshare between ES and CSV will be to use 
8 hours at night with all antennas available for the science projects, and the rest of the time 
for Commissioning, including daytime that might be needed for engineering or software.  
Most of the software testing during this period will be done at the OSF interferometer or in 
simulation, not on the antennas being used for Commissioning at the AOS, so if there is a 
need to install a patch or otherwise update the software, it would not be expected to require 
more than an hour or so of downtime at the AOS.  Observing the science projects from 00:00-
08:00 or so will serve a dual purpose.  Most importantly, it will provide the most stable 
weather for the science tracks.  In addition, it should help to maintain morale in the face of 
long hours and hard work, as that shift may not seem as onerous to the staff involved.   
 
As described above, all tasks will be carried out by members of the whole Science Team, 
regardless of funding source, and running science tracks is expected to be more stimulating 
than routine antenna testing.  Thus the people assigned to the boring but necessary tasks like 
pointing tests or cycling between quasars for phase transfer tests would be able to stop work 
at midnight.  There will need to be flexibility in this plan, obviously some science tracks 
would be at LST’s that we couldn't observe at that time during the whole semester, and also 
some items of testing would require very good stability suggesting they should be undertaken 
in the second half of the night.  Given that the Science Team will be fully trained in the AIV 
and CSV testing, as well as setting up and executing Scheduling Blocks for science 
observations, exchanges of shifts will not be difficult to arrange.  There will almost certainly 
be ongoing investigations into problems with particularly recalcitrant antennas as well, but 
that can be done simultaneously using multiple arrays in the control system, and so planning 
will always include enough staff to cover several concurrent activities.  As the automated 
scheduler is not expected to be fully functional at that time, the selection of projects to be run 
at any given time will be done jointly by DSO and CSV based on the TAC rankings of the 
projects, the weather, and the status of all elements of the array at that time.  
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6 Array Commissioning 
 
The broad plan for the commissioning of the array is still that set out in section 5 of [RD01].  
An important change has however been forced on us by delays in the construction of the 
foundations and the provision of power and communications to them.  In the original plan 
[RD03] the first three antennas would have been placed in the central cluster and then the 
configurations used would work outwards from there.  The central cluster will now not be 
available until 2011, so will carry out single-dish testing on the pad nearest the AOS building 
and the initial three-element interferometer will be established on three pads about 500m to 
the West of the building.  These locations are labeled Phase 0 and Phase 1 in Figure 1. 
 
 

Figure 1  Location of Foundations for Initial Stages of CSV 
 
Temporary arrangements are being put in place for the provision of roads, power and 
communications to these four pads.  The first foundations that will be complete with the final 
infrastructure are those for the compact array – the ACA.  Although most of these will 
eventually be occupied by the 7-meter antennas, the foundations are in fact compatible with 
the 12-meter antennas, so the plan is to move the antennas to that location when they become 
available in early 2010.  This is marked as phase 2 in Figure 1.  More antennas will be added 
to this array as they complete AIV testing.  There is space for 10 of them on the ACA pads.  
Further foundations near the ACA – marked as Phase 3 in Figure 2 – will be added to this 
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array giving somewhat longer baselines and space for up to 16 antennas during the later 
stages of commissioning. 
 
 

Figure 2  Locations for later Commissioning and Early Science 
 
Once the central cluster is available, the core of the 12-meter array will be moved there and 
this will be used with essentially all of the pads in the region marked Phase 4 in Figure 2 to 
provide the configurations for Early Science.  These include baselines up to 1km as required 
by our goals (section 2.3.2).  The ACA foundations will then be available for the installation 
of the 7-meter antennas as they complete their AIV testing. 
 
The list of tasks to be accomplished is essentially that given in section 5 of [RD01] but they 
have been grouped together in a somewhat different way which reflects the current planning. 
 
 
6.1 Initial Imaging Tests 
 
As soon as we have three antennas in an operational state at the high site and have integrated 
them with the new local oscillator system (CLOA1 – Central Local Oscillator Article #1) and 
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the first quadrant of the 64-input correlator, we can start the build-up to make the first 
images.  The steps are: 

6.1.1 “Station” Calibrations  
These will be carried out for each antenna.  All these procedures have already been developed 
and tested at the OSF: 

1. Re-establish the pointing using interferometric measurements of quasars. 

2. Check the Focus model and improve if necessary.  (Note that after a considerable amount 
of discussion we have decided to implement continuous updating of the Y and Z positions 
of the subreflector as the normal mode of operation, although the capacity to make 
adjustments only at chosen times will also be retained.)  

3. Determine the (relative) foundation locations.  This process also produces the “delays” 
associated with each station / antenna relative to the reference station. 

4. Check the Amplitude calibration using known bright sources and sky-dips.  

6.1.2 “Array” Calibrations 
With three antennas we can make measurements on bright point sources of how well the 
phase “closes” between the three baselines.  With four dishes amplitude closure can be tested.  
In ALMA, lack of closure indicates errors in the post-digitization sections of the system.  We 
can also establish the form of the bandpass in amplitude and phase.   

With these steps complete we will be in a position to make the first images of simple sources.  
We can anticipate that, although most of the steps to this point have already been explored, 
these closure tests and first images will bring to light problems which could be at any point 
between the preparation of the scheduling block to the handling of the data in CASA.  While 
these are being investigated it should nevertheless be possible to move on to more 
sophisticated aspects.  
 
 
6.2 Second-Level Testing 
 
All of the following topics will need to be explored before the call for Early Science 
proposals: 

6.2.1 Phase Calibration  
Since a great deal of care has been devoted to it during design and development, we expect 
the basic instrumental phase of ALMA to be good, especially at the longer wavelengths.  
Phase calibration will nevertheless be an very important topic, especially as we move to the 
higher frequencies.  Here is the sequence of phase calibration steps that will be investigated.  

6.2.1.1 Interleaved Phase Calibration Observations 
Here one simply makes observations of a nearby, comparatively-bright point source 
interleaved with the observations of the object being studied and does a standard off-line 
calibration process (which would normally correct amplitude variations as well as phase). 
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6.2.1.2 Fast-switching Phase Calibration 
Although the Interleaved Phase Calibrations should take out almost all instrumental drifts 
which are due to temperature and the like, they will not remove much of the phase 
fluctuations due to the atmosphere.  For that we need to do the observations much more 
quickly, and we call this “Fast Switching”.  The principle is still the same but the sequence 
has to be tightly automated to meet the ALMA requirement, which is to do the move to the 
reference object in 1.5 seconds, make the phase calibration observation in 1.0 seconds and 
move back again in a further 1.5 seconds, i.e. the break in the on-source observations should 
be no more than 4 seconds in total.  We anticipate that a good deal of tuning of the software 
and its interactions with the hardware will be required to achieve this. 

6.2.1.3 Water Vapour Radiometer Phase Correction 
The 183GHz radiometers provide an independent way of correcting the atmospheric phase 
fluctuations – one that should be particularly good for the shorter timescales.  We expect to 
be taking readings from the radiometers and storing these with the astronomical data from the 
start of CSV.  To start with the correction process will be performed off-line, which makes it 
much easier to control the details.  The only limitation that this places on the observations is 
that the data has to be “dumped” from the correlator on rather short timescales.  The fact that 
we will have limited bandwidth between the AOS and the archive (which is at the OSF) may 
mean that this is a significant factor during commissioning.  Unless there are unexpected 
problems, however, we should be able to move on to applying the phase corrections on-line 
relatively quickly, at least for the situation where the fluctuations are not very large. 

6.2.1.4 Phase Transfer between Receiver Bands 
This is the more sophisticated form of fast switching where we change receiver band to make 
the reference observation.  The need for it comes from the fact that suitable calibration 
sources are too far apart on the sky at higher frequencies.  The goal is still to achieve this in 
the same time as given in section 6.2.1.2 and still deal with the additional complications of 
interacting with the receivers, back-end and LO system.  An additional step here is making 
occasional observations of a bright unresolved object that can be seen in both bands to 
measure the phase differences between them. 
 

6.2.2 Polarization 
By default all ALMA observations measure both Stokes I and Q (in Az-El components) and 
for most test purposes we will normally run in modes which form the cross-products, so that 
all four Stokes parameters are measured.  (The only penalty is that this limits the number of 
spectral channels available but during testing there will be few observations where this is a 
real limitation.)  The as-built performance can therefore be tested using un-polarized sources 
and – in a few cases – sources of known polarization.  This can be done by looking at the 
polarization properties of both the UV samples and in simple maps.  The stability of the 
instrumental polarization as a function of time and antenna pointing direction is a key issue in 
determining the polarization calibration strategy. 
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6.2.3 Switching Methods 
ALMA has been designed to provide rather “clean” signals without any switching processes 
being applied to the data.  For deep integrations and for accurate sideband separation, 
however, it will certainly be necessary to use switching and the hardware and most of the 
software for this is already in place.  There are three different mechanisms to be tested: 

1. 180-degree phase-switching of the LO with demodulation immediately after the 
digitizers.  This removes any offsets and slow drifts in the digitizers and suppresses any 
spurious signals arising between the first mixer and the digitizer.  The pattern of the 
switching on the different antennas is in the form of a set Walsh functions which run in 
the inner loop with a 125 micro-second clock rate.   

2. 90-degree phase-switching of the LO with demodulation after correlation.  This is one 
way of providing sideband separation.  It runs in an outer loop relative to the 180-degree 
switching at a 16 millisecond clock period.  

3. LO offsetting.  Here the frequencies of the first LO’s are offset and these offsets are taken 
out in later conversion stages, either in the back-end electronics or in the digital filter 
banks immediately ahead of the correlator.  This provides an alternative method of 
sideband separation.  The choice between 2) or 3) depends on which receiver bands are 
being used and what observations are being made. 

The plan is for these switching modes to be investigated first as a Systems Verification task 
(see section 6.3 below) and then to incorporate them into the Commissioning observations 
where the effects on images, etc., will be assessed. 

6.2.4 ACA Correlator Modes 
The 7-meter antennas will not become available at the high site until 2011, but the correlator 
for the ACA is already installed there.  It uses a different principle to that employed on the 
64-input correlator – FX instead of XF (or in some modes FXF) – but it has been designed to 
be compatible in terms of the form of both the input data and in the output data.  The plan 
therefore is to test at least the basic operational modes of the ACA correlator using data from 
the Commissioning Array so that any problems and incompatibilities can be identified and 
fixed before it is needed for operation with the 7-meter antennas.  The ACA will not be 
offered at the start of Early Science but is expected to come on line during the Early Science 
period. 
 

6.2.5  “Zero-spacing” Observations 
Four of the antennas will be used in single-dish mode for a large fraction of the time to 
provide the “zero-spacing” information on extended sources that are being imaged by the two 
synthesis arrays.  Nutating subreflectors are being developed for these to reduce the effects of 
fluctuations in the atmospheric and the receivers.  Developing and testing all the operational 
techniques required for this is a substantial sub-task of the Commissioning program, since it 
covers much of the ground needed for a complete single-telescope observatory.  The accurate 
synchronization of the operation of the nutator with the data taking and the movements of the 
antennas is bound to be quite tricky.  The modes that need to be commissioned include: 
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1. Position-switched observations for both the spectral-line and continuum cases. 

2. On-the-fly mapping, again in both spectral-line and continuum cases.  At present 
only rectangular raster maps are planned, but more sophisticated methods like 
Lissajous patterns are known to have advantages. 

3. Both 1 and 2 can be done without the nutator, but for continuum observations at least 
the sensitivity will be quite poor because the stability of the SIS receivers is relatively 
poor and atmospheric emission fluctuations will be large.  Observing modes that 
combine on-the-fly mapping with nutation (better called beam-switching) will 
therefore be the main ones used in practice for zero-spacing continuum observations.  

4. For narrow spectral-lines, frequency-switching can be an effective way of removing 
instrumental effects and broad-band atmospheric emission so this mode is also 
included in the plans.  Note however that the emission from ozone lines in the 
atmosphere makes this less attractive at high frequencies so this mode has lower 
priority than the others. 

A good deal of work on single-dish modes has already been carried out, so the main new 
work will be in the use of the correlator. 

6.2.6 Beam Maps 
In order to make accurate synthesis maps of objects which are extended relative to the 
primary beam we need good knowledge of the (complex) beam patterns of the antennas.  This 
will be obtained from interferometric observations of bright unresolved sources where the 
pointing of some of the antennas is stepped through a grid of offset positions while the other 
antennas stay pointed at the source.  The key questions include how well the patterns match 
those predicted by theory, how stable the patterns are as a function of elevation, temperature, 
solar radiation, etc., especially at high frequencies, and how similar are the patterns of the 
different antenna designs and of the individual antennas of the same design. 

6.2.7 Mosaic Images 
The data-taking process for making mosaic images of extended sources is quite similar to that 
required for the interferometric beam maps above, but there are important differences – the 
assumed phase center will move with each pointing, for example, and phase and amplitude 
calibration on a reference source will be needed. 

6.2.8 Calibrator Survey 
Present catalogues at the ALMA frequencies contain nothing like enough point sources to act 
as phase calibrators for fast-switching observations at arbitrary places in the sky.  Estimates 
of source counts do however predict that sufficient such sources actually exist.  An efficient 
process therefore needs to be developed to find suitable calibrators by checking the positions 
of sources near the objects to be mapped by ALMA selected from low-frequency catalogues 
(and perhaps from those to come from e.g. the Planck surveys).  The problem of finding 
suitable calibrators will be particularly acute during the early phases because the 
commissioning and early science arrays will have far less sensitivity than the final system.  
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Achieving ALMA’s goal of providing high relative accuracy in flux requires that, in addition 
to finding phase calibrators close to the objects of interest, we also establish at least a sparse 
network of amplitude calibrators around the whole sky observable from Chajnantor.  These 
need to include objects that can be used for calibration right up to the highest frequencies, 
which probably means that they need to include thermal as well as synchrotron sources.  
Most of the latter objects are likely to be variable so keeping such a list up to date is a 
considerable task.  This work will be a significant undertaking that will continue throughout 
the Operations phase, but it is clearly an area where we will have to lay firm foundations 
before the start of Early Science.   

6.2.9 Flux Scale 
To place the observations on an absolute scale of flux requires that at least a few of the 
sources have known fluxes and spectral indices at the frequencies of interest.  We do not 
presently plan to carry out the work of measuring these absolute fluxes ourselves but we will 
instead rely on the efforts of others.  A great deal of work on flux scales has of course already 
been done, some of it recently by space projects such as WMAP.  We are making sure that 
we become connected to the relevant groups in the Planck and Herschel project, which will 
extend this to higher frequencies and we are already in contact with the relevant working 
groups in those projects.  

6.2.10 Solar Observations 
The fact that the ALMA dishes can be pointed at the Sun without damage to the antennas or 
the equipment has already been established.  We do not however have satisfactory solar 
attenuators in place yet so no further tests of solar observing have been made.  When these 
are available then we need to test the scheme for calibrating such observations which 
involves observing conventional bright sources with and without the attenuators on subsets of 
the antennas.  The fact that the solar astronomers are interested in rapid time variations adds a 
further new dimension to this mode. 
 
 
6.3 System Verification Tasks 
 
Running largely in parallel to the Commissioning Tasks described above is the “System 
Verification” activity.  This is effectively the final stage of the AIV process, in that it is 
where the tests are carried out that are necessary to establish that each of the detailed Systems 
Specifications are met.  The present plan for system verification includes a total of 33 tasks 
which are designed to verify a total of 76 individual requirements.  The point here is that 
although some of the tests can be carried out on sub-sets of the final system, many of them 
require the full system to be operational before they can be done and that will only happen 
when we are in the Commissioning phase.  Many of them actually require observations of 
astronomical sources and are therefore tied directly to the implementation of the techniques 
described above.  Some additional ones that have not already been mentioned include: 

1. Antenna surface errors as a function of elevation.  This a very important item to confirm 
the antenna designs.  We will use interferometric holography on bright astronomical 
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sources.  The data taking method is essentially the same as for interferometric beam maps 
but larger maps are needed to map the dish surface with adequate resolution. 

2. Cloud-Sat radar avoidance.  This by contrast is a check of a relatively simple requirement.  
The hatches on the receiver cabins are required to close at elevations greater than about 
89 degrees to ensure that this down-ward pointing radar does not destroy our receivers.  

3. There are a range of issues related to the efficiency of observations such as time to start 
up and shut-down and recover from a power outage.  This and the related question of 
software overheads is a topic that is now being pushed up to higher level of priority in the 
Project than it has had in the past.  

It is clear that there is a large overlap between the Systems Verification tasks and the more 
general Commissioning activities.  A small separate team has been assigned to perform SV 
but this is being closely coordinated with the CSV efforts to minimize any duplication and to 
share the information that is produced.  
 
6.4 More Advanced Techniques 
 
Once the essential requirements for the start of Early Science have been met, the focus of the 
Commissioning activities will move on to more advanced topics that are required to provide 
the performance required by the Inauguration data.  Here are some examples of the topics that 
will be undertaken:  

6.4.1 Images with High Dynamic Range and/or Fidelity 
As the number of antennas grows and we are able to start using the proper configurations of 
antenna stations, which are highly optimized to give very good synthesized beam patterns, we 
can start testing whether the imaging goals are being achieved.  This requires, in addition to 
just the correct configurations, that the phase and amplitude stability and calibration meet the 
requirements, that the antenna parameters such as pointing and path length are good and that 
the closure errors are small.  

6.4.2 Astrometric Measurements 
A second important challenge is to realize ALMA’s potential to make extremely accurate 
position measurements.  This again requires excellent phase stability but also the use of 
multiple calibrators, accurate baseline determinations and a detailed understanding of all the 
atmospheric effects. 

6.4.3 High-Precision Polarization Measurements 
Although ALMA will be able to make basic polarization observations from an early stage, 
reaching the specified accuracy in Stokes’ Q, U and V of 0.1% of I will be very challenging, 
even for sources that are much smaller than the primary beam.  Even more difficult will be 
reaching such levels for extended sources and in mosaiced images.  It is likely that additional 
calibration devices that are not presently planned will be needed for this.  One such that we 
are already working on is a reference source of known but variable polarization to be placed 
near the peak of Cerro Chajnantor.  Another tool that will be explored is the use of quarter- 
and perhaps half-waveplates in front of the receivers. 
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This list of further topics is of course nothing like complete. 
 
6.5 Time Estimates 
 
As was implied in earlier sections, we do not believe it is possible to make accurate 
predictions of how long all these activities will actually take.  In [RD01] the exercise was 
carried out of adding up the amounts of time that would plausibly be needed for each of the 
tasks and applying suitable factors for how much longer things might really take when one 
allows for unexpected problems, the need to repeat tests after changes have been made, etc.  
This produced an estimate of just over the 20 months allocated for the tasks to be done 
between the start of CSV and the start of ES.  We can offer nothing that is more secure at this 
point.   
 
What can be said is that quite a lot of things that were expected to have been completed 
before the start of CSV will not have been done, e.g. the commissioning of the nutators, work 
on path length stability of the antennas, and work to bring the sub-systems that were 
delivered as engineering models to their final state.  This certainly adds to the pressure on an 
already-crowded schedule.  
 
 
 
7 Additional Testing Needed for Early Science and 
Operations 
 
There will be some tools, functionality and procedures needed for Early Science and Full 
Operations which are not required for successful commissioning of the instrument.  This is 
easily included in our planning, as the DSO is working very closely with the CSV staff in 
other aspects of testing as well.  The DSO is actively engaged in providing details about 
needs and requirements to CIPT on a variety of tools such as the automated scheduler, the 
science archive interface, and the data reduction pipeline.  As early versions of these 
programs are released, testing and evaluation is done by the Science Team. 
 
Some of these tools are incorporated in the standard ALMA software package, and thus are 
included in the integrated test of each release which takes place at the OSF.  The 
configuration database GUI (graphical user interface) and the Observing Tool fall into this 
category.  Other products are self-contained, or are designed to run over the Web, such as the 
proposal submission tool.  These packages will be reviewed through dedicated user tests, 
organized by DSO and carried out by members of the Science Team.  Procedures such as 
measuring and verifying the baselines and antenna pointing models will need to be automated 
in order to run on a schedule to be decided by the DSO and DTS, and so these Scheduling 
Blocks are being prepared as the procedures are optimized by the team, and will be delivered 
to DSO at the Inauguration. 
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8 Transition to Science Operations 
 
The transition from CSV to Science Operations will be gradual, as is the case for the 
transition from AIV to CSV, with members of all groups continuing to participate in all tasks.  
Toward the end of the Commissioning period, the control room at the OSF will be in use 
simultaneously for the integration and testing of new antennas as they are delivered by the 
vendors, for the Commissioning tasks going on at the AOS, such as optimizing strategies for 
phase and frequency referencing, and for executing observations for science users.  Thus, 
there will be no single point at which one activity stops and the next starts.  Rather, the shift 
will be in management, with the DSO gaining increasing responsibility for planning and 
overseeing all activities.  The roles and responsibilities for the various groups during Early 
Science will be as follows: 
 

• Call for Early Science Proposals -  An accurate assessment of the capabilities will be 
provided by CSV.  A draft of the call for proposals will be written by DSO, using the 
format and software they expect to continue with.  The text will then be approved by 
the PS, to ensure that all parties are in agreement. 

• Proposal Review for Science Case -  This will be undertaken by ARC and DSO staff  
in the same manner that it will be handled during full operations 

• Proposal Review for Technical Assessment - This will be undertaken by ARC and 
DSO staff working with the Commissioning Scientists to ensure that the assessment 
reflects the current and up to date state of the telescope. 

• Verifying Scheduling Blocks - This will be undertaken by ARC and DSO staff , but 
with extensive assistance from JAO Commissioning and AIV staff, particularly for 
complicated observations. 

• Scheduling of resources, staff, and antenna testing – This will remain the 
responsibility of CSV. 

• Observing – This will be the same as now, the entire Science Team will participate. 
• Data Reduction – This will need to be managed by the JAO Science Team initially, as 

they will be the only ones with sufficient experience. ARC staff are expected to join 
as they gain experience. 

• Quality Assurance – During Early Science, this will be done manually, all groups 
participating as part of data reduction, and to include also System Verification and 
System Engineering staff to follow any problems found.  Development of the 
automated system of quality assurance and the data reduction pipeline are the 
responsibility of DSO, with testers provided from the Science Team. 

• Data Packaging and distribution to ARCs - DSO 
• User Support - ARCs, with help from DSO and CSV as needed 
• Operations Manual - DSO responsibility, working from Computing documentation 
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8.1 Deliverables to Operations from CSV 
 
CSV has a commitment to deliver a working telescope as defined in the Early Science and 
Inauguration description, comprised of the following elements: 
 

• Developed observing modes – this means Scheduling Blocks that work, and 
preliminary cookbook from Computing 

• Data must be reducible in CASA – this also requires a preliminary cookbook from 
Computing 

• Calibration – a plan must be in place which supports all observing modes, plus 
hardware/software necessary to do calibration of datasets 

• Amplitude calibration – as noted in section 6.2.8 we need to identify a network of 
point-like sources which are monitored, and can be compared to thermal sources (e.g. 
Jovian satellites).  A complete list of gain calibration sources will be more difficult to 
obtain as a denser grid is required, and so a larger survey may be required during and 
after Early Science  

• A toolkit of working SBs prepared for routine Observatory tasks: focus, pointing, 
baseline tracks, beam maps, etc. 

• Archive Query Tool - must be ready before Early Science 
 
Clearly documentation will form a very important part of the hand-over.  Given the planned 
continuity of staff that has been heavily emphasized in this document, extensive formal 
training should not be required but some organized briefings would certainly be appropriate.  
The last of these will be followed by a big party. 
 
 


