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This document describes how to reduce NOEMA observations and gives some ideas
to perform first analysis and imaging. Sect. [1] explains how to get started, from planning
your trip to Grenoble to having a project account. The standard procedure to calibrate
NOEMA data with the CLIC software package is described in Sect.[2] A few instructions
to start the data analysis with the MAPPING software package are given in Sect. A
theoretical description of the calibration as well as a description of the extended pipeline
(or AoD) First Look report are annexed in Apps. |A| and |B| respectively.
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1. IRAM

Related information is available in:

IRAM NOEMA: Introduction

IRAM NOEMA: OBS Users Guide

IRAM NOEMA: Atmospheric Calibration

CLIC: Continuum and Line Interferometric Calibration

MAPPING: Imaging and Deconvolution of Aperture Synthesis Data
MIS: Millimeter Interferometry Simulation Tools

GREG: Graphical Possibilities

SIC: Command Line Interpretor
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1 Getting started

1.1 Preparing your travel

The day by day execution of Plateau de Bure projects can be followed at
http://www.iram.fr/IRAMFR/PDB/project.html. The status of the observations of
each project can be checked at http://www.iram.fr/IRAMFR/PDB/ ongoing.html. The
scientific secretary informs the project principal investigator on the completion of his/her
program and on the steps to follow to organize the travel to IRAM Grenoble, where the
data reduction is normally carried out. By following these instructions, you should get in
contact with your local contacﬂ or with your collaborator at IRAM (who is the project
local contact) to find some convenient dates for both of you. Remote data reduction is
possible in exceptional cases, after agreement with the local contact and thereby with
the scientific coordinator.

For most projects a week at Grenoble is enough to finish the data calibration and
perform first analysis. An experimented astronomer may need less time. We rec-
ommend to spend one day on data analysis after calibration, so that we can help if
there are difficulties and return back to data calibration if needed. You are invited
to consult with your local contact before deciding on the duration of your stay. To
avoid overbooking the computer facilities, no more than two groups are accepted si-
multaneously. You should consult the visitor list before discussing dates with the local
contact. You will tell the scientific secretary on the agreed dates as soon as possi-
ble, so that she can book a computer, and may help in hotel booking and in other
questions related to your visit. Visits must be announced at least two weeks in ad-
vance. You can consult the conditions for financial support for visiting astronomers
at http://www.iram.fr/IRAMFR/PDB/bure mission.html. Finally, note that IRAM is
closed from Friday 6pm to Monday 8am.

1.2 Working on the IRAM computers

As soon as you arrive at IRAM Grenoble, an account is created for your project. Project
accounts are in general allocated for a period of two weeks and are automatically removed
at the end of that period (with no archiving or warning). You should get in contact with
your local contact in case you need more time.

At your arrival a computer at the IRAM terminal room is booked for the reduction
of your project. Your local contact will provide some information on the computer
directories, download the raw data and have a first look with you at the calibration
procedure.

1A local contact is assigned to each A and B-rated project which does not have in-house collaborator.
He/She assists you in the preparation of observing procedures and in the data reduction.
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Project accounts contain a README file, the reports, calib and maps directories
and the tmp —> /scratch/xxxx/ link. In README you will find a description of
the account directories and some other helpful information. The reports directory
contains the calibration results obtained by the pipelz'n(ﬂ sometimes also those from an
improved calibration by the astronomer on duty (AoD ﬂ and AoD’s notes to help with
the calibration (Sect. . The data calibration is, by default, performed in the calib
directory, further data analysis in maps.

In order to download the project raw data, the command getproj must be executed
in the shell prompt. The data are stored in the scratch directory linked by tmp, and are
visible from all CLIC sessions launched on the computer where getproj was executed.

By default the GILDAS daily version is used. You can execute ”gagiram mmmyy”
(mmm = month, yy = year) to switch to a previous GILDAS release.

At the end of the calibration you may want to save a copy of the project account.
Reduced data can either be transferred via scp to your home institute or archived on
DVDs. From the account home the command “buildDVD .” allows you to burn in a
DVD all the things there contained. Note that the IPB data files are in the scratch of
the assigned computer and so by keeping the default distribution they are not saved in
the DVD. Finally, it is strongly recommended to check the integrity of the recorded data
before the account expires.

2Pipeline normally refers to the automatic calibration taking place at Bure, which is afterwards
verified, sometimes also improved, by the astronomer on duty.
3 Astronomer on Duty taking care of the NOEMA observations and of the first data calibration
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2 Data Calibration with CLIC

CLIC is the software to calibrate NOEMA data. The calibration of most projects is
carried out with a few interactive procedures and widgets provided within CLIC, so most
astronomers do not need to know much about CLIC commands. We recommend however
to have a look in the cLIC manuaﬁ at the following commands: help, file, find, list,
plot, set x and set y. During the calibration you will become familiar with others, e.g.
solve. In general we recommend to read the CLIC manual to have a deeper understanding
of the calibration possibilities.

In some of the following sections, paragraphs written with italic fonts are aimed to
solve problems that may appear in the calibration. You can skip these paragraphs in a
first reading.

2.1 NOEMA pipeline and AoD notes

In the project account, the reports directory contains the first calibration results pro-
duced or revised by the AoD (Sect. . The gzipped postscript and ascii files report
on the calibration. Particularly those whose names include -pipe result from the auto-
matic data reduction or pipeline (Sect. . You will get familiar with the calibration
reports in Sects. and The AoD performing the observations evaluates the
data quality and calibration, and may write notes in the ascii file of extension note. It
is recommended to read the notes relative to each track before starting its calibration.
The files of extension hpb, so-called header files, store the parameters derived from the
calibration.

Having a look at the automatic reports before starting the calibration may be useful,
mainly for an experimented astronomer. They can be used, for instance, to decide on
the first track to calibrate, likely the one with the best flux calibration. In addition, note
that the AoD at Bure performs a comprehensive analysis of the observations, and his/her
notes (in the note file) may be useful to identify problems, which perhaps are visible in
some of the plots of the First Look report (see Sect. and App. . Recommendations
concerning the calibration might also be added to the AoD notes.

Nowadays the pipeline is distributed with every release of GILDAS, although it
can only be used with data obtained later than January 2007. You just need to type
“@pipeline ‘project_name’ ‘date’ ” and the pipeline will be launched, producing
outputs very similar to those obtained at the observatory. It has become usual among
NOEMA users to start the data calibration by launching the pipeline. If this first cali-
bration is not satisfactory, the analysis of the pipeline report, with the help of the AoD
notes and the local contact, allow improving easily the data calibration. Anyway, we
recommend to have a critical look at the pipeline output protocols before making use
of the hpb files. Particularly, it is known that the Data Quality Assessment procedure

4available on-line at http://www.iram.fr/ IRAMFR/GILDAS/
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launched at the end of the calibration often flags out more data than actually needed. If
you plan to recalibrate all or parts of the calibration from the pipeline-produced hpb
file, we recommend first to remove all the Data Quality Assessment flags by using the

following commands:
file both ‘file_name.hpb’

find
store flag redu /ant all /reset
store flag redu /base all /reset

At the end of the new calibration you can use the Data Quality Assessment pro-
cedure (Sect. [2.7)) to flag the undesirable data according to the needs of your project.

2.2 How the data look like

Let us assume that we are already looking at the data, in cL1C. After typing in CLIC
find and later 1list we will see, e.g.:

60 7684 QA12 3C454.3 P CORR CO10 6Cq-N17 12-NOV-2007 21:58 2.9
61 7685 QA12 3C454.3 P CORR CO10 6Cq-N17 12-NOV-2007 21:59 2.9
62 7686 QA12 3C454.3 P CORR CO010 6Cq-N17 12-NOV-2007 22:00 2.9

where each line corresponds to an observation subscaﬂﬂ. Each subscan contains the
following information:

- First column: Observation number

- Second column: Scan number

- Third column: Project name

- Fourth column: Source name

- Fifth column: Type of source (0O=object, P=phase calibrator)
- Sixth column: Type of scan procedure

- Seventh column: Line name

- Eighth column: Array configuration, i.e. antenna positions
- Nineth column: Date

- Tenth column: UT time

- Eleventh column: Hour angle

The usual observational procedures (column sixth) and characteristics are:

CORR: cross-correlation; 1 subscan (ss) is obtained per scan
GAIN: cross-correlation to measure the sideband rejection; 1 ss
FOCU: focus measurements in all the antennas; 5 ss

POIN: interferometric pointing in all the antennas; 2 ss

5A subscan (which is a scan partition) is the shortest acquisition for which spectral information is
stored. Frequency-averaged acquisitions are stored for each second, and are known as records
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FLUX: cross-correlation to measure the flux; 1 ss

IFPB: IF passband calibration, by observing a noise diode; 2 ss

AUTO: autocorrelation; 1 ss

CALI: atmospheric calibration, autocorr. on SKY, HOT [COLD] load; 2 [3] ss
SKYD: sequence of autocorrelations to calibrate the 22 GHz receivers; 12 ss

By using the mentioned procedures, a typical sequence of observations is:

Receiver tuning followed by a sideband gain measurement

Radio frequency passband calibration on a bright source
Acquisitions on at least a flux calibrator, MWC 349 if possible
Check the pointing and focus on the predefined phase calibrator(s)
Possibly a flux measurement on this calibrator(s)
Cross-correlations on the phase calibrator(s)

Cross-correlations on source

About 3 minutes are spent on each phase calibrator, some more time if pointing and
focus are performed, every ~ 23 minutes on source. Pointing and focus are normally
repeated every two transitions of ~ 23 minutes on source. IFPB, AUTO and CALI scans
are obtained before correlations to calibrate the observations in real time (see Sect. .

2.3 Getting started with CLIC

Just type CLIC in the shell prompt, and click on the cLIC widget shown in Figure [l to
have the menu.

SIC  Window GREG CLIC | Help I

Open raw data file

First look

Standard calibration

Data quality assessment

Write & W Table

Self-cal on point source

Figure 1: CLIC menu

In the following sections we describe the steps to follow in order to calibrate a standard

project, following the options listed from top to bottom in the CLIC menu.
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2.4 Open raw data file

The data obtained at Plateau de Bure are stored in files of extension IPB. The parameters
derived from the calibration are stored in files of extension hpb (or header files). A naked
version of these files can be created with the option Open raw data file (Figure[2) in
the cLiC menu (Figure [1)).

First of all, the location of the raw data (IPB files) must be defined, either by clicking
in RAW DATA DIRECTORIES (see Figure [2|) or within the .gag.dico gildas file. In the
IRAM project accounts (see Sect. the location of the raw data is already predefined.
A raw data file must be selected among the Project Date choices. OPEN and FIND
opens this file and proposes a standard name for the output file. CREATE HEADER FILE
creates a hpb file ready to calibrate the data in antenna-based mode. By default Mode
(in the widget) is NEW, and so a new hpb file is created each time. By selecting OLD,
visibilities can be added to an existing hpb file, which is very convenient if observations
were contiguous in time.

Open a raw data file

0 | aeoRT | HELP |

RAW DATA ]JIREETDRIESI OPEN and FINDI CREATE HERLER FILEI

Project: * Date: * 20 files

Project_Date ? ‘ SOD7_1EJANZG03 Choices |

Header file names I"

Hade 7 ‘NEM Olimiizss |

Figure 2: Open raw data file, in the CLIC menu.

In this and the following widgets there are at the top the options GO and ABORT. GO
is aimed to run all the options proposed as clickable buttons, from left to right, with no
stop. In general, its use is only recommended for the First Look (see Sect. . ABORT
closes the widget and returns to the parent widget.

As mentioned in Sect. the hpb files resulting from the NOEMA pipeline calibra-
tion are given in the directory reports. We recommend not to use them to create the
final uv-tables since, for the time being, they were not created with this purpose and so
may include severe flags or artifacts due to a further AoD analysis.

2.5 First Look

To have a look at the conditions in which the observations were obtained click on the
First Look in the CLIC menu (Figure [I). An extended version of the First Look is
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used by the AoD and by the pipeline procedure (see App. .

An hpb file name is needed to start with the First Look widget (see Figure|3). The
scan range can also be specified. By default all the scans are taken into account (i.e.
from 0 to 10000). The receiver with which the source(s) was observed is determined by
clicking on Select.

Select is also necessary to assess the presence of data, and to define variables needed
in the following calibration steps. The options from Meteo to Water can be clicked with
no defined order. Each of them creates one or two plots and then pauses waiting for a
“continue”, in the CLIC prompt, in order to save the displayed plots in postscript files.
Print combines all these postscript files in a file called show-’date’-’projectname’.ps,
including also a description of the observational setup and a detailed scan list.

This package is actually not interactive since it does not admit an input other than
“continue”. With GO we can therefore obtain the same result as by clicking through the
buttons, from Select to Print. It is recommended to check the First Look report to
identify instrumental features, errors, verify weather conditions, etc. This information
becomes particularly relevant to take adequate decisions in case of calibration difficulties.

Note that all the plots created with the First Look are presented for physical an-
tennafﬂ while the calibration procedures refer to logical antennaﬂ Sometimes the AoD
refers in his/her notes to physical antennas, but note that all the cLIC commands refer
to the logical ones. In the section 1.2 of the calibration report (see Sect. and ,
efficiencies are presented for logical antennas, the equivalent physical numbers are shown
into parenthesis.

Select, in addition to selecting the used receiver(s), adopts default settings for data
presentation, reports on the amount of correlations obtained, defines scan ranges between
tunings by looking at the gain scans, reports on the used baselines and antennas, on
the array configuration, on the used calibrators and their fluxes, and the tuned band.
Select also introduces in the widget the option to select telescope configuration if that
changed during the observations. Information is given in the line of commands, which is
specially relevant for calibration (as shown in Figure {4)).

Meteo provides information on the atmospheric conditions at the time of the obser-
vations: Ambient temperature (in K), relative humidity (%), pressure (mbar) and the
mean and maximum wind speed (m/s).

5Each NOEMA antenna has a reference number that identifies it, from 1 to 6 corresponding to the
order in which they were built. When we refer to the antennas by using this reference number, we call
them physical antennas.

TCLIC uses a numbering for the antennas proper to each observation, going from 1 to the number of
used antennas. We refer to logical antennas when we use their reference number in CLIC. Note that
the logical antennas differ from the physical ones if the array has less than 6 antennas and the missing
antennas are not the last ones.
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Display package for NGR

o | aBoRT | HELP |

SELECT | METED| ELEv-AZI| POIN-FOC| TRACKING| TOT.POu,| TSvS| WATER| PRINT|

File name |rnot yet defined FilE|

First and last scan |0 1000c

RECEIVER BAMDS =1 2 2 4

Figure 3: First Look, in the CLIC menu

Elev-Azi plots the elevation and azimuth of each scan, so that we can see the relative
position of a source with respect to the calibrators.

Poin-Foc presents the pointing corrections (in arc seconds) in azimuth and elevation, and
the focus corrections (in mm) per antenna. Note that pointing and focus measurements
are performed typically every ~ 50 min (i.e. every two transitions on source)

Tracking shows the rms of the tracking variations (in arc seconds) in azimuth and
elevation.

Tot. Pow. displays the total power (in K) obtained per correlator mpuﬂ

Tsys plots the system temperature (in K) along the track, for the tuned and the rejected
band. Note that after January 2007 all receivers installed at Plateau de Bure are operated
in single side-band mode. A plot is created per correlator input®.

Water shows the values derived for the water vapor pressure (in mm) by modeling the
atmospheric behavior from the data obtained with the astronomical receivers. The water
vapor pressure (WVR Hy0) obtained from the 22GHz receivers is also shown. Note that the

8There are two correlators at the observatory: 1) The Narrow-band correlator accepts two 1 GHz input
signals, from the 4 GHz band obtained per polarization. Narrow inputs refer to the two 1GHz-bandwidth
signals entering into the narrow-band correlator, which correspond to quarters of the receiver bands. The
astronomer decides on the configuration of the eight spectral units of the narrow-band correlator within
the two selected Narrow inputs. 2) The Widex correlator is composed of four units, each one accepting
2 GHz bandwidth. Units 1 and 3 and units 2 and 4 are placed consecutively to cover a bandwidth of
3.8 GHz respectively in the IF of H and V polarization receivers. Widex inputs correspond hence to the
four Widex units)
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ogdr@iralx0:~/school2010/isa8/calib

Fle Edit View Terminal Tabs Help

GAIN Scans: [«
35 3307 WIDE 3C454.3 P GAIN CH3CCH 6Dg 20-JUN-2010 B4:48 -3.8 |
36 3308 WIDE 3C454.3 P GAIN CH3CCH 6Dg 20-JUN-2010 84:51 -3.7
37 3309 WIDE 3C454.3 P GAIN CH3CCH &Dq 20-JUN-2010 84:53 -3.7

Scan Range first scan last_scan
1 3309 3769

Selecting receivers...
Observations carried out with receiver band 2

A1 baselines selected:
Logical | Physical | Length (m)

12 ] 12 | 23.9%
13 ] 13 | 87.99%8
23] 23 | 64002
14 ] 14 | o448
24 ] 24 | 86734
34 34 | o97.018
15 ] 15 | 73.324
25 ] 25 | 59.79
35 ] 35 | 66.382
45 ] 45 | 32.008
16| 16 | 6812
26 ] 26 | 39.040
36 | 36 | 32111
46 | 46 | 72000
56 | 56 | 39.993

Atmospheric phase correction is applied according to

the PHCOR evaluation

After SELECT you can disable it with: let do_atm no

Phases are Degrees Continuous 18

The minimum quality required for data selection is

AVERAGE. After SELECT you can change it with:

let min_qual "quality flag"

If no phase calibrator is found to be polarized, average
polarization mode is not selected for amplitude calibration

You can change it with: let do_avpol yes

You can decide on the way to calibrate the phases and amplitudes
of the FLUX and RF calibrators by introducing their names in the
variable PHCAL, after SELECT (e.g. with 'let phcal "*"')

This is important if the phases of the data obtained with H and V
receivers are different (see last plots of the "FirstLook" report)

Building the flux list...

I-LISTE,[3311] Source # 1 3C454.3 6 Observations
I-LISTE, [3311] Source # 2 MrC349 6 Observations
I-LISTE,[3311] Source # 3 1637+574 47 Observations
Source 1 3C454.3 Fluxes 0.00 31.71 0.80 0.00 Jy
Source 2 MWC349 Fluxes ©0.00 1.61 ©0.00 ©0.00 Jy
Source 3 1637+574 Fluxes 0.00 6.72 0.80 0.80 Jy
I-LISTE, [3769] Source # 1 3C454.3 6 Observations
I-LISTE, [3769] Source # 2 MrC349 & Observations
I-LISTE,[3769] Source # 3 1637+574 47 Observations

Recommended bandpass calibrator 3C454.3 in scan range 1
Selected bandpass calibrator 3C454.3 in scan range 1

Selecting calibrators for phase and amplitude calibration...

I-LISTE, [3763] Source # 1 16374574 39 Observations
The calibrator recommended for phase and amplitude calibration is
16374574 —

LSB tuning for receiver 2

(o

Figure 4: Information given in the line of commands after Select, in the First Look
and the Standard Calibration sections.
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|'-- Standard calibration package for NGF = O/ X |

G0 ARORT | HELP |

SELECT| AUTOFLAG| PHCOR| RF| PHAsE| FLUx| erPL.| PRINT|

Use previous settings 7 Yes

File name |1d7/16-jan-2009-s0d7 , hpki Fi1~3|

First and last scan |0 1000

RECEIYER BAMND = 2

Figure 5: Standard Calibration, in the CLIC menu

22GHz receivers are only sensitive to water vapor, while the astronomical ones permit to
obtain a rough estimate of the water in the atmosphere, including liquid water. A plot
is created per correlator input®.

Print combines all the plots in a file of name show-‘date’-‘projectname’.ps.

AoD or pipeline First Look: The astronomer on duty carrying out the observations
performs a deeper analysis of the data. The file created by the AoD First Look includes
more technical plots, related to receiver calibration, bandpass stability, correlator tweaks,
22 GHz receivers, cables transporting the synthesizer signals, etc (briefly described in
App. . The AoD may include remarks in the project note file (see Sect. if the
inspection of these plots reveals problems to be considered in the calibration.

2.6 Standard Calibration

This tool is designed to calibrate a standard NOEMA project. The name of the hpb
(header) file must be specified in the Standard Calibration widget (Fig. [5) to start. A
limited scan range can be selected to perform a complete or partial calibration. By default
all the scans are considered. The receiver band used in the observations is determined
by clicking on Select.

The calibration must be done by clicking on the proposed steps from left to right.
Select is so needed at first, and also before repeating any part of the calibration. The
last option Print combines all the postscript files created of each calibration step in a
single file called ‘date’-‘projectname’.ps. This package is an interactive tool which pauses
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for an input from the astronomer. It is not recommended therefore to click on the GO
(see Sect. [2.4)).

The option Use previous settings (in the widget; Fig. permits to adopt set-
tings coming from a previous calibration of the selected hpb file, with respect to the
atmospheric phase correction, scan ranges, selected bandpass calibrator, etc.

Finally, note that all the plots created within the Standard Calibration are pre-
sented for logical antennas, which are sometimes different from the physical ones shown
in the First Look outputs (see Sect. and App. .

2.6.1 Select

It selects the used receiver band(s), establishes defaults for data presentation, reports on
the amount of correlations obtained, scan ranges between tunings, array configuration(s),
lists the physical baselines and antennas, builds a first flux list and reports on the tuned
band. In addition, it defines internal variables which are later used by the calibration
procedures.

The procedure also selects the RF calibrator, at first the brightest observed source,
otherwise that selected in a previous RF calibration. The selection is reported in the
line of commands, as shown in Figure Sometimes, because of technical problems
or to improve sensitivity, another calibrator must be considered. In those cases “let
band_source ‘a_new_calibrator’” must be typed in CLIC to select ‘a_new_calibrator’.

Select deduces which are the phase calibrators observed alternatively with the
source, hence suitable to calibrate phase and amplitude evolution in time. The names of
the selected calibrators are stored in the variable phcal. You can decide about the con-
tent of phcal as follows: “let phcal ‘calibrator?’ ‘calibrator?’ ... ”. Note that “let phcal
7 should be selected if the (frequency averaged) phases from the H and V polarization
receivers are not identical, which for instance can be seen in the RF phases plot in the
First Look (see more details in Sect. .

By default, the atmospheric phase corrections derived from the 22GHz receivers are
used according to the PhCor evaluation (see Sect. . However, sometimes it is rec-
ommended (by the Autoflag procedure or by the AoD) not to use the phase corrections,
for instance due to problems with the 22GHz receivers. “let do_atm no” allows ignoring
the atmospheric phase corrections.

Several gain ranges: From time to time, the Select procedure pauses to inform
on the presence of different gain ranges, i.e. scan intervals with different tuning charac-
teristics. The RF calibration is then performed independently for each gain range (i),
and a calibrator is so assigned to the variable “band_source[i” for each range. When the
procedure pauses, continue should be typed in the line of commands to continue.
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2.6.2 Autoflag

Different verifications are performed in all the obtained scans, which are flagged if anoma-
lies are identified. For instance, Autoflag checks that the timing of the acquisitions is
correct. It also verifies that no source data are surrounded only by flagged calibrator
acquisitions, which for instance may happen if an antenna is shadowed. A message is
given for information if problems are found, reporting about introduced flags.

Warnings, periods of observational peculiarities: If the observations were ob-
tained in periods with special conditions or difficulties, a message is shown to inform
about it and about the possible consequences in the calibration.

2.6.3 PhCor

PhCor compares the amplitude of each scan with and without atmospheric phase cor-
rection. The phase correction is only adopted when it reduces the phase decorrelation
within each scan. Note that the spectral units, LO1 to L12, do not store information
on time scales smaller than a scan, while the continuum units, C01 to C12, do so; two
streams of data are so stored at Bure for each L0i and COi unit, respectively with and
without atmospheric phase correction.

A green line on the bottom of the plot produced during the flux calibration (see Figure
@ shows, when being above zero, the scans for which the program PhCor activates the
atmospheric phase correction.

In addition, this procedure checks for interferences in the WVR channels, if it was
not done before (for instance by the pipeline).

Note that the data are not corrected for atmospheric decorrelation if “let do_atm no”
was selected (see Sect. [2.6.1]).

At the end, a procedure is launched to verify if the phase calibrators are polarized,
setting the variable do_avpol accordingly (see Sect. to define the amplitude cali-
bration mode.

2.6.4 RF calibration

The goal is to measure the receiver bandpass (RF) to calibrate the source data. For
this, a bright calibrator is observed for some minutes. By default, in a first calibration
the procedure Select selects the brightest observed source for the RF calibration. The
selected RF calibrator can be changed by modifying the variable “band_source” as ex-
plained in Sect. If several gain ranges are found, an independent RF calibration is
performed for each range.

The procedure pauses to propose fits for amplitudes and phases for each correlator
input (as shown in Figure @; by default the solutions for the Narrow correlator inputs
are obtained with “solve rf 12 20 /plot”, where “12” is the polynomial degree to fit
amplitudes and “20” for phases (higher degrees are used for the Widex correlator units).
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Figure 6: Example of the RF calibration of data obtained for the second Narrow corre-
lator input

Changing the polynomial degrees with respect to the ones proposed by the automatic

procedure rarely improves the RF calibration. In the pause,
be typed to accept the solution and store the calibration parameters in the hpb file.

“continue” (or “c”) should

Sometimes the fit of the bandpass looks poor with deviations of a few degrees (in phase) or a
few percents (in amplitude) between the measured data and fits are observed. For the time being
there are no simple means to reduce these small differences. In general, they have no influence
on the results.

Sometimes the procedure crashes (when fitting) because the data of an antenna is flagged.

Two solutions exist: (1) Mask (see point 2 in Sect. |2.6.10) shadow, saturatifon] or redufction]

flags to use these data for the RF calibration if the signal to noise ratio is good enough. (2) Select

another calibrator by typing “let band_source ‘a-new_calibrator’ 7 as indicated in Sect. [2.6.1]

If delays are observed (constant slope in phases vs. frequency for one or more antennas) we
may correct for it to decrease the phase decorrelation within scans. By using the commands “solve
delay /plot” and “modify delay” we can correct for this (see Sect. .

Differences in the LO1ref frequencies result in frequency offsets in the RF amplitude profiles.
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If the AoD (through the project notes) informs you on the presence of a big LO1ref jump (which
is often linked to cable phase jumps) we recommend to calibrate the RF with the strongest phase
calibrator observed cyclically with the source, for which the source LOIref frequency was properly
considered.

2.6.5 Phase calibration

In most projects we observe, alternatively to the source(s), one or two phase calibrators,
for which ‘ideal’ phases (without instrumental contribution) are known to be zero for
all the baselines. The track of these phases allows us to measure and remove possible
instrumental contributions. The phase fittings for the calibrators observed cyclically
with the source (set by Select, Sect. are obtained with the command “solve phase
/plot”. Breaks and jumps can be introduced in the fit with the option “solve phase /break
‘break_degree’ ‘break_time’”. Break_degree is the order of the polynomial derivative that
is discontinuous at the break point, the sharpest one being 0. Break_time is the UT time
(h) at which the break should happen. (See two examples of phase calibration in Figure
[7) The option “/weight” can be used to take into account the weight (~ SNR) of the
different calibrators, and “/polynomial” to impose polynomials of a given degree (the
last option is incompatible with the use of breaks). More information can be found in
the cLIC manual, or by typing “help solve phase” in cLIC. The procedure pauses after
proposing a fit. A previous solution can be removed from the plot with “clear seg” to try
a new one. A solution is accepted by entering “c” in the line of commands. The phases
are calibrated independently for each polarization, and stored in the hpb file at the end
of the procedure.

The choice of phase calibrators used to calibrate the source phases and amplitudes is
performed by Select (see Sect. . If you disagree with the choice, it can be modi-
fied 