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Links toRadiolnterferometrylntroduction

This document does not intend to go over radio interferometry as there are many resources online which cover
these aspectsinmore detal.2 NJ SEI YLX S GKS a9&aaSyidAalf wkRAZ2 ! &0NR
Ransonis available onlinand gives a good overview ioterferometry at a level for Masters/PhD students. You can
also look at the lectures and tutorials for the European Radio Interferometry SchoolBRIStan also b&ound

online. It is recommended that you go through some of these parts if you are not sure of some of the fundamentals
of radio astronomy.

The eMERLIN interferometer

e-MERLIN is a Wased interferometer consisting ofZbm+antennag(see old image below of where they are
situated in the UK)They are (in measurement set order):
1 Lovell (Lv) : on site at Jodrell Bank
Mark Il (Mk2) : on site at Jodrell Bank
Knockin (Kn) : near Oswestry on the Wales border
Defford (De) : south of Birmingham
Pickmere (Pi) : near to Jodrell Bank
Darnhall (Da) : near to Jodrell Bank
1 Cambridge (Cm) : should be sekplanatory!
e-MERLIN operates at 3 frequencies, L ban?2x1.75GHz), C band &7.5 GHz) and K band425 GHz). The
longest baseline length is ~210 km, sMERLIN is capable of reaching resolutions58f (L band), 40 (C band) or 10
(K band) milli arcsecondA.full description of &M ERLIN observing capabilities can be foanline.

= =4 =4 =4 =4

Jodrell Bank Lovell

e-MERLIN observations are made yeaund, with two calls

for proposals in a year (one in ~November and one in ~May
with proposals graded on a science merit by an independen
time allocation group (TAGPbservations are made
dynamicallythroughout the cycle. The data are stored in a
long-term archive at Jodrell Bank Observatory (JBO)aaad
calibrated and assessed for quality by internal operations te.
members before being sent out to the primary investigator.
The data ee calibrated with the eMERLIN CASA Pipeline
(eMCP) which can #ownloaded from githutandcited via

the ASCLThis document goes through theMERLIN test data
on 3C277.4hs a tutorial. The datean be @wnloaded online
FNRPY AGQ& RAAGNAOGdzIAZ2Y | NBI

Jodrell Bank Mk2

Darnhall



https://www.cv.nrao.edu/~sransom/web/xxx.html
https://www.jive.eu/ERIS2022/lectures.php
https://www.jive.eu/ERIS2022/lectures.php
https://www.e-merlin.ac.uk/observe.html
https://github.com/e-merlin/eMERLIN_CASA_pipeline
https://ascl.net/2109.006
https://ascl.net/2109.006
https://www.e-merlin.ac.uk/distribute/CY8/TS8004/TS8004.html
https://www.e-merlin.ac.uk/distribute/CY8/TS8004/TS8004.html

The eMERLIN CASA PipeligMCP)

The eMERLIN CASA Pipeline (eMCP) is the observa¢weloped set of scripts to perform end-end calibration of
e-MERLIN data, including flaggileglibration and firsipass imaging. It uses CA8Aaythonbased software thathat

is used by several other facilities calibrate and image radio data, including eA (Very Large Arraaiid ALMA
(Atacama Large Millimeter ArrayGurrently, the eMCP has been tested with CASA version 5.6 and version 5.8. A
CASA 6 version is being worked on and is available doWwaloaded at theeMCP github pagdhis document goes
over the specific guidance for running the eMCP and improving your calibration to make the most ofWB&RLeN
data sets.

Basics of the eMCP

The eMCP is designed to perform all the standard calibration steps for continuum data, so that you can get straight
on with imaging the data or perform pogrocessing analysis such as spectral line or polarisation analysis. The
purpose is to enable thaser to make minor adjustments to improve the overall calibration and data reduction,

either by improving the flagging of bad data via providing manual flag masks, or, but tweaking default parameters tc
improve calibration solutions. In theory, once yowhaun the pipeline several times making these changes, you
should have affial calibrated dataset that can be used for imaging procedures. The eMCP is not designed to provide
science ready images, and those provided in the pipeline are useful first pass images.

¢CKS Sa/t Aa aL}XAd Aya2z2 Gg2 aSOlAz2yayY (KSMERLUMNGIpPeEINE OS
passed through both of these sections, a quality assessment will be performed BWMB&EIN operations team

before sending the data out tBls (Principal Investigatord)he"pre_processing” part of the pipeline will import the

raw fitsidi files into CASA measurement set (MS) format, perform some a priori flaggergge the data to a more
manageable sizandthen save all the flagging infoationto enable the calibration part of the pipeline to run. The
GLINBYLINR OSaaAay3e LI NI 2 F calikrstiort dedtidh fardyaSmote lcomBuiingt 2 y 3 S NJ
requirements, so the data sent to Pls is the averaged data and you will not be abidlidzzge G KS & LINGS @ LIN.
part of the pipeline. Thécalibratiorg section performs all the standarddio astronomy techniques to produce
calibrated data, such as phase and amplitude calibration, flux scaling, band pass corrections, additional flagging, ar
preliminary imagingThese are the important sections that can require additional flagging or tweaking of pipeline
parameters. Most of thisdocurgeli g At f 32 2@GSNJ G§KS & O krin kheé pigelineit@ggtihe & S O i
most out of your data.

For every observation, the eMCP will also produce a weblog, which in@lldles information about the
observation in areasyto-readformat. The weblogs can be vied®n any internet browser and include a link to the
calibrated data which you can download and produce scigngdity images or do post processing dte next
section will go into detail about the weblog, and wiegich page of the webloghows.


https://github.com/e-merlin/eMERLIN_CASA_pipeline/tree/casa6




e-MERLIN data

Distribution page

Once your observations have been madeedVlERLIN support scientist wélbntactyou with information on the

data quality as well as a link to a distribution area where you can view the weblogs for each individual observation
anddownload the datalf you have your own dataset, then go to the distribution area link, else use the 3C277.1 test
data atthis link The 3C277.1 data has been used to testaMERLIN pipeline andill be used foldemonstration
purposesfor this tutorial

,2dz oAttt asSS || tAy|l G2 awdzya¢é FyR a2YS abz2dGSa¢ 2y i
Further down the page you wiihd standard information on the pipeline anmsic syntax ohow to rerun the
pipeline.The front page looks like

e-MERLIN Pipeline Web Log

TS8004

Runs

TS8004 C 001 20190801
TS8004 C 001 20190801 00 raw fits file

Notes

There are some significant delay-jumps in these data, due to
instabilities and subsequent re-alignments of Cm,De Kn data
streams. However, they seem to calibrate nicely so the data
should be OK.

Clicking on the top link (TS8004_C_001_20190801) will take you to the weblog for that observation. The second lin
(TS8004_C 001 20190801 00 raw_fits file) downloads the raw unaveraged andratedé-MERLIN data for
this project.This second link can be ignored for now.

The Notes section is optional and depends on the support scientist and programme as to whether it is included in
the distribution area. As the 3C277.1 data is freely available as a test dataset, we include the Notes section in the
distributonareaa 2 4G RFGFaSda gAaff y20 KIFI@GS GKAA ab203Saé¢ &aSC
email you receive when the data have been observed and passed quality assessment.

To continue, click on the top link to take youttee weblog.

The eMCP weblog

2 KSy OfAOlAYy3 2y GKS tAy]l 2 Iy 20aSNBFiA2y ¢Sof23z
that observation. The links at the top tife weblog are listed in the sections below and will provide you with
different information on the data qualityThese are: Home, Observation summary, Pipeline Info, Calibration,


https://www.e-merlin.ac.uk/distribute/CY8/TS8004/TS8004.html

Visibility Plots, Flag statistidmpages and Download Daféhe idea of the weblog is to enable quickk inspection
of the data for quality asssment.

Home

¢KS a1 2YSé¢ LI IS 0aONBSy aKz2id akKz2gy o0St2¢ F2NJ 0KS o/
information relevant to that observation.

Home
Project TS8004
Run TS8004_C_001_20190801
MS file JTS8004_C_001_20190801_avg.ms
Start 2019-08-01 23:20
End 2019-08-02 21:59
Band C
Antennas Mk2, Pi, Da, Kn, De, Cm
Number of 5
sources

Integration time |4.0s

Frequency 482 -533 GHz

Num. spw 4
Channgls/spw.. |128

Channel width 1.00 MHz
spw bandwidth |128 MHz
Total bandwidth |512 MHz

Polarizations R,L

Whilst most of the variables on the Home page are-egfflanatory, a exhaustiveguide is given below:

ProjectLy GKAa OFasS ¢{ynnnX o0dzi GKAA @gAff 0SS &2dzNJ LINB2S
project, and the three numbers at the end represent your project ID in CY12.

Run:In this case, TS8004_C_001_20190801. In most cases this will be in the same ferogjattO><Band><Run
number> <YearMonthDay>This should separate all your runs in a straightforward and simple way.

MS File The measurement set file name to be used when viewing this weblog, if you want to look at therdiffe

L 264 AYyGSNIOGAGSte@d ¢KAA Aa dza dzltdpdedelfoldés ShemvydrydowhloadS &
the data.

Start Start time and datdinclusive of all calibrators)

End End time and datéinclusive of all calibrators)

Band Observing band, either L, C, or K.

Antennas This lists the antennas present in therrelator configuratiorand not necessarily the ones present in the
measurement set. For example, a normal run will include all stations, bar the Lovell, so this line would normally hav



Fff 2F GKSY Ay KSNB® |1 26SOSNE AT 2yS 2F GKSY ¢4l ayQi
calibration plots but will still lisshe antenna here.

Number of sourcesTotal number of sources in the measurement set, usually 5: Target, phase calibrator, 3C286
(1331+3030, flux cal), 0Q208 (1407+2827, band pass) and 3C84 (0319+4130, pol cal).

Integration time: This refers to the integration time of thi!S filelisted above. All ¢MERLIN data are recorded at 1s
integration time, but averagd to 4s in the pre_processing stage of the pipeline.

Frequency The frequency range of this observation, in this case from-8.83 GHz.

Num. spw Number of spectral windows (spws). In the case of L band, it is usually 8 spws, and for C band and K bat
it is usually 4 spws.

Channels/spw* The number of channels per spw, given as the number iM8dilelisted aboveThe eMERLIN

data is correlated with 512 channels per spw, but only the 128 channels per spw data are serPt¢Rnacipal
Investigator)to save space.

Channel width:Usually 1 MHz at C/K band or 0.5 MHz at L band, due to the number of channels left after averaging
l.e.,128 per spw, and depending on the number of spws in an observation.

spw bandwith: The bandwidth in a single spWe.,the Total bandwidth divided by the number of spws.

Total bandwith: The full bandwidtrof e-MERLIN, which will alys be 512 MHz, unless you have a-standard

project and this value is less than 512 MHz.

Polarizations! adzt f t & fAaGSR a awX [€X 06& RSFlLdzZ G 6S 20aSN
includes both parallel (RRL) and cross (RL, LR) hand data. However, the pipeline only operates on the parallel han
data.

Observation summary

The observation summary gives specific information on the sounci® observation, uv plots of those sources and
elevation plots of the observation.

The first part gives a summary of the sources, including the listobs file made at two points in the pipeline. The
GOdzNNByYy (i 20aSNBF A2y é tAaG204a EAIN wherdhsShe dtie? ligtabs fileK Bill & g
be from the initial unaveraged measurement set, and/or spectral line zoom mode listobs files, if available in the
data.A table of sources is shown, with a separation betweengiwase calibratoand target¢ we aim to schedule
unresolvedphase calibrators that are within 5 dexps of the target fieldListed are the calibrator sources for this
project: 1331+3030 (flux calibrator), 1407+2827 (band pass cal), 0319+4130 (point/pol cal) and the phase calibratol
1302+5748.

Next, the list of antennas present in the observation is included. They are initially sorted in their radial order from
the nominal arraycentre, l.e. home stations such as thevell (Lv)Mark 2 (Mk2) Pickmere (Pi), Darnall (Dae at

the top and outstations like Knockin (Kn), Defford (De) and Cambridgeai@h® bottom of the list. The reference
antenngs)is chosen during thpre_processing section of the pipeline after averaging has been performday, by
looking at the signalo-noise ratio(SNRpn the reference fields and therhoosing the antenna with the highest
SNRDue to the slightly larger diameter of the Cambridge telescope compared to the others, it is often automatically
picked by the pipeline, but it is usually better to choose an antenna closer toethitee of the array, such as Mk2, Pi



Summary: or Da.Note also that Mk2 will not be chosen if the Lovell is in
the array for the observation.

Summary of current observation (listobs): txt

Antennas:

Mk2
Pi
Da
Kn
De
Cm

Reference antenna: Pi,Mk2.,Cm,Da,Kn,De

Source elevation:

Elevation vs. Time
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UV coverage:
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A plot of the source elevation over time for the duration
of the observation is included, colourised by the source.
While a colour key is not showesMERLIN requires long
tracks on target/phase calibrator pairs to build up
sufficient uv coveragdn the plot belowthis can be

seen clearly as two sources are observed in long tracks,
with occasional excursions to the bright calibrator
sources.

Finally, on this page are uv coverage plots of all the
sources in the measurement set. The uv plots are made
at the start of the pipeline procedures so they do not
reflect any flagging performed later in the pipeline.
Below is the uv coverage plot for 3C84 (0319+4130) in
the 3C277.1 dataset.



Pipeline info

The pipeline info page on the weblog is a table with all the pipeline steps executed and whether they have been
executed to completion (in green) or not (in red). It also has notes on the execution, includitigpeitaken, and
the key parameters used at each stage.

Pipeline info

CASA version: 5.8.0
Pipeline version: v1.1.19

Execution summary

Execution

Step Code Execution ended i Notes
time
start_pipeline 2022-07-21 10:02:39 - first execution
constobsid=True, scanreindexgap_s=15.0.
run_importfits 2022-07-21 10:42:23 40 min Hanning=False, createmms=False,
timebin=4s
flag_aoflagger 0
Clip zeros. Subband edges *:0~3;508~511.
flag_apriori 2022-07-21 10:59:30 11 min channels 0:0~26 3:485~511. Observatory
flags: observatory.flags.
flag_manual 2022-07-21 11:00:19 <1 min No flagging file.
average 2022-07-21 11:03:43 3 min chanbin=4, timebin=4s, datacolumn=data

At the bottom of the page are links to the log files and parameter
files. The eMCP.log file is a shortened version of of the
CASA_eMCP.log file, which shows what comes out of the CASA
loggerwhen the pipeline is run. It is often eful to useboth files to
work out what sections of the pipeline may need changing to
improve the pipeline solutions, or, if the pipeline has failed,
specifically at which stage and which task it has failed on. Relevant parameter files:

Relevant log files:

Pipeline log: eMCP.log
CASA log: casa eMCP.log

The relevant parameter files include the eMCP_info.txt log, which Pipeline info (dict): eMCP _info txt
shows all the parameters used for each step of the pipeline, in ca Calibration info (dict): caltables.txt
AG QA | YO A Jwastdadest@réNd caliBratiénZodhe

observatory pipelined dataset. The caltables.txt file showskvhi

parameters each calibration table used evhit was created.

Calibration

The Calibration tab is arguably the most important tab in the eMCP. A full discussion of every step undertaken as
part of the pipeline is left to a later section of this document. Here, we show the main types of plots and how they
are set up on the page fanterpretation.

Delay/Phase/Amplitude plots

These plots are shown as the delay/phase/amplitude plotted against time. This includes many tables in the



calibration tab, but broadly, these show the variation of the solved value as it evolves over time. Any discontinuities
should be flagged® KSy |y &l L)X az2fdziAz2zy KIFa 0SSy LISNF2NN¥SRXZ (l
plot on the right. If two colours are showa.{.,delay plots), theryou arelooking at the two parallel polarisations,

LL and RR. If more than two colours are shown, then the plots are colourised by spectoal wihé only difference

to this colours rule is for the allcal.kil plot, WWDK O2f 2 dzZNA &SR o0& FASEt R . St2¢ A
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Bandpass plots

The plots showing the bandpass solution describe the gain amplitude (or phase) over the frequency band and are
colourised by the correlation, l.e. LL or RR. Edges of the bands should be flagged, and the edges of the spectral
windows will be visible butot flagged. This is ok, as they are not included when computing the bandpass. The
bandpass plots should look similar to the one below.
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Fluxscale plot

To do the fluxscaling properly, we use 3¢286 as a flux calibrator with a knedMERLIN model of the source, to
estimate the fluxes on the other sources. The plot created is below, showing the flux density as a function of
frequency, with one data pointgy spectral window. The lines represent the fit and errors on fhalt should be
noted also that the read out of fluxes is included just below the plot too.
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Plots

The plotstab is a useful though oftenverlookedpart of the pipeline. It
provides visibility plots of the data for all sources, to enable you to inspect
data quality easilyit is in two main sections: Uncalibrated/Calibrated visibili
plots,and Calibrated UVplots. The former will show you each source
amplitude and phase, plotted against time or frequency. The latter will sho
you the amplitude/phase pkted against uvdistance, and comparing to the
model version obtained from the pipeline flsgalng procedure or 3c286
model, in the case of 3¢c286.

Visibility Plots

The visibility plots are split into uncalibrated and calibrated sections. You ¢
click on a link per sourcanexample for calibrated 1407+28 datais shown
below. It is often useful to compare the uncalibrated visibilities with the
calibrated visibilities to see what the pipeline has flagged during the pipelit
processing steps. You will usually find that areas in the data where there i
signal or poor phase wibe flagged and therefore not be present in the

calibrated visibility plots. Heever, if you notice data in the uncalibrated visibility plots that look ok and significant
amounts of data are flagged by the pipeline, then it is worth looking at whereifiedipe is flagging the data, either

Plots

031944130 plots
1252+5634 plots
130245748 plots
133143030 plots
1407+2827 plots

Calibrated visibilities

031944130 plots
1252+5634 plots
1302+5748 plots
133143030 plots
1407+2827 plots

in the log files or byweaking the default parameters and-renning the pipeline.

1407+2827

Calibrated amplitude and phase against time and frequency.
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Calibrated uv Plots

The calibrated uv plots show the amplitude and phase of a source plotted against the uv distance. For calibrators,



the model is also plotted next to it, so you can compare what the pipeline thinks the source should look like in uv
space, and what the data are showing y®his can be quite useful as a diagnostic tool, as often there will be small
excursions in amplitude or phase which shemvall errors in the calibration.

Phase calibrator

The phase calibrator below shows the model is a point source (flat phases and amplitude is constant at all uv
distances for a given frequency), but there are some noticeable differences when compared to the model, which ha
several phase exesions from a flat zero phase.

Amplitude vs UVWave 1302+5748 Phase vs UVWave 1302+5748 (color=spw)
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Target

Here, you can see smadllopoutsin the amplitude,but youcannotsee anything in the phase. This is because the
source has a complicated morphology, so the phases wrap a lot, but the amplitude gradually decreases as the sour
becomes more resolved on longer baselines.

Amplitude vs UVWave 1252+5634 Phase vs UVWave 1252+5634 (color=spw)
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Flag statistics

The flag statistics page shows how much flagging has been performed at certain pointpipethie ands split



into four parts: flags by scan, flags by field, flags by spw and flags by antenna. Often, if there is a lot of data being
flagged in your dataset, it is useful to look here to find out where it is happening, both in tenniedd in the
pipeline it may be happening, but also what part of the da&, antenna or spw it is happening on.

Flag statistics

High-resolution plots in step title.

flag_a

Feld

priori (Total: 22.6%. Increase: 22.6%)

h ) :!!
131623 1843506 2 3 M2 R Da Kkn Do m
ou

Images

The images tab shows both the target and phase calibrator field preliminary images made at the end of the pipeline
proceduresBelow is the target field, showing the image (left) and residual map (right). A second set of images to the
right-handside of the page shows zoom images of these maps. The peak of the map and rms of the residual map a
also shown so you can ga ideaof the signaito-noise ratio in the image.

1252+5634 (up)

1252+5634 (Target image) Peak: 117.183 mly (scaling: -0.9) |(Target residual) rms: 0.849 mly

Download Data

This tab allows you to download the weblogs and calibrated avg.ms file data so that you can look through it yoursel
and rereduce it if necessary.



Download data

This tar file contains the MS and all the plots in the weblog:
TS8004_C_001_20190801: tar



Data reduction andatibrationprocedures in eMCP

The eMCRs an endto-end pipeline that will ingest your dataset, produce automated flags, perform standard
calibrationtasks,and make preliminary images of the data, whilst making useful plots that can be used for inspection
of the data qualityThe philosophy of the pipeline is therefore to provide a calibrated dataset that the user-can re
calibrate at their leisure, makimginor changeso the default parameters and adding their own manual flag files, to
improve the calibration. The eMQG&ns in two stges and not all stages are made available to the PI, unless
requested explicityt KS (62 aSOGA2ya NB GKS GLINBYLINROSaaAy3aé |
at JBO but cannot be #®in by the user, and the latter is editable by the uSdrerefore the user should only ever

need to touch a handful of files in the pipeline, and only run the calibration steps.

CKA& aSOGA2z2y 32Sa 2SN SWHOKART NKB2 & (1S3 SgdagAvehizs Ro 3
each step does, what outputs are provided in each stémat plotsare produced and what the pipeline default
parameters are with some hints as to modifications to help with different data $&es pipeline files are outlined

below, I.e. what you get when you download your data from the weblogs.

Pipeline files

When you download the data from the TS8004 page (or your own data), you should be presentseveitifiles
and folders. They are:

1 Inputs.inifile
default_params.jsorfile
observatory.flagdile
eMCP.logandcasa_eMCP.lofiles
(Optionally), ananual_avg.flagdile
MS file_avg.msdata and_avg.ms.flagversionfolders
Various folders including:
o0 weblog: All of the html and images for your weblogs are stored here
o splits: A folder with the split dataset of the target field(s)
o logs:A folder with all thdast versions of the casa tasks run and the casa logs
0 eMERLIN_CASA pipelingehe folder withallthe eMCP materials and scripts

=A =4 =4 =4 -8 =4

To load up the weblogs locally, you can load the index.html file in the weblog folder using a beagystrefox.

inputs.ini file

An example of the inputs.ini file is given beldw,,the one for thisutorial dataset.

# Inputs for the e - MERLIN CASA pipeline:
[inputs]

fits_path = /scratch/raw_data/TS8004/TS8004_C_001_20190801/DATA/
inbase =TS8004_C_001_20190801

targets =1252+5634

phscals =1302+5748

fluxcal = 1331+3030

bpcal =1407+2827

ptcal =0319+4130



# Optional files and steps when they are used:
# observatory.flags [flag_apriori]

# manual.flags [flag_manual]

# manual_avg.flags [flag_manual_avg]

# manual_narrow.flags [flag_manual_avg]

# shift_phasecenter.txt [average]

# Pipeline steps in groups in order of execution:
# pre_processing
# run_importfits
flag_aoflagger
flag_apriori
flag_manual
average
plot_data
save_flags

#
#
#
#
#
#
#
# calibration

# restore_flags

# flag_manual_avg

# init_models

# bandpass

# initial_gaincal

# fluxscale

# bandpass_final

# gaincal_final

# applycal_all

# flag_target

# plot_corrected

# first_images

# split_fields

# More details in https://github.com/e - merlin/feMERLIN_CASA_pipeline

The main parts of this file are the figath, which should point to where your raw uncalibrated data live. In the case
of the eMCP, you can usually leave this blank as you will only be running from the calibration part of the pipeline.

¢ KS aAyo ltérB the rudnakie gigen in the weblog/hen the pipeline starts it will look for measurement
aSia sAGK (GKS daAyol aSé LINBFAES a2 A0Qa AYLRNIFIYyd G2
inputs.ini file includes the calibrator or @et information. You can add multiple sources to the targeilstollows:

targets =targetl,target2,target3
phscals = phasecall,phasecal2,phasecal3

If target 1, 2 and 3 share the same phase calibrator, then set them to the same phase cal.

default_params.json file

This is a long file but includes all tharameters that are used as part of the pipeline to calibrate the data. We will go
through this in detail later in this document. It is a json file, so you can open it with a text editor and make changes
to it, as necessary.



observatory.flags file

emerli... emerli... emerli...

This is a list of automatically generated flags from the
e-MERLIN correlator that notes when the antennas a
on source or not. It gets read into the eMCP near the}
start to apply these flag commands to the data and
make it easier for PIs to have a wedlibrated dataset. |
It isrecommended not to edit this fileAn example of
the observatory flags file is on thight andis useful
for seeing how all flag files are written.

The eMCP log files

The files eMCP.log and casa_eMCP.log show the
pipeline and CASlogs respectively, from the runs of
the pipeline made during the quality assessment
process. Everytime you4min the pipeline these will A
be appended to, so you can look back and see what§ antenna='Mk2' tinerang
was run previously. Vo M2 it maren

' timerange='2019/08/02/6

The manual_avg.flags file

This file will include all the manually added flags from your support scientist. If this file doegisigthen you can
generate it yourself and add your own sets of flag commands. We will do this later for the tutorial dataset.

The _avg.ms and _avg.ms.flagversions folders

These folders are the calibrated and averaged data in measurement set format, and the associated flagversions
GFrofSa 3ISYSNIGSR GKNRdAZAK2dzi GKS LIALIStAYyS:S NBaLISOGAD
fits files or unaveraged measement set data, which precludes you fromyiy Ay 3 (G KS G LINBYLINR OS
pipeline (see later discussions).

Other folders

[emerlin@PIPELINE TS
All other folders refer to the calibration tables,
weblog, logs and plots needed by the pipeline or
weblogs todisplay/calibrate the data. You can plot oG
display these images via CASA or by image viewer:
which will help you decide on good/bad daithe
image on the right shows all the information includeg
in the weblog folder for the tutorial dataset. All of
this is generated during the pipeline runs.

0.html

[emer1in@PIPELINE




(Re)Running the eMCP

To run the pipeline, you need to be in the data directory for the dataset you want to run the pipeline on. Open a
terminal window in this directory. To rerun the pipeline, type the following command:

/path/to/casa - C ../../leMERLIN_CASA_Pipeline/eMERLIN_CASA_pipeline.py -r
calibration

This will rerun all the calibration steps of the pipeline. In case you want to run a specific step, instead of 'calibration’
in the previous command, replace this with the relevant sep,,'first_images"

/path/to/casa - C ../../leMERLIN_CASA_Pipeline/eMERLIN_CASA pipeline.py -r
first_images

You can also run the pipeline for some calibration steps and skip others. For example, if you want to run all steps in
the calibration phase, except first_images, you can write the following;

/path/to/casa - ¢ ..l./leMERLIN_CASA _ Pipeline/eMERLIN_CASA pipeline.py -r
calibration - s first_images

Please note that yoghould notneed to run the first half of the pipeline.g.,the bit named "pre_processingThat
isbecause all these steps are performed at Jodrell Bank first with the initial quality assessment. You will only need t
Nlzy Gegf BINB OB AAY3IE &0 3S 2F GKS LALISEAYS AT @2dz KI @S
test dataset area. However, this takes a long time and will take up significantly more space in your directory.
Nevertheless, this document reviews theseps first, and will then go into the calibration steps afterwards.



pre_processing

This section will describe the overview of the first half of the pipeline called the "pre_processing" stage. As the
pro_processing stages are performed at Jodrell Bank, there is no needun these stages, but below is an
overview of what each stage ds, forcompleteness

The stages are as follows:
run_importfits
flag_aoflagger
flag_apriori
flag_manual
average

plot_data
save_flags

Noakwdnre

start_pipeline

This step is run by default every time you run gipeline butnote that it is not listed in the steps to be performed
above.Therefore@ 2 dz OF yy 2 G NXzyé (KA A& (Thisis|bechuse thisstep ol pdrfoifs the f
most basic of taski® print back at you what the pipeline is going to @ud reads the global parameters from the
default_params.json file.

What does it produce?

When this step is rurl,e.,at the start ofanystep run in the pipeline, then you will get a terminal print out of what
GKS LIALISEtAYS gAff R2d C2NJ SEFYLX ST 6St2¢ Aad GKS LINR
is run One thing to note is that ifou arerunning this step from the start,e.,you only havefits file and no

weblogs, then this step does not generate the weblogs, that is done in the next steps.

2023-10- 06 09:42:56 | INFO | Starting pipeline

2023 - 10- 06 09:42:56 | INFO | Running pipeline from:

2023 - 10- 06 09:42:56 | INFO |
/pipelinel/processing/TS8004/TS8004_C 001 _20190801/eMERLIN_CASA pipeline/
2023-10- 06 09:42:56 | INFO | CASA version: 5.8.0

2023-10- 06 09:42:56 | INFO | Pipeline version: v1.1.19
2023-10- 06 09:42:56 | INFO | Using github branch: master
2023-10- 06 09:42:56 | INFO | github last commit: f2b6efa
2023-10- 06 09:42:56 | INFO | This log uses UTC times
2023-10- 06 09:42:56 | INFO | Loading default parameters from
Jdefault_params.json:

2023 - 10- 06 09:42:56 | INFO | fits_path :
/scratch/raw_data/TS8004/TS8004_C_001_20190801/DATA/
2023-10- 06 09:42:56 | INFO | inbase :TS8004_C_001_20190801
2023-10- 06 09:42:56 | INFO | targets : 1252+5634
2023-10- 06 09:42:56 | INFO | phscals : 1302+5748
2023-10- 06 09:42:56 | INFO | fluxcal :1331+3030

2023-10- 06 09:42:56 | INFO | bpcal :1407+2827

2023-10- 06 09:42:56 | INFO | ptcal : 0319+4130

2023-10- 06 09:42:56 | INFO | Step selection

2023 - 10- 06 09:42:56 | INFO | run_steps : ['run_importfits']
2023-10- 06 09:42:56 | INFO | skip_steps: []



2023-10- 06 09:42:56 | INFO | Sorted list of steps to execute:
2023-10- 06 09:42:56 | INFO | run_importfits : 1

2023-10- 06 09:42:56 | INFO | flag_aoflagger :
2023-10- 06 09:42:56 | INFO | flag_apriori
2023-10- 06 09:42:56 | INFO | flag_manual
2023-10- 06 09:42:56 | INFO | average
2023-10- 06 09:42:56 | INFO | plot_data
2023-10- 06 09:42:56 | INFO | save_flags
2023-10- 06 09:42:56 | INFO | restore_flags

0

:0

10
:0

2023-10- 06 09:42:56 | INFO | flag_manual_avg : 0

2023-10- 06 09:42:56 | INFO | init_models
2023-10- 06 09:42:56 | INFO | bandpass

10
:0

2023-10- 06 09:42:56 | INFO | initial_gaincal : 0

2023-10- 06 09:42:56 | INFO | fluxscale

2023-10- 06 09:42:56 | INFO | bandpass_fin.al :0

2023 - 10- 06 09:42:56 | INFO | gaincal_final
2023 - 10- 06 09:42:56 | INFO | applycal_all
2023 - 10- 06 09:42:56 | INFO | flag_target

:0
10

2023-10- 06 09:42:56 | INFO | plot_corrected : 0

2023 - 10- 06 09:42:56 | INFO | first_images
2023 - 10- 06 09:42:56 | INFO | split_fields :
2023-10- 06 09:42:56 | INFO | Updating casa

What are the default parameters?

:0

- data

The default parameters for this step are those at the top of default_params.jsohdilghe global parameterdt is
particularly importantthat these are properly set for each pipeline rlihese parameters will be used throughout
the calibrationsteps anccan makea significant differencéo the outcomeof the pipeline.

Parameter

Default

Comments

update_casa data

true

This is by default set to True as it assumes that you are run
your pipeline on a CASA installation that you have kept up t
date and have root access to. However, for machines wherg
the CASA install is shared, then this should be set to false.
thosecases, make sure that yoGrASA installation should be
updatedi.e., run dupdate-data€ in CASA.

refantmode

"strict"

This parameter will use the same reference antenna

0 KNRdzaK2dzi GKS LIALISEAYS Nz
buta K2dzf R 0SS fSF4 G2 aadNAO
processing at the end of the pipeline. If set to flex, make sur
you set the refant parameter below. The pipeline will generé
a list of reérence antennai preference order which can be

used here.

refant

rA

Bydefault, this is set to blank as the pipeline will choose the
antenna with the best SNR in the calibrators from the
measurement setHowever, the pipeline often picks
Cambridge as a reference antenna which is not the best ch
so have a look at what the best reference antennas are in tf
pipeline andchoose one of Pi/Da/Mk2/Kn.ybu haveset the
NEFIYyidY2RS (2 afFtSEé GKSy 4
antennasto use in case one antenna fails.

is_mixed_mode

nautoll

You should leave this parameteraato, as it will work out
whether your data is continuum or spectral line mode and tH



https://casaguides.nrao.edu/index.php/Updating_the_CASA_Data_Repository
https://casaguides.nrao.edu/index.php/Updating_the_CASA_Data_Repository

perform the neessary additional pipeline steps if it is the
latter.

applymode "calflagstrict" ¢CKA& LI N YSGSNI A& asSia G2 a(
conservative when looking for bad solutions in the data.
| 26 SOSNE aOFf FE I 3AGNROGE o)
of data on one spw, which will often lead $abstantial
amountsof flagging of the eMERLIN datase§o,you can
OKIFy3S GGKA&a G2 aOFftFEFAE &6
for calibration, which will hopefully meansignificant
improvement in sensitivity. However, keep in mind this may
allow more bad pieces of data into the dataset, so more
manual flagging may be needed.

run_importfits 1 These are the steps of the pipeline, so the default is set to 1
flag_aoflagger You can leave this set to 1 and run everything from the
flag_apriori command line if you go through line by line.
flag_manual
average
plot_data
save_flags
restore_flags
flag_manual_avg
init_models
bandpass
initial_gaincal
fluxscale
bandpass_final
gaincal_final
applycal_all
flag_target
plot_corrected
first_images
split_fields

Troubleshooting at this stage

If you try to run this step oits own, l.e.

/path/to/casa - ¢ ../../eMERLIN_CASA Pipeline/eMERLIN_CASA pipeline.py -r
start_pipeline

ThenitwillfailandA A @S &2dz I ONARGAOFf SNNBNJ dadl NI doedwnbt&istiny S¢ ®
the pipeline, it will give you this error. The best way to make this step run again, if you need to, is to choose anothet
step and this will run at the start.

A note on reference antennas

In terms of what telescopes to use for reference antennas, it is best to use one dfahm-stations Ee., in the

central core of Darnhall/Pickmere/Mark 1l. The Lovell telescope should never be selected as your reference antenn:
and only patrticipates in specifieMERLIN observations, so in general it will not be present in your data. You will

note thatthe pipeline often picks Cambridge as a reference antenna, owing to its slightly bigger diameter when



compared to other telescopes in the array. You can amend the refant in the global parameters of the
default_params.json file.

run_importfits

This step takes the raw unprocessed data from the telescopeused the CASAtask G A YLI2Z NI FA G A A RA €
G Ya i NI y arandfoidfthe rawzlatafrom a fitsidi file imo a CASA measurement set (MS). It will concatenate
(merge) all fits files in the input foldeunflag the data so that it can be flagged later dm,some averaging(g.,to

4s time intervaly generatesome of the general parameters for the rest of the pipekt@ngside the basic plots for

the observation summarin the weblog (and other wdbg tabs).This step will also generate the weblogs from

scratch.

What does it produce?

This stepwill produce an MS file with the name Run.ms, in the case of the example dataset, this means
TS8004 C 001 2019080k.L YL NI I yit es GKAA a{ oAff y204 060S (GKS al
averaged in time bubot frequency at this stage if pipeline default parameters are usedm this measurement set,

the pipeline will generate the weblog files, including thiers (weblog and logsandthe casa_eMCP.log and

eMCP.log filesThe weblog is updated at this step to inclualkthe information from the MS file, so the Home page

is filled out, andallthe observation summary tab is filled out except for a reference antenna chisiciitial flag

statistics plotis madé KA OK aK2dzZ R KI @S + x> Ffl13 FY2dzyd 4G GKAaA
this step of the pipeline.

What are the default parameters?

¢KS RSTFldzA G LI NI}YSGSNBR TFT2N) GKA&a adr3as OFry oS F2dz/R
are stated below, with comments on what they all do shown.

Parameter Default Comments

constobsid true This giveshe same obsrvationID for each file input, so leave
to true for concatenation of all fitsidi files

scanreindexgap_s 15.0 This should be set to the default of 15d% e-MERLIN dataThis

is to make sure that each source is in a different scan, but sl
scans on sources are not broken up.

antenna rA Choose which antennas to be included, usually left blank as
default to include all antennas

field rA Choose which fields to be included, usually left blank as defd
to include all sources

timeaverage true Turn on time averaging with true.

timebin r4sA This willaverage the data to this time interval to make an

avg.ms dataset, which is the standard/#&=RLIN uses for
NBERdAzOGA2Y @ [ | fimeav&agasetitofals® G v
to stop this from happening.

chanaverage false Turn off channel averagingthis is done later
chanbin 1 Default value is kept to 1 for the channel averaging channel
usewtspectrum false If true, this will create a WEIGHT_SPECTRUM column in thg

file. This will weight by channel, which can be useful if you h




flagged data by channel (like L band) and then you average
we do not dothis with eMERLIN.

run_hanning

Faut oA

Will runHanning smoothing; this can be left as the default
parameter as the eMCP will search the data to see if it is L/C
band and only run this step if the data are at L band, where
Hanning smothing is required.

ms2mms

false

This converts théile to a multimeasurement set (MMS) formg
¢ only useful for parallelising processing which tARMIERLIN
pipelinedoes notcurrently support

Spw_separation

[TA, AA]

This does the continuusto-narrow spwmapping for eMERLIN
spectral line data. Usually you will have 4 (or 8) continuum
spectral windows, each with the same bandwidth, ardl 2
narrow 'zoom' spectral windows with a different bandwidth tc
the continuum spws (and thego nothave to be the same
between narrow spectral windows). For an observation with
continuum spws and 2 narrow spws, this would be set to
['0,1,2,3","4,5"]. In most cases, if you have set the

G A& Y YYAZERSSR ¢ LI N} YSGSNI G2 &l dz
parameters, then the pipeline shouldork this out correctly,
0dzi AGQ& ¢2NIK R2dzofS OKSO]

spwmap_sp

I

This should be an array of the continuum spws to apply to th
narrow spw data, where the continuum spw should be the oi
that overlaps the narrow spw in frequency. For example, ify
have an L band dataset with 4 continuum spws, and 4 narro
spws centrecat 1612, 1665, 1667 and 1720 MHz, then this
parameter would be set to [2,3,3,3]. Here, the continuum sp
would go from 12521380, 13861508, 15081636 and 1636
1764 MHz. Again, the pipeline should work this out
automatically, but there have been issueshathis in the past
so definitely double check this parameter!

fix_repeated_sources

false

In the case where a source with the same name and phase
centre is loaded but with different field 1D, this will split each
field ID individually, and then concatenate. The concatenatig
will

check names and positions and merge them if they are the
same. Usually not needed

Troubleshooting at this stage

Usually, this part of the pipelindoes notfail. Whenevelit does fail it can usually be traced back to an incorrectly set
Spw_separation or spwmap_spn spectral line mode observatioriBhese two parameters (only useful for spectral
line observations) need to be carefully checked to make sure they represent the frequencies you expect. Following

the notes on default parameters above, you can use the listobs outpdécide what the correct values aréou

can always use a continuum spw that does not directly overlap your narrow zoom spw, but it is preferable to use the

overlapping spws.

Why do we average in time and not in frequency at this stage? We tend to average in time at this stage to reduce

the data volumes by 4. The data are not flagged at this point, so all the RFI ighstillataset. Wedo notaverage
in frequency asve havenot performed any RFI excision yet,issimportant for L band that this remains
unaveragedso wedo notover flag, before performing a second averaging stage later in the pipeline.



flag_aoflagger

AOFlagger (Offringa+2013) is a great piece of software that goes through and removes instances of radio frequenc
interference (RFI) from the datRFI is caused by many different electrical prodiikesmobile phones, wii and

even electric fencesSimilarly, you can pick up satellites when the sources are near the horizon, as well as
thunderstorms and planes at Manchester airport (depending on the receiving band). The AOFlagger software goes
through the data and removes the most egregious of thegdfrom the data. It is important to note thahis step is

not run on C bandr K bandlata as the RFI environment is much better.

What does iproduce?

For L band, this step will run aoflagger to flag the data, and produces a plot in the flag stiaistiosthe webloglt
will state in the eMCP.log what it has done to the data, and the casa_eMCP.log will have a full verbose output from
aoflagger. Below is the eMCP.log output for an L band datasemn(t this tutorial dataset):

2023-10-06 INFO | ------vevoee-ee

2023-10-06 01:45:04 | INFO | Updating weblog

2023-10-06 01:45:04 | INFO | mode “"auto”

2023-10-06 01:45:04 | INFO | L-band data, aoflagger will be executed

2023-10-06 01:45:04 | INFO | Start run_aoflagger fields

2023-10-06 01:45:04 | INFO | Bands will be processed all together

2023-10-06 01:45:04 | INFO | Checking AOflagger version

2023-10-06 01:45:04 | INFO | AOflagger version is 2.9.0

2023-10-06 01:45:04 | INFO | Running AOFLagger for field 8319+4130 (4) using strategy /scratch/processing/CY15213/eMERLIN CASA pipeline/aoflagger strategies/default/default faint.rfis

2023-10-06 01:45:04 | INFO | Processing source ©319+4130, all bands

2023-10-06 01:46:37 | INFO | Last AOFlagger command: time aoflagger -fields 4 -strategy /scratch/processing/CY15213/eMERLIN CASA pipeline/aoflagger strategies/default/default faint.rfis CY15213 L Combine.ms
2023-10-66 01:46:37 | INFO | Running AOFLagger for field 686019+264265 (2) using strategy /scratch/processing/CY15213/eMERLIN CASA pipeline/aoflagger strategies/default/default faint.rfis

2023-10-06 01:46:37 | INFO | Processing source 880019+264205, all bands

2023-10-06 02:00:04 | INFO | Last AOFlagger command: time aoflagger -fields 2 -strategy /scratch/processing/CY15213/eMERLIN CASA pipeline/aoflagger strategies/default/default faint.rfis CY15213 L Combine.ms
2023-10-06 62:00:04 | INFO | Running AOFLagger for field 080242509 (3) using strategy /scratch/processing/CY15213/eMERLIN CASA pipeline/aoflagger strategies/default/default faint.rfis

2023-10-06 02:00:04 | INFO | Processing source 8802+25069, all bands

2023-10-66 62:08:03 | INFO | Last AOFlagger command: time aoflagger -fields 3 -strategy /scratch/processing/CY15213/eMERLIN CASA pipeline/aoflagger strategies/default/default faint.rfis CY15213 L Combine.ms
2023-10-06 62:08:03 | INFO | Running AOFLagger for field 133143030 (5) using strategy /scratch/processing/CY15213/eMERLIN CASA pipeline/aoflagger strategies/default/default_faint.rfis

2023-10-06 62:08:03 | INFO | Processing source 1331+3630, all bands

2023-10-06 62:10:10 | INFO | Last AOFlagger command: time aoflagger -fields 5 -strategy /scratch/processing/CY15213/eMERLIN CASA pipeline/aoflagger strategies/default/default faint.rfis CY15213 L Combine.ms
2023-10-06 62:10:10 | INFO | Running AOFLagger for field 1359+5544 (6) using strategy /scratch/processing/CY15213/eMERLIN CASA pipeline/aoflagger strategies/default/default faint.rfis

2023-10-06 62:10:10 | INFO | Processing source 1359+5544, all bands

2023-10-06 62:11:25 | INFO | Last AOFlagger command: time aoflagger -fields 6 -strategy /scratch/processing/CY15213/eMERLIN CASA pipeline/aoflagger strategies/default/default faint.rfis CY15213 L Combine.ms
2023-10-06 62:11:25 | INFO | Running AOFLagger for field 1483+5418 (7) using strategy /scratch/processing/CY15213/eMERLIN_CASA pipeline/aoflagger strategies/default/default_faint.rfis

2023-10-66 62:11:25 | INFO | Processing source 1463+5418, all bands

2023-10-06 62:14:00 | INFO | Last AOFlagger command: time aoflagger -fields 7 -strategy /scratch/processing/CY15213/eMERLIN_CASA pipeline/aoflagger strategies/default/default faint.rfis CY15213 L Combine.ms
2023-10-06 62:14:00 | INFO | Running AOFLagger for field 1467+2827 (@) using strategy /scratch/processing/CY15213/eMERLIN CASA pipeline/aoflagger strategies/default/default faint.rfis

2023-10-06 62:14:00 | INFO | Processing source 1407+2827, all bands

2023-10-06 02:15:25 | INFO | Last AOFlagger command: time aoflagger -fields © -strategy /scratch/processing/CY15213/eMERLIN CASA pipeline/aoflagger strategies/default/default faint.rfis CY15213 L Combine.ms
2023-10-06 62:15:25 | INFO | Running AOFLagger for field 1415+1320 (1) using strategy /scratch/processing/CY15213/eMERLIN CASA pipeline/aoflagger_strategies/default/default_faint.rfis

2023-10-06 02:15:25 | INFO | Processing source 1415+1320, all bands

2023-10-06 62:15:49 | INFO | Last AOFlagger command: time aoflagger -fields 1 -strategy /scratch/processing/CY15213/eMERLIN_CASA pipeline/aoflagger_strategies/default/default_faint.rfis CY15213_L_Combine.ms
2023-10-06 02:15:49 | INFO | ------v-vvonnne

2023-10-06 02:15:49 | INFO | Start flagstatistics

2023-10-06 62:15:49 | INFO | Running flagdata on flag aoflagger

2023-10-06 62:15:49 | INFO | mode="summary", action="calculate", antenna="*&*"

2023-10-06 02:28:45 | INFO | Saving flagtable in versionname="eMCP flag aoflagger”

2023-10-06 02:29:10 | INFO | flagstats file saved to: ./weblog/plots/plots_flagstats/flagstats flag aoflagger.pkl

2023-10-06 62:29:10 | INFO | Flag statistics ready. Now plotting.

2023-10-06 62:29:21 | INFO | End flagstatistics

2023-10-06 62:29:21 | INFO | End flag aoflagger

2023-10-06 62:29:21 | INFO | ---------------

What are the default parameters?

Parameter Default Comments

run raut oA ¢CKA& Aa asSid (2 aldzizé o6& RST
dataset is in band, taken from the MS metadata in the start
pipeline steps. If it is not L band, then aoflagger will not run.
fields rall A Select which fields to run aoflagger on. It is often useful to run
on all fields, but if you find you get excessive flagging on brigh
calibratorsat this stage then it is worth running on just the targe
andphase calibratofields.

separate_bands false This will separate into multiple bands if the data has multiple
bands in it, which 99.9% of the timewiill not, so keep to false.

Troubleshooting at this stage

So long as you have aoflagger installed, then this step should run fine. You need to have at least aoflagger 2.9 or
above, but we have not yet configured the pipeline for aoflagger 3.0+ due to it requiring slightly modified flagging
strategies. If you gahe warningg | 2 ¥t I 33 SNJ NI |j dzS atlies dheck thelversion @ofldgg@tok f | 0 f
whether it can be seen in your path.



flag_apriori

This step removes frokknown areas of bad dagalus some additional extra removal of data due to thBIERLIN
band not being as sensitive in certain arghfiags a few channels at the edge of each spw, and around 5% of the
channels at either end of the banthe start of eactscan orthe targets (4s) and calibrators (120s) are removed or
"guacked" from the data. You can see how many flags have been applied to the data by looking at the "Flag
Statistics" tab of the weblog. In the example below, approximateloithe data have been removed by the time
we get to the end of this stefhis stegproduces anotheflag plot in the flag statistics tabs of the pipeliweblog
andproduces another saved flag table.

What are the default parameters?

Parameter Default Comments

border_chan_perc 5.0 This sets the percentage of the edge channelgsefor flagging
on either end of the band. Note that this applies to the full ban
In this case, it will be 26 channels on tieaveragedns file on
either end of the band.

observatory_flags true During the data export stage at JBO, a set of observatory flags
in the form of a text file is produced. This flag file is
comprehensive and lists all the times when the telescopes we
not on source, so that they may be removed from the data.
do_estimated_quack true This will quack your calibrator fields using the all_quack or
std_cal_quack parameters below. All_quack will only affect
targets and phase cals, whereas the std_cal_quack paramete
affect the other cals.

all_quack 4.0 Set to 4s for targets and phasalibratorsto remove the initial
time stamp of a scan, butt will not be sufficientif telescopes
were still slewing and observatory_flags have not been applieq
std_cal_quack 120.0 Set to 120s, this parameter will cut the first 2 minutes of time ¢
every scan of 3c286 (1331+3030), 0q208 (1407+2827) and 3¢
(0319+4130), to make sure that the telescopes are on source
little bad data is included. These calibrators are usually ofeskr
for >30 minutes in a single scan, s@-minute quack will not
affect the results.

flag_Lo - Mk2 true This will flag the shortest-MERLIN baseline of ~200m, from
Lovell to Mk2, if it is present in the data. It is full of correlated R
and is difficult to calibrate given the baseline is so much shortg
than all other baselines, so it should always begtad
observatory_flags true As above, this is an accidental additional parameter, so make
it is set to what is set to above, to avoid confusing the pipeline

Troubleshooting at this stage

If the pipeline fails at this stag#,is usually because of the observatory flags file not being availalitetlfsthe

case, you should turn thebservator y_flags parameter(i 2 & ™ kthé defaudt_params.json filend run the

pipeline again, but you may want to double check the data after this and see if you need to extend the quack interve
to something more like 20&ee the image below of what the failure may look like in this case:



172MB 17.0MB/s 00:10

flag_manual

This step is the first one that ymanhave some manual intervention over. In some of the datasets, you will find a
manual.flags file (note this differs from the manual_avg.flags file). The manual.flags file (if present) includes a list of
commands of parts of the data that the operations stistrhas seen that looks incorrect, due to a
correlator/observatory failure thahas notbeen picked up by the observatory flags files. For example, data in August
2019 have an issue where the first spectral window (spw 0) on the Darnhall to Cambridiiecb@3a&Cm) was
consistently causing errors in the calibration. So, in the case whefatitisvas affecting the data, it can be added

to the operations scientist to the manual.flags file to remove it from the data completelydeed notend up in

the plots from the plot_data step or effecting the calibration at all.

As with the previous flag steps, it will make a new flagsions thle and add a new plot to the flag statistics page of
the weblay. There are no default paraetersfor this stage of the pipelindf the pipeline fails at this stage, it is
possible that there are typos in your manual.flags file, so double check this by reading the comments on flag files
later in this document.

average

The average step will do some additional averaging if requirsithg the mstransform task in CA®4 standard, the

data is averaged (already) to 4s time bins, but at this stage we also reduce the data size in frequency space too,
averaging down every 4 channels into 1. By performing this averaging step, we speed up the calibration steps
without compromising the data quality. It leaves you with 128 channels in each spectral window, of which you have
4 spws.Therefore there are 512 channels across youtiem512 MHz band, but natively the data will have 2k
channels.

What does it produce?



The most important thing that the pre_processing steps produces in the Run_avg.ms MS file, in this case
TS8004_C_001_20190801_avg.msTiles file is the one the pipeline will operate on throughout the rest of the
pipeline procedures. This pipeline step will alsqemnerate a listobs file of theewly created avg.ms file.

What are the default parameters?

Parameter Default Comments
field A You can choose a field specifically to averdgen.
timebin "4s A l'a LINBOA2dzate F2NJ GAYS | @SN

GKSYy GKS GAYSEF@SNY IS LI NI YSH
you have 4s averaged data, you will get 4s averaged data in tH
Gyl ga3oyYae FTAESO

chanbin 4 Now that the data have been flagged with aoflagger, we avera|
in frequency by a factor of 4, reducing the dataset from 512
channels per spw to 128 channels per spw. You can increase
number to reducdhe size of your datasét L ¥ & 2dz & §
then it will not do any channel averaging.

datacolumn Fdat aA Your datashould nothave any calibration tables yet, only flag
GFofSas>x a2 GKAA akKz2dzZ R 0S5 18

timerange " A Youcan choose a time range to do the averaging over, but thig
usually not necessarily

scan " A Again, you can choose specific scans to average, bulyowt
need to do that.

antenna A Choose specific antennas

shift_phasecenter false Thisparameter should be set to false for most runs of the

pipeline. The only time you may need this parameter is if you
want to move the phase cergrof your target (or phase
calbrator) sources in the visibility data before you start the
calibration procedures. This parameter needs to be carefully u
and there is a section at the end of this document on how to d(
the phasecenter shifting properly.

Troubleshooting at this stage

This part of the pipeline should normally proceed ok without any interven&anit should notfail here.For the
shift phasecenter option, if it is used then you shoigdidbw the stepscarefully at the end of this document, as it
requires the pipeline to be called in two parts during this step

plot_data

This step is straight forward and produces some basic plots of the dateafibeation. These plots are often helpful
when diagnosing where calibration steps may be going wtatey. They are shown as the "Uncalibrated visibilities"
plots in the "Plots" tab on the weblog. KSNB A& 2yfe& 2yS RSTFldzZ G LI NI YSGSNI
f STl (2 GKS RS Fhodi nbtgePtbofmiuty issuds atdhis Staye, b ybu may get an error atotut

being able to plot a source if it is nottime MS file, howevett israre to see this message as it requires changing the
inputs.ini file in between earlier steps.



save_flags

This stepsaveseverythingyou havedone above into a single flagersions tablecalled "initialize_flags". The idea is

that this is a natural break in thgipeline beforeyou do calibration and hence why the first step of the calibration

part of the pipeline starts with restoring these flagfiere are no parameters to be set at this stage as it is saving the
current flag state for the calibration part of the pipeliaad in theory the pipelinshould notfail at this stage.



Calibration

The calibration part of the pipeline is the section that a Pl will be able-tamemodifying the manual_avg.flags file
and default_params.json file to improve the calibrati®e go through each of the steps below in turn:

8. restore_flags
9. flag_manual_avg
10. init_models

11. Bandpass

12. initial_gaincal
13. Fluxscale

14. bandpass_final
15. gaincal_final
16. applycal_all
17. flag_target

18. plot_corrected
19. first_images
20. split_fields

restore_flags

CKAa a0SLI NBal2NBa GKS GAYyAGAFTAT STt 3aé dlihe fhgsd S NA
AYyLWzi G SR Ay GKS &LINB yLINRhOrS dréind gathmetais3obé deaythisstagelitk S LIA L.
should notfail at this stage.

flag_manual_avg

This step of the pipeline will do several things, but the main point of it is a chance for you read in any manual
flagging commands that you may want to input into the dathese commands are added as part of the

GYlFydzk £t gl @30FE 1 3aé¢ FTAESD hGKSNI GKIFyYy FEF33Ayas Al 6A
and update this in the weblog on the Observation Summary. It does this by looking at ttoe $Rcalibraor fields
FNRY (KS dtlwit d@so Waiadditidnal flaBad on the Lo drop out scaghese are scans where the Lovell
remains on the target field instead of slewing to the phase calibrator, as it has a slovatteso it borrows the

phase information from the Mk2 for calibration.

What does it produce?

Like previous flag steps, it will create a flag versions file and generate a flag plot for the Flag statistics tab of the
weblog.It will also report in the terminal the number of antennas sorted by the percentage of good solutions and
the SNR from the initial gaincal, and picks the one with the highest percentage as the reference anrtenna.
example:

2023-10- 06 13:17:41 | INFO | Antennas sorted by % of good solutions:
2023-10- 06 13:17:41 | INFO | Pi: 99.6, <SNR> = 15.8

2023-10- 06 13:17:41 | INFO | Mk2: 99.6, <SNR> = 16.7

2023-10- 06 13:17:41 | INFO | Cm : 83.2, <SNR>=16.1

2023-10- 06 13:17:41 | INFO | Da: 80.8, <SNR>= 7.0

2023-10- 06 13:17:41 | INFO | Kn : 68.9, <SNR> = 15.3



2023-10- 06 13:17:41 | INFO | De: 8.5, <SNR>= 4.4
2023-10- 06 13:17:41 | INFO | Refant in eMCP: Pi,Mk2,Cm,Da,Kn,De

In the case above Pickmere is chosen as the main reference antenna, but Mk2 will be used as a secondary one if
Pickmere fails. You will note also that the SNR is listed, so in this case it may also be worth choosing Mk2 as the
reference antenna, sib iswell worth looking at this information before deciding on a reference antenna. Note that

if you set a refant in the defaulparams.json global parameters, then thigni stepwill not be run, so yowvill not

get this information.Therefore it is always useful to run this step first to have a quick look at reference antennas.

What are the default parameters?

Allthe parameters below should be left to defaults unless you 1) have Lovell in the dataset, 2) there are Lovell
dropout scans, and 3) the automated search for the dropout scans is not working.

Parameter Default Comments

Lo_dropout " A CtKAa aK2dzZ R 6S | tAadg 2F aol
20aSNDI GA2yd ¢KS [ 20St f ibhaRNE
run as it has a slower slew speed than the other telescopes, s
the pipeline will use the Mk2 to interpolate phase solutions for
0KS [2@0Stt 6KSy ( Kshouldaohéetlfo ¢
set this as the pipeline will automatically try to work out which
a0lya NS GRNRLRdzié¢ aO0lya T4

Lo_datacolumn "data/A This is the data column in which to search for Lovell drop out
scans.

Lo_useflags true This is used for searching for Lo drop out scans.

Lo_spws [ T3A] This is the spw in which to search for Lovell drop out scans.

Lo_threshold 0.5 This is the threshold of the amplitude in which to search for Lg
drop out scans.

Lo _min_scans A This is used for finding Lovell drop out scans.

Troubleshooting at this stage

Like other flagging steps, thébiould notfail. However, the manual_avg.flags file may fail if there are syntax errors in
it: see the section on these files further down in this document or consult the flagdata CASA manual.

Init_models

This step is crucial to the calibration of the pipeline procedures as it will read in the 3c286 model and add
CORRECTED_DATA column to the data which can then be used for the rest of the pipeline procedures. It first runs
GOt SINDFt ¢ G2 YIS GKS / hww9/ ¢9byR! tRSOYRREY I 20 NS 2
Y2RSta Ay GKS RFGF X o0S7T2 NSEMBERHU calforatar mad@ISusiBgahe 202 4/PerteYDH y ¢
Butler values for the sourc&his is important to do as 3c286 ightly resolved on VIERLIN scales, making it
imperative that we give it a good model from which to extrapolate the correct fluxes {rsnmve observe 3c286 at a
different elevation we will get a different flux, therefore the model is ne@édo overcome thisThis stepdoes not

LINE RdzOS FyedKAY3I Ay GKS 686f23a odai R28a ONBIGS GKS
previous models from the data to put the 3c286 model in there with setjy.



What are the default parameters?

Parameter Default Comments

calibrator_models "calibrator_models/ A | This is the folder in the eMERLIN_CASA_Pipeline fold
where all the calibrator models live. Leave this to the
default.

manual_fluxcal false This should be left to false if you want to use 3c286 as

flux calibrator. lfyou areusing anything else as a flux cg
then set this to true and fill out the following parameter
fluxcal_flux [-1] This should be specified as [I, Q, U, V], but for the
purposes of the pipeline the Q, U V values will not be
used, so you can just set the | value here.

fluxcal_spix 0.0 The spectral index of the source

fluxcal_reffreq "0GHz A The reference frequency of the observations of the
source.

wtmode "nygA

dowtsp false This should be left téalse, ast will put in one weight per

spw if false. If True, then it will place one weight per
channel (see usewtspectrum parameter from the
import_eM section)

Troubleshooting at this stage

Usually this step should run successfully, as it only sets the models in the dataset for 3c286. However, when settinc
the flux manually, it is important that you sell the values properly in this section. These should be s#tdse

below, for example if using 3c84 as your flux calibrator. At the same time, you should set 3c84 to be the flux
calibrator in the inputs.ini file so the eMCP knows that that is the intended flux calibrator and not 3c286.

"manual_fluxcal" : true,

"fluxcal_flux" | 30.0 ], <- set to calculated flux from eMCP run

"fluxcal_spix" : -0.1, <- set to calculated spectral index froeMCP run

"fluxcal_reffreq" : "5.0GHz", <- set to central frequency from listobs output
Bandpass

This first part of calibration procedures for the pipeline creates a bandpass table. To do this, it makes several
subsidiary tables and works throughriousgaincal stepdt isimportant to note that the pipeline will run this step
twice: first to compute all the tables using the band pass calibrator before doing a flagging step and-ttvening
the steps again to produce an improved band pass table.

What does it produce?

Tomake the bandpass table, it first performs a preliminary delay solution (creating bpcal_d.K0), a preliminary phase
calibration table (bpcal_p.G0), and a preliminary Aitnde andPhasgap)calibration table (bpcal_ap.G0). These are

all performed for the band pass calibrator OQ208. It then has the necessary information to make the band pass
table, bpcal.BPO. Below are the examples for the 3C277.1 dataset and what to look out for:



bpcal_pKO

Delay Mk2

This first table shows the delay solutions over the time of the observatior ::;  — —
for the band pass calibratolt creates a solution every 3 mins, over which
the delays should be stabl@ few things to make note of here are the -
absolute delay numbersthese should not normally be more than ~10 ns _:
and should not vary between more than a few ns over the course of a sdi-
The two colours show the two polarisations (LL and RR}tasdormal for = = o T

them to have slightly different delay offsets, but they shouldbfwlone - -
another temporally. It may not be obvious at this stage, but sometimes yi:

Time (from 2019/08/02) (hh:mm:ss)
Delay Pi

get delay jumps which can happen when the maser time signal from the e e e L —
telescopes becomes unstable. This can happen for a varieigried = i
reasons but one common one is when it gets too hot and the light paths 5; - -~
get affected from the telescopes, so we get small delay jumps which app —— —— =egigime==

in the data. The pieline can deal with these, so yshould notneed to
worry about jumps, but delay variation over time is a problem whicHcou®:'  —

require fringe fitting at the later stages of the pipeline. Notice here that ~—— =" &ga=—"
Defford has a large offset between LL and RR correlations? This is norm
for Defford and isnstrumental butwill be calibrated outhrough the | — -
pipeline steps. You can also see here that the pipeline has flagged the —
second scan of 0Q208 for Defford and made Pickmere the reference anternsidedays are zeroed.e.,

everything here is relative to Pickmere.

Delay (ns)

Time (from 2019/08/02) (hWh:mm:ss)

bpcal_p.GO

Phase Mk2

This solution table solves for the phases between the antennas for the band
pass calibratorThe solution interval is now the integration time of the
source, in this case 4s, but you can extend this to a longer time iniexval
20s, if you haveoor SNR data. You should see here a clear evolving phase
over time, with no significant excursions. Delay jumps may show up here
too as small jumps, and anything which looks like there is no coherent
phase {.e.,it looks like n@se) should be flagged ifdioesnot get picked up
by the pipeline. The data here are colourised by the spws, so you can see
meemsesmess = tWO lines for each, which are the two polarisations. The phase witbwra
around 180 degreeso beworried if it appears to jump back to the bottom
of the plot here, only be concerned if you see a vertical line at the same

Gain Phase 1
(degrees)

Time (from 2019/08/02) (hh:mm:ss)
Phase Pi

Gain Phase
(degrees)

Time (from 2019/08/02) (hh:mm:ss)
Phase Da

Gain Phase
(degrees)

Gain Phase
(degrees)

e 0 " time stamp as that suggests the phase calibration/h@si 32y S St €
8.
SEegIas==— bpcal_ap.GO

Gain Phase
(degrees)

The amplitude and phase tahpeovidetwo plots. One should be a phase

plot with the phase now zeroed, thanks tamprevious phase calibration

table whichwe haveapplied to make this table, but also an amplitude vs time plot showing how the solutions for the
amplitude, usually over a longer time interval such as 32s in this case. It is important that you check any areas of th
data where the phase is not zero, aady areas where the amplitude drops or spikes.d&@mple here there is a

small drop out on Darnhall in the first scathis should be noted to be flagged from the data at a later point. Once
again,the data is colourised by spw, so yslould havawo lines per colour, one for each correlation.

Time (from 2019/08:02) (hh-mm:ss)



Amp Mk2 Phase Mk2

I3 E ;'f ig‘
i = ?'; This is the finaliged band pass ITE
= - _ table,and you will be presented  §:
T i esiee 7 2 With the solutions from applying - T T T e e e T S
§ == = all the previous 3 tables and then é,
8 ™ running the bandpass task in [
- e = = CASALike the previous table, you T s pet e
i &= f have an amplitude and phase plotggf
o — on the left and right, respectively. #:
S Tmempegimess— ——— The plots are generated witha - EmRimgees
- azfdziAzy )\yl’]SNJ‘Ziggi
~ - — . displayed as amp/phase vs i . ; ‘ -
| — memmeees——— frequency, so you should be able T —
= = = to see the effect of the band pass ii -
fml = = ¥

across the band. The amplitude
plot shows 4 clear spwsiith the
edges of the band flagged entirely due to roll off, and dipthe amplitude at the edges of each of the spws. There
are some wigles across the band, but this is simply the instrumergsponseand you should expect the two lines
(each colour is a different correlation) to follow one anotbktrsely If one correlation isignificantlydifferent from

the other, then there is usually a problem with thapw and/or correlation that needs to be flagged. The phase plot
at this point should be flat and set to zero, buis ok if there are a few small wiggles.

" Time (from 2019/08/02) (Nhcmm:ss) Time (from 2019/08/02) (Ncmm:ss)

Bandpass amp Mk2 Bandpass phase Mk2
B "ﬂvl‘g’f\'\/ YW What are the default fi i —
Cerasree parameters? v e
j i’ “W There are a lot of default ji
- T parameters in this section, and Fanr
[ e s 02 many of them follow the same .. i
i ]F Y ; ordering as multiple runs of HE
s i ; gaincal are made with slightly &« 0
E —— different parametersTherefore, , - T
= 1 V / they have been grouped to make z; —— _—
s R it easier to follow. | e U
. Bandpass amp De ) Bandpass phase De
i =\ sl et i= -
I ‘ wa
. : d ; e
Parameter Default Comments
delay_tablename "bpcal_d.KO" This sets the table names for the relevant tables
phase_tablename "bpcal_p.GO" be made and then applied in this section. There
ap_tablename "ppcal_ap.GO" arefour tables, outlined here.
bp_tablename "bpcal.BPO"
delay_solint "180s" These are the default solints for each of the tabl
phase_solint FrintA 3 mins for the band pass, integration time (4s in




ap_solint r32saA this case) for the phase table*, 32s for the
bp_solint rinfA combined ap solve, and infinitk€.,across the
whole observation) for the final band pass table.
F,2dz Oy AYyONBlFaS (KA3:
that the data are a bihoisy,and you need a bit
more to get good phase solutions.
delay_combine FrspwA You can choose to combine via different method
phase_combine rA if you need the additivonal SNR, bu'E irl moases,
ap_combine r A €2dz aK2dzZf RyQu yYSSR AU(
bp_combine Ffield, scanA over spw as the instrumental delay should rema

the same across all spywshereas the phase and

' YLX AdGdzRSa YI & @I NB a:3
combined. We combine by field and scan for the
final band pass table as you want a single soluti
for all of the band pass observations.

delay prev_cal

I

An array of the previousalibration tables, and

phase_prev_cal ["bpcal_d.K0"] you need to apply them in turn to the next step.
ap_prev_cal ['bpcal_d.K0","bpcal_p.G0"]
bp_prev_cal ["bpcal_d.K0",
"bpcal_p.GO",
"bpcal_ap.G0"]
delay_interp "linear" This determines the type of interpolation type for
phase_interp "linear" each of the tables. Linear interpolation is preferr
ap_interp "linear" for the first three tables te@nsure the
bp_interp "nearest,cubicflag"” interpolation is linear in time across the whole
- ’ observation, but the last one (for the BPO table)
has a nearest and cubicflag interpolation. These
refer to using the nearest calibrator in time spac{
and then a cubit frequency.
delay_spw ["*","innerchan"] We use the asterisk to refer to alpws to apply to,
and the innerchan parameter will only work on th
phase_spw [*** “innerchan"] inner 80% of the band for each spw, so the poor
- SNR at the band edges do not affect the
S . calibration.Of courseyou need to cabrate these
ap_spw [**,"innerchan’] for the BPO table, so this is removed from that
part.
bp_spw [,"1]
delay_minblperant 3 Number of baselines for an antenna to produce
phase minblperant 3 satisfactory solutiorin any given solution interval.
ap_minblperant 3 Can be dropped to 2 for more solutions and 1 fo
- point source but be carefuldropping to 2 is ok,
but 3 is preferred. 1 can be usediass like doing a
single baseline
delay_minsnr 2 This is the snr ratio on solutions below which the
phase minsnr 2 data should be flagged. Should be fine at 2 to
ap_minsrr 2 preserve as much as possible, but you can drop
- 1 ifyou arecareful
bp_uvrange ra You can stipulate a uvrange if you think your

calibrator is resolved, but yashould notneed to
for OQ208 ags unresolved on eMERLIN
baselines.




bp_fillgaps 8 Interpolates over flagged channels by
interpolation. This default should be fine.
bp_solnorm true Normalise the solutions by dividing through by
product ofgains so that average gain is 1 per
pol/antenna/spw. You should do this as it will
make all the relative calibrations later in the
pipeline easier.

apply_calibrators ["bpcal.BP0"] This is used to apply to the data after the
preliminary set ofjaincal tasks, so that the secon
run through with flagging is closer to the correct

answer.

apply_targets 1 Youshould notneed to apply to targets at this
stage, but if you want to have a look then you c3

run_flag true This parameter will run a flagging routine at the

end of the calibration cycle, to remove any low
level RFIAllthe parameters after this refer to
whether this is set to true or falsélsually it
should be set to true to remove bad bits ddita
but can be set to false if you have a large flag
percentage. Note that if set tfalse, care must be
taken to manually excise the data and rerun the
pipeline with the manual_avg_flags written.
mode FrtrfcrophA This will run tfcrop at the end of the preliminary
gaincal runsAllthe parameters after this are
described in thelfgdata online documentation
Youshould notneed to change them at all.

Troubleshooting at this stage

You can have a look at the log files at this stage as the gaincal runs will tell you a lot about the data being flagged a
whether CASA thinks it should find solutions or not. Remember also that this step runs all the taskedooms

some flagging, and then mns all the gaincal steps once mo8a,it isworth comparingwhat the solution levels

are in the log files to make sutkat the flagging is not causing significant issues, but it rarely does. In this case only
0.4% more flags are made duritigs step.

Initial_gaincal

This step will do the main phase and amplitude calibration of the entire dataset, operating on all calibtasohe
most important part of the pipeline and is liable to fail if your calibrators arepaoticularly goo¢ so care must be
taken at this part of the pipeline to ensure that the final solution tables are goia@.the previous step, this one
also runs twice, once to do a preliminary calibration before doing some flagging and tdemgethe calibration.

What does it produce?

This willmake three plots: the allcal_d.K1 delay calibration plot, the allc&llphase calibration plot and the
allcal_ap.G1 amplitude/phase calibration pltstwill also produce another flag statistics plot.

allcal_d.K1

This table represents the delay calibration acrabthe calibrators. You expect that the delays should be zero for the
reference antenna and ideally for all other antennas, but you can see here thid tlosthe case. However, the fact


https://casadocs.readthedocs.io/en/v6.3.0/api/tt/casatasks.flagging.flagdata.html

Delay Mk2
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colourisation in this plot is by spw.

allcal_p.G1

Dela,

" ime (trom 2019/08/01) (hcmmesa) 8=
Delay De

This table is the phase calibration

table. It uses the integratin time .=

e i e e as the solint to create the table, 3,3_;:

" s but you can increase this if the |

phase calibrator is weak or the

Syl signal to noise ratio for the

dataset is poor. You will see that the reference antenna is zeroed here, i
that the other antennas show phase wrapsovime. This is completely

normal and just shows that the gaincal step kbassideredhe atmospheric
phase properly. If ihas notthen you will see vertical lines in this plae.,

noise, which should be flagged. Once more the colours represent the sggi

g

Delay (]
!
l
!
|

Delay (ns)

Galn Phase
(degrees)

Galn Phass
(degrees)

allcal ap.G1
3

!,,

This is the amplitude and phase solution table for all calibrators. Just like =/ L, PRI LRY S AL,

that the delays are constant in time with jumps suggests that these are
small regions where we have had a delay jump in the correlator which
o« «= == | CASA can handle and take of in the soluti@usthese solutions are fine.
What wedo notwant to see is a gradual change over time, i.e., a drifting of
the delays, as this would suggest that there is a rate that needs to be taken
care of and someort of fringe fitting is necessary. If you have multiple

— delay jumps on shotimescalesthen you might want to changéné solint

at this stepto a shorter one taonsidersmall jumpsAs before, the

Phase Mk2

Screenshot 2022-03-08 at 12.30.33 (2) I
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 Time (from 2019/08:01) (hhcmm:ss)
Phase Pi

Time (from 2019/08/01) (hh:mm:ss)

Time (from 2019/08/01) (Mh:mm:ss)

the bandpass ap solution table, we get two plots, one for amplitude and

one for phase. The jumps we see in the amplitude plot represent the different calibrator sourcEsneoworry if
you see jumps in this plot! You should expect to see regular jumps between ailiators(3c286/3c84/0Q208)
and your phase calibrator, with the phase calibrator remaining at the same amplitude throughout for each antenna.

If you Ik at the Cambridge baseline there appears to be a little amplitude jump at around 40:00:00 so this should
be flagged. As previously for ap plots, you should make sure the phases also remain constant at thisxgtage as
haveapplied the previous phase table to the data tokeahis plot. It is also useful at this point to look for gaps in

the dataset in time, for example look at Mk2 around 33:00:00. It appears to have lost some solution around this
time, so it may be worth checking the data to sethere are specific problems with thisigenna at this point. As
everything is referenced to the reference antenna, it can also represent a problem on the refirig\gorth

checking that too! For the sake of this demonstration though, theseyaaelplots, and by the end of this section,

we haveonly got31% flagsan increase of 8% or so.
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Amp Mk2

What are the default
parameters?

The default parameters are split
. into three sections here, so we
start with the delay tables, then
the gaincal as performed in ‘; :
previous sections, and then '
options for flagging.

Phase Mk2

| Screenshot 2022-03-08 at 12.30.33 (2)
§
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Parameter

Default

Comments

use_fringefit false Wedo notneed to fringe fit the data ase havealready done a
delay calibration in the bandpass stepst if you have rate
issues then you can try it. It uses thimge fitter in CASA so use
at your own risk.

tablename "al |l cal _|Table namdo generate

delay cal Frdef aul t | Usethe default delay calibratdre.,0Q208 in this case.

solint r180saA As before, the instrumental delashould notevolve too quickly
so a3-minute solint should be fine herdutit may be worth
dropping to 120s ifou areworrying about getting a solution for
every phase cdrator scan.

combine FrspwA Combine by spw as the instrumental delay shouldHgesame
across all spws.

prev_cal [ Tbpcal Apply our bandpass table made in the previous step.

interp 'l i near A|Llnearinterpolation for the delays in time as we wantrack
this over the course of the of the observation.

spw [, As previouswe use only the inner channels to calibrate where

"innerchan"] there is the most SNR and least band roll off effectsaply it

to all spws.

zerorates true This is only relevant if fringe fitting is turned on

minblperant 3 As before for minblperant. Yowill want to keep this at 2 as a
minimum

minsnr 2 As previously for minsnr.

Next are the phase and amplitude and phase gaincal runs. Theseoageor-less identicato the parameters in the
bandpass section, but with some subtle differences to include the delay calibjasibperformed.

Parameter

Default

Comments

p_tablename
ap_tablename

"all cal_p.G1"
"all cal_ap.G1"

This sets the table names for the relevant tables to be mad
and then applied in this section. There &ne tablesnow,
outlined here.Note also that the suffix has changed to G1
from GO previously.




p_solint FrintA As previously for the bandpass part of the pipeline
ap_solint Fr32sA
p_combine rA As previously for the bandpass part of the pipeline
ap_combine rA
phase_prev_cal ['bpcal.BPQ", As previously for the bandpass part of the pipeline, but thig
"allcal_d.K1"] time we use the relevant tables here and use the BPO tableg
ap_prev_cal ["bpcal.BPO", start_with to make sure we take any effects of the band pas
" " out first.
allcal_d.K1",
"allcal_p.G1"
p_interp "linear" As previously for the bandpass part of the pipeline
ap_interp "linear"
p_spw ["*","innerchan"] As previously for the bandpass part of the pipeline
["*","innerchan"]
ap_spw

phase_minblperant As previously for the bandpass part of the pipeline.
ap_minblperant
phase_minsnr

ap_minsnr 2

NlWw W

As previously for the bandpass part of the pipeline.

apply_calibrators ['bpcal.BPQ", Apply all the tables generated hete the calibrators.
"allcal_d.K1",
"allcal_p.G1",
"allcal_ap.G1"]

apply_targets 1 Do notapply tables to targets at this stage, but you can do

you want.

r f cropA | Thisallows you to pick from tfcrop or rflag to flag the
visibilities. See the next set of default parameters for
explanations.

The final set of default parameters for this section concerns the flagging at the end of this stédipdadto, you
can pick between rflag and tfcrop as your main flagging strategies here. First the tfcrop paraametisted l.e.,
0§KS TFTANERG LI ENE GYFSOINSYEEACA BYIR? & B4 & (BTY@aRBEShdn those for rflag.will not go
into these here as they are outlined in the CASA documentation noted earlier.

flagmode

Troubleshooting at this stage

This part of the pipeline is usually where it fails (if it is going to), because it depends on the phase calibrator being
good throughout the observation. Any issues can easily be compounded at this stage and lead to a cascade of
flagging which leads tofailure of the pipelinelf this part of the pipelindails,then it is best to go through gaincal

by gaincal and check that the number of solutions is sensible and make some minor changes to the default
parameters file if necessariRemember that this rumtwice, so once without flagging and once with flagging, so if
you havea high flag percentage then this could explain why it fails.

fluxscale

This step will scale the fluxey runningfluxscale and setjy to transfer all the fluxes from the model of 3¢c286 to the



calibrators.It is utmost importance that this step is successful and produces sensible fluxes and spectral index value
for the sources, as it will affect all of the final fluxes on the target field.

What does it produce?

This step produces one plot, the fluxscale motthe 1000
right, and returnghe fluxes set by the pipelin&.ou
can see that each source has a different colour, anc
you have auitable calibration across the entire
band, then you should expect to see a single line
crossing all data points (spws). This shégo

produces a text file called
allcal_ap.G1_fluxscaled_fluxes,tmthich includes an
GSaFlI OG2NEDP ¢KA& FIFOO2N
3c286 being resolved out on the shortest baselines 10
by eMERLINTherefore,the log values will be

corrected by this factor and the ones in the text file

are not, but there is a warning.

Flux density [Jy]

0319+4130: Flux density = 30.911 +/- 0.167, spidx =-0.08+/- 0.19
1302+5748: Flux density = 0.469 +/- 0.005, spidx =-0.55+/- 0.39
1407+2827: Flux density = 1.798 +/- 0.018, spidx =-1.09+/- 0.36

CASA fluxscale output (not corrected oal—L = = L |
by eraCtor): . ) Frequency [GHz] ’ :

# Flux density for 1302+5748 in SpW=0 (freq=4.8805e+09 Hz) is: 0.477934 +/ -
0.0480495 (SNR =9.9467, N = 12)

# Flux density for 1302+5748 in SpW=1 (freq=5.0085e+09 Hz) is: 0.480012 +/ -
0.0514218 (SNR =9.3348, N =12)

# Flux density for 1302+5748 in SpW=2 (freq=5.1365e+09 Hz) is: 0.479019 +/ -
0.0537081 (SNR =8.91894, N = 12)

# Flux  density for 1302+5748 in SpW=3 (freq=5.2645e+09 Hz) is: 0.453396 +/ -
0.0575073 (SNR = 7.88416, N = 12)

# Flux density for 0319+4130 in SpW=0 (freq=4.8805e+09 Hz) is: 31.0463 +/ -
0.429427 (SNR =72.2971, N =12)

# Flux density for 0319+4130 in SpW=1 (freq=5.0085e+09 Hz) is: 31.396 +/ -
0.463267 (SNR = 67.7709, N = 12)

# Flux density for 0319+4130 in SpW=2 (freq=5.1365e+09 Hz) is: 31.3674 +/ -
0.491595 (SNR =63.8074, N = 12)

# Flux density for 0319+4130 in SpW=3 (freq=5.2645e+09 Hz) is: 30.7706 +/ -
0.516247 (SNR =59.6043, N =12)

# Flux density for 1407+2827 in SpW=0 (freq=4.8805e+09 Hz) is: 1.86567 +/ -
0.0945614 (SNR = 19.7297, N = 12)

# Flux density for 1407+2827 in SpW=1 (freq=5.0085e+09 Hz) is: 1.86602 +/ -
0.0999827 (SNR = 18.6634, N = 12)

# Flux density for 1407+2827 in SpW=2 (freq=5.1365e+09 Hz) is: 1.80584 +/ -
0.104122 (SNR =17.3434,N=12)

# Flux density for 1407+2827 in SpW=3 (freq=5.2645e+09 Hz) is: 1.7089 +/ -
0.112365 (SNR = 15.2085, N = 12)

# Fitted spectrum for 1302+5748 with fitorder=1: Flux density = 0.472813 +/ -

0.00518869 (freq=5.07048 GHz) spidx: a_1 (spectral index) = -0.546973 +/ -
0.390837 covariance matrix for the fit: covar(0,0)=0.00313254

covar(0,1)=0.0414962 covar(1,0)=0.0414962 c ovar(1,1)=21.066

# Fitted spectrum for 0319+4130 with fitorder=1: Flux density = 31.1468 +/ -
0.167987 (freq=5.07048 GHz) spidx: a_1 (spectral index) = -0.0752787 +/ -
0.190325 covariance matrix for the fit: covar(0,0)=5.85006e - 05

covar(0,1)=0.000673298 covar(1,0)=0.00067329 8 covar(1,1)=0.386241



# Fitted spectrum for 1407+2827 with fitorder=1: Flux density = 1.81183 +/ -
0.0184906 (freq=5.07048 GHz) spidx: a_1 (spectral index) = -1.08585 +/ - 0.364224
covariance matrix for the fit: covar(0,0)=0.000815434 covar(0,1)=0.0123799

covar(1,0)=0.0123799 cov ar(1,1)=5.50668

# WARNING: All flux densities in this file need to be multiplied by

eMfactor=0.9924 to match the corrections that have been applied to the data.

What are the default parameters?

Parameter Default Comments
tablename I allcal_ap.G1_fluxscaled A | The tablename to generatefter flux scaling.
ampcal_table I allcal_ap.G1 A The amplitude table name.
apply_calibrators ["bpcal.BPQ", Apply all our previously generated tables.
"allcal_d.K1",
"allcal_p.G1",
"allcal_ap.G1_fluxscaled"]
apply_targets 0 Do notapply to the targets at this stage.

Troubleshooting at this stage

A couple of things to be aware of here are the spectral indices that are calculated by the pipeline and the fluxes of
the sources. You should be able to look up your sources iagtiegeo vibi calibrator ligb check that the fluxes are
coming out about right for the sources. Note that 3c84 is variabldosoot use that to check! OQ208 is usually

stable so ~1.8Jy at C band is about right here. The spectral index values alsalemikable bukeep a look out for
alpha values of +7 @7, whichsuggests something has gone wrong with the flux scaling!

Also keep aware that 3c286 is Hlity resolved at eMERLIN baselines. The pipeline will solve for this using the
dfluxpy script and give an eMfactor correction factdhen, the pipeline will run the script dfluxpy to find the
correction factor eMfactor. The values in the logger in eMCP.log are corrected by this eMfactor, but the
fluxscaled_fluxes.txt file is not corrected by this factor.

bandpass_final

Now we have an accurate flux scale, wenwake the bandpass tabte include the spectral index of the calibrators

as the previous bandpass tables assumed the source was flat spectrally (same flux at all frequencidsigpsiep

Ad tA1S GKS AYyAGALIE aol yRLI&aaéeé aGSLIE odzi GKA& GAYS
derive the bandpass table, and a flux scale table which enables us to fit the bandpass calibrator, considering any
spectral indexariations.

What does it producand what are the default parametérs

A new bpcal.BP2 table which is the new band pass table that we use for the rest of the pifiedirtefault
parameters aréhe same as in the previous band pass steps, but only foreating the BP table.

Parameter Default Comments

bp_tablename "bpcal.BP 2" As previous for bandpass step
bp_solint Fnf A As previous for bandpass step
bp_combine rfi el d, s c ai Asprevious fobandpass step



http://astrogeo.org/calib/search.html

bp_prev_cal ["bpcal_d.KQ", As previous for bandpass step
"bpcal_p.GO0",
"bpcal_ap.G0"]

bp_interp "nearest,cubicflag” As previous for bandpass step

bp_spw [ As previous for bandpass step

bp_uvrange rA As previous for bandpass step

bp_fillgaps 8 As previous for bandpass step

bp_solnorm true As previous for bandpass step

apply_calibrators [*allcal_d.KQ", As we are reggenerating the bandpass table, we want te 1
"bpcal_p.GO0", apply it on top of the other calibrationse havealready
"ppcal_ap.GO0", made, so unlike the bandpass step, we are applying our|
"bpcal.BP2"] newly made BP2 table.

apply_targets 1 As previous for bandpass step

Troubleshooting at this stage

Thisstage is unlikely to fad if the flux scaling is good then this will usually run safely and produce a new bandpass
table.

gaincal_final

Like the initial_gaincal steps, this set of tasks (aH)compute the phase and the ap solution tables, as well as
making perscan solution tables which will then be used to apply to the target fields.

Taln Phase
ces)

(degrees)
" 4

3,

-

5

1

What does it produce?
This step produces 4 main plots, a phase calibration plot, an ap calibrat|, :
plot (exactly like those in the initial_gaincal step), as well as the scan §§:f
averaged phase and ap table plothe phase and ap calibration plots are
identical to those in the previous initial_gaincal step so here we only go
over the perscan plots:

phscal_p_scan.G3

This is the pescan phase calibration plot, providing a phase solutien
scanso that it may be interpolated across to the target in later steps. Lik(;*
other phase calibration plots, you should expect to see a smooth variati¢
of phaseover time, with the refant being set to zero. Colours are once
again the spws.

Taln Phave
(degrees)

phscal_ap_scan.G3

Like the perscan phase plot above, this is the amplitude and phase vergmmnshould expect to see your
amplitudes to not vary, or if they do to not vary much over time. You can see that there is some smtdthong
timescalevariation,but this should be ok. You can also see samapoutsin the amplitude ploton Darnhall and



Cambridge, as well as Defford being noisier than the rest of the data. We should look at the data at this point and
see if there are any issues.

Phase Mk2

Taln Prave
(degrees)

Phase Pi

Tl Phave
(degrees)

Phase Kn

Phase De

Galn Phae
(degrees)
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Time (from 2019/08:02) (hh:mm:ss)

Time (from 2019/08/02) (hh:mem:ss)
Phase Cm

Tieme (from 2019/08/02) (Mhmm:ss)

What are the default parameters?

The default parameters for this section aieilarto the previous gaincal
parameters, sd haveremoved those which are for the p and ap tables, but
I haveleft those for theper-scan tables. Note that this time we apply the
new BP2 table but use thaitial delay table.

Parameter

Default

Comments

p_scan_tablename

ap_scan_tablename

"phscal_p_scan.G3"
"phscal_ap_scan.G3"

As previously for the other p/ap tables but now for scq
these are the table names.

p_scan_prev_cal ['bpcal.BP2", Apply the BP2 table and the delay tables already
"allcal_d.K1"] computed first.
ap_scan_prev_cal ['bpcal.BP2",
"allcal_d.K1",
"allcal_p.G3"]
p_scan_solint Fnf A These are set to inf, as we want a solutfmr-scan
ap_scan_solint Frinf A

p_scan_spw

ap_scan_spw

["*", "innerchan"]
['*", "innerchan"]

As per previous p/ap tables, we apply to all spws and
usually only the higher SNR inner channels to make (¢
solutions.

p_scan_combine rA As per previous gaincal steps.
ap_scan_combine AN

p_scan_interp "linear" As per previous gaincal steps.
ap_scan_interp "linear"

p_scan_minblperant 3 As per previous gaincal steps.
ap_scan_minblperant 3

p_scan_minsnr 2 As per previous gaincal steps.
ap_scan_minsnr 2

ap_calibrator

Fdefaul t A

This parameter allows you to choose a specific
calibrator if you have a separated amplitude calibrato
that is further away from your phase calibrator. This is




useful for K banadbservationsand you can read about
that as an extra section in this document.

"phscal_p_scan.G3",
"phscal_ap_scan.G3"]

apply_calibrators ['allcal_d.K1", Apply all our solution tables to the calibrators, as they
"bpcal.BP2", were created for the calibrators.
"allcal_p.G3",
"allcal_ap.G3"]

apply_targets ['allcal_d.K1", Here we apply the global delay and final band pass
"bpcal.BP2", tables as before, but we apply theer-scantables to the

targets.

There are also some parameters in this section that are exclusively for spectral line datasets. These all include
i K Bor doditilNdinywd ik ol day dafelBignore these paramefiisse do
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spw as it may be different to the continuum spw band pass in that part of the band.

Parameter

Default

Comments

p_offset_ tablename
narrow_lp_tablename

"narrow_bpcal.BP2"

narrow_p_offset.G3"

Table names

p_offset_ prev_cal

narrow_bp_prev_cal

["allcal_d.K1",
"allcal_p.G3"]
[*allcal_d.K1",
"allcal_p.G3",
"allcal_ap.G3",

"narrow_p_offset.G3"]

Apply the previous tables

narrow_kp_interp

"nearest,cubicflag

p_offset_ solint rintA Phase offset is done on the integration time as a

narrow_kp_solint FrinfA solint, as we want to see how the phase evolves o
time. You could increase this to ~20s if you neede
to for SNR requirements. The bp table requires inf
we want a single solution for d@lmes.

p_offset  spw ["*"," The spw to apply to, this time wdp notuse

narrow_bp_spw [ ] innerchan as the band itself has a lot of channels
(512) compared to the spw band width, and we wg
to apply to everything.

p_offset _ combine I scanA We can combine by scan for the phase offset as it

narrow_bp_combine I field,scan A should remain the same throughout all scans, and
also combine by field for the bp table as that shoul
be the same across all bp cal scans.

p_offset_ interp "linear" As previously for interpolation for phase and band

pass tables.

p_offset _minblperant

3

As preivously

p_offset_ minsnr 2 As previously

narrow_bp_uvrange rA As previously, you can restrict the uv range if you
want to.

narrow_bp_fillgaps 8 As previously

narrow_b_solnorm true Normalise the solutions gweviously

ay



narrow_apply calibrators | ["allcal_d.K1", Apply the tables in order. In this case we use the
"narrow_bpcal.BP2", initialy delay table, but then apply the new narrow
bpcal table beforeapplyingthe G3 p and ap solution

"allcal_p.G3",
" " tables and then the offset table when apply to
allcal_ap.G3", )
calibrators.
"narrow_p_offset.G3"]
narrow_apply_targets [allcal_d.K1", As previously, but here the difference is we use th
"narrow_bpcal.BP2", per-scanp and ap solution tables to apply to the
targets.

"phscal_p_scan.G3",
"phscal_ap_scan.G3",
"narrow_p_offset.G3"]

Troubleshooting at this stage

Like the initial_gaincal part of the pipeline, this step can fail due to heavy flagging on the phase calibrator. Any issue
can easily be compounded at this stage and lead to a cascade of flagging which leads to a failure of the pipeline. If
this part of he pipeline fails, then it is best to go through gaincal by gaincal and check that the number of solutions i
sensible and make some minor changes to the default parameters file if necessary.

applycal_all

This step will take all the solution tables and applies them all to the data. Up to thisymimavebeen creating
az2zfdziAz2y Gl of Sa -theffiR adwelmiike theyhekt soluiGh Yablé, gaking into account the previous
ones we have made. This step will take all of those solution tables and apply them to the data into the
CORRECTED_DATA colofithe ms file, sahat when it comes tdmaging,we do nothave to list lots of tables to

apply on the flylt isoften better to do this at this stagas we will want a final calibrated dataset that we can image
without all the rest of the calibratold ¢ KA & &G SLI 6Af f -wdightPtheNatabasaédufonthes (i ¢ &
variance of the datdt isuseful to read up on this step in t@ASA documentation

What does it producand what are the default parametérs

This step only applies the calibration tables to taa, so itonly produces a final flag percentage plot for the
calibrators in the flag statistics tab.istworth looking at the flagging and calibration accepted solutions in the logger
at this stage.

The calibration tables are then applied to the data using the applycal_all section of this part of the pipeline.

Parameter Default Comments

apply_calibrators [*allcal_d.K1", Apply these tables to calibrators
"bpcal.BP2",
"allcal_p.G3",
"allcal_ap.G3"
apply_targets [*allcal_d.K1", Apply these tables to targets
"bpcal.BP2",
"phscal_p_scan.G3",
"phscal_ap_scan.G3"]



https://casadocs.readthedocs.io/en/v6.2.0/api/tt/casatasks.manipulation.statwt.html

apply_narrow_calibrators | ["allcal_d.K1", Apply these tables tthe spectral zoom (narrow) spws

"narrow_bpcal.BP2", for calibrators.
"allcal_p.G3",
"allcal_ap.G3",
"narrow_p_offset.G3"]
apply_narrow_targets ["allcal_d.K1", Apply these tables to the spectral zoom (narrow) spy
"narrow_bpcal.BP2", for targets.

"phscal_p_scan.G3",
"phscal_ap_scan.G3",
"narrow_p_offset.G3"]

run_statwt true Decide whether to run statwt or nag this will re
weight the data in a statistical way (segtwt doc9
statwt_timebin "0.001s" This is the timebin for statwt. | recommend leaving t

as it is unless you know whygbu aretrying to do with
statwt as there are work arounds for different CASA
versions in the functions of the eMCP to make sure {
comes out correctly.

Troubleshooting at this stage

If you havehad a lot of flagging, you may end up wétHailed apply cal here. You may also want to selectively apply
tables but if you ddhis, | recommend doing this manually rather than running this step.eikample for K band

data, you may want to selectively apply different tables for the p and ap solutions from different calibrators to the
entire dataset, so it is often easier (and better) to have more contgaufaredoing this. For stagiard L and C band
though, this will take the tables madeqyiously and apply them to the data as you have done so far on the fly.

A note on statwt;Statwt is the CASA task forwneeighting the dataThe CASA webpagsotes that this task will re

weight visibilities according to their scatter, which feMEERLIN should improve weightings on Cambridge and other
stable telescopes with good SNR, but deweight Defford baselines as Defford has poorer sensitivity and more
scatter in general. However, this task has gone through some iterations, so it will do different things based on whict
CASA version you are using dhd is irbuilt into the pipeline, hence thetatwt_timebin parameter. We are still
working out what the best value for this parameter is for CASA 5.8 and above, as it sometimes will cause NaNs to &
put into the data so if you get to the imaging step and see a green screen with no flux, thewitishanging the
statwt_timebin LJ- NI YSGSNJ (12 a2YSUGKAy3a fA1S athisakappenig.f 2y I3SNE

flag_target

This step is as it suggests, flags the target data nowvtieataveapplied all the calibration tables toaind will

produce another flag versions table as well as a corresponding plot in the flag statistidédao this now instead

of earlier as walid notwant to overflag data that looks bad due to calibration errors, and/or, we want to make sure
that everything is calibrated before searching for #wvel flagging points to remove from the target datenerally,
this is avery safe way of doing ibut you may find that there is additional lel@vel RFI especially in L band datasets
that does not get removed from this step we havenot run aoflaggeon the data.

l'a LINBOA2dzat e GAGK NHzyyAy3a Ffr3 Y2RSaz &2dz OF yBy LIA O
default, the pipeline rungflag, with the parameterghe same as those shown previouslyt we now operate on the


https://casadocs.readthedocs.io/en/v6.2.0/api/tt/casatasks.manipulation.statwt.html
https://casa.nrao.edu/docs/taskref/statwt-task.html

targets on the corrected data colummhis part of the pipeline should be ok, as it is just running tfcrop/rflag to
remove some bad data.

plot_corrected

This step produces a lot of standard plots from the calibrated data, and as such there are no default parameters. In
theory this stepshould notfail either, as it is just making multiple callsa@.,plotms.The plots it produces are
outlined below, with notes on what to look out for:

Calibrated visibility plots

The calibrated visibility plots are added to the uncalibrated visibility plots, one per source, with the plots opening in «
new tab in your browser windovBelow are the plots for 3c286. You can see that each plot has each baseline in it.
The four plots from left to right are: amplitude vs time, phase vs time, amplitude vs frequency and phase vs
frequency. You are looking for a flat phase for all calibragarcept 3¢286 in both the phase plots. For #raplitude,

your calibrator fields (except 3¢286) showllsobe always the samand you will see the effect of the spectral index
should cause the amplitude vs frequency plot to vary across the band. For target scans, if you havesalbight

you should see something similar to thbase calibratosources in these plots, but if it is slightly resolved then you
may see some phase changes at the longest baselines and/or amplitude variation in time as the tes@iine

more (or less) of the source.

In terms of issues, you want took for excursions in the amplitude and phase of the calibrators. In the example
below for 3c286, you can see that the second scan has some isheesby the phase has sontiemeswhere it
jumps around by 180 degrees. This phase issue affects the amplitude, so we should remove this from the data.

The target plots are below. Y@annotsee anything in the per frequency plots, but the per time plots show
significant amplitude variability and phase variability. This is real source structurghantti notbe flagged!
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Calibrated uv visibility plots

There are two main types tiiese plots which show amplitude/phase versus uv distaheg lpaseline lengthy the
calibrator plots and the target plots. The calibrator plots will show the model datatoeke corrected data plots
allowing you to compare what the pipeline thinks the source should look like and what the dathaweg As the
models a@e treated agoint sources (or a model image in the case of 3c286), yos@amhat the phases in the

model plots are set to zero and the amplitudes are constant, with the onréifte being due to the spectral index

we calculated previously. You should be able to compare these to the corrected data plots, and, with a bit of scatter
due to noise in the data, see that they align quite nicely. When you see large discursions ingpdageoutsin

amplitude, then you shdd consider looking at these sources more closely. For the target plotsloynotget a

model column as there is no known model for this source, but it is often helpful to understand what a plot may be
showing youwhich we will go through further below.

In the case of a bright point source, we should see something like the calibrator sdwecassonstant amplitude at

all uv distances, and a zero phase. If you see the phase start to vary at longer distances, then that tells you that the
source is slightly resolvetbvealingan extension in one direction or diffuse flux that may not easily be visible in the
data without manual cleang.If you have a source that is variable over the timescales of gosgrvation then it is
possible thatyou will havea funky uvplot and you should check the calibrated visibility plots if you think this may be
the casg(see end of this document for examples)

In the plots below haveshown the 3c286 corrected data and model plots. You can see that there is significant
scatter at certain points in time in the amplitude and this is also reflected in the phase plot too. We should
investigate why this is the case and make flags if necgsEhe target plot (not pictured here) shows a fevwopouts

at the shorter baselines so we should also have a look at that before imaging, lokat ma# necessarily need to put
any flags into the manual_avg.flags file for the target field as the pipeline only operates on the target at the end.
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General information for looking at these plots:

1. Always look at the calibratofgst.
2.

3.

4,

5.

for the calibration to work

6.

7.

8. ! f iK2dAaAK

first_images

Check that the calibrators corrected data looks like the model
Look for areas where there may be amplitude/phase excursions in the corrected data plots
Be careful looking at intermediate baselines as this include Defford which is noisier at C band.

Flag the main calibrators to remove the bad datgou only need a short amount of time on 3c286/0Q208

Be careful flagging too heavily on the phase calibrator field
Make small flags to the target field only if you @estainthe data are bad
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This step wiltun tclean in CASA tweate the preliminary images of your target and phase calibrator fields, based off

the corrected data from the pipeline. You can play around with the imguangmetersput it isbestto leave them
as thedefaults as you will want to make a manual imaging run for science quality images at a latelt poih&lso
fill out the images page on the weblog with a peak flux from the intensity mamamg calculated from the
residual image. It also produces a zoomeidriage so that you can look at any core flux of tharse easierOnly
the zoom images are include you can get an idea for the image quality directly.

Target images



The zoom image of the target field shows cleartiirae-componentstructure¢ a central fainter blob, a
northwesterndiffuse elongated component directed away from the central blob, asdwtheasterrdouble
component with somesmaltscaleextended emission around it. You can see from theideal map that the imaging
has clearly not cleaned oall these components properly and this is due to the

Phase cabrator images

You can see thphase calibratois a nice point source here, and the residualsgoedbut not gaussian in noise
structure. This isausedoy somesmaltscaleresidual calibration issues that we should check. The other option you
have is toselfcalibratethe phase calibratoand apply these to the target field agaimhich will help remove any
issues on the target field especiallytiis faint and seHcalbrate on the target field is not possible.

Some of the default parameters below are better explained in the CASA guides, and in thodéhassexluded
the CASA guide description instead.

What are the default parameters?

Parameter Default Comments

imsize 1024 Default imagesize. A zoom image is also made, so you can k
this slightly larger if you wish, so you can search for extende
emission in the widemap, and then delve into the smaller sca
emission with the zoom image.

niter 80 Enough clean component to pick out the main bright bits and
put them in the model. You will want more than this for manu



https://casadocs.readthedocs.io/en/stable/api/tt/casatasks.imaging.tclean.html
https://casadocs.readthedocs.io/en/stable/api/tt/casatasks.imaging.tclean.html

cleaning, but as this is an automatically thresholded imaging
first look images, welo notwant to go too high with this.

deconvolver I hogboA Standard hogbom clean algorithm

nterms 1 Only produce an intensity map. You can run this with nterms
but only through CASA, and not through the pipeline, as it wi
fail.

scales [ Youcan choose imaging scaléyou want to search with the
automated imager at different scales.

weighting I briggs A Use briggs weighting. This is usu#tlly best weighting scheme
to usewith e-MERLIN due to the heterogeneous array. This g
hand in hand with a robust parameter which is a little off natu
weighting.

robust 0.5 Robustness value to choose, we will discuss these later, but
is usually pretty good

gain 0.1 Set the gain of the imaging, which is set to CASA tclean defg

uvrange " A You can choose a uange

uvtaper I You can choose a uv taper (see imaging section)

restoringbeam 1 You can set a restoring beam, if you want to e.g., circularise
beam.

nsigma 5.0 This sets the autaleconvolution threshold that tclean will
search down to.

sidelobethreshold 1.0 Max threshold based of sidelobe levedgielobethreshold *
max_sidelobe_level * peak residual. NB this is 1 fbERLIN
odzi GOt SIyQa RSTldA G Aa o=X
sidelobestructures.

noisethreshold 8.0 This is the masking threshold based on the noise level:
noisethreshold * rms + location (=median). The CASA defaul
here, whereas with éMERLIN we use 8.

lownoisethreshold 15 mask threshold to grow previously masked regions via binary
dilation: lownoisethreshold * rms in residual image + location
(=median)

minbeamfrac 0.2 minimum beam fraction in size to prune masks smaller than
minbeamfrac * beamThis parameter can be useful for low uv
coverage gnapsho} datasets, as it will help reduce theea that
the automated imager will look for pixels to place in the mode
See imaging section below.

growiterations 25 Thisisasuhdr N} YSGSNI F2NJ Iy | dzi 2
multithresh")

parallel tru e Parallelise this process if possible aad up on the machine.

levelO 3.0 This is for the contouevels anddenotes the 0 level at 8igmas
of the intensity map.

zoom_range_pix 150 This sets the zoom level for the zoom image

Troubleshooting at this stage

Sometimes you run into CASA issues at this stage with the imager falling over due to errors in tiiéedzdae
found that if you are using CASA 5.8, the statwt task ircdpplycal) | &tépé&an cause issues by putting NaNs in
the data where icannotfind data. Consequently, the imager failsd gives you a green screen. If this happens,
either use CASA 5.6 to apply the data again andimethis stepor remove the statwt from the applycal_all step and

run this part again.



split_fields

This will split the corrected data into a separate measurement set, and by default this only does this for the target

field usingmstransform.

What are the default parameters?

Parameter

Default

Comments

field

"target s,

You can split all fields separately, if you like, but the default i
only to split the target fields

timeaverage true We average further in time to make the dataset smaller.
timebin I 8sA Time averaging, so we halve the time resolution of the avg.m
data by using an 8s average
chanaverage true We average further in frequency to make the dataset smaller
chanbin 2 Channel averaging by a factor of 2, halving the data in this a
datacolumn "cor r ect {Onlysplitthe corrected datathis will mean that your correcte(
datacolumn becomes the data column in the split ms file
createmms false Whether to create a mms file or not, default is not to.
output_dir "./ spl it s /Putitina separate directory.




Rerunning the pipeline
Inspecting the data andaking ananual_avg.flags file

Once you have your weblogs sdatyou, quite often the first thing you may want to do is explore the data and the
weblogs to see if the calibration has proceeded correctly or not. While the steps above have highlighted what each
step does and offered some help in how to fix it if thay, ftheydo notshow you what to do if you have some bad

data that needs excising from the data still, or how to findlitis section will go through what to look for in the
weblogs and data to find bad data, and how tdtesa flagging file to remove the bad data before the calibration
procedures start.

Flagging the data

Once you have found the areas of bad data, you can now put these into a flagging file. The eMCP has a
AONFAIKIGF2NBINR gl & 2F AyOft dzRAYy3a @2dzNJ 26y FflF3IA3IAy3
GKFG oAttt 0SS Ay3dISadiSR Rd2NAy3a G(GKS adlFNI 2F GKS OFf Ao
Similarly, if you have flag commands that you want to specify for narrow band spectral line data, you can do this wit
0KS avYl ydFflgyad NNBBDS ¢ K A r@ekpoirdt. &or the/pArfoses & BiendnstréitiEnSve \ill

only write commands into the manual_avg.flags file for the continuum data.

The syntax of these files abides by what is needed for CASA for the caBagdsta. The main rules are:

1. Use only ONE white space to separate the parameters (no commas). Each key should only appear once on
given command line/string.
2. There is an implicit mode for each command, with the default being 'manual’ if not given.
3. Comment lines can start with '#' and will be ignored. The parser used in flagdata will check each parameter
name and type and exit with an error if the parameter is not a valid flagdata parameter or of a wrong type.
We now gahrough and inspect the data to find the areas that should be flagged in this dataset

Inspecting the data

To inspect thelata,you should look at the calibration plots first. We noted that there were issues on all the
calibrators, specifically 3c28&there there appeared to be a significant phase and amplitude excursion during the
4S02yR FfdzeE OFf a0lyod ¢2 R2 (GKA&AZ 6S dza&runJ 2GYa Ay
Ipath/to/casal/casaplotms & GKAOK gAfft t2FR /! {1 Qa LXz204vYa Ay I
command lineBelow we will outline the basics of what to plot up to look for iMERLIN data, but a full explanation
of the plotms gui can be found in tlwmline CASA documentation

¢t2 f221 GKNBdJZAK (GKS RIFIGFX ¢S Attt adFNI 6AGK oOHycX
Gl gaoyaéd gAlK GKS a. NPBgaSé o dRRicangldions & Sv¢ have ot calibsatéd (i 2
the cross polarisations,e.,O2 NNJ 4 K2 dzf RZ6IBE ®S& S NB 3I2Ay3 G2 adlr NI 2
average by channelS I OK &LJ Kla mHy OKIyyStas a2 ¢ | gSNIF IS oe
GKS E | EA& YR a!Dithdnd core@adBBOréspartizelyAQh thé pade tab we will plot via
BaselineFinallydzy RSNJ G KS RA&LX & Gl o ¢ & WhswiligiveQdudradlpsimia o O2
plots to the pipeline, but the gui will enable you to pan and zoom through the data on a per baselsehbasing

for areas of bad data.

For example, plotting amplitude vs tinfier the first baseline in the dataseive see the following:


https://casa.nrao.edu/casadocs/casa-5.5.0/global-task-list/task_flagdata/about
https://casa.nrao.edu/casadocs/casa-5-1.2/data-examination-and-editing/using-plotms-to-plot-and-edit-visibilities-and-calibration-tables
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flag

from the data.

If we flick through the othebaselines we see a similar issue, so we want to note the following flag commands to put
into the manual_avg.flags file:

mode="manual’ timerange='2019/08/02/15:43:00~2019/08/02/15:47:00'
mode="manual’ timerange='2019/08/02/15:57:00~2019/08/02/16:00:00'

If you also look at the phase vs time plot, you will see that Phase:corrected vs. Time Baseline: Mk2@Mk2 &
. . o Cm@Cm_197828m
there is a phase excursion at similar times, so we are cert

that this is bad dataE.g. see the plot on the right. o] ,

We can now move onto 1407+2827, the band pass % *7 :
calibrator. There is only a small amplitude spike in the g o :
1407+2827 data, which looks like the pipeline has flaggec § 50

some bad data nearby bitasnot flaggedall the bad data: g-mo—T q‘!,
This image is for the Mk2&Da baseline, and if we flick 09:44:00 10:28:00 11:12:00 11:56:00 12:40:00 13:24:00 14:08:00 14:52:00 15:36:00 16:20:00
through the baselines we see that this spike is only g

prevalent on the Darnhall baselines. You can therefore 180

choose to flag only Da baselines for this small piece of ba¢
data usingantenna='Da’  but asit isonly a20s piece of
bad data, then we could also flag all baselines as it will do i g
harm. Add to the manual_avg.flags file:

mode="manual’ timerange='2019/08/02/16:05:00~2019/08/02/16:06:00' antenna='Da'

1.70

If we check the phase plots however, de notsee any issues this section of timelnstead, we see a few

excursions from zero phasm several baselines at the start of the OQ208 scan. It is likely that the telessepes

not onsource at this point and settling, so we may expect to see some amplitude variatidimoaght it is not

clear. | would recommend flagging the first part of these scans that we see the phase discursions on, just to be on
the safe side; remember, so long as we have at leastmidis of good data on thesmalibrators then the pipeline

should have enough to calibrate.

mode="manual’ timerange='2019/08/02/21:41:00~2019/08/02/21:43:00'
mode="manual’ timerange='2019/08/02/16:01:00~2019/08/02/16:02:00'



We now want to do the same for 3c84 (0319+4130),ibigtnot necessary to do so unlegsu arewanting to do
polarisation work afterwards. Look through and decide on flags for 0319+4130 yourself and see if you can remove
the worst of the data.

The main final part is to look at the phase calibrator and target. Remember that you can flag the target lihisr, so
not imperative that you flag the target heri,is more important to get the phase calibrator flagged appropriately.
Judging by the uv plots, the phaseilgdtor is quite stable but has some phase excursions.donotneed to worry
about the small ones, only the big ones, as you can phasealdifate both thephase calibratoandtarget later to
get rid of these issues. Howevergtie is clearly a period on the Kn baselines which need looking at:

Phase:corrected vs. Time Baseline: Kn@Kn &
Pi@Pi_66684m
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This significant excursion in phase should be flagged for all Kn basktio&sig at other baselines, it affects Pi&Da
too, so lets flag it for all baselines.

mode='manual’ timerange='2019/08/02/11:50:00~2019/08/02/12:15:00'

You should now look at the other slight excursions from the zero phase. Most of these are small and will nat make
significant differencdo the final calibration, but ifou areusing this pipeline to make final calibrated datasets then
you should really go through and flag all the small regions where we have phase discrepancies on the phase
calibrator.Some of these are noted below, but have a look for yourself and check:

mode="manual’ timerange='2019/08/02/01:13:20~2019/08/02/01:14:00' mode="manual’
timerange='2019/08/02/06:13:52~2019/08/02/06:14:00'

mode='manual' timerange='2019/08/02/06:24:20~2019/08/02/06:25:00'

mode="manual’ timerange='2019/08/02/ 14:4 8:20~2019/08/02/  14: 48: 40’
mode="manual’ timerange='2019/08/02/ 14: 54: 20~2019/08/02/ 14:5 4: 40’
mode="manual’ timerange='2019/08/02/14:55:00~2019/08/02/14:56:00'

mode="manual’ timerange='2019/08/02/17:05:00~2019/08/02/17:15:00'

mode='manual’ timerange='2019/08/02/18:24:20~2019/08/02/18:25:00'
mode="manual’ timerange='2019/08/02/20:25:00~2019/08/02/20:26:00'

Notice that these flags wrap over some target scans. This is fine, as if we cannot use the phase calibrator either sid
of the target scan, then it is likely that there are issues with the target too. You could set the flags to only flag on the
field ID, le. by addindield="1302+5748' to the end of every line, but the pipeline will not be able to find any
solutions on thes@hase calibratoscans to transfer to the target fields, and therefore will flag the target fields as

part of the applycal_all step anyway.



The data can nowe rerun with all calibration turned on as the manual_avg.flags file will need to be read in at the
start and calibration restarted. E.qg.:

/path/to/casa - ¢ eMERLIN_CASA pipeline/eMERLIN_CASA pipeline.py - r calibration

This will take a while to run snakea cup of tea! When you get back you want to go through the same process

again and make any small flags and add them to the manual_avg.flags file, inspecting all the plots in the weblog as
you go.For reference on this data set, the calibration process fromtereind takes about 2 hours. Novet uslook

at the plots we end up with from the pipeline. First look at 3c286 and OQ208 calibrated plots:

Amplitude vs UVWave 1331+3030 (color=spw) Phase vs UVWave 1331+3030 (color=spw)
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3c286 looks excellent! The data loa#lenticalto the model. The band pass calibrator looks good Wboat about
the calibration plots though? There appears to still be a small drop in the calibration table bpcal_ap.GO0 for Darnhall
antennas
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... but thisdoes notseem to have affected the uv visibility plots ahde look at the amplitude vs time of the final
calibrated visibilities for OQ208 we can see that this section has been flagged deonweneed to do anything else
G the pipeline has taken care of this bad piece of data and removed it.
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Now we look at the phase calibrator,
the point calibrator, 3c84 too.

although note that if you wanted to do polarisation analysis, you should check

Amplitude vs UVWave 1302+5748
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The amplitude is flat with some scatter around 0.48Jy, with a flat phase. This looks like a great calibrator and
impressive sebf solutions that have been applied to the data. If you wanted to you ceeiletalibratethis source

and reapply the solutions to the target, but it i©t necessary. The bigger issue will be flagging the target field now,
and selfcalibrating that At this stage, | would start looking at my target field with the aim of imaging it, and we will
go through that in a later section.

Other things to be looking for in logs
While the 3C277.1 data is usefuldides notshow all the possible issues that you can run into wittiEERLIN Data.

Delay jumping

Delay jumps can occur in theMERLIN correlator when there is an issue with the digital installation on the
telescope, possibly due to hot weather which causes more problems with the electronics. This causes the signal to
be delayed and causesthe del@yt & 2 dzY L 6 KSy NB@. Shese3nihgshappen farSly, iueusiadly i |
it isan issue in an observation then it may happen several times in an observation. Another reason for this
happening can be electrical surges at the telescope sitedwdaiases the signal to lose lock. When the lock is
regained, it is at a slightly different deligngth than previously. This is all in theory calibratable by the eMCP, as long
as there is no rate changeso long as the delay jumps from one value to another and stays there for a period of
time, then we can recover the signals. But what does a dalap jlook like? Below are some images of data from
another dataset which shows evidence for delay jumping. First, looking at the uncalibrated amplitude potane

for the phase calibrator, you can see that the amplitude jumps around a fair bit on the Lovell baselines (note that



thisis notthe case on the other baselines in this dataset), suggesting that the Lovelkpasific issue. Note also
that the pipeline flags the Lovell baseline in this dataset, presumably due to this issuis,isportant that we save
the data.

Amp vs Time 0459+3106 (color=spw) Baseline: Lo@Lo & Kn@Kn_67839m
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Amp vs Time 0459+3106 (color-spw) Baseline: Lo@Lo & PI@P1_10820m
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Once we rerun the pipeline and make some manual changes to the pipeline to infdadehall as the reference
antenna, rather than Cambridge which is what was automatically picked by the.¢fd@®ver, to see how this is
affecting the data, we look at a specific scan (scan 91) on the phase calibrator:

You can see the calibrated phase looks fine, but ithéas very noisy phase solutions at a certain point:
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Then checking the corrected amplitude, we see that that jumps too:
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And then if we plot thegohase per channel, we see that there are two blue and two green limeswhich has
calibrated out to zero and one which has calibrated out to being flat bur wrapping areugdesting we have two
delay solutions in this scan.
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solutions will take this into account as seen above, but there will be an offset in the final calibrated dataset, which
you will see in the form of allcal_d.KXolution table which will have multiple horizontal lines, wiach one
corresponding to different solves.
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So this is fine for calibration, and will save the Lovell data in this particular dafagat. find that there are multiple
jumps in a short time frame, then you could try reducing the delay calibration solint, as this will force the pipeline to
solve on a shorter timescale, and thus find a solution for every individual phase jumgo8aitfinding delay

jumps ontimesof ~1 minute, then perhapset the delay solint to 20s, so long as you have enough SNR to get a good
solution.



Spw 3 in L band dataCorrelator chip errors

Since the COVID 19 pandemic, we have

noticed an increase iRFI in the L band,

mostly caused by 4G+ emissions. These

emissions live in the region where spw 3

is at L band in-MERLIN data.

Consequently, we have had to putin a

filter to remove this region of the band at

the telescope stage, sodbes notcause

saturation of the antennas across the

entire band. The pipelinshouldtherefore

not see any emission in this part of tband;however, we have seesome instances where RFI breaks through the
FAEGSNI YR A&a ONARIK(G Sy2dzak G2 06S O2yaARSNBR aNBI €
bright enough, then it may take over the pipeline, with the eMCP flagging the goodasatdeaving only spw 3. You
can see an example beldrom our internal monitoring diagrams, showing the twelk breaking through the filter
halfwayup the band. If this affects your data, théns best to flag spv in your data set it isL band. In general,

we now flag this spw anyway to be on the safe side.

Amp vs Frequency 140752837 Baseline: Kn@Kn & De@be_S6186m

Another example can be seen in | ee
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Below is an example of an oo
uncalibrateduv plot of amplitude | cw-

plotted agalnst frequency at L e Amp vs rzqum(yuohmomn.sdme:xnoxnll.hop._“cum
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band for the band pass calibrator, j
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It shows a clear band structufer - :
the top (Kn&De) baselineswe Zi} . ' i

haveseen before and calibrate

for. However, you can see that spw 3 is effectively gone, but not entirely, so it is important to flag all ofspw 3
spurious edge channels do not get calibrated without the rest of the spw to help to pin down the band pasan

also sea different issuen the Kn&Pi baseline which we discuss in the next section

As shown in the previous plot, the Kn&Pi baseline has a clear issue that is different to just spw 3 being unavailable
the L band data. Due to the ageing analogue correlator, we sometimes have errors on the chips on the boards in th
correlator. We movehese chips around to try and reduce the number of failed chips as these have aefieetton

the correlated data. In this case, we lose all of spw 5 orKim&Pi baseline. This is unrecoverable and should be
flagged. The pipeline usually does a good job of finding these, but not atygaysetimes it believes that spw 5 (in

this example) is the real signal from the telescope and the othesspe zero signal. Note that the y axis is from 0

0.7, whereas the Kn&De baseline had an uncalibrated amplitude; 6£@007, so there is clearly a difference here

that is not related to the source and purely an instrumental problem. If you see thgged in the datthen it is

best to flag these in the manual_avg.flags file to get rid of them before the calibration procedures begin.

Examples of odd calibrated uv plots

Here, we go through some plots of datasets taken wHEERLIN that show interesting target uv structures straight
out of the pipelineThese are atarget sources so you in princigéould notsee this on your phase calibrator field

































