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O INTRO : Quality Assurance
- what is it?
- what does the observatory do

O PART 1 : Calibration
we’ll do a follow
- how do | know what was done through with an online

weblog

- the ‘important’ points
- example cases

O PART 2 : Imaging
- what images were made for my target(s) i fhenext Session
- can | use these or do | need to do more
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ALMA Technical Handbook

an overview of all
material ALMA related is
here

Doc 11.3, version 1.4 | March 1, 2024

ALMA Cycle 11 Technical Handbook

Chapter 11

Quality Assurance

The goal of ALMA Quality Assurance (QA) is to ensure that the data products delivered to the PIs meet
the expected quality standards. That is, the delivered products have reached the desired control parameters
outlined in the science goals (or is as close to them as possible), they are calibrated to the desired accuracy, and
calibration and imaging artifacts are mitigated as much as possible.

The QA analysis will be based on a calibration plan that specifies the required observations and the intervals
between observations, in order to monitor and calibrate system performance and environmental factors as they
evolve with time. Furthermore, the analysis will also be used in (a) assessing the merging of data within each
science goal taken with different configurations, (b) the inclusion of 7-m Array and TP Array data, and (c) the
final image quality. Errors introduced by user supplied parameters, such as incorrect source coordinates, inad-
equate frequency setting (e.g. an incorrect redshift) or inadequate sensitivity limits (leading to an inadequate
integration time or inadequate uv-plane coverage) are outside the scope of the ALMA QA, unless the error
occurred due to faulty information or tools provided by the Observatory.

To be more efficient in detecting problems, ALMA QA has been divided into several stages that mimic the
main steps of the data flow. The broad classification of this multi-layered QA approach is:

QAO: The first check and monitoring of the calibration and overall performance during and just after an
observation, performed at Execution Block level.

QAO-+: The first check of imaging performance, based on a simplified and fast scripted imaging QA. This is
mainly used when the results from QAO are unclear or marginal, and will also be available in the QA0
report in Cycle 11.

QA1: This involves the measurement and monitoring of performance parameters and telescope properties by
the observatory, across different observations and projects.

QA2: Full calibration and generation of imaging products, normally using the ALMA Data Reduction Pipeline
(hereafter, ALMA Pipeline).

QA3: Issues found with the data by the PI or ALMA staff after data delivery.

The QA process is handled by the Program Management Group (PMG) and the Data Management Group
(DMG) at the JAO with significant contributions from ARC personnel, as well as the Array Performance Group
(APG) at the JAO. The process is primarily implemented using the ALMA Quality Assurance (AQUA) Tool

(see Section 11.7) and other software necessary for the assessment of data quality. Responsibility for data
nanality acenrance recte with the NData Manacement (vraiim Head within the Denartment onf Qeience Oneratinne

*

| %

S~
ALMA

more detail than | can
cover here

www.almascience.org

fip of ESO (representing its member states), NSF (USA) and NINS (Japan), together with NRC
H ASIAA (Taiwan), and KASI (Republic of Korea), in cooperation with the Republic of Chile.
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Quality Assurance

O Whatisit:
- literally “quality assurance”

- checks that are in place to ensure the products that finally
get delivered to the Pls / Users are meeting the expected
standard

imagine, if there were no
checks at all....antennas might not

be all working, the weather
conditions might be poor.....the
data might not even be useable...
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Quality Assurance

O QA levels

- QAO: Check of the data recorded and the calibrators, and
their performance right after the Execution is completed
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Quality Assurance

O QA levels

- QAO: Check of the data recorded and the calibrators, and
their performance right after the Execution is completed

- QAO+: First immediate calibration with ‘quick’ imaging of
everything



INTRO

Quality Assurance

O QA levels

- QAO: Check of the data recorded and the calibrators, and
their performance right after the Execution is completed

- QAO+: First immediate calibration with ‘quick’ imaging of
everything

- QA1: behind the scenes longer terms stats harvested from
QAQO pass data
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Quality Assurance

O QA levels

- QAO: Check of the data recorded and the calibrators, and
their performance right after the Execution is completed

- QAO+: First immediate calibration with ‘quick’ imaging of
everything

this is what we are

- QA1: behind the scenes longer terms stats harvestc L ELY
QAQO pass data

- QA2: Full calibration and generator of imaging products -
either by the ALMA Pipeline or by-hand, manually*

*for special modes and/or difficult data
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Quality Assurance

O QA levels

- QAO: Check of the data recorded and the calibrators, and
their performance right after the Execution is completed

- QAO+: First immediate calibration with ‘quick’ imaging of
everything

this is what we are

- QA1: behind the scenes longer terms stats harvestc L ELY
QAQO pass data

- QA2: Full calibration and generator of imaging products -
either by the ALMA Pipeline or by-hand, manually*

- QAS: if significant issues with data or imaging is found (by
the observatory or users) later, a new analysis is opened

*for special modes and/or difficult data



INTRO

What does the observatory do?

O QAO0/QAO+ : The Astronomer on Duty - at the telescope

- Checks results for Atmospheric effects, Antenna issues,
Signal issues, Correlator Issues, Observing issues (i.e.
completeness)

- Automated quick reduction shows images of the calibrator
and target

Ready for QA2 and to
be “processed”

- If all checks are passed, the data are QAO - Pass

- If data al take correctly but very poor conditions these are
QAO-semi-pass, cannot be calibrated to meet the expected
standard

- If data is part taken, no target, or instrument issues -
essentially QAO-Fail
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What does the observatory do?

O QA2: JAO and ARCs

- In recent years the majority (97% in last 2 cycles) of ALMA
data are calibrated and imaged with the ALMA pipeline

- The ALMA pipeline is run at the ARC Regional Centers
(Europe, North America, East Asia) and the Joint ALMA
Observatory (JAO) in Chile

- A weblog serves as the interface for data analysts and
users alike to Investigate how the pipeline processing
progressed and for data analysts to assess the quality

- QA2 pass - data delivered to the Pl/user

- Must meet the Angular Resolution and Image Sensitivity

O QA3:JAO and ARCs

- deep dive into investigation and fixing of issues
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What does the observatory do?

O QA2:

Starting in Cycle 10 (2023 Oct)
- data that are “good” are
automatically assessed and not

seen by an analyst

O QAS:



Any questions so far....?



PART 1 - Calibration

How do | khow what was done

MOUS_uid... ‘

script qa product log calibration raw(data)

this is exactly
what the ‘Data

Analyst’ checked to
ensure the quality

member.uid........ hifa_calimage.weblog.tgz

member.uid........ ga2_report.pdf (html*)

summary of the QA2
product and important

ts f th t
uid........ ga0_report.pdf (html*) comments from thedata

analyst

QAO report are for
the Execution Block
Name, basic

‘instrument’ check *version dependent (CASA/Pipeline)
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QAO Report

QA0 Report

Project Code
ExecBlock

QAO Status
Repr. frequency
Array

Antennas

Weather

AOS Check
comment

Execution Block Summary |

2017.1.00098.5 SchedBlock G17.64+0_a _06_TM1
uid://A002/Xc55c89/X120 ExecBlock Status SUCCESS

«" Pass Exec. Fraction 1.00

217.684 GHz (Sky) Band ALMA_RB_06

12 [m] Baselines 41m -- 14968m

Antennas: 43 effective, 43 usable, 43 unflagged, 43 total. Expected for Cycle 5 : 43, minimum
acceptable: 41
Band observed: 6. Highest recommended: 8-8

Observing conditions

PWV 0.73 mm; Wind 12.65 m/s; Humidity 8.15 %; Pressure 556.47 hPa;
Phase rms: 77.929 microns

---- checking ASDM: uid://A002/Xc55¢c89/X120
>/X120 checking Tsys/Trx: 6 ATMcals B6 median: Tsys 69.3K Trx 42.8K

>/X120 checking pointing: 1 pointings. Max pointing offset 1.37 arcsec on DA42 No significant
pointing errors

>/X120 checking signal: Median aperture efficiency 0.70 min/max= 0.56 0.85 No significant errors
in signal levels

>/X120 checking WVRs: Median pwv 0.721 +- 0.058 mm No significant wvr problems

>/X120 checking phases:
Resolution: 0.027 arcsec Baseline limit with good phase: 9855m.
Antenna-based phaseCal differences: 21.79 degrees. Max= 28.38 (DV03)
Measured [& predicted] approximate fluxes: Bandpass: 2.84 [ 3.73 1)y Phase: 0.033[ 0.040 1)y

QA0 output

------------------------ Summary of system fromSB - - - - - - - - - -
2017-10-04T21:28:23 uid://A002/Xc55c89/X120 band 6 Freq 233.033285342GHz
(1) Atmosphere :
Median Tsys: 69.3 K
Mean Zenith PWV: 0.72 +/- 0.06 mm l
Antenna-based phase differences on phaseCal: Q4= 21.8 degrees.
Baseline-based phase fluctuations: mean= 165.9 microns ( 46.4 degrees) on baselines of 6500 m
Median improvement in phase rms using WVRs: 1.71
(2) Antennas & system :
Issues with DA59 (FE#24) -
Scan 85 Pol 1 All spws : Amplitude 60.6% of median

1.2% of all cal data flagged Summary StatIStIC, e.g

Issues with DV02 (FE#31) -

Scan 66 All spws & pols : Amplitude 43.0% of median Some anten nas With higher

2.3% of all cal data flagged
Dashboard status = C

than expected amplitudes

Issues with DV04 (FE#21) -
Scan 3 spw 2 BB_3 P1: Amplitude 54.6% of median
Scan 3 spw 3 BB_4 P1: Amplitude 54.7% of median
0.6% of all cal data flagged

Issues with DV15 (FE#36) -
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QA2 Report
ALMA
Project information
Name The Dust Disk in the O-Type Protostar G17.64+0.16 )
Code 2017.1.00098.5 l
Pl Luke Maud }
» Organization Leiden Observatory, Leiden University d
Co-ls V. Allen, M. Beltran, H. Beuther, R. Cesaroni, T. Csengeri, W. de Wit, S. Etoka, G. Fuller, D. |
Galli, R. Galvan-Madrid, C. Goddi, T. Henning, M. Hoare, K. Johnston, P. Klaassen, R. Kuiper, §
| N. Kumar, S. Lumsden, L. Moscadelli, . Mottram, T. Peters, V. Rivilla, A. Sanchez-Monge, P. “ ]
\ Schilke, L. Testi, F. van der Tak, S. Vig, C. Walmsley, H. Zinnecker

ObsUnitSet information MI

| Name Member OUS (G17.64+0.16)
1 QA2 Status «Pass \ ‘
‘ Member OUS Status ID  uid://A001/X1288/X59f |‘
g SchedBlock name G17.64+0_a _06_TM1 [
SchedBlock UID uid://A001/X1288/X59b \‘
Array T™M1 |
Mode Standard [Long baseline]

ALMA RB_06 |
‘ Repr.Freq. (sky) 217.68 [GHz] \
|Spectral setup FDM \1
l sources G17.64+0.16 ‘

OUS (Member OUS
Status ID in brackets):

] Other SBs in this Group )
Execution count '

1.00 of 1 expected f

K' Final QA2 comment

Processed using CASA 5.1.1

Il lmaging performed with tclean using briggs weighting of 1.5. An RMS higher than the requested is achieved with Briggs

ﬁlveighting with a robust value of 0.

f|After 2 runs of self-cal (only down to 30s), the noise level is 0.027 mJy with a beam 0.020" by 0.015". l

RMS and beam size at representative frequency ’
\

Sensitivity goal 0.024 [mJy] over bandwidth 6000 [MHz]

Angular resolution goal 0.016 - 0.024 [arcsec] 1
[JAchieved RMS

‘ for desired bandwidth  0.027 [m)y] for continuum N/A

? ynthesized beam Mean (arcsec) 0.017 ‘
ﬁlajor axis (arcsec) 0.020 Minor axis (arcsec) 0.015 Position angle (deg) N/A |

| Execution blocks summary

l (|
N Avg. |Trans.|Mean| Phase |, ,. '
i EB Ant | Start Time | End Time (:;;S) Elev. | Elev. |[PWV| RMS M;'r‘n?L M*(‘; )BLAR(") M(f;s EF |
“ (deg) (mm) | (deg) n
uid //A002/Xc55c89/X120 2017-10-04|2017-10-04 14969. ‘\

\; 4317 o8 | opas |3987| 00 | 00 | 07 |77.051) 414 | "% 00 | 04 (100 N

| WVR-corrected value averaged over all basebands and scans. (l
i

| |
. Manalreduns W

‘ ] CASA version Report date w

5 511 2018-01-10 14:50:41

Comment from
the analyst - this is
now formalised since
~CASA 6.1.

What was achieved
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How do | khow what was done

O The ALMA pipeline.....

O Is comprised of stages to perform different tasks
to calibrate and image data

O performs a number of heuristics to do
automated flagging and to generate quality
assessment scores (green, blue, , red)
and plots

O has been updated and improved throughout
the ALMA Cycles to include new features

O calibrates per Measurement Set (execution block)
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A ieline G[de / Reference Manual

v.1.0 | Oct 2024

User Support:

ALMA Science Pipeline User’s Guide
for Release 2024.1.0.8, CASA 6.6.1-17, python3.8

Interferometric and Single-Dish Processing

Detailed explanation | :

ALMA

+
+oF
+

*
—
—/
NnalCs NG
ggtsional!Astro?tjmical
crvatoryordapan NNA®) www.almascience.org

ALMA, an international astronomy facility, is a partnership of ESO (representing its member states), NSF (USA)

and NINS (Japan), together with NRC (Canada), NSC and ASIAA (Taiwan), and KASI (Republic of Korea),
in cooperation with the Republic of Chile. The Joint ALMA Observatory is operated by ESO, AUI/NRAO and
NAOJ.

Pipeline Tasks Reference Manual
Release 2024.1.0.8

pipeline team

Tasks,
parameters and brief

expiation (doc string
style)

Sep 16, 2024



INTRO

ALMA Pipeline Heuristics paper

Publications of the Astronomical Society of the Pacific, 135:074501 (58pp), 2023 July https://doi.org/10.1088 /1538-3873 /ace216
© 2023. The Author(s). Published by IOP Publishing Ltd on behalf of the Astronomical Society of the Pacific (ASP). All rights reserved
OPEN ACCESS

CrossMark
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Abstract |

We describe the calibration and imaging heuristics developed and deployed in the Atacama Large Millimeter/
submillimeter Array (ALMA) interferometric data processing pipeline, as of ALMA Cycle 9 operations. The |
pipeline software framework is written in Python, with each data reduction stage layered on top of tasks and toolkit

functions provided by the Common Astronomy Software Applications package. This framework supports a variety \
of tasks for observatory operations, including science data quality assurance, observing mode commissioning, and '
user reprocessing. It supports ALMA and Very Large Array interferometric data along with ALMA and NRO 45 m
single dish data, via different stages and heuristics. In addition to producing calibration tables, calibrated
measurement sets, and cleaned images, the pipeline creates a WebLog which serves as the primary interface for |
verifying the quality assurance of the data by the observatory and for examining the contents of the data by the

user. Following the adoption of the pipeline by ALMA Operations in 2014, the heuristics have been refined

through annual prioritized development cycles, culminating in a new pipeline release aligned with the start of each

ALMA Cycle of observations. Initial development focused on basic calibration and flagging heuristics (Cycles

2-3), followed by imaging heuristics (Cycles 4-5). Further refinement of the flagging and imaging heuristics, |
including the introduction of parallel processing, proceeded for Cycles 6—7. In the 2020 release, the algorithm to
identify channels to use for continuum subtraction and imaging was substantially improved by the addition of a ‘
moment difference analysis. A spectral renormalization stage was added for the 2021 release (Cycle 8) to correct

high spectral resolution visibility data acquired on targets exhibiting strong celestial line emission in their
autocorrelation spectra. The calibration heuristics used in the low signal-to-noise regime were improved for the \
2022 release (Cycle 9). In the two most recent Cycles, 97% of ALMA data sets were calibrated and imaged with 1
the plpehne ensurmg long term automated reprodumblhty of results. We conclude w1th a bncf descnptlon of plans \“

https //|ops<:|ence iop. org/artlcle/1 O 1088/1 53 870 pdf

1. Introductlon o 1

Located on the 5000 m plateau of Chajnantor in northern

Fa 'S P ARosS 7 R Bt (R BN, A SN T ) [ SR RSt G ARG B | [ L SCHR PR oA



PART 1 - Calibration

How do | khow what was done

O Recall, we want to solve for instrumental and
atmospheric variations to calibrate the data

O System Temperature (Tsys) - instrumental
amplitude scaling (K to Jy)

O Bandpass - instrumental frequency
response

O Amplitude - the absolute flux/amp. scaling

O Gains - temporal variations in amplitude and
phase

so... all of this calibration has

been done, with any flagging of bad
data, then imaging
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The Weblog

O There Is a main weblog landing page - the
home page, and subsequent by Topic and by
Task tabs

A*Home  ByTopic By Task

2016.1.00484.L

Observation Overview Pipeline Summary

Project uid://A001/X5ac/X43f Pipeline Version 2023.1.0.124 (documentation)

Principal Investigator sandrews CASA Version 6.5.4.9 (environment)

OUS Status Entity id uid://A001/Xbd4641/X23 IERSeop2000 Version 0001.0179 (last date: 2024-02-08 00:00:00)

Observation Start 2017-05-09 04:28:16 UTC |IERSpredict Version 0623.1483 (last date: 2024-06-07 00:00:00)

Observation End 2017-05-09 05:23:29 UTC Pipeline Start 2024-03-11 10:34:25 UTC

Number of Execution Blocks 1 Execution Duration 1 day, 6:48:49
Observation Summary

Time (UTC) Baseline Length

Measurement Set Receivers Num Antennas Start End On Target Min Max RMS Size
Observing Unit Set Status: uid://A001/Xbd4641/X23 Scheduling Block ID: uid://A001/Xbd4641/X17

Session: session_1 ACS Version: 2015-08-ACS-B, Build Version: 201608-CYCLE4-ON-B-2017-04-26-00-00-00

uid___A002_Xc02418_X29c8.ms ALMA Band 6 45 2017-05-09 04:28:16 2017-05-09 05:23:29 0:25:19 151 m 1.1 km 476.0 m 32.6 GiB
uid___A002_Xc02418_X29c8_targets.ms ALMA Band 6 45 2017-05-09 04:46:58 2017-05-09 05:22:08 0:25:12 151 m 1.1 km 476.0 m 17.1 GiB
uid___A002_Xc02418_X29c8_targets_line.ms ALMA Band 6 45 2017-05-09 04:46:58 2017-05-09 05:22:08 0:25:12 151 m 1.1 km 476.0m 17.1 GiB
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The Weblog

O The home page reports much of the overview
information...

A Home By Topic By Task

Observation Overview Pipeline Summary
20;_3.1 2 (umenta\

Project uid//A001/X5ac/X4Qf ) Pipeline Version

Principal Investigator CASA Version

OUS Status Entity id uid://A001/Xbd4641/X23 IERSeop2000 Version 00:00:00)

Observation Start 2017-05-09 04:28:16 UTC |IERSpredict Version 0623.1483 (last date: 2024-06-07 00:00:00)

Observation End Pipeline Start 2024-03-11 10:34:25 UTC

Number of Execution Blocks o Execution Duration 1 day, 6:48:49
Observation Summary

Time (UTC) Baseline Length
Measurement Set Receivers Num Antennas Start End On Target Min Max RMS Size

Observing Unit Set Status: uid://A001/Xbd4641/X23 Scheduling Block ID: uid://A001/Xbd4641/X17

161 m 476.0 m

1.1 km

16 2017-05-09 05:23:29 0:25:19

ALMA Band 6 45 2017-05-09 04:46:58 2017-05-09 05:22:08

uid___A002_Xc02418_X29c8_targets_line.ms ALMA Band 6 45 2017-05-09 04:46:58 2017-05-09 05:22:08 0:25:12 15.1m 1.1 km 476.0 m 17.1 GiB
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The Weblog

O All tabs can be clicked as can all blue text as
to navigate the Weblog

! |
By Yl 2016.1.00484.L
AL ’
ALM.

Observation Overview Pipeline Summary
Project uid://A001/X5ac/X43f Pipeline Version 2023.1.0.124 (documentaﬁ} ! s
Vo s
Principal Investigator sandrews CASA Version 6.5.4.9 (en , nt)
OUS Status Entity id uid://A001/Xbd4641/X23 IERSeop2000 Version 0001.0179 (last 24-02-08 00:00:00)
Observation Start 2017-05-09 04:28:16 UTC |IERSpredict Version 0623.1483 (last date: 2024-06-07 00:00:00)
Observation End 2017-05-09 05:23:29 UTC Pipeline Start 2024-03-11 10:34:25 UTC
Number of Execution Blocks 1 Execution Duration 1 day, 6:48:49
Observation Summary
Time (UTC) Baseline Length
Measurement Set Receivers Num Antennas Start End On Target Min Max RMS Size
Observing Unit Set Status: uid://A001/Xbd4641/X23 Scheduling Block ID: uid://A001/Xbd4641/X17
Session: session_1 ACS Versi -08-ACS-B, Build Version: 201608-CYCLE4-ON-B-2017-04-26-00-00-00
uid___A002_Xc02418_X29c ALMA Band 6 45 2017-05-09 04:28:16 2017-05-09 05:23:29 0:25:19 151 m 1.1 km 476.0 m 32.6 GiB
uid___A002_Xc02418_X29c8_ ALMA Band 6 45 2017-05-09 04:46:58 2017-05-09 05:22:08 0:25:12 151 m 1.1 km 476.0 m 17.1 GiB
uid___A002_Xc02418_X29c8_targets_line.ms ALMA Band 6 45 2017-05-09 04:46:58 2017-05-09 05:22:08 0:25:12 151 m 1.1 km 476.0 m 17.1 GiB
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The Weblog

O Lets quickly look at the by Topic, this stage
highlights notable warnings or issues and
identifies possible stages to check

e oy sk REMEMBER: mostly all
A ALMA data in the archive
Observation Overview Pipeline Summary WAS checked by a person

Project uid://A001/X5ac/X43f Pipeline Version 2023.1.0.124 (documentation)

Principal Investigator sandrews CASA Version 6.5.4.9 (environment)

OUS Status Entity id uid://A001/Xbd4641/X23 IERSeop2000 Version 0001.0179 (last date: 2024-02-08 00:00:00)
Observation Start 2017-05-09 04:28:16 UTC |IERSpredict Version 0623.1483 (last date: 2024-06-07 00:00:00)
Observation End 2017-05-09 05:23:29 UTC Pipeline Start 2024-03-11 10:34:25 UTC

Number of Execution Blocks 1 Execution Duration 1 day, 6:48:49

Observation Summary

Time (UTC) Baseline Length
Measurement Set Receivers Num Antennas Start End On Target Min Max RMS Size
Observing Unit Set Status: uid://A001/Xbd4641/X23 Scheduling Block ID: uid://A001/Xbd4641/X17

Session: session_1 ACS Version: 2015-08-ACS-B, Build Version: 201608-CYCLE4-ON-B-2017-04-26-00-00-00

uid___A002_Xc02418_X29c8.ms ALMA Band 6 45 2017-05-09 04:28:16 2017-05-09 05:23:29 0:25:19 151 m 1.1 km 476.0 m 32.6 GiB
uid___A002_Xc02418_X29c8_targets.ms ALMA Band 6 45 2017-05-09 04:46:58 2017-05-09 05:22:08 0:25:12 15.1m 1.1 km 476.0 m 17.1 GiB
uid___A002_Xc02418_X29c8_targets_line.ms ALMA Band 6 45 2017-05-09 04:46:58 2017-05-09 05:22:08 0:25:12 151 m 1.1 km 476.0 m 17.1 GiB
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A Home ByTopic By Task 2016.1.00484.L nothing IS

‘ YELLOW or
RED

26. hifa_renorm: Renorm
17. hifa_timegaincal: Gain calibration
19. hif_applycal: Apply calibrations from context
23. hif_makeimages: Make check source images

5. hif_refant: Select reference antennas

Task Notlflcatlons Wammgs and Errors

1l

ge asz D e
7
{ 2 hifa_flagdata Warning Undefined representative bandwidth for data set uid___A002_Xc02418_X29c
3 hif_findcont Warning Undefined representative bandwidth for data set uid___A002_Xc02418_X29c

~ = — —— — = A B = = —

Flagging Summaries

uid___A002_Xc02418_X29c8.ms

Flagging percentages for Source name: AS_209, Intents: ATMOSPHERE,TA
spw DA41

19

25 2347 2.347 2347 2347 2.347 2347 2.347 2347 2.347 2.347 2347 2.347 2.347 2.347 2.347 2347 2.347 2.347 2.347 2347 2347 2347 2.347 2.347 2.347 3.876 2.347 2.347

Flagging percentages for Source name: J1517-2422, Intents: ATMOSPHERE,BANDPASS,POINTING,WVR
spw  DA41 DA46 DA47 DA48 DA40 DAS1 DAS2 DAS3 DAS4 DASS DAS6 DAS7 DAS8 DAS9 DASB0 DA61 DAB2 DAB3  DAES

19 39713

25 2222 2222 2222 2.222 2222 2222 2.222 2222 2222 2222 2222 2222 2222 2222 2222 2.222 2222 2222 2222 2222 2222 2222 2222 2222 2.222




PART 1 - Calibration

The Weblog

O Lets look at the by Task, which contains all
the main pipeline stages in running order

\\\' A Home By Topic
ALMA

Observation Overview

2016.1.00484.L

Pipeline Summary

Project uid://A001/X5ac/X43f Pipeline Version 2023.1.0.124 (documentation)

Principal Investigator sandrews CASA Version 6.5.4.9 (environment)

OUS Status Entity id uid://A001/Xbd4641/X23 IERSeop2000 Version 0001.0179 (last date: 2024-02-08 00:00:00)

Observation Start 2017-05-09 04:28:16 UTC |IERSpredict Version 0623.1483 (last date: 2024-06-07 00:00:00)

Observation End 2017-05-09 05:23:29 UTC Pipeline Start 2024-03-11 10:34:25 UTC

Number of Execution Blocks 1 Execution Duration 1 day, 6:48:49
Observation Summary

Time (UTC) Baseline Length
Measurement Set Receivers Num Antennas Start End On Target Min Max RMS Size

Observing Unit Set Status: uid://A001/Xbd4641/X23 Scheduling Block ID: uid://A001/Xbd4641/X17

Session: session_1 ACS Version: 2015-08-ACS-B, Build Version: 201608-CYCLE4-ON-B-2017-04-26-00-00-00

uid__A002_Xc02418_X29c8.ms ALMA Band 6 45 2017-05-09 04:28:16 2017-05-09 05:23:29 0:25:19 151 m 1.1 km 476.0m 32.6 GiB
uid___A002_Xc02418_X29c8_targets.ms ALMA Band 6 45 2017-05-09 04:46:58 2017-05-09 05:22:08 0:25:12 151 m 1.1 km 476.0m 17.1 GiB
uid___A002_Xc02418_X29c8_targets_line.ms ALMA Band 6 45 2017-05-09 04:46:58 2017-05-09 05:22:08 0:25:12 161 m 1.1 km 476.0m 17.1 GiB




ffHome  ByTopic  ByTask 2016.1.00484.L

N
>
ALMA

Task Summaries

Task QA Score Duration
© 1. hifa_importdata: Register measurement sets with the pipeline e 1w 0:10:16
© 2. hifa_flagdata: ALMA deterministic flagging _ 1.00 0:41:03

3. hifa_fluxcalflag: Flag spectral features in solar system flux calibrators _ 1.00 0:00:03

4. hif_rawflagchans: Flag channels in raw data _ 1.00 0:07:53

5. hif_refant: Select reference antennas _ 1.00 0:00:23

6. h_tsyscal: Calculate Tsys calibration _ 1.00 0:07:19

7. hifa_tsysflag: Flag Tsys calibration _ 1.00 0:09:24
© 8. hifa_antpos: Correct for antenna position offsets Nonzero antenna position offsets _ 0.90 0:00:06

9. hifa_wvrgcalflag: Calculate and flag WVR calibration _ 1.00 0:17:46

10. hif_lowgainflag: Flag antennas with low gain _ 1.00 0:10:00

11. hif_setmodels: Set calibrator model visibilities _ 1.00 0:09:32
© 12. hifa_bandpassflag: Phase-up bandpass calibration and flagging D oo 0:25:24

13. hifa_bandpass: Phase-up bandpass calibration _ 0.99 0:18:17

14. hifa_spwphaseup: Spw phase offsets calibration _ 1.00 0:05:15

15. hifa_gfluxscaleflag: Phased-up flux scale calibration + flagging _ 1.00 0:25:08

16. hifa_gfluxscale: Transfer fluxscale from amplitude calibrator _ 1.00 0:23:34
© 17. hifa_timegaincal: Gain calibration Potential phase offset outliers — 0.80 0:33:53

18. hifa_targetflag: Target outlier flagging _ 1.00 0:14:44
© 19. hif_applycal: Apply calibrations from context Phase vs frequency slope outliers — 0.90 0:43:48

be

low these

nnote: more stages




& ffHome  ByTopic  ByTask 2016.1.00484.L

N

ALMA

Task Summaries PRTINY
hifa” - ALMA
interferometry
Task . = QA Score Duration
specific

© 1. hifa_importdata: Register measurement sets with the pipeline 1.00 0:10:16

© 2. hifa_flagdata: ALMA deterministic flagging 1.00 0:41:03
3. hifa_fluxcalflag: Flag spectral features in solar system flux calibrators 1.00 0:00:03
4. hif_rawflagchans: Flag channels in raw data (11 h if!! - 1.00 0:07:53
5. hif_refant: Sele 1.00 0:00:23

Interferometry - can
6. h_tsyscal: Calculate Tsys calibration 1.00 0:07:19
be used by other
7. hifa_tsysfl2%Q@iag Tsys calibration 1.00 0:09:24
telescopes

© 8. hifa_antpos: Correct for 8 a position offsets 0.90 0:00:06
9. hifa_wvrgcalflag: Calculate and flag 1.00 0:17:46
10. hif_lowgainflag: Flag antennas with low gain 1.00 0:10:00
11. hif_setmodels: Set calibrator model visibilities e 1) . 1.00 0:09:32

h” - just means
© 12. hifa_bandpassflag: Phase-up bandpass calibration and flagging . . 0.99 0:25:24
heuristic stage, can be
13. hifa_bandpass: Phase-up bandpass calibration 0.99 0:18:17
used by other telescopes
14. hifa_spwphaseup: Spw phase offsets calibration . 1.00 0:05:15
and not just

15. hifa_gfluxscaleflag: Phased-up flux scale calibration + flagging 1.00 0:25:08
16. hifa_gfluxscale: Transfer fluxscale from amplitude calibrator I nte rfe ro m et ry 1.00 0:23:34

o 17. hifa_timegaincal: Gain calibration phase offset outliers 0.80 0:33:53

© 19. hif_applycal: Apply calibrations from context Phase vs frequency slope outliers 0.90 0:43:48

18. hifa_targetflag: Target outlier flagging _ 1.00 0:14:44

-nnote: more

stages below these




ffHome  ByTopic  ByTask 2016.1.00484.L
N
ALM.

A

Ta

_ Task Duration

-~
~

»

1.00 0:10:16

0 1.; a_importdata: Registér measurement sets with the pipeline
u‘

02 ; ifa_flagdata: ALMA deterministic flagging
|

3.! a_fluxcalflag: Flag spectral features in solar system flux calibrators

4. i_rawflagchans: Flag channels in raw data

| 5.B¢ refant: Select reference antennas

—

E 6. tsyscal: Calculate Tsys calibration
w 1]
11 7. Wifa_tsysflag: Flag Tsys calibration

7]

1.00 0:09:24
|
|
" © 8. Qifa_antpos: Cormect for antenna pasition offsets 0.90 0:00:06
[ 9. gifa_wvrgcalflag: Calculate and flag WVR calibration 1.00 0:17:46
i
i 10§ whif_lowgainﬂng: Flag antennas with low gain 1.00 0:10:00
N
) 114 ‘ _setmodels: Set calibrator model visibilities 1.00 0:09:32
|
| iR
‘,‘ 01 \ khfa_bmdpauﬂag: Phase-up bandpass calibration and flagging 0.99 0:25:24
1 \‘
} 1 -’1 ‘,‘ ifa_bandpass: Phase-up bandpass calibration 0.99 0:18:17
|
| 1 f a_spwphaseup: Spw phase offsets calibration

i
I\

14 a_gfluxscaleflag: Phased-up flux scale calibration + flagging

1¢ihifa_gfluxscale: Transfer fluxscale from amplitude calibrator

Potential phase offset outliers

0.90 0:43:48
L

Phase vs frequency slope outliers




PART 1 - Calibration

The important points

O AGAIN - remember delivered data all passed QA2

I.e. nO need to
“go looking” for

problems or things to
flag

O Note: Pipeline scoring has been updated and improved over
the years

O older pipeline Weblogs might not have (as) trustworthy
scores, or scores and warnings maybe slightly misleading

O always check the version, and remember for pre-Cycle 10
(6.5.4 CASA), a person always checked the weblogs so
they should always be without issues



PART 1 - Calibration

The important points

O System Temperature (Tsys) - should looks does not
. . . . ist for ACA
sensible, related with the transmission b

O WVR - shows the initial phase correction k
water vapour radiometer system

O Bandpass - there should be no spikes (birdies),
regular structure/instrumental glitches

O Amplitude - the flux gains should be sensible
when compared to ALMA’s catalogue

O Gains - changes in amplitude and phase are
trackable and smooth, no glitches/jumps

» Apply - does all correct data look as expected



PART 1 - Calibration

The scores and symbols

O Pipeline have defined scores on a traffic light
scheme

O Green - all is good with the stage (1.0)

O Blue - some notifications, but otherwise
good (0.66 < score <= 0.9%)

O - nhot ideal warning, maybe a
problem (0.33 < score <= 0.66)

O Red - likely a major issue and needs
investigation (<=0.33)

%

|




PART 1 - Calibration

Investigation time....

O Follow the web link to a weblog you selected

O There will be ~10-15 minutes for you
individually to examine a weblog to get:

O Project Code

O CASA Version
O WVR improvement factor

Tddantshow |
| where to get any |

| of these

| parameters i

i

e o

O Worst Score - in calibration stages

O Phase calibrator flux in lowest index SpW
O Identify any possible issues/warnings



Investigation time....

https://almascience.eso.org/arcdistribution/
ALMAschool/dataset2/html

https://almascience.eso.org/arcdistribution/
ALMAschool/dataset3/htmi




Investigation time....answers

Dataset

Project
Code

CASA
Version

WVR Imp.

Lowest Score
(cal)

Phase
Cal. Flux

Other issues?




Investigation time....answers

Project CASA WVR Lowest Score | Phase

i ?
Code | Version | Imp. (cal) Cal. Flux | Otherissues:

Dataset

- ASDM imports no
flux database
%EW Jg « Phase Offsets
mJy 1. pvo2 Bandpass
strange

2017.A.00042.T | 6.5.9 0.97 0.30 (import)

0.53 (WVR) SpW 25 © Resolved Bandpass

1.05 in X9at
2018.1.00659.L | 5.4.0 1 67 0.00 (Check | 142 mdy |, Check source
Source Img.) | 148 mJy | images scores
« DV24 outlier phase
(diagnostic)
2019.1.00260.8 | 5.6.1 3.08 0.66 SPW 9| - 5 iier ant (phase)
(Bandpassflag) | 860 mJy apply
« Images”

* learned older Weblogs have less mformatlon or dlfferently pla,ced

trlck questlon as we are Iooklng at calibration
these data also had a correlator issue that an analyst found



PART 1 - Calibration
O The important points - Tsys

sing heuristics |

ables

Tasks in execution order

1. hifa_importdata (1] . -

2. hifa_flagdata o 7. Flag Tgys calibration BACK
3. hifa_fluxcalflag

4. hif_rawflagchans
QA Score: 1.00 4.49% of data in uid___A002_Xc02418_X29c8.ms.h_tsyscal.s6_1.tsyscal.tbl was newly flagged

5. hif_refant
6. h_tsyscal
Contents
. hifa_tsysflag
8. hifa_antpos (2] e Tqys after flagging

9. hifa_wvrgcalflag » Flagged data summary

» Flag step details

10. hif_lowgainflag

o manual
11. hif_setmodels N

o nmedian
12. hifa_bandpassflag o o derivative, § »
13. hifa_bandpass ° edgech%
14. hifa_spwphaseup o fieldshape
15. hifa_gfluxscaleflag Y

) o toomany

16. hifa_gfluxscale
17. hifa_timegaincal o

. Tsys vs frequency after flagging
. hifa_targetflag
Plots of time-averaged Tsys vs frequency, colored by antenna.

19. hif_applycal Q LV
20. hif_makeimlist (cals) uid___A002_Xc02418_X29c®
21. hif_makeimages (cals) o R RSO 10 1 om0 o AR PR RS AL 1010 10 o R AR AT RE ST 1 0m 1 o R SRR SRR RO IR s 1 om0
22. hif_makeimlist (checksrc) — ' - — ——— |~
23. hif_makeimages (checksrc) " i I —
24. hifa_imageprecheck : - : = :“
25. hif_checkpreductsize " aatfl .
26. hifa_renorm (7] - a -
= e G e I o R e ‘:&-u ™ e 1 T s e Fn o FE0 ET e ::‘(.‘ T FIE)

27. hifa-expmdata - BTN V0. DI e a M) AISIATA STR e OOV Y PRt v) 24 = ATIAOREY 16 0541 M0 DI T HAOua T 1A St vi 35T = JSIAOSEL 14 48 41 B BRI M . CRASITA P TS PN #) 12 (I 16 63 6
28. hif_mstransform 2]

Tsys SP Teys SPW 21 Tsys SPW 23 Teys sSPW 17
29. hifa_flagtargets ) ) .

Science spw Science spw 21. Science spw 23. Science spw 25.

30. hif_makeimlist (mfs)

ittt e R —




PART 1 - Calibration
O The important points - Tsys

O We clicked to look at only SpW 19

Tasks in execution order

1. hifa_importdata

2. hifa_flagdata @
3. hifa_fluxcalflag

4. hif_rawflagchans

5. hif_refant
6. h_tsyscal
8. hifa_antpos (2]

9. hifa_wvrgcalflag

10. hif_lowgainflag

11. hif_setmodels

12. hifa_bandpassflag (1]
13. hifa_bandpass

14. hifa_spwphaseup

15. hifa_gfluxscaleflag

16. hifa_gfluxscale

17. hifa_timegaincal Q
18. hifa_targetflag

19. hif_applycal (2]
20. hif_makeimlist (cals)

21. hif_makeimages (cals)

22. hif_makeimlist (checksrc)

23. hif_makeimages (checksrc)

24. hifa_imageprecheck

25. hif_checkproductsize

Tsys plots for uid___A002_Xc02418_X29c8.ms

Clip histogram range to match data range

Average of Median T over time Maximum of Median Ty over time

2] 8 8
5 4|4 ® |
65 70 75 80 85 20 a5
K
Tsys window filter Spectral window fi

x19 Show all spectral
—— = = — _

DA41 DA42 DA44 DA45

Teys SPW 19 Toys SPW 19 Teys SPW 19 Teys SPW 19

Science spw 19 Science spw 19 Science spw 19 Science spw 19

BACK

RMS deviation from Average Median Tgys

NE TR

Teys SPW 19 Toys SPW 19 (|

Science spw 19



PART 1 - Calibration
O The important points - Tsys T

US uid A001 X1467 Xlealworklng/md A002 Xec5832 X148b.ms.h_tsyscal.s6_l.tsyscal.tbl

. DVO6 had some flagging that caused
™ st s s an unrealistic pyramid feature. Not

a ‘fail’ issue - simply this antenna .

would be down weighted. But it can o]

be fixed with heuristic adjustments

200 | venmacenacns s -~~—PWV-1-.1-1mm;-elrmassvl.ZQ-(-ﬂeIdvo); R SR R R 8 S ' e

25360

25335 )53 40 253 45 253 SO 253.55
USHB Frequency (GH2)

oro
uld__ADO2_XdaD4%96_X197.ms ObsDat )D 9-03-24 plotbandpass v1.102 = 201801/21 14:45:4]

Tsys (K)

. one antenna elevated, nothing to
do, just follow the antenna in other

i I
220.0 220.5 221.0 2215

o L L L
uid__A002_Xec5832_X148b.ms 0bsDatlg’;%ZLls-%SF-rZegue:)rl‘ggb(a(;’\':if))ass v1.102 = 2018/01/21 14:45:41 Stalges to See lf lt IS mlSS behaved

older pipeline version
/ aa'f?;’?oﬁswuo‘y¢§’a’;"o%‘§%’s‘$‘33 ik ,zmm ';fm PRSI sometimes over flagged the
| aor o ome—— ATM lines in the Tsys, they
] B | should not be flagged
| otherwise the weightings are
not correct

subtle issue that some scans
have a different slope (red-
dashed line), this indicated an
instrumental issue (that got
fixed at the telescope)

180

160

140+

120}

)
100

80 / _MOUS_uid__A001 X133d X1276!wcu'knglud A002
[/ ut 10:46:3310:5729 11704 58 .16

Ant25: DVO6, spwl7, fields 0,3: ).

XX solid T PWV 0.40mm, airmass 1.19 (fie
YY dashed

uid__A0O1 X133d Xlef2/working/uid__AQ tsyscal.s6_1.tsyscal.tbl
UTlO 34 3!105‘4’34 sowlo, .

60

150.%
., TOPO USB Frequenc

Regular oscillations and patterns ] e N | ,
are indicative of a bad antenna, - it { ‘ i | i A .|
will probably be bad in other stages [N — ! k . I

- e
Sys
o
o

TOFO US8 Freq encg (GHz;
uid  ADD2 Xd7f90b X488d.ms ObsDate=2019-01-12 dpa v1.102 = 2018/01/21 14:45:41

too, e.g. “hifa,_bandpass”

i ]
252.0 252 5 253 0 2535
B Frequenc: /
id___A002_Xde63ab_Xb303.ms ObsDat 2019 07-06 plo {ba dpass v1.102 = 2018/01/21 14:45:41 /,

—_— — ———




PART 1 - Calibration

O The important points - WVR

Tasks in execution order
. hifa_importdata

-

. hifa_flagdata
. hifa_fluxcalflag
. hif_rawflagchans

. h_tsyscal

. hifa_tsysflag

2
3
4
5. hif_refant
6.
i
8. hifa_antpos

9. hifa_wvrgcalflag

10. hif_lowgainflag

11. hif_setmodels

12. hifa_bandpassflag

13. hifa_bandpass

14. hifa_spwphaseup

15. hifa_gfluxscaleflag
16. hifa_gfluxscale

17. hifa_timegaincal

18. hifa_targetflag

19. hif_applycal

20. hif_makeimlist (cals)
21. hif_makeimages (cals)
22. hif_makeimlist (checksrc)
23. hif_makeimages (checksrc)
24. hifa_imageprecheck
25. hif_checkproductsize
26. hifa_renorm
27. hifa_exportdata
28. hif_mstransform
29. hifa_flagtargets
30. hif_makeimlist (mfs)
31. hif_findcont
. hif_uvcontsub
. hif_makeimages (mfs)

32

33

34. hif_makeimlist (cont)
35. hif_makeimages (cont)
36

. hif_makeimlist (cube)

. hif_makeimages (cube)

rough rule,
spread of +/-50
deg after
correction is
ideal

Phase correction with/without WVR

After flagging discrepant WVRs based on the bandpass calibrator, the phasg
The following set of plots show the improvement in the rms phase after app|

to assess the effectiveness of the WVR correction.

s data intents after both the pipeline and wvrgcal task have selected antennas whose WVR correction needs flagging.

The correction applied to those antennas in these plots is the correction inte have sufficiently corrupted data that the metric can still not be calculated, but those antennas will in most cases be

flagged for the rest of the calibration process. Click on a link below to show a
o uid___A002_Xc02418_X29c8.ms
The next set of plots show the deviation about the scan median ph3

egration and per correlation.

o1 more detailed plS

[3634-2958 J1517-7422 (BANDPASS PHASEY

SIW 19 Comlaboms X and ¥ AR Rrbemeun_Sears 381216303327 and 32

Oeviation from S Mesan Made (degrees)

Plots show the phase offset (lower panel) and improvement ratio (upper panel) vs distance to the reference antenna before and after WVR application.

The lower panel of these plots show the median absolute deviation of the gaincal corrections with and without WVR correction applied. The upper panel shows the ratio of the RMS deviations about the median for data with WVR correction applied to the
RMS deviations without correction. One plot is generated per scan, with points plotted per correlation and antenna as a function of distance from the reference antenna.

k the summary plots to enlarge the;_, or the n ot title to show a gallery of phase offset plots for individual antenna.

uid___A002_Xc02418_X29c8.ms

NS1T 2422 (BANORESS)
SPW 19 Correlatrons X and Y MY Artwerias a3
v PO st WO | ke 3565 il WV ]

®

' ‘ﬂn‘t"f S Be mpt, ey e
-

E: ~_'..'- AN T .'-,‘,..
‘:A:-:':D P N A

s £ Y - "o =
Datasce to Refererce Arderns D49 (m)
Xbefre 4 Xamer Yeelore @ Yater

Spectral window 19




PART 1 - Calibration
O The important points - WVR

J0407+0742,)2258-2758 (BANDPASS,PHASE)

e phases are improved, but

m 1"‘%‘ , ,;}w“’é 3 | ny even after correction there
P | 'j' et < '- A A is a huge spread. The phase
- RN AR L RMS of these data is likely

j - sty PO too high - if will also show in
Aot AR e | later stages (caveat self-
f"\ MW , Wil | Wl | calibration could help such

T TR data if it is possible)

V/

)0204 +1514 J0237+2848 (PHASE AMPLITUDE, BANDPASS)

something is going wrong, needs checking - / wnc n 5 x m All Antennas

53,58 and 11

in this case the reference antenna is “ ’M '
= T T swesenn L11DArtINg a slope and should be changed N’ !
j2134 0153]2258 2758 (PHASE,BANDPA |I ' | ( | ."'{ I’
SPW 27 Correlations X and Y All Antennas Scans 3,9,14,18,22,27 and 31 "} ! : f ’i W ‘ "

’g 150 { ¥ n‘ o ‘ l
%’- 100 "' ' ‘ 1 the phase noise is simply way too high i
2 [P in these data, both before and even
I § after the WVR correction. Ultimately
|2 o these were observed in the wrong
12 . RN conditions and the data cannot be
I calibrated
:! “é -100 4 |
‘ E —150 34
8 Ik (note these are testing data where ctore

sometimes strict condition checks are erees
not necessary to follow)

i i L3
3 91418222731 I
Scan Iy

y 1/
X before Y before ~—— Xafter —— Y after /
W 4/
X G
A . — - ,.,./

e e ————— QAO0-semipass (do not get to QA2)

——————




PART 1 - Calibration
O The |mportant pomts Bandpass

does the bandpas a,l bratlon a,lso usmg heumstlos to set the pa,ra,meters 1

P ————— —

Plots

Plots show the bandpass correction applied to the target source. The first two plots show amplitude vs frequency;
for the typical antenna.

ith mode score. The third plot shows phase vs frequency

Click the summary plots to enlarge them, or the plot title to see see detailed plots per spectral window and antenna.

uid___A002_Xc02418_X29c8.ms

Amplitude vs frequency (show uid___A002_Xc02418_X29c8 Phase vs frequency (show

uid___A002_Xc02418_X29c8.mY 1,

The plots below show amplitude vs frequency for the bandpass correction, overla tral windows and correlations. Click on the link above to show

show detailed plots for all antennas, or on the links below to show plots with specific ant elected. The plot below shows phase vs frequencffo gridpass correction,

overlayed for all spectral windows and correlat | S : pck on the link above

I3 03N R N Dt 4333 3w 1) T3 133 O\l 4 b e e T

to show show phase vs frequency plots for all antennas, or on the link for
M) DRSS em ek MO 1130 477 Wk B4 Mee) A D BT wpw el WM 0 1133020672 ward 26 MeF

» [ PTE—y 1} ' A28 EEEETIE -

just the typical antenna.

m
1) L 124
™
i LA B T ey P S T T T YOI
1 " | N " ” MO OAAL rm ok Sed1 0 (1597 3437 wand B¢ e8P z
g 100 (R ) } z PN 3 Comn, wett L 0T 3 i
i fl 108 - 1
’ .
0% | i 2
e . -

& S
i T ek e e hrd i 00014 ey o = b J/iﬁ‘
Reference antenna (DA49) ( show DA4% 1, Typical antenna (DA41) ( show DA41)N 1, “ f
== - » n W i £ .
Amplitude vs frequency for the referenc®a A49). Click the link Amplitude vs frequency for a typical ard®nia (DADW). Click the link above to 8000 I ik s Smacuone s S S 1 102« TRAA0A 1 ekl
above to show detailed plots for DA49. show detailed plots for DA41.

Typical antenna (DA41) ( show DA41)

NE. mndomantenna unil scores ars working Phase vs frequency for a typical antenna (DA41). Click the link above to

show detailed plots for DA41.




PART 1 - Calibration

-.002_Xda1250_Xa856.ms.hifa_bandpassflag.s12_7.spw5_7_17_19.channel.solintinf.bcal.final tbl
Ant 0: DA41, spw 7, field 0: J1256-0547, scan3 05:30:59
T PWV 1.57mm, airmass 1.050 :
Yy

37%

22.;:.5 226.0 226.5 22‘7A0

0'932540 g .
TOPO LSB Fre: uencgb(GHz)
uid__A002_Xdal250_Xa856.ms ObsDate=2019-03-27 plotbandpass v1.102 = 2018/01/21 14:45:41

-.2_Xd1798a_X6bd6.ms.hifa_bandpassflag.s12_7.spw19_21_23_25.channel.solintinf.bcal.final.tbl
Ant 9: DAS0, spw25, field 0: J2253+41608, scan3 05:36:05

xx PWV 0.43mm, airmass 1.343 !

v

110

%
230.0 230.5 X 2315
TOPO LSB quuen% (GHz)
uid___A0D02_Xd1798a_X6bd46.ms ObsDate=2018-09-03 pl indpass v1.100 = 2017/06/09 15:57:51

errors also in the phase
vs frequency plots
always check both. Here
platforming in amplitude
also leads to a step break
in phase

..2_Xda90e7_Xadge.ms.nita_bandpasstiag.s12_2.5pw25_27_29_31.channel salintint beal hinal thl
Antll: DASS5, spw3l, field 0 [2056-4714, scan3 00:11:47

TP 7.16mm, aimass 1.171

Issue related to only a
specific section that effects
only one reqion and only one
polarisation. If the
correlator - i.e. all data, then
these cannot be use. If only

450z

39,
TOPO USB Fre:
wid__AD0? Xd49007 XadBe.ms ObsData=2018 1

I —— ¥} onc antenna flags might be

uelllc (GHz)

a
105 plolbandpass v1.102 = 201801171 14:45:41

.2 ¥c5BDZb XGe52.mshifa bandpassfiag.s12 9.spw25 27 29 31.channel.salintint.bcal final.tbi
Antdd: DV23, spw29, teld 0: J05104 1800, scan3 07:59:02

POV ©.5Tmm; airmass 1348

Correlator issue related

to how SpW are made
and the edges are not
correctly handled. These
data cannot be
calibrated correctly

_Kd74c 3 X1307.ms hifs_ Bancipassfing 312 8 sym2) 25 27 29 chanvel solintinf beal final 14
At 3 DAME, Spwd3. ek O 114774206, scan3 111416
FWY 5 13mm, gemass 1100

216.0 265 2110

2 Keo3ede Xcrzms.hife_

12_1.5pw17 19 21 23,
Ant 1-DAZ3, spw21, field 0:J1058+0133, scan3 14:05:57
TR 1 17mm, ein

X mass 1112
v

0 T
2200 8¢ 210 215
TOPO LSR quunn(gaf(‘xlﬁi
_uid__ADO2 Xc53sde Xd4cf3.ms ObsDate=2017-10-03 plotbandpass v1.100 = 2017/0609 15:57:51
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Tasks in execution order
1. hifa_importdata

2. hifa_flagdata

3. hifa_fluxcalflag

4. hif_rawflagchans

5. hif_refant

6. h_tsyscal

7. hifa_tsysflag

8. hifa_antpos

9. hifa_wvrgcalflag
10. hif_lowgainflag

11. hif_setmodels

12. hifa_bandpassflag
13. hifa_bandpass

14. hifa_spwphaseup
15. hifa_gfluxscaleflag

hifa_gfiu

17. hifa_timegaincal

18. hifa_targetflag

19. hif_applycal

20. hif_makeimlist (cals)

21. hif_makeimages (cals)

22. hif_makeimlist (checksrc)
23. hif_makeimages (checksrc)
24. hifa_imageprecheck

25. hif_checkproductsize

26. hifa_renorm

N
~

. hifa_exportdata

N
@®

. hif_mstransform
29. hifa_flagtargets
30. hif_makeimlist (mfs)

W
=3

. hif_findcont
32. hif_uvcontsub
33. hif_makeimages (mfs)

34. hif_makeimlist (cont)

&

hif_makeimages (cont)
36. hif_makeimlist (cube)

37. hif_makeimages (cube)
3

@™

. hif_makeimlist (cube_repBW)
39. hif_makeimages (cube_repBW)
4

e

hif_selfcal
4

per

. hif_makeimlist (mfs)
42. hif_makeimages (mfs)
43. hif_makeimlist {(cont)

2

hif_makeimages (cont)

&

hif_makeimlist {cube)

46. hif_makeimages (cube)

47. hif_makeimlist {cube_repBW)
4

. hif_makeimages (cube_repBW)
49. hifa_exportdata

1 - Calibration
The important points - Amplitude

16. Phased-up fluxscale

QA Score: 1.00 All exp d derived fluxes pi

Contents
« Tables:
o Antennas used for flux scaling LN ' ,
o Computed flux densities -
* Plots: V4

o Calibrated flux density vs derived flux

o Flux calibrator model comparison

Results

Antennas Used for Flux Scaling

The following antennas were used for flux scaling, entries for unresolved flux calibrators are blank
Measurement Set
uid___A002_Xc02418_X29c8.ms

Antennas for Flux Calibration

Computed Flux Densities

The following flux densities were set in the measurement set model column and reco -,:.;".:' RUE p@ﬁ\‘ekcomext: =

|
Measurement Set Field " | Spw  Frequency Bandwidth (TOPO)
\
uid___A002_Xc02418_X29c8.ms J1517-2422 (#0) BANDPASS \4“ 19 232.617 GHz 2.000 GHz
L"(
\ 9
\ . N
N
21 006Gz 2:000:6

23 246.923 GHz 2.000 GHz

25 230.554 GHz 937.500 MHz

J1634-2058 (#2) PHASE 19 232.617 GHz 2.000 GHz

for uid___A002_Xc02418_X29c8.ms ANl QA Scores (11 green)

UV Range

Derived Scaling Factor

Calibrated Visibility Flux Dens

Catalog Flux Density

1.799 = 0.002 Jy (0.09%)

1.799 + 0.0003 Jy (0.01%)

1.826 Jy

1.781  0.0002 Jy (0.01%)

1.803 Jy

1.780 = 0.002 Jy (0.1%)

1.779  0.0002 Jy (0.01%)

1.799 Jy

1.806 + 0.002 Jy (0.1%)

1.806 = 0.0002 Jy (0.01%)

1.830 Jy

99.361 + 0.726 mly (0.7%)

0.000 Jy

0.000 Jy

0.000 Jy

0.000 Jy

0.000 Jy

0.000 Jy

0.000 Jy

0.000 Jy

0.000 Jy

0.000 Jy

0.000 Jy

0.000 Jy

0.000 Jy

BACK

Flux Ratio (Calibrated / Catalog)

0.985
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Computed Flux Densities

The following flux densities were set in the measurement set model column and recorded in the pipeline context:
Derived Scaling Factor
Calibrated Visibility Flux Density

Catalog Flux Density

Measurement Set Field Spw Frequency Bandwidth (TOPO) Q U

uid___A002_Xe79954_X5876.ms J1407-4302 (#1) PHASE 25 261.862 GHz 58.594 MHz 155.734 + 2.528 mJy (1.6%) 0.000 Jy 0.000 Jy
130.859 + 1.435 mJy (1.1%)

208.737 mJy 0.000 Jy 0.000 Jy

27 262.023 GHz 117, 143.874 + 2.050 mJy (1.4%) 0.000 Jy 0.000 Jy
132.659 + 0.959 mJy (0.7%)

208.702 mJy 0.000Jy  0.000 Jy

29 8.594 MHz 155.052 + 2.304 mJy (1.5%) 0.000Jy  0.000 Jy
132.536 + 1.351 mJy (1.0%)

209.080 mJy 0.000 Jy 0.000 Jy

8.175 GHz 117.188 MHz 145.715 + 2.316 mJy (1.6%) 0.000 Jy 0.000 Jy

133.934 + 0.996 mJy (0.7%)

209.537 mJy 0.000 Jy

but the catalogue value is
100 days old, so that is
probably wrong. Each SpW all
get the same flux so this is ok... check

and...as long as the FLUX “setmodels” or

calibrator value is recent “importdata” stages
(flux.csv)
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‘ N .
J1145-6954 (#3) CHECK Y 801.613 GHz 937.500 MHz ' 1.052 + 0.040 Jy (3.8%) scaling factor ,;, (o004, 0.430

301.109 + 30.177 mJy (10.0%) | VisSibility amp.

NOTE: these are S ———— ..w»:’ the ratio is very different

band 10 data, the [ESEEEE——— B R from 1.0 - but we know it is
hi hest and most 49 802.295 GHz 234.375 MHz 1.304 + 0.044 Jy (3.3%) 0 )00 Jy 0.000 Jy 0.000 Jv 0.285 due to an old Ca‘ta.‘loglle age
difg'ﬁcult 199.119 + 41.787 mJy (21.0%)

fPequenCy to 699.812 mly 000Jy  0000Jy  0.000Jy

observe 51 802.471 GHz 234.375 MHz 1.301 + 0.048 Jy (3.7%) 0000Jy  0.000Jy  0.000Jy  0.308 ...out aCtually SoIme SpW

differ noticeably from the
others and this needs to be
699.758 mJy .00 Jy 0.000 Jy 0.000 J ]'_nve Stl gated

53 820.013 GHz 937.500 MHz 880.790 + 42.941 mJy (4.9%) 0.)00 Jy 0.000 Jy 0.000 Jy 0.439

215.308 + 41.649 mJy (19.3%)

304.876 + 24.597 mJy (8.1%)

694.437 mJy 0, 00 Jy 0.000 Jy 0.000 J;
Ca,ta,logue values differ - due to age (3.9%) Qo | 0O000Jy [ 0000Jg | 0479
as we’ve seen previously 7.0%)

7 )00 Jy 0.000 Jy 0.000 Jy

- But the Scaling Factor and
Calibrated visibility values are also
different

i Technical point - Even though the fluxes are large, 0.8 Jy, at Band 10, the stage |
| “hifa, spwphaseup” shows only a very low SNR of 10 all SPWs combined (typical of all the l
| higher frequency bands, 8, 9 and 10)

|
' The calibrated visibility amplitudes is the most accurate representation of the source flux - if )l
calibration is good then check the fluxes in the images

P —————————
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O The important points - Gains

Plots

Phase vs time

w the phase correction to be applied to the target source. A plot is shown for each spectral window, with phase correction data points plotted per antenna and correlation as a function of time.

summary plots to enlarge them, or the spectral window heading to see detailed plots per spectral window and antenna.

uid__A002_Xc02418 X29c8.ma 2
=3
80
o o
P || il
o
o .,. '
Hiosn ni
%00 e
Spectral window 21 Spectral window 23 Spectral window 25
Phase vs time, all antennas and correlations. Phase vs time, all antennas and correlations. Phase vs time, all antennas and correlations.

plitude calibration to be applied to the target source. A plot is shown for each spectral window and each set of antennas with the same antenna diameter, with amplitude correction data points per antenna and correlation as a function of time.

Amplitude vs time

plots to enlarge them, or the spectral window heading to see detailed plots per spectral window and antenna.

uid___A002_Xc02418_X29c8.ms

..\. ! . iwn
a1 4 o i v 2 ! P .
o . : ; : ; E i x i wind " y : ‘ ' T ; win- i ; : . . aand o g ; & :
- =3 = 294 4 O T > 3 I I R g kA T
" i o 1 : s oo S S il H g7 1 3 Y| : : 4 R : i
3 | [ | ' : : B | l“" l l i | i l‘”‘ H il i : £ 1 i md- T B l l | ‘ i
SN R BEIREEY i 0 o | i
- i i i o] ek & EE A0 T ¥ O B B TN EEEE
H 5 T i 8 o S R < 3 (o5 S S 2 H H Ch S P
e84 v LD ¢ ' . . ) i | . . 1 . .3 4 M . :
LV s 8 . i n : e £ £ 3 a4 2 . s P A H R R
216 . 3 r . > A . . * S
mmg:mmmmun mmw&ummmmm mm#ﬁmﬁmoﬂmm mimu&xﬁu&m‘mm&l’-
| window 19 Spectral window 21 Spectral window 23 Spectral window 25
time for spectral window 19, all correlations, Amplitude vs time for spectral window 21, all correlations, Amplitude vs time for spectral window 23, all correlations, Amplitude vs time for spectral window 25, all correlations,
all antennas. all antennas. all antennas.
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O The important points - Gains

Gain Phase (degrees)

. T T = T T T T T T T T
01:00:00 01:10:00 01:20:00 01:30:00 01:40:00 01:50:00 02:00:00 02:10:00 02:20:00 02:30:00
Time (from 2019/07/05) (hh:mm:ss)

Gain Phase (degrees)

e S e A THE S S S A S | et
01:00:00 01:10:00 01:20:00 01:30:00 01:40:00 01:50:00 02:00:00 02:10:00 02:20:00 02:30:00
Time (from 2019/07/05) (hh:mm:ss)

I

Uld__AGO2_Xdetdab_X4Sad spw 25 DAD

PIOO00 DUIO00 PIIOM DIION0 YO0 VS0 GRNNG0 MMM RN XN
Time (Vom JOURTT L) O me 8)

examples of ALMA longest baselines {
dataset - “looked” messy but are ideal |

we can see/track the phase

Uld_AGG2_Xdetdab_X45ad spw 25 DA

Gmn Prase (Segrees )
- z

different baselines
with different lengths see

the atmospheric variations
more or less

wi .
i, ik 158 »
! . 2 1, :
! i H “ ! J i e o
17 1,5 ; ' f LA
j"' ‘u' .; j"’ B HER .'
% '-(i: : :g:-’ s
» : £ " )
s , I 0,8
N b _ g S S s
T R ke nm Sl ke an W e Wi R e Tke S m Tk s we WA whe
DA44 DA45
Spw 25 Spw 25
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) _ per scan plot from main
7 S o ~ weblog page

uld___A002_Xd5fc9e_X38d spw 25

’Hu// uld___A002_Xda1250_Xa856 spw 5 *“ G i
| ] 150 N A 5

- I P

‘ : -CC: : t - f :. i

100 : <% 5

)‘ : $ s Ty 3 ‘E ;

BE | B g i

| §. - | EER 1 £

G L . i 2 :' ."" .';’;

'SC—< g o : . :- :é 'l'.

. F ; %

¥, . H

I variable atmosphere to be able to
correctly interpolate the phases to a
target and have reliable calibration -

uid___A002_Xda1250_Xa856 spw 5 DA42 | user data should never look like this

150 . . uid___A002_Xd5fc9e_X38d spw 25 DA48
per integration for one : .
100 ] ; antenna - diagnostic plots F - . § | |
- . i

2 [ 00 A | [
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PART 1 - Calibration

Is the calibration good?

O Scores - if most were green or blue, or there are
explanations for other lower scores and all data
looks good - then “yes” calibration is good

O Applycal stage - check that calibrators are as we
expect

O Point source = zero phase, constant amplitude

O Images - are images of the calibrators point-like,
and is the target image made and without
defects?



PART 1 - Calibration
O Is the calibration good - Applycal

#Calibrated amplitude vs time
/A

/ Plots of calibrated amplitude vs time for all fields, antennas and correlations. Data are coloured by field.

uid___A002_Xc02418_X29c8.ms
[ Ampicorrected vs. Time Spwi18

13-

lf .. o

ALMA Band 6 ALMA Band 6

‘ Calibrated phase vs time

Plots of calibrated phase vs time for all antennas and correlations. Data are coloured by field.

uid___A002_Xc02418_X29c8.ms

\ i wHallmBa, B . _ A AT

i T e e e e e o e e T e e el o o o
I

l Spectral Window 19 Spectral Window 21

[ Phase:corrected vs. Time Spw: 19 vs, Time O
‘ o I ] a8 -
I
3 H i H 4 i
\
| e R S T
\\ Spectral Windywa 9 Spectral Window 21

ALMA Band 6 ALMA Band 6

notice the check source is
low SNR, so phases are not
bad, just noisy - not a worry

Totally poor phase stability and decoherence even in
bright calibrators like the bandpass - useless data

Amp:corrected vs. Time Spw: 27

5 PR I |IIII|I|l|ﬂ||||l|||II]lIl||IﬂIIlI[III||III]IIIMIIIIIIIﬂlﬂ\illlllllll ‘
01 4‘5 00 ' 01 5'1 00 ! 01 5‘4'00 ! 01 5‘7'00 ! 020’0 00 ! 020‘3’00 ! 02 0‘8 00 ! 02 0‘9'00 ! 02 1'2 00
Time (from 2018/12/01) (hh:mm:ss)

Amp:corrected vs. Time Spw: 24

Amp:corrected

T T T T T T 1
08:00:00,0000 08:16:40.0000 08:33:20,0000 08:50:00,0000 09:06:40.0000 09:23:20,0000 09:40:00.0000
Time (from 2017/04/15) (hh:mm:ss)

Intents: PHASE, BANDPASS, AMPLITUDE, CHECK and TARGET
Fields: J1650-5044,FilC,J1427-4206

Phase:corrected (degrees)
! !

Phase:corrected vs. Time Spw: 27

2

T T
01:48:00

: - . | . — 7 T
015700 020000 020300 020600 02:09:00 02:12:00
Time (from 2018/12/01) (hh:mm:ss)

' Spectral Window 35
| ALMA Band 9

phase calibrator, need to

go back and find these

and flag

bandpass calibrator, need
to go back and find these
and flag
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O Is the calibration good - Applycal

Amp:corrected, Atm Transmission vs. Frequency Spw: 25 \
2.4 ]

One antenna has incorrect
gains (amp. and phase)

————
22+

2.0
1.8 -

1.6

| 144 Ml honsd 0 Sibadta itk bk d Fokank i <
J‘ 1 '
1.2+

104 |
0.8 -
r T T T T T T T T T
230.0 230.2 2304 230.6 2308
Frequency (GHz) TOPO

amplitude on calibrators tails off at
end of the SpW - incorrect Bandpass
application

i/

Phase:corrected (degrees)

Amp:corrected vs. Frequency Spw: 27

Phase:corrected vs. Frequency Spw: 25 |

serious instrumental issues
causing unnatural step
functions in phases

Phase:corrected vs. Frequency Spw: 37

o
3
1

amplitude scaling which
propagates to the CHECK
source

o
1

Phase:corrected (degrees)

incorrect phase offset that
S-SR Dropagates to the CHECK
# source

Ampicorrected va. Frequency Spw: 19

One antenna has incorrect



PART 1 - Calibration
O Is the calibration good

- Applycal

cience target: calibrated amplitude vs UV distance

Calibrated amplitude vs frequency plots for the each measurement set's representative source. For mosaics, the representative field i

atmospheric transmission for each spectral window is overlayed on each plot in pink.

Data are plotted for all antennas and correlations, with different spectral windows shown in different colours.

uid___A002_Xc02418_X29c8.ms

%

!
l
i

§ 8 EE E S OE G

ﬁ

1\
:i
|

tl ,‘ Source: AS_209 (#4)
] Field: AS_209

|

| Spwi9
ALMA Band 6

Spw 21
ALMA Band 6

Source: AS_209 (#4)
Field: AS_209

UV coverage

(
‘ Plots of UV coverage for each Measurement S

| uid___A002_Xc02418_X29c8.ms
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I |
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\
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N\
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|
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) ‘ oo T flag a bad scan (pipeline § |
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) probably too many flags,
limited data use - will
have been evident in
flagging summaries




Concludes the calibration section - Any questions?



Firefox - viewing issues
O https://help.almascience.org/kb/articles/what-
Is-the-best-way-to-view-the-weblog
1. Inside CASA session, use:
> h_weblog

This opens a server to view, e.g.

> http://127.0.0.1:30000/main/pipeline=procedure hifa calimage/html/t1-1.html

2. Outside CASA in the untarred pipeline directory
> python3 -m http.server 8080 —bind 127.0.0.1
This opens a server to view, e.q.

> http://127.0.0.1:8080/index.html



http://127.0.0.1:30000/main/pipeline=procedure_hifa_calimage/html/t1-1.html
http://127.0.0.1:8080/index.html

