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Calibration - the basics

e Remove effects of the instrument itself
*Remove effects of the atmosphere

eScaling to the correct flux

Please ask questions throughout if anything is

unclear
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Calibration - the basics

®Remove effects of the instrument itself
- variations in frequency as a function of amplitude and
phase
- variation in receiver noise (Tsys)
- effects of shadowing
- antenna positions
*Remove effects of the atmosphere
- atmospheric variability (phase)

- atmospheric attenuation as function of time (Tsys)
e Scaling to the correct flux

-usin astronomical source
EUROPEAN ARC
ALMA Regional Centre || Allegro



Calibration - the basics

e Remove effects of the instrument itself

- variations in frequency as a function of amplitude and

phase - Bandpass
- variation in receiver noise (Tsys) - Tsys load
- effects of shadowing - Flagging
- All sky runs

- antenna positions
*Remove effects of the atmosphere

- atmospheric variability (phase) - WVRs + Gain Calibrator

- atmospheric attenuation as function of time (Tsys) - Tsys load
e Scaling to the correct flux

-usin astronomical source - Flux Calibrator
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Calibration - the basics > 9]
Ny

Bandpass
QSO -freq. response
Flux Apply calibrations
planet/QS0O to the science target

Temporal Gains
WVR system
QSO - phase/amp
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ON THE CALIBRATORS !

CHECK THE CALIBRATIONS




Calibration - with CASA 2l

All run from the scriptForPl.py

- manual calibration
- uid_ XXXXX _scriptForCalibration.py

- pipeline calibration
- casa_piperestorescript.py

- casa_pipescript.py
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Calibration - with CASA

All run from the scriptForPl.py

manual calibration
- uid_ XXXXX _scriptForCalibration.py

-+ scriptForimagingPrep.py

.+ scriptForlmaging.py

- pipeline calibration
- casa_piperestorescript.py

- casa_pipescript.py

+ scriptForlmagingPrep.py

-+ scriptForlmaging.py
€EUROPEAN ARC
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Calibration - with CASA

All run from the scriptForPl.py

- manual calibration
- uid_ XXXXX _scriptForCalibration.py

-+ scriptForimagingPrep.py
-+ scriptForlmaging.py

- pipeline calibration
- casa_piperestorescript.py

- casa_pipescript.py
+ scriptForlmagingPrep.py

-+ scriptForlmaging.py
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Calibration - with CASA

Please navigate to your:
‘uid_XXXXX_scriptForCalibration.py’
OR

pipeline-weblog -> index.html

> cd /lustre/allegro/home/guestX/

open_CASA training _day/analysis/guestX

EEEEEEEEEEE




Calibration - with CASA -

MANUAL

# ALMA Data Reduction Script
# Calibration

thesteps = []
step_title = {0: 'Import of the ASDM',

1: 'Fix of SYSCAL table times’,

2: 'listobs’,

3: 'A priori flagging',

4: 'Generation and time averaging of the WVR cal table’,
5: 'Generation of the Tsys cal table’,

6: 'Generation of the antenna position cal table’,

7: ‘'Application of the WVR, Tsys and antpos cal tables’,
8: 'Split out science SPWs and time average’,

9: ‘Listobs, and save original flags®,

10: ‘Initial flagging’',

11: 'Putting a model for the flux calibrator(s)’,

12: 'Save flags before bandpass cal’,

13: 'Bandpass calibration’,

14: 'Save flags before gain cal’,

15: 'Gain calibration’,

16: 'Save flags before applycal’,

17: ‘Application of the bandpass and gain cal tables’,
18: 'Split out corrected column’,

19: 'Save flags after applycal’'}

if ‘applyonly’ not in globals(): applyonly = False

try:
print 'List of steps to be executed .. .°, mysteps
thesteps = mysteps

except:

print ‘global variable mysteps not set.’
if (thesteps==[]):

thesteps = range(0, Len(step_title))

print 'Executing all steps: ', thesteps

EUROPEAN ARC ‘
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PIPELINE .

~ A Home By Topic By Task

Task Summaries

Task
1. hifa_importdata Register messuremen sets with the pipeline
2 hifa_flagdata ALMA deterministic flagging
3 hifa_fluxcalflag Flag spectral features In solar system flux calibrators
© 4 hif_rawflagchans Flag channes in raw data
5 hif_refant. Sdect reference antennas
6. hifa_tsyscal Calcdate Tsys caibration
© 7 hifa_tsysflag Flag Tsys calibrstion
© 3. hifa_antpos Comect for amenna position offsets
© 9 hifa_wvrgcalflag: Calculate and flag WVR calibeation
10 hif_lowgainflag: Flag antennas with low gain
© 11 hif_gainflag Flag antennas with gain outhers
12 hif_setjy. Set caibrator model visibilties
13 hifa_bandpass Phaseup bandpass calibeation
14 hifa_spwphaseup Spw phase offséts calibration
15 hifa_gfuxscale Transfer fuxscale from amplinude calbrator
16 hifa_timegancal Gain calbration
17 hif_applycal Apply calbrations from context
18 hif_makeimlist: Set.up image parameters for calibrator imagng

19 hif_makeimages Make calibeator images
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Calibration - with CASA

n ‘\
' IPELINE .
] ~-
MANUAL . E =

1
i = AHome  ByTopic  ByTask

# ALMA Data Reduction Script : =
1

) . : .

# Calibration . Task Summaries

thesteps = [] :

step_title = {0: 'Impor SDM', 1

1 x of SYSCAL table times’, 1 Task
. l 15t Ot' S’ ’ : importdata Register messurement sets with the pipeline

'A priori flagging',
'Generation and time averaging of the WVR cal table’,
'Generation of the Tsys cal table’,

'Generation of the antenna position cal table’,
Application of the WVR, Tsys and antpos cal t
8 science SPWs and time averags
9: ‘Listobs, and Save
10: ‘'Initial flagging’,
11: 'Putting a model for the flux calibrator(s)’,

12: 'Save flags before bandpass cal’,

13: 'Bandpass calibration’,

14: 'Save flags before gain cal’,

15: 'Gain calibration’,

16: 'Save flags before applycal’,

17: ‘'Application of the bandpass and gain cal tables’,
18: 'Split out corrected column’,

19: 'Save flags after applycal’'}

2 hifa_flagdata ALMA determenistic flagging
3 hifa_fluxcalflag Flag spectral features in solar system flux calibrators

0 hif_rawflagchans Flag channeds in raw data

5. hif_refant. Sdect reference antennas
6. hifa_tsyscal Calcdate Tsys caibration
O 7 hifa_tsysflag Flag Teys calbrstion

© 3. hifa_antpos Comect for amenna position offsets

© 11 hif_gainflag Flag antennas with gain outhers
12 hif_setjy Set cabrator model visbilties

if ‘applyonly’ not in globals(): applyonly = False

13 hifa_bandpass Phaseup bandpass calibeation

try:
print 'List of steps to be executed ...°, mysteps 14.hitaspwpheseup: Spw phase offeets calbration
thesteps = mysteps 15 hifa_gNuxscale Transfer Muxscale from amplitude cabbrator
except:

print ‘global variable mysteps not set.’ 16. hifa_timegaincal: Gain calbration

if (thesteps==[]):
thesteps = range(0, Len(step_title))
print 'Executing all steps: ', thesteps
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17 hif_applycal Apply calbrations from context

18 hif_makeimlist: Set.up image parameters for calibrator imagng

19 hif_makeimages Make calibeator images




Calibration AntPos, WV

MANUAL PIPELINE

os.system('rm -rf uid__ A002 Xad4dacb Xadb.ms.tsys')
gencal(vis = 'uid _ A002 Xaddacb Xadb.ms', 1

o

7. hifa_tsysflag

caltable = 'uid  A002 Xad4d4acb Xadb.ms.tsys',
caltype = "tsoys’)

©

8. hifa_antpos
# Flagging edge channels

©

9. hifa_wvrgcalflag

flagdata(vis = ‘vid  A002 Xaddach Xadb.ms. tsys’,
mode = ‘manual ',
spw = '9:0~3;124~127,11:0~3;124~127,13:0~3;124~127,15:0~3;124~127",
flagbackup = F)

- gencal - this generates the Tsys
correction table

- flagdata - used to flag the bad
response TDM edge channels
" WHY? : Correct for sky and receiver noise/variation '
Plots : in ‘QA’ (or ‘calibration’) directory / weblog
“*tsys*plots’
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Calibration - Tsys{AntPos)

MANUAL

os.system('rm -rf uid__ A002 Xad4dacb Xadb.ms.antpos')
gencal(vis = 'uid__ A002 Xaddacb Xadb.ms',
caltable = 'uid  A002 Xad4dacb Xadb.ms.antpos',
caltype = ‘antpos’,
antenna = 'DA45,DA51,DA53,DA55,DA58,DA60,DA63,DV01,DV03,DV04,DV0O8, DV
il8,DV19,DV24,PMO1,PMO2,PMO3,PMO4 ",

#parameter = [0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,
i0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0])

parameter = [-2.38629e-04,6.51773e-04,2.24732e-04,2.86116e-05,-5.424
i-2.70048e-05,-1.74361e-04, -2.25566e-04, -7.66657e-05,-7.26511e-04, -2, 706C
i.25562e-05,-4.89141e-04, -1.33922e-04, -3.32959e-04, -2.69390e-04,7.35842e-
i8316e-04, -1.34949e-05, -5.56033e-04,-1.81481e-04,4.73415e-05,-4.94519e-04
i29e-05,-1.77334e-04,-2.49834e-04,5.08055e-05,2.10684e-05,-2.19155e-04, -¢
i04,-2,.88958e-04,4.48046e-04,-1.07709e-03, -6.35845e-04, -4.46767e-04,-1.07
i,1.40105e-04,6.45677e-04,-4,75390e-04,-1.65702e-04,4.36814e-04,-1.03487¢
i762e-04,-2,25950e-04,4.71491e-05,-4.81501e-04,-1.01380e-04,5.41472e-04, ¢
i04,4.63888e-04,-1.72769e-03,-1.29760e-03,5.52132e-04,-1.73621e-03,-1.023
il.65628e-03, -1.30656e-03])

0,
0,

- gencal - this generates the antpos
correction table - comment out/in
the parameters

PIPELINE -4

- _ Res

5. hif_refant

6. hifa_tsyscal Anten

7. hifa_tsysflag a1 The foll

8. hifa_antpos

Meas
9. hifa_wvrgcalflag (2}
10. hif_lowgainflag uid__
11 Lif mninflan [y
Weblog
---------------------------- '
|
|
|
|
|
|
|
|



Calibration - Tsys, AntPos

wvrgcal(vis = ‘uid  A002 Xaddach Xadb.ms', M
caltable = 'uid A002 Xaddacb Xadb.ms.wvr',
spw = [17, 19, 21, 23], 10. hif_lowgainflag
smooth = '6. 048¢” P
! 11. hif_gainfla O
toffset = 0, g g
tie = ['W33A,]1733-1304"'], 12. hif_setjy
statsource = 'W33A’) 13. hifa_bandpass
14. hifa_spwphaseup

- wvrgcal - reads the water vapour
radiometer signals per antenna and
creates the antenna based phase
solutions

WHY? : Correct for atmospheric phase variations

caused by the water vapour - short term

Plots : in ‘QA’ (or ‘calibration’) directory / weblog
“*wvr.smooth.plots’

EUROPEAN ARC
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Calibration - Tsys, AntPos ,
PIPELINE

|
MANUAL '
|
|
|
uid___A002_Xad4acb_Xadb.ms.wvr computed for uid___A002_Xad4acb_Xadb.ms '
503m Baseline 15.29=DA59.DV10, spw17=349 4GHz 964m Baseline 15.30=DAS59.DV11, spw17=349 4GHz :
—_— . — —— — . :
. . . . |
150 | j : | - 150 -
§ 100 }------ - 100 }-- aes A i P241-0815 J0006-062 3 (PHASE BANDPASS)
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Y sob-.--... ‘ L 1 - I : : : T :
. : |
AN o !
% -50 . - 1 ' ;
3 , i '8
g-loo_ ....... .............. .o af _100._ v -l : é
B o B+ 5 ] ¢
: : v : : [
57.00 0730 .00 5700 5730 08-00 : % ©
5
426m Baseline 15-31=DA59-DV12, spwl7=349.4GHz 229m Baseline 15-32=DA59-DV13, spw17=349.4GHz : £
; ; ! ' ! ; g
150 b w50 koo - 2
? 100 p- . 100 : 150
g m . q 50 ' : 3 : 2 : 13 : - : - :
o - % » »n » »
§ Om'wﬁ M Oﬂ'W‘“ﬁd : X tefore vbo_(o: X after Y after
S sof S RRREEEEE -s0 |- s .
b4 v : : I
g_loo,_ teseebosmesnnnness - -100 }-- . ...... ........ R -
=130 - ’ =150 |5 Caes 4 W33A .
_ . R 0:J1733-1304 3.1)1832-2039 ; '
07-00 07-30 08-00 07-00 07-30 0800 '
Time (UT on 2015-06-26) Time (UT on 2015.06-26) :
[ |
BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN Em dh Bn B BN B BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN i
| u n u I
- The atmosphere is continually varying - when on .
1
] |
. source and when on the calibrators - WVR acts to
| - - 1
. reduce the phase variations on ALL sources! :
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Calibration - Tsys, AntPos{ WV,

. :
Phase vs. Time Baseline: DA41@5301 & DA49@A029 - P I P E I I N E ‘
- |
150 -
4 |
- BEFORE WVR -
- - ]
3 100-: . . |
- |
150 4 .. il
= - 50-: - - ® | | i .
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- The atmosp A :
| <150 I
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Calibration - intermediate ‘sp7

.

PIPELINE -

A Home By Topic By Task

7

MANUAL

# ALMA Data Reduction Script

# Calibration Task Summaries
thesteps = []
step_title = {0: 'Import of the ASDM', ..

as

1: 'Fix of SYSCAL table times’,

2: 'listobs’,

3: 'A priori flagging',

4: 'Generation and time averaging of the WVR cal table’,
5

6

7

1. hifa_importdata Register messuremen sets with the pipeline

2 hifa_flagdata ALMA deterministic flagging

: 'Generation of the Tsys cal table’,
: 'Generation of the antenna position cal table’,
: 'Appll S —————————— 3 tables’,
‘ plit out science SPWs and time average',
9: ‘Listobs, and save original flags®,
<p1tial flagging',
11: 'Putting a modet Tor e Ttux calibrator(s)’,
12: 'Save flags before bandpass cal’,
13: 'Bandpass calibration’,
14: 'Save flags before gain cal’,
15: 'Gain calibration’,
16: 'Save flags before applycal’,
17: ‘Application of the bandpass and gain cal tables’,
18: 'Split out corrected column’,
19: 'Save flags after applycal’'}

3 hifa_fluxcalflag Flag spectral features in solar system flux calibrators

0 hif_rawflagchans Flag channels in raw data

5. hif_refant. Sdect reference antennas

6. hifa_tsyscal Calcdate Tsys caibration

O 7 hifa_tsysflag Flag Teys calbrstion

© 8. hifa_antpos: Correct for amenna position offsets

© 9 hita_wvrgcalflag: Calculate and flag WVR calibeation
10 hif_lowgainflag: Flag antennas with low gain

© 11 hif_gainflag Flag antennas with gain outhers
12 hif_setjy. Set caibrator model visibilties

if ‘applyonly’ not in globals(): applyonly = False

13 hifa_bandpass Phaseup bandpass calibeation

try:
print 'List of steps to be executed ...°, mysteps 14.hitaspwpheseup: Spw phase offeets calbration
thesteps = my steps 15 hifa_gNuxscale Transfer fuxscale from amplitude calbrator
except:

print ‘global variable mysteps not set.’ 16. hifa_timegaincal: Gain calbration

if (thesteps==[]):
thesteps = range(0, Len(step_title))
print ‘'Executing all steps: ', thesteps

EUROPEAN ARC \
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17 hif_applycal Apply calbrations from context

18 hif_makeimlist: Set.up image parameters for calibrator imagng

19 hif_makeimages Make calibeator images




AINP Vo. an

check source

-0.02 ~

06:10:00 06:26:40 06:43:20 07:00:00 07:16:40 07:33:20 07:50:00 08:06:40 08:23:20
Time (from 2015/06/24) (hh:mm:ss)

E Plots : plotms(vis) - set colorize to ‘field’ &channel
. averaging to 999999 - yaxis = ‘amp’ :
cwropeanane e N weblog - hif_applycal (after calibration only)




Calibration - The data

check source

Phase (degrees)

-100

-150 -

06:10:00 06:26:40 06:43:20 07:00:00 07:16:40 07:33:20 07:50:00 08:06:40 08:23:20
Time (from 2015/06/24) (hh:mm:ss)

’\j Plots : plotms(vis) - set colorize to ‘field’ & channel :
. averaging to 999999 - yaxis = ‘phase’, iteraxis=‘baseline’ :
CUROPEAN ARC : weblog - hif_applycal (after calibration only)
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Calibration - Bandpass

®The Source
- strong source with enough S/N per channel (caution - v.high SIN if your

target is strong in continuum and you search for a weak line - check with your Contact Scientist)

- observed 5-10 minutes at start of observing run

eThe Steps
- 1 -must ‘phase-up’ - simple phase calibration on selected

narrow range of channels to correct for decorrelation with time

- 2 - apply phase solution ‘on-the-fly’ and correct for the

frequency response

EUROPEAN ARC
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Calibration - Bandpass (1)

MANUAL

PIPELINE-

gaincal(vis = 'uid__ A002 Xaddacb Xadb.ms.split',
caltable = 'uid  A002 Xadd4acb Xadb.ms.split.ap pre_bandpass’,
field = '0', # J1733-1304
spw = '0:1536~2304,1:1536~2304,2:1536~2304,3:1536~2304",
scan = °1,2,°, 14. hifa_spwphaseup
solint = "int’,
refant = "DASS" 15. hifa_gfluxscale
calmode = 'p')

16. hifa_timegaincal

17. hif_applycal

- gaincal - creates antenna based
solutions to solve phases

- caltable - table that will hold solutions

18. hif_makeimlist

19. hif_makeimages

- spw - select centre of bandwidth
(dependent on width)

- calmode - p for phase only

- refant - reference antenna - centrally
located

WHY? :Phase up - solve phases with time !
Plots : in ‘QA’ (or ‘calibration’) directory / weblog
‘*ap_pre _bandpass.plots’
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Calibration - Bandpass (1)

MANUAL

Al \\\\I

PIPELINE

gaincal(vis = 'uid__ A002 Xaddacb Xadb.ms.split',
caltable = 'uid A002 Xad4d4acb Xadb.ms.split.ap pre bandpass’, 1
field = '0', # J1733-13¢ .. . .. .. TS o TT o ToTT
o H 1 J
spw = '0:1536~2304, 1:153 SOIInt — |nt :
scan = 1,2, 7, 1 . . . . ! 14. hifa_spwphaseup
solint = “int’, . INT Is the integration time |
refant = 'DASOT, : | 15. hifa_gfluxscale
calmode = 'p') ' USLIa"y 6 secC 1 P .
e e e e e 16. hifa_timegaincal

17. hif_applycal

- gaincal - creates antenna based
solutions to solve phases

- caltable - table that will hold solutions

18. hif_makeimlist

19. hif_makeimages

- spw - select centre of bandwidth
(dependent on width)

- calmode - p for phase only

- refant - reference antenna - centrally
located

WHY? :Phase up - solve phases with time !
Plots : in ‘QA’ (or ‘calibration’) directory / weblog
‘*ap_pre _bandpass.plots’
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ALMA Regional Centre || Allegro




Calibration - Bandpass (1)
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Calibration - Bandpass (2)

MANUAL

bandpass(vis = ‘uid  A002 Xaddach Xadb.oms.split’,
caltable = 'uid A002 Xadd4acb Xadb.ms.split.bandpass smooth20ch’,
field = "0, # J1733-1304
scan = ‘1,2, ",
solint = "inf, 4MHz ",
combine = ‘scan’,
refant = 'DASO Y,
solnorm = True,
bandtype = ‘&7,
gaintable = 'uid  A002 Xaddacb Xadb.ms.split.ap_pre_bandpass')

- bandpass - creates antenna based

solutions for amp & phase with Freq.

- caltable - table that will hold solutions
- combine - scan - all data needs to be
combined for each SPW
- bandtype - B for bandpass. BP for
B-poly if you bandpass is
noisy - use with care

EUROPEAN ARC
ALMA Regional Centre || Allegro

PIPELINE

7 hifa_tsysflag (1) Plots
8. hfa_antpos o Plots show the bandpass comection apphedto
9 hfa_wwrgcalflag (2] vs frequency for the typical antenna

Click the summary plots to enlarge them, or the |

uid___A002_Xb62aS5b_X333a.ms

12 ey
B e requency how

14 hifa_spw I

The plots below show amplitude vs freque
hifa_gfluxscale

10 show show detaded plots for all antenn:

6 huf megain(
nit_ 2 :
hf_makesmlist ,
L. i

hf_makemag y "

Reference antenna (DASY) ( show DASY)

Amplitude vs frequency for the reference a

aboveto show detailed plots for DASS

WHY? :Solve for the frequency dependence E
Plots : in ‘QA’ (or ‘calibration’) directory / weblog
““*bandpass.plots’ & ““bandpass_smoothXXXX.plots’ :



Calibration - Bandpass (2)

.\'I‘

0 4
: ,
1
1
1
bandpass(vis = ‘uid  A002 Xaddach Xadb.oms.split’, '
caltable = 'uid  A002 Xaddacb Xadb.ms.split.bandpass smooth20ch"’, : Watsysteg o Flots
field = "0 , # J1733-1304 o o e e et e e e e e e, ., ..., ————- L. . B hfa_antpos o Fots show the bandpass comrection apphedto!
-1 > L 1 = . " " 9. hfa_wwrgcalflag o vs frequency for the typical antenna
scan = '1,2,°, i - solint - inf to average in time SR
solint = "inf, 4MHz ", ﬂ 4MH XX h f ) o owgainflag Click the summary plots to enlarge them, or the |
combine = ‘scan’, ] Z or ch ior averaging y 1 i-ganteg ©  lid___A002_Xb62a5b_X333ams
refant = 'DASS” , I in frequency : 12. hif_setjy
solnorm = True, R A A A Re R e Amplitude vs frequency (show ut
bandtype = 'B’ ’ e The plots below show amplitude vs freque
gaintable = 'uid  A002 Xaddacb Xadb.ms.split.ap_pre_bandpass') hfa_gfhuxscal 1o show show detaded plots for all antenn:
I _bmegand
- bandpass - creates antenna based B W
I rakemag ';' ¥

solutions for amp & phase with Freq.

- caltable - table that will hold solutions
- combine - scan - all data needs to be
combined for each SPW
- bandtype - B for bandpass. BP for
B-poly if you bandpass is
noisy - use with care

Reference antenna (DAS9) ( show DASY)

Amplitude vs frequency for the reference a

aboveto show detailed plots for DASS

. WHY? :Solve for the frequency dependence
. Plots : in ‘QA’ (or ‘calibration’) directory / weblog
. ““bandpass.plots’ & “*bandpass smoothXXXX.plots’ :

EUROPEAN ARC e o o o o o o o o e e e o e e e e e e et e e e e e T '
ALMA Regional Centre || Allegro



Calibration - Bandpass (2)

Amp vs. Frequency Baseline: DA413 5306 & DA49® 5305 _4185m

‘
S

Phase vs. Frequency Baseline: DA41@5306 & DA49@5305_4185m
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Calibration - Flux

®The Source
- Solar System Object (SSO) - caution too resolved is an issue
- QSO known/monitored source
eThe Steps
1 - use ‘setjy’ to set the flux scaling to refer to later
GC1- phase up all sources required for flux scaling to solve for
decorrelation - flux cal, BP cal, gain cal (caution with resolved

sources!!!)
GC2- apply the phase-up ‘on-the-fly’ and solve the amplitudes

‘ Gain cal steps ‘

- 2 - scale the amplitude gains according to the output flux of the

x calibrator - bootstrapping !

EUROPEAN ARC
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Calibration - Flux (1)

MANUAL

PIPELINE -
SSO

uld___A002_Xb62a5b_X333ams

setjy(vis = 'uid__ A002 Xaddacb Xadb.ms.split', o
field = '2', # Ceres e —
spw = '0,1,2,3",
standard = 'Butler-JPL-Horizons 2012"') z ’
{
o
0 N _lowgenieg
QSO — . -
B
13 hifa_ bandoass ALNABand &
Spw 17
Set] y (VlS = 'u id AODO2 Xacs5575 X19e.ms. 'E-I:'l_ ]_'t ' , Model ampltude vs UV distance in baseband 1 for
I — J— AMPLITUDE calbrator
standard = ‘manual’
field = 117 l+[939',

fluxdensity = [4.04889627574, 0, 0, 0],
spix = -0.476483659328,
reffreq = '226.451094779GHz ")

uld___A002_Xb6aBcl1_Xabcams

Mg mast v W bpe 1T

e -
(O B

- setjy - sets the flux scaling for
the flux calibrator source T

- standard - the model OR manual

Model amphtude vs UV distance in baseband 1 for

We b I o g AMPLITUDE calbrator

WHY? :Setting the correct flux scale to use later
Plots : in ‘QA’ directory / weblog

EUROPEAN ARC
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Calibration

SSO 7

setjy(vi 1 5 \‘,_
field I
spw = | L)
standal 4 \\4.
4 ¥}

QSO f Q

setjy(vo
stand 'g
field E .
o g

reffr 2 | ‘5

- setjy| %“
the f g»
- stand

ms

€EUROPEAN ARC
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Calibration - Gains

eThe Source

- QSO point source - known amp and phase visibilities

eWhat?
- Short term phases
Long term amplitudes
- ~Long term phases - per visit to phase calibrator
®The steps
1 - ‘phase-up’ to solve for decorrelation due to rapid phase
changes cause be atmosphere - *required to get the correct amplitudes
- 2 - Slow variation of amplitude with time - solved with ‘phase-
up’ solutions applied ‘on-the-fly’
- Phase variations due to atmospheric changes are monitored
by the

EUROPEAN ARC
ALMA Regional Centre || Allegro

in calibrator and interpolated to the source



Calibration - Gains (1) -phase ‘int’
MANUAL '

.
\ J
-~

gaincal(vis = 'uid__ A002 Xac5575 X19e.ms.split’, _
caltable = 'uid  A002 Xac5575 X19e.ms.split.phase_int’, 15. hifa_gfluxscale
field = '0,1,2"', # 11751+0939,]11924+1540 - J1922+1530 16. hifa_timegaincal
solint = "int’, .
refant = ‘Dvio’, 17. hif_applycal
gaintype = "G, 18. hif_makeimlist
calmode = 'p’,
gaintable = 'uid___ A002 Xac5575 X19e.ms.split.bandpass"') 19. hif_makeimages

- gaincal - creates the antenna
based phase solutions

field - ALL calibrator sources

solint - ‘int’ should be selected for best
phase solutions

PIPELINE 4

gaintable - apply bandpass OTF
. WHY? :Correct for all phase variations in time
. Plots : in ‘QA’ directory / weblog 5
. “*split.phase _int.plots’ :

EUROPEAN ARC
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Calibration - Gains (1) - phase ‘int’,

MANUAL PIPELINE

aincal(vis = ‘"uic ADO2 Xac5575 X19e.ms.split’,
g 'L( i___ B (ol = c_ l I'l t

15. hifa_gfluxscale

caltable = 'uid  A002 Xac5575 X19e.ms.split.phase int’,

field = '0,1,2', # J1751+0939,31924+1540 - 11922+1530 16. hifa_timegaincal
solint = "int’,

refant = '‘0DVio’, 17. hif_applycal
gaintype = 'G', 18. hif_makeimlist
calmode = 'p’,

gaintable = 'uid__ A002 Xac5575 X19e.ms.split.bandpass"') 19. hif_makeimages

- gaincal - creates the antenna
based phase solutions
- field - i
solint - ‘int’ should be selected for@
phase solutions

le - apply bandpass OTF

Weblog

If one (or more) of your calibrators is weak (HF data)

this can be increased or multiple gain tables are required,

be aware this could cause fluxes to have a larger uncertainty
unless atmosphere is stable

EUROPEAN ARC
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S G table: uid___A002_X40e374_Xa3l.ms.split.phase_int Antenna='DV10' Spw='0'
§ %38 T [ T T T T 1‘ -
R . ° ° © o e ° .
2 s fF (<) ® -
c IS [ e ° . * e *°* -
3 07:55:12.0 08:09:36.0 08:24-00.0 08:38:24.0 08:52:48.0 09:07-12.0
S G table: uid__A002_X40e374 Xa31.ms. P phase int  Antenna='DV10’ Spw='1"
Q
o 150 F T ‘ T T ‘ T o T N
T ol o © ® .
a S0 ° o © o© ® -
2 o e o © g -
o - - il
e ~10F | : . . 1 e o % 1
3 07-55:12.0 08:09:36.0 08:24:00.0 08:38:24.0 08:52:48.0 09:07-12.0
. Ti .
= G table: uid__A002_X40e374 Xa3l.ms.split.phase int  Antenna='DV10' Spw='2'
o S _ » pit.p _ p
§ 150 F T . T T T T T -]
g I8 :
v [~ -
Il 0 -
<o [ © ¢ )
SNl ™ e o < ¢ : IR
e - [ 1 | | 1 | n
3 07:55:12.0 08:09:36.0 08:24:00.0 08:38:24.0 08:52:48.0 09:07-12.0
5 G table: uid__A002_X40e374 Xa31.ms. Pl phase int  Antenna='DV10‘ Spw='3"
Q
E 150 B ] | 1 I ] l. il
o 101 G ° I3 © o ° © .
0 e o o ®
 _Or g @ ° ® o ]
£ 38 F . :
e - 1 1 ] ] L ] |
8 07-55:12.0 08:09:36.0 08:24:00.0 08:38:24.0 08:52:48.0 09-07-12.0
Time

~short baseline <1 km
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Calibration - Gains (1) - phase ‘int’,

Long baseline >5 km

G table: UId ___A002_Xac5575 X19e.ms.split.phase_int Antenna='DV16' Spw='0'
‘&,‘”m off s 00‘0:,

“‘!! , '.o ’ sso0, ..'o"." ‘

21:21:36.0 21:36:00.0 21:50: 240 22 04:48.0 22:19: 120

b

o niownm
0000000
illllllw

lllllll‘

= |

Time ,
G table: uid___A002 Xac5575 X19e ms. s'th phase |nt Antenna='DV16' Spw='1"

138 a g H L A
8 t ‘ ‘ "’ %00 N S
. s Spese “-.«- { gL
21:211:36.0 21 36:00.0 21: 59l 24 0 22 04:48.0 22:19:12.0
G table: uid__ A002 Xac5575 X19e.ms. glprﬂ% phase_int Antenna DV16' Spw="2'

158 £ % ”' Ty g‘ £ 2 k o -
0 F e -
LikaY ittt hy by 4
“188 F | * " ‘ \ "o .

21:21:36.0 21 36:00.0 21: 50 240 22: 04 48.0 22:19:12.0

i Time _
G table: und_A002_Xac5575_X19e.ms.sprﬂt.phase_lnt Antenna='DV16' Spw='3'
[ I ) T ) | [g) T ) T | —— ]

Hence, if the phases are not solved for the amplitude

-1 solutions in gains (2) would not be correct as there is
much decorrelation due to atmospheric phase variations
(worse for longer baselines and higher frequencies)

Gain Phase (deg) Gain Phase (deg) Gain Phase (deg) Gain Phase (deg)

N
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Calibration - Gains (2) -amp ‘inf’ |

MANUAL PIPELINE

gaincal(vis = ‘uid

caltable = 'uid  A002 Xac5575 X19e.ms.split.ampli inf"',
field = '0,1,2", # 11751+0939,311924+1540 J11922+1530

solint = "inf ",
refant = ‘OVio’,
gaintype = 'T°,
calmode = '=2°,

gaintable = ['uid _ A002 Xac5575 X19e.ms.split.bandpass’,
5 X19e.ms.split.phase int'])

- gaincal - creates the antenna
based amp solutions
field - ALL calibrator sources

solint - ‘inf’ i.e. per scan/visit to the gain cal

gaintable

EUROPEAN ARC
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ADD2 Xac5575 X19e.ms.split’,

16. hifa_timegaincal

17. hif_applycal
18. hif_makeimlist

19. hif_makeimages

- apply bandpass AND the ‘int’
phase-up solutions OTF

WHY? :Correct for slow amplitude variations in time
Plots : in ‘QA’ directory / weblog
“*split.ampli_int.plots’ OR “*split.flux_inf.plots’
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Gain Amplitude  Gain Amplitude  Gain Amplitude

Gain Amplitude

T table: uid___A002_X40e374 Xa31l.ms.split.flux_inf

Antenna='DV05"' Spw="'0"

T T T T
8%? o] L L o]
0.14
0.13
012
011

| ] ] ]

L

T T
[+] L ] [ ]

| N T T |

07:55:12.0 08:09:36.0 08:24:00.0 08:38:24.0
T table: uid__A002 X40e374 Xa31.ms . Bfit.flux_inf

08:52:48.0 09:07:12.0
Antenna='DV05' Spw="'1'

gig "o o ° | - T
0.14
0.13
012

011
| ] ] ]

L

T T
® ] o3 ]

| N T I |

07:55:12.0 08:09:36.0 08:24:00.0 08:38:24.0
T table: uid__A002 X40e374 Xa31.ms Spiit.flux_inf

08:52:48.0 09:07:12.0
Antenna='DV05' Spw='2'

016 1 ' ' '
0.15 O ® el O
0.14
0.13
012
011

1 | 1 1

LI I I
®

I |
[ o ® ®

| |

| T T T -

07:55:12.0 08:09:36.0 08:24:00.0 08:38:24.0
T table: uid__A002 X40e374 Xa31.ms . Bfit.flux_inf

08:52:48.0 09:07:12.0
Antenna='DV05"' Spw="'3'

0.16 ! | T T
0.15 o [ ] s} s}
0.14
013
012
0.11

1 1 1 1

L

T T
L [ ] = L

| |

| T T -

07:55:12.0 08:09:36.0 08:24:00.0 08:38:24.0
Time

08:52:48.0 09:07:12.0

Solutions ONLY every visit to the gain calibrator
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Calibration - Flux (2)

MANUAL

fluxscaleDict = fluxscale(vis = 'vid  A0O2 Xac5575 XlG9e . ms.split’,
caltable = ‘uid  A002 Xac5575 X19e.ms.split.ampli inf"',
fluxtable = 'uid  A002 Xac5575 X19e.ms.split.flux_inf"’,
reference = '0') # J1751+0939

- fluxscale - compares the input

model in setjy
- caltable - the long term amplitude gains

previously solved
- fluxtable - the new output gain table with

correct gains to scale fluxes
- reference - the source used with the setjy

model earlier

. WHY? :Setting the correct gains for flux scaling
. Plots : in ‘QA’ directory / weblog

. “*gplit.flux_inf.plots’
- File : “*split.fluxscale’

EUROPEAN ARC
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amplitude gain table and the 5

Al \\\\I

PIPELINE -

wd__ _A002_Xb6alct Xabcams

o v e



Calibration - Flux (2)

MANUAL

PIPELINE

fluxscaleDict = fluxscale(vis = "vid  A0O2 Xac5575 Xl9e . ms. split’,
caltable = "vid  A0O _ii-iﬁ.an: 5575 X19e.ms.split.ampli_inf"'
fluxtable = "u 1 ~ADO2 Xac5575 X19e.ms.split. flux_inf" uid___A002_Xb6aBc1_Xabca ms
reference = '0') # J1751+0939 T

If one (or more) of your calibrators is weak (HF data)
the flux reported could ‘appear’ higher some SPWs in
particular narrow ones - as amplitude errors can ONLY
be positive - can also map other SPW solutions

“split.t
File ‘*spllt quxscaI

EUROPEAN ARC
ALMA Regional Centre || Allegro




Calibration - Gains (3) phase ‘inf’,
PIPELINE ~4

MANUAL

os.system('rm -rf uid  ADDZ L-LaJJ.al:t:u Xadb.ms.split.phase_inf"') n
gaincal(vis = 'uid 7A00; Xaddach dfh.mi.ipllt', 17. hif_applycal
caltable = 'uid  A002 Xad4dacb Xadb.ms.split.phase inf"', _ o
field = '0,2,3', # 11733-1304, Ceres, 11832- 2039 18. hif_makeimlist
solint = “int, 19. hif_makeimages
refant = 'DASO Y,
gaintype = 'G°,
calmode = 'p’, . . .
gaintable = 'uid___ A002 Xaddacb Xadb.ms.split.bandpass_smooth20ch ') 1 6, Galn Callbratlon

This task creates gain solutions for each measuremen

- gaincal - creates the antenna

based phase solutions ' S

field - ALL calibrator sources
solint - ‘inf’ i.e. per scanl/visit to the gain cal

o Amplitude vs time
e Diagnostic plots
o Phasevstime

o Amplitude vs time

gaintable - apply bandpass

WHY? :Correct for phase variations in time (per scan)
to apply to the science target

Plots : in ‘QA’ directory / weblog

EUROPEAN ARC “*split.phase _inf.plots’
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Calibration - Gains (3) - phase ‘inf’

Recall - ‘Int’ - Integration time ,
0 o “

S G table: uid__A002_X40e374_Xa31l.ms.split.phase_int  Antenna='DV10' Spw='0'
% 150 F 7 [ T T T T T "]
o 0L ° ® ® e e o -
8 _9F " 4 - .
a. -100 | © < -
e =150 |- ” .1 ® | * L ¢ L 1 -
8 07:55:12.0 08:09:36.0 08:24:00.0 08:38:24.0 08:52:48.0 09:07:12.0
S G table: uid__A002_X40e374 Xa31.ms.tPl.phase int  Antenna='DV10' Spw='1"
§ }38 [~ T d P T . T ‘ T o T N
g sof b o ® ° o o & -
£ S8 "™ 4 ® .
s 7 [ 1 1 1 L 1 o o) s
3 07:55:12.0 08:09:36.0 08-24:00.0 08:38:24.0 08:52:48.0 09-07:12.0
S G table: uid__A002_X40e374_Xa31l.ms.iplt.phase int  Antenna='DV10' Spw='2'
§ 150 F 7 [3) T T T T T ml
o 100 [ :
v 58 [~ g —
" [~ -
£ =50 F '3 re ®* o -
T 8 e S : ¢ e = *]
8 07:55:12.0 08:09:36.0 08:24:00.0 08:38:24.0 08:52:48.0 09:07:12.0
5 G table: uid___A002_X40e374 Xa3l.ms.Jff.phase int  Antenna='DV10' Spw='3'
o
o 150 [ ] 1 1 I ] l. l
< 1 f © ¢ o ]
g g§ - @ g : ® ° ° ® o &
£ I8 F ™ . * v ]
e - " 1 ] ] L 1 .
8 07:55:12.0 08-09:36.0 08-24:00.0 08-38:24.0 08:52:48.0 09-07-12.0
Time

~short baseline <1 km
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Calibration - Gains (3) - phase ‘inf’,

€EUROPEAN ARC
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Gain Phase (deg) Gain Phase (deg) Gain Phase (deg) Gain Phase (deg)

i

i
-1

i

i

Now ‘inf’ - i.e per gain can scan

G table: uid___A002_X40e374_Xa3l.ms.split.phase_inf  Antenna='DV10' Spw='0’
38 [T el T T T T T m
§ C e . ® o ® e ® ° E
5 ° o ®
-, @ .1 e ¢ 1 1 1 m
07:55:12.0 08:09:36.0 08:24:00.0 08:38:24.0 08:52:48.0 09:07:12.0
G table: uid_A002_x40e374_Xa31.ms.g'gﬁ?.phase_inf Antenna='DV10' Spw='1'
50 [ ] ° d ° 1 o ] . 1 1 il
58 I . . -
e ® ° & ® * .
u e u
) 1 1 1 1 ¢) , ul
07:55:12.0 08:09:36.0 08:24:00.0 08:38:24.0 08:52:48.0 09:07:12.0
G table: uid__A002_X40e374_Xa31.ms.Spift.phase_inf  Antenna='DV10' Spw="2"
§ 1 [e] T T T T T m
5 o ° * o ®* 7
ég SHENCEN : ¢ ¢ o
07:55:12.0 08:09:36.0 08:24:00.0 08:38:24.0 08:52:48.0 09:07:12.0
G table: uid__A002_X40e374_Xa31.ms5Pit.phase inf  Antenna='DV10' Spw='3'
I I 1 ' I 1
- . =
- (s} Y (=] c -
gg - ° . o ° o c ® * ]
- e s * n
[ ] 1 L ! ! u
07:55:12.0 08:09:36.0 08:24:00.0 08:38:24.0 08:52:48.0 09:07:12.0
Time



Calibration - Gains (3) - phase ‘inf’
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Gain Phase (deg) Gain Phase (deg) Gain Phase (deg) Gain Phase (deg)

-~ #J

Now ‘inf’ - i.e per gain can scan

G table: uid___A002_X40e374_Xa3l.ms.split.phase_inf  Antenna='DV10' Spw='0’
150 F 7 el T T T T T m
lgg N . ° o ° ° ™ o ®
50 L ° o -
} C o © ° o < e o 5
1 | 1 1 1 1
07:55:12.0 08:09:36.0 08:24:00.0 08:38:24.0 08:52:48.0 09:07:12.0
G table: uid_A002_X40e374_Xa31.ms..§'gﬁ?.phase_inf Antenna='DV10' Spw='1'
150 | ' o ' P— = . T .
) . * .-
5oL e ® ° ® ¢ ¢ ¢ ]
} - < .
[ ! i . . Q Q 1 @
07:55:12.0 08:09:36.0 08:24:00.0 08:38:24.0 08:52:48.0 09:07:12.0
G table: uid__A002_X40e374_Xa31.ms.Spift.phase_inf  Antenna='DV10' Spw="2"

}§ 1 T T T T T T m
58 L e o ®
£ : 1 : » :I : 1 : 1 : 1 . ° 1 i :
07:55:12.0 08:09:36.0 08:24:00.0 08:38:24.0 08:52:48.0 09:07:12.0

G table: uid__A002_X40e374_Xa31.ms5Pit.phase inf  Antenna='DV10' Spw='3'
| I 1 ] | 1
138 E o o o e o ° ]
_— (o] .
§§ 5 o o o ° e o ®
- _ ° o .
00 | .
50 I ] ] 1 ! ! u
07:55:12.0 08:09:36.0 08:24:00.0 08:38:24.0 08:52:48.0 09:07:12.0
Time



Calibration - tables

““ap_pre.bandpass’ (applied OTF)

Bandpass » split.bandpass’ OR
QSO -freq. response “*split.bandpass_smooth20ch’

F I ux setjy (task)

planet/QSO \

“*split.flux_inf’

Temporal Gains T

“ms.wvrgcal’

WVR system  |(pre applied) *spit T
*split.ampli_inf’
QSO - phase/amp —

“*split.bandpass’ (applied OTF)

\ “*split.phase_int’ (applied OTF)
3 H H y
split.phase _inf
“*split.bandpass’ (applied OTF)
EUROPEAN ARC
ALMA Regional Centre || Allegro




Calibration - tables

Bandpass *split.bandpass’ OR
QSO -freq. response *split.bandpass_smooth20ch’

Flux
planet/QSO

setjy (task)

‘*split.ﬂux_inD—>

Temporal Gains T

“ms.wvrgcal’

WVR system  |(pre applied) *split T
*split.ampli_inf’
QSO - phase/amp —

‘\ \ ‘*split.phase_@
EUROPEAN ARC
ALMA Regional Centre || Allegro

SCIENCE TARGET




.

MANUAL -

1

1

1

for 1 in [0, '2', '3']: # Bandpass, Ceres,]1832-2039 il

applycal(vis = 'uid  A0O2 Xa42f75 X83e . ms.split’, n ) o
field = =tr (1) 18. hif_makeimlist
gaintable = ['u id_AlZIHZTI2_22-11.3-'12f75_3-;::5: 3e.ms. ;1 it.bandpass smooth20ch’, 19. hif_makeimages
'‘'uld  ADO2 Xa42f75 X83e.ms.split.phase int’,

‘uid ADO2 Xa42f75 X83e.ms.split.flux_inf'],

Contents

e Applied calibrations

interp = ‘linear, linear’,
calwt = T,

flagbackup = F
agbackup )l ¢ Flagged data after calibration application

applycal(vis = 'uid__ A002 Xa42f75 X83e.ms.split’, e Plots
fle.ld = LA . o I . - o Calibrated amplitude vs frequency
gaintable = [ 'uid ADD2 Xad42f75 X83e.ms.split.bandpass smooth20ch’,
'uid ADD2 Xad42f75 X83e.ms.split.phase inf’, o Calibrated phase vs frequency
‘u ic'i 'Ali)li)l_ﬁl-iaJEf75_3-1115:39. ms.split. flux_inf'], o Calibrated amplitude vs UV distance
gainfield = [, 0", '0'], # J1733-1304 . . '
interp = 'linear, linear’ o Calibrated amplitude vs time

calwt = T,
flagbackup = F)

o Calibrated phase vs time

o (Corrected amplitude / model) vs antenr
o (Corrected amplitude / model) vs UV dis
o Sciencetarget: calibrated amplitude vs -

- applycal - applies the
calibration tables

o Sciencetarget: calibrated phase vs freq

Sciencetarget: calibrated amplitude vs |

: Weblog

r----------------------------------.-----------------------------

WHY? :Apply all required tables
Plots : use plotms(), QA directory / weblog

€EUROPEAN ARC
ALMA Regional Centre || Allegro



Calibration - Application (1) 3

MANUAL N

for 1 in [0, '2', '3']: # Bandpass, Ceres,]1832-2039
applycal(vis = ‘uid  A002 Xad2f75 X83e.ms.split’,
field = =tr (1),
gaintable = ['uid  A002 Xad42f75 X83e.ms.split.bandpass smooth20ch’,
‘'uld _ ADO2 Xad42f75 X83e.ms.split.phase_int’,
‘'uid  AD02 Xa42f75 X83e.ms.split.flux_inf'],
gainfield = [, 1, 1],
interp = 'linear, Linear’,
calwt = T,
flagbackup = F)l

- applycal - applies the calibration tables

- gaintable - order to apply, BP, phase, flux
- gainfield - which field to use in the gaintable
- Interp - the interpolation mode to use

€EUROPEAN ARC
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Calibration - Application (1)

MANUAL *

< _for i in ['0', '2', 'STI> # Bandpass, Ceres,]1832-2039=—===Pp field - these are the bandpass, flux cal, check source

applycal(vis = "uid  AD02 Xad2f75 X83e.ms.split’,
field = =tr (1), . . .
gaintable = ['uid  A002 Xa42f75 X83e.ms.split.bandpass smooth20ch’, ORDER !! - WhICh fleld IS

'uid  ADO2 Xa42f75 X83e.ms.split.pha

used from which table

‘'uid  A002 Xad42f75 X83e.ms.split.flux inf'],
gainfield = [, 1, 1il,
interp = ‘linear, linear’,
calwt = T, ==y . calwt - true for correct weight for CASA >4.3.1,
flagbackup = FI] for correct ACA + 12m merging

- applycal - applies the calibration tables

gaintable - order to apply, BP, phase, flux
gainfield - which field to use in the gaintable
interp - the interpolation mode to use

For all calibrators EXCEPT phase cal, the ‘int’
phase solution is applied from itself

EUROPEAN ARC
ALMA Regional Centre || Allegro
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Calibration - Application (2)

MANUAL

- applycal - apply the calibration tables - to
the science target

applycal(vis = "uid  A002 Xad2f75 X83e.ms.split’,
field = 1,47,
gaintable = ['uid__ A002 Xa42f75_X83e.ms.split.bandpass_smooth20ch’,
'‘'ulid  ADO2 Xad42f75 X83e.ms.split.phase_inf’,
'‘'uid  A002 Xad42f75 X83e.ms.split.flux _inf'],
gainfield = [, "1, "1']1, # J1733-1304
interp = 'linear, linear’,
calwt =T,
flagbackup = F)

€EUROPEAN ARC
ALMA Regional Centre || Allegro



Calibration - Application (2)

MANUAL -

- applycal - apply the calibration tables - to
the science target

applycal(v1s = 'uid__ A002 Xa42f75 X83e.ms.split’,
field = "1, 4 —} field - - gain caI &smence target
gaintable = [ uid  A002 Xad42f75 X83e.ms.split.bandpass smooth20ch’,
'uid___A002_Xa42f75_X83e.ms.split.pha inf phase solution - can only interpolate phases
‘u 1ci___AlZiHZi'l_Ji-ia421‘ 75 X83e.ms. -5.|:u1_ 1t. flux_int '],
gainfield = ['', '1', "1'], # J1733-1304 gainfield - solutions for field ‘1’ are applied to BOTH ‘1’ and ‘4’
interp = 'linear, Linear’,
calwt = T,

flagbackup = F)

The gaincal and the science target have the
solutions from the gaincal applied to them

EUROPEAN ARC
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Calibration - Application (2)
S

Phase vs. Time

150 +

100

o linear —f— ——__o.
£ . —
' [e]
. s * ¢ 3¢
_mf U ! -8 nearest
? & . -
: ¢ 34—+ polynomial W
-150 ¢

T v T Y T v T r T v T ' T v T 4 T v T Y T Y T Y )

[ v
01:13:20 01:46:40 02:20:00 02:53:20 03:26:40 04:00:00 04:33:20 05:06:40
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Calibration - The data @amp)

Recall - ‘raw’ data _

AP VS. 11Ime

0.14

0.12 - e

0.1+

0.08 ~

-
5 0.06 -

%'

0.04

-0.02 -

R R T T T T R T T R T S T S S T T T
06:10:00 06:26:40 06:43:20 07:00:00 07:16:40 07:33:20 07:50:00 08:06:40 08:23:20
Time (from 2015/06/24) (hh:mm:ss)
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Calibration - The data (amp)

Amp:corrected vs. Time

Corrected - flux scale set !

Amp:corrected
w
|

o-l Al L} L) 1 l r 1 L) L) ' 1 T L] Al l Ll 1 I ¥ l 1 L] [ L) 1 T L) l I ¥ 1 1 l’ L 1 L)

L |
06:10:00 06:26:40 06:43:20 07:00:00 07:16:40 07:33:20 07:50:00 08:06:40 08:23:20
Time (from 2015/06/24) (hh:mm:ss)
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Calibration - The data (phase)

Reca" - ‘raW’ data - all baselines - phases ‘everywhere’

Phase vs. Time

200 —

150 -

100 -

(%)
o
|

Phase (degrees)
o
1 l L1 1.1 I L1 1

-100 —

-150 -

-200 -
I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 l 1 1 1 1 I 1 1 1 1 l 1 1 1 1 I
06:10:00  06:26:40  06:43:20  07:00:00  07:16:40  07:33:20  07:50:00  08:06:40  08:23:20

Time (from 2015/06/24) (hh:mm:&sg)
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Calibration - The data (phase)

‘
Reca" - raW’ data - single baseline - non-zero calibrator phases
Phase vs. Time Baseline: DA41@Al137 & DA46@A058 292m

| o ¥ o « © e ® o “
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o e
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: o : oe .... o .. e % : o®
1 . o.. Bo,y, * o ™ o e 0. o ’
-150 - g et e % e, . " .
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Calibration - The data (phase)

Reca" -CO rreCted data - single baseline - calibrators ~ zero phase

Phase:corrected vs. Time Baseline: DA41@Al137 &

DA46@A058 292m
o o ° - : 'o : e o ." e
J o o
150 * L, 4 oo e o
1 o® o« ™ =] oe - a ul
. ... .o 5. . o'. - 0 o 4*.'. .=
4 e u] eg ® L Rl
E 100 - . . : e L e, o
2 o : .; ° o
o ] o o o
Q 50- o ‘o
3 ] o o ee
B I e .
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v 0- ¢, ¥
0 o
E o ® . . ..
Y -50—- ® ey o® s % ®
)] T ® o 2 ‘. }.". ’. ® o .
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QA -100 - °, '.' * .8 : o
1 ] @ a s ®
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. e o o ° e, ¢
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06:10:0 06:26:4 06:43:20 07:00:0 07:16:4 07:33:20 07:50:00 08:06:40
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Calibration - The data (phase)

Reca" - CorreCted data - ALL baseline - calibrators ~ zero phase . A

Phase:corrected vs. Time

~ 100 - . :

m ] : . - . :
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Calibration - The data (phase)

Reca" - CorreCted data - ALL baseline - calibrators ~ zero phase . A

Phase:corrected vs. Time

150 : , : s : : _
: The bandpass was also the gain cal - so only
has ‘inf’ solution applied here

- hence is not exactly at zero phase

: :.II: : - 5,V ‘r', E % .
50 — h \T B ' _ j ]
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o
|

-100 —

-150 —

i
i
I 1 1 1 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 I 1 1 I
06:10:00 06:26:40 06:43:20 07:00:00 07:16:40 07:33:20 07:50:00 08:06:40 08:23:20
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Calibration - The data (phase)

Reca" - CorreCted data - ALL baseline - calibrators ~ zero phase . A

Phase:corrected vs. Time
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Calibration - caveats

- Solar system object as flux cal - more steps

- Narrow and wideband mixed (e.g. 2GHz and
<250MHz) - SPW mapping

- Low SNR issues on gain cals - SPW combination

- Lots of narrow SPW - Bandwidth Switching

ALMA Regional Centre || Allegro
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Calibration - COMPLETE!! /g
L

Now ready for imaging

EEEEEEEEEEE
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Calibration - Gains (1) SSO

1

MANUAL '

1

1

1

1

gaincal(vis = 'uid__ A002 Xaddacb_Xadb.ms.split’, :

caltable = 'uid  A002 Xaddacb Xadb.ms.split.phase short int’, 2
field = '2', # Ceres — . 15. hifa_gfluxscale
SELECEdaca T{ ) i ) o ) o _ il 16. hifa_timegaincal

antenna = 'DA46,DA49,DA53,DA55,DA59,DA63,DV04,DV08,DV18,DV19,PMO2, PMO4& 1

solint = int’, ' 17 hif_applycal
refant = '0aso’, - antenna - select the antennas close OR :

18. hif_makeimlist

gaintype = 'G', . yyvrange - select a short uvrange (e.g. <200m),

calmode = "p’, ' 19 hif_makeimages
gaintable = 'uid___ A002_Xaddacb_Xadb.ms.split.bandpass"') 0
]
gaincal(vis = ‘uid _AOD; Xad4d4acb Xadb.ms.split’, :
caltable = 'uid  A002 Xaddacb Xadb.ms.split.phase short_int’, :
field = '0, =", # Jl733 1304 J1832- 2039 —— .
Selectdata— T, -
solint = "int’, :
refant = 'DASOT, i
gaintype = ‘G, :
calmode = 'p’, :
append = T, '
gaintable = 'uid  A002 Xadd4acb Xadb.ms.split.bandpas 'z.I) :
:
]
1

. WHY? :Correct for all phase varlatlons in time - short:
. baselines - SSO is unresolved - 2 STEPS!! .
. Plots : in ‘QA’ directory / weblog :
curoPeAN ARC . “*split.phase_short_int.plots’ E
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Calibration - Gains (1) SSO

h
Ceres Model Ceres Corrected Data
S \: 6
N\ \
.\\ . .
. \\\ .
\:, i
L
y ‘
4 , . g
E 3 - ! ® -
L 4
e e 4
E fe 8 3
B v
A :
24 o S
. .X‘ ,
.
. %
1 . .
[ ] : *_ 1
° < -
\ o
. ?* f &,
. ° ?f}-’ - & -t e : a & ! (
0~ ° &\‘ """" 0 “ L *‘ i! l
P17 — 17 77— 71— 71— "7 —7—v—71—— 17— |  ——r——T7p 71— T 7] v 77771
0 2N 400 600 800 1,000 1,200 1,400 0 800 1.000 1,200 1.40C
: UVdist (m) Wdist (m)

" ONLY baselines <200m used to bootstrap flux value to
other calibrators - 1.e. assume a point source such that

f a phase-up can be accomplished (i.e. phase_short)
,\l Plots: QA directory

I ---------------------------------------------------------------
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Calibration - Gains (2) SSO

MANUAL PIPELINE

os.system('rm -rf uid__ A002 Xaddacb_ Xadb.ms.split.ampli_short_inf')
gaincal(vis = 'uid__ A002 Xaddacb_ Xadb.ms.split’,
caltable = 'uid  A002 Xaddacb Xadb.ms.split.ampli short_inf’,

16. hifa_timegaincal

field = '0,2,3", # J1733-1304,Ceres,J1832-2039

selectdata = T,

solint = "inf ",

refant = 'DASO ",

gaintype = T,

calmode = '=°,

gaintable = ['uid  A002 Xadd4acb Xadb.ms.split.bandpass_smooth20ch’,
lu1d___AOO;_Ia4Jacb_xadb.me.spllt.phaee_ehort_lnt'])

17. hif_applycal
18. hif_makeimlist

19. hif_makeimages

- gaincal - creates the antenna
based amp solutions
field - ALL calibrator sources

solint - ‘inf’ i.e. per scanl/visit to the gain cal

gaintable - apply bandpass AND the ‘int’
SHORT phase-up solutions OTF

. WHY? :Correct for slow amplitude variations in time :
. Plots : In some cases in ‘QA’ directory / weblog 5
€EUROPEAN ARC E- -‘-*-S-P! i-t- -a-r!l-p- I-i-_-s- !1.0. !tTi.r.‘l.t-.P!9l.t.s., ............................. E
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MANUAL PIPELINE

fluxscaleDict = fluxscale(vis = 'vid  A002 Xaddach Xadb.oms. splait’, _

s . - FIUX vanorator moael vompari
caltable = 'uid___ A002_Xaddacb_Xadb.ms.split.ampli_short_inf", s magmaie [
fluxtable = 'uid  A002 Xaddacb Xadb.ms.split.flux_short _inf’, e G ADG2 XbE2as X3338me
reference = '2') # Ceres A—— —

——

Bascband 1
ALMVA Band &
Sw V?

WHY? :Setting the correct gains for flux scaling - then
. recalibrate all baselines with bootstrapped flux
CUROPEAN ARC " Plots : in ‘QA’ directory / weblog - “*split.flux_inf.plots’
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Calibration - Flux (2) SSO

.\I\

1 /
MANUAL | PIPELINE
1
1
1
fluxscaleDict = fluxscale(vis = 'vid  A002 Xaddach Xadb.ms.splat’, : X LENDTATOr ONE LoD
caltable = 'uid  A002 Xad4d4acb Xadb.ms.split.ampli short_inf’, U [ 15 o ghoscale | w.,.~,u,-....,.,-...q..,‘.-...,,,.‘.-.,p....ﬂ.
fluxtable = 'uid  A002 Xad4dacb Xadb.ms.split.flux short inf’, : e o ADS2 XD62s8D_ X3330.0m8
reference = '2') # Ceres F—— I —
I -
1
' !
1 I
1
f = open('uid  A002 Xaddacb Xadb.ms.split.fluxscale') u
fc = f.readlines() - B
f.close() ' o sats
1 wew
for phaseCalName in ['J1733-13504"]: : - | o
for 1 in range(len(fc)): ' e
if fcl[i].find( Flux density Tor “+phaseCalName) '= -1 and re.search( in Spl :
e ass [o-9l+e  [0-91+", fcl1i], re.DOTALL|re.IGNORECASE) != None: "
line = (re.search('in Spw=[0-91+(7: N(.*2\))7 1s: [0-9]+\ . [0-9]+", fcl[il, :
IGNORECASE) ) .group(0)
| spwId = (line.split('="))[1].split()[0O] *
flux = float((line. split( ' ))[1]. split()(0]) - loop - searches the *fluxscale
setjy(vis = 'uid _ A002 Xaddacb Xadb.ms.split',

field = phaseCaiName.replace( o, s ) esplat( ;) [e], file fOl' the ﬂux Of anOther
spw = spwld, - -
sﬁandarz = 'manual’, CallbratOI' - galn Cal

fluxdensity = [flux,0,0,0])

WHY? :Setting the correct gains for flux scaling - then
recalibrate all baselines with bootstrapped flux
EUROPEAN ARC " Plots : in ‘QA’ directory / weblog - “*split.flux_inf.plots’
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Calibration - Flux (2) SSO

1
MANUAL | PIPELINE
1
1
1
fluxscaleDict = fluxscale(vis = ‘uvid  A0O2Z Xaddach Xadb.oms ,11*', : _
caltable = ‘uid A002 Xaddacb Xadb.ms.split.ampli short inf" 0 Dowasimae [
fluxtable = 'u1d¥77ADDL Xad4dacb Xadb.ms.split. flux_sho IT*lHT : S O ——
reference = '2') # Ceres E—— i e
|
:
1 .
] I
1
f = open('uid  A002 Xaddacb Xadb.ms.split.fluxscale') Il
fc = f.readlines() - -
f.closel() 1 o emds
i dathad
for phaseCalName in ['J1733-13504"]: : .
for 1 in range(len(fc)): ' -
if fcl1].find( 'Flux density for "+phaseCalName) != -1 and re.search('in Spi :
¥2\))? 1s: [0-9]+\.[0-9]+", fc[ll, re. DOTALLlre IGNORECASE) != Hon@ 0
line = (re.search('in Spw=[0-91+(7: (. *?2\))7 1is: [0-9]1+\ . [0-9]+", fc[il], :
IGNORECASE) ) .group(0)
| spwld = (11ne split( = ))[1] split()[0] *
flux = EieertTTine. spLIE( ) [1]. sLIETITOT) - loop - searches the *fluxscale

et]y(v1s = 'uid _ A002 X a44acbﬁﬁadb.m5.5p11t‘,
field = phaseCalName.replace('; ", "*; ").split("; ") [0],
spw = spwld,
standard = ‘manual ',
fluxdensity = [flux,0,0,0])

setjy - called again to set gain cal bootstra

g the correct galns for flux scaling - then
recallbrate all baselines with bootstrapped flux
EUROPEAN ARC " Plots : in ‘QA’ directory / weblog - “*split.flux_inf.plots’
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file for the flux of another
calibrator - gain cal




MANUAL

gaincal(vis = 'uid__ A002 Xaddacb Xadb.ms.split’,
caltable = 'uid  A002 Xaddach Xadb . ms split.phase_int"',
field = '0,2,3", # 11733-1304,Ceres, J1832-2039
solint = "int’,
refant = 'DASO,
gaintype = 'G°
calmode = 'p’,
gaintable = 'uid  A002 Xadd4acb Xadb.ms.split.bandpass_ smooth20ch')

- gaincal - creates the antenna based phase
solutions - ALL baselines

gaincal(vis = 'uid__ A002 Xaddacb Xadb.ms.split',
caltable = 'uid  A002 Xad4dacb Xadb.ms.split.flux_ inf"’,
field = '0,2,3", # J1733-1304,Ceres,J1832-2039
solint = "int ",
refant = 'DASO Y,
gaintype = 'T°,
calmode = "5,
gaintable = ['uid _ A002 Xad4dacb_Xadb.ms.split.bandpass_
I'uid___AOOl_ﬁaJ4acb_iadb.m split. yha‘e_int'])

smooth20ch ',

- gaincal - creates the antenna based amp
solutions - ALL baselines

PIPELINE
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. uld___A002_XbO62a5b_X333a.ms
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,\. WHY? : Resolve phase-up, then re-solve amplitudes for
. ALL baselines after flux bootstrap from resolved SSO

EUROPEAN ARC | Q- ‘ ................................................................
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