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Single-dish Data Reduction

' Modes of observing
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o Position switching

o Frequency switching

4O ALISYHAINN HH.L
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o Grid mapping
o On-the-fly (OTF) scan mapping

o All techniques require measurements of the pass-
band shape, which for 3-mm observations changes
on timescales of minutes.

- Instrumental (constant) & atmospheric (dynamic)
components



Single-dish Data Reduction

Modes of observing

o Position switching
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Single-dish Data Reduction

Modes of observing
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Single-dish Data Reduction

Modes of observing
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< o Position switching
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Single-dish Data Reduction

' Modes of observing
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o Frequency switching used for strong emission lines
In quiet parts of the spectrum.

o Telescope remains on-source at all times, but shifts
the sky frequency a fraction of the bandpass.
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- Sensitivity better by V2 over position switching
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Single-dish Data Reduction
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Modes of observing

,c_gg o Grid mapping is a variant of position-switching.
|
%5 o A grid of pointing positions are observed in succession.
=
[T13 o For fully sampled maps the on-source positions must be
<
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Brooks et al. 1998, PASA, 15, 202



Single-dish Data Reduction

Modes of observing

o In on-the-fly (OTF) mapping the telescope is
continually scanned along rows or columns.

o Spectra are written to disk every cycle and the scan
rate Is set so that smearing is negllglble compared
to the beam FWHM. oo on e
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Single-dish Data Reduction

Note on sensitivity & temperature scales
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o Radiometer equation:
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o Averaging 2 polarisations gives additional V2
Improvement, as does frequency switching.

o For rapidly sampled data (OTF mode) can use
the same off-source spectrum for several on.

- Optimal t /t, = 14N

o Not the whole story however ...



Single-dish Data Reduction

Note on sensitivity & temperature scales

R

o T,* scale assumes source emission fills the forward
hemisphere of the telescope beam T. (o)
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Basic data-reduction steps
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Perform quotient to remove bandpass shape

o Flag out any noisy channels (typically at edges)
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o Flag out any bad scans (weather, RFI etc.)

o Fit & subtract a baseline polynomial to remove any
residual differences between on- and off-spectra

o Single pointing:
- Average all scans together weighted by t /T
o Mapping:

- Resample the spectra onto a regular pixel grid
using a smoothing kernel



- See Malte's talk
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‘, Livedata & Gridzilla

(

IDLE |: inactive |: inactive |: inactive |_| inactive l:l

Fpl=
= Livedata:
o
Oz
el
<
z % DATA REDUCTION CONTROL unspecified | Grdder... ”
(¥ p] Reader [~ Bandpass calibration [~ Monitor output [ Statistics |H [~ Write data |
‘%
t j =<
=< o
|

MULTIBEAM READER
Max retries: 0

Input data selection
1] ;8]

B iy
BB @) | SCHEDULER ‘
..=.. .-... Configuration | GEMERAL | START | = | r | | HELP EXITl C|§||I|L|0
|

LiveData - Parkes Multibeam

=T Ky Read directory |. write directory |
s| €| ?]|8] File wildcard{s) |“hpf “.mbf “rpf *sdfits
RS KT KT

3| 1] 15| 16| Raw files Update | Enqueue | Al | Queued files [~ Auto | Dequeue | All | Processed files Clear

Channel range
I 1- end
[ Read X-pol |

=

e

[ Interpolate | I
[ Calibrate... |

* Livedata logger

20:36:50: 2011/09/25 EST (Sun) Liwedata logger

o Automatically quotient & baseline OTF map spectra




| Livedata & Gridzilla

o Gridzilla:

* Parkes Multibeam Gridder (v20.6, 2010/08/10)

INPUT DATA SELECTION | GRIDZILLA | HELP || GENERAL |

. . Frequency range ||0 - |200000 MHz | [ Tsys |
. Line rest frequency | 1420405752 MHz | [ Continuum |

17 |50 1201 50 50 50 [ B 8] Polarization | A&B || Baseline |
50 60 50 = S0 W FSU 6  paymight | BOTH|| (; spectral

Search path |.

|

F2: |0 RA LONPOLE |433
Dec [Z070000 | LATPOLE [333

Image centre and extent [~ Autosize |

4O ALISYHAINN HH.L
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File wildcard(s) [*.sdfits Search | Al

| E—

RA IDDhDDmDD.Ds x—scale:l 4 arcmin [ pixel xl 170 pizels = 630.0 "arcmin”
Dec I—SD?DD'DD" y—scale:l 4 arcmin f pizel xl 160 pizels = 640.0 "arcmin”

Data walidation

Tsys range 22 -[ 10000 contrange [-10000 - [ 10000 Doppler registration

Data range | -10000 - | 10000 Aux range | -10000 - | 10000 | 0.1 channel

Statistic | WGTMED Beam weighting E Smoothing kemel | TOP-HAT

Cip fraction [ 0 % | Beam FWHM [144 arcmin Kemel FWHM | 1z arcmin

[~ Tsys weighting | l» Beam normalization | Cutoff radius £ arcmin

Scale|1 Units| Jymheam CDmmentlUnits of spectral brightness for pixel value

Blanking level ID Processor host Isprncket | Use I 23 | % of 3969MIB

FITS spectral type  FREQ | FITS numerical format  IEEE floating |
Output FITS directory |/home/cpurcell
Output FITS file name | gridzilla .fits

Gridding parameters

= o I GO | aBORT | ]qu"

PROCESSING OPTIONS
Qutput image geometry
Projection | SIN | P1:[0 [ Reference point | |EQUATORIAL

o Resample spectra into a regular data-cube




Additional techniques
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o SD data sometimes affected by a semi-regular ripple

o Qver a small enough window can be well fitted by a
sine-wave

4O ALISYHAINN HH.L

AINAAS

o One alternative is to flag the data in the fourier
domain

o Cosine-edge filter mitigates some 'ringing', but still
need to remove bright lines first



Additional techniques
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Additional techniques
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Additional techniques

o Then take the FT of the spectrum

- Flag off the spikes @ 30 MHz

80

1O ALISYHAINN HH.L
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Additional techniques
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c_gg o Then take the FT of the spectrum
%% - Flag off the spikes @ 30 MHz
ade 1
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Additional techniques

o Qriginal spectrum ...

Scan 0 (G012.9090-00.2)
2.0 T T T T
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Additional techniques
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o Inverse FT & restore bright lines to spectrum
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|l — Interferometric Data
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Reducing data from interferometers
Observing modes

-
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o Two traditional observing modes on ATCA:

- Single fields & pointed mosaics

o Single fields:

4O ALISYHAINN HH.L

AINAAS

- Image out to the primary beam FWHM
o Mosaicing

- Combine multiple single fields into a large map

NH3(1,1)

1.2mm continuum
(thermal dust)

1
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Reducing data from interferometers
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Observing modes

o Two traditional observing modes on ATCA:

- Single fields & pointed mosaics

4O ALISYHAINN HH.L

AINAAS

o Single fields:

- Image out to the primary beam FWHM
o Mosaicing

- Combine multiple single fields into a large map
o Same observing schedule for both in principle

- Sandwich observations of the science targets
between 'secondary’ calibrators

- Track the changes phase and amplitude
attenuation due to the atmosphere



/+ .\ Reducing data from interferometers

(\ | Observing modes

Vol :
< o Example schedule file
B
Oz
zg - 9 science sources, observed in groups of 3
w
=~ Source Cal RA Dec Epoch Time({LST) ScanLength Az El Drive  ScanType Aver Freq-1 Freq-2 Pointing
'-< "IO'J pointing 18:33:39.915 -21:03:40.050 J2000 00:00:00 00:05:00 255:26:25.1 17:33:40.7 00:04:30 Point 1 93504 95552 Update

paddle 17:50:14.500 -28:54:31.000 J2000 00:05:01 00:02:00 243:02:37.5 11:24:41.2 00:00:00 Paddle
1830-210 C 18:33:39.915 -21:03:40.050 J2000 00:05:01 00:02:00 254:53:33.2 16:30:55.1 00:00:27 Dwell
G0.55-0.85 17:50:14.500 -28:54:31.000 J2000 00:07:26 00:05:00 242:46:51.6 10:56:18.8 00:00:00 Dwell
G5.89-0.39 18:00:31.000 -24:03:59.000 J2000 00:07:26 00:05:00 248:13:42.8 10:37:39.4 00:00:00 Dwell
G8.67-0.36 18:06:19.000 -21:37:32.000 J2000 00:07:28 00:05:00 251:03:36.0 10:37:48.9 00:00:00 Dwell
paddle 18:06:14.800 -20:31:37.000 J2000 00:07:28 00:02:00 252:01:53.6 10:05:16.7 00:00:00 Paddle
1830-210 C 18:33:39.915 -21:03:40.050 J2000 00:07:28 00:02:00 254:37:21.9 16:00:10.3 00:00:17 Dwell
G9.62+0.19 18:06:14.800 -20:31:37.000 J2000 00:09:46 00:05:00 251:46:10.2 9:37:06.9 00:00:00 Dwell
10 G10.30-0.15 18:08:55.500 -20:05:58.000 J2000 00:089:46 00:05:00 252:27:26.4 9:57:42.0 00:00:00 Dwell
11 G10.63-0.38 18:10:29.200 -19:55:41.000 J2000 00:09:46 00:05:00 252:47:22.1 10:12:01.9 00:00:00 Dwell 91978 92500 Offset
12 1830-210 C 18:33:39.915 -21 :[}3240,0&) J2000 00:09:46 00:02:00 254:22:16.6 15:31:37.2 00:00:15 Dwell 91978 92500 Offset

1 91978 92500 Offset
1
1
1
1
1
1
1
1
1
1
13 paddle 18:08:38.200 -19:51:50.000 J2000 00:12:02 00:05:00 252:22:21.7 9:19:21.9  00:00:00 Paddle 1 91958 92500 Offset
1
1
1
1
1
1
1
1
1
1
1

91978 92500 Offset
91978 92500 Offset
91978 92500 Offset
91978 92500 Offset
91978 92500 Offset
91978 92500 Offset
91978 92500 Offset
91978 92500 Offset

=T = T = B L A I -

14 1830-210 C 18:33:39.915 -21:03:40.050 J2000 00:12:02 00:02:00 254:07:19.1 15:03:24.9 00:00:14 Dwell 91958 92500 Offset
15 G10.47+0.03 18:08:38.200 -19:51:50.000 J2000 00:14:16 00:05:00 252:06:49.8 8:51:45.8 00:00:00 Dwell 91958 92500 Offset
16 1830-210 C 18:33:39.915 -21:03:40.050 J2000 00:14:16 00:02:00 253:52:29.3 14:35:33.3 00:00:12 Dwell 91958 92500 Offset
17 pointing 17:43:58.856 -3:50:04.617 J2000 00:16:29 00:05:00 262:38:39.7 -4:54:36.4 00:00:00 Point 93504 95552 Update
18 paddle 18:42:58.100 -4:13:56.000 J2000 00:16:29 00:05:00 269:45:58.8 7:58:42.2 00:00:00 Paddle 91958 92500 Offset
19 1741-038 C 17:43:58.856 -3:50:04.617 J2000 00:16:29 00:02:00 262:38:39.7 -4:54:36.4 00:00:00 Dwell 91958 92500 Offset
20 G28.20-0.05 18:42:58.100 -4:13:56.000 J2000 00:16:29 00:05:00 269:45:58.8 7:58:42.2 00:00:00 Dwell 91958 92500 Offset
21 G29.96-0.02 18:46:04.800 -2:38:20.000 J2000 00:16:29 00:05:00 271:32:11.8 7:51:21.9  00:00:00 Dwell 91958 92500 Offset
22 G30.71-0.06 18:47:36.500 -2:00:31.000 J2000 00:16:29 00:05:00 272:17:42.0 7:51:30.9 00:00:00 Dwell 91958 92500 Offset
23 G31.4140.31 18:47:34.300 -1:12:47.000 J2000 00:16:29 00:05:00 272:58:56.7 7:26:51.2 00:00:00 Dwell 91958 92500 Offset
24 1741-038 C 17:43:58.856 -3:50:04.617 J2000 00:16:29 00:02:00 262:38:39.7 -4:54:36.4 00:00:00 Dwell 91958 92500 Offset



Reducing data from interferometers

Observing modes

¥ ol= -
< o Example schedule file
=
2 . .
zé - 9 science sources, observed in groups of 3
%
[Tl
=~ Cal RA Dec Epoch Time({LST) ScanLength Az El Drive  ScanType Aver Freq-1 Freq-2 Pointing
i—< Q 18:33:39.915 -21:03:40.050 J2000 00:00:00 00:05:00  255:26:25.1 17:33:40.7 00:04:30 Point 1 93504 95552 Update
2 17:50: ‘e . . 3:02:37.5 11:24:41.2 00:00:00 Paddle 1 91978 92500 Offset
3 1830210 C 18:33: Inltlal pOIﬂtlng ON A #5333216:30:55.1 00:00:27 Dwell 1 91978 92500 Offset
4 GO55085  17:50: . 2:46:51.6 10:56:18.8 00:00:00 Dwell 1 91978 92500 Offset
5 G5.89-039  18:00: Str()ng Callbrat()r 3:13:42.8 10:37:39.4 00:00:00 Dwell 1 91978 92500 Offset
6 GB.67-0.36 18:06; forwwo—z Tor oz v vzvwr wuoTZw (i e e vy z=1:03:36.0 10:37:48.9 00:00:00 Dwell 1 91978 92500 Offset
7 paddie 18:06:14.800 -20:31:37.000 J2000 00:07:28 00:02:00  252:01:53.6 10:05:16.7 00:00:00 Paddle 1 91978 92500 Offset
8§ 1830-210 C 18:33:39.915 -21:03:40.050 J2000 00:07:28 00:02:00  254:37:21.9 16:00:10.3 00:00:17 Dwell 1 91978 92500 Offset
9 GO62+0.19  18:06:14.800 -20:31:37.000 J2000 00:09:46 00:05:00  251:46:10.2 9:37:06.9 00:00:00 Dwell 1 91978 92500 Offset
10 G10.30-0.15  18:08:55.500 -20:05:58.000 J2000 00:09:46 00:05:00  252:27:26.4 9:57:42.0 00:00:00 Dwell 1 91978 92500 Offset
11 G10.63-0.38  18:10:29.200 -19:55:41.000 J2000 00:09:46 00:05:00  252:47:22.1 10:12:01.9 00:00:00 Dwell 1 91978 92500 Offset
12 1830-210 C 18:33:39.915 -21:03:40.060 J2000 00:09:46 00:02:00  254:22:16.6 15:31:37.2 00:00:15 Dwell 1 91978 92500 Offset
13 paddle 18:08:38.200 -19:51:50.000 J2000 00:12:02 00:05:00  252:22:21.7 9:19:21.9 00:00:00 Paddle 1 91958 92500 Offset
14 1830-210 C 18:33:39.915 -21:03:40.050 J2000 00:12:02 00:02:00  254:07:19.1 15:03:24.9 00:00:14 Dwell 1 91958 92500 Offset
15 G10.47+0.03  18:08:38.200 -19:51:50.000 J2000 00:14:16 00:05:00  252:06:49.8 8:51:45.8 00:00:00 Dwell 1 91958 92500 Offset
16 1830-210 C 18:33:39.915 -21:03:40.050 J2000 00:14:16 00:02:00  253:52:29.3 14:35:33.3 00:00:12 Dwell 1 91958 92500 Offset
17 pointing 17:43:58.856 -3:50:04.617 J2000 00:16:29 00:05:00  262:38:39.7 -4:54:36.4 00:00:00 Point 1 93504 95552 Update
18 paddle 18:42:58.100 -4:13:56.000 J2000 00:16:29 00:05:00  269:45:58.8 7:58:42.2 00:00:00 Paddle 1 91958 92500 Offset
19 1741-038 C 17:43:58.856 -3:50:04.617 J2000 00:16:29 00:02:00  262:38:39.7 -4:54:36.4 00:00:00 Dwell 1 91958 92500 Offset
20 G28.20-0.05  18:42:58.100 -4:13:56.000 J2000 00:16:28 00:05:00  269:45:58.8 7:58:42.2 00:00:00 Dwell 1 91958 92500 Offset
21 G29.96-0.02  18:46:04.800 -2:39:20.000 J2000 00:16:29 00:05:00  271:32:11.8 7:51:21.9 00:00:00 Dwell 1 91958 92500 Offset
22 G30.71-0.06  18:47:36.500 -2:00:31.000 J2000 00:16:29 00:05:00  272:17:42.0 7:51:30.9 00:00:00 Dwell 1 91958 92500 Offset
23 G31.41+0.31  18:47:34.300 -1:12:47.000 J2000 00:16:29 00:05:00  272:58:56.7 7:26:51.2 00:00:00 Dwell 1 91958 92500 Offset
24 1741-038 17:43:58.856 -3:50:04.617 J2000 00:16:29 00:02:00  262:38:39.7 -4:54:36.4 00:00:00 Dwell 1 91958 92500 Offset



/+ .\ Reducing data from interferometers

ke
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J Observing modes

(

o Example schedule file

- 9 science sources, observed in groups of 3

# Source Cal RA Dec Epoch Time({LST) ScanLength Az El Drive  ScanType Aver Freq-1 Freq-2 Pointing
i 18:33:39.915 -21:03:40.050 J2000 00:00:00 00:05:00 255:26:25.1 17:33:40.7 00:04:30 Point 1 93504 95552 Update
17:50:14.500 -28:54:31.000 J2000 00:05:01 00:02:00 243:02:37.5 11:24:41.2 00:00:00 Paddle 1 91978 92500 Offset
18:33: 31978 92500 Offset

: wssoss w0 Paddle: observations of a blackbody s s ore

5 G5.89-0.39 18:00: 31978 92500 Offset

4O ALISYHAINN HH.L

AINAAS

6 (8.67-0.36 18:06: W|th known temperatu r'e to 51978 92500 Offset
7 paddle 18:06: . 1978 92500 Offset
8 1830-210 C 1833 determ|ne T 51978 92500 Offset
9 G9.62+0.19 18:06: SYyS 1978 92500 Offset

nonsom o Required only at 3mm wavelengths i vey ore

12 1830-210 C 18:33:3997T5 210330060 JZUUU UUUYEE  UUUZ0U ZoaZZTTE6 Toi3 1372 UUuuTTS Uwell 91978 92500 Offset
13 paddle 18:08:38.200 -19:51:50.000 J2000 00:12:02 00:05:00 252:22:21.7 9:19:21.9 00:00:00 Paddle 91958 92500 Offset
14 1630-210 C 18:33:39.915 -21:03:40.050 J2000 00:12:02 00:02:00 254:07:19.1 15:03:24.9 00:00:14 Dwell 91958 92500 Offset
15 G10.47+0.03 18:08:38.200 -19:51:50.000 J2000 00:14:16 00:05:00 252:06:49.8 8:51:45.8 00:00:00 Dwell 91958 92500 Offset
16 1630-210 C 18:33:39.915 -21:03:40.050 J2000 00:14:16 00:02:00 253:52:29.3 14:35:33.3 00:00:12 Dwell 91958 92500 Offset
17 pointing 17:43:58.856 -3:50:04.617 J2000 00:16:29 00:05:00 262:38:39.7 -4:54:36.4 00:00:00 Point 93504 95552 Update
18 paddle 18:42:58.100 -4:13:56.000 J2000 00:16:29 00:05:00 269:45:58.8 7:58:42.2 00:00:00 Paddle 91958 92500 Offset

19 1741-038 C 17:43:58.856 -3:50:04.617 J2000 00:16:29 00:02:00 262:38:39.7 -4:54:36.4 00:00:00 Dwell
20 G28.20-0.05 18:42:58.100 -4:13:56.000 J2000 00:16:29 00:05:00 269:45:58.8 7:58:42.2 00:00:00 Dwell
21 G29.96-0.02 18:46:04.800 -2:38:20.000 J2000 00:16:29 00:05:00 271:32:11.8 7:51:21.9  00:00:00 Dwell
22 G30.71-0.06 18:47:36.500 -2:00:31.000 J2000 00:16:29 00:05:00 272:17:42.0 7:51:30.9 00:00:00 Dwell
23 G31.4140.31 18:47:34.300 -1:12:47.000 J2000 00:16:29 00:05:00 272:58:56.7 7:26:51.2 00:00:00 Dwell
24 1741-038 C 17:43:58.856 -3:50:04.617 J2000 00:16:29 00:02:00 262:38:39.7 -4:54:36.4 00:00:00 Dwell

91958 92500 Offset
91958 92500 Offset
91958 92500 Offset
91958 92500 Offset
91958 92500 Offset
91958 92500 Offset

e e e e e T e A S T T



Reducing data from interferometers

R

Observing modes

(

- .
c_@% o Example schedule file
@
wE . .
zé - 9 science sources, observed in groups of 3
%
[T 5
=~ # Source Cal RA Dec Epoch Time({LST) ScanLength Az El Drive  ScanType Aver Freq-1 Freq-2 Pointing
i—< Qj 1 pointing 18:33:39.915 -21:03:40.050 J2000 00:00:00 00:05:00  255:26:25.1 17:33:40.7 00:04:30 Point 1 93504 95552 Update
2 17:50:14.500 -28:54:31.000 J2000 00:05:01 00:02:00  243:02:37.5 11:24:41.2 00:00:00 Paddle =1 91978 92500 Offset
3 C 18:33:39.915 -21:03:40.050 J2000 00:05:01 00:02:00  254:53:33.2 16:30:55.1 00:00:27 Dwell 1 91978 92500 Offset
G0.55-0.85 17:50:14.500 -28:54:31.000 J2000 00:07:28 00:05:00  242:46:51.6 10:56:18.8 00:00:00 Dwell 1 91978 92500 Offset
G5.89-0.39 18:00:31.000 -24:03:59.000 J2000 00:07:28 00:05:00  248:13:42.8 10:37:39.4 00:00:00 Dwell 1 91978 92500 Offset
G8.67-0.36 0.ANA_14:27:29 AAN_19AAN_ANAT-2  ANAENO 9E4:0%:98 () 10:37:48.9 00:00:00 Dwell 1 91978 92500 Offset
paddle 3 I 6 10:05:16.7 00:00:00 Paddle 1 91978 92500 Offset
1830-210 sclence targets .9 16:00:10.3 00:00:17 Dwell 1 91978 92500 Offset
9 G9:62+0.19 b 2 Ib .29:37:06.9 00:00:00 Dwell 1 91978 92500 Offset
10 G10.30-0.15 etween Call rator 49:57:42.0 00:00:00 Dwell 1 91978 92500 Offset
11 G10.63-0.38  18:10: scans .1 10:12:01.9 00:00:00 Dwell 1 91978 92500 Offset
12 1830-210 C 18:33: .6 15:31:37.2 00:00:15 Dwell 1 91978 92500 Offset
13 paddle 18:08:38.200 -19:51:50.000 J2000 00:12:02 00:05:00  252:22:21.7 9:19:21.9 00:00:00 Paddle 1 91958 92500 Offset
14 1830-210 C 18:33:39.915 -21:03:40.050 J2000 00:12:02 00:02:00  254:07:19.1 15:03:24.9 00:00:14 Dwell 1 91958 92500 Offset
15 G10.47+0.03  18:08:38.200 -19:51:50.000 J2000 00:14:16 00:05:00  252:06:49.8 8:51:45.8 00:00:00 Dwell 1 91958 92500 Offset
16 1830-210 C 18:33:39.915 -21:03:40.050 J2000 00:14:16 00:02:00  253:52:29.3 14:35:33.3 00:00:12 Dwell 1 91958 92500 Offset
17 pointing 17:43:58.856 -3:50:04.617 J2000 00:16:29 00:05:00  262:38:39.7 -4:54:36.4 00:00:00 Point 1 93504 95552 Update
18 paddle 18:42:58.100 -4:13:56.000 J2000 00:16:29 00:05:00  269:45:58.8 7:58:42.2 00:00:00 Paddle 1 91958 92500 Offset
19 1741-038 C 17:43:58.856 -3:50:04.617 J2000 00:16:29 00:02:00  262:38:39.7 -4:54:36.4 00:00:00 Dwell 1 91958 92500 Offset
20 G28.20-0.05  18:42:58.100 -4:13:56.000 J2000 00:16:29 00:05:00  269:45:58.8 7:58:42.2 00:00:00 Dwell 1 91958 92500 Offset
21 G29.96-0.02  18:46:04.800 -2:39:20.000 J2000 00:16:29 00:05:00  271:32:11.8 7:51:21.9 00:00:00 Dwell 1 91958 92500 Offset
22 G30.71-0.06  18:47:36.500 -2:00:31.000 J2000 00:16:29 00:05:00  272:17:42.0 7:51:30.9 00:00:00 Dwell 1 91958 92500 Offset
23 G31.41+0.31  18:47:34.300 -1:12:47.000 J2000 00:16:29 00:05:00  272:58:56.7 7:26:51.2 00:00:00 Dwell 1 91958 92500 Offset
24 1741-038 C 17:43:58.856 -3:50:04.617 J2000 00:16:29 00:02:00  262:38:39.7 -4:54:36.4 00:00:00 Dwell 1 91958 92500 Offset



Reducing data from interferometers

' Observing modes

{ ¥ )\
1 w
’ e —

o Also require:

- 15 minute observation of a strong pass-band
calibrator

4O ALISYHAINN HH.L

AINAAS

- 5-15 minute observation of a primary flux
calibrator (planet @ 3mm, otherwise quasar)

o AIPS & MIRIAD have in-built models
o Above 10 GHz pointing observations should be
conducted ever 30-60 minutes

o Secondary calibrator should be < 1 degree away
from science targets
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\  Reducing data from interferometers
' Data reduction recipe - loading

{ ¥ )\
1 »
- —— — -

o Load & inspect data (atlod in miriad)

- Correct for 'birdies'

o Manually flag gross errors from uncalibrated data

4O ALISYHAINN HH.L

AINAAS

(uvflg using the 'select="keyword)

Tracking errors, shadowed data

Concentrate on calibrators initially

Bad antennas or baselines, major weather-related phase
excursions — check the observing log

o Split out individual frequency bands

- Insert rest-frequency information (puthd)



Reducing data from interferometers

Data reduction recipe — bandpass calibration

{ ¥ )\
1 w
. S— —

o Bandpass calibration

- Need to solve for the antenna-based bandpass
shapes, both amplitude and phase

4O ALISYHAINN HH.L

AINAAS

- Approximately constant with time, (but for high-
dynamic range imaging can use multiple
bandpass-calibrators in run)

- Strong point-source for high signal-to noise on all
observations



4O ALISYHAINN HH.L

AINAAS

Reducing data from interferometers
Data reduction recipe — bandpass calibration

Amplitude solution Phase solution

®—BandPass—Amp

T 1 1 ! 1 1 ! 1 1 1 1 ! 1 1 ! 1 1 | 1 ! 1 1 | 1 1 ! 1 | ! 1 ! 1 1 !
91.93 91.94 91.95 91.98 91.97 91.98 g91.99 . 91.94 91.95 91.96 91,97 91.98
Frequency (GHz) Frequency (GHz)

o Bandpass solutions are applied to the data before
any further calibration is performed

- MIRIAD & AIPS use tables to separate out
calibration solutions from data




Reducing data from interferometers
Data reduction recipe — basic flagging

Baseline 1—4

KANGAS ()

Bad visibilities
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Reducing data from interferometers

Data reduction recipe — gains vs time calibration

. VLA: N36-VLA: N12 (1-2)
150 -
100-3 + § § § ¢
20 —; SN $
200 |- VLA: N36-VLA:

SRR ERE

100 -
50 - .
0 | | | I j I | _
200 [ VLA: N36-VLA: W04 (1-4)

b
%M+

i
%ii_

-ilﬂl'+
ol

' SRR
f % L

10 ALISYHAINN HHI |

AANGAS ()

RN R RN AR RN N Ay
o Roa:\, amp!“tudes VS timé IThis IS acltually very good dat!a _

taken during good weather on
: : the VLA @ 5 GHz. High-
- Red = p0|ar|33t|0n | frequency ATCA data is more

_ _ challenging!
- Blue = polarisation |l




Reducing data from interferometers

Data reduction recipe — gains vs time calibration

{
j

J
5

VLA: N36-VLA: E12 (1-12)
100 -

0+ s *
v Lot
-100 ° &

L o
i
- -
L
W
+%
»
»

¥
+ 1
* 3

+*
W e

& ¢
g %

1O ALISYHAINN HH.L

AINAAS

| | |
VLA: N36-VLA: E04 (1-15) '
100 B b _|

-100 _

| | |
VLA: N36-VLA: E16 (1-17)
100 [

0
-100

Degrees

Pty g ntagatiyg

o Raw phases vs time

- Multiple baselines

o Solve for antenna based terms ...



Reducing data from interferometers

Data reduction recipe — gains vs time calibration
[ I I | I I | | I
1R vw N’ vv-—- N\
1l M ]
100 - M B
”~ iy Ny

-200 — I I
200 ~5R VLA: N12

100 — e — = =
1oy e 0T SOOI Uy g P gy oy

1O ALISYHAINN HH.L I

RANAAS ()

-100 —
-200 — I I
200~ 3R VLR B20 ' o
100 -
0 M _
7100 - VWM
| | | | | | | |

-200 [

Degrees

o Phase solutions (2 freq & 2 Polarisations @VLA)



Reducing data from interferometers
Data reduction recipe — gains vs time calibration

JO ALISYAAINN dHLI, _’1

XANAAS [~

3100

3050 -

3000 =
3040 3R G20
c 3020 - Vw
‘< 3000 -

© 2980 - : : :: 2 : : 4
= 2960
= 2940 —

2920 | 'dm

o Amplitude solutions



Reducing data from interferometers

Data reduction recipe — gains vs time calibration

{
j

!1
5

VLA: N36-VLA: E12 (1-12)
100 -
0+ s *

s ¥ o

' e v 5ty
¥
100 ¥ & £ ¥ ' %

+

1O ALISYHAINN HH.L

AINAAS

| | |
VLA: N36-VLA: E04 (1-15) '
100 - N

s 4 i ¥ 3 v
LN WIS
-100 |-

| | |
VLA: N36-VLA: E16 (1-17)
100 [

0
-100

Degrees

:*i'**ti

*ii***

o Raw phases vs time

o Applying the solutions we get ...
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Reducing data from interferometers

Data reduction recipe — gains vs time calibration

VLA: N36-VLA: E12 (1-12) |
100 -

OF% & & # % ¢ % % % § & 2 & & & ¢ 2 % J & 4 8% o
-100 —

10 ALISYHAINN HHI |

RANCAS (-

| | |
VLA: N36-VLA: E04 (1-15)
100

OFd # 4 & » ¢ § & 4 % ¢ 0 5 % % ¢ ¢ 0 0 F ¥y 4
-100 - 3}

| |
VLA: N36-VLA: E16 (1-17)
100

O-*% & % 2 + ¥ 3 % F % ¢ & F 2 & 8 % % 4o N

-100 - -
| | |

Degrees

o Raw phases vs time

o Applying the solutions we get ...



Reducing data from interferometers

Data reduction recipe — gains vs time calibration

N . VLA: N36-VLA: N12 (1-2) |

aYs 150 -

wi or § 4 ftddid IR IR % N

%% NIEEREERERN AEREEREENES

< § 200 |- VLA: N36-VLA: E20 (1-3)
;gg_;;i;iziiiﬂi%si%iiii%ii
50 - .

0 F | | ' | | | | |
200 |- VLA: N36-VLA: W04 (1-4) | | | E—

T

o Raw amplitudes vs time

o Applying the solutions we get ...
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Reducing data from interferometers
Data reduction recipe — gains vs time calibration

2.0 [ I

' VLA: N36-VLA: N12 (1-2) +
IERRRREREE

1.5

1.0

B | |
2.0 TV LA: N36-VLA: E20 (1-3)

1.5 % !

1.0 *

2.0 | ' | I |

1.5

Janskys

1.0 —

nn l | | | | |

o Raw amplitudes vs time

o Applying the solutions we get ...




Reducing data from interferometers

Data reduction recipe — gains vs time calibration

{ ¥ )\
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o Dataset is now calibrated enough to image, but does
not have accurate absolute flux scale

4O ALISYHAINN HH.L

AINAAS

- Bootstrap from observation of primary flux
calibrator via comparison to a known model

- Scale secondary calibrator solutions by a simple
factor

o MIRIAD & AIPS have inbuilt tasks which make this
very easy:

- Gpboot, gpcal & plboot
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Reducing data from interferometers
Data reduction recipe — gains vs time calibration

[{ («_-
X
\

{ ¥ )\
1 »
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4O ALISYHAINN HH.L

AINAAS

ON S~ OOOOONAEOOOOON & O OO

o Final calibrated uv-dataset

o Now split out science sources and image!



Reducing data from interferometers

Data reduction recipe — Imaging

o Run Invert (MIRIAD) or Imagr (AIPS) to Fourier-
transform the uv-data onto the image plane

o Dataset is undersampled in the uv-plane, so need to
use a deconvolution algorithm to fill in the gaps

4O ALISYHAINN HH.L

AANAAS (

uv-coverage —

SyntheS|sed beam Eroﬂle

20
N
’
¥

10
v

v (k\)
0

—10

—20
--1_‘"- -
¢

~

P S B P IS RS
—20 -10 0 10 20




KANGAS ()

Reducing data from interferometers
Data reduction recipe — Imaging

o Run Invert (MIRIAD) or Imagr (AIPS) to Fourier-
transform the uv-data onto the image plane

Dataset is undersampled in the uv-plane, so need to
use a deconvolution algorithm to fill in the gaps

gl 20-015 glD 30-0.15
—AROEI0" X —B0RO5 a0 T T T T T I T T T T T T T

~05'40" f 0540
N _

—05' 50 . S —05'50"
—08' cm 9 i o0 a
y r: i
o i

Declination {T2000)

—8° lﬂ
— R 20" F ‘ . ‘ I ) ¢yl i
: 1 1 I [ 1 I I : : I 1 | I I 1 | I 1 1 | I 1 1

18“08“157 567 55 54‘ 18b08=57= 567 55
Right Ascension (J2000) Right Aszcension (J2000)}




Data reduction recipe — Imaging

. Reducing data from interferometers

Dirty map Clean Model

m — g1030 015 gl0.20-0.15
[ ]
B Niter=50 [RS8 1=
= = - : -
= " { A o507 — _
< : '
& —05'50 —0 2 —(15'50" — —
W 8 ol 5 - ]
m a ok 10 = r o
d 10 = B *
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a i a .
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Lo | o il e L
2 L . n 102 L
—08'10"— ‘ | _asot— N
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- L
e ’ F . — —(E20" — —
5 ¥ % I
1 1 | 1 1 - =1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1
18508™57= 54% 18508™57" 5687 BE® 54%
nght Azeension (JEOOO] Right Azcenzion (J2000)
p g10.230-0.15 p 10 a0-0.15
_20005.’30” _I T | T T T | T T T | T T T T I_ _20 05 30 . T T | T T T T I_
C - ] C - ]
- ] [ L I
- - 1 Y - 1
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[3] 4 5] -
A - i C
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L - - ] 2 L] b
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i - ] B -
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1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 - =1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1
16508=57" 567 BE® 54* 1850857 567 BE* 54*

Right Ascenzion {(J2000) Right Ascension (J2000)
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Reducing data from interferometers
Data reduction recipe — Imaging

Niter=100

Dirty map

g —05'50
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Reducing data from interferometers
Data reduction recipe — Imaging

Niter=150

Dirty map
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Reducing data from interferometers
Data reduction recipe — Imaging

Niter=200

Dirty map
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Reducing data from interferometers
Data reduction recipe — Imaging

Dirty map Clean Model
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Aside: Interferometric vs single-dish units

o Interferometric data calibrated in Janskys

o Flux-density: power received per unit collecting area,
per unit frequency interval W m? Hz' = 10% Jy

1O ALISYHAINN HH.L

LANCAS

L, <—— Luminosity

Fu:

Amd? <«  Distance

o Single-dish data calibrated in Kelvin

o Brightness: flux-density per solid angle
] — FIJ o 2’ll{:]:?rT!In‘t}
S VD ¥

Beam solid angle




Aside: Interferometric vs single-dish units

o Example: Mopra @ 3mm wavelengths

AZF]‘! )\I'Illl'l ° F]‘!
- — 13.6K
> 2k ( % ) (Jy)

o A source of 1 Jy will produce a Tmb of 0.1 K in the
0=35" Mopra beam

1O ALISYHAINN HH.L

LANCAS

o Applying a beam efficiency of n,=0.4 results in
T,*=n,T, =40 mK if the source fills the beam



Pandora's box

o Expert users should know about:

- Self-calibration

1O ALISYHAINN HH.L

AANAAS (<)

- Weighting schemes
- Polarisation
- Wide-field imaging

- Correcting for phase gradients across the field of
view

- Sidelobes from strong sources in the outer beam
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