LOFAR-LBA calibration
the case of Virgo A and the toothbrush cluster
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Qutline

 LBA vs HBA

* LBA: data reduction strategy

* strong sources (Virgo A)
* normal fields (Toothbrush)

e LoSoTlo



Sensitivity: low, only Sensitivity: good, can
stronger sources (> 1]y?) correct against 0.1 Jy
can be used for DDE source for DDE
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peaked: strategy is strategy is frequency

frequency dependent independent



LBA vs HBA

Data size: 1035 baselines, Data size: 2850 baselines,
<|GB per SB ~few GB per SB

Low-res: doesn’t need

s |High-res: need a very
very accurate model |

accurate model

Y | Ordered disposition
- | (“ghost” beam issue)

Sparse disposition

Dual beam (calibrator+target) Beam direction limited
continuously for the entire observation interpolation/extrapolation required
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LBA vs HBA

30-80 MHz
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TEC

Clock is an is
SBs are ¢

TEC is an issue if

several SBs are
ombined, <40 MHz

even in a single SB

| 10-190 MHz

sue if several
>mbined

TEC is important for
bad-ionosphere
observations or

high-fidelity images
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LBA vs HBA

30-80 MHz

C

TEC

Clock is an is
SBs are ¢

TEC is an issue if

several SBs are
ombined, <40 MHz

even in a single SB

| 10-190 MHz

sue if several
>mbined

TEC is important for

bad-ionosphere

50 deg shift inadBx@ 30 MHz _
100 deg shift in a SB @ 22 MHz
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Strategy |:strong target

Obs strategy: 244 SB on cal, 244 SB on strong target

Pre processing: demix + avg to 4 chan / | sec
~ #

Freq avg: avoid BV smearing + iono freq
dependancy / Time avg: iono time variation

- run time: 4 days

Cor on
target

Diag(G) + rot ang C-T separation Transfer A+P (solve
<30 MHz: divide SB (diagnostic) + flag clock but dTEC)

Why rot ang is important!?
Faraday rotation can move flux from XX/YY to XY/YX
even if we solve for full G we would have noisier data

All these steps are done SB per SB, easy to parallelise



Amp flag in time LO S O I O

Use for flagging, clock-TEC separation,
diagnostic plotting
(more at the end of the talk)

TEC as diagnostic
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Amp flag in time
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Amp flag in freq




On blocks of 10 SBs

|l: self-cal loop

run time: | day per block
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On blocks of 10 SBs

Beam model works only in lin pol
Corruption is needed for
beam-dependent prediction of sources
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On blocks of 10 SBs

|l: self-cal loop

run time: | day per block

very complex target, MS-MF is
fundamental. Multiple runs
with different scales also required
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56 rms: 60 mJy/b

beam: 20”x20”
| dyn range: 4k

5%}

50
27
24

271

18

15

12912

10N231M368 125 QS



Jfffrrr I L jrrrrr v ¥ L]

Zhuravlevat+ 2014

' YTT]’TT
111111




Strategy ll: weak ta‘r et

Obs strategy: 244 SB on cal, 244 SB on target

Pre processing: demix + avg to 4 chan / | sec
~ b

Same as for strong targets

| : calibrator (3C | 96) - run time: 4 days

BBS on Cor on

calibrator | g i target

Diag(G) + rot ang C-T separation Transfer A+P (solve

<30 MHz: divide SB (diagnostic) + flag clock but dTEC)

Same pre-calibration of the strong target strategy



On blocks of 10 SBs
|l: self-cal loop

= . . .

To be repeated for
each peel calibrator

v

|, 2 loop

finally l
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On blocks of 10 SBs
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On all available SBs

|l: self-cal loop (now tested on 30)
run time: 3 h (30 Sbs)
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To be repeated for
each peel calibrator
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Next steps

M 8 7 (strong targets)

* Test circular polarisation on the calibrator

* Self-cal on other 23 blocks (how to combine them?)
* Flux normalisation (LoSoTo)

* Try DD corrections on field sources

TO Oth b "US h (weak targets)

* Figure out how to properly do self-calibration (amp issue)
* Try peeling a second source
* Tune some important parameters (masking, source extraction...)

* Peel on 244 SBs (now only 30 used)



