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Processing
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Many technical developments required to process large f;_..\_: “'? - o Pien
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- HBA w/ international stations processing: Morabito+ 2021, Jackson+ 2021, Sweijen+ sub
- local re-imaging
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Offringa+ 2012, 2014, 2016, van der Tol+ 2018, Tasse+ 2014, 2018, Smirnov+ 2015, van Diepen+ 2019, de Gasperint+ 2019
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To-date we have accumulated >50PB of data (20PB + 300TB of fmal products surveys) HAE nsamaos '




Outline
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2. PiLL

3. LoLSS (54 MHz)
4. What'’s next!




e Data size, up to 10s TB/night
e Complex beam

e | arge FoV

e | ow S/N

e |lonosphere
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Differences HBA-LBA

Frequency

Sensitivity

Resolution

Primary
beam FWHM

Bandwidth

Multi beam

e LBA: 15" (1" wit

e HBA: 4 deg

488 SB = 96 MHz

BA: 10 — 90 MHz
e HBA: 120 — 250
e LBA: 1 mJy/b | ;1 00 times o]eeper
e HBA: 0.1 mJy/b than competitors

N International)

e HBA: 5" (0.3” wi

th international)

e | BA: 4 deg (outer) - 6 deg (sparse/LOFAR2.0)

e 190% fractional (LBA)
* 64% fractional (HBA)

—ully exploitable only in LBA

(high survey speed, new calibration techniques)




LBA Modes

| ] 1 1 | 1 ! I 1 1 | ] | | 1 ] | 1 1 1 ! 1 1 1 ] 1 1 1 I 1 1 1 | ! | 1 1 1] | |
N N N
30 + Inner . L u é - 30 + Sparse 9 a & - 30 + Outer . u . -
e [ e a o 7 & [ s a o } & s a » o 7
- s
20 b n R 20 | B a - B n R
. a e g © 0 . 3 B ° 1 20 a 3 s "
. e | ® o . e (™ o ® o . o
15 ; - . 15 | ; - - 15 a <
w a u - . = " . - . = .
® = ® = ® =
10 y P e . 10 | = t - @ - - 10 r - -
S o - g n - S e alg n - S+ B H
8 > |54 - o =] » a o a " = . s
(R ] P VYT . — - R SIS, S— g o4l 1 E 0l TR W A= g o4 | | 0 |l S E N SO TEEERL. SR g— O
— » B L] T ] — o ® o - e - - "
5 @ e 4 5 [ s "8 5 [ s " -
a -8 g s * b B ae s ™ » i o
wrF " o R © - wfF " “weh = D * - wF ", o -
Ei El
15F L a " o - 15 F L a B E 15 L @ -
. 4 - s = e a - F @ ’ a e @
20 . = n . 20 - © ket n . 20 © a n .
o o o
25 |- el 4 . - 25 |- U . . - 25 |- o . -
s ™ . - 30 F 1 c . - 30 F o c . -
S S S
1 L 1 1 1 1 . 1 1 1 1 1 1 1 L 1 1 | 1 | 1 1 1 1 1
- 10 30 -25 20 15 10 5 0 S5 10 15 20 25 30 <30 -25 20 15 -0 5 0 S5 10 15 20 25 30
[m [m [mi

- FWHM INNER: 10 deg

- FWHM SPARSE: 6 deg

- FWHM OUTER: 4 deg

- LOFAR 2.0 will remove
this limitation!




Typical observing mode

Survey mode:

® 3 beams on targets + 1 beam on calibrator
e 42-66 MHz band

o | BA SPARSE

e ? sec. Integration time

e 8 ch/SB freq. resolution

Single target:

e 1 beams on target + 1 beam on calibrator
® c.0. 20-68 MHz

e | BA SPARSE or OUTER
e 2/4 sec. integration time
e 4/8 ch/SB freq. resolution

Co-obs with survey:

* 1 beam on target + 1 beam on calibrator (+

2 beam on survey)
® the rest as "survey mode’

Common:

e ysually no international stations (but
first experiments on-going)

e keep elev. >30 (better >40)

e multiple short observatL@ﬂ‘/ﬁh) o
e don't be limited on number-of beams

——

L R l '''''''''''''''' vavlv"vvv“ vvvvvv wvuulvvlvvlvlvll vvvvvvvvvvvvvv l vvvvvv lvll vvvvvvvvvvv
oy e T W T — Faasols X3 S mdent-mol
ref e e < S e e 2 o AR
e SHIRR AN I YW YW AL ': ' 'l, .9 reed """f" '. " (’r'l(vo oy i 1
. ety == NINF=re ; e

vrre vyeereyery Jj--“-l vvvvvvvvvvvvvvvvvvvv
X ‘_‘.:.';7-5 Y - - . D T v Tp
X ; IR LG S 3
\, "\ A
4



USS radio halos
Dead AGNs

Radio phoenixes
GReETs

Flux density —

nVeiIihg the silent majority
of low-energy phenomena

10 MHz

\

less energetic

10 GHz

Frequency —




WHh are able to reveal the sea of submerged CR? * =

Radio‘GuaIaxies - “ | @ .
e oW <o .
L @ | .o ' » Phoenixes O
Re-energised | |
9 tails Radio Halos

°

Radio
Bridges




G Re ETS de Gasperin+ 2017 Edler+ 2022

Spectra Index: -4

100 yrs of VLA time for
detection in L-band

-5.0 -4.5 -4.0 -3.5 -3.0 —-2.5
Spectral index [142 - 323 MHZz]
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Ultra-low frequencies

Look back In time

up to 1 Gyr

10° JP - B=10uG - Alpha 0.5
T =10 Myr
-~ pcwerlaw 0.5
10t F \
AN
o
x
3
(18
102} \ .
\\ N "
1 <
‘10 Myr
\\\
\l
‘\
200 Myr
10.2 N - - \ )
10 10° 10° 10* 10°
Frequency [MHz]
MHz GHz
» . . -
»
» .
»
.

b
o
N

Peak Surface Brightness [Jy/4.5 arcsec beam]

—
o
[

Constrain models

L
-— -
-

LOFAR Zoom

" Hotspot A

- " PR S |

LBA

10°

Frequency [Hz]

McKean+ 2016




10 arcsec
| |

(3.000 ly)

VLA 1.5 GHz

0,001 arcsec
P

(0,3 ly)
VLBA 43 GHz

100 arcsec

0,00001 arcsec

(30.000 ly) —
(0,003 ly)
EHT 230 GHz

LOFAR 0.05 GHz

R image: F. de Gasperin — VLA image: F. Owen — VLBA image: C. Walker— EHT Image: EHT collaboration



Technical challenges: Beam model
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- Station calibration sub-optimal - holography will help...
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- Beam model sub-optimal - needs developing
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Technical challenges: Side lobes

Directivity (dBi)

-10 |

-15 |

20 |

225 |

-30 |

-40

Main Beam

]

Side Lobe Level

/

A

-20

-10 0

0
Angle ( Degrees

Nulls

20

Demix is suboptimal

Primary beam
LBA_INNER

= 01 02 2= 04 05 06 O7T D08 09 1D

Offset Declination [degrees])

0 -10 -20
Offs=L Righl Ascer sion [deyiees)

Subtractions is suboptimal (smearing + DD effects)

A
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Technical challenges: Low=-sensitivity

[15ys
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1.0

0.8

0.6

0.4

0.2

Tsky/T SyS

0.%0

40 50

60 70 80

Freguency (MH2)

SEFD (k}y)

10}
60}
50} P
oY
of |
40} f' J
iy O& O |
Nl N
o F i RO
- SEFD
54 MHz
30 40 50 60 70
Frequency (MH2)

* Tsky dominates below 65 MHz
* Don’t look at the bandpass

- Look at the SEFD
* 54 MHz is the sweet spot
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Technical challenges: lonosphere

Phase rotation on on 2TV
. Hion — / 1)dl
interferometer: ¢ Jlo

v

Refractive index:

n
n:l— A - B .

n2 neB*(1

At frequencies <10 MHz:
reflection

n.BcosB

W)

c - o

* B and ne dependency: ionosphere physical properties!
» Frequency dependency: effect is stronger at low frequencies!
- +/- sign of second term: Faraday rotation!
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lonosphere 1st

High precision: milli-TEC

No accuracy (only differential values)
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Pipeline for LOFAR LBA (PiLL)
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! Preprocess \ Get the code:
pipeline github.com/revoltek/LiLF
: Calibrator ) Get the docker/singularity:
pipeline * $ docker pull revoltek/pill:20220805
__ (de Gasperin+ 2019) | * $ singularity build pill.simg docker://revoltek/pill:20220805
\ "~ Selfcal

Run the code:
. stage the data online

Corrects: bandpass,
pol. align., phases

—>  pipeline

\_ (de Gasperin+ 2020) )

I
| 2. run the preprocess pipeline
Corrects: DIE TEC, Beam Il order, FR, . . . . .
Removes: soUrces m 1t sidelohe 3. run the calibrator pipeline (in the cal dir)
Erevidesimodsl v 4. run the timesplit+self+dd pipelines (in the target dir)
ra— DD ) 5. OPTIONAL: run the extract pipeline
provides: 0D soiions | PIPEIING in Gi
rovides. B SoUTbnS _ Check out the README in Github
¢ @e Gasperin+ 2020.2022))
Extract
pipeline

(van Weeren+ 2021

Edler+ 2022
\_ ,



http://github.com/revoltek/LiLF
docker://revoltek/pill:20220805
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Strategy

( )
Preprocess
pipeline

" Calibrator
pipeline

\_ (de Gasperin+ 2019) )

\

Corrects: bandpass,
pol. align., phases

—>

" Selfcal
pipeline

1. Calibrator calibration
2. Direction independent calibration (5 mJdy/b - 45%)
3. Direction dependent calibration (1 mdy/b - 157)

\_ (de Gaspelrin+ 2020) )

Corrects: DIE TEC, Beam Il order, FR,
Removes: sources in 1st sidelobe

Provides: model

Corrects: DDE TEC,

DDE beam

Provides: DD solutions

2
4 DD )
pipeline

v

(\de Gasperin+ 2020.2022

Extract
pipeline
(van Weeren+ 2021

Edler+ 2022)
=

%)
\

J

Corrections:
- Instrumental (beam, bandpass, delays...)

Corrections:
- Direction independent ionosphere

Corrections:
- Direction dependent ionosphere

i



Pipeline for LOFAR LBA (PiLL)
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* Preprocess pipeline  ¢(Parallel staging and) download

data
» Calibrator pipeline *Flag low-elevation (<15 deg)
*Rescaling
* Jarget pipeline *Averaging
| | *Renaming following a

* Timesplit standardised name convention

* Self-cal

* DD-cal

e Extraction




Pipeline for LOFAR LBA (PiLL)
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*Solve
* Preprocess pipeline -cross-delay
-Faraday rotation
» Calibrator pipeline -bandpass
-phases (clock + ionosphere)
* Jarget pipeline *Flag bad stations
Imaging (optional)
* Timesplit
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Calibrator pipeline (PreFactor 3)

Clock

300
ll 275
N R 250
= 17
o
n ¢ 150
Q 125
-g 0 5 0 5 5 0 5 205
e time [hr] time [hr ime [hr] time [hr]
g-
< N 60
=
o 50
0 5 0 5 0 5 0 5
time [hr] time [hr] time [hr] time [hr]
ant:C5302LBA e e\ WY 1) ,1;!. HUE ;
T 00 _ Y LR [t
o 1 ‘ | |
@ 50 o | | L) (-1
n E u m l A II‘M el L A -2
m 8 il ' ' W s ' -3
N 0 5 0 5 5 0 5
(qv] time [hr] time [hr, time [hr] time [hr]
L
all 3
ant:C5302LBA ant:RS106LEA ant:RS509LBA
N 60 2
T 1
= 0
@ 50 -1
= -2
: . -3
0 5 0 5 0 5 0 5
time [hr] time [hr] time [hr] time [hr]

MS

DATA

de Gasperin+ 2019

Flagging
Averaging

Predict: L MS | ) N
calibrator model DATA — oty > Sglve:
Diagonal +
» MODEL DATA >BOtat'$n J
Pol. Align
( p
Apply: MS p
—» - Pol. Align <«—| DATA Solve:
Baseline based :
. Beam 7| CORRECTED DATA [ aéfng‘;hiﬁge —» Dlagqnal +
MODEL DATA » Rotation
/ Faraday Rot.
‘Apply: o MS . N
- ' “— DATA
Pol. Allgn Baseline based SO'VG:
- Beam —>| CORRECTED DATA | gmoothing Diagonal
- Faraday Rot. | MODEL DATA . )
v
Bandpass
/ Apply: \4_ MS p .
- Pol. Align DATA Solve:
Baseline based oive:
— - Bandpass —>| CORRECTED DATA [ g500thing Segael
- Beam MODEL DATA > )
v

-\Faraday Roty

lonosphere
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Pipeline for LOFAR LBA (PiLL)

* Preprocess pipeline

* Calibrator pipeline

Target pipeline
* Timesplit
* Self-cal

e DD-cal

Extraction

* Apply solutions

Combine all SBs in a single MS

Flagging

oSplit in time (1h) for
parallelisation
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Pipeline for LOFAR LBA (PiLL)

* Preprocess pipeline

» Calibrator pipeline

Target pipeline
Timesplit
Self-cal
DD-cal

Extraction

eSolve fast-time for TEC

e Remove sources from Ist side-lobe

eSolve slow-time G for 1l order
beam errors

eSelf-cal cycles

Outcome:
e <5 mJ)’/b, beam=45" (beam corrected)




Self-calibration ot bt aue

MS ﬁpply: N
TEC delay correction (direction independent) —— DATA >- Pol. Align
from surveys - Bandpass
- Beam
- Ph
0.4- ant:C5302LBA | ant:RS106LBA ] ant:R5508LBA ] ant:RS509LBA S aSTS J
s
~ ; o
S 0.2- : - . G ms
8 0.2 \ A m M f ﬁ\ﬂ i AJU‘. f‘ /® DATA Ba;elinir?ased o|ve
L R I Lil moothing
E 0.0~ ~ -'—--—'MWMM-W I,\; ' VJI\ lfﬂ " y U L ﬂ Il cycle N\
(Ld } : hgj Ll 1 “J 'j g MODEL DATA
= —0.2- : % i
© X TEC
-0.4- 1 MS
0 5 1D 5 11 ) 1D 5 10 Apply: DATA | Jodireular& Solve:
time [hr] time [hr] time [hr] time [hr] - TEC CORRECTED DATA ™= othing. Dlagonal
MODEL DATA
Faraday Rot.
2 | ) [Ms
Il order beam correction (amplitude) L sasaine bacoq.__| SOIVE:
- Faraday Rot. | "|.C9RRECTED DATAI™™ smoothing Dlagonal
\_ Y, MODEL DATA
Beam II ord.
~— (Apply A s> (" )
N -TEC DATA
Clean:
I » - Faraday Rot. <« CORRECTED DATA > mi:-argsolution
E QBeam Il ord. ) MODEL DATA 5 )
o Model:
= . s field
( ) DATA
Sf‘b"ac“_ <«—»| CORRECTED DATA >%|ean:
mid-resolution MODEL DATA low-resolution
L T _ Y %’Ubtract_ o (1st sidelobe) |
00 2 . 5 5 O 7 . 5 ’ O 2 . 5 5 . O 7 . 5 low-resolution < i\node|;
. : < :
time [hr] time [hr] (1st sidelobe) ) 1st sidelobe |




Self-calibration e 2

Faraday rotation correction S Aoply:
0.03 : Model: DATA T a9
ant:CS302LBA ant:RS106LEA ant:RSS08LBA ant:RS509LBA’ from surveys anapass
= S . - Beam
= 0.02; : : T Phases
o s
= 0.01 1 ] L . S L O/@ L Baseline based
« TR . cycle
0.00 i I NN T | MoDEL DATA
0 5 0 5 0 5 0 5 TEC
time [hr] time [hr] time [hr] time [hr] MS
Apply: DATA To circular & Solve:
| -TEC CORRECTED DATA [~ Beg T Pased Dlagonal
, 0]
ant:CS302LBA pol:['XX' YY) aht:RSlldtl’:LBA pol:['XX' 'Y‘*'] . | d el
— 60 . 3 " . B P § Faraday Rot.
™ | MS
T :
= | | | Apply: DATA )
=350 | ' — - TEC Baseline based Solve:
o 1 | , - Faraday Rot. |* "] CORRECTED DATA Smoothing Diagonal
“!: ‘ ' \_ Y, MODEL DATA >
. I l M ' ' ‘
| . : Beam Il ord.
0 5 0 0 5 PPly: — - \
time [hr] tlme [hr] tlme [hr] time [hr] - TEC ’Clean:
» - Faraday Rot. <« CORRECTED DATA Stabesalian
1.00 - Beamllord. | MODEL DATA N )
ant:CS302LBA pol:['XX' Y¥'] | ant:RSL06LBA pol XX’ 'YY'] b t: R;ssoai_dA pol:[ J(& i i Iqﬂt%siiwux pol: J(H( | 'Ml || 0.75 /
' Model:
— 60- | - | | 0.50 / MS field
-:';E ' "\ 0.25 f A DATA B
=30 } | 0.00 SgbtraCt:_ <—>»| CORRECTED DATA » Clean:
g [ ' | l ' _0. 2 5 inld-reSO|UtI0n MODEL DATA |Ow_resolut|0n
£ 40 (L _0.50 - o (1st sidelobe) |
T | s | tu aill il | |'h " L b | T ' low-resolution < Model:
30 . : : —1.00 : < )
0 5 0 5 0 5 0 (1st sidelobe) ) 1st sidelobe |

time [hr] time [hr] time [hr] time [hr]
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Direction-dependenta calibration

* Download pipeline
» Calibrator pipeline
* Jarget pipeline

* Timesplit

* Self-cal

* DD-cal

e Extraction

eStill in developing
*Solve for fast DD-TEC
*Solve for slow beam-amp

Outcome:

* <2 m]y/b, beam=15" (beam corrected)

e V-stokes

* Source-subtracted low-resolution




Strategies: calibration
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Serial calibration

1. Find the brightest source in the field (dd-calibrator)
2. Remove the flux from everything else

(e.g. subtraction, smearing)

3. Calibrate
4. Move to the next

Example: DP3

on (J200

>

tn eam™!
25 80

de Gasperin+ 2021, A&A, 642, A85

Advantages:
- Scalable
- Easy-to-implement

n (J200

Parallel calibration

1. Find brightest sources in the field (dd-calibrators)
2. Calibrate

Example: KilIMS, DP3

Advantages:
- Possibly faster
- More precise




Strategies: imaging
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=N

& W

Facet imaging

the solution applies

. Image each region
Stitch the regions together (or use a special imager)

Example: DDFacet

Surface brightness (m)y beam™1)
25

1 80

Declination (J2000)
43° 44°

42°

41°

>

6"10m o5m oom 5h55m
Right Ascension (J2000)

de Gasperin+ 2021, A&A, 642, A85

. Find solutions in “enough” directions
Isolate the flux coming from each region of the map where

Advantages:
Fast

- Scalable
Easy-to-implement

1. Find solutions In “enough” directions
2. Interpolate the solutions on a screen (assumptions!)
3. Image the entire field while applying the screen

Screens

Example: WSclean + IDG

Tima id?

o1
I:Z
1

(30

de Gasperin+ 2018, A&A, 615, A179

Advantages:

Proper interpolation
- Smooth result
Less degrees of freedom

=R |
IZZ
S §

Nzio0oue




No ionospheric correction




DIl ionospheric correction




DD ionospheric correction
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Direction-dependenta calibration
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* Download pipeline
eSubtract all sources but a

» Calibrator pipeline small region
o * Averaging
* Target pipeline Self-cal on that region
* Timesplit Outcome:
*~| m]y/b, beam=15"
e Self-cal * Higher fidelity for extended sources
e DD-cal

e Extraction




Limitations

* Bad ionosphere can prevent even basic
Imaging

* Bright sources in the field or just outside S
can severely limit the dynamic range MRS

* The sun should be rather far away (>30-40 G
deg) if you need short baselines

* Some facets might have low S/N and o
provide inaccurate flux densities Lt

* Very extended emission (covering 4
multiple facets) is rather untested |




Outline

|. LOFAR LBA

2. PiLL

3. LoLSS (54 MHz)
4. What'’s next!?




LOFAR Surveys

_ Resolution: * LOFAR Two Metre Sky Survey: 120 - 168 MHz
o * LOFAR LBA Sky Survey: 42 - 66 MHz
100.00 = >  LOFAR Decametre Sky Survey: 14 - 30 MHz (Groeneveld's talk)
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LOLSS status

O]

sky survey

I

2021:

LoLSS
* res.:
* sens.

70

Preliminary release First release

|

60

2022:
LoLSS
* res.:
* sens.
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SEFD (kJy)
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* Frequency coverage:
42 - 66 MHz
(mean: 54 MH2)
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* Coverage: Dec > 24°
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Dechivation 26DD]

LoLSS DRI data i taptinn i 1O

sky survey

Surface brighiness (mjy beam ="} Surface brighiness imy beam=')
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* Area: 650 deg?
e Stokes: I, V
Image format: 2 large fits, 95 mosaic fits, hips
o Catalogue: sources (42,463)
e Solutions: direction-dependent for re-imaging/extraction
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LoLSS low resolution T ——

Surface brightness (m)y beam™1)
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LOLSS sensitivity
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rms noise (m)y beam™?)
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LoLSS source count e

sky survey

104 7
| LOTSS source counts

Credits: W. Williams
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LoLSS spectral properties |©)]

sky survey
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LoOLSS: deliverables

Surface brightness (mJy beam™1!)
0

Check out the data release | at:
https://www.lofar-surveys.org/lolss.html

100 160

47°20'

Images:
* Mosaiced images: Stokes-| & Stokes-V

15

- ToUse: Download mosaic (no PB corr. needed) or cutouts (coming soon)

Declination (J2000)
10'

* HIPS images (Stokes-| only)
- ToUse:Aladin = Load URL

* Low-resolution source-subtracted mosaiced image

05'

13h31m 30™m 20M 12h20™ 19m 18m

Catalogues:
* Source catalogue (42,463 entries)

47°40'

10

- ToUse: download - good for cross-match and initial tests. Flux density

estimation better from images

Declination (J2000)
35'

00’

* Gaussian component catalogue
* Source+Gaussian component in-band catalogues: 44, 48, 52, 56, 60, and 64 MHz

48°50'

* Spectral index catalogue (planned)

30

12h29m 11"36™ 35mM 34™m 33™M
Right Ascension (J2000) Right Ascension (J2000)

Data:
* DIE corrected + DDE solutions Interested in using the data?

. - ToUse: extract pipeline - currently has to be arranged Fill the SKSP wiki - LoLSS



https://www.lofar-surveys.org/lolss.html

Outline

|. LOFAR LBA

2. PiLL

3. LoLSS (54 MHz)
4. What'’s next!




LOFAR 2.0 requirements

49

* Leverage existing investments
- hardware (stations, networks, data centres)
- algoritms, software, pipelines
- community’s collected brainpower
* Remain unique and scientifically impactful (in SKA era):
- lowest frequencies
- highest resolution
- versatility
* Evolution: continuous community support & productivity
* Financially, technically feasible on a 3-10 year timescale

LOFAR 2.0Vs SKA-low (ph.I)

LOFAR 2.0:

* Reaches 2x lower frequencies
* |0x higher sensitivity

LOFAR

SKA Low

SKA-low (ph.l)
* Reaches 2x higher frequencies
* |Ox greater collecting area
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>

LOFAR 2.0 upgrades

LOFAR 2.0 (stage |) station upgrade includes:

Dual band: enabling simultaneous observation capability for Low Band
Antennas and High Band Antennas

Receivers: 48 LBA or 48 HBA — 96 LBA and 48 HBA

Clock: distribution of a central clock to all NL stations (VVhite Rabbit)
Linearity: improving receiver linearity

Hardware: redesigning and replacing of station electronics, including digital
processing systems and receiver units; LOFAR Mega Mode (Cobalt 2.0,
simultaneous observations for several science cases)




LBA LOFAR Community Sky Survey

- Resolution: RMS map m)y/b (3170 pointings) - FWHM: 7.5 deg
5II
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0.10 . LLoCuSS-Ultradeep VLASS
_ e Band: 16 — 64 MHz Wide Survey (2004 hrs):
- e Resolution: e Coverage: Dec > 0°
il Apertif 1” (upper half of the band) e Sensitivity: 500-800 pJy beam-1
= 15” (lower half of the band)
0.01-= MU Deep-Wide Survey (5830 hrs):
. T T T T T 1T I T T T 11T T T T 1T T 11 .Coverage: Dec > 200’ |b| > 23°
107 108 109 1010 e Sensitivity: 350 4Jy beam-1

Frequency [HZ] Ultra-deep Fields (100 hrs per field):

e Sensitivity: 130 uJy beam-1

y







Contacts

>

* LOFAR LBA Sky Survey (LolLSS)

Reference person: Francesco de Gasperin
For deep fields:Wendy Williams

Data at: www.lofar-surveys.org/lolss.html

* LBA LOFAR Community Sky Survey (LLoCusSS)

Reference persons: Francesco de Gasperin / Reinout van Weeren

e LBA data reduction

Reference persons: Francesco de Gasperin
and Henrik Edler (present at the conf.)

Code, docker and docs at: github.com/revoltek/LiLF

Sensitivity (1o) [m)y/b]

100.00-
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1.00— ' SUMSS

:LLoCuSS-Dee:pWide FIRST
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0.01- A
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107 108 10° 1010

Frequency [HZ]



http://www.lofar-surveys.org/lolss.html
http://github.com/revoltek/LiLF

- ldeal visibilities (now in 2x2 matrix form):

V(u v) = f[ I.(I,m)e 2mtul+vm)gr gm

| V.. V Vex Vi
. with V = ( L ’”) or V=
Vlr Vll

Antenna
. ' " Polarizer
A full p0|al’-IZ-at-I(.)I’_] correlator iropli
produces visibilities for all
cross-products: :
omplex
RR,RL,LR,LL or XX, XY, YX,YY correlators
-Short-hand notation: RR;; = R;R; =V, ;;, €lc. Output

RIME




- Measured visibilities on baseline j, k:

vips = || Iste@mple2mCentsriem) at dm

- The Jones matrix J is a complex 2x2 matrix that captures
antenna-based signal corruptions

- The format of J often depends on the feed basis (RL or XY)

- Examples for RL

1= D) =0 ) =" L)

RIME




* In practice, a Jones matrix is a product of many(!) effects (components) along the signal path

« Ji= FTiPXiEiDiGiBiK
- Fi = ionospheric effects
- Ti = tropospheric effects
- Pi = parallactic angle
- Xi = linear polarisation position angle
- Ei = antenna voltage pattern, gaincurve
- Dij = polarisation leakage
- Gi = electronic gain
- Bi = bandpass response
- Ki = geometry

* Apply solutions left to right: opposite to signal path direction
- Components are typically difficult to separate.
« Some components commute (can reorder), some don't

RIME
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Systematic effect Type of Ph/Amp/Both®  Frequency Direction Time

Jones matrix® dependency  dependent? dependent?
* Clock drift Scalar Ph oV No Yes (many seconds)
Polarnisation alignment Diagonal Ph oc v No No
sl Ionosphere - 1st ord. (dispersive delay) Scalar Ph oy Yes Yes (few seconds)
Ionosphere - 2sn ord. (Faraday rotation) Rotation Both oyl Yes Yes (few seconds)
sl [onosphere - 3rd ord. Scalar Ph oy Yes Yes (few seconds)
Ionosphere - scintillations Diagonal Amp - Yes Yes (few seconds)

Dipole beam Full-Jones Both - Yes Yes (minutes)
Bandpass Diagonal Amp - No No

an:IO0ILAN art C5302L08 an 25003104 anl:CS0340A © anl:25005L04 anl:C5 006 DA
6D
T
= 50 -
—J
g4 i
30 - 2 ¢ - . A%5R F 1 : - : R T { 3 S Al 1 3
b N R NS A R P i e ; S ' A S T S N
an:C5007LBS el CSOLILAS L macoolBy | lCS02LLBN T snl-£TA2A1 RA ‘ |53 3 & v PO N
.60 $ LEXE R RR i | : an:SIO0ILAN l art C5302L0A an: 2500310 anl:C5034.04, anl: 25003104 anl:CE006._ D
= (0]
Z 50 - = |
- = 50 -
[od o~
g 40 = i
30 : . 4 —— él L s P ‘ ; | p .t :.t:/ ' 7
- £ & ':'.44'—,"'-' t—J‘. :,.;i;._j' .) 1 T z I i « g. ?’O N
{ : art CSII0LNA C antCShA2 L = k el
. B0 ' . t i an.:CE007LAN arl CS5OL1LAA an:C5017LBN anl:C5021.8A anl: 25024184 anl:CE026.00
v | $ 60 :
Z 50 %} <
= % Z 50
[ .. ‘.‘__.. (. ‘: , ! )7
30 i 4 .z-,{-.:::,‘ :‘ ' : ‘:‘_‘
. = " 3 8% : 30
e 7]‘#“ o ontesen ; : : j = - . - ; ok o
. 60 4 ! ! ' | | ant20731 A8 ‘ art €533000A 5071 1LAN 270503204 ant:51 00 LA ant:CE107. 04
N 5 g
I ' | :
= 50 ; il :
S— | I a
= 40 5 _ y . § '. i
=4 i |} 108 £ f
30 4 i bl i R I8! l|
- s NI (& :
A disp] o4 SEL ke ¥ R :
— 60 " CE20RA artrsanliza " S33071RA stCSelRA © ant<3%0TIRA
- 0
= 50 S
£40 = 50
& ‘ = 40
30 0 HIE !! Y . | ML : = s 5 : 3
A ARt 1 : o o AR H 11 - SR PETS RS v ANl 30
i N7 R3A09LEA - : : i B ! . : ;
. 60 art RS20NEIBA 2t RS306 RA st FES3TN AL
T __ 60
= 50 B
=40 = 50
£ =40
301l k R
E M v Y PN O . S rn  3p ;
o1 2 34 s 8 1 2 34 & 1 2 3 4 5 8 1 2 3 4 Tl AR . yedbegly 0 R
time |hr] time [hr] time [hr! time [hr] AN R3309LEN ZLRSS03 B, ant: 23503LBA
.60
T
= 50
40
£
30 e s
=" : - B o (AN A ' el o: b
n 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5 6 1 2 3 4 5§ 3 4 5 b

time |hr] time |hr| time [hr! time |hr] tme [hr! time [hr]



tes

o

o

el

0.0
-C.1
-7
0.3
0.2
ol
0.0
C.l
-7
0.3
0.2
ol
0.0
C.L
-(,2
0.3
0.2
ol
0.0
¢.l

-0.2

Clock/TEC/TEC3rd
separations is

calculated from
X+YY phase

solutions in LoSoTo

MELEIA U

LAV

L LU AL AN

LRSI LI LA

YLLUIALY

IR AS SN

L AR R

SECEONI RS TIR K CSGLTLAN WiKEE 2L Y ECEOIALDN 2 )
mrs—r— p—— PSS E—
WLLSIU o LIRS LA LTSN K=o YLUSLIR RS LULLEA adLasilza
—— B i ———— _ e e _ . . . e . ~—
ar LTS 926 L0, a IS OTILAA FIT=CHITED | BN105HA « LRS2INAN o BEIISLHN Ak RESIN_EA
" fl‘ { ," WL NP
— P N — ’ I3 ~ . AN P e
p \ th’-W-f\-\/—A‘" Pt} 'J\' AP e ] ll-a" 'V"tﬂ r“ . I‘r\f" -t
) AR | I R Vit
l | AT}
1 i ’
ar LMY 906 =0, PREEES T ard KSAIOLSN | BN10LHN « LK3AILAN I MSAIRLEN PR TN
\ i ]
foa 1l ' o
| ’ . | | \ N N
J \,\/\,\fv\__,.,w{\,l Fa¥a" u\nw,\, | ’LJ l| | |U A WAV LA \ /l‘\w‘f v ""’\f\,. v N P
il W Y |\ -
ArbREYR A | {4-1-;.“1« na
| M)
| \ \ | ’J" \‘\J
!’|.| f ﬂ;*fqﬂJk’f '|’ | | 'al v
Y Y Vv ‘ |"
)
') 2% v \ \j
c 1 2 3 4 0 1 2 3 4 50 1 2 3 4 5D 1 2 3 >0 12 3 049 50 I 2 3 4 50 1 2 3 4 5

tirne= [h]

titne (]

Liene [l ]

lime [he]

tiree [ha]

tme ‘hrl

Iintilu]

clozk

slack

zlack

¥
o

v

clack

clock

tes3rd

wes3rd tesiry teezrd

k]
-

tecdrd

WCLIOM A

b RSN B P

I LU A 3N

b AR ARSI L RO A

MRS IUnLEN

ISz

ock

MELLULLI UGN,

[ HAA IS B R

Rl LU LN

T oenteLIZilne ECLULLIA

R AL I20LUN

L DIUCA

artCIOZ0oW,

201N

300,
200
100

0

[ 1 3 s mriimiy

NEE M v SN

2 3 1
time [hr]

WELSIOLAN

S

L
b

L i e ) (B A

NI RS HS

——
)

]
"

N RIS

— T ——e—

2 3 4
tima [hr]

50

AT WILNG

1

ark CZOGL0N

N . .
ark CSS0LaN

MRS BN

2

time [hr]

o xX2101L0s LECI1ITA

CERS2IM8

RSO0

NEESAIN D

3 14 50 1 2 3 a
time :hr:

0 1 2 3 1
Hiv e “' l']

50 2

N LR A LB S bl B L) AT K E b

erk CSI0LLON

e RS0 000N

BOE N AN

2 3

nme hr]

ARl

1

ELL N B PO

5

€W CIOILIA

ARG

01 2 3 4 5
time [hr)

EASEOM N

=14
AN
=300

200
100

@l CRI11INN

()
-1¢¢
=200

AT TSO1NNG

A LTSNS LR sl I8 U] ERlbstal ]

=300
200
1qaa

ark CZI20LON

o
-100
20a

eTalI0alLEA

2000 L0 nixCI121Le4A et 2Z1CNEA

atECIXCI LA

erk CIIDLLE N

300
200
140

0
-1¢0
-200

al C0LEN

A1 OTSCCILNY,

Y

TSNS PR SRR LR U] ATERSICNEN

ATLRSICE B

el RAAD5LEN

N WWWM‘MN“ |~ |\"VV.AMM¢i*—AM W’F\

~300
200
laa

Ol ettty

-100
-200
- 100

LALLM IR SN

Tl hﬂw

S S5 AN T

R EKICLRS

TR A 5 L BT EERL S =2 ol gl 1]

f .
vv"-‘\j'\/‘ww e, \/\.a*-\'\"‘\.‘"v'ﬁs‘l

NSRS

200
1GaQ

1¢¢
200
200

MLV ELAN

! \
0 \-""“/' '\/\af‘.aw

YT IUILES

d. l.l l' J M
N ,“I "J' y \,\ J M

1 2 3 4

: G
tirre [77]

50 L 2 1 a4 50 1

: 2 3 A4
time |[br]

3 50
tiree A7)




Solar Cycle
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LOFAR LBA A-Team survey:
AIM: 5” resolution model
of the 4 brightest sources

in the northerns sky

Cygnus A Cassiopeia A

Taurus A
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