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Main roles (inside the team)

G. Macario, G. Pupillo, G. Bernardi, G. Comoretto:

il

observing plans, data acquisition, processing, analysis G.Macario  P.DiNinni P.Bolli G. Comoretto
and interpretation, science commissioning INAF IRA Bologna and Medicina

P. Bolli, P. Di Ninni:
antenna and station EM simulations

J. Monari, F. Perini, A. Mattana, M. Schiaffino:
support on receivers/signal chain, data acquisition and

station monitoring . ,
J. Monari A. Mattana F. Perini M.Schiaffino

In collaboration with: M. Sokolowski, R. Wayth, R. Subramanhyan (/CRAR Curtin); S. Asayama, R. Laing (SKAO)
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Aperture Array Verification Systems (AAVS'’s)

HiStOFV of AAVS’s (see Monari’s ta|k) Inyarrimanha ligari:Bundara, CSIRO Murchison
Radio-astronomy Observatory site
Now: 2 full-size stations of 256 SKALA4.1al ¢
- AAVS2 (pseudo-random)
2019-2024
- AAVS3 (Vogel)

Nov 2023 - March 2024

Purpose: station validation in preparation to
Array Assembly (AA) 0.5: first 6 SKA-Low
Stations under construction, expected 2024.

— start of SKA-Low science commissioning
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AAVS2
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256 SKALAA4.1al
Operational at MRO since Dec. 2019 close-packed
pseudo-random log periodic - 2 pol.

— Frequency coverage: 50-350 MHz

38m diameter 1.6m x 2.1; 10kg
— FoV ~ 90°

reference design for

— Angular resolution: ~9° - 1.3° (50 -- 350 MHz) SKA-Low

G. Macario (INAF-OAA) The 4th National Workshop on the SKA Project, 28/11/2023, Catania 4/15


https://doi.org/10.1117/12.2562391
https://doi.org/10.1117/1.JATIS.8.1.011014
https://www.spiedigitallibrary.org/journals/Journal-of-Astronomical-Telescopes-Instruments-and-Systems/volume-8/issue-01/011016/Radio-frequency-over-fiber-technology-for-SKA-low-receiver/10.1117/1.JATIS.8.1.011016.full
https://ieeexplore.ieee.org/document/9107113

AAVS2 antenna and station beam patterns

credits: ICRAR Mutual coupling effects — Embedded Element Patterns
(animation 1) (EEPs) more pronounced at low frequencies

SKA-Low sensitivity and polarization performance

addressed by EM modelling (e.g. Bolli, Davidson + 2022)
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https://vimeo.com/icrar/SKA-Low-Ep2
https://vimeo.com/icrar/SKA-Low-Ep1
https://www.spiedigitallibrary.org/journals/Journal-of-Astronomical-Telescopes-Instruments-and-Systems/volume-8/issue-1/011017/Computational-electromagnetics-for-the-SKA-Low-prototype-station-AAVS2/10.1117/1.JATIS.8.1.011017.full

Observing with AAVS2 as a transit interferometer

_ . Ve Start time, UT
e Period: 4/2020 - 2/2021 (quiet Sun)

(MHz) | (yyyy/mn/dd, hh:mm:ss)
* zenith pointed snapshots 547 | 2021/02/19,03 : 03 : 01
e every5’, across 22-24 h — ~300 snapshots/obs. 70.3 | 2020/04/17,08 : 59 : 25
e 6 coarse channels of ¥ 1 MHz | 110.2 | 2020/04/21,10: 19 : 31
. _ 2| 1594 | 2020/04/07,16 : 26 : 58

e two consecutive integrations of 0.14 s, separated by
0.14 s (for difference imaging) =p| 229.8 | 2020/04/19,03:52: 11

320.3 | 2020/04/22,11:09: 11

- Simple Sun-based calibration: use only Sun (at transit), assuming average EEPs
- all-sky XX, YY and Stokes images mainly aimed at verifying:

— Sensitivity performance — performance
Macario+ 2022
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https://doi.org/10.1117/1.JATIS.8.1.011014

Calibration and imaging (vacario+ 2022, IATIS)  gharaaerization of the SKAI-Low prototype

station Aperture Array Verification System 2
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1. Sun based calibration efficient (>70 MHz) 2. Flux scales are consistent
Good agreement with brightness Tsky maps A-team sources integrated spectra agree with
(extrapolated from GSM), at all frequencies expected power-laws from literature
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https://doi.org/10.1117/1.JATIS.8.1.011014

Sensitivity (vacario+ 2022)
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SKA-Low A/T per polarization
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3. First ever observational validation of SKA-Low
sensitivity across its bandwidth

good agreement with simulation (<13%)
meet SKA-Low req. at all frequencies (up to

~2.3 higher)
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https://doi.org/10.1117/1.JATIS.8.1.011014

Polarization performance ( ) IXR

Intrinsic cross polarization ratio (IXR) — measures the polarization purity of the system

Instrum. pol. leakage
Simulated IXR map (160 MHz, dB)

2 2 2
D= \/M10+M20+M30
- | Moo Mueller matrix elements at each (0,¢) 2
— = computed from EM simulations
IXRy(0.9) = 555 :

see e.g. Bolli, Davidson +, 2022

Mueller IXR Carozzi & Woan, 2011

e Q’ Asumotion:
g ; sky emission is largely unpolarised

‘ N NS
\ L O

% Mueller matrix elements at each (60,¢) Novel IXR mapping algorithm:
. measured from observations — uses the Galactic Plane I, Q, U, V
(Stokes all-sky images) emission (> 5 sigma) as IXR tracer
Moo (6, &)l — compute and reconstruct all-sky
L(0, ) = ! i3
i) \/Mlzo(9~ ) + M2,(0, d) + M2,(6, §) observed IXR maps comparable
', )l with simulated maps
VQ70.4)+ UP0,6) + V20.4)
= IXRp (0, ).
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https://ieeexplore.ieee.org/document/5728847
https://www.spiedigitallibrary.org/journals/Journal-of-Astronomical-Telescopes-Instruments-and-Systems/volume-8/issue-1/011017/Computational-electromagnetics-for-the-SKA-Low-prototype-station-AAVS2/10.1117/1.JATIS.8.1.011017.full

Polarization performance |

LXK ™™ [dB] :

v IZO 1 - IZO
B - 5 > AT 05
R 150 4 g 15
) . Y
A - 11}
y
|
) | ,
[ |

IX R}y [dB)

OBS

SIM

10° } 10° | 10°
2 1

& 10 =10 !
|
|

Profile

‘ v 1} i
10° $ { 10°} * * ¥ { 10°

): results

3. First observational verification of
SKA-Low station IXR (polarization
performance)

e very good morphological
agreement between observed
and simulated IXR maps

e good consistency of IXR values
in radial profiles

e SKA-Low IXR requirement*

satisfied

*at least 12 dB over the whole observing band within the HPBW
up to observing angles of 45°
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Highlights of scientific results with AAVS2

- Southern Hemisphere real-time

all-sky imager and transient
monitoring (sokolowski et al. 21)

- 22 pulsars detections and
spectral analysis (Lee +22)

G. Macario (INAF-OAA)
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All known (catalogued) pulsars.
Observable sky from the SKA-Low stations,
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https://www.cambridge.org/core/journals/publications-of-the-astronomical-society-of-australia/article/abs/southernhemisphere-allsky-radio-transient-monitor-for-skalow-prototype-stations/E921D04E346E3C745C0E4D9D59096A3C
https://www.cambridge.org/core/journals/publications-of-the-astronomical-society-of-australia/article/spectral-analysis-of-22-radio-pulsars-using-skalow-precursor-stations/8354834433BD3EF715D275C73FBF1F51

SKA-Low sensitivity online calculator (sokoiowski+22)

http://skalowsensitivitybackup-env.eba-daehsrjt.ap-southeast-2.elasticbeanstalk.com/

Imaging Sensitivity of the SKA-Low Telescope

This option enables i

is 512) i pecified pointing (right
eye . durin g ions (hour angle range), and for specif ing bandwidth and integration period (default
Database of pre-computed sensitivity values 18 con) Tt on g i) v et inogs e
(10 MHz steps in 50-350 MHz, 1/2 hour LST intervals, and 5 degree pointing direction resolution) Coordinate Type Right ination (-80° - 63°)
. e RA [ DEC v 7353 -10,24
1.  Station A/T vs frequency (at specified RA/DEC or Az/El)
. e Hour Angle Start (-12h - 12h) Hour Angle End (-12h - 12h)
2. Station A/T vs LST (at specified RA/DEC or Az/El) e A
3 * Statlon a I I_S ky SenSItIVIty ma ps Center Frequency (MHz) Observing Bandwidth (MHz) Snapshot image integration time
4. Telescope Imaging sensitivity (for your “favourite” source) 550 300 ‘j‘::f)
(choice on: n of stations, bw, int time, frequencv and traCking time) Number of Stations Station Type Plot AT [m2/K] vs Output Format
6 AAVS2 v LsT .+ Show Plot
My favourite source SKA-Low (512 stations) My favourite source AA0.5 (6 stations)
frequency 55:00 MHz, (RA,Dec) = (73.537,:-10242) for AAVS2 Frequency 55.00 MHz, (RA,Dec) = (73.53°, -10.24°) for AAVS2
Expected 6.0000 [hours] image noise for X/Y/Stokes I is 20.000212 [u)y], 19.442398 [u)y] , 13.946621 [u}y] Expected 6.0000 [hours] image noise for X/Y/Stokes | is 1.867753 [mjy], 1.815660 [m]y] , 1.302428 [m]y]
2.00 2.00
X polarisation X polarisation

1.75 Y polarisation 1.75 « Y polarisation
v Stokes | < Stokes |
~ 1.50 SKA-Low requirement at zenith ~ 1.50 SKA-Low requirement at zenith
E e SKA-Low requirement (average above 45°) E -------- SKA-Low requirement (average above 45°)
= 1.25 -~ Table 9 in Braun et al. (2019) = 125 -~ Table 9 in Braun et al. (2019)
< 1.00 < 1.00
2 oy
E 0.75 g 0.75
g 0.50 2 0.50
(] " (7]
0 - ¥ Lo L} bd ¥

025 % s ‘ 025 *

000l - - 5 = 3 0007 > n 5 6 1

Local sidereal time [hours] Local sidereal time [hours]

Warnings: Only the thermal noise (no confusion, no ionospheric effects), uv-coverage, calibration and imaging choices not included
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https://doi.org/10.1017/pasa.2021.63
http://skalowsensitivitybackup-env.eba-daehsrjt.ap-southeast-2.elasticbeanstalk.com/

AAVS3 commissioning: the INAF observing team involvement
Commissioning plan: Dec 2023- March 2024

Array calibration, Imaging, sensitivity, IXR

Test

Objective and key results

Station layout

Calibration using sky
model (Sun + Galaxy
+ point sources) +
EEPs

Calibration solves for antenna
gains vs frequency
Make comparisons between
the AAVS2 (pseudo random)
and AAVS3 (Vogel)

AAVS2 and AAVS3
(simultaneous tests)

Flux Calibration

Establish calibration
procedures

AAVS3
(simultaneous tests
with AAVS2 is
preferable)

Gain and bandpass
calibration with Sun

Establish calibration
procedures with CASA or
MIRIAD.

AAVS2 and AAVS3
(simultaneous tests)

Test SN LS Station layout
results
AAVS2 and
All Sky imaging | all-sky images using AAVS3
for 24h CASA or MIRIAD (simultaneous
tests)
Station SEFD
verification with the
System GSM and EEPs AAVS3
sensitivity Imaging sensitivity
for 3C444 (TBC) and
A/T vs. time
IXR Establish IXR analysis AAVS3
measurements procedures

The 4th National Workshop on the SKA Project, 28/11/2023, Catania
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AAVS3 first light: 15’ correlated data (27/10/23) - 160 MHz - Polarization images (Sun based calibration)
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Summary and future work

SKA Phasel construction Proposal

Main results so far:

Key project milestone Identifier LOW Telescope
- SKA-Low sensitivity and polarization performance addressed by EM -
. . Start of construction TO 1% July 2021
simulations
Earliest start of major contracts CO August 2021
- SKA-Low sensitivity validated through AAVS2 observations,
o . Array Assembly 0.5 finish AA0.5 February 2024
- SKA-Low sensitivity calculator online
o o Array Assembly 1 finish AAl February 2025
- AAVS2 polarization response initially verified through IXR observed maps
Array Assembly 2 finish AA2 February 2026
Array Assembly 3 finish AA3 January 2027
ey . . A As bly 4 finish AA4 N ber 2027
Next: keep exploiting and growing the INAF team expertise towards the next it i
phases Of SKA_LOW Constru ctlon Operations Readiness Review ORR January 2028
End of Construction \/ July 2029

- AAVS2/AAVS3: commissioning plan tasks (cal. & imaging, sensitivity, IXR) T ——

- AAO.5 first observations upcoming (under construction, expected 2024) C or oy derenh o luion demonsiiated

= Imaging validated by comparison with results from MWA
= Data reduction expected to be offline

— getting ready for SKA-low science commissioning!

Contact: giulia.macario@inaf.it
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https://skao.canto.global/s/M8159?viewIndex=0&column=document&id=bg07p5lsdt2ep2iv9660tpd701
mailto:giulia.macario@inaf.it

