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* ICRAR/Curtin University (Aus)
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* University of Oxford  (UK)

* University of Cambridge (UK)
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* University of Malta

Large, international effort.
~$50M budget to pre-construction
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(7 SKA1-Low: Aperture Array Verification Systems

* Task: Demonstrate LFAA functionality/performance of

baseline design through accurate, in-situ measurement
- i.e. can we show that LFAA designs meet requirements?

* Solution: use an existing radio telescope (MWA) and

well-known properties of radio sky for:
1. absolute measurements of array sensitivity (A/T) and
2. beam pattern

* A. Sutinjo et. al., Characterization of Aperture Array Verification System 0.5:
Radio Astronomy Interferometry and Full-Wave Simulation. IEEE TAP submitted

* T. Colegate et. al., Antenna array characterization via radio interferometry
observation of astronomical sources, IEEE CAMA, 2014

* P. Hall et. al., First results from AAVS 0.5: A prototype array for next-generation
radio astronomy, ICEAA, 2013’
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) A A Verificati .
.@ﬁ perture Array Verification System 0.5

* 16 log-periodic ‘'SKALA’ antennas as a beamformed ‘tile’

* 50-350+ MHz

* deployed near SKA1-Low site under the MWA external
instrument policy
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7 For measurement: swap 1 MWA tile with
&) AAVS 0.5

.....

/

WA CBORETS MWA correlator

Pawsey Centre; Perth

Image credit: www.ivec.org



7 Measured and simulated sensitivity (A/T)

| | | T. Colegate, ICRA!R—Curtin, Sep 2014 Hydra A
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* Her A (19 Aug), X-pol (green)
Simulated, pointed to sky at Hyd A, 2% soil moisture . :
—— Simulated, pointed to sky at 3C444, 2% soil moisture Note: simulations
—— Simulated, pointed to sky at Her A, 2% soil moisture | INClude measured
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7~~~ AAVS 0.5 beam pattern at 220 MHz: X-

Cw polarization

Hydra A & MWA

|
an

Relative to beam maximum (dB)

AAVS 0.5

25,020 2009 2038 2107 2136

Local time (HH:MM)

Measured AAVS 0.5, X—pol (cyan)
—— Frequency-averaged measurements
—— Simulated beam pattern in model sky
- = -Simulated beam pattern, no sky
- = =20 error on the mean power pattern

22:04 22:33

23:02 23:31

* AAVS 0.5: Az=0°, ZA=14.6°

 Earth rotation: source passes
through AAVS 0.5 beam

* MWA tiles track source
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(7= Antenna array characterization - summary

N\
ICRATs
y
* Demonstrated measurement and simulation tools to test
array performance characteristics

 Our simulations generally show good agreement with

measurement, but we must ensure:

— simulations accurately represent the observation (soil, sky,
beam pointing)

— measurements are accurate (correct calibration!)

- These measurements were an important contribution to

the Square Kilometre Array preliminary design review
— AAVS 0.5 results, extrapolated to full-sized telescope, meet
current specifications

o s oA 10



./@ﬁ AAVSO0.5 RFoF tests

« 2015 March

* RF over fibre (RFoF) test
system for a single
polarisation on AAVS0.5
test tile

* Perform same A/T test as
previous, compare results




() AAVS0.5 RFoF A/T results
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@ Timeline and recent history
History
* 2012: initial antenna design/LNA testing in UK
« 2013+: installation of AAVS0.5 at MRO, connection to
MWA
* 2014: development of prototype RF, receiver & digital gear
by AADCC members
* 2015: successful PDR with special mention for prototyy\ing
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(twn  Timeline and recent history

&)

History

2012: antenna design/LNA testing in UK

2013+: installation of AAVSO0.5 at MRO, connection to MWA
2014: development of prototype RF, receiver & digital gear by
AADCC members

2015: successful PDR with special mention for prototyping &
verification

Future:
Aperture Array Verification System #1 (AAVS1)

Q1 2015: new LNAs, receivers, digital systems delivered

- Q3 2015: initial UK-based testing of ant->receiver->digital

systems

* Q4 2015: conformance testing & delivery to MRO
- 2016: AAVS1, installation at MRO, integration with MWA

- SKAlowAAVS.OzSKA 14
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(@ Aperture Array Verification System #1 (AAVS1)
&)
* Goal: Full-sized SKA station to properly test against
requirements
— Will use all proposed LFAA technology from antennas through to
digital beamformer, including RF over fibre
— Essential prototyping & development, but maximal re-use of

MWA infrastructure & systems
— Successful test will retire large amount of technical risk

* Current thinking:
— 1 x 256 antenna station; 3 x 48 antenna stations
- 35 m diameter stations (at least for 256 antenna station)
— Baseline lengths ~85—-240 m
* Aim to use similar interferometric methods
* Much of the testing of array performance can be done via

cross-correlation with MWA tiles (~75-300 MHz)
o skadowAAVs. OSKA 16
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@

Min. ant. e e
spacing: 1.5m A “Station” — 256 antennas

(beams sent for processing)

Station

35m dia.

A “Tile” — 16 antennas

* Low Frequency AA: 1024 Stations
(processed in one module)

* Antennas in a random pattern

X
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/c.wq RF fibre path to MRO control

| 1
w | I |ﬂ++++ il
‘ | | | [ | i [ mm 14 =
i ; | ; | Lilel 125 I_T||e£z
@ i ? | ., l | T:le’nm.lpn
: | ! H | el
= ek I X J._' : £ -—++-!—__L___._.._I_-|-I|+.|'-l'1“t}L _++_T TEE|
TileTi08 ) i (5 1
‘ \ e BTile 1020+
\ | s |++++‘ ;
" { | | ' . w Tlli_lﬂa |++++ rmmy
n B | o : _--;;‘“ ‘g » + +T”|EH'?‘ Tile82
’ I 7| 8 gl & | [F+++

F T+ T|Ie7’8+| Tile2 25
H

NG _____._!__S_z.GT‘?l.O-l.._z = : .—--—T.mmﬁH_- g
A : ' | . e R i8351 _”Tllom '—1 o |22t
EL13645 W EL16!647 58 E1116'6 545 ,Eflflewom 11066
‘ 5 j Tilen07, e pLild e b8
‘ ¥ W\J\? t’-ﬁl ﬁ pvesi
’ | —— s Tulelhlﬁ HI i
v | . ‘ } Receive 6 Tiets2 lii“
! 1 THElEl |4
K G S26.7084° % 56 S M
! ; E;%JP]EE
l = ; 2 2 |I|+(‘:]Tb+;
| Imagle ©r2015 ;CNES [CAStrium rrll'E]aL ‘
Pl el | S Cm— | \ ‘I] il R
; e XNRGoogleearnth
- C 1

2012 | Imagery, Dater 9728//2013 lat |-26.698692° lon 116.654026° elev. 3B2m eyealt 4:34 km




(@ Summary

N

Aperture Array Design & Construction Consortium is making solid
progress in development and verification during pre-construction.

* Aus involvement in AADCC is a comprehensive and essential
part of the Aus SKA effort

 Test and verification systems are an essential part of SKA-
low; On-the-ground prototyping avoids nasty surprises later.

- AAVSO0.5 utilises MWA collecting area, signal chain, M&C &
data processing expertise
- AAVSO0.5 system has demonstrated A/T meets spec at specified

fregs

— Beam model verification via drift scans of strong sources

- AAVS1 system to be deployed late 2015, again with focus on
integration with MWA for mutual benefit.
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é__\\ . .
@ﬁ Science with AAVS

AAVS1 = full SKA-low station = substantial collecting area (~1
m?/K @ 150 MHz = ~2700 Jy SEFD)

+ 35m “single dish”

* Improved MWA calibration (collecting area, FoV)

* Hybrid array imaging/calibration

* Low freq flux scale (with calibrated element)

* EoR PS with hybrid arrays
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