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LFAA and the AADC
= Recent history and progress

= Antenna arrays
= Design
= EM modeling
= OSKAR Simulations

= Coming work
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What is the Reionization Era?
A Schematic Qutline of the Cosmic History
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5.5, Djorgovski et al. & Digital Media Center, Caltech

4+ The Big Bang

The Universe filled
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4-The Universe becomes
neutral and opaque

The Dark Ages stan
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Signal Processing
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..ff Costing after re-baseling

e €89M LFAA Element Cost Distribution

— 21% Antenna & LNA € 2263376
— 17% Receiver €

4,941,717

€ 3,604,899

€ 5,697,768

— 20% Signal Processing

— 31% LINFRA
» On av. 20% contingency include

€ 15,700,557

e ‘Sanders’ method used

E] FAA Management

H| FAA Systems Engineering
Antenna & LNA

H Receiver

Signal Processing €16.479.003
B | ocal Infrastructure i

64 2016 Local Monitoring and Control
anuary B Commissioning & Verification




wﬁ AADC Consortium Members

= ASTRON NL

= |CRAR Australia

= INAF Italy

= KLAASA (CETC38) China

= STFC UK new!
= University of Cambridge UK

= University of Oxford UK

= New associate: Nice Observatory (Observatoire Cote d’Azur)
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LOW-FREQUENCY APERTURE ARRAY

Test arrays: AAVSO0 (Cambridge)

= |[ocated at Lord’s Bridge

» Hexacopter beam test

Normalized array pattern at 350 MHz
uv plane, 150 m height

*In preparation for IEEE TAP
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LOW-FREQUENCY APERTURE ARRAY

Hexacopter at Cambridge

Photogrammetry to find
positions of the elements
(~ 1 cm accuracy)

6 January 2016 URSI meeting, Boulder



Embedded Elements

Embedded-element pattern at 350 MHz (E-plane)

10 10
5 - 5 ) - S
l"’
0 ol
g g 5
= =
§ -10 o é -10
5 15 .I, N\‘-‘—\‘ l’ \\-\"l’ \\ |:_)
< ° \ II “ - ,/ < -15-
-20 \ ! 20 N
1 ,’ |‘ ,' = CO meas
e A S e -
i I " —— X meas v
3 =X SiM \‘ 'l ==X SiM
~B50 -40 30 -20 -10 O 10 20 30 40 3 0O 40 -30 -20 -10 O 10 20 30 40 50
Zenith Angle (deg) Zenith Angle (deg)

6 January 2016 URSI meeting, Boulder



LOW-FREQUENCY APERTURE ARRAY

Test arrays: AAVS0.5 (MRO, WA)

5 i o fitiaaiinas e

+ Measured ||

4 | o Model |
= 16 antennas connected to g2
MWA back-end 2 )
= Hydra A %;
= AAVS - MWA g
= 112 sec, 32MHz, around 119MHz Bl

B> % 6 B 10 42 4 96 18 30 B 2

= Good initial verification of Local Time

scalable LFAA design tools

*IEEE TAP 2015, Sutinjo et al.
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LOW-FREQUENCY APERTURE ARRAY

Recent work
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Recent work (cont’d)

=" Antenna power unit and Interface

SKA LFAA RFI Measurement at LB (2015/11/20-16:16)

= Pre-AAVS1 (Cambridge): SKALA-2 + TPM m. H

SKA LFAA RFI Measurement at LB (Z015-11-30T16:54:08,715565)

S

@
Power (dBm}

Tirme Elapsed ih)

L - b & & s & &
5 H] S & 8 & S &
-4 8

Power (d8m)

010
Frequency (MHz) +1.3756e2

6 January 2016 URSI meeting, Boulder



Shy Tamperarures tocel

d increasing

Sky Brightness Temparatre (K]

1 1 1
100 200 300 400 450
Freq [MHz]

5
o
=]
% 4
ic 180° 0?
2 3
]
z

2 131 MHz

05082 dB g

0 |
50 100 150 200 250 300 350 400 450 500 550 600 650

Fecsnc (1) *IEEE TAP 2011, de Lera et al.

6 January 2016 URSI meeting, Boulder

0
270



=2y

LOW-FREQUENCY APERTURE ARRAY

Antenna Arrays: Design

Sparse Regular Array Antennas

07

AamO L

Sky (Haslam) Lat = 28.59S, Long = 115.45E Triangular Lattice Beam
Date: 01/01/2020, Time 19.33h 10,000 elements, d = 0.8\
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Antenna Arrays: Design

Sparse Random Array Antennas
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Sky (Haslam) Lat = 28.59S, Long = 115.45E Random Lattice Beam
Date: 01/01/2020, Time 19.33h 10,000 elements
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e Antenna Arrays: Mutual coupling

T T
=== |nifinte regular array - simulation ‘
=== Antenna in AAVSO array —
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Antenna Arrays: Element design
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*SKALA1: EXPA 2015, de Lera et al.
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Resonance found while measuring RFI at the MRO
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Antenna Arrays: EM modelling o |
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— 45 Antenna Arrays: EM modelling
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Antenna Arrays: OSKAR simulations

= |n preparation for MNRAS. Oxford (B. Mort and F. Dulwich), Cambridge (N. Razavi
and E. de Lera), Manchester University (K. Grainge)

v
| I [ | e 100 MHzZ]|
-5 m | T | =200 MHz 1
10k | 1 \ s i | B!
i SLL~: \ C§ "0'3"?" N=256 |
g |
= .20} | |
3 mIE NE
3. | M-
T .
T ) - A J
UER M
13 + Iv
o 02 04 08 08 1
sin(0)

North (km)
o

6 January 2016

East (km)

Ralativa Power (dB)

]

'
=
o

SKA-LOW typical station response (cut ¢=0°)
Y

Uniform Weighting
Taylor Weighting (28dB)

Single

— Cross-Ccorrelation cross-correlation

10 8 & 4 2 0 40 -30 .20 10 0 40 -30 20 20 O

Stokes-| beam amplitude [decibels)

URSI meeting, Boulder

FSSN [m)y/beam]

1072

10

e————=o 50 MHz Fereeeene %« 110 MHz

% — - -V 70 MHz

G——% 170 MHz

& - - —o 350 MHz
Xeveorene x 650 MHz

| (a) Un-apodised beam, Uniform visibility weights

™.

L L

10!

1 1
102 103
Observation length [seconds]




Coming work this year: AAVS1
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Internet I/F
Station I
box IITMII MWA
TPMs Controller control
System
1
ool
g MCCS
¥ Q
m o Servers
=3 T
3 |
0
il
Fibre cables Fibre 3 — — Beams to
576-core splicin < >
plicing : S vE— Y/
. 8 [ > Correlator
. )
=
63: <
Signal data
> Recorder [«—>
(server)
Internet
25 Signal data I/F
power ey
Clocks from

MWA/Maser /
6 January 2016 URSI meeting, Boulder




Atthe MRO
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! Thank you

e Questions?




