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What's next?

WWW.CSIro.au

“Next-generation” = Wide field of view, high sensitivity
e Digitize immediately after amplification

o Advantages
e Accurate
e EXxtensible

o Disadvantages
e Major exercise in computing
e FPGA's spreading from correlators upstream
e Power consumption - antennas replaced by silicon

‘ Il ’

CS5IRO




Measuring the electric field

o Use tiles of receptors

o Amplify, digitize,
transmit

e Form beams by
summing digitized
voltages

o Can use either as-is

or in focal plane of an
antenna

Second digital revolution in radio
astronomy

Vivaldi feeds




Aperture Array Dld Dld %ﬂ %ﬂ Dld
» Form multiple

beams on the sky
» Beamformers can

be analog or digital

e Beams can be

X

—

steered
independently

Synthesized beams

Element antenna pattern

LOFAR, LWA, LFD

Integrate

Station antenna patterns B2 “*
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Phased Array Feed

Put at focus of an
antenna

e Antenna acts as a )

T

Integrate

concentrator

Critically sampled
or better

Excellent upgrade
for existing
antennas

e Apertif for WSRT

Can control foupe =
iHlumination of
antennas

e Optimize efficiency
or sidelobes

XNTD, Apertif




The Square Kilometre Array will have both...

Central all-sky monitor built as aperture array

Surrounded by stations of PAF enabled antennas
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SKA - the reference design
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Early demonstrators at Mileura, Western Australia

MIT LFD @ Mileura
4x4 crossed dipole array
80 — 300 MHz
NSF funding for 450 tiles USD 10M

CSIRO xNTD @ Mileura
~700 MHz - 1.8 GHz

XNTD + LFD ~ a prototype of the
Present SKA ref design @ Mileura
Shared backends, infrastructure,
etc.




LFD and xNTD
Science

LFD will try to
observe HI
reionizing around
quasars just turning
on

XNTD will survey HI

out to redshift 0.2
(all sky) and 0.6
(one patch)

And lots of other
science....

SKA will observe
“all’” HIl in the
universe

Time since tha
Big Bang (years)

~ 304 thousand

= 500 milleon

= 1 billsan

= 8 billan

~ 13 billlon
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A schematic Outline of the Cosmic History

++ | he Big Bang

The Univarsea filled
with iemized gas

“+ The Univarse bacomes
naufral and opagque

The Dark Ages starl

Galaxms and Quasars
bagin to form
The Reionization starts

The Cosmic Ranalssanca
The Dark Ages end

#-Reaionization complate,
the Universe becomes
fransparant again

4 Galaxies evolve

The Solar System forms

Today: Astronomers

figure it all out

S.G. Djorgovski et al. & Digital Media Center, Calech




Low Frequency Demonstrator (LFD)

Array (~1.5km diam.)
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e “Antenna” = collection of Antenna file {dm din)  Cluster (50-100m dizm)
tiles T N
e Can form a beam or multiple .\//
beams electronically Trr k —
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o Correlate antenna beams I B R
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Extended New Technology Demonstrator (xNTD)

e 30 antennas of 12m
diameter

e Baselines of about
2km

o Phased array feeds
of about 30 elements

e 0.7-1.4 GHz

e To be sited at
Mileura, Western
Australia

o $50M+ budget
e Operational 2011
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ATCA mosaic of Chandra Deep South South

Telescope:can only
see this area at once

o Painstakingly
made from
about 20
separate
pointings

o About 60 days
observing with
Compact Array
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XNTD will image entire field in about 30min

continuum sky in a
week

Survey all HI out
toz~ 0.21in 1
Survey HI in one
pointing out to z ~
0.6 in half a year
Transient sky -
minutes to days

years
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Phased array feeds
can see entire field

simultaneously
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Performance of PAF

Number of elements summed determines quality of
synthesized antenna beams

Cost of beamformer is directly proportional to the
number of summed elements

Gain stability of PAF will possibly limit the dynamic
range in continuum and spectral line

Bandpasses of Vivaldi PAF poor

e CSIRO developing novel design with better behaviour

Investigating schemes to calibrate eigen-modes of
PAF by switching

e Prototype these on the New Technology Demonstrator
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New Technology
Demonstrator

o Test bed for PAF
development required for
XNTD

o Two element
interferometer in Sydney

e One element has PAF

o Recently observed
fringes on M87 at
1.4GHz

e element by element

e summed

M87_synthbeam_noiseweight_fringes_1.420_cor203.ms
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Imaging for PAF enabled synthesis arrays

Imaging straightforward - can use standard mosaicing
theory

e Image fields separately and then combine (deconvolved)
Images

e Use Fourier plane convolution techniques for fast mosaicing

Need to model and remove bright sources in the
primary beam sidelobes

For xXNTD, can take advantage of excellent point
spread function from long integration with 30 antennas
and multi-frequency synthesis

Need high accuracy, broad band multi-frequency
synthesis deconvolution algorithms

Polarization likely to be difficult - element coupling
must be calibrated
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Example xXNTD mosaic from 30 min observing
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Rotating Phased Array Feed

For alt-az telescope, sim_xntd30_g
PAF rotates on sky |

Could take out in: | T A
e Antenna (equatorial | |
|

mount) - .
e Mechanical feed rotator . '__ il 5 s e _
e Beam former g i :--'_l'. it
e Imaging software 45°00' ; oA * "i’;. -."r-_ -
Still evaluating TR -‘l.-:i-'"i;—"- -y,
What happens to the ~ e IR
feed legs? 0k |
e Probably ok to ignore I
e Especially with special 4600 !—
PAF weighting | ¢
12 32 :




XNTD pipeline processing

Data volume ~ many TB per hour
Spectral line processing -16384 channels - dominates
Partition by beam and spectral channels (a chunk)

REl dB Telescope Coantinuum

history Sky Mode
lg\ f "’i s' ‘&
\ /
9 / \
I T
N ¥
Corre atn::r CSM Beam Lmear
o8
Adjacent HI Sky
hearms Catalog

XNTD HI emission pipeline
- One per search volume
- Single pass
- Coupled to continuum only via
SRy catalog
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Aperture Array calibration and imaging

Calibration
e Mostly low frequency issues
e Calibration of non-isoplanatic ionosphere very hard

e Many objects to calibrate on but questions about
computability and stability

e Talk by Nijboer later in this session

Imaging is hard because array shape as seen from
the source is constantly changing

e Analogous to but worse than PAF field rotation
e Algorithms exist but are intrinsically expensive
e Still being worked on....
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From XNTD to SKA

o If XNTD works one part of
SKA could be composed of
~ 100 xNTDs spread over

3000km
e Challenges increase!

o SKA computing >1000
XNTD computing
e >100Pflop instead of 20Tflop
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More Info

Talk at http://www.atnf.csiro.au/people/tim.cornwell

XNTD at http://www.atnf.csiro.au/ska

SKA at http://www.skatelescope.org
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