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Transients EoR via redshifted HI
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MWA Specifications

+ Snapshot imaging (0.5 - 8 sec)

+ Lots of “cheap” antennas
+ excellent instantaneous uv coverage
+ well constrained calibration problem

+ Fully-polarised (Stokes images)
+ Wide frequency range (31 MHz from 80-300 MHz)

+ frequency resolution of 40 kHz (768 channels)

+ Wide, steerable field of view (10-50 degrees)

+ A few arc-minute resolution (1.5 km: ~ 2.3' - 8.6")
+ plus a 3 km ring of outriggers (~ 1.1' - 4.3")
+ ~ km baselines — ~ 2D 1onospheric models
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Antennas

MWA analysis pipeline
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Wide-tield Approaches

c.f., Cornwell et al., arXav:0807.4161

3D transform
FFT (sparse volume)

DFTs (expensive) e
+ snapshot 1imaging with image
2 D transfor HLS resampling for time;depem%ent
image-plane facets T gf;llfei QLections:(in
uvw-space facets + snapshot imaging for transient
detection.
Warped SIlapShOtS + good snapshot beam.

w-projection

Combinations (e.g., peeling and segmenting)

Monday, 25 July 2011



Warped Snapshots

Simulated data, centred at HA = -3.5 to +3.5 hrs

Determine grid (wide-field effects & ionosphere) and weights
(primary beams & potentially FR) for snapshots

Re-sample to a constant frame for integration
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Real-Time System

— Calibrator Measurement Loop (peeling) —

|| by sub-band

Measure ionospheric
refractive offsets

l \ Ionospheric refraction

phase screen fits over FOV

Measure )
Memory buffer file Jones matrices : Use full band & A? dep. to

isolate from instrument phases.
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CPU+GPU Status

— Calibrator Measurement Loop (peeling) —

Measure ionospheric
refractive offsets

|

: Measure
Memory buffer : tile Jones matrices 5
Correlator
— Imaging Pipeline —
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Real-Time

Computer

Images out

Heterogeneous Computing Architecture

2xGPU Data in from

\ | 1lsaBs correlator
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Master Node

Pre-computations
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Output to image store

UDP
packets

2xGPU
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2xGPU
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L 4. 032)

Greenhill et al.

N + Parallel over frequency
+ MPI

+ 32 servers

2 x Xeon X5650, 6 core, 2.66 GHz
2 x nVIDIA Tesla M2070

2 x 300GB SAS RAID (6Gbps)
Have ~ 1/3 in Perth now

+ 5127 tests

12 freq. channels per GPU

21 degree FoV
50 sources calibrated & peeled

SULfiEEe e,

SEiieli W ke

Does not include all-sky primary
beam and ionospheric phase fits

+ 2.66 GHz quad core Nehalem +
NVIDIA C1060 Tesla GPU

+ completed in < 8 seconds
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[terative Deconvolution

Subtract model from visibilities

e.g., Bhatnagar et al., arXiv:0805.0834

Initial cal. models

Initial sky model

\_
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Update cal.

models

model visibilities

Subtract model
visibilities &
run CML

Stored

Grid, FFT, /

re-sample &
Integrate

Convert res. images to Stokes

Add sky model if needed

sky model

major cycle

minor cycle

Subtract model from images

Initial sky model

Generate
model visibilities

Stored
RTS cal. data
Grid, FFT,

re-sample &
Integrate

Subtract model
Stored :
: images &
RTS images integrate

Update
sky model

Convert res. images to Stokes

Add sky model if needed
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Project Status

+ Focused on building a tully-operational 128-tile

array (current funding limit). Infrastructure
designed with expansion 1n mind.

+ Currently working through the details of the

infrastructure tender process.

+ Running a 32-tile array in expedition mode
(several expeditions per year).
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128T Correlator

For 1287, the “X” part of the 1063 GFLOPS = 79% peak

67 GB/s = 38% peak

planned 512T correlator will
be replaced with GPUs.

F-engines: 2-stage FPGA PFBs
X-engines: RTC hardware

All x-engines can fit on ~11

NVIDIA M2070s

leaving ~ 53 for the RTS

GFLOPS
foN
S
<)
I

An alternative 1s to split the x- Lo

16 32 64 128 256 512 1024 2048

engines over all 64 GP US and Numbemmg;rk etal., arxiv:1107.4264

combine them with the RTS
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MWA 32-tile Prototype

analogue beamformer

bowtie dipoles
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Optical

Centaurus A

MWA @2.6m wavelength.
30’ resolution

: v ,C\;}.‘;\ i Centaurus A Radio Source T D
L IR i : : : : 'LBL, 66 GHz
o URER o ¢ Australian VLBI Network i
; . ¥ ; : ) 20 mas

L 3.4 Mpc; 1 mas = 0.02px

g

30"

* VLA, 4.9 GHz

ar
+

ATCA, 1.3 GHz

F. Briggs & S. Tingay
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FM-band Sky Survey

No deconvolution. max, rms ~ 215, 0.75 Jy/beam

Real-time calibratiofi“" imaging
with off-line t & v averaging

G. Bernardi
Monday, 25 July 2011




FM-band Sky Survey

1 source peeled. max, rms ~ 21, 0.36 Jy/beam

Real-time calibratioﬁ“‘~ imaging
with off-line t & v averaging

P
BN 4

G. Bernardi
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Real-time calibratioﬁ‘ Imaging

G. Bernardi




mZoom larger: m= zoom n on the image / (& Bernardi
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~

m image: n = select object. "’n = scroll image, -»m = measure WCS, Control '”m = select region 4 G. Bernardi
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mZoom larger: m= zoom n on the image G Bernardi
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Primary Beam Measurements
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Simple Beam Model

Antenna gain
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Simple Beam Model
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Calibrated Zenith Strip

G. Bernardi
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32T Solar Imaging

2010 March 27 04:24:52.5UT
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Oberoi et al., 2011, ApJL, 728:1.27

Monday, 25 July 2011



32'T Solar Spectra
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5-bit pulsar detections

2 Pulses of Best Profile Search Information
Candidote: PSR_0630-2834 RAj000 = 06:30:00.0000 DEC 3000 = —28:34:00.0000
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1-bit pulsar detections

2 Pulses of Best Profile Search Information

Candidote: PSR_0630-2834 RAj000 = 06:30:00.0000 DEC 3000 = —28:34:00.0000
Telescope: MWA32Y Folding Porometers

Epoch,,, = 55465.60587753430 Reduced X2 = 2.701 P(Noise) < B.44e=12 (w6.70)
Epocr\,.,y 55465.60617664178 Otsporsaon Measure (OM) = 34.547

T - 25e~05 (ms) = 1244.35(10) m (ms) = 1244, 42(10)

Doto Folded = 15998976 ':: (s/s), = 0.0(2.0x10"® P bor (s/s), = 0.0(2.0)x10"
Doto Avg = 1,239¢+04 P ypo (3/3°) = 0.0(3.2)x10°% P (s/5%) = 0.0(3.2)x107*
Daoto StéDev = 588.4 Binary Parometers

Profile Bins = 64 Pos (3) = N/A e = N/A

Profile Avg = 3.093e+09 a sm( )/e (s) = N/A w (rod) = N/A

Profile StdDev = 2.942e405 T = N/A
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Summary

The current focus 1s a fully operational 128-tile

array.

Infrastructure tender process 1s underway,
with array expansion part of the design.

Approximately 1/3 of the RTC hardware 1s in
Perth, and we will have a CDR very soon.

Monday, 25 July 2011



