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(7~ Pulsars and transients

I\CRAR
\%.though similar, require subtly different detection
strategies

— You cannot

— trade integration time for instantaneous sensitivity on a transient
— [usefully] perform a Fourier periodicity search on a transient

— deduce its position to sufficient precision to be useful unless
multiple stations observe it

— verify it after the fact unless you have buffers holding station
voltages

— The single greatest specifications driven by
transients are
 access to pre-correlation datastream
— to enable high time resolution

* a sizeable voltage-stream buffer
— for after-the-fact verification and localization
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7— What is there to find?
Q@ E.g. Lorimer Transients

T T T T T

- First detection of local ionized rlmerBurst MkII
IGM? _ NG 1 Vo 1 8

— DM suggests extragalactic

 Position poorly localised B S N TR e

- Verification difficult with single e

antenna

« Large FoV needed to detect

even relatively common events ..
(e.9. GRBs ~1 sky-'day') ’

H

|| Keane, Kramer, Lyne,
Stappers, McLaughlin 2011
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’&:t*:’f‘ﬂ J;l( Figure 3. (Top) A plot of the J1852—08 burst in frequency-
i ;F *‘klﬂ"ﬁh To detect one extragalactic burst
ﬁ‘ﬂ may be regarded as a mistake; to
detect two looks like carelessness.




~— This station is now the ultimate power in the
@9 Universe. | suggest we use it.

Prominent Operational & Upcoming Projects

1. V-FASTR - a fully operational and automated transients detection pipeline
— showcasing a suite of new detection algorithms

2. LOFAR Transients Key Science Project & Variants

3. CRAFT (ASKAP)
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7~ V-FASTR - incoherent
@ﬁ power search with
coherent followup
ICRAR-Curtin/JPL/NRAO

— [incoherent] DiFX software
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dedispersion/search engine ” ) | A S 5
— [coherent] Candidates ol 0 \ Y

(mas)

baseband data on

identified and 1s sections of J |
candidates dumped j

— Telescope separation - excellent
signal localisation & false +ve
rejection

— Proving ground for new .
approaches: JPL machine oy
learning algorithms, FPGA- J ‘
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based dedispersion hardware 20 0 20
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Mop center: RA: 03 32 59.394, Dec: +54 34 43.765 (2000.0)
Map peak: 15.4 Jy/beam

Contours %: —5 5 10 20 40 80

Beam FWHM: 13.9 x 3.44 (mas) at —14,3°
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(%) ASKAP and CRAFT
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@ Dedispersion & Detection on an FPGA
ij A detection solution for CRAFT

FPGA Based Transient Detection Platform for ASKAP

10GbE NIC Card

ASKAP Ant BF 1 1GbE
(Receive Packets)
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"
N Switch

Pico PCI-E FPGA Carrier Card
(Data Summation, Transient Detection)

CPU
(Monitor/Control)

T Radio Transient Detection
ASKAP Ant BF36 Host Computer

ASKAP Antennas
& Beamformers




dynamic noise
s ¥ modelling
'—‘. ‘ . — . ' . . J Stlo%is 179200000 Min 5.1092(75510'219 ﬁ

Mean: 73.198 Max: 516510.219 Mean: 0.232 Max: 8.889

el s )| for effective RFI | EEEEARE el
removal and
transient detection

]
-1.254 8.889

Count: 19200000 Min: -1.254

filterbank noise
post-filtering

filterbank noise
pre-filtering

A CPU/GPU machine for
real-time searches of fast
transients

DM . . _
s GPU dedispersion: 4000 dispersion measures searched,

ol only pulses from B0329+54 detected, no spurious signals
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(720
'gﬁj Fly’s Eye, Incoherent widefield, or coherent
survey?

« For an array of N stations, each with limiting sensitivity So

— Fly’s eye covers N x primary field of view down to So
— Collimated Incoherent covers 1 x primary FoV down to

sensitivity So/N'2
— Coherent covers € Qsynth=¢€ TT(A/d)? [Qsynth € Qprimary] down to So/N

* Which is best depends on the slope of the Rate vs So
—3/2+6
R o €15, /24

Single element: Incoherent Coherent Incoherently
AA station or dish combination combination combined subarrays
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(720
@j Fly’s Eye, Incoherent widefield, or coherent

survey? |
number of tied-array beams
 Fly’s eye or coherent? /
Rcoher _ f synth Nl /2—6
7zﬂy’s—eye Qt

« & must be large for the coherent approach to win

 If 0.5<06<1.5 we eventually lose for large N with a
coherent survey

e Coherent or collimated incoherent?

7?fcoher _ ngynth N3/4—5/2

7?fcol Qt




Maximising bang for buck
see Colegate & Clarke, PASA 2011

« We consider the AA-lo layout of Memo 130
(Dewdney et al. 2010)

Diameter 180 m, 50 stations, 11200 elems/station
— 25 stations at (r <0.5 km)
— 10 stations (0.5 <r < 2.5 km)
— 15 stations (2.5 <r <100 km)
70 - 450 MHz S
Densé-sparse transition at 115 MHz
Tsys = 150K + Tsky — Tsky=60 A%>° K

Station
D=180 m

N,.=11 200

ore: D=1.km



(7 Relative Detection Rate
=/ assuming R «< Q S92
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@ Relative Detection Rate per beam
/" assuming R « Q S¢32

1x1079 ¢

5%10~6

Collimated Incoherent the most cost-effective
+ cf Cordes Memo 97 which uses “Survey
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Speed” « Q S¢2 as the metric. He finds

coherent ~ incoherent
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~— Relative Detection rate per Operation
\ (beamforming dominates ops count)

110718 1
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) : Cost per beam is a good proxy for total cost
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1x10™22

5%10~23

relative detection rate per op

assuming R o« Q Sy32

Relative Detection rate per Operation
(if beamforming paid for us, so dedispersion dominates)

Sweet spot is at the
sparse-dense array
transition

Coherent

Incoherent
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@ Transients detection is compute and |/O

\_ limited

— Cannot possibly tile the entire array FoV using a
coherent approach involving all stations

 Follow LOFAR approach and just use the inner stations

— Npix~(max baseline/station diameter)?~309000
 could be as low as 192 if we use inner 2.5km stations
* but localisation only to 3" at 150 MHz

« arguments that longer baselines better for ionospheric
correction for observations over a wide FoV

— Find a better solution to the detection and
disdispersion problem than the brute force
approach



@ What do we what?
=
— A modular/spigot-based philosophy to system
design that enables us to
 access total powers of stations
 access station voltages

 place buffers at a variety of levels in the hierarchy
(lowest access point TBD, but likely close to the station-
level, certainly not antenna level)

When do we want it?

 we are not so foolish as to believe that the SKA itself will
furnish purpose-built transients detection hardware gratis

« Spigots allow us to attach hardware as its capabilities
Improve




ﬁ Good systems design is 99% of our

RAR
\"__ requirement

* Transients are a no-/low-cost addition that ensures good
systems design is built into the telescope from the
beginning

* Must be built into AA precursors AAVS1/2

* Transients science is one of the few useful scientific
things such low sensitivity instruments could do

* They ensure a modular design that future proofs the
hardware for correlator upgrades 15++ years down the
track

 Needs to be included in the SKA DRM for Phase |

— ensure that engineers at the end of the production line do not
design out functionality even though it may not be immediately
required



