Searches for millisecond radio

bursts with GPUs on | OFAR
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A Bright Millisecond Radio Burst of ,
Extragalactic Origin dlo burst

D. R. Lorimer,”** M. Bailes,” M. A. McLaughlin,** D. ). Narkevic,* F. Crawford®

Pulsar surveys offer a rare opportunity to monitor the radio sky for impulsive burst-like events with | g | n
millisecond durations. We analyzed archival survey data and found a 30-jansky dispersed burst, less

than 5 milliseconds in duration, located 3° from the Small Magellanic Cloud. The burst properties

argue against a physical association with our Galaxy or the Small Magellanic Cloud. Current models for

the free electron content in the universe imply that the burst is less than 1 gigaparsec distant. No

further bursts were seen in 90 hours of additional observations, which implies that it was a singular

event such as a supernova or coalescence of relativistic objects. Hundreds of similar events could occur

every day and, if detected, could serve as cosmological probes.
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Science of radio transients

Letter

Nature 439, 817-820 (16 February 2006) | doi:10.1038/nature04440

Transient radio bursts from rotating neutron stars

M. A. McLaughlini, A. G. Lynel, D. R. Lorimeri, M. Kramer, A. J. Faulkner?,
R. N. Manchester?, J. M. Cordes?3, F. Camilo?, A. Possenti2, I. H. Stairs®, G.
HobbsZ, N. D'Amico2Z, M. Burgay2 and J. T. O'Brienl 700 |

solated bright bursts from
neutron stars, not obviously
periodic, found through
iIndividual pulse search
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* Survey Area:-260 < | < 50 deg,
-5<b<5deg

Center Frequency: 1374 MHz
Bandwidth: 288 MHz

(96 channels x 3 MHz per
channel x 2 polarizations)
Sampling Rate: 0.25 ms x | bit
per channel

Integration Time: 35 min per
pointing (13 beams per
pointing)

14” per beam
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| OFAR International stations

T —  —— —

T - —— - — .

* Large collecting area {96 coherently added dipoles), high
sensitivity. 2 (+3) international stations; equivalent to 50m dishes

* Very fast sampling rate, 5. 12is data
* | arge fields of view; 10 to 100s of square degrees

e Can be used for continuous monitoring of large parts of sky
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DM — / ne dl Brute-force dedispersion

At ~4.15x 10° ms x (f;*— f, %) x DM

cold plasma dispersion law
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hris Willlams
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PPF Stokes RFI
channeliser Generator clipper
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Asynchronous Task

( dispersion search (f,t)>(dm,t)

¢

event detection

(

output streamer

AN A,

AMPP

Artenmis Modular Pelican Pipelines

A NVIDIA.

Tesla M2050 / M2070 GPU
Computing Module




Optimisation:
memory size:l0s
fast memory
data reuse
thread occupancy
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Additional
optimisation




OXFORD

CPUS GELls - scHool

Comparison of different technologies

~New GPU Algorithm M2050 50‘70% Of peak

—+—-8x Xeon E7-8860 SSE (80 cores)

-m-4x Xeon X7550 SSE (32 cores)

—>~Previous MDSM kernel M2050
i7 2600K AVX (4 cores)
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Wes Armour

GPU de-dispersion : http://www.oerc.ox.ac.uk/research/wes
ARTEMIS: http://www.oerc.ox.ac.uk/research/artemis
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http://www.oerc.ox.ac.uk/research/wes
http://www.oerc.ox.ac.uk/research/wes
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— dynamic noise
¥ modelling
sy rn A ‘ !

= ' y S.109E-7 516510.219 -1.254 8.889
AN N LA AL Count: 19200000 Min: 5.109€-7 ’

Count: 19200000 Min: <1.254
Mean: 73.198 Max: 516510.219 . Mean: 0.232 Max. 8.889
StdDev: 3836.309 Mode: 1041.351 (19192 f ff -t RFl StdDev: 0.999 Mode: -0.498 (419523)
Bins: 248 Bin Width: 2082.702 Or e eC Ive Bins: 248 Bin Width: 0.041

. removal and ——
filterbank noise | 4ransient detection | fiterbank noise

pre-filtering post-filtering

GPU dedispersion: 4000 dispersion measures searched,

only pulses from B0329+54 detected, no spurious signals

1400T|Me (S)rso0 1600 1700 1800

Karastergiou et al. 2012
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Working prototype for non-image processing

Real-time searches for Individual Radio Pulses using CPU/GPU
Dedispersion over 4000 DMs per beam in real time with GPUs
Pilot survey |:8 beams tracking circumpolar targets

Pilot survey 2: 8 beams fixed on the meridian from 8° to 28° dec
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| Real time detection system which would easily detect
St 2B Vol RRATs and Lorimer burst as they happened.
CRIRE RIVEES Affordable and scalable hardware
Fastest ever dedispersion code on - NVIDIA GPU
RFl rejection performing well'in very: contaminated
environment

26 December 201 |
drift scan with-beam at Dec=+21°
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Number of ~1 Gbps
beams to process:

L OFAR:; ~10-200
MeerKAT: ~500
SKA: x10000

Processmg W|II mcludlng folding, to search for

periodic signals from pulsars




www.skatelescope.org

TR T s Glanwi s Moy,
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. Discovery of pdlsar and black-hole binary system
lI. Detection of stochastic gravitational wave background

credit: jb.man.ac.uk
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