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A bright, millisecond radio burst 
of extragalactic origin

• Dispersion delay 
follows λ2 law, and burst 
appears scattered 
towards lower end of 
the band

• Dispersion measure 
places the source 
outside the Galaxy
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Science of radio transients

Isolated bright bursts from 
neutron stars, not obviously 

periodic, found through 
individual pulse search
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• Survey Area: -260 < l < 50 deg , 
-5 < b < 5 deg

• Center Frequency: 1374 MHz
• Bandwidth: 288 MHz

(96 channels x 3 MHz per 
channel x 2 polarizations)

• Sampling Rate: 0.25 ms x 1 bit 
per channel

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

• 14” per beam
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PARKES

LOFAR-150MHz

Radio transient
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Transients and Pulsars

Epoch of Reionization 

High Energy Cosmic Rays

Surveys and the Distant Universe

Cosmic Magnetism

Solar Physics and Space Weather
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LOFAR international stations

• Large collecting area (96 coherently added dipoles), high 
sensitivity. 9 (+3) international stations, equivalent to 50m dishes

• Very fast sampling rate, 5.12μs data

• Large fields of view, 10 to 100s of square degrees

• Can be used for continuous monitoring of large parts of sky
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cold plasma dispersion law

86 Effects of the interstellar medium

Here ne is the electron number density, while e and me are the charge
and mass of an electron respectively. For the ISM, we find that typically
ne ∼ 0.03 cm−3 (see, for example, Ables and Manchester (1976)), so
that fp " 1.5 kHz. We note from Equation (4.1) that a wave will
not propagate if f < fp. This fact is sometimes used to constrain the
plasma density in a pulsar magnetosphere or the location where the radio
emission leaves the magnetosphere (Ruderman & Sutherland 1975).

4.1.1 Dispersion

From Equation (4.1) we note that µ < 1. It follows therefore that the
group velocity of a propagating wave vg = cµ is less than the speed of
light c. Consequently, the propagation of a radio signal along a path of
length d from the pulsar to Earth will be delayed in time with respect
to a signal of infinite frequency by an amount

t =

(

∫ d

0

dl

vg

)

− d

c
. (4.3)

Substituting vg = cµ, and noting that fp $ f to approximate µ, we find

t =
1

c

∫ d

0

[

1 +
f2
p

2f2

]

dl − d

c
=

e2

2πmec

∫ d
0 ne dl

f2
≡ D × DM

f2
, (4.4)

where the dispersion measure

DM =

∫ d

0
ne dl (4.5)

is usually expressed in cm−3 pc and the dispersion constant

D ≡ e2

2πmec
= (4.148808± 0.000003)× 103 MHz2 pc−1 cm3 s. (4.6)

Note that the uncertainty in D is determined by the uncertainties in
e and me. Throughout the rest of this book, we will often write the
approximate numerical factor of 4.15 for convenience, but recommend
using the full precision in D in practice1. With this in mind, the delay
between two frequencies, f1 and f2 both in MHz, is

∆t " 4.15 × 106 ms × (f−2
1 − f−2

2 ) × DM. (4.7)

1 Note that our definition is the reciprocal of that introduced by Manchester and
Taylor (1972), i.e. 1/D ≡ 2.41 × 10−4 MHz−2 pc cm−3 s−1.
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1-bit data from filterbank spectrometer

Brute-force dedispersion
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Optimisation:
memory size:IOs

fast memory
data reuse

thread occupancy
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SignalΔt

Δf

SignalΔt'

Δf

Additional
optimisation
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CPUs, GPUs...

Wes ArmourGPU de-dispersion : http://www.oerc.ox.ac.uk/research/wes
ARTEMIS: http://www.oerc.ox.ac.uk/research/artemis

50-70% of peak
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dynamic noise 
modelling

for effective RFI 
removal and 

transient detection

DM

time (s)

GPU dedispersion: 4000 dispersion measures searched,
only pulses from B0329+54 detected, no spurious signals

filterbank noise
pre-filtering

filterbank noise
post-filtering

Karastergiou et al. 2012
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Dispersion measure pc/cm3

Time (s)

Crab

HAMSA
T

HAMSA
T

• 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 1: 8 beams tracking circumpolar targets
• Pilot survey 2: 8 beams fixed on the meridian from 8o to 28o dec

Pipeline diagnostic plot from Pilot survey – daily summary from one of six beams

Receive udp 
stream Polyphase filter Raw to 

Stokes RFI removal Dedispersion output

S/
N

D
M

Time (s)

Crab
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Man-made interference is localised
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• Real time detection system which would easily detect 
RRATs and Lorimer burst as they happened.
• Affordable and scalable hardware
• Fastest ever dedispersion code on NVIDIA GPU
• RFI rejection performing well in very contaminated 

environment

Crab

B1919+21

26 December 2011
drift scan with beam at Dec=+21º

B1919+21

Crab

time (s)

??

? ?
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MeerKAT - ASKAP

Number of ~1 Gbps
 beams to process:

LOFAR: ~10-200
MeerKAT: ~500
SKA: x10000

The future

Processing will including folding, to search for 
periodic signals from pulsars
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I.  Discovery of pulsar and black-hole binary system
II. Detection of stochastic gravitational wave background

credit: jb.man.ac.uk
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Thank you
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