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Pulsar Survey Modes

• Incoherent beam(s): large FoV
• Tied-array beam(s): high sensitivity
• Online coherent dedispersion: highest time 
resolution.
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LOFAR Pilot Pulsar Survey (LPPS)
• Incoherent beams (all avail. stations)
• 7 beams of 7 MHz each and 0.65ms samp.
• 57 minutes per pointing (82GB)
• ~167 sq. deg. FoV per pointing
• ~200 pointings taken during Christmas 2010
• Data being processed on “Hydra” at the 
University of Manchester
• Pipeline code written by Thijs Coenen (UvA) 
now ready for production.
• Will (re)process all beams in the coming 
weeks.
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~400 7-beam pointings > -35 deg DEC
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LOFAR Pilot Pulsar Survey (LPPS)



NB: beams are 
2x wider than 
shown here.

7-beam HBA 
grid covers 166 

sq deg!!!
0

1 2

3

45

6
Detected Detected

Detected

LOFAR Status Meeting - May 18th, 2011 - Dwingeloo

LOFAR Pilot Pulsar Survey (LPPS)



Pulsar Survey Pipeline
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LOFAR Pilot Pulsar Survey
LOFAR
The LOw Frequency ARray !LOFAR" is a 
large new radio array operating at 
frequencies between #$ and %&$ MHz' 
The array consists of receiver stations 
spread over the Netherlands and Europe' 
In long integrations( LOFAR can make 
high resolution images; while in beam)
formed mode the data is stored at high 
time resolution(  but with limited spatial 
information'

Pulsars
Pulsars are awesome probes into 
fundamental physics' Through pulsar 
timing measurements companion masses 
are determined ( and neutron)star 
interiors or gravitational radiation is 
studied' Studying radio pulsar emission 
probes the interstellar material and 
magnetic fields(  and can be used to map 
the Galactic free)electron distribution' 
Neutron stars provide constraints on 
stellar evolution models and supernovae'

LOFAR Pulsar Observations
For pulsar observations the beam)formed 
mode provides the sub)millisecond time 
resolution that is essential' Because of its 
high sensitivity and large field of view( 
LOFAR allows for efficient surveying' It 
can produce a full census of the local 
radio pulsar population( out to % kpc *#+' 
LOFAR will also elucidate the unknown 
low frequency end of the pulsar 
spectrum'  For more information see *%+'

This work: LPPS
We are currently performing a first 
shallow survey of the northern sky: the 
LOFAR Pilot Pulsar Survey !LPPS"' All 
available LOFAR stations are used and 
their signals added incoherently yielding 
, beams with , MHz of bandwidth each' 
Each pointing has a footprint on the sky 
of #-. square degrees with an integration 
time of ., minutes'

Using the PRESTO */+ pulsar data 
reduction package the data is searched 
for the periodic signals of pulsars( the 
intermittent emission of Rotating Radio 

Transients !RRAT"( and single dispersed 
bursts from general fast radio transients' 

The LPPS survey is currently underway 
with half of the Northern Sky already 
observed and partially processed'  The 
data reduction is an iterative process of 
searching the data( identifying man)
made interference and masking that 
interference out' The high frequency 
resolution of LOFAR allows for very 
precise masking of bad observing 
frequencies( the search software allows 
for further mask ing: Man )made 

interference can be identified by its 
absence of dispersion measure !i'e' no 
free electrons along the line of sight"( 
unnatural brightness( occurrence in 
several beams at once( non)pulsar)like 
profile shapes or narrow bandwidth' We  
expect to discover several new pulsars in 
LPPS'  The `blind0 re)detection of known 
pulsars in the survey data( using our LPPS 
search software( provides confidence in 
our approach'
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LOFAR Pilot Pulsar Survey (LPPS)



Redection of recent, faint GBT discovery
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LOFAR Tied-Array Survey (LOTAS)

• Tied-array (coherent) beams (Superterp)
• 19 beams with full 48MHz and 1.3ms samp.
• 17 minutes per pointing (246GB)
• ~3.7 sq. deg. FoV per pointing
• ~200 pointings taken from May 11-15th 
• Used CEP2 and the new Scheduler
• Increase in sensitivity ~9xLPPS
• Less affected by RFI? 
• Data being processed on CEP2 (takes 
~5hrs per beam using 12 cores)
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LOFAR Tied-Array Survey (LOTAS)
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Big thanks to Anna Scaife... Honorary Pulsar Person

Dec = 0 Dec = 30 Dec = 50

For 12 Superterp HBA sub-stations

Beam model



LOFAR Tied-Array Survey (LOTAS)
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LOFAR Tied-Array Survey (LOTAS)

LOFAR Status Meeting - May 18th, 2011 - Dwingeloo
-0.17 -0.058 0.06 0.18 0.29 0.41 0.53 0.65 0.77 0.88 1

1

3
4

8

10

12
13

16

18



Searches with Online Coherent Dedispersion 
• Online coherent dedispersion implemented 
on BG/P and being integrated in MoM etc..
• Could use this same code to produce 
multiple dispersion measures (beams) in a 
single direction.
• This would provide a powerful tool for 
targeted searching for millisecond pulsars 
(e.g. search Fermi gamma-ray sources).
• e.g. generate DM 0,2,4,6,... online 
(coherently) and then fill in the gaps with 
offline incoherent dedispersion.
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Searches with Online Coherent Dedispersion 

• e.g. generate DM 0,2,4,6,... online (coherently) and then fill 
in the gaps with offline incoherent dedispersion.
• Hybrid coherent/incoherent search, greatly reduces intra-
channel smearing and opens the high DM space for MSP 
searches.



Summary
• A LOFAR pulsar search pipeline has been 
developed and is being optimized by running 
on real LOFAR data.
• Two large datasets exist (LPPS and 
LOTAS) and provide the prospect for not 
only debugging any remaining issues, but 
also for finding new sources soon.
• Blind searches for millisecond pulsars 
would be greatly aided by an online coherent 
dedispersion mode for multiple DMs.
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