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How do we find radio 
pulsars?

Finding radio pulsars is conceptually simple, 
however in practice there are a lot of details.

Unfortunately, there is a large number of different 
software packages involved

There are many telescope specific details that are 
not covered here
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What do the raw data 
look like

In this talk we assume you have data which is:

Regularly sampled and continuous (i.e. there are no gaps.)

Multiple frequency channels (also regularly spaced)

Single polarisation, pointed at a single location on the sky

Luckily this covers 99% of all pulsar search data.
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The process
DATA EXTRACTION

DE-DISPERSION

SINGLE PULSE SEARCH

PERIODICITY SEARCH

COLLATION OF CANDIDATES

FOLDING & OPTIMISING

CANDIDATE SELECTION

INTERFERENCE MITIGATION

RAW DATA FILE(S)

1 FILE - MANY CHANNELS

MANY 1-CH TIME SERIES

THOUSANDS OF PERIODICITIES

10-100S OF CANDIDATES

OPTIMISED CAND PLOTS

0-1 POSSIBLE PULSARS

Also “optional” items...

ACCELERATION SEARCHES
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DATA EXTRACTION

This is the name for a process by which we take the 
data as we have obtained it (from an archive, or direct 
from a telescope) and prepare it for our search.

The data may be in a number of formats, so we may 
have to convert it before it can be used for our search. 
(We will talk about this more later!)

We may have to extract a single observation from a file 
that contains many observations (e.g. multi-beam data 
or novel scanning modes).

At this point, we have a file containing a time-series for 
each frequency channel for a single observation.

RAW DATA 1 FILE, MANY CHANNELS
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DE-DISPERSION

We have to sum the channels together to get enough 
S/N to be able to detect any pulsars, however since 
we need to know the dispersion measure.

For unknown pulsars (i.e. when we are searching) we 
have to try many ‘trial’ DM values.

For example, for the HTRU survey we have 1200 trials 
with DM values between 0 and 1000 cm-3pc.

So we end up with one single-channel time-series per 
DM trial.

1 FILE, MANY CHANNELS MANY 1-CH TIME-SERIES
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PERIODICITY SEARCH

For the majority of pulsars, the individual pulses are too 
weak to detect.

The pulses are periodic however, so we use a Fourier 
transform to detect the periodic signal.

MANY 1-CH TIME-SERIES 1000S OF PERIODICITIES
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PERIODICITY SEARCHMANY 1-CH TIME-SERIES 1000S OF PERIODICITIES

Real data tend to be dominated by “red noise”, which must be 
removed in order to detect signals < ~10 Hz (i.e. most pulsars).

Typical approaches subtract a running mean (or median) and divide 
by a running RMS to whiten and normalise the data.

The whitening process is often complicated by RFI which can easily 
throw off the normalisation algorithm. The most common cause for 
failure to detect long period signals is incorrect red-noise 
compensation.
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PERIODICITY SEARCHMANY 1-CH TIME-SERIES 1000S OF PERIODICITIES

Signals from pulsars tend to have a fairly narrow duty cycle. This 
means that their spectral power gets distributed into many 
harmonics and so sensitivity is lost compared to an equivalent 
sinusoidal signal.

- Remember: a train of δ-functions transforms to a train of δ-functions!

We can recover this power by incoherent “harmonic summing”. 
Here we take the amplitude spectrum, stretch it by a factor of 2 and 
add it to the original amplitudes. The fundamental and 1st harmonic 
are added together and so produce a more significant spike.
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Harmonic Summing

F
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COLLATION OF CANDIDATES1000S OF PERIODICITIES 10-100S OF CANDIDATES

Once we have done our Fourier search, and found all the significant 
signals in the spectrum of each DM trial, we have a list of many 
thousands of periods, and their corresponding DM values.

Many of these signals will be either the same signal detected in 
several DM trials.

Some of these signals will be harmonically related to each other.

In this collation stage, we reduce all related periodicities into a 
single candidate, represented by its best period and DM.

Hopefully this is now a more manageable number of candidates, of 
the order of 100.
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FOLDING & OPTIMISATION10-100S OF CANDIDATES OPTIMISED CAND PLOTS

Although we now have a relatively small number of candidates, it is 
still not clear which are the most likely to be pulsars.

To help with this, and to optimise the S/N, period and DM, we fold 
the original time-series with the candidate period.
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FOLDING & OPTIMISATION10-100S OF CANDIDATES OPTIMISED CAND PLOTS
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FOLDING & OPTIMISATION10-100S OF CANDIDATES OPTIMISED CAND PLOTS
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Installing required 
software
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Required Software
There are a variety of different software pipelines that 
can be used to search for pulsars. Here we will 
introduce the pipeline used for the HTRU pulsar 
survey.

For this, we require a large number of software 
packages...

FFTW, cfitsio, pgplot, psrxml, pulsarchunter, pulsarhunter, 
presto, sigproc*, tempo2, psrchive & dspsr.

To help install all this, we can use a package installer 
such as “psrsoft”. Alternatively, all code can be 
downloaded and built by hand.
* note that we require a ‘non-standard’ version of sigproc, developed by the HTRU team and available at:
https://github.com/SixByNine/sigproc
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By hand method...
Code can be downloaded from:

FFTW:
http://www.fftw.org/
pgplot:
http://www.astro.caltech.edu/~tjp/pgplot/
cfitsio:
http://heasarc.gsfc.nasa.gov/fitsio/
sigproc, psrxml, pulsarhunter, pulsarChunter:
https://github.com/SixByNine
presto:
https://github.com/scottransom/presto
psrchive:
http://psrchive.sf.net/
dspsr:
http://dspsr.sf.net/
tempo2:
http://tempo2.sf.net/

Follow the build instructions...
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PSRSoft method...
PSRSoft is a automated installer system for compiling various 
pulsar software packages. It can help you get the software required 
for pulsar searching. It can be downloaded from:

http://www.pulsarastronomy.net/wiki/Software/PSRSoft
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MAKE SURE TO SET 
THESE VALUES!
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THIS “HITRUN” PACKAGE 
INSTALLS ALL CODE 

REQUIRED FOR THE HTRU 
SEARCH PIPELINE
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A specific example...
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Data formats...
PSRFITS (search mode). A newly developed FITS 
based format for storing time-series data. The ATNF 
Pulsar Data Archive uses this format, as do the PDFB 
instruments at Parkes.

SigProc “Filterbank” format files. These files are used 
as input to the SigProc software package. This talk will 
assume we are going to convert to this format. The 
BPSR instrument at Parkes records in this format.

Presto format files. Presto is another software 
package with a simple data format.

There are also many many instrument specific data 
formats, however most can be converted to one of the 
above formats.

DATA EXTRACTION
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PSRFITS DATA EXTRACTION

“Search mode” PSRFITS files are much more complex 
than most data formats, however they contain many 
header parameters that are missing from older formats.

For this talk, let’s assume you have downloaded a 
search-mode PSRFITS format data file from e.g. the 
ATNF Parkes Pulsar Data Archive:

- http://atoa.atnf.csiro.au/parkesdata.jsp

- I will use S00314_1.sf as an example...

- (This happens to be an observation of the Vela 
pulsar, but it will be useful as a test!)
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Converting DATA EXTRACTION

The methods that I introduce here require conversion 
to “sigproc filterbank” (.fil) format files before starting.

Convert from any compatible format, including 
PSRFITS with e.g.
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Check the file DATA EXTRACTION

We can check what we have with the “header” 
program...
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PSRSoft & hitrun script

The “hitrun” packages actually provides a handy script 
that does a search for you.

The quickest way to set your environment to have the 
psrsoft software:
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Generate a new “hitrun_settings” file to customise the way 
the script works. Answer the questions or accept defaults
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Now, process a “.fil” file with: hitrun $filfile $setings file
e.g.:
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The Details!

Running the “hitrun” script might get you the 
results you want, however...

Things often go wrong, or not how you expect, 
therefore I’ll show you the particular bits of 
software that are used.

Feel free to ignore a lot of the details and read up 
on it later!
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De-dispersion DE-DISPERSION

We don’t know the DM of any pulsar that is in this file. 
We can de-disperse our file using the “dedisperse_all” 
program (this is part of the HTRU version of SigProc).

We specify the file, a range of DMs (here we do 0 to 
1000) and the number of samples to load at once (here 
we choose 100000)

This program is multi-threaded.
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De-dispersion DE-DISPERSION

Ok, so what did we produce?

This produced 389 “.tim” files, containing a single 
time-series at DMs ranging from 0 to 1000.
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Seek PERIODICITY SEARCH

We can search these time-
series with the “seek” 
program from sigproc.

This does FFT, whitening, 
harmonic summing, etc.

Creates a list of S/N and 
period in “.prd” file.

Useful options are:
-head  -- put a header in the .prd file 
This is required for later use.

-recon -- compute the “reconstructed 
S/N”.

-fftw   -- Use the FFTW library for a 
speed enhancement.
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Seek PERIODICITY SEARCH

We need to seek every 
“.tim” file.

Note:

- seek is single-threaded, 
so you might want to run 
several at once!
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ph-best
The next step is to collect together the many many periods that 
are in the .prd file

We use “ph-best” from pulsarhunter. It requires the .prd file 
name and a file stem for the candidate files.

e.g. ph-best all.prd candidate

here we created 59 candidates.

COLLATION OF CANDIDATES
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ph-best
The next step is to collect together the many many periods that 
are in the .prd file

We use “ph-best” from pulsarhunter. It requires the .prd file 
name and a file stem for the candidate files.

e.g. ph-best all.prd candidate

here we created 59 candidates.

COLLATION OF CANDIDATES

VELA

RFI
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ph-best
ph-best writes out a single “.lis” file that summarises the 
candidates, and a “.phcx.gz” file for each candidate.

The “.phcx.gz” file is an XML file containing details of the 
candidate that will be used later.

COLLATION OF CANDIDATES

36



dspsr
Now we have some candidates, we can fold the raw data using 
the candidate period/DM.

To do this we can use “dspsr”.

dspsr can fold using a pulsar ephemeris, or we can provide a 
simple file containing period, dm and acceleration, in the format 
below:

FOLDING & OPTIMISATION
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dspsr
We can make these files using ph-lis2dspsr, which also prints the 
dspsr command for folding the data...

We use -L10 -t2 to make 10s sub-integrations and use 2 threads.

FOLDING & OPTIMISATION
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psrchive
After dspsr, we end up with a directory per candidate (in our 
example, this is called candidate_???_ars).

This directory contains 1 “.ar” file per sub-integration.

Now we have done folded the data, we can use psrchive to do 
a variety of things (see talk by Willem van Straten).

FOLDING & OPTIMISATION
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psrchive FOLDING & OPTIMISATION
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Finished FOLDING & OPTIMISATION

The .ar archives and the phcx files are the end result of either 
the “by hand” method or the “hitrun” script.

If you have a few beams, you can view all the plots by hand, 
however if there are lots, you will probably need a tool like 
“jreaper” or similar.
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Alternatives/Options
This basic search can be expanded with acceleration 
searching and various RFI removal techniques.
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presto ACCELERATION SEARCHES

The signal from pulsars in tight binaries will be affected 
by the acceleration around the orbit. To correct for this 
we do “acceleration searches”

Although we can do acceleration searching with 
sigproc, my preferred way to do acceleration searching 
is to use the “accelsearch” algorithm from the presto 
software package.

We can use this as an alternative, or in addition to, 
seek.

This method uses an efficient “matched filter” 
technique for finding accelerated signals. See Ransom 
et al. (2002) for details!

43



presto ACCELERATION SEARCHES

the actual 
presto 
search

Getting 
the dm, 
sensible 
FFT size, 

etc...
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presto ACCELERATION SEARCHES

Our presto search creates files with names similar to:

S00314_1.fil.0000.00.tim_presto_accel_10

we can also read these into ph-best with a little fiddling:

And then continue as normal, except that the candidates may 
have a non-zero acceleration value!
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Interference (RFI) INTERFERENCE MITIGATION

The “hitrun” script has a couple of RFI removal techniques in it, 
though they may not work for all data.

The first is to FFT each channel and then ignore any that have 
strong signals in them.

The second is to remove any bright, narrow, spikes from the 
zero-DM time series. Care must be taken to avoid removing low 
DM pulsars!

We are also working on multi-beam RFI rejection schemes that 
look for signals that are correlated across all 13 beams of the 
Parkes multibeam system

RFI is always an issue, and getting rid of it may require 
spending time getting to know your particular data!
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Conclusion
Installing the required pulsar search software can be made 
easier with package managers such as “psrsoft”

The “hitrun” script allows you to use the search system that has 
been developed for the HTRU survey.

Any data can be used that can be converted to sigproc 
filterbank format (including PSRFITS).

Results come as in the form of candidate files and psrchive 
archives. These can be either:

Plotted using ph-view-phcx or psrchive tools; or

loaded into “jreaper” to view many at once.

You usually have to look through many many candidate plots 
before you find something that looks like a pulsar. Being able to 
spot the real signals is not easy and takes practice!
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