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INTRODUCTION

Pulsars provide a unique and rich testing ground for theories of
gravity. Binary pulsars in short-period orbits provide
• tests of gravitational theories in the strong-field regime
• improved estimates for the inspiral rates of Galactic binaries
• better insight into the formation mechanism of pulsars
• targets for searches for GW signals from spinning neutron stars
• calibration sources for LISA

Exploiting the computational power of the volunteer distributed
computing project Einstein@Home we perform a blind search for
tight binary pulsars in radio data from the Arecibo telescope op-
erated by Cornell University. Our search is the most sensitive for
binary pulsars with short orbital periods as low as 11 minutes.

PULSARS IN CIRCULAR ORBITS

We assume circularized orbits due to gravitational wave emission
for pulsars in very tight orbits.

The phase model for a signal (frequency f ) is:

φ (t) = 2πf (t + τ sin (Ωorbt + ψ0)) + φ0,

with projected orbital radius τ = rorb sin (i) /c, orbital angular ve-
locity Ωorb = 2π/Porb, and initial orbital phase ψ0. With a “vec-
tor” shorthand Λ for all parameters (including f ) and a resam-
pled time t′ (t,Λ) we can remove the orbital term from the phase
model and write

φ
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)
= 2πft′
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)
+ φ0.

Now a simple Fourier transform can be used to search for many
f in parallel. The radio intensity waveform of a pulsed signal can
be written as

S
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t′,Λ

)
= ΣNh

n=1wn sin(nφ (t,Λ) + φ0,n).

COHERENT DETECTION STATISTIC

The expected value of the detection statistic – the demodulated
power Pn – is

Pn (Λ0,Λ) =
w2
n

4T
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,

where ∆nφ(t′,Λ0,Λ) is the phase difference between the true sig-
nal described by Λ0 and the template signal described by Λ. The
powers from all harmonics are (incoherently) combined by sum-
ming.
By expanding the mismatch µ to quadratic order in ∆Λ = Λ−Λ0

µ(Λ0,Λ) = 1− P(Λ0,Λ)
P(Λ0,Λ0)

=: gαβ(Λ0)∆Λα∆Λβ +O
(
∆Λ3

)
,

we define a parameter space metric gαβ. Its elements can be com-
puted analytically from the phase model. With the FFT, the fre-
quency dimension can be considered separate from the others
and can be projected out: γij = gij −

gf,igj,f
gf,f

One needs to place
templates in the orbital parameters Ωorb, τ , and ψ0.

RANDOM TEMPLATE PLACEMENT

IDEA: relax the requirement of
complete coverage of the parame-
ter space; cover with a given con-
fidence η < 1.
IMPLEMENTATION: a realization
of this approach is the random
template bank [1]. The required
amount of templates is placed

randomly on the space with density proportional to the square
root of the determinant of the metric. Sampling from this distri-
bution can be achieved by e. g. the Metropolis algorithm.
ADVANTAGE: even in curved spaces, random template place-
ment is easy. The process of setting up a random template bank
there is much simpler than that of a lattice based template bank.
In higher dimensions the number of required templates is less
than the optimal 100% covering with A∗n-lattices.

SCHEMATIC OF THE SEARCH PIPELINE

• raw data: ALFA observations of 268.44 s length (sampling time
64µs over a band of 100 MHz in 256 channels)
• data conditioning: narrow- and wideband removal of strong

burstlike and weak periodic RFI in time and frequency domain
• de-dispersion: correct for radio frequency dependent delay in

arrival time of pulsar signal due to Galactic plasma (628 trial
values of DM between 0 pc cm−3 and 1002.4 pc cm−3)
• demodulation: resampling of dedispersed time series for each

template in random template bank, FFT, harmonic summing
• postprocessing: identify multiple appearances of single candi-

date, fold time series with best candidates, generate diagnostic
plots, follow-ups on fine grids

PALFA SEARCH

The PALFA search [2] uses the
7-beam ALFA receiver and the
Wideband Arecibo Pulsar Pro-
cessors (WAPPs) at the 305 m
dish of Arecibo Observatory. For
the survey, 256-channel radio
spectra over a band of 100 MHz
at 1.4 GHz are produced every
64µs and 2 bytes per sample.
The search covers sky regions close to the Galactic plane (|b| . 5◦)
in the inner galaxy (40◦ . ` . 70◦) and in anticenter direction
(170◦ . ` . 210◦). Preliminary estimates showed that this survey
could find hundreds of new pulsars and will be able for the first
time to find pulsars in extreme binary systems. So far, 48 new
pulsars have been found by other searches.

EINSTEIN@HOME

Einstein@Home [3] is built
on the BOINC infrastruc-
ture, initially developed by
SETI@Home. It uses idle com-
putation cycles of volunteered
computers of the general public
to perform a distributed search
for continuous gravitational
waves from spinning neutron
stars. Einstein@Home was launched as part of the “World Year
of Physics 2005”. It has been growing steadily since then. Its
continuous computing power is currently∼ 200 Tflops. About 30%
of its resources are now devoted to the search on PALFA data.The
new search started in the “International Year of Astronomy 2009”
on March, 24.

PARAMETER SPACE BOUNDARIES

Constraints of distributed computing and goal of satisfactory data
throughput lead to constraining the parameter space:
•minimum neutron star mass of 1.2 M�, maximum companion

mass of 1.6 M�
• probabilistic bound on inclination angle, search sensitive to 50%

of systems
• systems with orbital periods longer than 11 min

• pulsar spin frequencies up to 400 Hz, sum up to 16 harmonics
• use random template bank to cover η = 90% of space with mis-

match µ ≤ 0.2

• time series downsampled by factor two to tsamp = 128µs and in
single-byte precision

IMPROVEMENTS

In the near future several im-
provements will be made to
speed up the code and to cover
a larger parameter space:

•many steps in search code can run in parallel
• tapping into the parallel computing power of GPUs (Graphics

Processing Unit, ∼ 1 Tflop/s)
•major speedup (factor 4) from first simple GPU code
• improved template placement strategy (stochastic template

bank, exploitation of correlations)
• deploying optimized CPU codes for different architectures

STATUS AND FIRST RESULTS

Status
In June 2009 the project processes about 20 minutes of survey
observations each day. Observations are done with an average rate
of 70 minutes per day. So far about 17 hours of observation have
been processed in total.
Upcoming improvements in different parts of the scientific codes
should bring the project past realtime processing speed.

First Results – Rediscoveries
So far the project has rediscovered seven pulsars, six of which are
shown in the plots below. Plots: PRESTO software package by
S. Ransom; left: folded pulse profile, right: χ2-map of f -ḟ -plane.
Tables: f and P denote topocentric spin frequency and period,
DM is the dispersion measure and S = − log10 (pnoise) is the sig-
nificance. These examples clearly demonstrate that our pipeline is
working well and finding pulsars.

J1855+0307

f/Hz P/ms DM/(pc cm−3) S
1.18281 845.445 408.40 37.7

J1906+0912

f/Hz P/ms DM/(pc cm−3) S
1.28978 775.325 245.78 30.5

J1903+0327

f/Hz P/ms DM/(pc cm−3) S
465.10388 2.1500573 297.343 88.8

J1922+1722

f/Hz P/ms DM/(pc cm−3) S
4.23571 236.088 236.17 19.6

J1856+0245

f/Hz P/ms DM/(pc cm−3) S
12.36176 80.89466 622.16 163

J1929+1905

f/Hz P/ms DM/(pc cm−3) S
2.947707 339.2468 532.30 123.5

REFERENCES

[1 ] C. Messenger, R. Prix, and M. A. Papa, Phys. Rev. D 79, 104017 (2009)
[2 ] J. M. Cordes et. al., ApJ, 637(1):446–455, 2006.
[3 ] Einstein@Home: http://einstein.phys.uwm.edu/

8th Edoardo Amaldi Conference on Gravitational Waves, Columbia University, NewYork June 22 - 26 2009


