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  Pulsars as high stable clocks

A pulsar is a highly magnetised 
neutron star, which emits two 
beams of radio waves along the 
magnetic axis.
As the star rotates, the radio beams 
sweep the sky (lighthouse effect) 
producing reception of periodic 
pulse on Earth.

Handbook of Pulsar Astronomy, D. Lorimer & M. Kramer 2005
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  Pulsars as high stable clocks

After its birth around 30ms,
the pulsar is rapidly slowing down
and stop emission after a few My.

Some of them in binary system are
speed-up by angular momentum transfer
until a few milliseconds period.
These MSPs (millisecond pulsar) are highly
stables and can be use as clock.

Handbook of Pulsar Astronomy, D. Lorimer & M. Kramer 2005

Alpar et al., Nature 300, 728 (1982)

0.1% of change every 30 millions years !
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  Pulsars as high stable clocks

These MSPs stability with high precision instrumentation
allow to provide extremly precise Time of Arrival (ToAs)
mesurements with incertainties as low as ~30ns. 

Many applications : 
- Stellar evolution
- Globular or MW potential
- Constrains on SS ephemeris
- ISM 
- long term stability of 
   terrestrial time scales
- and ...

...Test theories of 
gravitation in high field
situation :
Double pulsar 
J0737-3039 gives 5
post-Keplerian 
parameters agreement 
with GR at 0.05 %.

...A possible detection of gravitational waves...

Kramer et al. Science 314, 97 (2006)
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   The Nançay’s Radiotelescope

Nançay’s radio-telescope is 
a 94m equivalent dish which 
50% of observation time 
dedicated to pulsar timing.

Over 20 pulsars regularly timed at Nançay:
10 with pecision under 1µs and 5 better than 500 ns. 

The Nançay’s radio-telescope is one the major contributor 
of the European Pulsar Timing Array   (EPTA) and part of 
the LEAP project to build a ‘200m’ equivalent telescope by 
adding coherently signal recorded at the five biggest 
european radio-telescopes.

Observation in two band :
L-band (1.1-1.8 GHz)
S-band (1.7-3.5 GHz)
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   The Nançay’s Radiotelescope

Dedispersion instrumentation is needed 
to remove dispersion of the EM signal 
during its travel through the ISM: 
lower frequencies travel slower than 
higher one.

We use a GPUs based 
coherent dedispersion 
instrumentation :
2PCs/4GPUs dedisperse 
bw 128MHz (BON)

Which is about to be increased 
to bw 512MHz (BON512)

Instrumentation
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Gravitational waves detection through Pulsar timing

gµν = ηµν + hµν

Consecutive pulses travel along null geodesics
from pulsar to Earth.
Gravitational waves as metric perturbations
cause delays on the pulse’s arrival time.

ds2 = gµνdx
µdxν

Flat metric perturbation

Space-time interval

S. Finn, IPTA conference, Leiden 2010

S. Finn, IPTA conference, Leiden 2010

Wednesday, 27 July 2011



These delays are extremly small and act on both Earth
and pulsar.

We are looking for a correlation between arrival times
of multiple stable pulsars distributed on the sky 
as the effect of the gravitational perturbation in the 
Earth neighbourhood. 

Gravitational waves detection through Pulsar timing

GWs background sources :
- Super Massive Black Holes Binaries (SMBHBs)
- Cosmic strings
- Cosmological Gravitational waves Background (CGB)

Vecchio, IPTA conference, Morgantown 2011

A. Lommen, IPTA conference, Leiden 2010

Hellings and Downs, ApJ 265, L39 (1983)
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Gravitational waves detection through Pulsar timing

The expected SMBHBs background signal is 
caracterised by a correlated red noise in the 
ultra-low frequency range (nHz) with a power 
spectrum of the form :

hc(f) = A

�
f

f0

�α
α = −2/3

Sesana & Vecchio, CQG 27, 084016, 2010
Jenet et al, ApJ 653, 1571, 2006Parkes Limit :

This ultra-low frequency is 
complementary with LIGO/VIRGO
and LISA frequency band
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Gravitational waves detection through Pulsar timing

EPTA through a bayesian statistical analysis 
developped by R. vanHaasteren, using 5 of 
highest stable pulsar from european telescopes 
determined a 2 sigma upper limit on the GWB 
two times better than the one find from the 
PPTA by Jenet et al.

A < 6× 10−15

vanHaasteren et al., MNRAS 414, 3117, 2011

vanHaasteren et al., MNRAS 414, 3117, 2011

With four of this seven data sets, Nançay is a the 
major contributor for this limit.

Only five different pulsar are been used for this 
limit. IPTA project to increase this limit 
concequently by adding more pulsars from 
different observatories.
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