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Introduction

Concept : 
Using pulsars 

as galactic 
scale 

interferometer

 arms length ~ 100 pc -1 kpc



Pulsar Timing

«Lighthouse effect» : sweeping radio 
beams as the pulsar rotates

1.3M⊙ < M < 2.1M⊙

Highly magnetized, fast rotating neutron stars

1010G < B < 1013G

Millisecond Pulsars :  recycled pulsars

1.4ms < P < 30ms

Ṗ ∼ 10−20s.s−1

1.4ms < P < 12s



Pulsar Timing

Kramer & Lorimer (2002)
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Precision on TOAs as low as 30 ns

r = TOAobs − TOAmod

Minimizing the difference between 
Toas observed and predicted leads to 

construction of the timing model



Pulsar Timing

Timing Model :
- Period and period derivative (spin-down rate)
- Sky position, proper motion
- Dispersion measure due to the ISM (free electron density)
- Distance (parallax)
- Binary parameters:

- Pulsar mass and companion mass (shapiro delay)
- Keplerian parameters :

- semi major axis
- inclination
- eccentricity
- orbital period

- Post-Keplerian parameters:
- precession
- orbital period derivative
- geodetic precession
- periastron advance
- gravitational redshift Residuals for the pulsar J1909-3744 

with best fit rms of 110 ns 



Pulsar Timing

Testing  General Relativity 

Double Pulsar J0737-3039 

«Agreement with General
Relativity within an uncertainty of 0.05%» 

Kramer et al., Science 314, 97 (2006)

Constraining Alternate Theory

Scalar-Tensor Theories

From high asymetric WD-PSR binary 

Freire et al., MNRAS 423, 3328 (2012)



Pulsar Timing

Testing  General Relativity

Gravitational Waves 
Indirect detection 

(Physics Nobel Prize 1993)

«Hulse-Taylor» Pulsar B1913+16



Gravitational Waves Signals & Detection

The gravitational wave modifies the 
path of the radio electromagnetic 

waves emitted by the pulsar 
inducing a modification of  the 

observed frequency of  the Toas.
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Correlated signal between the pulsars 
of the array when observed from Earth



Gravitational Waves Signals & Detection

Sesana (2010)

Expected signal in the nanoHertz 
regime from Super-Massive Black 

Holes Binaries

- Isotropic or Anisotropic stochastic 
GW background from a collection of 

sources 
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- Monochromatic signal from 
distinguishable single sources above 

the background

∆hij = hij(tp)− hij(t)

h+(t) = A(1 + cos2 i) cos(2πft+ φ0)
h×(t) = −2A cos i sin(2πft+ φ0)



Results from the EPTA dataset 2015

The European Pulsar Timing Array

Jodrell Bank (UK), 74m
Westerbork (Neartherland), 93m (eff)

 Nançay (France), 94m (eff) 
Effelsberg (Germany), 100m

SRT (Sardinia, Italy), 64m

LEAP : simultaneous observations
 from all observatories
194m equivalent dish



Results from the EPTA dataset 2015

2015 Dataset of 42 MSPs
 (Desvignes & EPTA collaboration in prep.)

5 MSPs with rms under 1 µs



Results from the EPTA dataset 2015

Results on GWB, isotropic
(Lentati & EPTA collaboration accepted in MNRAS)

Results on anisotropy shows consistency with isotropy
(Taylor & EPTA collaboration accepted in PRL)



Results from the EPTA dataset 2015Results from the EPTA dataset 2015

Results on Single Sources
(Babak & EPTA collaboration submitted to MNRAS)

Several Method have been used :

- Frequentist approach for non evolving sources 
 (Ellis et al. 2012)

- Frequentist approach for evolving sources
 (Babak & Sesana 2012, Petiteau et al. 2013)

- Bayesian approach for evolving sources with full signal
 (Lassus et al. in prep.)

- Bayesian approach for evolving sources with Earth term only

- Bayesian approach for non evolving sources with phase 
marginalization
 (Taylor et al. 2014)



Results from the EPTA dataset 2015

Results on Single Sources
(Babak & EPTA collaboration submitted to MNRAS)



Results from the EPTA dataset 2015

Results on Single Sources
(Babak & EPTA collaboration submitted to MNRAS)

Sensitivity Sky Map for the 
frequentisit method with 

evolving sources at 6.3 nHz 

Sensitivity Sky Map for the 
bayesian method with non 
evolving sources at 7 nHz 



Results from the EPTA dataset 2015

Results on Single Sources
(Babak & EPTA collaboration submitted to MNRAS)

In the our best frequency interval (5-7 nHz) :

6× 10−15 < A95% < 1.2× 10−14

Mc > 109M⊙

Mc > 109.5M⊙

We can exclude the presence of  SMBHBs with 
separation < 0.01pc to a distance of 25Mpc 

(well beyond Virgo) for :

We can exclude the presence of  SMBHBs with 
separation < 0.01pc to a distance of 25Mpc 
(twice the distance to Coma cluster) for :



Thank You !


