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Which evolution originates which? 
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From timing of an isolated pulsar over a long enough 
time span, one can in principle get 

  RA & DEC: Celestian coordinates 
  PMRA & PMDEC: Proper Motion 
  π : Trigonometric Parallax (i.e. Distance)  
  DM   : Accurate Dispersion Measure 
  DM1 : Time Derivative of Dispersion Measure  
  P0:  Rotational Period 
  P1:  Time derivative of  P0 
  P2:  Second time derivative of P0 
  P3:  Third time derivative of P0 
  …  







  Pb : Orbital period 
  x = ap sin i :  Projected semi-major axis 
  ω : Longitude of periastron 
  e : Eccentricity of orbit 
  T0 : Time of periastron  
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16 significant digits!  

5.757451831072007 ± 0.000000000000008 ms 







Gravitational radiation inspiral affects binary 
evolution within an Hubble time 









The easiest to observe post-keplerian parameters 

  ω      : Periastron precession 
  γ       : Time dilation and gravitational redshift 
  r       : Shapiro delay “range” 
  s       : Shapiro delay “shape”  
  Pb       : Orbit decay due to Gravitational Wave emission 
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NOT ALLOWED 











J0737-3039     22.70     48.91     0.10       1.42    1.34+1.25    0.09      210        0.85 
J1518+4904     40.93     11.62     8.63      20.04       2.72       0.25      200   >T Hubble   
B1534+12        37.90     11.62     0.42       3.72    1.33+1.33    0.27      2.5      27.0 
J1756-2251     28.45    121.60     0.32       2.75       2.57       0.18      tbd       11.0  
J1811-1736    104.18   477.00    18.78      34.78       2.57       0.82      970   >T Hubble 
J1829+2456     41.00    13.90      1.18       7.24   >1.22 <1.38   0.14      tbd    >T Hubble 
B1913+16        59.03   168.77     0.32        2.34   1.387+1.441  0.62      1.1        3.0 
J1906+0746    144.10   217.78     0.17        1.42   1.25+1.37    0.08   0.001    3.0 NS+WD? 
B2127+11C       30.53    67.13     0.34        2.52    1.36+1.34    0.68      1.0        2.2 

PULSAR           Pspin           DM          Porb      ap sin(i)      Mc+Mp          ecc   TimeSpDwn TimeMerg    
                           [ms]        [cm-3 pc]     [day]        [lt-s]          [ Msun ]                     [108 yr]         [108 yr] 
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[ Kramer et al 2006 ] 



Why bother with more deeply testing the 
predictions of GR on GW emission rates ? 

There exist alternative metric gravity theories (e.g. a subclass among the 
tensor-scalar theories) which would pass ALL Solar System (weak-field 

limit) tests, but would be violated as soon as extreme conditions (strong-field 
limit) are reached  

[Damour & Esposito-Farese 1996] 







 Lifetime of a system 
Number of sources × correction factor 



 Lifetime of a system 
Number of sources × correction factor 



B1913+16        59.03        8.6x10-18      7.8         0.617     2.8 (1.39)  

B1534+12        37.90        2.4x10 -18    10.0       0.274     2.7 (1.35)  

  Ps (ms)           (ss-1)   Porb (hr)    ecc    Mtot (      )   Ps  

. 
• M 

J1756-2251     28.45        1.0x10-18      7.7         0.181     2.6 (….)     



B1913+16        110           320                  4º.23     

B1534+12        250          2500                  1º.75     

τc (Myr)     τmerg (Myr)     dω/dt (deg/yr) 

J0737-3039    200              86                16º.90    

J1756-2251     400          15900                 2°.59    



 Lifetime of a system 
Number of sources × correction factor 





      118             +174 
            -79   27 +80 

-23 



   Rdet (advanced) =    

   Rdet (initial)       =    ~ 1 event per 8 yr (95% CL, most optimistic)     

~ 650 events per yr (95% CL, most optimistic) 





      4             +5 
            -3 





      Rdet (initial)     =    ~ 0.08-2 events per yr (99% CL, range 100 Mpc)     

      0.36             +0.50 
            -0.26 













Perturbation in space-time can be 
detected in timing residuals over a suitable 
long observation time span 

 Sensitivity (rule of thumb): 

€ 

hc(f)~
σTOA
T

Radio 
Pulsar 

where  
hc(f) is the dimensionless strain at freq  f 
σTOA is the rms uncertainty in Time of Arrival  
T is the duration of the dataspan  

Source of 
GWs 

Earth 



LISA 
Adv LIGO/
VIRGO 

CMB-POL 

PTA 



 Demorest et al., 2012:  A <  7 x 10-15 

 Jenet et al., 2006:  A < 11 x 10-15 

 van Haasteren et al., 2011: A <  6 x 10-15 
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