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Pulsar rudiments 



What is a Radio Pulsar 





ATNF Pulsar Catalogue 



ATNF Pulsar Catalogue 





A died pulsar could be spun up and rejuvenated by 
an evolving binary companion 
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Pulsars timing 
concepts 



Timing concept 

If a physical model adequately describes the trends, it is 
applied with the smallest number of parameters 



(OBSERVED TOAs – MODEL TOAs)  → residuals 
Good timing solution → no evident trend in the residuals 

Timing analysis quality: residuals 
Quality factor in a timing observation:  

uncertainty σTOA in the Time Of 
 Arrival of the pulse, known as TOA 



Pulsar Timing applied to binary pulsars 



A quick-look to some 
fundamental physics 

applications 



The (in?)direct proof of 
GW existence: 
PSR B1913+16 

GR provides an accurate 
description of the system as 
orbiting POINT MASSES: i.e. 
NS structure does not affect 

orbital motion 

The measurements of Russell Hulse  
and of Joe Taylor… The prediction of the 
Einstein’s equations… 



The best binary so far: J0737-3039A/B 
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Precision measurements, e.g. 
 P (ms)  = 22.69937884809636 ± 0. 00000000000003 (measured to 30 atto-seconds!) 

 Pb (d) =   0.102251562465 ±  0.000000000002     (i.e. 2.45h measured to 173 ns!) 



PSR J0437-4715 

21 highly circular WD-MSP  

21 highly circular WD-MSP  

PSR J1012+5307  



The prospects of new timing experiments       
with the Square-Kilometre-Array (SKA) 

@ www.skatelescope.org 

To be built in Australia & 
South Africa 

Available ≈ 2020 



Neutron star dependent 

[ Damour & Schaefer 1988 ] 

[ Lattimer & Schutz 2004 ] 
[ Morrison et al. 2004] 



From the ordinary PK parameters  BH mass with precision < 0.1%	


BH spin S with precision < 1%	

From precessional effects on semi-major 

axis and  longitude of periastron 

€ 

χ ≡
c
G

S
M 2From M & S  

FINDING AND TIMING A PSR CLOSELY ORBITING SGR A* 

From only 1 PK parameter  BH mass with precision < 0.001%	


From BH oblateness  BH quadrupole moment Q with precision ~ 1%	


€ 

q ≡ c 4

G2
Q
M 3From M & Q  Test of  No Hair theorem”  

Test of  Cosmic Censorship 
Conjecture” [ Penrose 1969 ] 

€ 

χ≤1

FINDING AND TIMING A PSR-BH BINARY (AND MAYBE A PSR-MSP BINARY IN A GLOBULAR 
CLUSTER [Clausen et al. 2014]) 



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 



eLISA 
Adv LIGO/

VIRGO 

CMB-
POL 

Pulsar Timing array(s): the frequency 
space and the sources 

Note the complementarity in explored frequencies with respect to the current 
and the future GW observatories, like LIGO, advLIGO, advVIRGO and LISA-like  

PTA 

•  Expected sources: 

      - Binary super-massive 

        black holes in early 

        Galaxy evolution 

     -  Cosmic strings 

     -  Cosmological sources 

•    Types of signals: 

     - Stochastic (multiple) 

     - Periodic (single) 

     - Burst (single) 



A Pulsar Timing Array 
timescale TT(PTA)  



15 significant digits!  

5.757451831072007 ± 0.000000000000008 ms 



Atomic clocks vs pulsar timing  



ATNF Pulsar Catalogue 
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Using a number of pulsars distributed across the sky it is possible to 
create a time scale based on pulsar rotation dubbed e.g. 

Ensemble Pulsar Scale 

In practice, by LOOKING 
AT MANY PULSARS it is 

possible to separate the 
intrinsic “timing noise” 
contribution from each 

pulsar from other 
contributions: e.g. the 

signature of a clock 
effect manifests as a 

distortion in the times of 
arrival of the pulses 

which is common to the 
signal from all pulsars  



[ adapted from Manchester ] 
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... from the PPTA observations it was 
possible to create a  

time scale based on pulsar 
rotation dubbed e.g. 

Ensemble Pulsar Scale (PPTA) 

...similar to the Échelle Atomique 
Libre (EAL)  

from which the International Atomic 
Time (TAI) is built (after applying 

corrections to satisfy the SI definition of 
second)  

and in turn a realization of the 
Terrestrial Time is obtained TT(TAI) 

(by referencing clocks to the Earth geoid) 

as well as the post-corrected 
realization of TT published each year 

and known as TT(BIPMyy) 

Timing residuals for the PPTA 
pulsars over a 17-yr timespan 



 The Ensemble Pulsar Scale (ESP) can be linked (“steered”) to e.g. 
TT(TAI) [ or to TT(BIPMyy) ] and then fluctuations of the reference 
time scale wrt ESP can be spotted and used for creating a pulsar 
based realization of the terrestrial time TT(PulsarTimingArray)    

TT(TAI)-TT(BIPM11) 

TT(TAI)-TT(PPTA) 



@ NRAO 

@ Cornell 









1st: We wish to search for correlated signals in the whole IPTA 
data sets and use this to form a realisation of terrestrial time, 

TT(IPTAyy) 

2nd: We are aiming to measure the stability of the timescale 
compared with terrestrial timescales and discuss how to 

combine the new timescale with TT(BIPMyy) in an optimal 
manner.  

 The plan for the IPTA pulsar timescale project    



 What the Ensemble Pulsar Scale (ESP) and a  
pulsar based realization of the terrestrial time 

TT(IPTAyy) could be worth for    

  Independent check on TT(BIPMyy) with a 
non terrestrial “device” 

  A timescale not based on quantum effects 
on clocks 

  Never ending time scale     




