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10. CASE STUDY: 

THE DOUBLE PULSAR SYSTEM

PSR J0737-3039A / B 



The double pulsar system PSR J0737-30392

Lecture 8 revision: Evolution of binary systems

• If the system is a high-mass X-ray binary 
(HMXB), the companion will quickly form a 
supernova.

• If the binary system survives, we have a 
double neutron star binary system. 
Eccentricity is generally large.

• If the binary system is disrupted (as seems to 
be common) we have two free pulsars -- one 
young and the other mildly recycled.



The double pulsar system PSR J0737-30393

Background

• Only about 10% of known pulsars are millisecond pulsars (MSPs), 
but about 80% of these are in binary systems.

Lorimer 2008



The double pulsar system PSR J0737-30394

Background

• Just one binary system is known that comprises TWO pulsars, the double pulsar system J0737-3039.  

• ns-ns systems can be very compact
resulting is short orbital periods,
and large rates of change of
Doppler shift, making them
hard to find.

• All these ns-ns systems
are relativistic (in the sense
that GR corrections are
important), including both
the Hulse-Taylor pulsar 
PSR B1913+16 and the double
pulsar system J0737-3039.

20 with ns 

companions

1 double

pulsar

322 binary pulsar systems

As of 2021…



The double pulsar system PSR J0737-30395

First discovery

• The system was discovered in a survey of the high galactic plane 
using the Parkes multibeam receiver.  As it typical in a survey, the 
original observation was only 4 min long.



The double pulsar system PSR J0737-30396

First discovery

• At first, only one pulsar was seen
in the binary system – a 22.7 ms
pulsar (now) designated J0737-3039A. The
system is the most relativistic known.

• It is in a short-period orbit (2.4 h) and
is therefore relatively close to merger
with its companion (85 Myr).  Its first claim
to fame was that this increased 
the statistical estimate of the ns
merger rate in the Galaxy.

• This was important because in turn
it increased the probability of
detecting gravitational waves from 
coalescing neutron stars (now p=1!)

Nature, 426, 531-533 (2003)



The double pulsar system PSR J0737-30397

Second discovery!
• Pulsars seem to attract serendipity:

– Shortly after the discovery, Duncan Lorimer was observing at 
Parkes and testing some search software on readily available test 
data – data taken on PSR J0737-3039.  To his surprise he found a 
second signal with the same dispersion but a period of 2.77 s, and 
with the opposite orbital Doppler shift to the known pulsar.

– This second pulsar appears to switch on only for two ~10 min 
intervals at the same point in every 2.4 h orbit  -- unfortunately 
these intervals were not used in the initial discovery!

Lyne et al. 2004



The double pulsar system PSR J0737-30398

Post-newtonian effects
• The pulsars are orbiting at ∼ 0.001𝑐, so relativistic effects are 

important.  In addition to 𝑃orb, 𝑎, 𝑖, 𝑒, 𝜔 and 𝑇0 we need  additional  
‘post keplerian’ orbital parameters:

– Shapiro delay parameters (gravitational delay of  radiation) 𝑟, 𝑠

– Periastron advance ሶ𝜔

– Gravitational redshift variations over the orbit (Einstein delay) 𝛾

– Orbital decay rate due to gravitational wave damping ሶ𝑃b

𝛾ሶ𝜔𝑟, 𝑠 ሶ𝑃b



The double pulsar system PSR J0737-30399

Shapiro delays

• The strong Shapiro delay implies we are seeing the 
orbits nearly ‘edge-on’ (𝑖 = 87° ± 1° ).

Kramer et al. 2006



The double pulsar system PSR J0737-303910

Mass-mass diagram

• Because both are pulsars, we can measure 𝑎A sin 𝑖 and 

𝑎B sin 𝑖 and therefore measure the mass ratio 𝑅 =
𝑚A

𝑚B
= 1.069.

Kramer et al. 2006

Shaded regions 
excluded by
|𝑀 sin 𝑖 < 𝑀|



The double pulsar system PSR J0737-303911

Testing GR
• The measured PK parameters are in good agreement with the 

predictions of GR:

• Orbital decay of ~7mm per day.

• In addition, GR spin precession (‘geodetic precession’) has been seen 
too,  slowly changing the beam geometry. Pulsar B (2.8 s period) 
precessed out of view in March 2008.  Should come back into view  
~2035.

Kramer et al. 2006



The double pulsar system PSR J0737-303912

Overall system parameters

Kramer et al. 2006



The double pulsar system PSR J0737-303913

Pulsar interactions

• We see the system edge-
on, so that (the more 
energetic) pulsar A 
probes the magnetophere
of pulsar B as it shines 
through it.

• Scintillation data
indicate that the orbit
is less than 0.3 degrees 
from edge-on!

Lyne et al. 2004



The double pulsar system PSR J0737-303914

Pulsar interaction

• In addition there is some sort of coupling that energises 
pulsar B at certain orbital phases – probably the points 
where the magnetosphere is most strongly excited



The double pulsar system PSR J0737-303915

Pulsar interaction

• The bright times and profiles for pulsar B are changing with time.

Burgay et al. 2005



The double pulsar system PSR J0737-303916

Pulsar interaction
• As the wind from (MSP) pulsar 

A blows strongly onto the 
magnetosphere of pulsar B we 
get long-term and short-term 
variations in the output of 
pulsar B.

• About half of B’s 
magnetosphere is blown away.

• The graph shows the eclipsed 
flux of A, with dotted lines 
showing times then B’s active 
magnetic pole faces Earth. The 
eclipse lasts for ~30 s.

McLaughlin et al, 2004



The double pulsar system PSR J0737-303917

Pulsar B’s magnetosheath

• The geometry is similar to the 
Earth’s bowshock in the solar 
wind.

• Field of ~10 Gauss at the 
magnetopause.



Good luck!

The double pulsar system PSR J0737-303918

https://imgs.xkcd.com/comics/gravitational_wave_pulsars.png 


