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Happy birthday double pulsar! 
20 years testing gravity  

with a special clock 
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See how the clock falls into curved spacetime  

• Predicting ToAs on the basis of a model 
• Measuring Times of Arrival (ToAs) from repeated obs 
• Creating timing residuals 
• Fitting for model parameters to remove trends
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Pulsar Timing

For some binary pulsars, the accuracy of the ToA data is so high 

that - by using only the keplerian description - one cannot obtain 

an acceptable timing solution. 

 Additional physics is needed and can be tested



Post-Keplerian (PK) formalism  [Damour & Deruelle 1986]

Pulsar Timing



Post-Keplerian (PK) formalism  [Damour & Deruelle 1986]

Shapiro Delay  r & s

Gr. redshift & time dilation - γ Orbital decay Pb 
.

Periastron Precession - ω
..

Pulsar Timing



Periastron precession

Time dilation & gravitational redshift

Shapiro delay (range)

Shapiro delay (shape)

Orbital period decay 
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Periastron precession

Time dilation & gravitational redshift

Shapiro delay (range)

Shapiro delay (shape)

Orbital period decay 

n - 2 GR tests!



ω!

Testing Relativistic Gravity
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Testing Relativistic Gravity

PSR B1913+16 
Discovered in 1974 [Hulse & Taylor ’75] 
• PSR+NS 
• Pspin = 59 ms 
• Porb = 7.8 hr 
• Ecc = 0.61 

• 3 PK parameters: ω, γ, Pb 
.      .
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Testing Relativistic Gravity

PSR B1913+16 
Discovered in 1974 [Hulse & Taylor ’75] 
• PSR+NS 
• Pspin = 59 ms 
• Porb = 7.8 hr 
• Ecc = 0.61 

• 3 PK parameters: ω, γ, Pb 
.      .

GR verified at 0.2% level

NOBEL PRIZE 
1993 

Taylor & Hulse



PSR J0737-3039A/B 
Discovered in 2003 [Burgay et al ’03; Lyne et al. ’04] 
• PSR+PSR! 
• PspinA = 23 ms  
• PspinB = 2.7 s 
• Porb = 2.4 hr 
• Ecc = 0.09 
• Orb v = 0.001 c   
• i = 89.35º

Testing Relativistic Gravity

©M. Kramer
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Prospects for timing are excellent: 
• precision ω   ≈  time1.5   Pb 

• precision γ    ≈  time1.5   Pb
1.3 

• precision Pb  ≈  time2.5   Pb
3 

• precision r, s ≈  time0.5
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Time = 20 years!
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June 2005Kramer et al. 2006
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• Kramer et al 2021: 1 million ToAs!
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B1913+16 J0737-3039A



• Kramer et al 2021: 1 million ToAs!
• Precision higher than ever!

1. GR tested at 99.99%

Testing GR with the Double Pulsar

Current test at 0.013%

Orbit shrinks by 7 mm/day

Precision so high that we need to take 
into account relativistic mass loss

 8.4 Million tons/s — 3.2 x 10-21 MA/s

J0737-3039A
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Testing GR with the Double Pulsar

Orbit has precessed by >300 deg 
2PN contribution at 35!

Has consequences on the 
measurement of the 
Moment of inertia



• Kramer et al 2021: 1 million ToAs!
• Precision higher than ever!

1. GR tested at 99.99%
2. Need to go beyond first order
3. Measure higher-order light-propagation effects

Testing GR with the Double Pulsar



10,600 km
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GR prediction

Two additional effects:

Retardation & deflectionRetardation A

B

A A

B
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Putting it all together

• 7 Post-Keplerian parameters (+R) 
• Next-to-leading order in signal propagation 
• Most precise strong-field test of GR 
• Start to probe MoI and Equation-of-State 
• Need to take mass loss into account 
• MeerKAT improves timing by factor 2-3!
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Thank you for your attention!



GR works very well, while…

Damour–Esposito-Farèse (DEEF) Tensor-Vector-Scalar (TeVeS)



Relativistic spin precession
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Relativistic spin precession

N.b. because of this, B has precessed  
outside our line of sight. 

No longer a Double Pulsar!


