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TESTING GR WITH PULSARS

The current best laboratory - 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

                  System showing the largest number of relativistic effects
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1. GR tested at 99.99%

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
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Periastron advance ω = 16.899323(13)
.

Orbit has precessed by >300 deg
2PN contribution at 35!
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• 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. Higher-order light-propagation effects

4. Measuring new PK parameters

Current test at 0.013%

7 PK parameters, 8 mass constraints
6 GR tests
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ATNF - John Rowe Animations

Perturbations in space-time can be
detected in pulse times of arrival over a suitable long observation time span



DETECTING GW WITH PULSARS

Basic idea: use the Earth-pulsar path as a Galaxy-sized arm of a cosmic 
detector on nHZ GWs from SMBHBs

ATNF - John Rowe Animations

Perturbations in space-time can be
detected in pulse times of arrival over a suitable long observation time span

A single pulsar is not enough -> Pulsar Timing Array
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DETECTING GW WITH PULSARS
Search for a common signal affecting, in a spatially correlated, quadrupolar way 

all the pulsars in the array

Hellings and Downs (1983) derived an expression for the 
angular correlation between pulsar timing residuals induced by a GWB 



PTA COLLABORATIONS



PTA COLLABORATIONS



PTA COLLABORATIONS



PTA COLLABORATIONS



PTA COLLABORATIONS



PTA COLLABORATIONS



CPTA

MeerTime

PTA COLLABORATIONS
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Antoniadis et al 2023



 MeerTime

Timing Searching

PULSARS WITH MEERKAT
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2. PTA for GW detection
3. Globular Cluster Pulsars
4. The 1000 Pulsar Array
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 MeerTime

Timing Searching
1. SNRs,PWNe,TeV 
2. Fermi un-ID sources
3. Globular Clusters 
4. Nearby Galaxies
5. Transients (fly’s eye+repeaters)

PULSARS WITH MEERKAT
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PULSARS WITH MEERKAT

Double Pulsar 
3 years of MeerKat rival 
16 years results in NLO 
signal propagation effects

(Hu et al 2022)

MeerKAT PTA 
3.8 years of MeerKat

already giving compelling 
results.  In 2025 MK should
account for 50% of IPTA

sensitivity to GWs

GCs 
TRAPUM+MeerTime 

discovered a pulsar with
a companion in the NS-BH

mass gap (Dutta et al. 
Science, in press)



LONG PERIOD PULSARS AT MWA

GLEAM-X J162759.5-523504 

• P 18 min

• Highly linearly polarised

• L_radio > spindown energy

• Active 2 months in 2018

• Above the death-line

GPM J1839–10 

• P 21 min

• Highly linearly polarised

• L_radio > spindown energy

• Active for at least 35 years

• Below the death-line

Hurley-Walker et al 2022; 2023, Nature
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• P 21 min

• Highly linearly polarised

• L_radio > spindown energy

• Active for at least 35 years

• Below the death-line

Hurley-Walker et al 2022; 2023, Nature

probe a previously unexplored transient-timescale parameter space



THE ROLE OF THE SKA

SKA can increase the scientific potential of pulsars by:

1) increasing the number of test objects

2) increasing the precision of the timing measurements



SKA1: Multiplying a factor ≈ 3-4 the known population

SKA2: Multiplying a factor ≈ 10-12 the known population 

Search speed   ≈   (Aeff/Tsys)2 Ω

Timing quality    σToA ≈ Tsys/Aeff

SKA1: Timing most of the targets a factor  5-10 better than now

SKA2: Timing the targets a factor 10-100 better than now   

3000 PSRs / 350 MSPs

12000 PSRs / 1500 MSPs
––– 

20-30 relativistic PSRs

100-200 rel PSRs

40 MSPs;  few < 100 ns

>100 MSPs; all < 100 ns

THE ROLE OF THE SKA



• Better constraint GR and alternative theories 

• Find new exotic systems (MSP-MSP, MSP-BH; MSP-IMBH; PSR-
SgrA*, triple systems...) to test extreme physics 

• PTA studies of the GWB characteristics and detection of single 
sources with SKA-1, and full nHz GW astronomy of single 
sources and implied fundamental physics with SKA-2

THE ROLE OF THE SKA



• Pulsars are amazing laboratories

• PSRs studies will greatly advance thanks to the SKA 

• SKA precursors and pathfinders are already giving great and 
unexpected results

• Italy is deeply involved in PSR projects within the SKA 
framework

SUMMARY & CONCLUSIONS

We are looking forward to the SKA!
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