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Varying-  theory,  PSRs J1713+0747,  J1738+0333 and J0437−4715. (W. Zhu et al. 2019)

   

  Massive graviton theories: 
• Fierz–Pauli-like massive gravity,  9 binary pulsar systems (X. Miao et al. 2019)     
                                                              
• Cubic Galileon massive gravity,  14 binary pulsar systems (L. Shao et al. 2020)   

                                                          

  Bound Post-Newtonian (PN) parameters to test gravity theories

G
·G/G = (−0.1 ± 0.9) × 10−12 yr−1

mg < 5.2 × 10−21 eV/c2

mg < 2 × 10−28 eV/c2

 Gravity tests with binary pulsars  

(L. Shao et al. 2013)
(L. Shao et al. 2012)
(L. Shao et al. 2013)

(X. Miao & J. Zhao et al. 2020)
(W. Zhu et al. 2013)
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Timing model 

• Measure the times of arrival (TOAs) 
• Use an appropriate timing model 
• Fit to get a phase-connected solution

Damour-Deruelle (DD) timing model

• R mer delay··o ΔRB = x sin ω [cos u − e (1 + δr)] + x [1 − e2 (1 + δθ)2]
1/2

cos ω sin u

• Einstein delay ΔEB = γ sin u

• Shapiro delay ΔSB = − 2r ln {1 − e cos u − s [sin ω(cos u − e) + (1 − e2)1/2 cos ω sin u]}
T. Damour & J. H. Taylor, 1992



 Post-Keplerian (PK) parameters 

tSSB − t0 = F [T; {pK}; {pPK}; {qPK}]

{pK} = {Pb, ω0, T0, e0, x0}

{qPK} = {δr, A, B, D}

{pPK} = { ·ω, γ, ·Pb, r, s, δθ, ·e, ·x}
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Radio detection, the shortest orbital 
period double neutron star (DNS) 
system is PSR J1946+2052，

 dayPb = 0.078

Gravitational wave 
detection, 2 DNSs system 
near the phase of merger, 
GW170817 & GW190425

1.88 hr

• Signal suffer a severe Doppler 

smearing which is due to 
orbital motion

• Instrument only sensitive to 
the merger phase of DNS

No 10 min Pb ∼

Provide the information of on 
the location and orbital 
parameters of DNSs

Sensitive at mHz bands

 Laser Interferometer Space Antenna (LISA) Square Kilometre Array (SKA) 

Provide the high 
precision of TOAs

Discover 10 min Pb ∼

Koutarou Kyutoku et al. 2018 A multimessenger strategy: LIAS & SKA  

SKA, the next generation 
radio telescope 



 Simulation parameters 

X. Miao, et al. in submitted



 4-yr simulation results X. Miao, et al. in submitted



A generic formalism which provides a 
mapping between generic non-GR 
parameters in the orbital decay rate

·Pb

Pb
=

·Pb

Pb GR
(1 + Γv2n)
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 Theoretical framework 

X. Miao, et al. in submitted



X. Miao, et al. in submitted Projected constraints of gravity theories  



 Ultra-relativistic PSR-NS systems give constraints from a strong field which are 

complementary gravity tests for the bounds from the Solar System.  

Compared with the previous bounds from binary pulsar systems, the short-

orbital-period systems can significantly improve the constraints on parameters 

of some specific gravity theories.

Thank you !!!

  Summary  


