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Gravity tests with binary pulsars

B Varying-G theory, PSRs J1713+0747, J1738+0333 and J0437—4715. (W. Zhu et al. 2019)
G/G =(-0.1£0.9) x 1072 yr~!

B Massive graviton theories:
e Fierz—Pauli-like massive gravity, 9 binary pulsar systems (X. Miao et al. 2019)

m, < 5.2x 107 eV/c?

e Cubic Galileon massive gravity, 14 binary pulsar systems (L. Shao et al. 2020)
m, <2x107*eV/c?

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

Parameter Limit (95% C.L.) Pulsar Experiment

¢ <39 x 1077 PSRs B1937+421 and J1744—1134 (L. Shao et al. 2013)
&1 04137 x107>  PSRJ1738+0333 (L. Shao et al. 2012)
By <1.6 x 10~° PSRs B1937+21 and J1744—1134 (L. Shao et al. 2013)
A3 <4 x 10720 PSR J1713+0747 (W. Zhu et al. 2013)

(o <13 x107 Combination of several pulsars  (X. Miao & J. Zhao et al. 2020)




Pulsar Timing

e Mecasure the times of arrival (TOASs) V
e Use an appropriate timing model
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e Fit to get a phase-connected solution

—O— Pulsar proper time
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® Timing model

ISSB = ttopo + teorr — AD/fz

+ AR@ + AS@ + AEQ
+ ARrp + AsB + AEB + AaB /\\//\\/

® Damour-Deruelle (DD) timing model Time
51172
e RoOmer delay Apg = xSInw [cosu —e (1 + 5,,)] + X [1 — e? (1 + 59) ] COS @ SIN U
e Shapiro delay Agg = —2rln { 1l —ecosu—s [sin w(cosu —e) + (1 — e?) "2 cos w sin u] }
e Einstein delay Apg = ysinu
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Post-Keplerian (PK) parameters ,
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Post-Keplerian (PK) parameters ,
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Post-Keplerian (PK) parameters ,
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i Koutarou Kyutoku et al. 2018 |

A multimessenger strategy: LIAS & SKA ‘

B Radio detection, the shortest orbital B Gravitational wave

period double neutron star (DNS) 1.88 hr detection, 2 DNSs system

system is PSR J1946+2052, ¢—_::_—__———-_:_—_—-__$ near the phase of merger,
P, =0.078 day @ GW170817 & GW190425

o Signal suffer a severe Doppler|

—

| Discover P, ~ 10 min |

=t Provide the high
' “ precision of TOAs |
Laser Interferometer Space Antenna (LLISA) - DR

Square Kilometre Array (SKA)




PSR-NS I PSR-NS II

Simulation parameters

Myp 1.3 1.35

Mc 1.7 1.44

Eccentricity, e 0.1 0.1

Orbital inclination, 2 | _ o \. o
e , 0 S . S _ — *_
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| X. Miao, et al. in submitted |
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[ 4-yr simulation results |

Fractional error

Fractional error

PSR-NS I with oroa = 100 ns —

PSR-NS I with opoa = 1 us —
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Theoretical framework |

—— PSRNS I, dros = 100ns ~ ——— PSR-NS I, dros = 1 ps B A generic formalism which provides a
PSR-NS II, ¢ = 100 ns PSR-NS II, & =1 us . .
oA oroa = 2K f mapping between generic non-GR
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B Ultra-relativistic PSR-NS systems give constraints from a strong field which are

complementary gravity tests for the bounds from the Solar System.

B 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 !!!



