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Absence of Quantum Gravity

On one hand, we have Quantum Field Theory to describe the

electromagnetic, strong, and weak interactions

On the other hand, we have General Relativity to describe the

gravity, as the dynamics of curved spacetime

However, QFT and GR are not compatible at their face values!
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Theoretical physics is beautiful,

but not yet complete

Gravity may be holding

the key



Parameter Space in Gravity Tests
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General Relativity

In Einstein’s general relativity, gravity is mediated by a spin-2

metric field gμν

S =
1

16π

∫
d4x
√
−g R + Sm

[
Ψm; gμν

]
Its linearized version reads,

S =
1

64π

∫
d4x

[
∂λhμν∂λhμν − 2∂νhμν∂λhμλ + 2∂νhμν∂μh

−∂μh∂μh − 32πhμνT μν
]

In GR, gravitons are strictly massless
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In this talk, I will use binary pulsar

timing to test the masslessness of

gravitons



Pulsars

Pulsars are rotating magnetized neutron stars

Due to their large moment of inertia and small external torque,

their rotation is extremely stable⇒ lighthouse
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Pulsars are precision clocks

PSR J0437−4715: f = 173.6879457375201(9)Hz

(IPTA 2nd Data Release 2019)



Pulsar Timing

Large radio telescopes are used to record the times of arrival of
pulses, which are affected by

Solar dynamics

Binary motion

Interstellar medium
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Binary Pulsars

Binary pulsars are sensitive to effects beyond the Newtonian

gravity
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Precision Astrophysics (Kramer 2016)
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Sensitive to tiny changes in orbits

Binary pulsars are
excellent testbeds of

gravity theories



Linearized Fierz-Pauli Theory

Linearized gravity with a massive graviton [Finn & Sutton 2002]

S =
1

64π

∫
d4x

[
∂λhμν∂λhμν − 2∂νhμν∂λhμλ + 2∂νhμν∂μh

−∂μh∂μh − 32πhμνT μν + m2
g

(
hμνhμν −

1
2

h2
)]

The unique mass term for hμν when

1 standard form for wave equation

(
�−m2

g
)

h̄μν + 16πTμν = 0

2 recovery of GR when mg → 0: no van Dam-Veltman-Zakharov

discontinuity
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Linearized Fierz-Pauli Theory

Binary pulsars can be used to constrain the graviton mass via

bounding the gravitational backreaction [Finn & Sutton 2002]

∆ ≡
LGW − L(GR)

GW

L(GR)
GW

∝ m2
g

(
c2Pb

2π~

)2

Bayesian analysis with a list of binary pulsars [Miao, Shao, Ma 2019]
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Cubic Galileon

Cubic Galileon with screening mechanics [de Rham et al. 2013]

S =

∫
d4x

[
−1

4
hμν(Eh)μν +

hμνTμν
2MPl

− 3
4

(∂πs)2
(

1 +
1

3Λ3�πs

)
+
πsT
2MPl

]
Extra radiating channels are introduced

monopole radiation

dipole radiation

quadrupole radiation
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Cubic Galileon
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mg . 2× 10−28 eV/c2 (95% C.L.) (1)

Shao, Wex, Zhou 2020, PRD102:024069



Cubic Galileon

We also investigated future pulsar-BH and pulsar-Sgr A*
systems, in constraining the mass of graviton

MeerKAT, FAST, SKA, etc
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Summary

Einstein is still right

mg → 0

Radiative strong-field gravity tests

Complementary to

Solar System (Yukawa potential)

Gravitational Waves

FAST, SKA telescopes

Lijing Shao (邵邵邵立立立晶晶晶) Graviton Mass FPS9, Xiamen 14 / 14




