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Introduction
▸ Sgr A*, the supermassive black hole (SMBH) in our 

galactic center (GC)


▸ , 


▸

M ∼ 4.3 × 106 M⊙ RGC ∼ 8 kpc

rg ∼ 0.04 AU ∼ 5 μas
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The EHT Collaboration 2022

Monitoring the S-stars (Ghez et al. 
2008, Genzel et al. 2010)

Measuring the properties 
of the SMBH

 Gravity tests

 BH physics

 Environments in the GC



Testing the no-hair theorem

▸ Cosmic censorship conjecture (Penrose 1979)





▸ No-hair theorem (Israel 1967, Carter 1971)


χ ≡
c
G

S
M2

≤ 1

q ≡
c4

G2

Q
M3

= − χ2

3
Psaltis et al. 2016



Measuring the spin of Sgr A* with pulsar timing

▸ Timing model (Damour & Taylor 1992)


▸ 


▸ 


▸ 


▸

tb − t0 = D−1 [T + ΔR + ΔE + ΔS + ΔA]
N = N0 + νT + ·νT2/2 + ⋯

{pK} = {Pb, T0, e0, ω0, x0}
{pPK} = {k, γ, ·Pb, r, s, δθ, ·e, ·x}
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Measuring the spin of Sgr A* with pulsar timing

▸ Spin-orbit coupling (Lense & Thirring 1918)


▸ , 


▸ 


▸

· ⃗L = ⃗Ωprec × ⃗L
· ⃗A = ⃗Ωprec × ⃗A

·ω = ·ωM+ ·ωS+ ·ωQ

·x = ·xS+ ·xQ
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Wex & Kopeikin 1999

Wex & Kopeikin 1999, Liu et al. 2012



Numerical simulation

‣ The post-Newtonian equation of motion





‣ Light propagation (Römer delay & Shapiro delay)





‣ Einstein delay


·· ⃗r = − GM ̂n/r2 + ·· ⃗r1PN + ·· ⃗rSO + ·· ⃗rQ + ⋯

ΔR + ΔS = K̂0 ⋅ ⃗r /c − 2GM/c3 ln (r − K̂0 ⋅ ⃗r)

ΔE = t − T = t − ∫ dt (1 − GM/c2r − v2/2c2)
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Measuring the spin of Sgr A* with pulsar timing

▸ , 


▸

ℒ =
1
2

NTOA

∑
a=1

Ra(Θ)2

σ2
TOA

Ra(Θ) = [N(tTOA
a ; Θ) − Na]/ν

Fαβ = (C−1)αβ
=

∂2ℒ
∂Θα∂Θβ
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Pulsar with smaller orbital period 
gives better measurement precision 
in BH spin parameters



Degeneracies among spin parameters

▸ 2 leading order observables  < 3 spin 
parameters 


▸ Require the measurements of the second order 
derivatives/periodic effects/proper motion of 
the pulsar


▸ Combing the timing of another pulsar

{ ·ω, ·x}
{χ, λ, η}

8Zhang & Saha 2017, Hu, Shao & Zhang 2023



Measuring the spin with two pulsars
▸ Timing of each pulsar’s  gives a curve in the  plane
{ ·ω, ·x} χ − χλ
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In general, there can exist at most 
eight different solutions in the 
global spin  parameter space due to 
the  ambiguityi ↔ π − i


𝒳1 ≡ − ·xs2
i (xΩ̂)−1

𝒲1 ≡ ( ·ω− ·ωM)s2
i Ω̂−1



Measuring the spin with two pulsars

▸ Combing two pulsars with configurations 
that each of them cannot measure the spin 
of Sgr A* well individually


▸ , 


▸ An improvement factor of 10 can be 
reached after observing one periastron 
passage of the secondary pulsar

Pb1 = 2.3 yr e1 = 0.8

10Hu & Shao in preparation



Measuring the spin with two pulsars

▸ The breaking of the degeneracy mainly 
dependents on the orbital inclinations of the 
two pulsars
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Summary

▸ Timing pulsars orbiting around Sgr A* can provide precise tests of 
the cosmic censorship conjecture and the no-hair theorem 


▸ Combing the timing of two or more pulsars properly can improve 
the measurement precision of the spin of Sgr A* for one or two 
orders of magnitude
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Thank you !!!


