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• ~1000 with 𝑃𝑏 < 100 yr

• ~100 NP within 1 pc

• MSPs in the GC
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Pulsars in the Galactic Centre

© SKAO

Pfahl & Loeb, ApJ, 2004

Schödel et al., A&A, 2020

Schödel et al., 2024

• Key science project of SKA

• Future high frequency survey



• Novel probe of theories of gravity and GC environment
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Pulsar-supermassive black hole system

© EHT

© NASA

© Poisson & Will

Psaltis et al., ApJ, 2016



• Post-Newtonian equations of motion

• ሷ𝒓 = ሷ𝒓N + ሷ𝒓1PN + ሷ𝒓SO + ሷ𝒓Q +⋯

• Time delays

• ΔR = 𝑧/𝑐

• ΔS = −
2𝐺𝑀

𝑐3
ln 𝑟 − 𝑧 +⋯

•
dΔE

d𝑡
= 1 −

d𝑇

d𝑡
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Numerical timing model

Hu et al., PRD, 2023 



• Time span: 𝑇𝑜𝑏𝑠 = 5 yr

• Weekly observation: 𝑁TOA = 260

• Timing precision: 𝜎TOA = 1ms

• Orbital period: 𝑃𝑏 = 0.5 yr

• ℒ = −
1

2𝜈2
σ
𝑖=1
𝑁TOA 𝑁𝑖 Θ −𝑁𝑖 ഥΘ

2

𝜎T𝑂𝐴
2

5Zexin Hu XVII Black Holes Workshop

Measuring the BH properties

Hu et al., PRD, 2023 

Tests of no hair theorem!



• The bumblebee gravity model

• 𝑆 = d4𝑥׬ −𝑔
1

2𝜅
𝑅 +

𝜉

2𝜅
𝐵𝜇𝐵𝜈𝑅𝜇𝜈 −

1

4
𝐵𝜇𝜈𝐵𝜇𝜈 − 𝑉 + 𝑆𝑚
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Constraining modified gravity

Hu et al., JCAP, 2024 

• Constrain 𝑄/𝑀

much more 

stringent than 

the current EHT 

observations



• Leading-order degeneracy among BH spin 

parameters

• 𝜔 = 𝜔0 + ሶ𝜔0 𝑡 − 𝑡0 +
1

2
ሷ𝜔0(𝑡 − 𝑡0)

2+⋯

• 𝑥 = 𝑥0 + ሶ𝑥0 𝑡 − 𝑡0 +
1

2
ሷ𝑥0(𝑡 − 𝑡0)

2+⋯
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The leading-order degeneracy

Zhang & Saha, ApJ, 2017

Liu et al., ApJ, 2012

𝒳1 = − ሶ𝑥𝑠𝑖
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•
𝒳1
2

𝑠𝑖
2(1−𝑠𝑖

2)
+

𝒲1
2

𝑠𝑖
2(1+3𝑠𝑖

2)

• = 𝜒2 −
1+3𝑠𝑖

2

1−3𝑠𝑖
2 2 𝜒𝜆 +

3𝒲1𝑐𝑖

1+3𝑠𝑖
2

2

Zexin Hu XVII Black Holes Workshop 8

Measuring the spin with two pulsars

Hu & Shao, PRL, 2024

• Breaking of the degeneracy is mainly 

controlled by the orbital inclination



• 𝑃𝑏1 = 2.3 yr, 𝑒1 = 0.8

• With the observation of one 

pericenter passage of the second 

pulsar can bring an improvement 

factor of ~10
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Measuring the spin with two pulsars

Hu & Shao, PRL, 2024



• 𝑃1: finding the innermost pulsar with 𝑃𝑏 ≤ 0.5 yr

• 𝑃2: finding two innermost pulsars both with 𝑃𝑏 ≤ 5 yr

• Assume power-law distribution of pulsars near the Sgr A*: 𝑝(𝑟) ∝ 𝑟−𝛼
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Measuring the spin with two pulsars

Hu & Shao, PRL, 2024

• Combine two pulsars are 

somehow more likely 

for future observation 



• Pulsars orbiting around SMBH are powerful tool for testing gravity

• We build an extensible numerical timing model for pulsar-SMBH system

• Combing two pulsars can efficiently break the spin measurement

degeneracy and gives a new possibility to measure the spin of Sgr A* for

future observation
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Conclusion

Thank you!
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