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Galactic Centre Pulsars

Test Strong Field Gravity

Probe GC ISM & DM

Measure SMBH properties

Abbate et al., 2025
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Galactic Centre Pulsars

• Within the central parsecs: hundreds of young pulsars + thousands of MSPs

• A large fraction of pulsars can be detected under the AA4 or AA* array stages

Abbate et al., 2025
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Pulsar-Supermassive Black Hole System

• Novel probe of the theories of gravity 

and the GC environment

• Measuring the properties of the GC 

SMBH at unprecedented precision

• Pfahl & Loeb, 2004; Liu et al., 2012; 

Psaltis et al., 2016; Hu et al., 2023; 

Hu et al., 2026…
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Pulsar Timing and Timing Model

© Poisson & Will

© SKAO

ISM
Liu et al., 2012 

• Realistic timing model: all effects above timing precision 

𝜎!"# ≈ 1ms

• Orbital motion  & light propagation
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Orbital Motion
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Barker & O’Connell, 1975; Damour & Schaefer, 1988

Hu et al., 2026
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Light Propagation

• Δ0 = 𝑧/𝑐 + proper motion 𝜇1 , 𝜇2

• Δ3 = 𝑡 − 𝑇
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Reid & Brunthaler, 2020 

Blandford & Teukolsky, 1976 

Shapiro,1964 

Klioner & Zschocke, 2010 

Hu et al., 2026
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Light Propagation
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Wex & Kopeikin,1999 

Damour & Deruelle,1986 

Klioner & Kopeikin,1992 

Doroshenko & Kopeikin,1995 

Kopeikin,1995 

Hu et al., 2026
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Forecast the measurement precision

• 𝑇$%$ = 5 yr

• Δ𝑡 = 1 week

• 𝑁!"# = 260

• 𝜎!"# = 1ms

• Precise measurement of the spin and quadrupole of the SMBH

• Direct test of the no-hair theorem: 𝑞 = −𝜒&

Hu et al., 2026
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Proper Motion & Finite Distance

• The timing-only measurement 

precision of the proper motion and 

distance is much lower than the 

current measurement

• Break the rotation symmetry around 

the line of sight → measurement of the 

longitude of the ascending node

Hu et al., 2026

Reid & Brunthaler, 2020 
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Red Noise Effects 

• 𝑃' 𝑓 = :𝐴𝑇%()
* 𝑓𝑇%() +,

• For strong red noise, improper treatment 

can lead to significant biases for parameter 

estimation, while proper treatment only 

mildly increases the parameter uncertainties

• Red noise is important in the pulsar-SMBH system

• Strong for NP & GC environment + similar time scale

Hu et al., 2026
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Summary

Thank you!

• We construct a realistic pulsar-SMBH timing model

• We first discuss the effects of the proper motion of Sgr A*

• We study the effects of red noise in the pulsar-SMBH system: strong red 

noise needs to be treated carefully


