Prospects of testing dark matter
model with pulsar around Sgr A*
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Sagittarius A* (Sgr A*)

The supermassive black hole in the Galactic center

The EHT Collaboration
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Timing a pulsar orbiting around Sgr A*

Testing the gravity theory
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Timing a pulsar orbiting around Sgr A*

Timing model
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Orbital motion
Without DM
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The inverse timing formula

Residuals

« RO = (W (t[OA, ) — N)Iv

Timing model:

o N_is the integer nearest to (¢, £#) !

Timing residual

 We need the mapping: (thA , &) — IV which is so-called the inverse timing
formula, where {5”} — {NO, v,U,M,, x..,q., 4,1, Py, e, i,w,T; chM}

oA dt ' O% 1. . 2GM,?-v+n-v
¢ ¢ =1+ Ap+Ag— =1 ——n-v— —
dt C cS r4+n-r



Parameter estimation

Fractional precision as function of P,

Fractional Precision
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Parameter estimation

Fractional precision as function of ¢
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The dark matter model
The NFW profile

The rotation curve of the MW

. profile (y = 1)
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Main model: y = 1.00 2.53+£0.14 8.20 £+ 0.09 232.8 £ 3.0 0.0101 = 0.0010 18.61’2:3 543 +£5.7 1.32 +£0.29
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The dark matter model

Dark matter distribution

NFW
spike: Rsp = Rh
spike+annihilation
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Timing residuals of dark matter

The detectability of the dark matter

. dark matter distribution ,
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Fractional Precision

Parameter estimation

Fractional precision as function of P, and ¢
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Summary

* We develop the numerical timing/inverse timing model of the pulsar-
supermassive black hole system based on the post-Newtonian equations of
motion

» A 5-yr observation with weekly TOA and 6, = | ms of a pulsar in orbit with
P, 2 0.5yrand e ~ 0.8 can give a measurement of ~1% fractional precision
N Ysp for the spike model, related to ~20% fraction precision in y. Which is

comparable to the result from fitting kinematic data (McMillan, 2017

y = 0.79 + 0.32)
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