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Measurement of Black Hole Spin with the Event Horizon Telescope: 4
Theory of Radiative Echoes and VLBI Observational Approaches

Kotaro Moriyama?t, Shin Mineshige2, Mareki Honmas3, Kazu Akiyamal
(1. MIT Haystack observatory, 2. Kyoto university, 3: NAOJ, )

1. Introduction

The measurement of black-hole spacetime Is a substantial topic for probing the theory of general relativity. General relativity predicts that the spacetime around a black hole is uniquely
described by its mass and spin parameter. The black hole mass can be accurately measured by orbits of stars or gas dynamics inside the sphere of its gravitational influence extending
up to ~ 105 rg, where rg Is the gravitational radius. On the other hand, the spin measurement requires capturing horizon-scale emission from the black hole, since general relativistic
effects of the spin significantly appear only at the immediate vicinity of the black hole (~ rg). EHT observations of the horizon-scale emission provide the spatial and temporal information
of the accretion flow In the black hole’s vicinity[2-7]. However, It IS not easy to extract the spin information from the emission because it depends on both the complexity of accretion
properties and spacetime effects.

2.1 Relativistic Echoes from Infalling Gas Clouds 2.2 Detectability of Radiative Echoes
] R 0 B 15 o e ) ‘ ”:'; 30 l I ] l '
(a) Observer % 1.01 (b) - Phot directl h = 1% ) — (€)
Black hole :—:_,a | | (-)OnS Irectly reac > r Y 5 25 _
Photon circular orbit: 1, A 0.8 R\Direct - |a distant observer S 3:“ C Lo % 2.0t € Direct =
.g () 6\ Photon period o . "gc ()t— :,' . ) '; 15l —
EP. L - | |Photons reaching the < &, 9 = L v )
I Seconday observer after more = g === g '
g A than one rotation A = g U9
0.0 ' A s g e o e po e 8 00—
0 10 20 30 40 50 |&round the black hole 5= "= O 0 10 20 30 40 50 60
ct/rg Baseline length u (GA) LA g

Time Iinterval of the echo . . . L
Situation: aas clouds are tidall 1 . . (&) Synthetic observations for Sgr A* under a situation that a number of
. ?f f o Y | ~ photon rotation period gas clouds intermittently fall towards the black hole with various initial
stripped off from t_e |nr_1ermost x a/M ( spin value) parameters.
parts of an accretion disk and -
intermittently fall toward the 71 Time interval of echoes Is (b) Poss_ible (u, v) tracks for 16 baselines expected near-future EHT
black hole [10_13]_ 1 not Significanﬂy affected observations for Sgr A*(2017-2021).
00010 20 30 10 50 60 by the parameters of gas (c) Detectability of relativistc echoes In EHT observations of Sgr A* since
clouds.
Ct/Tg 2017 [13]
3.1 Radiative echoes with GRMHD S|mulat|ons 3.2 Detection of Radiative Echoes
()
MAD, a/M = 0.94, _ .
20 237 4.0 NIREERERREERREREE 4‘/ — direct
ol s — seconc
T 2- =35 2 = o1yl bbbk d L i ] =
0 c E S 24 = oof HAAINA A WA | S 27
= g 3.0 e s ARG ATV Y |
51 W 5. S o YY) 8
-20° © S 2 = SR T
M 21 N A Sy 024 Ly B bEE b 0 -
0L | | ' . 01 NWMAA/INMAAAA- AR P IR RIL IRl
_404() 20) 0 20 =40 . 100 A_ZOO S0U 400 0 1(30 260 360 460 0 200 400 ‘ 0 100 200 300 400 -1 (') 1]0 2'0 3'0
. . - lime (ry/c) STi’me ic) Time (rg/c) Time (rg/c) .

M ,Bef@trgmfum) (Fota? ~ 3 { Psecond) ~ 2.3 Jy Time (rgy/c)

(e.qg., Bower St al. 2018) <Ft0tal> ~ 2 Jy <Fsecond> ~ 0.2 Jy Tsecond 15 — 201” /o : 1 Procedure of the echo extraction s
Assumption of gas clo_ud model: shape and thickness have no time dependence and Linear fit to reduce the Superposed shot analysis: 1. Number of shots =125
showed that our spacetime measurement does not depend on these values. long timescale variation 1. Split fteS'dua' F into each 2. Secondary peak at
Section 3: Optimize the spacetime measurement by including the effect of the time Segmen | - ctlrg~ 20
development of gas-cloud structures with 3D-GRMHD simulations. 2. Superpose light curvesin - — Detection of echoes with

each segment by aliging spin dependency

maximum peaks

3D- GRMHD simulation data from iharm3D [8], Raytracing scheme [12, 13]

3.3 EHT Synthetic Observation (2017-2021) 4. Summary and Next Issues

EHT synthetic observation for Sgr A* Summary:

[2017-2021 (u, v) coverage] 1. Detection of relativistic echoes in the high spin black hole case
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