S .
{Ea) A hRETARLER
?""”‘g@!’é' School of Geophysics and Geomatics

B BAREL G B I ] Ty #AT AR R

B 89 K52 S A

A ¢ BEF R, A, BFA
/T A

oA @ 2023512 A2H



In 2019, the Event Horizon Telescope (EHT) collaboration reported

the images of the supermassive BH at the center of the M87* galaxy
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The most general Lagrangean with quadratic curvature invariants

L =YR — aCy,,;C*'P? + BR?

pF=0y=1
Einstein field equations

1
Ry — S 4aB,, =0

B

w = (VPV7 +2RP7) C

upvo

H. Lu, A. Perkins, C.N. Pope, K.S. Stelle, Phys. Rev. Lett. ~
114, 171601 (2015).
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metric ds? = —h(r)dt? + ——dr? + r2d6? + r? sin? 6 d¢?

1
fr)

Field equations

rhlrf'h + 2f(rh"” + 2h")] + 4h*(rf' '+ f — 1) —7r?fh'?* =0

o TR 2fRN 4 4G~ DR 3R

f 2rfh(rh’ — 2h) Y TR Y,
r3fh' + (r*f —r%)h N r3fh'® —=3r*fhh'* - 8(f — Dh>
ar2f(rh’ — 2h) 2r2h2(rh' — 2h) B

consider a linear approximation for f(r), h(r)
2M S 1 1
=1———¢ V2a( +
f@r) n e 1 (8a 4 2ar)
h(r)—h(l———e\/ﬁ( )
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suppose that the spacetime has only one horizon at 1

h(r) =h(r—ry) + hy(r —1rp)* + hy(r —1r5)> + -
fr)=f1r—1y) + fLb(r—ry)*+ f5(r —1ry)> + -

Set hy =f;, a=1/2, all hj and f; with j > 2 can be calculated from f;.
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Geodesic equation = dx” dx”
q K= 9w 0 an
E2 72 |2 , S
_K:_h+f+r2 E=h(r)t L=1%¢

For time-like geodesics k = 1

U LI 1
= )Gy~ = DEVE) =5V

circular orbit r=0+#=0
. 2h(r)? 2 _ r3h'(r)
2h(r) — rh'(r) 2h(r) —rh'(r)

2h—1rh' >0 h'>0

r > 1.438 2.666 < r < 3.996 3.959 <r < 4.572
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The stability of the orbit requires V"' (r) < 0

o =1 Tisco = 3.50201

r0=2
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For any E,L , 5
21f L " fh

r3 r2 hz)

=

hf' — fh' >0
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. 0 — dx* dx”
Null geodesic = 9w 2

Orbital equation

ar\* 1 1 L
<%) =T f(r)(bzh(r) — 7"2) b = E

The circular orbit of photons

r,=1437 b, = 2.357

The deflection angle of photons
* dr

Tsourse \/T4f(7”) (bz;:-(r) . T].Z)

’}/:
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The deflection angle of photons passing through perihelion

°° dr
Y1 =2 —Y

P \/7”4f(7”)(b2;(r) — rlz)

Schwarzschild BH Non-Schwarzschild BH
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Sourse (1, @)

Direct image (b, a)

Secondary image
(b,ax + 1)

observer's frame

’ O o
N A - -
b ’
?:'( __Je cosa = cosy+/cos? a + cos? 6,
M

J.-P. Luminet, Image of a spherical black hole with thin
accretion disk, Astron. Astrophys. 75, 1 (1979).
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The expression of radiation flux of a Novikov-Thorne thin accretion disk

M
F = E — QL L -d
T 2ny=g (E — QL)2 f ( )L ydr
E=- Jut L=— pott Q:d_<P:_ G
dt Joor

ooooo3§ Frogx = 5471 X 107> - M
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Gravitational redshift and Doppler shift can affect the radiative flux

F

Fops = Dt

p
Eem = pei’ + ppu® = pen (1 + Qp_<p
t

Eem (1 +bQsinfysina)

1+z=
Eobs
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