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Why wave optics ?

Violation of geometrical optics approximation
Brocken spectraSupernumerary rainbow 

Airy (1836)

Caustics

Mie scattering Brightness = ∞ Envelope of rays

in the geometrical optics

These phenomena cannot be understood in geometrical optics.
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Why wave optics ?
Scattering in geometrical optics

 2. Rainbow scattering
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MODEL of a gravitational lensing
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caustics

pinhole

Non-spherical case



unstable circular orbits
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Kerr BH = Non-spherical lens 
                                   + unstable circular orbit

caustics mode

caustics mode
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Wave scattering by a Kerr BH

Imaging (Wave optics) 

screen

�

image plane

Kerr BH
interference pattern

unstable circular orbit

2D Fourier transform = imaging

Unstable Circular Orbit

Black Hole Shadow (image)

Effect of the unstable circular orbit

Our goal

Optical caustics?

in the scattered wave.
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Kerr spacetime (Boyer-Lindquist)

scalar wave

stationary point source

, monochromatic
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Partial wave expansion of G(x,xs)
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Wave scattering by a Kerr BH
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Prüfer method
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in two different forms
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Sum over the partial waves

G(x,xs) ⌘
ei!(r⇤+rs⇤)

2i!rrs

1X

`=0

X̀

m=�`

(�)`ei
�`m
2!r̃ e2i�`mZ`m(✓,�)Z⇤

`m(✓s,�s)

It takes 2~4 days with a PC (8 cores)

!M = 30For , `
max

= 420
G(x,xs) ⇠ 160, 000 terms

cv

observer’s sky

source plane
#

r

rs

's

#s

�

equatorial plane

10, 000 points on the obs. plane

160, 000⇥ 10, 000 = 1, 600, 000, 000
terms 



1. Introduction & Motivation

2. Wave scattering by a Kerr BH

3. Interference patterns & Images

observer’s sky

source plane
#

r

rs

's

#s

�



+0.1 0.70-0.5 0.50-0.5 0.5

a = 0 a = 0.3M a = 0.5M

a = 0.9M

�

# #

�

#

�

a/M = 0 a/M = 0.7 a/M = 0.9a = 0.7M

0.7+0.3 1.2

Interference patterns

0.4

+0.2 1.0

Diamond-shaped caustic

!M = 30

concentric



Caustics by the winding mode
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Detection of waves from unstable circular orbit
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Imaging in wave optics

aperture an imaging system (telescope)
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Is the interference patterns observable?

Interference in the Power spectrum may be observable

・Too short coherence time
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We can use the motion of a source
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Summary

screen image plane

2D Fourier transform
(imaging)
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