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Introduction &
Basic Concepts



Absorption and Scattering by Black Holes

(Differential) Scattering cross section

([080 __ number of particles scattered per unit time in the solid angle df2
Ao incident flux

Absorption cross section

= __ number of absorbed particles per unit time
abs — incident flux




Reissner-Nordstrom Black Hole

ds* = f(r)dt* — f(r)~'dr* — r*(d#* + sin” 6d¢?),
f=1-2M/r+ Q*/r?

* Q = 0 = Schwarzschild Black Hole;
0 < |Q| <M = Typical Reissner-Nordstrom Black Hole;

* |Q|] = M = Extreme Reissner-Nordstrom Black Hole.



Absorption by
Schwarzschild black holes



Absorption Cross Section of Schwarzschild Black Holes [s=0]
* Geodesic (classical) absorption (high-frequency limit)
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Absorption Cross Section of Schwarzschild Black Holes [s=0]
* Geodesic (classical) absorption (high-frequency limit)

0 =m/2

2Lgeo = —f(r)i + f(r)i + 2% =0,

r
,,-,2+L2 (2) _ EQ,
T

Vett = LQf("')/"'z-



Absorption Cross Section of Schwarzschild Black Holes [s-O]
 Geodesic (classical) absorption

(high-frequency limit) ! g
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Scalar Absorption Cross Section of Schwarzschild Black Holes
* Partial wave method

ﬁ@a (\/—gg“bﬁbé) = 0.
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Scalar Absorption Cross Section of Schwarzschild Black Holes
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Absorption Cross Section of Schwarzschild Black Holes [s=0]

* Partial wave method

67 (r) ~ Rr+RuR; ©— +oo (r = +00),
T Rrr T — —00 (1 — 1),

Rt + [T = 1.



Scalar Absorption Cross Section of Schwarzschild Black Holes
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Absorption Cross Section of Schwarzschild Black Holes [s=0]

* Partial wave method
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Scalar Absorption Cross Section of Schwarzschild Black Holes




Absorption Cross Section of Schwarzschild Black Holes

Schwarzschild absorption cross section for massless scalar, spinor, EM and grav. waves
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Scattering by
Schwarzschild black holes



Scattering Cross Section of Schwarzschild Black Holes
Massless Scalar Field

 Geodesic (classical) scattering
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Scattering Cross Section of Schwarzschild Black Holes
Massless Scalar Field —_—

* Geodesic (classical) scattering
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Scattering Cross Section of Schwarzschild Black Holes
Massless Scalar Field
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Scattering Cross Section of Schwarzschild Black Holes
Massless Scalar Field

* Glory approximation .
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Scattering Cross Section of Schwarzschild Black Holes
Massless Scalar Field

* Partial wave method
%gﬁa (v —ggababi’) = 0.




Scattering Cross Section of Schwarzschild Black Holes
Massless Scalar Field

* Partial wave method
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Scattering Cross Section of Schwarzschild Black Holes
Massless Scalar Field

» Partial wave method
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Scattering Cross Section of Schwarzschild Black Holes
Massless Scalar Field
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Scattering Cross Section of Schwarzschild Black Holes
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Scattering Cross Section of Schwarzschild Black Holes

Schwarzschild scattering cross sections at M = 4.0
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Scattering of Waves by Schwarzschild Black Holes
The Glory Effect
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Electromagnetic absorption by
Reissner-Nordstrom black holes



Absorption Cross Section of Charged Black Holes
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Absorption Cross Section of Charged Black Holes

Wave Equations

Klein-Gordon

AL - Ly n9,d) =
0o = D =0 . (V=88"0,®) =0

Einstein-Maxwell

Guy = 81Ty |




Absorption Cross Section of Charged Black Holes

Partial Wave Method

integrated net (wave) flux at infinity
incident (wave) current density
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Absorption Cross Section of Charged Black Holes [s=0 case]

Absorption Cross Section

Scalar Case
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Absorption Cross Section of Charged Black Holes [s=1,2 cases]

Reflection, Transmission and
Conversion Coefficients

A2 A2 A2 _

coefficients




Absorption Cross Section of Charged Black Holes [s=1,2 cases]

Decoupled Equations
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Absorption Cross Section of Charged Black Holes [s=1,2 cases]

Asymptotic Conditions
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Absorption Cross Section of Charged Black Holes [s=1,2 cases]
Absorption Cross Section

Absorption cross section for Q = 0 (Schwarzschild)

Different Charges

Absorption cross section for |0l = 0.8M
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Absorption Cross Section of Charged Black Holes [s=1,2 cases]

Absorption Cross Section
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Scattering by
Reissner-Nordstrom black holes



Scattering Cross Section of Charged Black Holes
Massless Scalar Field
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Scattering Cross Section of Charged Black Holes
Electromagnetic Field




Scattering Cross Section of Charged Black Holes [s=1,2]
Electromagnetic Field
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Scattering Cross Section of Charged Black Holes
Electromagnetic Field
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Scattering Cross Section of Charged Black Holes
Electromagnetic Field
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Scattering Cross Section of Charged Black Holes [s = 0, 1, 2]
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Scattering Cross Section of Charged Black Holes [s = 0, 1, 2]

N=2 supergravity
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Conversion Cross Section of Charged Black Holes

e The gravitational to electromagnetic conversion cross section of the Reissner-
Nordstrom black hole are currently under investigation.



Absorption Cross Section, 6,/ Mz

Final Remarks

e Absorption and scattering by black holes have been recently
revisited in the literature using numerical techniques.

Schwarzschild absorption cross section for massless scalar, spinor, EM and grav. waves

=
w v |l w

=1
=100

M? do/dQ

Grav. Wave
Electromagnetic
Spinor

| Scalar

0.8 1



Final Remarks

« Conversion between electromagnetic and gravitational radiation.

 Equality between gravitational and electromagnetic absorption
cross sections of extreme Reissner-Nordstrom black holes.

ion cross section for Q = 0 (Schwarzschild) Absorption cross section for 101 = 0.8M




Final Remarks

It is possible to infer the black hole charge from backscattered and
electromagnetic radiation.
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0 < g < 1, the flux of EM radiation in the backward direction is nonzero: it diminishes as M increases.

Ll LB L3 Ll T l*‘
144 12 0.1
|7 0.05
8
R <0
6
1N ° 0.1
L L 2 L 1 0
01 005 0 005 01

Xz

g =099 (Maor=3.0)

L 13 Ll LJ

L L 1 L L
0.1 005 0 005 01
b 704

= (.0055

.

0.005
0.0045
0.004
(.0035
0.003
0.0025
0.002
0.0015

0.l

0405

0405

0.l

180

Electromagnetic scattering by Reissner-Nordstrom black holes for g = 0,0.8, | and M@ = 0.5, 1.0,2.0, 3.0. For

g=1(Mw=130)

T —_ T

0.1

A 1 1
0405 0 0.05
7

0.1

(.003

0.0028
0.0026
0.0024
0.0022
0.002

00018
00016
0.0014




Final Remarks

* Equality between gravitational and electromagnetic scattering cross
sections of extreme Reissner-Nordstrom black holes.
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Final Remarks

 Analogue models (fluids, optics, Bose-Einstein condensates, etc.) of
gravity presents as a possibility of verifying black hole physics in the
laboratory.
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