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Abstract We investigate the scattering properties of a massless scalar field in the background of a charged Ayon-Beato-Garcia
regular black hole solution. Using a numerical approach, we compute the differential scattering cross section for arbitrary values
of the scattering angle and of the incident wave frequency. We compare our results with those obtained via the classical geodesic
scattering of massless particles, as well as with the semiclassical glory approximation, and show that they present an excellent
agreement in the corresponding limits. We also show that Ayon-Beato-Garcia and Reissner-Nordstrom black hole solutions present
similar scattering properties, for low-to-moderate values of the black hole electric charge, for any value of the scattering angle.
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Introduction  Nonlinear Electrodynamics and Regular Black Holes

VOLUME 80, NUMBER 23 PHY SICAL REVIEW LETTERS 8 JUNE 1998

Regular Black Hole in General Relativity Coupled to Nonlinear Electrodynamics

Eloy Ayon-Beato* and Alberto Garcia

Departamento de Fisica, Centro de Investigacion y Estudios Avanzados del IPN,

Apdo. Postal 14-740, 07000 México DF, Mexico
(Received 14 November 1997)

The first regular exact black hole solution in general relativity 1s presented. The source 1s a nonlinear
electrodynamic field satisfying the weak energy condition, which in the limit of weak field becomes the
Maxwell field. The solution corresponds to a charged black hole with |g| = 2s.m = 0.6m, having the
metric, the curvature invariants, and the electric field regular everywhere. [S0031-9007(98)06332-7]

Nonlinear electrodynamics

General relativity
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Introduction  Nonlinear Electrodynamics and Regular Black Holes

. . |
Volume 163B, number 1,2,3 4 PHYSICS LETTERS 21 November 1985

NON-LINEAR ELECTRODYNAMICS FROM QUANTIZED STRINGS

E.S. FRADKIN and A.A. TSEYTLIN
P.N. Lebedev Physical Institute, Leninsky pr. 53, Moscow 117924, USSR

Received 6 June 1985

We compute the effective action for an abelian vector field coupled to the virtual open Bose string. The problem is exactly
solved (in the “tree” and “one-loop” approximation for the string theory) for the case of a constant field strength and the
number of space—time dimensions D = 26. The resulting tree-level effective lagrangian is shown to coincide with the
Born-Infeld lagrangian, [det(8,, + 27a’F,,)]'/%.

Accepted 2016 October 25. Received 2016 October 25; in original form 2016 September 13
~ with the standard model predictions.
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Introduction [ Scalar Scattering
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Introduction | Scalar Scattering
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Introduction |Ayon-Beato-Garcia Spacetime

The line element of the Aydon-Beato-Garcia (ABG) solution is given by (Ayon-Beato and Garcia, 1998)

with

At infinity, the ABG metric function (2) behaves as

IM 2 3MQO? 1
r r2 rs r4

\ J
1

Reissner—Nordstrom (RN) metric function

whereas as we approach the center, we have

fABG(r) =1 - %A(]W,Q)r2 — (54 — 3256@) r* + O [7“5} :

de Sitter metric function
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Introduction |Ayon-Beato-Garcia Spacetime

Figure 1: Comparison between the metric functions of ABG and RN
BHs, for different choices of the normalized electric charge, defined
as & = Q/Qext- For ABG, we have RBHs for Q < Qqy = 0.6341M,
whereas for RN, we have BHs for Q < Q. = M.

22/11/2022 Marco A. A. de Paula (PPGF/UFPA) | Massless scalar scattering by Ayon-Beato-Garcia regular black holes | VIIl AWGAM



Classical and Semiclassical Scattering | Geodesic Scattering

The deflection angle of scattered massless particles is given by
O(b) = 2v(b) —, (5)

where

oC 1
V(b)Z/TO Wdra (6)

with
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Classical and Semiclassical Scattering | Geodesic Scattering

The classical differential scattering cross section (SCS) is given by (Newton, 2013)

do b | db

, (8)

where ® = 0 + 2nT, with n € Z*. By using the geodesic method and considering the weak-field
expansion of the deflection angle, we can write the deflection angle for ABG RBH as

RN’s weak deflection angle
I

UM 37 (5M2—0Q2)  SM (16M2 — 90 ]
@(b):T‘l‘ W( 12 Q)—|- ( Ve Q)+O[b—4]- (9)
.

Einstein’s deflection angle

dQ  sind|dO

The classical differential SCS for small scattering angles reads
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Classical and Semiclassical Scattering | Geodesic Scattering
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Figure 2: Classical differential SCS of the ABG RBH normalized by
the Schwarzschild result, for different values of .

22/11/2022

Marco A. A. de Paula (PPGF/UFPA) | Massless scalar scattering by Ayon-Beato-Garcia regular black holes | VIII AWGAM



Classical and Semiclassical Scattering | Glory Approximation

In the limit & — m, we can use the glory approximation (Matzner et al., 1985):

db
= 27wa§ — J; (Wb, sin 0). (11)
do O=m

dog
df)

5.5 I I T T

glory parameters
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Figure 3: Glory parameters by and bg |db/dO| g=r.
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Partial-waves Approach | Scalar Field

The Klein-Gordon equation can be written as

We can decompose the scalar field as

O = i Cwlq)wl
l

(13)

The radial function satisfies

(14)

where dr = f(r)dr,, with
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Partial-waves Approach | Scattering Cross Section

For the BH scattering problem, we assume the following boundary conditions

From the conservation of the flux, one can show that
|Twl|2 + |Rwl\2 = 1. (17)

The differential scattering cross sections is given by (Futterman et al., 1988)

I )

where
I .

with
(2101 (w) — (—1)*R,,. (20)
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Main Results FNumerical Method

We need to obtain the coefficients R ;.

We applied the stiffness switching integration method (Press et al., 2007) to solve Eq. (14), namely

Then we match the numerical solutions of Eq. (14) with the boundary conditions given by Eq. (16):

We also adopt the convergence method developed by Yenne et al. (1954) and Dolan et al. (2006).

We perform the summations in the angular momentum up to [ = 40.
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Figure 4: Differential SCS of the ABG RBH, with @ = 0.5, for oM =
4 We also plot the corresponding classical and glory
approximations.
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Main Results  Scalar Scattering by Aydn-Beato-Garcia Regular Black Holes
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Figure 5: Differential SCS of the ABG RBH for distinct values of @ and wM.
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Main Results  Scalar Scattering by Aydn-Beato-Garcia Regular Black Holes
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Figure 6: Differential SCS of ABG and RN BHs for two distinct values
of a, consideringawM = 1 in both cases.
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Main Results ~ Similar Scattering Properties of Ayén-Beato-Garcia and Reissner—Nordstrom black holes
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Figure 7: Values of the pair (@®BG aRN) for which
their impact parameter of backscattered rays coincide.
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Main Results ~ Similar Scattering Properties of Ayén-Beato-Garcia and Reissner—Nordstrom black holes
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Main Results ~ Similar Scattering Properties of Ayén-Beato-Garcia and Reissner—Nordstrom black holes
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Figure 10: Differential SCS for the pair a®B% = 0.4 and RN =
0.3509, which satisfies b55% = bgN, consideringwM = 0.2.
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Final Remarks [Conclusions

v/ We have investigated the scattering properties of a massless and chargeless test scalar
field in the background of ABG RBHs, and compared our results with the RN ones.
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Final Remarks [ Future Perspectives

As future perspectives, we can:

* Consider massive and/or scalar fields or fields with higher order spins;
PHYSICAL REVIEW D 105, 044006 (2022)

Quasinormal modes of charged black holes with corrections
from nonlinear electrodynamics

Kimihiro Nomura®  and Daisuke Yoshida®®
Department of Physics, Kobe University, Kobe 657-8501, Japan

® (Received 19 November 2021; accepted 11 January 2022; published 3 February 2022)
* Rotating spacetimes.
PHYSICAL REVIEW D 90, 064041 (2014)

Generating rotating regular black hole solutions without complexification

Mustapha Azreg-Ainou

Engineering Faculty, Baglica Campus, Baskent University, 06810 Ankara, Turkey
(Received 11 May 2014; published 23 September 2014)
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