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Nonlinear Electrodynamics and Regular Black Holes
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Introduction Nonlinear Electrodynamics and Regular Black Holes

General relativity

Nonlinear electrodynamics
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Scalar Scattering
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Introduction Ayón-Beato-García Spacetime
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The line element of the Ayón-Beato-García (ABG) solution is given by (Ayón-Beato and García, 1998)

with

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

whereas as we approach the center, we have

Reissner–Nordström (RN) metric function

de Sitter metric function



Classical and Semiclassical Scattering
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Classical and Semiclassical Scattering Geodesic Scattering
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The deflection angle of scattered massless particles is given by

where

with



Classical and Semiclassical Scattering Geodesic Scattering
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The classical differential scattering cross section (SCS) is given by (Newton, 2013)

 

The classical differential SCS for small scattering angles reads

RN’s weak deflection angle

Einstein’s deflection angle



Glory Approximation
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Scattering Cross Section

Partial-waves Approach Scalar Field

The Klein-Gordon equation can be written as

We can decompose the scalar field as

The radial function satisfies
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Main Results

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

From the conservation of the flux, one can show that

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

where

with
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Partial-waves Approach Scattering Cross Section



Scalar Scattering by Ayón-Beato-García Regular Black Holes

 

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

 

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): 
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Main Results Numerical Method
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Main Results Scalar Scattering by Ayón-Beato-García Regular Black Holes
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Main Results  Similar Scattering Properties of Ayón-Beato-García and Reissner–Nordström black holes
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Main Results
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Final Remarks Conclusions

✔ 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;

• Rotating spacetimes.



Marco A. A. de Paula (PPGF/UFPA) | Massless scalar scattering by Ayón-Beato-García regular black holes | VIII AWGAM22/11/2022 25

Final Remarks Acknowledgments

Thank you all for your attention.


