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Absorption and scattering properties of matter fields in the background of black hole
(BH) spacetimes have been investigated in several standard scenarios since the 1960s
(see, e.g., Refs. [1–6] and references therein). In the last decade, some attempts to
improve the comprehension of these properties in the background of regular BH
(RBH) geometries, considering mainly test scalar fields, have been performed (see,
e.g., Refs. [7–12]). The authors of the recent work “Absorption and scattering of
massless scalar wave from Regular Black Holes” [12] addressed the absorption and
scattering cross sections of massless test scalar fields in the background of several
well-known RBH solutions. They considered the partial-waves approach and com-
puted the absorption and scattering cross sections through a numerical method for
arbitrary values of the frequency ω and scattering angle θ of the scalar wave.

Nevertheless, the absorption and scattering results obtained by the authors of
Ref. [12] using the Numerov numerical method [13] combined with the Pöschl-Teller
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potential approximation [14] present some inconsistencies. In this comment, we high-
light these inaccuracies, by taking into account some previous results available in the
literature [7–10].

Concerning the absorption cross section (ACS), the authors of Ref. [12] obtained
that the total ACS decreases as we consider higher BH charge values, and it oscillates
around the corresponding geometric cross section, in agreement with some results
presented in the literature. However, in the low-frequency regime, the total ACS does
not tend to the BH area, as expected from Ref. [15].

Now let us turn our attention to the scattering case. The authors of Ref. [12] obtained
that the differential scattering cross section (SCS) of massless test scalar fields in the
background of the considered RBH geometries is finite for small scattering angles.
This result is incorrect since for scattering potentialswith infinite range, the differential
SCS diverges in the forward direction [16]. From analytical approximations, for small
scattering angles, we also know that the BH charge does not contribute to the dominant
term of the differential SCS, in this regime (see, e.g., Refs. [17–20] for Ayón-Beato-
García, Bardeen, Bronnikov, and Dymnikova RBHs). Therefore, as θ → 0, we do
not expect to see considerable differences in the differential SCSs as we vary the
BH charge. Notwithstanding, the results obtained by the authors show considerable
differences in this regime as we increase the BH charge values.

We also emphasize that light rays in the background of RBH geometries associated
with nonlinear electrodynamics models follow null geodesics of an effective geome-
try [21], which is different from the geometry of the spacetime itself. Consequently, the
classical results for the absorption and scattering cross section of massless test scalar
fields in the background of nonlinear electrodynamics-based RBHs correspond to the
trajectory of massless particles with nature other than electromagnetic. Therefore, the
geodesic analysis exhibited by the authors of Ref. [12] is not valid for photons, in
contrast with what they have stated.

In summary, regarding the absorption and scattering results obtained by M.-Y.
Wan and C. Wu using the Numerov numerical method and the Pöschl-Teller poten-
tial approximation [12], we conclude that the approach, as applied by them, leads to
erroneous results for small values of the frequency and of the scattering angle. Fur-
thermore, the oscillatory pattern of the SCS is unclear. The correct results concerning
the Ayón-Beato-García and Bardeen RBHs can be found in Refs. [7–10].

We are grateful to Fundação Amazônia de Amparo a Estudos e Pesquisas
(FAPESPA), Conselho Nacional de Desenvolvimento Científico e Tecnológico
(CNPq) and Coordenação de Aperfeiçoamento de Pessoal de Nível Superior
(CAPES)—Finance Code 001, from Brazil, for partial financial support. MP and LC
thank the University of Sheffield, in England, and University of Aveiro, in Portugal,
respectively, for the kind hospitality during the completion of this work. LLwould like
to acknowledge IFPA—Campus Altamira for the support. This work has further been
supported by the European Union’s Horizon 2020 research and innovation (RISE)

123



Absorption and scattering of massless scalar wave from… Page 3 of 4    73 

programme H2020-MSCA-RISE-2017 Grant No. FunFiCO-777740 and by the Euro-
peanHorizonEurope staff exchange (SE) programmeHORIZON-MSCA-2021-SE-01
Grant No. NewFunFiCO-101086251.

Declarations

Conflict of interest The author declares to have no conflicts of interest.

OpenAccess This article is licensedunder aCreativeCommonsAttribution 4.0 InternationalLicense,which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence,
and indicate if changes were made. The images or other third party material in this article are included
in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If
material is not included in the article’s Creative Commons licence and your intended use is not permitted
by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the
copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Futterman, J.A., Handler, F.A., Matzner, R.A.: Scattering from Black Holes. Cambridge University
Press, Cambridge (1988)

2. Dolan, S., Doran, C., Lasenby, A.: Fermion scattering by a Schwarzschild black hole. Phys. Rev. D
74, 064005 (2006)

3. Crispino, L.C.B., Dolan, S.R., Oliveira, E.S.: Scattering of massless scalar waves by Reissner–
Nordström black holes. Phys. Rev. D 79, 0640022 (2009)

4. Benone, C.L., Crispino, L.C.B.: Superradiance in static black hole spacetimes. Phys. Rev. D 93, 024028
(2016)

5. Leite, L.C.S., Benone, C.L., Crispino, L.C.B.: Scalar absorption by charged rotating black holes. Phys.
Rev. D 96, 044043 (2017)

6. Leite, L.C.S., Benone, C.L., Crispino, L.C.B.: On-axis scattering of scalar fields by charged rotating
black holes. Phys. Let. B 795, 6 (2019)

7. Macedo, C.F.B., Crispino, L.C.B.: Absorption of planar massless scalar waves by Bardeen regular
black holes. Phys. Rev. D 90, 064001 (2014)

8. Macedo, C.F.B., de Oliveira, E.S., Crispino, L.C.B.: Scattering by regular black holes: planar massless
scalar waves impinging upon a Bardeen black hole. Phys. Rev. D 92, 024012 (2015)

9. Paula,M.A.A., Leite, L.C.S., Crispino, L.C.B.: Electrically charged black holes in linear and non-linear
electrodynamics: geodesic analysis and scalar absorption. Phys. Rev. D 102, 104033 (2020)

10. de Paula, M.A.A., Leite, L.C.S., Crispino, L.C.B.: Scattering properties of charged black holes in
nonlinear and Maxwell’s electrodynamics. Eur. Phys. J. Plus 137, 785 (2022)

11. Sanchez, P.A., Bretón, N., Bergliaffa, S.E.P.: Scattering and absorption of massless scalar waves by
Born–Infeld black holes. Ann. Phys. (N.Y.) 393, 107 (2018)

12. Wan, M.-Y., Wu, C.: Absorption and scattering of massless scalar wave from Regular Black Holes.
Gen. Relativ. Gravit. 54, 148 (2022)

13. Hairer, E., Nørsett, S.P., Wanner, G.: Solving Ordinary Differential Equations I: Nonstiff Problems.
Springer, Berlin (1993)

14. Pöschl, G., Teller, E.: Bemerkungen zur quantenmechanik des anharmonischen oszillators. Z. Phys.
83, 143–151 (1933)

15. Higuchi,A.: Low-frequencyScalar absorption cross sections for stationary black holes.Class.Quantum
Gravit. 18, L139 (2001); 19, 599(A) (2002)

16. Newton, R.G.: Scattering Theory of Waves and Particles. Dover Publications, New York (2013)
17. Ghaffarnejad, H., Niad, H.: Weak gravitational lensing from regular Bardeen black holes. Int J. Theor.

Phys. 55, 1492 (2016)
18. Fu, Q.-M., Zhao, L., Liu, Y.-X.: Weak deflection angle by electrically and magnetically charged black

holes from nonlinear electrodynamics. Phys. Rev. D 104, 024033 (2021)

123

http://creativecommons.org/licenses/by/4.0/


   73 Page 4 of 4 M. A. A. de Paula et al.

19. de Paula, M.A.A., Leite, L.C.S., Crispino, L.C.B.: Massless scalar scattering by a charged regular
black hole. Astron. Nachr. 344, e220115 (2023)

20. de Paula, M.A.A., Lima Junior, H.C.D., Cunha, P.V.P., Crispino, L.C.B.: Electrically charged
regular black holes in nonlinear electrodynamics: light rings, shadows and gravitational lensing,
arXiv:2305.04776 [gr-qc]

21. Novello, M., De Lorenci, V.A., Salim, J.M., Klippert, R.: Geometrical aspects of light propagation in
nonlinear electrodynamics. Phys. Rev. D 61, 045001 (2000)

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps
and institutional affiliations.

123

http://arxiv.org/abs/2305.04776

	Comment on: ``Absorption and scattering of massless scalar wave from Regular Black Holes''
	
	References


