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• Outline and Introduction

 Introduction

 Electromagnetic field in Schwarzschild

 Radiation Emission

 Zero-Frequency Limit

 Numerical Results

 Conclusions

o What are the emitted spectra and how do they
change by varying v0, r0...?

o Connections with BH QNM?

o Can one use the analytical ZFL to estimate the 
emitted radiation?

o Issues in the point particle model.
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 Lagrangian:

 Euler-Lagrange Equations:

 Mode solutions:

Angular q. n.

Figure 2: Penrose diagrams of
Schwarzschild spacetime with in and up
modes represented.

Polarization

• Electromagnetic field
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Polarization:

Crispino et al. (1998)

Castiñeiras et al. (2005)

 Physical modes:



• Radiation Emission
 Infalling charge:

Charge proper time.

 Radial velocity:

• Accelerates and deccelerates;

• Only decelerates.

It has no maximum if:
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Figure 3: Infalling charge representation.

Figure 4: Charge velocity.
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 One-particle-emission amplitude:
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• Radiation Emission
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 Partial energy spectrum:

 Partial and total emitted energies:

 Total energy spectrum:
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• Radiation Emission
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• Zero-Frequency Limit

XVII Black Holes Workshop



 Radiation emitted to infinity:

Figure 6: Partial and total energy spectra as a function of 𝜔𝜔. We consider the
first 9 multipoles.
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• Numerical results

Figure 5: Infalling charge
from infinity.
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 Radiation emitted to infinity:

Figure 7: Partial and total energy spectra as a function of 𝜔𝜔. We consider the
first 9 multipoles. Notice that the plot is on a log scale.

 The contribution of each multipole:
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• Numerical results
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 Radiation emitted to infinity:

Figure 8: Partial and total energy spectra as a function of 𝜔𝜔 for an
ultrarelativistic charge.

 The contribution of each multipole:
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• Numerical results
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 Radiation emitted to infinity:

Figure 9: Partial and total energy spectra as a function of 𝜔𝜔 for an
ultrarelativistic charge. Notice that the plot is on a log scale.
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• Numerical results

 Estimation with ZFL and ωqnf:

Agree very well (<3%)

o Important for:
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 Radiation emitted to infinity:
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• Numerical results
 Estimation with ZFL and ωqnf:

Where 𝛬𝛬 is a negative constant.

Figure 10: Partial and total energy spectra as a function of 𝜔𝜔 for an
ultrarelativistic charge.
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 Radiation emitted to infinity:
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• Numerical results
 Estimation with ZFL and ωqnf:

Where 𝛬𝛬 is a negative constant.

Figure 11: Partial and total energy spectra as a function of 𝜔𝜔 for an
ultrarelativistic charge.
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Figure 13: Partial and total energy spectra as a function of 𝜔𝜔. We consider the
first 60 multipoles.
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 Radiation emitted to infinity:

• Numerical results

• Maximum shifts around the QNF:

Figure 12: Infalling charge from
a finite distance.

Figure 14: Maximum of the spectrum.XVII Black Holes Workshop



Figure 15: Partial and total energy spectra as a function of 𝜔𝜔. We consider the
first 60 multipoles. Notice that the plot is on a log scale.
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 Radiation emitted to infinity:

• Numerical results

Figure 16: Multipolar distribution.
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• Radiation due to an extended charge
 The energy spectrum of the “string:”

16Figure 17: Representation of a falling
“string.”

For N particles, each with charge q/N.

Interference!

Figure 18: The spectrum of the falling “string.”
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• Conclusions

We can analyze radiation settings around BHs using quantum field theory in 
curved spaces.

 The radiation spectrum presents some signatures from the BH quasinormal
modes.

 The emitted radiation to infinity is divergent when the initial velocity is the speed 
of light.
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• Conclusions

 The radiation going into the BH is divergent, which is connected to the Coulombic 
field carried by the charge falling into the BH.

Multipolar decomposition of the Coulombic energy near the horizon:

 Extended objects: a charged “string” does not eliminate but seems to tame the 
divergence behavior present in the absorbed radiation. 

18XVII Black Holes Workshop

for



• Conclusions

 The radiation going into the BH is divergent, which is connected to the Coulombic 
field carried by the charge falling into the BH.

 Extended objects: a charged “string” does not eliminate but seems to tame the 
divergence behavior present in the absorbed radiation. 

 Ride the inspiral? 
 Analyze the case of inspiralling matter into the BH.
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Figure 19: Alex Grey’s artwork for the
new Tool album.
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