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Motivation

● “No Hair” Theorem for Black Holes (BHs)
○ Stationary BHs fully characterized by mass, charge, and spin

● Leads to BH Information Paradox
○ Possibility of richer physics, BHs with “hair” leading to unique observable signatures

● Electromagnetic (EM) radiation is one of simplest signatures to observe
● Investigate observational signatures of BH releasing some of its mass as 

EM radiation
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Preliminaries

● Any radiation emitted by the BH must tunnel out of gravitational well in same 
manner as Hawking radiation

○ Frequency f = 1/2rs depends ONLY on BH mass (very model independent!)
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Preliminaries

● Any radiation emitted by the BH must tunnel out of gravitational well in same 
manner as Hawking radiation

○ Frequency f = 1/2rs depends ONLY on BH mass (very model independent!)
● Proportion of BH mass released as EM radiation characterized by 

dimensionless 𝝐
○ EBH=𝝐 MBH 

● Low frequency radio waves, absorbed by interstellar medium
○ Not directly observable, must be absorbed and re-emitted

● BH-BH merger as trigger for the event
○ Must be observable extragalactically (> 100 Mpc), so very energetic (large 𝝐)
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Goal

● Constrain broad class of “hairy” BH models using a generic and 
model-independent EM signal that is fully characterized by the BH mass 
(M) and the proportion of that mass that is lost to EM radiation (𝝐)
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Goal

● Constrain broad class of “hairy” BH models using a generic and 
model-independent EM signal that is fully characterized by the BH mass 
(M) and the proportion of that mass that is lost to EM radiation (𝝐)

● Place an upper bound on 𝝐 using existing telescope observations and to 
motivate X-ray and gamma-ray observations of BH-BH mergers 

       Chandra X-ray Observatory    Fermi Gamma-ray Space Telescope
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Schwinger Limit

● Nature of re-emitted radiation depends on if field 
strength surpasses this limit
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Schwinger Limit

● Nature of re-emitted radiation depends on if field 
strength surpasses this limit

● Schwinger Limit: Point at which the EM field energy 
density is great enough for spontaneous 
electron-positron pair production

○ EC= me
2/e =0.86 MeV2

● The critical value of 𝝐 is 𝝐C~2.6x10-10M2  where M is 
the BH mass in solar units
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Gamma-ray Emission Above the Schwinger Limit

● For 𝝐>𝝐C, pair-production results in electron-positron fireball
○ Classic production mechanism for GRB
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Gamma-ray Emission Above the Schwinger Limit

● For 𝝐>𝝐C, pair-production results in electron-positron fireball
○ Classic production mechanism for GRB

● Fireball thermalizes due to Thompson scattering and expands relativistically 
as an ideal fluid

● Initial temperature, T0=(E/ V0g0a)¼ ~200(𝝐/M2)1/4 MeV
● Temperature in lab frame is constant, T(r)=T0

○ Adiabatic expansion into vacuum
● Temperature in comoving frame decreases, T’(r)∝T0/r until pair-production 

freezes out
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Gamma-ray Emission Above the Schwinger Limit

● Photons free stream as black body radiation
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Gamma-ray Emission Above the Schwinger Limit

● Photons free stream as black body radiation
● O(1) of energy released by BH is emitted in photons at peak energy of 

spectrum
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Gamma-ray Emission Above the Schwinger Limit

● Fermi-GBM is most sensitive telescope
○ Sensitivity limits require flux of ~1 ph cm-2 

● Observability distance d~5362 𝝐3/8M3/4 Mpc
● Many BH-BH mergers observed by LIGO/Virgo were also observed by 

Fermi-GBM
● Non-detection of GRB from BH-BH mergers for which Fermi-GBM was 

observing >90% of GW localization region can be used to constrain 𝝐
○ Assuming all BHs are “hairy” BHs capable of this emission
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Gamma-ray Emission Above the Schwinger Limit
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Gamma-ray Emission Above the Schwinger Limit

● 1s short GRB observed by 
Fermi-GBM 0.4s after GW150914

○ Localization consistent with GW 
signal

Figure from Connaughton 2016
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Gamma-ray Emission Above the Schwinger Limit

● 1s short GRB observed by 
Fermi-GBM 0.4s after GW150914

○ Localization consistent with GW 
signal

● The GRB cannot be confidently 
associated with the GW signal

○ Near detection threshold (2.9 σ)
● Observed GRB is consistent with 

rapid EM emission via this 
mechanism for a 30-40 M⊙ BH 
and 𝝐~10-7-10-6 

Figure from Connaughton 2016
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Galactic Cosmic Ray Signal Below the Schwinger Limit

● For 𝝐<𝝐C, strong EM field accelerates 
ambient charged particles
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Galactic Cosmic Ray Signal Below the Schwinger Limit

● For 𝝐<𝝐C, strong EM field accelerates 
ambient charged particles

● Solve for particle motion in BH EM 
field

● Gives equation for absorption of 
energy as EM field from BH 
propagates outwards

○ Characteristic absorption length
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Galactic Cosmic Ray Signal Below the Schwinger Limit

● Absorption length fixes average energy per particle, these are Cosmic Ray 
(CR) energies
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Galactic Cosmic Ray Signal Below the Schwinger Limit

● Absorption length fixes average energy per particle, these are Cosmic Ray 
(CR) energies

● Produce protons with energies ~10 GeV-10 TeV and electrons with energies of 
~0.01-10 GeV, how would we observe these particles?

● Larmor radiation
● Reach us directly
● Secondary signals

○ Bremsstrahlung, ionization, synchrotron radiation, and inverse Compton scattering for electrons 
and inelastic collisions for protons

● Difficult to constrain 𝝐 in this regime
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Conclusion

● Constrained broad class of “hairy” BH models using a generic and 
model-independent EM signal that is fully characterized by the BH mass (M) 
and the proportion of that mass that is lost to EM radiation (𝝐)
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Conclusion

● Constrained broad class of “hairy” BH models using a generic and 
model-independent EM signal that is fully characterized by the BH mass (M) 
and the proportion of that mass that is lost to EM radiation (𝝐)

● Above the Schwinger limit, GRB hasn’t been confidently observed from a 
BH-BH merger at various masses

○ 𝝐<10-5 for 10, 30, 40 M⊙ BH and 𝝐<10-4 for 20, 50 M⊙ BH
● Below the Schwinger limit, this effect produces CRs that would be difficult to 

observe directly.
○ BH-BH merger on strong magnetic field background could produce X-rays through 

synchrotron radiation
● Motivates observing BH-BH mergers with gamma-ray and X-ray telescopes

Pheno 2023 Symposium              Nicole Crumpler(ncrumpl2@jh.edu) 13/13





Preliminaries Backup



Schwinger Limit Backup



Gamma-ray Emission Above 
the Schwinger Limit
Backup 1



Gamma-ray Emission Above 
the Schwinger Limit
Backup 2



Gamma-ray Emission Above the Schwinger Limit
Backup 3



Gamma-ray Emission Above the Schwinger Limit
Backup 4



Gamma-ray Emission Above the Schwinger Limit
Backup 5



Galactic Cosmic Ray Signal Below the Schwinger Limit
Backup 1



Galactic Cosmic Ray Signal Below the Schwinger Limit
Backup 2



Galactic Cosmic Ray Signal Below the Schwinger Limit
Backup 3



Galactic Cosmic Ray Signal Below the Schwinger Limit
Backup 4



Galactic Cosmic Ray Signal Below the Schwinger Limit
Backup 5


