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Outline

Subject:   Gaps  in  the  magnetospheres  of 
SMBH 

Wanted:   To  test  the  model,  to  find  observational
signatures

Method:  Analytical  estimates,  numerical 
Monte-Carlo  simulations

arXiv:1510:04023v2, Astronomy&Astrophysics [source.wustl.edu]

Ksenia Ptitsyna1, Andrii Neronov2 Particle acceleration in the vacuum gaps in black hole magnetospheres



The gap: Why?

Motivation:
observations: fast variability of VHE radiation

causality

size of the source is 

source - BH ? gap?

AGN activity -  gap?

UHECR sources - gap? (HE neutrino)
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~E ⊥ ~B

in the gap : ~E ↑↑ ~B

ρ~E + [~j · ~B] 6= 0
[Beskin et al., 1992], [Hirotani, Okamoto, 1998]

[Levinson, Rieger, 2011]

Ksenia Ptitsyna1, Andrii Neronov2 Particle acceleration in the vacuum gaps in black hole magnetospheres



Gap model: force-free magnetosphere ρ~E + [~j · ~B] = 0

horizon

B

E

E

Goldreich− Julian density :

ρGJ = − 1
4π
~∇ ·
(

ΩF−ω
2πα

~∇Ψ
)

Ksenia Ptitsyna1, Andrii Neronov2 Particle acceleration in the vacuum gaps in black hole magnetospheres



Gap model: Radiatively Inefficient Accretion Flow (RIAF)
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 onset of the electron-positron pair production

Threshold energy:
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Gap model: e+/e− in the gap - defines the gap height

acceleration length

h & h∗,acc ∼
(
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Gap model: proton acceleration
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Gap model: proton acceleration
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Gap model: numerical approach.

To verify the qualitative arguments we perform Monte-Carlo simulations
of e+/ e−/p in the split-monopole BH magnetosphere

horizon

B

E

E

M87 soft photon background spectrum (IR)

[Broderick, Tchekhovskoy, 2015]
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Gap model: numerical approach

[Blandford & Znajek, 1977] [Contopoulos & Nathanai, 2014]
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Results: gap heigh. Slow rotation a = 0.1 MBH
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Results: gap height - Eddington limit
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Results: gap height, acceleration regimes
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Results: gap height, acceleration regimes
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Results: gap height, acceleration regimes
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Results: MBH = 109M� electrons
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Results: MBH = 109M� electrons
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Results: radiation. M87 γ−observations.
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Results: proton energy (MBH = 109M�)
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Results: fast rotating black hole a = 0.999MBH

magnetic lines

force-free plasma density map
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Results: fast rotating black hole a = 0.999MBH
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Conclusions

Found (numerically checked): range of parameters, where the
gap model is valid
UHECR only for the extreme values of the source parameters
(M ∼ 109M�,B = BEdd = 104G, a ≈ M) .
Observational features of the gap presence: sharp features in
γ-rays
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