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e Subject: Gaps in the magnetospheres of
SMBH

e Wanted: To test the model, to find observational
signatures

e Method: Analytical estimates, numerical
Monte-Carlo simulations
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The gap: Why?

Motivation:
e observations: fast variability of VHE 7y — radiation
|
causality

size of the source is ~ Ry, (Mpy ~ 109Mp)

source - BH ? gap?

® AGN activity - gap?

® UHECR sources - gap? (HE neutrino)
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Gap model: force-free magnetosphere /)E + U é] =0

Goldreich — Julian density :

e =~ (%299)

2T
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Gap model: Radiatively Inefficient Accretion Flow (RIAF)

The height of the gap is limited by the
onset of the electron-positron pair production

Threshold energy

“1
Eyn = ? ~3 [o 1'reV} Tev

@ synchrotron:

2
7 £
E, ~ 10 [ G] [71013 eV} eV
@ curvature:

3 —1
M
E, ~ 10° [1015 eV} [7109%} &V

E ~ 52/(Eirmg)7 5 < E’y,thr
g, EZ E ihr

accretion flow
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Gap model: e™ /e~ in the gap - defines the gap height

@ acceleration length
2
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Y Oy~ Nph o~y L

gap height

h ~ min (b sce, buic) + Ay

@ low-luminosity
)\»y»y >> min (h*,acca h*,iC) 3
h~ X\,

@ high-luminosity
)\AW << min (h*,acm h*,ic) s
h~ h*,ic

e
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Eplev]

B =10*G (Eddington limit)
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Gap model: proton acceleration

= i . . .
M =10"Msun B =10*G (Eddington limit)
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Gap model: numerical approac

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

M87 soft photon background spectrum (IR)
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Gap model: numerical approach

slow rotation fast rotation

0.2

0.4 MBH

04 0.4

[Blandford & Znajek, 1977] [Contopoulos & Nathanai, 2014]
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Results: gap heigh. Slow

analytical
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Results: gap height - Eddington limit

analytical numerical
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Results: gap height, acceleration regimes

analytical numerical
Low- Low-
luminosity luminosity
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Results: gap height, acceleration regimes

analytical numerical
High- High-
luminosity luminosity
Low- Low-
luminosity luminosity
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Results: gap height, acceleration regimes

analytical numerical
High- High-
luminosity luminosity
Low- Low-
luminosity luminosity
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Results: Mgy =

eT /e~ energy in the gap synchrotron radiation
(IC losses dominated) peak energy
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Results: Mgy = 10°M,, electrons

Gap height

~ Spectra of emission
from electrons in the gap

Tog(E/leV)
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Results: radiation. M87 v—observations.
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proton energy (Mpy =
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esults: fast rotating black hole a = 0.999Mpy
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Results: fast rotating black hole a = 0.999Mpgy
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Conclusions

e Found (numerically checked): range of parameters, where the
gap model is valid

@ UHECR only for the extreme values of the source parameters
(M ~ 10°My, B = Begg = 10*G,a =~ M) .

@ Observational features of the gap presence: sharp features in
~-rays
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