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© Magnetic Reconnection around Black Holes
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© Magnetic Reconnection around Black Holes
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© Magnetic Reconnection around Black Holes

b Coronal
Particles can be \ﬁ/ \ Wind
accelerated in
the magnetic /55\
discontinuity Ve S| | <= Ve 3
. >~
according to a AR, m
first-order Fermi
{/L Accretion Disk
process: Va
AR\ Vi e ST
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(de Gouveia Dal Pino & Lazarian, 2005, A&A)



© Magnetic Reconnection around Black Holes
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Example of application: SgrA*
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© Algorithm for search reconnection sites

Search for reconnection sites in 2D & 3D GRMHD simulations of accretion flows

Torus (GRMHD)
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(Kadowaki et al. 2018; de Gouveia Dal Pino et al. 2018)



% Testing theory with MHD simulations

In classical regime, we use the AMUN code
(Kowal, 2009) to solve the isothermal non-ideal

MHD equations:

ap
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g Testing theory with MHD simulations

and the initial magnetic field is given by . Initial B
5 -
= » 5 11.44
where %

81.20
1.12
1.04
0.96
0.88
0.80

b~

P = %tanh (%) cos(mx) sin(2my)
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% Testing theory with MHD simulations
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% Testing theory with MHD simulations

10—1 -

10—2 -

We can recover the Sweet-Parker
regime for low-Lundquist

numbersl!

The reconnection rate starts to
deviate from SP for

_—" high-Lundquist numbers
(plasmoid instability)

(Vicentin et al,, in prep.)
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(Vicentin et al,, in prep.)




Component Strength

% Testing theory with MHD simulations

Reconnection Measure Components

— Vm 003420005 For the case where we inject
0.10 d|B,|/dt
N forced turbulence initially in the

b domain (up to 0.1% 4), we can

reach high values of

‘/}ec 4 01 VA
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(Vicentin et al,, in prep.)



Component Strength

% Testing theory with MHD simulations

Reconnection Measure Components

—— V;ee =0.034£0.005
d|By|/dt
— Bl

— B, v,

.

T T T T T
0.0 0.5 1.0 1.5 2.0 2.5 3.0
Time

(Vicentin et al,, in prep.)

For the case where we inject
forced turbulence initially in the
domain (up to 0.1% 4), we can

reach high values of

‘/}ec 4 01 VA

even after the turbulence

injection is stopped.
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% Testing theory with MHD simulations

1071

1072 E

10-3 E

The system remains turbulent
longer aofter the turbulence

injection!
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(Vicentin et al,, in prep.)



@ Conclusions & taoke-home messages

- Magnetic reconnection is ubiquitous in Astrophysics

- Solar flares



@ Conclusions & taoke-home messages

- Jurbulence makes it faster

- Independent on S and n



@ Conclusions & taoke-home messages

- Turbulent magnetic reconnection around BHs can explain VHE
emission from these compact sources

- from theory and global GRMHD sims.



@ Conclusions & taoke-home messages

- Classical MHD simulations have showed that the system

remains turbulent even after injection is stopped
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