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Sagittarius A*: a not-so-quiet black hole

GRAVITY observations:
- Time-duration: 30-90 min -Large-scale magnetic field (10-15 G)
-Near-infrared + X-rays —Orientation orthogonal to rotation

Close to BH (6 ry) axis



— 2 ingredients: magnetic field
and black hole spin (and plasmal)



How to Make a Jet?

GRMHD

+/ Large scales, long term
evolution

2¢ No microphysics,
difficult to handle
particle acceleration

Ripperda+2022
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GRMHD

+/ Large scales, long term
evolution

2¢ No microphysics,
difficult to handle
particle acceleration

Ripperda+2022

- We want an approach that rather
focuses on microphysics
- PIC



3+1 formalism (Komissarov, 2004) Kerr metric, KS spherical
coordmates
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Bicak & Janis (1985)



Inclined Black Hole Magnetsophere: Jet Emission

Vacuum initial state (0=0.99)

Bicak & Janis (1985)

Force-free like magnetosphere:
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Ad hoc plasma injection

Injection if:
o > 0
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BH spin




The Jet Structure Is Affected by the Inclination

BH spin
x=0 Y = 30° Y = 85°

— Inward EM flux at the polar regions for inclined magnetospheres
— Outward EM flux rather comes from equatorial regions



The jet’'s power weakens, but not the particles’
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The jet’'s power weakens, but not the particles’

Leym(r) = /f V7S d0d¢
Li(r) = f/ﬁ(eiv@nidé’dqﬁ

— Dramatic weakening of the jet
power for very inclined
magnetospheres

— Non correlated with particle
energization



What if there is no spin?

' With: | john Mehlhaff Adrien Soudais

30 7,

-Schwarzschild black hole

-Axisymmetric setup

-Plasma injected on the outer-edge
of the box (free-fall)

~Pair plasma at “low” magnetization
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|deal phase, free-fall of matter advecting magnetic flux



O II

Accumulation of magnetic flux regulated by magnetic reconnection



An X point forms farther from the event horizon!



An X point forms farther from the event horizon!



IV

dt

150 t4(50 min), only mediated by the reconnection rate: X BrecPBH






~ 0, as predicted by reconnection theory!



Strong Particle Acceleration at the Eruptions

~ o, as predicted by reconnection theory!

And with realistic mass ions?

-Same magnetic energy reservoir but
different mass — higher Lorentz factor
for the lightest species

<'Ye> ~ 10°

Close to what is needed for X-rays!
(assuming synchrotron emission)






Conclusions

—A black hole can be highly spinning without generating
a strong jet

-Magnetic reconnection would still remain an efficient
particle accelerator

-A simple setup can capture flaring activity of a black
hole magnetosphere from first principles

-The universality of magnetic reconnection appears to
have a central role to explain the eruptions timescales
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