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CR spectrum is not constant
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BHs are high-energy emitters
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Astrophysical jets are born
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TXS0506+56: neutrinos followed by gamma rays
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Motivation

» Studying particle acceleration is essential to better understand
the physical processes in VHE emitters.
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Particle acceleration: 1st order Fermi process

The shock wave
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hitting a baseball.
Some particles get
reflected over and
over, accelerating to
enormous speeds.

Adapted from quantamagazine.org

[Bell, 1978]
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Magnetic Reconnection: slow and turbulent
Ly

=, 7
< >
I/Sm;eet —Parker model

Turbulent model
[Lazarian and Vishniac, 1999]

Vrec,SP = VA(I-VA/'r’)il/2
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Magnetic Reconnection: slow and turbulent
Ly
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< >
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Turbulent model
[Lazarian and Vishniac, 1999]

Vrec,SP = VA(I—VA/n)il/2

L 1/2 Lf1/2
Viec = Vamin [(L, ) , <L I\/I%
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Regions for both mechanisms are not the same

Magnetically dominated jet

Broad line region clouds

Kinetically dominated jet
Torus field (IR)

Reconnection region
—— e

Helical magnetic field
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Adapted from [Shukla and Mannheim, 2020]
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3D-RMHD simulations to study particle acceleration
RAISHIN [Mizuno et al., 2006] and PLUTO [Mignone et al., 2018]

codes:
D Dv T 0
0 | m wey2wv — bb + Ip; _ fg
E Et + v . m o V- fg ’ (5)

B vB — Bv 0
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3D-RMHD simulations to study particle acceleration

[Medina-Torrején et al., 2023]:
» RMHD-PIC jet subject to current-driven kink instability;
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3D-RMHD simulations to study particle acceleration
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[Medina-Torrején et al., 2023]

P In short: particles accelerated by magnetic reconnection as the
instability is fully developed.
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3D-RMHD simulations to study particle acceleration

[Medina-Torrején et al., 2023]:
» 1000 protons in a nearly steady-state snapshot;
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3D-RMHD simulations to study particle acceleration
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» In short: particles experience Fermi-like acceleration and reach
a saturation energy.

15/25



Not included in the previous simulations

» How important is feedback in the particle-plasma interaction?
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Computing particle feedback with PLUTO: Post-processing
[Bai et al., 2015]:

1
Fcr = (qCREo + EJCR X B) (8)
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J
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with ap, = (e/mc), being the CR charge-to-mass ratio and p,
being the mass density contribution of a single particle.

1/1 2 3
Wea=3 (340) s w=i-2 @
with § = (x, — x;)/Ax being the distance between the particle and
the i-esimal zone, and 0 € [-1/2,1/2].
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Computing particle feedback with PLUTO: Post-processing

Strategy:
» Fetch J from PLUTO's output;
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Computing particle feedback with PLUTO: Post-processing

Strategy:
» Fetch J from PLUTO's output;

» Compute Jcgr in a post-processing scenario:
JCR
Z W (xi — Xp)apppVp, (12)
» Compute the Forces and work performed by the plasma:

gtm+v (wev?wv — bb + Ip;) = Fg, (13)

Work = _<VCR . FCR>- (14)
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Average Energy Density
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Conclusions and Next Steps

» Feedback doesn’t seem to be important;

23/25



Conclusions and Next Steps

» Feedback doesn’t seem to be important;
» Other kinds of statistical analysis?

23/25



Conclusions and Next Steps
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» Include radiative losses in the computation.
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