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Motivation
High-energy astrophysical phenomena commonly present regions with magnetic energy density that locally dominate the rest-mass energy density of matter.
Such relativistic magnetizations can be converted to relativistic particle acceleration which is observed in the form of luminous non-thermal emission with
photon energies extending into the gamma-ray band. Relativistically magnetized regions are expected in relativistic jets which may involve ordered magnetic
fields with poloidal and toroidal components prone to kink and pinch instabilities [5]. Recently, first 3D kinetic simulations of cylindrical magnetized columns
reported particle acceleration from two different magnetic field configurations, toroidal field supported by magnetic poloidal field [3] or by gas pressure [2].
In this work we introduce a radial profile of toroidal magnetic field that can be supported by a combination of poloidal magnetic field and gas pressure and
investigate the particle acceleration mechanisms.

Simulation Setup
We used a modified version of the publicly avail-
able Particle-In-Cell code Zeltron [1]. We fit ax-
isymmetric equilibria of outer radii Rout = Lx/2,
centered along the axis x = y = Lx/2 where Lx
is the physical size in x-axis of the computational
domain. The equilibrium is based on the radial
profile of toroidal magnetic field Bφ(r) in the form
of a power-law with inner and outer cutoffs (see
Figure 1):
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ters αBφ ≤ 0, sBφ = 1 − αBφ, the core radius
R0 = Rout/10 = Lx/20. The initial equilib-
rium is provided by the electric current jz(r) =
(c/4πr)d(rBφ)/dr, as well as by the combination
of poloidal magnetic field Bz(r) and gas pres-
sure P (r). We introduce a constant parameter
fmix ∈ [0 : 1], which is the fraction of toroidal mag-
netic pressure supported by the gas pressure gradi-
ent (with the remainder supported by the poloidal
magnetic pressure):
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with the initial density profile n(r) = P (r)/Θ0mec
2,

where Θ0 = kT0/mec
2. Additionaly we investigated

different density ratio, ξn ≡ nmax/nmin, which is an
indicator of the magnetization (σ = B2

0/4πΘ0nmec
2);

higher density ratio provides higher magnetization.

Figure 1: Top panel : radial profiles of the initial
toroidal field Bφ(r) profiles in units of B0 compared
for αBφ = 0,−0.5,−1,−1.5. For comparison, we show
the radial profiles of [3], [2] in black dotted and dash
lines respectively. Bottom panel : initial radial profiles
of the magnetization parameter. Solid lines correspond
to moderate density ratio ξn = 10 and dashed lines
correspond to high density ratio ξn = 100.

Figure 2: Time evolution of the maximum particle
energy for the two series of simulations. The horizontal
black dashed line presents the ratio γlim/Θ0 = R0/ρ0,
where the limit γlim = |q|B0R0/mc

2 as described in
[2].

Figure 3: Time evolution of the toroidal magnetic
flux dissipation normalized to unity at t=0 for the two
series of simulations.

Figure 4: Time evolution of the total magnetic field
(thin green line), toroidal magnetic flux (thick green
line), mean axial electric field averaged over z and φ
at r = R0 (magenta line) and maximum particle en-
ergy γmax normalized to γlim; for the gas pressured
supported case with αBφ = −1.

Results
• The particle energy limit γlim is exceeded in

the cases of αBφ < −1, due to the duration
of the fast magnetic dissipation phase.

• Particle acceleration is dominated by ideal E
(⊥ B). Acceleration by parallel electric fields
is possible in the central core region (r < R0)
for fmix < 1.

• Pinch and kink modes saturate at a later
time and show a slower growth for a higher
value of αBφ and a lower value of fmix. Pinch
mode onset is delayed with respect to the
kink mode and presents lower amplitudes.

Figure 5: Relative contribution of perpendicular elec-
tric fields (ideal electric field) to the positive energy
gains of energetic particles as function of simulation
time for simulations with αBφ = −1.

Figure 6: Amplitudes Em of the azimuthal modes
m of the Fourier series, < Ez > (φ, z) =∑
mEm(z) cos(mφ + φm(z), of the axial electric field

Ez extracted from the 1 < r/R0 < 2 cylindrical shell,
averaged over z and presented as functions of the sim-
ulation time t.
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