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Plasmas collide at relativistic speeds in many as- Electrons + Protons
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vironments [1, 2]. The collision boundaries are not,, |
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Bo that is parallel to the flow velocity vectey, the
boundaries are filamentary, since waves grow with %
wavevectorsk that are not parallel ta,. Modelling Figure 1: The initial conditions: Two
such boundaries requires large 3D particle-in-cgh p*plasma slabs that move alomgin
(PIC) simulations [3]. A flow-alignedo can sup- gpposite directions collide at the position

press wave modes other th&rj| vy [4], as multi- x Both slabs have the same temperature,
dimensional PIC simulations show [S, 6]. We seleghmposition and density.

avyp, a plasma temperatuieandByg, for which the
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growth rate of the two-stream instability exceeds e :

that of all other instabilities. We exploit this pla- :
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The developing electrostatic turbulent boundary dis-j
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sipates its energy via electron phase space holes that

accelerate electrons to relativistic speeds and incr@@ﬁe 2: The electric fields ata, = 59 in
significantly the speed of some protons. The resyits, 55 simulation in units oEmewp /e
are important in the context of a dynamic accretigg), | (a) shows the electrostaligcom-

disc and microquasar jets. The accelerated electrgeﬁent and panel (b) the electromagnetic

may feed the disc wind and the relativistic Ieptont:ey component.
jets, and possibly contribute to the hard radiation

component of the accretion disc.
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Particlein cell (PIC) simulation

PIC codes solve the Maxwell equations for the °:
T

o4

electromagnetic fieldg, B, which are defined on a <

grid. The plasma is represented by an ensemble ofe %X,

phase space volume elements (computational parss

a4

ticles) that follow continuous trajectories. We em 22|

ploy the full mass-ration, = 1836me. The compu- i

tational particles (CPs) are evolved in time with the

Lorentz equation. The time-evolution equations alE‘legure 3: The electrons at the timay, —

OxB— IJOJJFEOUO(;—I,[E, 1) 59 in the 1D simulation. (a) shows elec-
JB trons that accelerate orthogonallydpat
HxE= St 2) X—Xo ~ 1.6. (b) illustrates that these elec-
% =0Qc(E+VixB), % =Vj. (3) trons form a well-defined electron phase

space hole. The phase space hol& at
The patrticles and fields interact through the cur-

Xo ~ 8 remains electrostatic.
rentJ. The initial plasma setup is depicted in Fig.

1. We initialize the simulation such thit= 0 and 0.03
Boy = Boz = 0. The electron plasma frequency oga 002 f 14 .
)% andea, = eBox /e == |

wp. We setv,, = 0.18c andvy = v,&c. We do a 2D

each slab isv, = (€2ne/Mego

simulation in thex —y plane with the box width ° A

Ly = 6¢/w,p alongy and a 1D simulation aligned .040_11;'

=5 0 5
Xf)(ofvbt

with x. More details are listed in Ref. [6].

Results Figure 4: The protons attwy = 59 in
The colliding slabs will trigger streaming instathe 1D simulation. The charge layer due
bilities. The flow-alignedB, should suppress all buto the leading electron phase space hole
the electrostatic two-stream instability, which trighodulates and accelerates protons.

gers waves witlk || vy, [4]. Mixed and filamentation
modes result in other orientations kfrelative to
Vp. Figure 2 demonstrates that purely electrostatic
structures develop and a bipolar one, which is par-

tially electromagnetic.
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The partially electromagnetic field structure at

X —Xo = 1.6 is quasi-planar anBx ~ 3Ey. The un- 1
derlying electron dynamics should thus be repre- ok
sented also by the 1D simulation. We examine the d
electron phase space distribution in the 1D simuI:‘i- ]

tion att wp = 59. Ey is driven by an electron flow

perpendicular tay. The smooth phase space hole

0 100 29(0;)( 300 400
arising from our choice of the initial conditions [6] 0

is unstable to electromagnetic instabilities, wherelgllsgure 5: The electrons &to, — 1200 in
the turbulent hole at the leading edge has not de"tﬁlé 1D simulation. A turbulent layer has

oped anyEy component. formed, separating the downstream elec-

The protons at the leading edge of the slab AL < from the cool upstream electrons

accelerated by the time-dependéxtpotential. At and the beam of shock-reflected electrons.
the simulation’s end w, = 1200 (not shown) the
protons have been accelerated by about 20%.

At t wp = 1200 a turbulent boundary layer has developed that segatatenstream electrons
from cool upstream electrons and a beam of reflected elextiime downstream and beam

electrons are riddled with phase space holes [6].

Summary

We confirm that a flow-aligned magnetic field can suppressithety of mixed/filamentation
modes during the initial plasma evolution, if two equallynde plasma slabs collide. Some
electron holes are, however, unstable to an electromagmstiability that can overcome the
magnetic field. No shock involving protons has develope@ Gd&am of reflected electrons has,
however, been accelerated to a mildly relativistic spede. dollision speed of the slabs is that
of shocks in the accretion discs of microquasars [7]. Thérapm electron temperature is rep-
resentative for the blackbody temperature of the accretiscs and the downstream electrons
may feed the non-thermal disc emissions [8].
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