Spatiotemporal beam-plasma instabilities
in the ultrarelativistic regime
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Theoretical study of relativistic beam-plasma
systems

Dark-field shadowgraphy

Instability growth The goal of this method is to image the signature that filamented

The E305 experiment at FACET-Il facility at SLAC is dedicated to study P&am in plasma leaves behind.
the relativistic kinetic beam-plasma instabilities, including
spatiotemporal dynamics, interplay of different modes, nonlinear
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Olasma SyStemS W|th pa I’amete I'S releVa nt tO the E305 eXpe rlmeﬂt the Fig. 5: A simplified scheme of the dark- Fig. 6: Simulation of the dark-field shadowgraphy. The example of the
e . e . . ) . field shadowgraphy. signal on camera (c) that can be obtained with this diagnostic.
orevailing instability is the oblique two-stream instability (OTSI) and

The electron beam propagates through plasma, provided by the gas

It th h tiot | ch t Fig.1, 2).
its growth has spatiotemporal character (Fig.1, 2) jet. Then the probe laser goes through the plasma modulated by the

np = 5 x 10 cm™? oeam. The objective is installed after the interaction point and the
15T R (M= 7ot nlocking screen slightly bigger than the probe laser radius is attached
7 Spatiote;'sizrt:vihp;ieyrb_W to it. This provides the possibility to capture not the initial probe, but

= g 0010 = o o only the light, scattered by plasma density modulations (Fig. 5, 6).

15"\': : * e . Chirped beam
= 5 24 ®) il @ i E —m % This experimental detection technique relies on the use of ultrahigh-
e ;! iy ﬂ w : ; quality chirped beams with a correlation between the particle energy
10 20 30 1 20 30 7% and its longitudinal position. If after propagation through plasma
s o s s g s s o S0 0 o i SUch beam s deflected by the magnetic field onto  scintilating
R0 T @ o plesre, 1 1he Lo Tow () o) the ransverse bear profl e omiotommonl e e , patiotemporality of the instability would be manifested
ﬁ‘rfe“j“')“/"’)”w dshed jn the correlation between the coordinate on the screen with the
transverse momentum spread (Fig. 7).
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To study the behaviour of saturation of relativistic kinetic plasma ooy ¢ beeees
instabilities 2D PIC simulations have been performed. They show that
the rear of the beam reaches the saturation faster than the beam Instability Seeding
front. The maximal value of the electric field amplitude also grows
from front to rear (Fig. 3).

lower energy higher energy

The E336 experiment at the FACET-II facility at SLAC is devoted to the
interaction of the particle beams with special nanostructured
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N targets. As the beam would propagate through it, the nanotubes
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Fig. 3: Electric field amplitude evolution for different beam Fig. 4: Saturation values of the electric field amplitude
slices compared to the infinite beam evolution. depending on the position in the beam & for different beam

energies y;, (dots of different colours).

Systems with different beam energies have also been investigated.
We can see (Fig. 4), that the spatiotemporality of instability
saturation preserves regardless the beam energy, and studied cases e c ol Ol i
show very similar maximal values of saturation. g, & The exarnple of the bearn interaction with the nanostructured target (a) and the mp to the beam interaction

with the analogous bulk target (b).
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