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Schematic of the streaming instability

 EMion instability ubiquitous in space plasmas

* Generates MHD waves & turbulence Growth rate ~ Q.

* Suspected to play a key role in “anomalous” ionization of
ISM, particle acceleration at shocks, ...
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Hybrid (Heckle code) illustrative simulation
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We exploit ultra-intense lasers electrostatic acceleration
on solids (“TNSA”) to generate the fast ions

TV/m sheath

10J,300fs LASER

* Maximum proton energy is near 10 MeV.

* Divergent beam.
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For the plasma medium, we use a gas jet
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For these densities (~101° cm™3), we are in
a collisionless configuration
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For a 1 MeV proton:
Gyro-period ~ 0.5 ns
Mean free path > system size (few mm)

v~ 3 X VAl fven



Typical
plasma scales

mm, ps

B-field scales
cm, Us

[B. Albertazzi et al., Rev. Sci. Instru 84, 043505 (2013)]
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Overall set-up

Long pulse beam (20
J/1ns)toionize & heat
a low-density gas jet

Thomson Parabola

20 T B-field can
be applied

Short Pulse
to generate TNSA ion beams
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First vacuum test shots : Immersing the setup

in 20 T B-field

— does not affect the proton maximum energy from the TNSA

target, but modulates the spectrum
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Magnetization would impact the protons if the B-field 7o
magnetizes the electrons before acceleration is saturated //’,¢
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Before 2 ps, the electrons are indeed not magnetized, hence

no impact of the B-field on acceleration
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When the TNSA beam reaches >
100 um, the electrons have fully
cooled down.

By this time their gyroradii are
small compared to the system size.



When injected in the magnetized (non
pre-ionized) gas, a huge downshift in

proton energy is observed ////’{‘
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Plasma heating | Simulations
laser (20J/ 0.6 ns) using the

DUED code
(S. Atzeni),
Ne gas



The long-pulse induces a quite homogeneous heating
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Proton beam in plasma: also large
downshift

10”
- yacuumand no 7 (#111)
- e ¢ plasmaandno (#112)
1 —  plasma and B-20T (#120)
2 10%
>
<
=
v
)
o 10°
t
a
= g0 Real shift (repeatable).
"t M .
- Also seen in the case of
2 neutral gas background
beam's protons collisions important

104 10" 10° 10 10*
Energy (MeV)

Large change in the energy cut-off



Wrap-up

Beam through %
PAR

« vacuum with magnetic field
o modulation of the spectrum
o no change in cut-off energy

« "neutral" gas/plasma without magnetic field
o small downshift in cut-off energy

« "neutral” gas or heated plasma with magnetic field
o beam-background particle collisions mostly
negligible — collective effects (?)
o large modification of spectrum
o much smaller energy cut-off



