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Kinetic plasma processes can play an important role in astrophysics
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Beam-plasma interaction depends on the plasma conditions
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We want to understand the plasma physics that governs these different regimes
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Simulations can bridge gap between astrophysical and lab plasmas
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OSIRIS 3.0: modeling plasmas from first principles
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E.g. collisionless shock formation and particle acceleration
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E.g. collisionless shock formation and particle acceleration
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E.g. collisionless shock formation and particle acceleration
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E.g. collisionless shock formation and particle acceleration
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Can we scale the plasma microphysics from astrophysics to the laboratory?
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The Vlasov-Maxwell equations system describing the formation of collisionless shocks depends
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D. D. Ryutov et al. Plasma Phys. Control. Fusion 54, 105021 (2012)
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Can we scale the plasma microphysics from astrophysics to the laboratory?
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_ll Demonstration of B-field amplification by the ion
Weibel/current-filamentation instability
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High Mach # plasma flows can be created by laser ablation
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Ab initio simulations predict generation of strong Weibel B-fields
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Ab initio simulations predict generation of strong Weibel B-fields
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Ab initio simulations predict generation of strong Weibel B-fields
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Radiography demonstrates generation of filamentary Weibel B-fields
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Proton deflection at 3 MeV vs. 14.7 MeV indicates magnetic fields

C. Huntington, F. Fiuza et al., Nature Physics 11, 173 (2015)
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Our measurements show non-linear development of instability
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Simulations indicate possibility of shock formation for NIF conditions
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Simulations indicate possibility of shock formation for NIF conditions
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Simulations indicate possibility of shock formation for NIF conditions
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Simulations indicate possibility of shock formation for NIF conditions
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_ll Generation of relativistic pair flows from laser-
plasma interactions
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Copious e'e* pair production from intense laser-plasma interactions
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Pair production experiments were performed on four lasers
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e, e*, p*, and Y from Au targets were measured by various diagnostics
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Positron yield scales with the square of laser energy, E?

ol Ay
e N
Relativistic peaked e+ spectrum Ne+ scales with E2
10 ps laser; Au target (1mm x 2mm dia.) [r]"“”' ]1 p3
10 » rion 1 ps
| W Titan 10 ps
Black - 247 J S (O ER 1 Ee , ‘
'Y=10' 100 fit10 ps &
Red - 150 fit 1 ps
Te-e+=0.1-1 MeV I ¢
b': w @ % T
> g 10 * "':
< E 1
= £ ] -
Q []
‘S S . L
= 10 = L™
3 : { 0
o
10 . 4
-
\ .
10 |
I 10
10 20 30 40 50x10 100 1000

Laser energy (J)

Energy (keV)

For current laser energy, ~kJ, pair beam density can reach np~ 10'4 - [0'> ¢cm*?
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Demonstration of effective collimation of laser-produced pair jets
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Pair beams can also be produced from laser-wakefield electron beam
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Pair jets are approaching ideal conditions for beam-plasma experiments
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Counter-streaming pair instabilities | relevant of internal shocks (e.g. GRBs)

eet ee’

| 1]

Weibel/current filamentation instability is expected to dominate with 1y \ T ,

* Re-es~1 mm ~ 2 clop

* Teer~10ps ~8 I'w! Linear phase

For ne.e+=10'Scm?andy~10 —

Pair beam-plasma instabilities | relevant of Blazars

ee’ ep?
EREEEERR
o .
Oblique instability is expected to dominate with 1, :J' : ( — )
* Rees~Tmma~{2/y o) .' Linear +
For ne-e+=10""cm3and y ~ 10 — * Te-et~10ps ~ (i 12/} —— Non-linear

« L/c~1cmic~ 200 ! "]‘jllh.'“, phase?

It is important to improve charge density ratio to ne./nes ~ 1

F Fiuza | March 16,2016 | Perimeter Institute

Pirsa: 16030106 Page 32/40



Weibel-instability develops in counter-streaming pair beams
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Weibel-instability develops in counter-streaming pair beams
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Relativistic oblique instability can also be studied
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Growth rate and beam slow-down could be measured experimentally
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Growth rate and beam slow-down could be measured experimentally
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Growth rate and beam slow-down could be measured experimentally
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Conclusions
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W Collisionless plasmas provide rich physics environments where kinetic effects play
important role

® High-energy-density laser-driven plasmas offer a unique tool to probe the physics
of counter-streaming collisionless plasmas

B We have demonstrated generation of ion Weibel/current-filamentation instability
and generation of |% magnetization

B We are successfully developing an experimental and modeling platform to study
the physics of collisionless shocks and relativistic pair plasmas in the laboratory

B Combination of first-principles simulations and experiments can help answer
critical open questions: AT
penq ,,.‘a”\yv’

® Non-linear development of plasma instabilities
® Structure of collisionless shocks

B Onset of turbulence and Fermi acceleration in shocks
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