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Abstract

We are developing a 1-D Vlasov code, ELVIS, to study laser-plasma
Interactions. With kinetic electrons and fixed ions, SRS is bursty. The
EPW is driven to large amplitudes and traps a significant amount of
electrons in high-energy tails. This substantially increases the plasma
kinetic energy. The EPW k spectrum broadens as SRS saturates, and
develops a component at slightly lower k. We are still investigating the
saturation mechanism in this 1-D kinetic model, and comparing recent
experimental (Fernandez, Kirkwood) and numerical and theoretical
(Rose, Russell, Vu, DuBois, Bezzerides) work.

Outline

*SRS: linear theory of growth
eELVIS: 1D Vlasov Code

Simulation Results: Seeded SRS
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1-D SRS Growth: Linear Theory

Undamped growth rate:
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ELVIS: 1D Vlasov Code

Eulerian-Lagrangian Vlasov Integrator w/ Splines

e 1D time-evolution code

e fixed or kinetic ions

. . o v, By n()
e Vlasov (kinetic, collisionless) Equation in x: A
0 0 0
of -+ ’U—f + q(Ez 4+ vy Bz of =0 M
ot Op
e Gauss' Law (solved in k-space): -
) 7, Ex, k,V
€0

e Transverse Maxwell Fields: fixed, linearly polarized in y

E* = Ey+cB; (8t:|:083;)Ei —€5 Jy E* = right,left-moving

e Transverse flow: cold beam, no collisionaldamping

mogvy = qly
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Elvis time-stepping

Follows Ghizzo, Bertrand, Shoucri et al, Journ Comp Phys 90, 431 (1990)
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Evolving f: Method of Characteristics

e VlIasov eqgn: f (# of particles) is constant along orbits
—characteristic curves X (t), P(t) where
dX dP
=V =
dt dt

AT‘ + % % New value of f at gridpt
tn+1

o = value of f at foot of char.
characteristic

e

e Operator splitting: first solve (O +voz)f =0
f*(w)p> — f(w —v dt7p7 tn)

e Then solve (0 + Fd,)f =0
f(ajap7 tn—l—]_) — f*(ajap — F dt)

e Use cubic spline interpolation for off-gridpt f at foot
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Boundary Conditions in ELVIS

e f periodicin x: particles that leave box are recirculated at the other
end.

e f finite in p: particles that are accelerated past pmax are lost, but
replenished from Maxwellian at initial T,

e Longitudinal E; is periodic, solved for in k space with FFTW.
Er(x =0) =0, as is appropriate for finite plasma.

p(@) = p(k) = B(#£0) =7 = E()  Fa(e=0)=0
e E* are non-periodic. We specify ET (E~) versus t at left (right)

edge and they are advected into plasma. No reflections at bound-
aries.
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Base Case: kA, = 0.24

e flat-top density profile, laser (E*) enters from left, SRS seed (E-) from right

ne/nCr at tmO:O

Laser at left edge
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Base Case: Bursty SRS, Avg. Reflectivity = 3.6%0

SRS Reflectivity at left edge Transmitted laser at right edge
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. left-movers
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Electrostatic fields
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Phase Space: Trapping, Irregular Vortices
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Lower kA : Higher Reflectivity, Avg. = 25.8%0

|E(tK)|* x/1,=321078

g SRS Reflectivity at left edge
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Low Kk Ap.: Phase Space

Kinetic Energy
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Future Work and Acknowledgements

Future Work:

N
7

e Noise: Seed laser is artificial. We will add realistic noise in the
electrostatic and electromagnetic channels

e lons: lon dynamics (LDI, Langmuir collapse) are important in SRS
saturation.

e How do ion saturation mechanisms compete with electron kinetic
effects?

e Parallelization: Allow for longer runs, bigger plasmas.

We thank...

e Drs. Bedros Afeyan and Vlad Savchenko for a series of very helpful
discussions

e The MIT Plasma Science and Fusion Center, and in particular Dr. John
Wright, for providing us access to the Marshall theory cluster

e LLNL for providing DJS funding to attend the conference
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