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Abstract

Recent experiments'? and simulations3# show stimulated Raman backscatter (SRBS) in regimes of heavy
Landau damping significantly above linear levels. This kinetic enhancement is attributed to electron
trapping, which reduces Landau damping and downshifts the plasmon frequency. Experiments also
measure reflected light between the SRBS and pump laser wavelengths, which has been interpreted as
stimulated electron acoustic scattering (SEAS) off an electron acoustic wave (EAW).

We present Vlasov-Maxwell simulations with the Eulerian code ELVIS® which show kinetic enhancement
of SRBS and electron acoustic scattering (EAS), for an intermediate range of pump strengths. Once
SRBS is enhanced, beam acoustic modes (BAMs) and an electron acoustic wave (EAW) are seen. The
observed EAS phase-matches with a point on the EAW curve, but the EAW is mostly energized well below
this frequency. EAS is a Thomson-like scattering off a separately-generated EAW. We call this process
electron acoustic Thomson scattering (EATS).

We propose the beam acoustic decay (BAD) mechanism for energizing the EAW. Namely, the SRBS
plasmon parametrically decays to another BAM and an EAW. Since the daughter BAM-to-EAW energy
ratio is much greater than expected from Manley-Rowe, BAD may be a two-pump process, where the
daughter BAMs are excited another way and beat with the SRBS plasmon to produce EAWSs. The rest of
the EAW curve is weakly excited by harmonic generation, which provides fluctuations to Thomson scatter
the pump.

We study the linear modes of simulation distribution functions by projection onto a Hermite-Gauss basis.
The resulting modes include a heavily-damped EAW and a series of BAMs, some of which are linearly
unstable for certain k; this may cause their excitation. These modes match the simulation electrostatic
spectrum. Bispectral analysis further supports our BAD-EATS picture.

The physics of kinetic enhancement and EATS is similar both in low-density, low-temperature single-hot-
spot regimes, as well as high-temperature, high-density hohlraum fill regimes.

'D. S. Montgomery et al., Phys. Plasmas 9, 2311 (2002); 2J.L.Kline etal, Phys. Rev. Lett. 94, 175003 (2005);
3H. X Vu et al., Phys. Rev. Lett. 86,4306 (2001); “L.Yin etal., Phys. Rev. E 73, 025401 (2006);
°D. J. Strozz et al., J. Plasma Phys., accepted 2005
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Motivation: single-hot-spot experiments (Trident) show enhanced
SRBS and stimulated (?) electron acoustic scatter (SEAS)
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[D. S. Montgomery et al., Phys. Plasmas 9, 2311 (2002)] : [J. L. Kline et al, Phys. Rev. Lett. 94, 175003 (2005)]
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ELVIS Vlasov simulations: SRBS bursty, kinetically
enhanced above linear gain level

“Trident” Parameters Simulations with 1-D Eulerian
lp = pump > < |, = seed Vlasov-Maxwell solver ELVIS; fixed ions.
Aoy = 527 nm =105 lo [D. J. Strozzi et al., J. Plasma Phys., accepted 2005;
Ay, = 653.4 Nm D. J. Strozzi et al., Comput. Phys. Comm. 164, 156 (2004)]
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Reflected light: SRBS upshifts due to electron trapping; electron
acoustic scatter (EAS) develops after kinetic enhancement

Trident, I, =2101% W/cm? Electron trapping in Raman plasmon reduces
Landau damping, gives kinetic enhancement.

Reflected light, power deciBels (dB)

Trapping also downshifts the plasmon
frequency, which upshifts scattered light.

[ T. O'Neil, Phys. Fluids 8, 2255 (1965);

G. J. Morales and T. M. O’Neil, Phys. Rev. Lett. 28,
417 (1972);

H. X. Vu et al., Phys. Rev. Lett. 86, 4306 (2001) ]

Time-integrated spectrum
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356 4 45 &5 55 6 65 7
0]

D. J. Strozz 36" Anomalous Absorption June 2006 p.5



Electrostatic spectrum shows plasmon downshift, electron acoustic waves
l, =210 W/cm?2 | E_, power dB SRBS streak (zoomed)
X ) EX, power dB

1.4}
EPW

1.2f

-
-
-

O
s 08
° 06} phase- __» o
matched to 1-60 02 025 03 035 04
0.4+ e/mpump K%
decay - electrostatic envelope
; ms E, (e,/(n,T,))"

ik

-0.2 0 0.2 0.4 0.6
Kip

* SRBS plasmon downshifts in o due to trapping.

e Linear EPW curve ‘splits’ into two branches.

» Beam acoustic modes (BAMs) observed, similar to
L. Yin et al., Phys. Rev. E 73, 025401 (2006).

* Electron acoustic waves (EAWSs) excited mostly for
kAp < 0.2, well below EAS matching point. 20
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Electron acoustic wave (EAW) strongest well below EAS
matching frequency
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Beam acoustic decay (BAD) - electron acoustic Thomson scatter
(EATS) picture

lo =2107° W/cm?2
0 E., powerdB 1. SRBS develops;
0 downshifts due to trapping.
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3. harmonic coupling energizes EAW at higher k.

*Displayed BAD involves an EAW with phase velocity 1.14 v,
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Distribution function shows vortices and persistent flattening,
roughly tied to wave amplitude (I, = 210" W/cm?)
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Hermite projection yields linear modes of arbitrary distribution

1 = — =
X(vp) = —k 7% x0 (vp) Xo(Vp) = df( /dv, f{ Wpe = Ape = Vre =1
Up . U— Up v, =w/k
"Hermite projection:
f(’U) — i fn¢n(U) ¢n(v) — ! Hn(v) exp(—v2/2) Jn = /oo dv (/)n(v)f(v)
=0 ml/44/2nn) J -
d ¢n (?})
Xo(vp) = Z SnXon(vp) Xon (Vp) = dv,, | dv v — Up

"Recurrence relation:

9 1/2 / n — 1 1/2
Xon — — | — X’U,n—l + Xv,n—2; n Z 2

n n
xl/4 al/4 _

"Upshot:

F)Z,n’ F)R,n =
Nt order polynomials

Xon(Vp) = Pzni1(vp)Z ('vp/\@> + Pr . (vp)

Advantages of projection vs. numerical integration for :
» Analytic form: faster to evaluate given a good Z function routine

« Complex plane: Landau contour, analytic continuation handled via Z function
» Easy to use in complex root finder (e.g. Newton’s method)
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Hermite method reveals roots absent for Maxwellian (I, = 2.10"> W/cm?)

BAM1 root
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Roots vs. k agree with observed electrostatic spectrum (I, = 2105 W/cm?)
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At higher intensities, frequency shifts are very large; EAS not distinct

Trident 1,= 1107 W/cm? l, =5 +107° W/cm? lo = 1+101% W/cm?2

Reflected light, power dB Reflected light, power dB
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Bispectral analysis measures phase-locked signals that
satisfy frequency-matching

X, Y, z = real; stationary; zero mean: cumulants = moments through 3rd order

1 T
 2-point correlation (order 2 cumulant): Co(1) = 5T / dt x(t)y(T +t)
J =T

oo

* Power spectrum (Wiener-Khinchin):  Py(w) = / dr e "™'Cy(1) =< X* (W)Y (w) >

— 00

1 T
« 3-point correlation function:  ¢3(71,72) = / dt x(t)y(m1 +t)z (12 + 1)

2T -z
) blSpeCtrum P (w W ) _ oo dTP_i(wlTl+w2T2)C' (7_. T )
(complex; phase info): s\ = 8e 3(7T1, T2

P3((.U1,(.U2) =< X*(wl + wz)Y(wl)Z(WQ) >

* bicoherence:

< |bs| <
(normed bispectrum) 0 = 13l =1
Py (w1, ws) phase-coupled power
bs(wi,ws) = ST —
) V<X (w1 +wa)|? >< Y (w1)Z(w2)]? > total power
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Bispectrum of E*(w,+w,) E-(w,) E, (0,): SRBS, EATS (I, =210"> W/cm?)
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E, Bispectrum: beam acoustic decay, EAW harmonics (I, =2+10"° W/cm?)

E, bispectrum, dB SRBS EPW harmonics
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Hohlraum conditions: SRBS enhancement, EAW, EATS similar to Trident
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Hohlraum parameters: electrostatic activity shows EAW, BAMs, Raman

re-scatter
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Hohlraum parameters: BAD-EATS persists at higher pump strengths,
but Raman re-scatter and mysterious ~w, reflected light grow

lo = 4-10" W/cm?

l, = 6-10" W/cm?
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Conclusions and future work

Conclusions

» Electron trapping leads to kinetically enhanced SRBS, plasmon frequency downshift.
* SRBS is bursty, frequency upshifted; EAS light also observed for moderate pump strengths.

» Beam acoustic modes (BAMs) and electron acoustic waves (EAWSs) observed,
both in Trident single-hot-spot and hohlraum fill conditions.

» Hermite projection: linear modes of numerical distribution contain BAMs, some of
which are linearly unstable, and heavily-damped EAWs.

« EAWs are energized by beam acoustic decay (BAD): BAM — BAM + EAW.

* Bispectrum supports phase-locked nature of BAD, EATS.
Future Work

» Threshold for kinetic enhancement: does a simple rule of thumb exist? Useful for designers.

» Experimental work: can EAWs, BAMs, EATS vs. SEAS mechanism be studied? EAS may
be a miner’s canary that (mild) kinetic enhancement is happening.

* lons: Not shown here; early work shows BAMs, EATS survives (see Strozzi Ph.D thesis, 2005).

» What is the SBS-like scattering, and accompanying low-frequency electrostatic feature,
in the hohlraum runs?
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Reprints, comments, questions?
Leave name, email or physical address
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