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Electromagnetically Induced and Plasmon Induced

. I : /’mh\\
Transparency: Exploring the Nonlinear Phase Space /~ Rresarchinc.
Physics of Plasmas via Optical Mixing Experiments ‘\— /;

~——

* Weimagine an optical mixing experiment wher e counter-propagating pump and probe beams cross
in agasjet (gasbag) or any other well characterized low density plasma. The frequency of the
probeischosen so asto drivean EPW or a TEAW for various kAy valuesfrom 0.1to 0.5.

* When the frequency at a given ki favors EPW, we expect SRSto be seeded, whileif TEAW
are favored, we expect to see STEAS seeded and amplified in a controlled fashion oncethe
e VDF can bedistorted enough to giveriseto TEAW.

By varying the amplitudes of the pump and probe we can establish the necessary conditions
required in order todrive TEAW to Transparency. The evidence would come from the
amplified small signal transmission of the probe, and dependence on the w & k of the TEAW drive.

» By simultaneoudy launching two probe beams at both the EPW and TEAW frequencies
staggered in time (using Raman cells), and then by varying their relative amplitudes and their

w & k one can study the cooper ative phenomena that lead to the creation of STEAS and SRBS.
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SRS & STEASMimickingg
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~ Polymath

Ponder omotive Force Driven, /~ Resrchinc.
Vlasov-Poisson System of Equations  ~ U 7
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What Questions Can We Answer Polymath

Resaarch Inc.

With Vlasov S imulations? o «ru

e How can onedrive TEAW’sS? Who doesthe VDF Distortion?
Deus Ex Machina so far in theliterature...

« How much energy doesit taketo drivea TEAW to appreciable levels?
 How nonlinear doesan EPW haveto get in order to do thisdriving?

« Doesthe EPW havetoreach in and distort phase space all the way down where
TEAWSlive, directly, or aretherelessviolent more subtle means?

» Doessub-harmonic generation do thetrick? What resonance conditions come
into play? How clean do these resonances haveto be?

« How bigcan astable TEAW get? How largea STEAS/SRS scatter ratio can
one achieve? How low does the kA, of the SRS have to be (in some DLM VDF)

beforeit can trigger TEAW generation?

 What happensin inhomogeneous plasmas? Wavepackets, non-periodic
regimes? Finite bandwidths? > 1D?
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V-P Simulation of PF Driven EPW &
TEAW at khy~0.4 for Drive Amplltudes/m

of 0.03 & 0,01 Respectively U

» Coexistence of TEAW and EPW
TEAW with EPW present after the drive of the EPW has been
turned off at t=300 and after the

Lkl TEAW drive has been turned off at
| MWWMWHW %@W TEAY rive has been turned o

o - . " e There appears to be a minimum
(EPW + TEAW) TEAW drive amplitude required

K=03927 |n order to giveriseto astable

mode that survivesthe drive.

Tirma 300

F(1)) at T=600
PFteawhlax = 0,01
{ to O at 450)

TEAW e Thisis unlike Holloway &

Dorning, Schamel or Rose’'s
small amplitude “perturbative’
T results where VDF distortions
X are legislated.
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TEAW Driven Somewhat Over their “ Soft”
Threshold Hobble & Barely Survive

(Max PF hereis0.030)

PF drive
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Driven TEAW Below the “ Soft” Threshold
Die Oncethear Drivels Turned Off

(PF max hereis0.010, “soft” threshold ~0.017)
F(x,v), T= 150

TEAW PF and EF at X2 vs Time
Classic phase space
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TEAW Driven at the“ Soft” Threshold:
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TEAW, K=0.39...
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Capturing the Interaction Between
Driven and Released EPW & TEAW et

()

(
\s-tm )
Khp = 0.26, 07 pap: Opy = 1:3 U P

The gradual invasion of the TEAW space by the evolution of adriven and released EPW
IS shown in this snapshot comparing the phase spaces of TEAW formation without
and then with a pe-existent EPW.

TEAW alone TEAW and EPW TEAW drive amplitude
10 Is higher at 0.03
while the highly
resonant EPW’s
1S 0.003.

Thereisample
parameter space left to
explore to establish the
resonant entanglements

s ﬁ between these modes,
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EPW and TEAW Coexistence & Interaction
Are Strongly Affected by the Initial e VDF

10

At high K (=0.3927 = =/ 8) the distribution function shape makes a big difference to
the EPW. Itis presumably this that affects the interacting TEAW.

TEAW is stronger +/- v = 0.523 (vphase = 1.54) TEAW is weaker +/-v = 0.351

EPW + TEAW
EPW + TEAW

F{DLMexp=4.5)

TEAW TEAW

Less
More damping
damping N stronger {:"5 £ <129
weaker  gpw e A EPW s
H#v=0523 ¥ Rl !
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Effect of Initial Electron Velocity
Distribution Function on Generation
and I nteraction of EPW + TEAW

Af higher K-yalues (0.3927T here] EPYW behavior depends
on the shape of the electron velocity distribution function.
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Initial € VDF Isthelntegral over ’

Per pendicular Velocities of a 3D Isotroplc/ R;gg;gﬁgc\
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What Do 1D Projectionsof 3D DLM e VDF Look like?

~ Polymath

How About EPW Damping /~ Researchinc.
Ratesand |AW Freguency Shifts? :
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LANL Trident STEAS Experimental Conditions

: . . pZ Polymath\\\
and their Trandation into /"~ Ressarchine. -\

(
1D Driven V-P Simulation Parameters \ﬁ/

CgHg, SHST/4.5 | D. S. Montgomery et al., Phys. Rev. Lett., 87, 155001 (2001) |
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The Configuration of our Omega  lymalh

)

(
Blue-Green OMC SSI Experiments ‘QU/
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. \ ../ /
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. 7~ Exploding foil plasma Green TBD station

7-10 um CH M easure the transmission

of the green probe beam
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Experimental Configuration For EPW
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& TEAW Optical Mixing Gener ation Resarch I

on theTrident Laser System < U

beamsplitter /\A

B beam
(pump, 527-nm)

/| transmitted

diagnostics

/
/
¥

Backscatter
diagnostics

|

A beam

.

(probe, variable A
using Raman-cell)
153°
H
Trident chamber j
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The Raman Cell Configuration Itself
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And the Table of Wavelength (\Resarchine.
Possibilitieson Trident (N. Kurnit) . -~
4 =3 :'?r: i._ S ———, ':::—_""1 n]= =3 B
- S A=enan Afrp o
e e
g . i ———— 3 +*
Farran oS e Ta TC
&
Lllernazle spproach I:iru'-; -3--=|'.--E|r--:li-'g Stokss bheam imofr-= -:“.-__-"'r-
Single Stokes shift
Transition Shift (cm™) Wavelength (nm)  Gain(cm/MW)
H, S(1) 586.85 543.82 8.3x10"
SF; Q branch 775 549.44 1.5x10°  Double Stokes shifts
CF, Q branch 908 553.49 4.5x10° N, 2xQ(6) 4660.06 698.55
0, Q(7) 1555.51 574.06 6.8x10° CH.2xQbranch 5834 760.96
0, Q(9) 1554.97 574.04 6.8x10° D, 2xQ(2) 5974.34 769.17
N, Q(6) 2330.03 600.77 3.2x10° NH; 2xQ branch 6668 812.52
N, Q(8) 2329.37 600.75 3.2x10° H,Q(1)+D,Q(2)  7142.39 845.10
CH, Q branch 2917 622.73 9.0x10° H, 2xQ(1) 8310.44 037.66
D, Q(2) 2987.17 625.46 6.8x10*
NH; Q branch 3334 639.33 1.1x10°® LPI Saturation
H, Q(1) 4155.22 674.76 1.4x10° ADHl 25 2002
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Doing Our Raman Cell and Kinetic

7 T~

~ Polymath

Dispersion Relation Homework: Lines [ Resachine -

\

That Matter for EPW and TEAW OMG | U
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The Phase Space Physicsof TEAW/E PV\/,@W

|nteraction We Wish to Explore
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The Parameter Space Worth Exploring Even
Polymath

In these Homogeneous Plasma & . ResearchInc
Uniform Drive Amplitude CaseslsLarge - U

— =

 Amplitude and duration of the EPW PF drive (2)

 Amplitude and duration of the TEAW PF drive (2)

* Frequency and wavenumber of the EPW PF drive (2)

* Frequency and wavenumber of the TEAW PF drive (2)

« Ramp up and ramp down characteristics of the EPW PF drive (2)

« Ramp up and ramp down characteristics of the TEAW PF drive (2)
« Theinitial € VDF characterized by the DLM exponent ng, , (1)

« Therearetherefor 13 independent parametersto vary and many have wide
dynamic ranges (eg. 0.1< kip <0.6, 0.0001< @, <1, 2<np  <5)

 Thisestimateignoresvarying the shape of the temporal envelopes being used
(Sum of two Tanh functions per envelop at present)
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